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RESUMO

Biofilmes bacterianos estdo associados como fator etiolégico da doenca periodontal,
uma vez que sado dificeis de controlar por meio da terapia mecanica e antibiotica
convencional. As células bacterianas dos biofiimes possuem mecanismos de
resisténcia bacteriana tornando-as dificeis de neutralizar tanto pela resposta imune do
hospedeiro quanto a acdo dos antibacterianos. Uma alternativa para o controle dos
biofilmes bacterianos, € 0 uso de peptideos antimicrobianos, uma vez que tem amplo
espectro e baixa incidéncia de resisténcia bacteriana. O presente estudo investigou a
atividade antibacteriana do peptideo sintético denominado LyeTx |, originario do
veneno de uma aranha (Lycosaerithognata), em sua forma livre ou associado em 3-
ciclodextrina (BCD) contra bactérias periodontopatégenas colonizadoras iniciais e
tardias tanto em estado planctonico quanto em biofilme. A mistura entre LyeTx | e a
BCD foi caracterizada por espectroscopia de infravermelho. Para conhecer a cinética
das bactérias testadas, foram feitas curvas de crescimento bacteriano tanto em estado
planctdénico quanto em biofilmes formados sobre pinos de polietileno no dispositivo de
biofiilme da Universidade de Calgary. Para confirmar a formacdo e estrutura dos
biofilmes, os pinos foram examinados por microscopia eletrénica de varredura em
diferentes tempos (2, 5, 10 dias). Em seguida, foram determinadas as concentracdes
inibitéria minima (CIM) e bactericida minima (CBM) dos S. mutans, S. oralis, S.
sanguinis, E. corrodens, L. acidophilus, L. casei, F. nucleatum e P. intermedia.
Inicialmente, o efeito da cinética do LyeTxI nas bactérias foi determinado por meio do
ensaio de curva de morte usando as CIMs. Adicionalmente, foram determinadas a
concentracdo minima de erradicacdo do biofilme (CMEB) e a porcentagem de reducéo
da atividade metabdlica tanto em biofilme jovem (2 dias) quanto para biofilme maturo
(4 dias). As CIMs tanto do LyeTxI quanto do LyeTx I/BCD foram entre 7,81- 62,5 pg/mL
em estado plancténico sendo que o S. mutans, S. oralis, S. sanguinis e E. corrodens
foram as mais sensiveis ao LyeTx | e ao LyeTx I/BCD. O efeito antibacteriano do LyeTx
| comecgou dentro dos primeiros 15 minutos e se manteve durante 10 horas de acordo
com os resultados obtidos nas curvas de morte das bactérias testadas. A porcentagem
de reducgédo da atividade metabdlica das células do biofilme foi determinada usando
resazurina e leitura da fluorescéncia (Aex570 nm/ Aem 590 nm). Os resultados
mostraram que tanto o LyeTx | quanto o LyeTx I/BCD quando comparados a

clorexidina (controle), apresentaram uma reducéo da atividade metabolica das células



dos biofilmes de 2 dias na maior concentragdo (250 pg/mL), porém ndo houve
diferenga estatisticamente significativa apos andlise da variancia e o teste Tukey de
multiplex comparacdes entre os tratamentos testados (p>0,05). Contudo, dentre os
agentes testados nenhum foi capaz de reduzir a atividade metabolica das células do
biofilme de 4 dias, sendo que a clorexidina diminuiu levemente a atividade metabdlica
do biofilme maturo (p< 0,05). Os resultados do presente trabalho sugerem que, o
peptideo LyeTx | e o composto de inclusdo LyeTx I/BCD possuem efeito antibacteriano
contra bactérias patdgenas periodontais, agindo de forma bacteriostatica por um
periodo de até 10 horas. LyeTx | e LyeTx I/BCD possuem efeito antibacteriano em
biofilmes jovens (2 dias), indicando o potencial uso destes como coadjuvantes na

terapia mecanica periodontal.

Palavras - Chave: LyeTx |, peptideos catibnicos antimicrobianos,
periodontopatdgenos, periodontite, ciclodextrina.



ABSTRACT

Biofilms are involved as etiology of bacterial infections such as periodontal disease,
once they difficult to control with conventional mechanic and antibiotic therapy. Biofilms
cells display mechanism of resistance making them tolerant against immune response
and antibiotics. Antimicrobial peptides (AMPs) are an alternative to control bacterial
biofilms because their wide spectrum and low rate of bacterial resistance. Therefore,
the aim of this study was to evaluate the antibacterial activity of the synthetic peptide
LyeTx | (originary of the poison of a spider Lycosaerithognata), free and associated
with beta-cyclodextrin (BCD) against both, first and late colonizer bacteria in planktonic
state and in biofilms. The mixture of LyeTx | and BCDwas characterized by infrared
absorption spectroscopy. Planktonic and biofilm growth curves were done to identify
the kinetics of tested bacteria. Biofilms were formed on polyethylene pegs using the
calgary biofilm device (CBD) of the University of Calgary. To determine whether
differences in biofilm architecture and composition exist between immature biofilms to
mature biofilms formed on pegs, we examined biofiims by scanning electron
microscopy at 2, 5 and 10 days. Then, the minimal inhibitory concentrations (MIC) and
minimal bactericidal concentration (MBC) were determined for S. mutans, S. oralis, S.
sanguinis, E. corrodens, L. acidophilus, L. casei, F. nucleatum and P. intermedia.
Killing kinetics assays were performed for each species at MICs to determine the
kinetic of LyeTx I. Additionally, the minimal biofilm eradication concentration (MBEC)
and the percent of reduction in metabolic activity were determined for young (2-day)
and mature (4-day) multispecies biofilms. The band detected between 1200-1700 cm-
! regions shows a decrease of functional group C-H aliphatic stretching vibrations that
may be attributed to the formation of van der Waals interactions between BCD and
LyeTx I, thus confirming the presence of the association compound LyeTx I/BCD. The
MICs of the LyeTx | and the LyeTx | /BCD were found between 62.5 - 7.81 ug /mL in
planktonic state. S. mutans, S. oralis, S. sanguinis and E. corrodens were the most
sensitive to LyeTx | and LyeTx | /BCD. The antibacterial effect of LyeTx | started within
the first 15 minutes and continued for 10 hours according to results of death curves on
tested bacteria. The percentage reduction of metabolic activity of biofilm cells was
determined using resazurin and fluorometry (Aex 570 nm/ Aof 590 nm). LyeTx I, LyeTx
I/BCD and chlorhexidine (control) decreased the metabolic activity of 2-day biofilm cells
at 250 pg/mL and there were no statistically significant difference between the



treatments (p> 0.05). In contrast, any of the tested agents decreased metabolic activity
of 4-day biofilm cells. Chlorhexidine was able to slightly reduce metabolic activity of
mature biofilm (p<0.05). In conclusion, the LyeTx | peptide free or associated with CD
possesses antibacterial effect against planktonic periodontal pathogenic bacteria and
reduce the metabolic activity in young biofilm cells acting as a bacteriostatic agent for
a period of 10 hours. Therefore, this study suggests that LyeTx | and LyeTx I/BCD are
promising antibacterial agents for the control of 2-day biofilms, which suggest their use

as coadjuvant in periodontal mechanical therapy.

KEYWORDS: LyeTx-l, cationicantimicrobialpeptides, periodontal bacteria,
periodontitis cyclodextrin.
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1. INTRODUCAO

O uso indiscriminado dos antimicrobianos, a aglomeracéo de pessoas, a transmissao
de microrganismos no ambiente hospitalar e a automedicacdo sédo fatores que
favorecem a disseminagéo e aparecimento da resisténcia bacteriana aos antibiéticos,
provocando o agravamento de infec¢des e levando a altos gastos para o Sistema de
Saude (1).

Inimeras pesquisas nas Ultimas décadas demonstraram que diversos peptideos
exibem atividade antimicrobiana e podem ser usados como terapéuticos alternativos
contra bactérias resistentes (2). Muitos peptideos fazem parte e complementam o
sistema imunoldgico dos seres humanos. Os peptideos sdo constituidos de
aminoécidos e podem ser catidnicos e ter conformagdo em hélice, com carater
anfipatico, fundamental para interagir com membranas celulares de carga negativas
das bactérias (3). Entre os diversos tipos de peptideos antimicrobianos, alguns
possuem atividade de amplo espectro contra bactérias Gram positivas, Gram
negativas, fungos e virus (4-6). O mecanismo de agdo antimicrobiano dos peptideos
€ em geral, dirigido por uma interacao eletrostatica da carga positiva do peptideo com
a carga negativa dos lipopolissacarideos da membrana celular bacteriana, seguido
pelo deslocamento dos lipideos, alteracéo e permeabilizacdo da membrana, criacédo
de poros, e ativacdo de hidrolases que degradam a membrana celular até produzir a
morte celular bacteriana (3, 5, 7-9).

Peptideos com atividade antimicrobiana tém sido isolados a partir de venenos de
artrépodes. O LyeTx-l foi isolado do veneno da aranha Lycosa erythognatha, no
Laboratério de Venenos e Toxinas Animais do Departamento de Bioquimica e
Imunologia da Universidade Federal de Minas Gerais por Santos e colaboradores no
ano 2010. O LyeTx-I apresentou atividade antibacteriana contra microrganismos como
Escherichia coli (E. coli) e Staphylococcus aureus (S. aureus) (5, 10). Em estudos
prévios de nosso grupo de pesquisa, o LyeTx-I foi associado a B-ciclodextrina (BCD)
visando-se diminuir sua citotoxicidade e aumentar a biodisponibilidade. Nestes
estudos, o composto de associagdo LyeTx-l:B-ciclodextrina apresentou maior
atividade antibacteriana contra P. gingivalis, A. actinomycetemcomitans, F. nucleatum

do que o peptideo livre (11).



O estudo de Rams e cols., (2014) sugere que as bactérias patdégenas
periodontais s&o resistentes aos antimicrobianos comumente usados como
coadjuvantes da terapia periodontal (12), uma vez que estas bactérias estdo
embebidas na matriz de exopolissacarideos do biofilme. O biofilme, consiste em uma
forma mecanica de resisténcia atuando das seguintes formas: 1) impedindo a difuséo
do antibidtico; 2) alterando a composi¢ao quimica do microambiente dentro do biofilme
pela acumulacdo de produtos metabdlicos que antagoniza a acéo do antibidtico; e 3)
desenvolvimento de um estado fenotipico de resisténcia bacteriana maior do que no

estado planctonico bacteriano (13).

Contudo, pouco se sabe da atividade antibacteriana desses peptideos em
biofiimes de bactérias patdégenas periodontais. Ainda para a potencial aplicacdo
clinica do peptideo LyeTx-l associado a B-ciclodextrina, € necessario conhecer sua
atividade antimicrobiana frente a bactérias em estado planctdnico e em biofilme, in

vitro.



2. OBJETIVO GERAL

Avaliar, in vitro, o efeito antimicrobiano do peptideo LyeTx-I e do composto de

associacdo LyeTx-l a p-ciclodextrina, em biofilmes mistos de bactérias

periodontopatdégenas S. mutans, S. oralis, S. sanguinis, L. acidophilus, L. casei, E.

corrodens P. intermedia, F. nucleatum, P. gingivalis e A. actinomycetemcomitans.

2.1. OBJETIVOS ESPECIFICOS

Determinar a concentragdo minima inibitéria e a concentracdo minima
bactericida, do LyeTx-l1 e do composto de associacdo LyeTx-1/B-CD para as
bactérias patdgenas periodontais em estado plancténico;

Determinar a cinética da curva de morte das células planctonicas, a partir da
concentragdo inibitéria minima na influéncia do peptideo LyeTx-I pela
Determinar a concentracdo minima do peptideo LyeTx-l e do composto de
associacao LyeTx-l/B-CD para a erradicacao do biofilme multiespécies;
Avaliar a porcentagem de reducdo da atividade metabdlica das células
bacterianas do biofilmes multiespécies do peptideo LyeTxl e do composto
LyeTx-1/B-CD;

Verificar qualitativamente a estrutura da biomassa do biofilme multiespécies
antes e ap0s exposi¢cado ao LyeTx-l e do composto de associacao LyeTx-1/B-
CD.
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3. REVISAO DA LITERATURA

3.1. Peptideos Antimicrobianos

Peptideos séo substancias naturais de diversas origens que podem estar
presentes em plantas, aracnideos, répteis, humanos e sintéticos. Nos humanos, 0s
peptideos fazem parte do sistema imunolégico agindo rapidamente em uma infeccéo
microbiana, neutralizando uma ampla variedade de micrébios. Nos organismos
multicelulares, os peptideos antimicrobianos (PAMs) sédo produzidos principalmente
nas camadas das células epiteliais e pelos fagocitos. Além disso, eles séo

armazenados facilmente e entdo prontamente disponiveis apds uma infecéo (3).

Os PAMs apresentam diferentes tamanhos segundo a cadeia de aminoacidos
gue pode variar entre 9 até 100 aminoacidos. Além disso, possuem carga elétrica
positiva e dominios hidrofobicos e hidrofilicos. Assim, os PAMs que possuem
aminoacidos em conformacado anfipatica, tém a capacidade de interagir em meios
aquosos e lipidicos, tais como, as membranas celulares (3). Adicionalmente, de
acordo com a conformacdo, alguns peptideos podem formar estruturas de folha-p3
onde suas unidades associam-se por meio de ligacées de hidrogénio resultando em
uma estrutura achatada e rigida, estabilizadas por pontes de dissulfeto. Por sua vez,
apos interagir com as membranas celulares, os peptideos podem adoptar estruturas
tanto lineares como a-helicoidal (14). Essas diferencas na conformagdo podem
determinar sua seletividade, atividade antibacteriana e citotoxica. Desta forma, alguns
peptideos sdo toxicos para microrganismos mas ndo para células dos mamiferos,
enquanto outros sdo téxicos tanto para microrganismos quanto para células

eucariotas (3).

Peptideos antimicrobianos apresentam varios mecanismos de acao oS quais
estdo determinados por diferentes fatores, tais como: a carga elétrica positiva,
conformacao, hidrofobicidade, anfipaticidade e o angulo de polaridade. A carga
positiva dos peptideos € importante para estabelecer uma atracao eletrostatica com
as membranas elétricas negativas bacterianas. A conformacéo do peptideo determina

a seletividade com as membranas celulares. A hidrofobicidade, anfipaticidade e


https://pt.wikipedia.org/wiki/Liga%C3%A7%C3%A3o_de_hidrog%C3%A9nio

angulo de polaridade, determinam a capacidade do peptideo de permeabilizar a
membrana celular bacteriana (19).

Todos estes fatores induzem uma despolarizacédo (15, 16), permeabilizacdo (5,
7) e formacédo de poros na membrana celular bacteriana, causando perda de ions e
metabdlitos, perda da sintese de biopolimeros da membrana e a morte celular (8).
Além disso, quando os peptideos penetram na célula bacteriana, podem ativar
hidrolases que degradam a parede celular (9) e causam danos em locais especificos

intracelulares (17, 18).

Embora alguns peptideos precisam de receptores de membrana para exercer o
mecanismo de acgdo, existem outros que ndo sao dependentes de receptores de
membrana celular. Os PAMs que nao precisam de receptores da membrana
geralmente possuem amplo espectro de aminoacidos, maior tamanho e estrutura, e
possuem como alvo de acdo a membrana celular, sem precisar de um receptor
especifico para ligar-se nela. Assim, os PAMs séo atraidos as membranas celulares
pela atragcdo eletrostatica entre a carga negativa da membrana celular das bactérias
Gram-negativas que possuem lipopolissacarideos e bactérias Gram-positivas que

possuem acidos polissacaridicos (19).

Em seguida, os peptideos podem se auto associar com as membranas apos se
ligar nelas por meio de interacdes peptideo-peptideo e peptideo-lipideo. Por exemplo,
peptideos com dominios hidrofébicos e hidrofilicos bem definidos podem orienta-los
eficientemente para os respectivos lipidios da membrana. Apés de se estabelecer a
ligacdo do peptideo com a membrana celular, os peptideos entram em uma segunda
fase conhecida como nivel de concentracdo. Nesta fase, os peptideos comecam a
penetrar a membrana de lipideos estendendo seus mecanismos de acao dentro da

célula bacteriana (19).

Um dos mecanismos pelos quais o peptideo consegue atravessar a membrana
celular é conhecido como o mecanismo de barril. Neste mecanismo varios canais de
forma de barril sdo formados apés estabelecimento de complexos entre os dominios
hidrofobos dos peptideos com as cabecas polares dos fosfolipideos da membrana
celular, induzindo um engrossamento da membrana local. Posteriormente, a por¢ao
hidrofoba do peptideo é insertada dentro da membrana enquanto os dominios

hidrofilicos formam o revestimento do poro (19).



Um segundo mecanismo para formar canais de transmembrana € o poro toroidal.
Neste modelo os lipideos da membrana estdo intercalados com o peptideo dentro do
canal de transmembrana. Portanto, este modelo € conhecido como um complexo
supramolecular e representa um poro que atravessa a membrana revestida tanto com
as superficies polares do peptideo quanto com as cabecas polares dos fosfolipideos
da membrana (19).

Adicionalmente, os peptideos podem permeabilizar as membranas dos
microrganismos de forma difusa. Este modelo € conhecido como mecanismo de
carpete. Neste modelo, os peptideos se acumulam sobre a superficie da membrana
bacteriana, e o deslocamento dos fosfolipideos muda a fluidez da membrana como se

for um detergente (19).

Por outro lado, os PAMs gue precisam de um receptor especifico na membrana
celular sdo produzidos principalmente pelas bactérias para agir contra outras bactérias
especificas. Estes PAMs possuem um dominio de ligacdo ao receptor e um dominio
de formacéao de poros. O dominio de formacao de poros dos PAMs Ihes permite ligar-
se a membrana celular, e inserir-se dentro dos lipideos da mesma sem danifica-la.
Dentro da célula os PAMs inibem a sintese da enzima ATP-sintase, necessaria para
gerar ATP nas células (20), portanto esta inibicdo induz a morte da célula bacteriana
(17, 18).

3.2. Peptideo LyeTx |

Os peptideos antimicrobianos tém sido encontrados nos venenos de artrépodes,
como por exemplo, aranhas e escorpifes. LyeTx | € um peptideo isolado do veneno
da aranha Lycosa erythognatha, o qual foi sintetizado e caracterizado fisico-
quimicamente no Laboratério de Venenos e Toxinas Animais do Departamento de
Bioquimica e Imunologia da Universidade Federal de Minas Gerais (5). O veneno da
aranha foi extraido e posteriormente fracionado por meio de cromatografia de de troca
cationica. Assim, apoés purificacdo, a massa do peptideo purificado foi determinada e
foi igual a 2831.1 m/z. O peptideo tem a seguinte sequéncia de aminoacidos: H-
IWLTALKFLGKNLGKHLAKQQLAKL sendo nomeado LyeTx | (5).



A estrutura primaria e secundéria do LyeTx | foi determinada por degradacgéo
automatizada de Edman e por espectroscopia de ressonancia magnética nuclear,
respectivamente. Estas técnicas revelaram um terminal em a-hélice helicoidal
levemente inclinado e uma pequena regidao espiral localizada na regidao N-terminal
(Figura 1). O N-terminal corresponde ao extremo de um peptideo que finaliza com um
aminoacido e possui um grupo amina livre, que permite ser reconhecido e se ligar com

outras moléculas.

O LyeTx | pode se ancorar dentro da camada de fosfolipideos e interagir com
membranas celulares j& que possui um triptofano na porcdo N-Terminal, e uma
estrutura anfipatica na porcédo do C-terminal, conhecida também como o extremo do

grupo carboxila, onde pode ligar-se ao grupo amino de outra molécula (5).

Figura 1. Representacdo esquematica da estrutura molecular do peptideo LyeTx
I. a) Estrutura molecular obtida por ressonancia magnética nuclear do LyeTx | em
micelas de 400mM DPCad3s e solucdo buffer, pH 7.0, apresenta os residuos
hidrofébicos em cor azul e hidrofilicos com carga elétrica, em verde; b) apresenta
uma vista lateral do peptideo LyeTx I; c) apresenta uma vista ao longo do eixo
helicoidal. Fonte:(5).

Dentro das propriedades bioldgicas, estudos tem mostrado que o LyeTx | possui
atividade antimicrobiana tanto contra bactérias Gram positivas (S. aureus) quanto para
bactérias Gram negativas (E. coli) (5). Além disso, Consuegra e colaboradores
reportaram a atividade do LyeTx | contra bactérias patégenas periodontais como o A.

actinomycetemcomitans, P. gingivalis, F. nucleatum, a uma concentracdo de 30.8



pug/mL (11). No entanto, quando o LyeTx | foi associado a B-ciclodextrina atingiu uma
melhor inibicdo do crescimento bacteriano para A. actinomycetemcomitans (<0.03
pug/mL), P. gingivalis e F. nucleatum (15.20 pg/mL) (11). Por sua vez, além de
apresentar atividade antimicrobiana, o LyeTx | também apresentou atividade

antifingica contra Candida krusei e Cryptococcus neoformas (5).

3.3. Complexo de inclusdo com ciclodextrina

A Ciclodextrina (CD) é um oligossacarideo ciclico composto por unidades de
glicose. A CD tem a capacidade de alterar as propriedades biologicas, quimicas e
fisicas das moléculas hospedeiras por meio da formacédo de compostos de incluséo e
associacao (Figura 2). Entre as CDs naturais encontram-se as alfa-ciclodextrinas (a-
CD), beta-ciclodextrinas (B-CD) e as gama-ciclodextrinas (y-CD) as quais sao
formadas por seis, sete e oito moléculas de D-glucopiranose respectivamente, ligadas
entre si por ligacbes a-1,4 glicosidicas em um macrociclo. Uma propriedade
importante da CD é sua capacidade de formar complexos de associacdo com

CcOompostos organicos e inorganicos, compostos de natureza neutra ou ionica (21).

Figura 2. Esquema representando a conformacédo espacial de uma molécula de

ciclodextrina. Fonte: Uekama e cols., 1998 (21).

3.3.1. Caracteristicas da ciclodextrina

Uma caracteristica importante da CD é a capacidade de formar compostos de
inclusdo ou de associacdo em estado sélido ou em solugéo, no qual cada molécula

hospedeira é rodeada pela cavidade hidrofobica da CD. Desta forma, a CD altera as



propriedades bioldgicas, quimicas e fisicas das moléculas do farmaco hospedeiro uma
vez que a molécula do farmaco, que é sollivel em agua, é protegida pela CD
aumentando-se desta forma a sua solubilidade e estabilidade em meio aquoso (21-
23).

A solubilidade da CD pode ser aumentada por meio da adi¢cdo de co-solventes
como alcool, acetonitrilo, sulfoxido de dimetilo, entre outros, o0 que permite a
preparacdo de compostos solidos de 2-hidroxipropil CDs com farmacos instaveis
como esteroides, peptideos e antibitticos, por meio de métodos de evaporacao e

liofilizacao (21).

A CD tem capacidade de acelerar ou desacelerar varios tipos de reacdes. Por
exemplo, pode catalisar a formagéo, a inibicAo competitiva e a saturacdo de um
composto. Quando um grupo éster de uma molécula é enlacado ao grupo hidroxilo da
CD, ele sofre uma hidrélise acelerada; por outro lado, a hidrdlise é desacelerada
guando o grupo éster da molécula é incluido dentro da cavidade da CD, uma vez que
a molécula foi transferida de um meio polar para o0 ambiente apolar da cavidade da
CD (21).

3.3.2. Liberacao sustentada com ciclodextrina

A liberagcdo do farmaco nos tecidos alvos deveria ser controlada segundo o
propadsito terapéutico e as propriedades farmacoldgicas da molécula ativa. A liberacéo
de um farmaco pode ser: de liberacdo imediata, liberacdo prolongada, liberacao
modificada ou sustentada. Para isto, varios tipos de CD tem sido usados para
preparacdes orais. Por exemplo, as CDs hidrofilicas sédo usadas para atingir uma
liberacdo imediata do farmaco enquanto as CDs hidrofébicas para uma liberacéo
prolongada; e para liberacdo retardada usa-se as 6-O-(carboximetil)-O-etil-B3-
ciclodextrinas (21, 24).

3.3.3. Interacao da ciclodextrina com peptideos

A maioria das moléculas de peptideos sdo muito hidrofilicas e volumosas para
sererm totalmente incluidas dentro da cavidade da ciclodextrina. Além disso, as
restricbes topoldgicas da cadeia principal dos peptideos podem reduzir a formacao de
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compostos de inclusdo, portanto, sua interacdo com as CDs pode ser somente local.
Sendo assim, somente as cadeias hidrofébicas laterais dos peptideos podem ser
incluidas e formar o composto de associacdo com a CDs, tornando possivel que as
CDs afetem a estrutura tridimensional dos peptideos ou inibam a sua associacao

intermolecular, modificando suas propriedades quimicas e bioldgicas (21, 24, 25).

3.4 Biofilmes

Um biofilme bacteriano é uma comunidade de bactérias, organizada dentro de
uma matriz polimérica de glicocélix, que esta aderida a uma superficie solida viva ou
inerte (13). A matriz polimérica do biofilme representa 80% do volume total e esta
composta principalmente por exopolissacarideos, proteinas, sais e material celular.
Os lipopolissacarideos representam o maior componente (50 - 95 %) do biofilme, e
sua funcéo principal, € manter a integridade do biofiime e fornecer o ambiente
apropriado para o crescimento das bactérias (26, 27).

Os biofilmes permitem o crescimento bacteriano uma vez que protegem as
bactérias do ambiente hostil induzido pela acado de peptideos enddégenos, anticorpos
e outros agentes antimicrobianos. Assim, por acdo de forcas de cisalhamento
produzidas pelo fluxo de agua através do biofilme, vao se formando micro colbnias as
guais tomam diferentes formas dependendo se as forcas de cisalhamento sdo baixas
ou altas (28). Além disso, os biofilmes formam estruturas que contém canais de agua
pelos quais os nutrientes e substancias quimicas séo transferidas entre as células.
Por sua vez, as bactérias dos biofilmes imaturos podem-se desprender deles e voltar
para um estado planctonico, multiplicando-se, espalhando-se e colonizando
rapidamente os tecidos adjacentes (29). Por isso, as infec¢des bacterianas cronicas
estdo associadas a presenca de biofilmes nos quais a terapia antibiética convencional

nao pode erradicar (13).

3.4.1. Formacao do biofilme

O padréo de crescimento dos biofiimes envolve a adeséao inicial sobre uma
superficie sélida, coagregacdo e coadesdo, comunicacdo, e a formacdo e a

diferenciac@o das micro coldnias dentro da matriz de exopolissacarideos até se tornar
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em um biofilme maduro (26, 30). A fase da adesdo € mediada pela presenca de
adesinas (lectinas) na superficie da bactéria as quais interagem com receptores
complementares dos carboidratos da biopelicula salival. A coagregacao resulta da
interacdo entre duas células plancténicas geneticamente diferentes. Esta interacéo
entre as células planctbnicas e as células aderidas a superficie € nomeada como
coadesdo. Durante a adesao e a formacgéo de micro colbnias, € iniciada a sintese de
exopolissacarideos da matriz extracelular na qual as bactérias estardo embebidas.
Para o crescimento e amadurecimento do biofilme as bactérias interagem e se
comunicam entre elas por meio da troca de sinais moleculares (quorum sensing) (31),
e por meio da troca de informacdo genética. Assim, o amadurecimento do biofilme
ocorre sob a influéncia do quorum sensing o qual, apds atingir uma densidade celular
critica, induz a liberacdo de genes que estimulam a diferenciacdo das micro coldnias
em comunidades mais estruturadas que séo resistentes aos anticorpos e antibiéticos
(13, 32). Uma estratégia do biofilme para sobreviver, € a colonizagéo de diferentes
locais, portanto, algumas células bacterianas soltam-se do biofilme voltando para o
estado planctbnico, e posteriormente migram e colonizam locais adjacentes ao

biofilme (Figura 3).

Bactérias em
Estado Planctonico

Biofilme maturo

Coagregagao,
motilidade
Proliferagao
celular

Monocamada
aderida

A NAD —>

Quérum sensing e
expressao de genes

Microcolonia

Figura 3. Representacdo esquematica das fases da formacao do biofilme. As

bactérias plancténicas colonizam a superficie sélida, se aderem formando uma

monocamada até formar micro colonias. As micro colonias sob estimulo de genes,

originam a diferenciagéo (13).
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3.4.2. Composicao dos biofilmes na doenca periodontal

As doencas periodontais séo infec¢des induzidas por bactérias patdgenas que
vivem dentro de biofilmes como comunidades organizadas com mecanismos
moleculares sofisticados de comunicagcdo 0s quais, permitem seu crescimento e
desenvolvimento. Os biofilmes dentais sao caracterizados pela sua capacidade
tampdo, e por terem micro ambientes heterogéneos dentro da sua estrutura
determinados pelos nutrientes, oxigénio e subprodutos metabdlicos, os quais regulam
as condi¢des de pH, producao de enzimas, e fornecem as condi¢des apropriadas para
o crescimento de diferentes espécies bacterianas (33).

Na doencga periodontal os biofilmes seguem uma sucessédo, a formagao do
biofilme supra gengival ocorre pelos mecanismos de ades&do dos primeiros
colonizadores bacterianos da saliva que Ihes fornece uma especificidade na ligacdo a
superficie do dente (34). Assim, as bactérias colonizadoras iniciais, como S.
intermedius, S. oralis, S. mitis aumentam seu numero e propor¢des em poucas horas
apos da remocado da placa bacteriana (34). Em seguida, as espécies Veillonellae e
Actinomyces como A. naeslundii, S. gordonii, E. corrodens, N. mucosa, T. forsythia,
P. gingivalis, T. denticola, e A. actinomycetemcomitans colonizam a monocamada e
se aderem entre si aos colonizadores primarios formando uma micro colénia, e se

comportam como pontes para a colonizacdo de outras bactérias (26, 35).

Por sua vez, o biofilme sub gengival composto por bactérias colonizadoras
tardias tanto do complexo roxo, tais como P. gingivalis, B. forsythus, T. denticola
quanto do complexo verde, como Capnocytophaga spp, E. corrodens, A.
actinomycetemcomitans, apresenta um crescimento bacteriano acelerado entre os
primeiros dois dias, seguido por um periodo de laténcia entre o terceiro e quarto dia
e, apresenta um pico de crescimento entre o quarto e sétimo dia. Finalmente, os
ultimos colonizadores do biofilme subgengival maturo, sdo bactérias do complexo
verde e laranja como C. gingivalis, E. corrodens, Fusobacterium subespécies, P.

gingivalis e P. intermedia (36-38).
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Figura 4. Representacdo esquematica da susecdo de bactérias colonizando a
superficie do dente para formar o biofilme. Os colonizadores iniciais reconhecem os
receptores da pelicula salival (prolina, a-amilase, aglutinina, muscina, estaterina) e se
associam com eles. Posteriormente, acontece uma coagregacao entre as bactérias
colonizadoras iniciais com o fusobacterium e com as bactérias colonizadoras tardias.

Assim, o fusobacterium possui um papel chave na formacao do biofilme (27).

Um biofilme maduro pode resistir a atividade de antibiéticos e inibir o efeito deles
uma vez que as células bacterianas podem produzir enzimas como a p-lactamase, ou
enzimas como superoéxido dismutase que agem contra os iones livres liberados pelos
fagdcitos (39, 40). Embora os peptideos antimicrobianos tem mostrado atividade
sobre bactérias periodontopatdégenas, é necessario determinar com precisdo suas
concentracdes ativas bactericidas e inibitérias minimas, a influéncia do tempo desses

efeitos e conhecer de forma qualitativa a viabilidade/citotoxicidade do peptideo de
forma livre ou associada a ciclodextrina.

3.4.3. Dispositivo de crescimento do Biofilme da Universidade de Calgary

Muitos sistemas in vitro tem sido desenvolvidos para a formacéo, crescimento
e avaliagao antimicrobiana dos biofilmes. Entre os sistemas amplamente usados para
formar biofilmes no laboratério encontram-se: sistemas de banho estacionario (41);

sistemas de banho com forcas de cisalhamento introduzido (42, 43); fermentadores
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de biofilme perfundidos (44); reator anular (45); reator de fluxo por gotejamento (46);

reatores de disco rotativo (47); e reatores de tubo para formagé&o do biofilme (48).

Estes modelos possuem vantagens em comum tais como: crescimento do
biofilme em altas densidades, maior biomassa do biofilme, e condi¢cées de cultura
dindmicas e controladas. No entanto, estes sistemas apresentam dificuldades como:
incapacidade de produzir mais de um biofilme por vez sob as mesmas condicdes;
além disso, estes reatores dependem de um fluxo continuo de grandes volumes de

meio de cultura para funcionar e por isso, sdo mais susceptiveis a contaminacao.

Para evitar essas desvantagens, foi desenvolvido o dispositivo de crescimento
do biofilme pela Universidade de Calgary que usa o método de crescimento de biofilme
sobre pinos, conhecido como o sistema CMEB (Concentracdo Minima de Erradicacao
do Biofilme). Este sistema consiste em um dispositivo formado por uma placa
convencional de 96 po¢os e uma tampa que suporta pinos de poliestireno organizados
para encaixar perfeitamente dentro dos pocos de qualquer micro placa de 96 pocos
padrdo. A superficie dos pinos esta desenhada para permitir a formacao e crescimento
dos biofilmes na sua superficie sob as mesmas condicfes, assim, a tampa permite
formar 96 biofilmes equivalentes (Figura 5). Por sua vez, os pinos sdo formados

permitindo sua remocéao da tampa sem comprometer a esterilidade da placa (42, 49).

Quando comparado o sistema CMEB com os sistemas de crescimento do
biofilme diretamente sobre o poc¢o (41), o crescimento dos biofilmes sobre os pinos
apresentam vantagens como: facilidade de crescer biofiimes de varias espécies
bacterianas (50) e de fungos; facilidade de criar varios biofilmes sob as mesmas
condicBes para facilitar a sua comparacao e analise estatistica (51); precisa de menor
volume de meio; 0os pinos podem se soltar para serem analisados com microscopia
(52), e para fazer contagem da densidade celular do biofilme em cada pino; existe
menor probabilidade de contaminacédo cruzada dentro da placa ja que é manipulada
dentro de uma capela de fluxo laminar (53).
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Figura 5. Esquema representando o reator de biofilme sobre pinos usando o
dispositivo da Universidade de Calgary ou CMEB (Concentracdo Minima de
Erradicacdo do Biofilme). Cada pino possui uma area total de 109 mm? e o biofilme
que ird se formar sobre ele cobrirA uma superficie de 44 mm?2. Cada pino foi
desenhado com um ponto (break point) onde pode ser assegurado e removido usando

um alicate de ponta de agulha.

Adicionalmente, o método CMEB permite testar a susceptibilidade das bactérias
tanto em estado plancténico quanto em biofilme, fornecendo medigdes comparativas
em um experimento s6: O calculo da média do nimero de células bacterianas em
cada biofiime formado sobre os pinos da placa com significancia estatistica; a
concentracdo minima inibitéria (MIC); a concentracdo bactericida minima (CBM); e a

concentragdo minima de erradicagdo do biofilme (CMEB) (53).

O sistema CMEB fornece outras vantagens para o desenvolvimento de varios
testes tais como: permite a avaliacdo da biomassa do biofilme por meio do tingimento
com Cristal Violeta; o estudo da estrutura do biofilme por meio de técnicas de
microscopia; mensurar a expressao de genes nos biofilmes por meio de RT-PCR,;
avaliar a viabilidade celular usando Quantitative PCR e sais de tetrazolium; e avaliar

a atividade anti-biofilme de diferentes antimicrobianos (49).
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ABSTRACT

Background: Antimicrobial peptides (AMPs) have shown rapid and potent effect
against planktonic bacteria. However, control of biofilms is a challenge even for AMPs.
We aimed to determine the antimicrobial activity of synthetic peptide LyeTxl and the

association compound LyeTxI/BCD against an in vitro multispecies biofilm.

Methods: Multispecies biofilms were grown on pegs using the Calgary Biofilm
Device (CBD). Morphology of biofilms were studied by Scanning Electron Microscopy
(SEM) at 2, 5 and 10 days. Sensibility to LyeTxl and LyeTxI/BCD was determined for
Gram-positive and Gram-negative periodontopathogens. Killing kinetics assays were
performed at MICs values for all tested strains. The minimal biofilm eradication
concentration (MBEC) was determined for 2-day and 4-day multispecies biofilms.

Metabolic activity of biofilms was determined by fluorometry study.

Results: Biofilms showed a reproducible cell density on pegs of the CBD. LyeTxI
and LyeTxI/BCD were active against all strains tested at concentrations < 62.5 pg/mL.
Kinetic assays showed a rapid bactericidal effect of LyeTxl against all
periodontopathogens. Minimal biofilm eradication concentration of LyeTxl against
multispecies 2-day biofilms was twofold higher than the MIC value of shed cells from
biofilms. LyeTxl was able to reduce in 90% the multispecies 2-day metabolic activity.

Multispecies 4-day biofilms were tolerant to all agents tested.

Conclusion: LyeTxl and LyeTxl/BCD are active against Gram-positive and
Gram-negative periodontopathogens showing a rapid bactericidal effect. In addition,
2-day multispecies biofilms were sensitive to LyeTxl and LyeTxI/BCD at twofold the

MIC values.
Key Words

LyeTxl; antimicrobial cationic peptides; periodontal bacteria; biofilms;

periodontitis; cyclodextrins.
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INTRODUCTION

Periodontitis is an infection of the periodontium caused by a dynamic interaction
between periodontal pathogenic bacteria, the environment and a susceptible host. The
bacterial challenge induces an inflammatory response that results in destruction of
connective tissue, alveolar bone and apical migration of epithelial attachment onto the
root surface * 2. In addition, bacteria express virulence factors such as fimbriae,
adhesins, specific proteases and leukotoxins that host defense cannot arrest, thus,

bacteria can spread, colonize and grow 1 3.

In addition, periodontal pathogenic bacteria lives in microcolonies as organized
communities within the biofilm. In fact, biofilm provides protection against toxic
substances from the environment 4. Periodontal bacterial biofilms are a structured
community of bacterial cells enclosed in a self-produced polymeric matrix adhered to
dental surface that induces a prolonged inflammatory response and tissue destruction
seen in periodontitis. In addition, biofilm cells release antigens stimulating the
production of antibodies and chemotaxis of phagocytes. However, neither the
antibodies nor the phagocytes can kill bacteria within biofilms, because enzymes
released by phagocytes cannot infiltrate the glycocalyx matrix; instead, they damage
the connective tissue and bone surrounded. Furthermore, cells shed from the biofilm
colonize neighbor tissues inducing the regrowth of microcolonies and thus, prolonging

the bacterial infection 4.

Conventional treatment of periodontitis is the disruption of biofilm by means of
scaling and root planning®. In addition, mechanical therapy along with antibiotics as
adjunctive therapy can control recolonization by periodontal pathogens ¢ 7. However,
although antibiotic therapy reduces the number of planktonic bacteria it cannot

eradicate biofilm cells. The exopolysaccharide matrix of biofilm protects sessile
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bacteria against antimicrobial agent by delaying it diffusion into the full depth of the
biofilm 4. This explain why periodontal pathogens are resistant to amoxicillin,
clindamycin, doxycycline, metronidazole, and the combination of amoxicillin plus
metronidazole 8. These facts encourages the implementation of antimicrobial peptides

(AMPs) a strategy to control bacterial infection.

Antimicrobial peptides (AMPs) are molecules composed by amino acids that
participate in innate immunity °. AMPs have been synthesized and used in
antimicrobial therapy exhibiting a wide spectrum against bacteria, fungus 1° and virus
11 Moreover, previous studies using natural and synthetic AMPs have shown activity

against bacterial biofilms 1912,

Among synthetic AMPs, LyeTxI is a cationic antimicrobial peptide isolated from
the venom of spider Lycosa erythognatha that have shown antibacterial activity against
S. aureus and E. coli 3. A previous study showed that LyeTxI is active against oral
pathogens such as F. nucleatum, P. gingivalis, A. actinomycetemcomitans and is
capable to change the y-potential of bacterial surface (surface charge) thus, altering
its capacity of co-aggregation *4. When LyeTxI was included into B-cyclodextrin (3CD),
not only its membrane permeability, stability and solubility improved, but also its
antibacterial activity against Gram negative periodontopathogens was higher than the
free peptide 4. Nevertheless, biofilm cells also express passive and adaptive resistant
mechanisms against AMPs making difficult to eradicate and thus bacterial infection

persists 1°.

To the best of our knowledge, the antibacterial activity of LyeTxI and LyeTxI/BCD
against biofilms of periodontal pathogenic bacteria is unknown. Therefore, we

characterize the association between LyeTxl and B-cyclodextrin by Infrared
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Spectroscopy (IR). Then, to verify biofilm morphology formed on pegs, we examined
biofilms by Scanning Electron Microscopy. In addition, we determined the antibacterial
activity of LyeTxl and LyeTxI/BCD against Gram-positive and Gram-negative
periodontopathogens and against multispecies biofilm. Thus, the aim of this research
was to assess the antibacterial activity of LyeTxl and LyeTx I/BCD on planktonic and

biofilms of periodontal pathogenic bacteria.

MATERIALS AND METHODS
Bacterial strains

Strains were kindly provided by the Fundacdo Oswaldo Cruz (FIOCRUZ;
Manguinhos, RJ, Brazil) and were used for the antimicrobial assays: Streptococcus
mutans (ATCC 25175), Streptococcus oralis (ATCC 10557), Streptococcus sanguinis
(ATCC 10556), Lactobacillus acidophilus (ATCC 4356), Lactobacillus casei (ATCC
4336), Eikenella corrodens (ATCC 23834), Fusobacterium nucleatum (ATCC 25586),
Prevotella intermedia (ATCC 49046), Porphyromonas gingivalis (ATCC 23834) and
Aggregatibacter actinomycetemcomitans (ATCC 29522).

Media and culture conditions

Sub-cultures of S. mutans, S. oralis, S. sanguinis were cultured on Trypic Soy
Agar (TSA) with 1% hemin and 2% horse blood while L. acidophillus and L. casei were
cultured on Brain Heart Infusion (BHI) agar, and A. actinomycetemcomitans, P.
intermedia were cultivated on BHI agar with 1% hemin under anaerobic conditions
(90% nitrogen, 10% CO3). P. gingivalis and F. nucleatum were cultured on TSA with

1% hemin, 5% menadione and 2% horse blood under anaerobic conditions.

To standardize the bacterial cell suspension for susceptibility assays against
planktonic and sessile (biofilm) cells, colonies were suspended into BHI broth
supplemented with 1% hemin, and resuspended in 0.9% sterile saline to reach an
ODeoo value of 0.08 (equivalent 1 x 108 cells/mL). This standardized inoculum was

diluted 1:10 in BHI broth and the inoculum size was confirmed by colony counting.
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Planktonic growth curve

We studied the bacterial growth to identify the exponential phase of each strain.
Briefly, suspension of each strain was adjusted to yield an ODsoo of 0.01 to obtain the
baseline values. Aerobic and anaerobic bacteria were cultured on BHI broth separately
in aerobic and anaerobic conditions respectively on orbital shaker. Each hour, aliquots
2000 pL were analyzed by ODsoo to check the bacterial growth through 15 hours. In

addition, aliquots (20 pL) were serially diluted and plated for colony counting.

Multispecies biofilm formation

To standardize the inoculum, the optical density ODsoo nm was adjusted to 0.1
corresponding to 0.5 McFarland Standard (1.5 x 108 cells/mL) for each species. Then,
each suspension was diluted to 10° cells/mL and aliquots of 100 pL from each species
were mixed to produce a final multispecies inoculum. Twenty-two milliliters of BHI broth
with 1% hemin and 2% horse blood was added to yield a final volume of 23 mL of
inoculum. The multispecies biofilm was cultured with modifications using the Calgary
Biofilm Device (CBD) as previously described % 17 (Appendix 1). Briefly, each well of
96-microtiter plate was inoculated with 150 pL of the standardized inoculum and
cultivate under anaerobic conditions on orbital shaker. In presence of shear, planktonic
bacteria adhere to the peg surface and form biofilms. After two days of incubation, the
peg lids were transferred daily to new 96-well microtiter plate with fresh BHI broth with

1% hemin, 2% horse blood until yield 7-day biofilms on each peg of the lid.

Biofilm growth curve

To identify the ability of each strain to form biofilm on CBD, and the time required
to yield the exponential phase of each mono-species biofilm, we cultured the bacteria
in the CBD over different times (24, 48 72 h and 4, 5 days) following the protocol
described above. Growth curves were constructed by plotting the Log CFU/mL vs time.
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Antimicrobial peptide compound preparation

Antimicrobial peptide LyeTxl (IWLTALKFLGKNLGKHLALKQQLAKL) was
synthetized and purified by reversed phase High-Performance Liquid Chromatography
(HPLC) as previously reported 3. To prepare the association compound, LyeTxI and
BCD were dissolved separately in ultrapure water at 1:1 molar ratio. The aqueous
solution of LyeTxl and BCD was mixed and stirred for 4 h. Then, this mixed solution
was frozen in liquid nitrogen and lyophilized (Savant Moduly D-Freeze Dryed, Thermo

Electron Corp., Waltham, MA, USA) for 48 h to obtain a solid compound.

Characterization of the association compound LyeTxI/BCD

The samples of the association compound LyeTxI/BCD were prepared in KBr
tablets and characterized by Infrared Spectroscopy (IR). The spectra were captured
from 4000-400 cm region using a Perkin Elmer spectrum GX (Thermo Fisher
Scientific). Then, the stretching vibrations of functional groups of both LyeTx I/BCD

and free BCD were compared.

Bacterial susceptibility testing

Minimal Inhibitory Concentration and Minimal Bactericidal Concentration
Assays

Minimal Inhibitory Concentration (MIC) was determined using the microdilution
method according to the CLSI guidelines /- 2%, Briefly, serial twofold dilutions (125-0.06
pg/mL) of LyeTxl and the association compound LyeTxI/BCD were prepared in Mili-Q
water and pipetted in a 96-well U-bottom polypropylene microtiter plates (Costar, cat.
No. 3790, Corning incorporated, NY, USA). Each well was inoculated with 50 uL of the
standardized inoculum to yield a final test suspension of 1 x 10° cells/mL. After
incubation at 37 °C under appropriate conditions, the MIC was defined as the lowest
concentration of the antibacterial agent that prevented visible growth visible growth of
the microorganism. Minimal Bactericidal Concentration (MBC) was determined by
plating the wells without turbidity in BHI agar. After 24 hours of growth, MBC was

defined as the lowest concentration that did not permit visible growth on the surface of
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the agar. We used 0.12% chlorhexidine (CHX) as positive control. All MIC and MBC
assays were performed in triplicate.

Planktonic metabolic activity

The planktonic metabolic activity was determined by fluorometry study using
resazurin (7-hydroxy-3H-phenoxazin-3 one-10-oxide) as an indirect measure of
bacterial metabolic activity because is proportional to the number of metabolically
active cells. After 24 h of exposure to antibacterial agents tested, 20 pL of resazurin
solution were pipetted in each well. Fluorescence intensity (Aex 570 nm/ Aem 590 nm)

was measured after 20 minutes of incubation in darkness at 37°C 2021,

Time-Kill Kinetic Assay

Time-Kill kinetic assay was assessed against periodontopathogens using a broth
microdilution method. Briefly, 50 pL of the standardized inoculum of each strain (1 x
10° cells/mL) was exposed to LyeTxI at the corresponding MIC values during 15, 30,
60 minutes, and 2, 6, 12, and 14 hours, at 37°C under appropriated aerobic and
anaerobic conditions. Killing curves were constructed by plotting the Logio CFU/mL"®

Vs time over 24 hours.

Minimal biofilm eradication concentration (MBEC) assay

We tested the antibacterial activity of LyeTxl and the association compound
LyeTxI/BCD against periodontopathogenic multispecies biofilm after 2 and 4 days of
incubation. Briefly, to remove non-adherent bacteria from the pegs, biofiims were
washed two times in 200 pL of rinse solution (1% phosphate-buffered saline) ?2. Then,
in a new 96-well plate (challenge plate), pegs were exposed to serial twofold dilutions
(250-0.12 pg/mL) of LyeTxl and the compound LyeTxI/BCD, and were incubated for
24 hours. Chlorhexidine (Periogard, 0.12% chlorhexidine gluconate) was used as
positive control (Figure 1). Each experiment was tested in triplicate. The minimal
biofilm eradication concentration (MBEC) was defined as the minimal concentration of

LyeTxl and LyeTxI/BCD required to eradicate the biofilm after 16 hours of incubation.
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In addition, cells shed from the multispecies biofilm will grow on the challenge
plate medium, therefore, the MIC values of LyeTxl and LyeTxI/BCD against shed cells

from biofilms were determined.

Biofilm metabolic activity

The biofilm metabolic activity was determined by fluorometry study using
resazurin (7-hydroxy-3H-phenoxazin-3 one-10-oxide) as an indirect measure of
bacterial metabolic activity because it is proportional to the number of metabolically
active cells. After 24 h of exposure to antibacterial agents tested, biofilms were
transferred to a 96-well microtiter plate with 180 pL of BHI broth, and then they were
sonicated to recover the shed cells from biofilm. Next, 20 yL of resazurin solution were
pipetted in each well. Fluorescence intensity (Aex 570 nm/ Aem 590 nm) was measured

after 20 minutes of incubation in darkness at 37°C 20 21,

Figure 1. Methodology used for biofilm growth on the Calgary Biofilm Device.

Scanning Electron Microscopy (SEM)

Biofilms formed in different times (2, 5, 10 days) were examined by SEM before

and after exposure to LyeTxl and LyeTxI/BCD. Briefly, samples were fixed with 2.5%
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glutaraldehyde in 0.15 M sodium cacodylate buffer (pH 7.4) for 16 h. Next, samples
were allowed to air-dry and then post-fixed in 1% osmium tetroxide, dehydrated
through a graded ethanol series (50, 70, 80, 95, and 100%), dried with
hexamethyldisilazane, fixed on steel stubs, sputter coated with a mixture of
gold/palladium (Polaron E5100), and imaged using a Quanta 3D FEG electron

microscope at 5 KV.

Statistical analysis

All experiments were performed in triplicate and in two independent experiments.
Statistical significance of differences was calculated by ANOVA-test followed by
Tukey's multiple comparison post-test using GraphPad Prism version 4.00 for
Windows (GraphPad Software, San Diego, California, USA). A P-value < 0.05 was

considered as statistically significant.

RESULTS
Characterization of association compound by Infrared Spectroscopy (IR)

The infrared spectra are in Figure 1 of LyeTxI/BCD and BCD measured at 4000 -
400 cm* regions. The spectra of the association compound depicts at the 3410 cm™
region the absorption band of O-H stretching vibrations, and at the 2960 cm™* region
the absorption band of C-H stretching vibrations. Those bands were equally found in
the spectra of free BCD, thus confirming the presence of the BCD in the association
compound. In addition, we found differences between band shapes of the association
compound and BCD observed at 1700-1200 cm™ region. In fact a decrease of
functional group C-H aliphatic stretching vibrations suggest an interaction between
BCD and LyeTxIl. Moreover, bands perceived at 1000-1200 cm region are related with
C-O-C and C-O-H stretching vibrations of the BCD respectively. Appendix 2 depicts
the IR bands of stretching region (4000-400 cm™?).
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Figure 2. IR spectra of the stretching region (4000-400 cm?) in KBr pellet of
LyeTxI/BCD association compound. A) Spectra of free (B-cyclodextrin; B) spectra of

association compound LyeTx |/B-cyclodextrin.

Planktonic growth curve

Figure 3 represent the growth curve of S. mutans, S. oralis, S. sanguinis, L.
acidophilus, L. casei, F. nucleatum, P. gingivalis, A. actinomycetemcomitans, P.
intermedia, E. corrodens expressed in terms of ODsoo values and Logio UFC mL®S.
Planktonic bacteria showed a standard growth curve along 15 hours of growth. All
bacterial strains yield the stationary phase after 4 hours of incubation. S. oralis, S.
sanguinis, L. acidophilus, L. casei yield the exponential phase after 11 h of culture with
7.4 (£ 2.6) Logio UFC mL*! while S. mutans, F. nucleatum, P. gingivalis, A.
actinomycetemcomitans, P. intermedia, E. corrodens after 7 hours of culture. The

stationary phase was maintained over 7 hours.
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Figure 3. Bacterial growth curve of all strains cultured in Brain Hearth Infusion
broth based on values obtained from the optical density and the logio of the number of

viable cells per mL over 15 hours of incubation at 37°C.

Biofilm growth curve

Figure 4 and Table 1 describes the biofilm growth curve of S. mutans, S. oralis,
S. sanguinis, L. acidophilus, L. casei, F. nucleatum, P. gingivalis, A.
actinomycetemcomitans, P. intermedia, E. corrodens expressed in terms of Logio CFU
peg?. All bacterial strains formed individual biofilm along 148 hours of incubation. In
fact, they started the exponential phase in the firsts 24 hours, except for S. oralis that
began exponential phase after 48 hours. The stationary phase was identified after 48
hours in almost all bacterial strains. Biofilms of S. mutans, S. sanguinis, E. corrodens,
L. acidophilus, L. casei and P. gingivalis grown with mean density of 6.0 + 0.3 Logzo
CFU peg?, while F. nucleatum and P. intermedia grown to an overall mean density of
7.0 £ 0.05 Logio CFU pegin BHI broth supplemented with 1% hemin and 2% blood
horse. This corresponded to 48 hours of incubation at 35°C under anaerobic conditions
(90% nitrogen and 10% CO2).
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Figure 4. Monospecies biofilm growth curve expressed in terms of Logio CFU
peg! along 160 hours, of Aggregatibacter actinomycetemcomitans (Aa),
Porphyromonas gingivalis (Pg), Fusobacterium nucleatum (Fn), Prevotella intermedia
(Pi), Streptococcus mutans (Sm), Streptococcus oralis (So), Streptococcus sanguinis
(Ss), Eikenella corrodens (Ek), Lactobacillus acidophilus (La) and Lactobacillus casei

(Lc) incubated in the Calgary Biofilm Device.

Table 1. Logio CFU peg™ from monospecies biofilms of periodontal pathogens

along 160 hours of incubation in the Calgary Biofilm Device.

Bacterial Time (hours)

Strains 0 24 48 72 96 120 148
A. actinomycetemcomitans 0 1.00 1.00 1.00 1.00 1.00 1.00
P. gingivalis 0 1.00 6.00 6.47 6.00 6.30 6.00
F. nucleatum 0 1.00 7.00 7.14 6.30 7.00 6.00
P. intermedia 0 6 7.07 7.07 6.00 5.00 6.00
S. mutans 0 1.00 6.69 6.69 6.30 6.84 6.00
S. oralis 0 1.00 1.00 6.77 6.69 6.30 6.30
S. sanguinis 0 1.00 6.30 6.84 6.60 6.00 5.00
E. corrodens 0 6.30 6.84 6.00 5.00 6.00 6.00
L. acidophilus 0 1.00 6.00 6.47 5.47 6.30 5.30
L. casei 0 6.00 6.60 6.30 6.30 6.60 6.00
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Scanning Electron Microscopy

We examined in situ the multispecies biofilms growth into the CBD at different
times (2, 5, 10 days) using SEM. After 2 days of culture, SEM microphotographs
showed surface adherent bacteria growing as a thin layer and mounds on pegs. Most
of the cells were isolated and in some stage of cell division. The layer depicted a
homogeneous granular appearance (Figure 5). After 5 days of growth, the number of
bacteria increased significantly and thus, the multispecies biofilm revealed a more
complex arrangement with cells morphology related to coccus and bacillus strains.
Biofilms were composed by multilayered microcolonies encased in extracellular
polysaccharide that connected the cells with each other and to the peg surface. These
layers were estimated to be up to 10 yum in height in some areas. (Figures 6).
Microphotographs of 10-day biofilms showed a differentiated mature biofilm composed

by layers of cells entrapped in a dense polymeric matrix. (Figure 7).

HV  det spot WD mag HFW curr |- 1 um
5.00kVEETD 4.5 11.0 mm 100 000 x 2.98 um 26.6 pA DualBeam-CM-UFMG
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Figure 5. Scanning electron photomicrograph of multispecies biofilm formed on
pegs from the Calgary Biofilm Device after 2 days of incubation in BHI broth. Adherent
bacteria forming a thin layer on peg surface. Cells with different morphology but

predominantly coccos (magnification 100000 x).
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Figure 6. Scanning electron photomicrographs of multispecies biofilm formed on
pegs from the Calgary Biofilm Device after 5 days of incubation in BHI broth. A) Layer
of multispecies cells growing on the peg (magnification 500 x). B) Apical region of the
biofilm was composed by many layers of cells with coccoid and coccobacillary
morphology expanding over the peg surface forming a microcolony (magnification
12000 x). C) Bacterial cells conforming layers of biofilm with irregular structure. The

apical region of biofilm was composed by a cell layer and is observed with presence
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of long and short rod-like coccus, spirochete-shapes and filamentous cells
(magnification 8000 x). D) Coccus attached to the peg surface and bonded each other
by the polymeric matrix, the distance between each cell is less than 1 pm in some

areas of the microcolony (magnification 50000 x).
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Figure 7. Scanning electron photomicrographs of multispecies biofilm formed on
pegs from the Calgary Biofilm Device after 10 days of incubation in BHI broth. A)
Mature multispecies biofilm with complex structural conformation, polymeric matrix is
seen covering the upper cell layer (magnification 6500 x). B) Streptococci and bacillus

cells enclosed by bands of exopolysaccharide matrix (magnification x 5 pm). C)
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Filaments over the bacterial strains at the lower layers of the biofilm (magnification x 2

pm).

Bacterial susceptibility testing
Minimal Inhibitory Concentration (MIC)

LyeTxl and LyeTxI/BCD showed antibacterial activity against S. mutans, S. oralis,
S. sanguinis, L. acidophilus, L. casei, E. corrodens and P. intermedia (Table 2). In
overall, LyeTxl showed MICs values against all strains tested in the range of 15.62 to
62.50 pyg/mL. On the other hand, LyeTxI/BCD exhibited MIC values at lower
concentrations than did LyeTxl and those were found in the range of 1.95 to 15.62
pg/mL (Table 2).

Table 2. Periodontal pathogenic bacterial susceptibility to LyeTxl and
LyeTxI/BCD.

Strains Antibacterial agents

LyeTx | LyeTx I/BCD Chlorhexidine

(Hg/mL) (Hg/mL) (ng/mL)

MIC MBC MIC MBC MIC MBC

S. mutans 31.25 62.50 15.62 31.25 0.12 0.48
S. sanguinis 31.25 62.50 1.95 7.81 0.24 0.48
S. oralis 15.62 31.25 15.62 31.25 0.12 0.24
L. casei 62.50 125 7.81 15.62 0.24 0.48
L. acidophilus 31.25 62.50 15.62 31.25 0.24 0.48
E. corrodens 62.50 125 7.81 15.62 0.48 0.97
P. intermedia 62.50 125 15.62 31.25 0.48 0.97

Planktonic metabolic activity

The metabolic activity of planktonic cells was measured by fluorometry study as
an indirect measure of the antibacterial activity of LyeTxl and LyeTxI/3CD. Both LyeTxI

and LyeTxI/BCD reduced the planktonic cells metabolic activity at the MIC values for
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each strain (Figure 8). When compared the reduction of metabolic activity at MIC

values between LyeTxl with control (CHX), LyeTxl showed a higher inhibition than

CHX against S. mutans, S. sanguinis, S. oralis, L. acidophilus, E. corrodens and P.

intermedia and this difference was significant after ANOVA and Dunnett's multiple

comparison test (p< 0.05) (Table 3 and Appendix 3). However, CHX showed a higher

inhibition than LyeTxl against L. casei (13.90% vs. 9.27% respectively). In fact, L.

casei was the less sensitive to LyeTxl among all strains (9.27% + 7.60) while E.

corrodens was the most sensitive (91.44% + 2.84) (Table 3).

Metabolic activity at MIC
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Figure 8. Percent of inhibition of metabolic activity reported in percent of relative
fluorescent units (RFU %) of LyeTxl and LyeTxI/BCD at MIC values. S. mutans (Sm),
S. sanguinis (Ss), S. oralis (So), L. casei (Lc), L. acidophilus (La), E. corrodens (Ek),

P. intermedia (Pi) were exposed to LyeTxl, LyeTxI/BCD and Chlorhexidine 0.12%

(control) at MIC values, then the metabolic activity was measured and compared.
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Table 3. Reduction of metabolic activity of planktonic cells after exposure to

LyeTxl and LyeTxI/BCD at MIC values

Bacterial % of reduction of metabolic activity after exposure to
LyeTx | LyeTx I/BCD Chlorhexidine
Strains (mean £ SD) (mean £ SD) (mean £ SD)
S. mutans 87.00 £ 19.02 59.60 + 12.44 23.65+0.00
S. sanguinis 73.96 £5.03 90.49+ 2.77 32.83+0.00
S. oralis 57.12+5.61 47.86 £ 8.97 12.79 £ 0.00
L. casei 9.27 + 7.60 72.31+£11.66 13.90 + 0.00
L. acidophilus 42.64 £ 5.92 87.24+ 2.15 35.10 £ 0.00
E. corrodens 91.4+284 91.93+2.35 84.93 £ 0.00
P. intermedia 2423 +7.74 80.81 £ 7.34 21.69+0.00

SD= Standard deviation

On the other hand, LyeTxI/BCD highly reduced the metabolic activity of S.
sanguinis, L. acidophilus, E. corrodens and P. intermedia at MIC values (Table 3).
Indeed, E. corrodens and S. sanguinis were the most sensitive to LyeTxI/BCD (91.93%
and 90.49% respectively) while S. oralis was the less sensitive to LyeTxI/BCD among
all strains (27.86%). When compared the reduction of metabolic activity at MIC values
of LyeTxI/BCD with control (CHX), LyeTxI/BCD showed a higher inhibition than CHX
against S. mutans, S. oralis, S. sanguinis, L. casei, L. acidophilus, E. corrodens and
P. intermedia, and this difference was significant after analysis with ANOVA and
Tukey's multiple comparison test (p< 0.05) (Tables 3 and Appendix 3). Finally, we
compared the reduction of metabolic activity at MIC values between LyeTxl and
LyeTxI/BCD. LyeTxI/BCD reduced more effectively the metabolic activity than LyeTxI

and this difference was statistically significant (p< 0.05).

Time-Kill kinetics assay

After achieve the stationary phase, we exposed S. mutans, S. oralis, S. sanguinis,
L. casei, L. acidophilus, E. corrodens, F. nucleatum, P. intermedia, P. gingivalis and A.
actinomycetemcomitans to LyeTxl at their correspondingly MIC values in order to
understand the time at LyeTxI start its antimicrobial effect. The results of the killing-
kinetic assay of LyeTxl showed a rapid bactericidal effect and are presented in Figure
9. In addition, the bactericidal effect observed continued along 10 hours once there
were no CFU identified on agar plates until that time of exposition. In fact, the only

strain that showed regrowth was P. gingivalis (Figure 9.1).
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Figure 9. Time-killing kinetics (0-60 min) of peptide LyeTxI. S. mutans, S. oralis,

S. sanguinis, L. casei, L. acidophilus, E. corrodens, F. nucleatum, P. intermedia, P.

gingivalis and A. actinomycetemcomitans were exposed to 1 x MICs values of LyeTxl.

Each control had no treatment. The assays were performed in microdilution and in two

independent experiments.
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Figure 9.1. Time-killing kinetics (0-12 h) of peptide LyeTx| against P. gingivalis in
microdilution assays. P. gingivalis was exposed to LyeTxl for 12 hours, however, after

10 hours of exposition, P. gingivalis exhibited regrowth.

Minimal biofilm eradication concentration (MBEC) assay

After exposed the multispecies biofilm to LyeTxl and LyeTxI/BCD, both agents
partially eradicate the 2-day multispecies biofilms at concentration of 250 ug/mL and
125 pg/mL respectively (Table 4). In contrast, Chlorhexidine exhibited a MBEC value
at 15.62 ug/mL. On the other hand, both LyeTxl and LyeTxI/BCD did not eradicate the

4-day multispecies biofilms at the highest concentration tested (Table 4) (Appendix 3).

As previously mentioned, cells shed from biofilms in the challenge plate and
turned to planktonic stated allowed us to determine the MIC values of LyeTxl and
LyeTxI/BCD against multispecies planktonic cells (Table 4). All of the agents tested
inhibited planktonic growth of cells shed from 2-day biofilm. In fact, LyeTxI/CD and
Chlorhexidine (control) were active against shed cells from 2-day biofilms at lower
concentrations than LyeTxl (62.50 and 1.95 pg/mL respectively). On the other hand,
shed cells from 4-day biofilms were not sensitive against LyeTxl and LyeTxI/BCD.
Chlorhexidine, however, inhibited planktonic cells growth at 7.81 pg/mL (Table 4).
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Table 4. Comparative susceptibility of bacterial biofilms to LyeTxl, LyeTxI/3CD and
Chlorhexidine after 24 hours of exposure.

Multispecies Antibacterial agents

Biofilms LyeTxI (ug/mL) LyeTxI/BCD (ug/mL) Chlorhexidine (ug/mL)
MIC MBEC MIC MBEC MIC MBEC

2-day 125 250 62.5 125 1.95 15.62

4-day > 250 > 250 > 250 > 250 7.81 > 250

Biofilm metabolic activity

The biofilm metabolic activity was measured by fluorometry study as an indirect
measure of the antibacterial activity of LyeTxI, LyeTxI/BCD and Chlorhexidine (control).
All of the agents tested reduced the 2-day biofilm cells metabolic activity at the highest
concentration (250 pg/mL) and it is presented in Figure 10. In addition, when
comparing the antimicrobial activity at the highest concentration between agents
tested, Chlorhexidine (control) reduced the 2-day biofilm cells metabolic activity more
strongly than did LyeTxl and LyeTxI/BCD. Moreover, LyeTxl exhibited a higher
reduction of the 2-day biofilm metabolic activity than LyeTxI/BCD (Table 5), however
after analysis with ANOVA and Tukey's multiple comparisons test, there was no

statistical difference among treatments (p> 0.05) (Appendix 3).

In addition, the antibacterial activity of LyeTxl and LyeTxI/BCD decreased the
metabolic activity of 4-day biofilm cells at the highest concentration (Figure 10).
Moreover, LyeTxl showed a higher reduction of 4-day biofilm metabolic activity than
did LyeTxI/BCD (67.18% + 3.05 vs. 28.26% * 15.64) (Table 5). This difference was
significant after analysis with ANOVA and Tukey's multiple comparisons test (p< 0.05).
Furthermore, Chlorhexidine was superior to LyeTxI and LyeTxI/BCD in reducing the 4-
day biofilm metabolic activity (p< 0.05) (Appendix 3).

46



Reduction of metabolic activity 2-day Biofilm

1001

Hl 250 pg/mL
80 250 pg/mL
E4 250 pg/mL

60

RFU (%)

40 A

201

0- T T
LyeTx | LyeTxI/'CD CHX

Reduction of metabolic activity 4-day Biofilm

1001

Hl 250 ug/mL
80 250 pg/mL
E= 250 pg/mL

60

]

201

RFU (%)

0- T T
LyeTxl LyeTxI/'CD CHX

Figure 10. Reduction of metabolic activity expressed in percent of relative

fluorescent units (RFU) of 2-day and 4-day multispecies biofilms after exposition to

LyeTxl and LyeTxI/BCD at the highest concentration (250 ug/mL).

Table 5. Reduction of metabolic activity of 2-day and 4-day biofilms after

exposure to LyeTxl and LyeTxI/BCD at the highest concentration (250 pg/mL).

Multispecies % of reduction of metabolic activity after exposure to (mean + SD)
Biofilms LyeTxl LyeTxl/BCD Chlorhexidine
2-day 92.87 £ 3.66 87.00+x 0.50 97.65 £0.00
4-day 67.18 £ 3.05 28.26 +£15.64 94.75 £0.00

SD= standard deviation

We determined the metabolic activity of cells shed from the 2-day and 4-day
biofilms after exposition to LyeTxl and LyeTxI/BCD and Chlorhexidine at the highest
concentration (250 pug/mL) (Figure 11). Chlorhexidine (control) strongly reduced the
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metabolic activity of planktonic cells from 2-day and 4-day biofilms and was superior
to the agents tested (p<0.05). In addition, LyeTx| was superior than LyeTxI/BCD in
reducing the metabolic activity of cells shed from 2-day biofilms (82.45% vs. 41.82%
respectively) and of 4-day biofilms (72.53% vs. 44.78% respectively) (Table 6) and this
difference was significant (p<0.05). (Appendix 3).

Table 6. Reduction of metabolic activity of planktonic cells from 2-day and 4-day
biofilms after exposure to LyeTxl and LyeTxI/BCD at the highest concentration (250

pg/mL).

Planktonic % of reduction of metabolic activity after exposure to

Cells LyeTx | (mean £ SD) LyeTxI/BCD (mean +SD) Chlorhexidine (mean = SD)
2-day growth 82.45 +0.36 41.82 +9.36 100 +0.00

4-day gowth 72.53+1.69 44,78 + 8.02 100 +0.00

SD= Standard deviation
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Figure 11. Reduction of metabolic activity expressed in percent of relative
fluorescent units (RFU) of planktonic cells shed from 2-day and 4-day multispecies

biofilms after exposition to LyeTx| and LyeTxI/BCD at the highest concentration (250
pg/mL).

Biofilms SEM microphotography after exposure to antibacterial agents

After exposition to LyeTxl and LyeTxI/BCD for 24 hours, the multispecies biofilm
composed by S. mutans, S. oralis, S. sanguinis, L. acidophilus, L. casei, E. corrodens,
F. nucleatum, P. intermedia, P. gingivalis, A. actinomycetemcomitans showed changes
in the morphology and exopolysaccharide matrix. In addition, the polymeric matrix was

observed with an extensive zone of degradation (Figure 12).
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Figure 12. Scanning electron microphotographs of biofilms exposed to 250 pug/mL
of LyeTxl. A) Microcolony of cells with lack of polymeric matrix (magnification 8000 x).
B) The biofilm exhibit lack of cells and the exopolysaccharide matrix is degraded and
displaying a zone of erosion (magnification 50000x). C) Biofilm with disorganized
structure and morphology (magnification 5000 x). D) Some biofilm cells shows no
change in their morphology and the exopolysaccharide matrix did not attach cells to

the peg surface.
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DISCUSSION

This study evaluated the activity of LyeTx| associated with BCD as strategy to
improve the functional form of the free peptide as previously reported 4. We
characterized the association between LyeTx| with BCD by Infrared Spectroscopy in
order to determine their molecular interaction. This technique identifies the bonds of
functional groups among molecules by measuring the infrared absorption bands, and
thus allowing the identification of the molecule tested 23. After comparing the stretching
vibrations 1158 cm (uC-O) and 2926 cm™ (uC-H) of free BCD with LyeTxI/BCD, we
observed that the frequency changed to 1206 cm™ (uC-O) and 2924 cm™ (uC-H)
respectively, suggesting the presence of the association compound LyeTxI/BCD.
Those changes are explained by the formation of hydrogen bonding and the presence

of van der Waals forces during their interaction between BCD and LyeTxl 24,

Scanning electron microscopy have been useful for observing in vitro 2° and in
vivo supragingival and subgingival dental plaque samples 26. We provide
microphotographs from the SEM that confirm the presence of multispecies biofilm
grown on Calgary Biofilm Device. Moreover, we provide insights of the morphology of
2-day, 5-day and 10-day biofilms cultured in pegs. Microphotographs of 2-day, 5-day
and 10-day biofilms showed microcolonies surrounded by an exopolysaccharide
matrix. The tipical coccoid, coccobacillary, spirochete-shaped morphology of cells from
5-day and 10-day biofilms are similar with bacteria from dental plaque samples
observed in previous studies that used SEM for clinical and in vitro evaluation 27-3°,
Moreover, we found that 10-day biofilms showed dense aggregates of multispecies
bacteria held together by diffuse extracellular polymeric matrix. As previous described
by Socransky & Haffajee (2002) 3!, the network of exopolysaccharides can display
ordered or disordered forms depending of the conditions under the biofilm grows; such
as temperature, pH, nutrients and shear forces. High temperatures and low ionic
concentrations induce formation of disordered exopolysaccharide network. Shear
stress affects the rate at which nutrients are transported to the surface of the biofilm,
thus, biofilms grown under high shear forces are thinner and denser than those grown
under lower shear. Using the CBD we were able to form biofilms under the same
growth conditions and thus, observe newly formed biofilms (2-day) and differentiated

biofilms (10-day) with morphological characteristics seen in vivo.
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In addition, we tested the antibacterial activity of LyeTxl and LyeTxI/BCD against
early and intermediate colonizers of dental plaque. Our findings indicated that LyeTx
I/BCD was superior than LyeTxl| arresting the bacterial growth of S. mutans, S. oralis,
S. sanguinis, L. acidophilus, L. casei, E. corrodens and P. intermedia at concentrations
<15.62 pg/mL. In fact, S. sanguinis, L. casei and E. corrodens were the most sensitive
to LyeTxI/BCD at concentrations between 15.62-1.95 pg/mL. In agreement with
previous studies, our results suggest that LyeTxI/BCD exhibited antibacterial activity

against Gram-positive and Gram-negative periodontal pathogens in planktonic state
13, 14

Moreover, a previous study found that Gram-negative periodontopathogens such
as P. gingivalis, A. actinomycetemcomitans and F. nucleatum are sensitive to LyeTxI
and LyeTxI/BCD at lower concentrations (<0.03 — 30.38 pg/mL) 4. In our study,
however, the MICs values of LyeTxI/BCD tested against Gram-positive bacteria were
higher than those obtained by Consuegra et al. (2013). Among all strains tested, S.
sanguinis, L. casei and E. corrodens were highly sensible to LyeTxI/BCD when

compared with LyeTxl.

In addition, our findings showed that the association compound LyeTxI/BCD was
more effective than LyeTxl in reducing the metabolic activity of planktonic cells. This
finding may be explain as follows: First, the cationic peptide LyeTxI bind to the anionic
cell membrane and disrupts the phospholipid chain 1% 32 33, This effect acts
synergistically with the BCD because, it enhance peptide adhesion to the cell
membrane through hydrogen bonds and thus, increase the solubility, the concentration

gradient and the bioavailability of LyeTxI 32,

We performed the killing kinetics assays to determine the time at LyeTxI exert its
antimicrobial activity against planktonic cells S. mutans, S. oralis, S. sanguinis, L.
acidophilus, L. casei, E. corrodens, P. intermedia, F. nucleatum, P. gingivalis and A.
actinomycetemcomitans at MIC values. Our findings showed that LyeTxI exhibit a rapid
bactericidal effect and, this effect continue through 10 hours. A recent study showed
that Licotoxin | and Lycotoxin Il - AMPs with similar molecular structure to LyeTxl -
strongly inhibit ATP synthase at highest concentration and thus exhibited a rapid
bactericidal effect against E. coli 4. ATP synthase is known as the enzyme necessary

for ATP generation in cells, and is located in the inner membranes of mitochondria and
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plasma membrane of bacteria 3°. As AMPs exert bactericidal effect through inhibition
of ATP synthase 26, Lycotoxin | and Lycotoxin Il may act at both intracellular and
membrane level, explaining why bacteria dies quickly. A second finding from this study
was that, the inhibition of ATP synthase by Lycotoxin | and Lycotoxin 1l is reversible.
After reducing the peptides concentrations, the ATP synthase regained activity
suggesting that both peptides establish a non-covalent bond to receptor sites at

intracellular level.

To determine whether a 2-day and 4-day multispecies biofilms are sensitive to
LyeTxl and LyeTxI/BCD, we performed the minimal biofilm eradication concentration
(MBEC) assay using the CBD. Two-day biofilms were most sensitive than the 4-day
biofilms to the activity of LyeTxl and LyeTxI/BCD at the highest concentration (250
pg/mL). In addition, we were able to determine the MIC values of LyeTxl and
LyeTxI/BCD against cells shed from the 2-day biofilms that returned to planktonic state.
More importantly, the MBEC values were twofold higher than the MIC values (125 vs.
62.50ug/mL respectively). Therefore, this difference in susceptibility between
planktonic and biofilm cells proves that biofilms protect bacteria not only against
antibiotics but also against antimicrobial peptides. Our results were in agreement with
a previous study that used the same biofilm model to grow biofilms of P. aeruginosa
16 They found that biofilms of P. aeruginosa survived after treatment with antibiotics at
concentrations 100 times higher than the MIC values 8. In agreement with their results,
we found that the MBEC values against 2-day and 4-day biofilm cells were twofold

higher than the MIC values against planktonic cells.

A broad model system has been used for the in vitro study of metabolic activity
on biofilims 2% 37, Viability assays that measure fluorescence are commonly used
because allows the quantification of viable cells 8. Thus, resazurin-base viability
staining is used to quantify viable biofilm cells grown on microtiter plates, once
metabolic active cells reduce the non-fluorescent resazurin into a reduced resorufin
which is fluorescent and can be measured 2. In our study, we use the reduction of
resazurin to measure the metabolic activity of biofilm cells after exposition to LyeTxl
and LyeTxI/BCD and thus, indirectly evaluate their antibacterial activity. Both, LyeTxl
and LyeTxI/BCD decreased the metabolic activity of 2-day biofilms at the highest
concentration (250 pg/mL). However, LyeTxl showed a higher reduction of metabolic

activity of 2-day biofilm cells thus, our findings indicate that LyeTxl is active in the early
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stages of in vitro biofilm development. In addition, a recent study found that the
combination of amoxicillin and metronidazole reduced the metabolic activity of

multispecies 7-day biofilms 3°.

In fact, they reported that this combination had greater antimicrobial effect than
the two drugs working independently due to a synergistic effect of these antimicrobials.
Differences between their results with ours may be explained by the different
mechanism of action of those antibiotics with LyeTxl. The synergistic effect of these
antibiotics is due the activity of metronidazole against anaerobic species capable to
produce beta-lactamases #°, therefore, as decrease the levels of beta-lactamase it
enhance the activity of amoxicillin 4%. In contrast, LyeTxl and LyeTxI/BCD act at the
membrane level by means of electrostatic interaction. In fact, the association
compound has a synergistic effect due the BCD that enhance the adhesion, the
concentration gradient and the bioavailability of LyeTxI. Therefore, it is expected that
the reduction of metabolic activity of LyeTxI and LyeTxI/BCD was lower than amoxicillin
with metronidazole. On the other hand, it would be interesting to evaluate synergistic
effect of LyeTxI with another antimicrobial as reported in literature 4244, AMPs may
increase the bacterial killing of antibiotics against bacteria by disrupting the cell
membrane and allowing the entrance of the antibiotic into the bacterial cell, thus killing

the bacteria regardless the mode of action of the antibiotic 42.

One limitation of our study is that biofilms cultured on peg lids reactors are not
capable to form a thicker mass as seen clinically on periodontal pockets. However, the
CBD not only allowed us to produce biofilms of periodontal pathogenic bacteria with
reproducible cell density, but also enable us to determine their susceptibility to LyeTxl
and LyeTx I/BCD under the same conditions. In addition, CBD allowed us to provide
evidence that in vitro biofilms share characteristics of biofilms from periodontal

pockets, through SEM microphotographs at 2, 5 and 10 days of culture.

Therapies against biofilms should include the mechanical debridement along with
an antimicrobial agent that, ideally, diffuse within the polymeric matrix and act at
concentrations capable to kill cells in different spatial locations. Our study provide new
evidence of the antibacterial activity of LyeTxl and LyeTxI/BCD against planktonic
Gram-positive and Gram-negative periodontal pathogens and multispecies 2-day

biofilms. In agreement with a previous study 33, the antibacterial activity of the
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association compound LyeTxI/BCD was enhanced by BCD, thus confirming the
potential use of cyclodextrin association complexes to enhance drugs' therapeutic
efficacy. In addition, the biological activity in vitro of LyeTxI and LyeTxI/BCD against
early-formed biofilms suggests that both antimicrobial agents could be potentially used
to control early stages of biofilm development in order to arrest bacterial colonization

and thus biofilm formation.

CONCLUSION

Both, LyeTxl and the association compound LyeTxI/BCD are effective
antimicrobial agents against Gram-positive and Gram-negative periodontal pathogens,
showing a rapid bactericidal effect at MIC values (< 62.50 pug/mL) with capacity to
reduce the metabolic activity of planktonic and 2-day multispecies biofilm cells at

concentrations below 250 pg/mL.
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5. CONCLUSAO

Na presente pesquisa apresenta a caracterizacdo do composto de associacao
LyeTxI/BCD por meio de Espectroscopia de Infravermelho (IV), confirmando que

existe uma interacdo entre as duas moléculas.

Adicionalmente, nossa pesquisa fornece nova evidéncia sobre a atividade
antibacteriana do peptideo LyeTxl e do composto de associacao LyeTxI/BCD frente a
bactérias patdégenas periodontais tanto Gram-positivas quanto Gram-negativas a
concentragbes < 62.50 ug/mL. O composto de associagcdo melhorou a atividade
antibacteriana do LyeTxl. Por sua vez, LyeTxl apresentou um rapido efeito bactericida
apos do teste da curva de morte, sugerindo um potente efeito antimicrobiano do
peptideo. Além do mais, a atividade biologica do LyeTxl e do LyeTxI/BCD frente a
biofiimes jovens sugere que, tanto o peptideo quanto o composto de associacao
poderiam ser usados imediatamente apds a terapia mecanica periodontal como
agentes coadjuvantes, visando-se evitar a recolonizagcédo bacteriana por conta das

células planctoénicas desprendidas dos biofilmes.
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APPENDIX 1.

Cells

Figure 1. The MBEC™ Assay. A) Biofilms form on the pegs of the MBEC™ Biofilm
Inoculator when planktonic bacteria adhere to the surface. In the presence of shear,
these bacteria become attached and form mature biofilms. Biofilms are encased in
‘slime’, which is sometimes visible to the naked eye. Dispersed cells are also shed
from the surface of biofilms, which serve as an inoculum for MIC determinations. B)
Esquematical representation of the peg lid has 96 identical pegs. The average surface
area of each peg on the MBEC™ device is 108.9 mm2. (Below) Picture of the lid fits
into a standard 96-well microtiter or trough plate with channels that are set up to contain
an inoculated growth medium. The entire device is placed on a gyrorotary shaker or a
rocking platform in an incubator, which provides the shearing force for facilitating the

formation of 96 biofilms on the peg lid.
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APPENDIX 2.

Table 1. IR bands of the stretching region (4000-400 cm) obtained in KBr pellet of

LyeTxI/BCD inclusion compound and -cyclodextrin.

Wavenumber (cm-1)

Compounds 00-H uC-H uC-0 uC-C uC-0-C

B-cyclodextrin 3370s 2926w 1158w 1080w 1028 vs
1336 w

LyeTx I/BCD 3410s 2924w 1206w 1158w 1030 vs

VS= very strong, s= strong, w= weak,

65



APPENDIX 3.

Table 1. Results of the evaluation of LyeTxl and LyeTxI/BCD with Chlorhexidine

(control) in reducing the metabolic activity of planktonic periodontal pathogens at MIC

values by ANOVA test.

MIC bact
Table Analyzed Vs, CHX
Two-way ANOVA Ordinary
Alpha 0.05

% of total P value

Source of Variation variation P value summary Significant?
Interaction 20.59 0.0014 o Yes
Concentrations 39.59 < 0.0001 ok Yes
Agents tested 19.93 <0.0001 ko Yes
ANOVA table SS DF MS F (DFn, DFd) P value
Interaction 11547 12 962,3 F(12;35)=3.63 P =0.0014
Concentrations 22207 6 3701 F (6; 35) =13.96 P <0.0001
Agents tested 11179 2 5589 F (2;35)=21.09 P <0.0001
Residual 9277 35 265
Number of missing
values 7

Table 2. Results of Dunnett's multiple comparisons test between LyeTxI and

LyeTxI/BCD at MICs values compared with Chlorhexidine (Mean of difference at 95%

confidence interval)

Dunnett's multiple comparisons test

Chlorhexidine vs LyeTxI

Chlorhexidine vs LyeTxI/BCD

Mean diff. (95% CI)

Significant

-20.06 (-31.64 — -8.48)

-36.76 (-48.71 — -22.82)  *k

p<005 Fkkk

ns= not significant
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Table 3. Results of the ANOVA test comparing the reduction of metabolic activity at
MIC values between LyeTxl and LyeTxI/BCD.

MIC LyeTxl Vs,
Table Analyzed LyeTxI/BCD
Two-way ANOVA Ordinary
Alpha 0,05

% of total P value

Source of Variation variation P value summary Significant?
Interaction 20,59 0.0014 *x Yes
Concentrations 39,59 < 0.0001 ek Yes
Agents tested 19,93 < 0.0001 i Yes
ANOVA table SS DF MS F (DFn, DFd) P value
Interaction 11547 12 962,3 F(12;35)=3.631 P =0.0014
Concentrations 22207 6 3701 F (6; 35) =13.96 P <0.0001
Agents tested 11179 2 5589 F (2;35)=21.09 P <0.0001
Residual 9277 35 265
Number of missing
values 7

Table 4. Results of Tukey's multiple comparisons test of reduction of metabolic

activity at MIC values between LyeTx| and LyeTxI/BCD.

Tukey's multiple comparisons test Mean diff. (95% CI) Significant
LyeTx I vs. LyeTx I/BCD -15.70 (-29.45 - -1.97) *
LyeTx | vs. Chlorhexidine 20.06 (7.76 — 32.36) ol
LyeTx I/BCD vs. Chlorhexidine 35.76 (22.02 — 49.51) ok

p<0.05 **** ns= not significant
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Table 5. Results of the ANOVA test comparing the reduction of metabolic activity of

2-day biofilm cells between LyeTxI and LyeTxI/BCD at the highest concentration (250

pg/mL).

Table Analyzed

ANOVA summary
F
P value

P value summary

Are differences among

means statistically significant?
(P <0.05)

R square

Brown-Forsythe test

MBEC 2 sensitivity 2 days comparison 250
ug/mL

33.05
0.009

*%

Yes
0.9566

F (DFn, DFd) +infinity (2; 3)

P value <0.0001

P value summary Fokckk

Significantly different

standard deviations? (P <

0.05) Yes

ANOVA table SS DF MS F (DFn, DFd) P value
Treatment (between columns) 4110 2 2055 F(2;3)=33.05 P =0.0090
Residual (within columns) 186.6 3 62.19

Total 4297 5

Data summary

Number of treatments

(columns) 3

Number of values (total) 6

Table 6. Results of Tukey's multiple comparisons test of the reduction of metabolic

activity of 2-day biofilm cells between LyeTxl and LyeTxI/BCD at the highest

concentration (250 pg/mL).

Tukey's multiple comparisons test

LyeTx | vs. LyeTx I/BCD

LyeTx | vs. Chlorhexidine

LyeTx I/BCD vs. Chlorhexidine

Mean diff. (95% CI)

Significant

5.87 (-3.69 — 15.43)

-8.69 (-18.26 — 0.86)

-14.57 (-24.13 — -5.00)

p< 0.05 **** ns= not significant
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Table 7. Results of the ANOVA test comparing the reduction of metabolic activity of 4-

day biofilm cells between LyeTxl and LyeTxI/BCD at the highest concentration (250
pg/mL).

4 day Biofilm comparison 250

Table Analyzed ug/mL MBEC
ANOVA summary

F 39.77

P value 0.0023
P value summary o

Are differences

among means

statistically significant?

(P <0.05) Yes

R square 0.9521

Brown-Forsythe test

F (DFn, DFd) 17.28 (2; 4)

P value 0.0108

P value summary *

Significantly different

standard deviations?

(P <0.05) Yes

ANOVA table SS DF MS F (DFn, DFd) P value
Treatment (between columns) 5556 2 2778 F(2;4)=39.77 P =0.0023
Residual (within columns) 279.4 4  69.85

Total 5835 6

Data summary
Number of treatments
(columns) 3

Number of values (total)

~

Table 8. Results of Tukey's multiple comparisons test of the reduction of metabolic
activity of 4-day biofilm cells between LyeTxl and LyeTxl/BCD at the highest
concentration (250 pg/mL).

Tukey's multiple comparisons test Mean diff. (95% CI) Significant
LyeTx | vs. LyeTx I/BCD 40.08 (12.79 - 67.36) *
LyeTx | vs. Chlorhexidine -35.36(-62.65 — -8.077) *
LyeTx I/BCD vs. Chlorhexidine -14.57 (-105.3 — -45.55) **

p< 0.05 ** ns= not significant
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Table 9. Results of the ANOVA test comparing the reduction of metabolic activity of
cells shed from 2-day biofilm (planktonic) between LyeTxl and LyeTxI/BCD at the
highest concentration (250 pg/mL).

MIC 2-day 250
Table Analyzed ug/mL
ANOVA summary
F 52.26
P value 0.0047
P value summary i
Are differences among
means statistically
significant?
(P <0.05) Yes
R square 0.,9721
Brown-Forsythe test
F (DFn, DFd) +infinity (2; 3)
P value <0.0001
P value summary ok
Significantly different
standard deviations?
(P <0.05) Yes
ANOVA table SS DF MS F (DFn, DFd) P value
Treatment (between columns) 3060 2 1530 F(2;3)=52.26 P =0.0047
Residual (within columns) 87.83 3 29.28
Total 3148 5
Data summary
Number of treatments
(columns) 3
Number of values (total) 6

Table 10. Results of Tukey's multiple comparisons test of the reduction of metabolic
activity of cells shed from 2-day biofilm (planktonic) between LyeTxl and LyeTxI/BCD
at the highest concentration (250 pg/mL).

Tukey's multiple comparisons test Mean diff. (95% CI) Significant
LyeTx | vs. LyeTx I/BCD 40.37 (17.76 — 62.98) *
LyeTx | vs. Chlorhexidine -12.56 (-35.18 — -10.05) ns
LyeTx I/BCD vs. Chlorhexidine -52.94 (-75.55 — -30.33) **

p< 0.05 ** ns= not significant
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11. Results of the ANOVA test comparing the reduction of metabolic activity of cells

shed from 4-day biofilm (planktonic) between LyeTxl and LyeTxI/BCD at the highest

concentration (250 pg/mL).

Table Analyzed

ANOVA summary
F
P value

P value summary

Are differences

among means statistically
significant? (P < 0.05)

R square

Brown-Forsythe test

MIC 4-day 250

ug/mL

55,83

0.0042

*%

Yes

0.9738

F (DFn, DFd) +infinity (2; 3)

P value <0.0001

P value summary Fokckk

Significantly different

standard deviations?

(P <0.05) Yes

ANOVA table SS DF MS F (DFn, DFd) P value
F(2,3) =

Treatment (between columns) 2507 2 1254 55,83 P =0.0042

Residual (within columns) 67.36 3 22.45

Total 2575 5

Data summary

Number of treatments

(columns) 3

Number of values (total) 6

Table 12. Results of Tukey's multiple comparisons test of the reduction of metabolic

activity of cells shed from 4-day biofilm (planktonic) between LyeTxl and LyeTxI/BCD

at the highest concentration (250 pg/mL).

Tukey's multiple comparisons test

LyeTx | vs. LyeTx I/BCD

LyeTx | vs. Chlorhexidine

LyeTx I/BCD vs. Chlorhexidine

Mean diff. (95% CI)

Significant

27.75 (7.94 — 47.55)

-22.22 (-42.03 - -2.42)

-49.97 (-69.77- -30.17)

*%

p< 0.05 ** ns= not significant
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