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RESUMO

Proteus mirabilis € um dos mais importantes causadores de infeccéo do trato urinario
(ITU). Neste trabalho foram estudadas 35 amostras de P. mirabilis isolados de ITU
em Londrina-PR, as quais foram examinadas o modelo de adesédo em células HEp-2
e a capacidade de formacdo do biofilme em poliestireno. Todas as amostras
apresentaram adesdo agregativa (AA) ap0s 6 horas e foram capazes de formar
biofiime. A fimbria manose-resistente Proteus-like (MR/P), fiimbria tipo 1 de
Escherichia coli (TIF) e as fimbrias de E. coli enteroagregativa (EAEC) AAF/I, Il e lll,
foram pesquisadas através de seus respectivos genes, bem como o fragmento
sonda de EAEC. Os genes mrpA e mrpH da fimbria MR/P, foram detectados em
todas as amostras. A expressdo da fimbria MR/P foi detectada através da
hemaglutinacdo de eritrécitos de galindceo em todas as amostras. Ja, nenhuma
outra seqiéncia génica pesquisada foi encontrada, indicando a presenca de uma
distinta adesina agregativa que medeia a AA e a formacdo do biofiime em P.
mirabilis. Para caracterizar o envolvimento da fimbria MR/P no estabelecimento da
AA nessas amostras, uma mutacdo ndo polar foi realizada no gene mrpA da
amostra P. mirabilis UEL-13. A analise fenotipica demonstrou que a fimbria MR/P
esta envolvida na AA em células HEp-2, bem como na formacdo do biofilme.
Entretanto, estes fendtipos sdo multifatoriais, pois, a mutacdo ndo aboliu ambos
fendtipos completamente. Nossos resultados sugerem que padrdao AA de P. mirabilis
esta associado com a expressdo da fimbria MR/P, sendo esta caracteristica
associada com formacédo de biofilme, o qual pode ser um importante passo no
estabelecimento da ITU em pessoas cateterizadas.
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1 INTRODUCAO

1.1 INFECCAO DO TRATO URINARIO (ITU)

O trato urinario esta susceptivel a infeccbes por microrganismos
patdgenos exdgenos ao trato urinario, incluindo espécies bacterianas que com seus
especificos fatores de viruléncia o colonizam (Li e Mobley, 2002).

A ITU ocorre através de uma rota ascendente. O microrganismo de
origem fecal coloniza a regido peri-uretral entra na bexiga onde entdo se multiplica.
Ele pode manter-se neste local ou, ascender, através dos ureteres, até 0s rins.
Algumas cepas mais virulentas podem invadir a corrente sanglinea e causar uma
infeccdo sistémica (Li e Mobley, 2002).

O trato urinario € um dos sitios mais comum de infeccdo bacteriana
em humanos. Caracteriza-se fundamentalmente pela multiplicacdo de bactérias em
qualquer parte do trato urinario. Individuos com alto risco para ITU incluem
neonatos, mulheres sexualmente ativas e homens e mulheres que estejam utilizando
cateter uretral (Mobley, 2000).

A ITU pode causar tanto cistite quanto pielonefrite. O termo cistite €
usado para descrever uma sindrome envolvendo disuria, inflamag¢éo com infiltracéo
de leucdcitos que pode ser provocada por uma infeccdo bacteriana na bexiga.
Pielonefrite aguda € descrita como uma sindrome acompanhada por uma

significativa bacteriuria e infeccdo aguda no rim (Mandele et al., 2000).
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1.2 PROTEUS MIRABILIS

Hauser em 1885 foi quem descobriu esse género e nomeou de
Proteus por causa do personagem Proteus do livro Odisséia de Homero, esse
personagem tinha o poder de assumir diferentes formas para escapar de ser
questionado (Mobley e Belas, 1995).

P. mirabilis é uma bactéria modvel, dimérfica, Gram-negativa,
pertencente & Familia Enterobacteriacea. E encontrado no intestino de humanos e
animais, no solo e agua poluida (Coker et al., 2000). Esse microrganismo possuli
varios fatores de viruléncia que sdo importantes na ITU, incluindo a adesdo ao
uroepitélio mediada por fimbrias (Bahrani et al., 1994), producéo de urease (Coker et
al., 2000), invasao da célula eucaridtica (Peerbooms et al., 1984), quebra de IgG e
IgA por enzimas proteoliticas (Coker et al., 2000), producdo de hemolisina (Welch,
1987) e motilidade do tipo swarming (Coker et al., 2000).

Escherichia coli € o microrganismo mais comum nas ITU em
pessoas com o trato urinario normal. P. mirabilis € encontrado, freqlientemente, em
individuos com anormalidade estrutural do trato urinario ou que estejam utilizando
cateter urinario (Mobley, 2000). P. mirabilis pode causar sérios danos no trato
urinario como: cistite, pielonefrite aguda e calculos, podendo até causar bacteremia

(Zunino et al., 2001).
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1.3 ADESINAS FIMBRIAIS

Dentre os fatores de viruléncia apresentados por P. mirabilis a
adeséao a superficie da mucosa do hospedeiro esta entre os mais importantes (Coker
et al., 2000). A adesédo exerce papel importante na patogénese da ITU e diferencas
na habilidade das bactérias, com suas adesinas especificas, em ligarem-se as
células hospedeiras dotadas de receptores especificos, influencia a susceptibilidade
do individuo a tais infeccbes (Daifuku e Stamn, 1986).

Fimbrias sdo apéndices proteinaceos que variam no tamanho e
didametro, consistindo de um polimero com uma subunidade protéica adesiva na
extremidade ou intercalado por varias destas subunidades, que projetam-se da
célula bacteriana (Edwards e Puente, 1998).

P. mirabilis pode simultaneamente expressar diferentes tipos de
fimbrias que podem contribuir para a colonizacdo do trato urinario através da
especifica adesao a receptores no uroepitélio, fimbria ndo aglutinante (NAF), fimbria
P. mirabilis (PMF), fimbria temperatura ambiente (ATF) e Manose-

resistente/Proteus-like (MR/P) (Pellegrino et al., 2003).

1.3.1 Fimbria ndo aglutinante (NAF)

A NAF foi isolada e identificada em P. mirabilis uropatogénico e
incialmente denominada como uma adesina de célula uroepitelial (UCA) (4 a 6 nm,
flexivel, tubular). Wray et al. (1986), reportaram que a NAF liga-se eficientemente

as células renais epiteliais e as células exfoliadas coletadas na urina humana.
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Bijlsma et al. (1995), reportaram que o gene ucaA, que codifica a
maior subunidade estrutural da fimbria, € composto por 540 pb e codifica um
polipeptideo de 180 aminoacidos e de massa molecular de 16 kDa. Usando sonda
para o gene ucaA verificaram que todos os isolados de P. mirabilis testados
apresentaram o gene.

O nome fimbria nao-aglutinante foi proposto para substituir
adesina de célula uroepitelial (UCA) para distingui-la das outras adesinas fimbriais
expressas por P. mirabilis (Tolson et al.,1997).

Latta et al. (1998), testando a expressdo de NAF em diferentes
condicOes, verificou que a sua melhor expressédo da-se na presenca de agar Luria
contendo 2% de agar, adicionado de 0,5% de glicose, incubados a 22°C por 48
horas. Também verificou que os isolados testados crescidos sob diferentes
condicOes foram aptos a aderir e invadir células EJ/28 (tumor de trato urinario).

Tolson et al. (1995), estudando amostra de P. mirabilis, crescidas
em condicdes ideais de expressao da fimbria NAF, verificaram que a amostra foi
capaz de aderir em células HEp-2 in vitro e que a adesao foi significativamente

eliminada com a pré incubacéo de anticorpo monoclonal anti-NAF.

1.3.2 Fimbria Proteus mirabilis (PMF)

Bahrani et al. (1993), reportaram o isolamento e seqiienciamento

do gene pmfA relacionado com a PMF como sendo uma sequéncia de 552 pb cujo

produto é um polipeptideo de 184 aminoacidos.
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Mobley (1996), descreveu a organizacdo genética do cluster
responsavel pela expresséo da fimbria PMF como sendo composto por cinco genes
que codificam os seguintes polipeptideos: PmfA com 18,9 kDa, PmfC com 93,1
kDa, PmfD com 28,2 kDa, PmfE com 38,9 kDa e PmfF com 19,7 kDa.

Massad et al. (1994b), testaram um mutante pmfA no modelo
animal de infeccao transuretral em camundongos da linhagem CBA . Verificaram
gue houve uma queda significativa na capacidade do mutante de colonizar a bexiga
(83 vezes menor) quando comparado com o fenotipo selvagem, enquanto nos rins
a capacidade de colonizacdo do mutante foi semelhante a cepa selvagem. Dessa
forma, propds-se que a PMF tem papel importante na colonizacdo da bexiga, mas
nao na colonizac&o dos rins.

Zunino et al. (2003), testaram um mutante pmfA em camundongos
CD-1 como modelo animal de infec¢éo transuretral e via hematogénica. Verificaram
que houve colonizacdo tanto no rim quanto na bexiga em ambas as vias de
infeccao.

A contradicdo dos resultados dos trabalhos citados acima deve-se
ao fato de que ambos utilizaram linhagens de camundongos diferentes, ja que
Massad et al. (1994b) utilizaram a linhagem CBA e Zunino et al. (2003) a linhagem

CD-1 além de também utilizarem a via hematogénica.

1.3.3 Fimbria Temperatura Ambiente (ATF)

Massad et al. (1994a), purificaram e caracterizaram a fimbria ATF.

Verificaram que a sua subunidade maior (24 kDa) ndo apresentou similaridade com
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nenhuma outra fimbria ou proteina. Através da microscopia eletrdnica verificou-se
que era formada por uma estrutura tubular na superficie da bactéria reconhecida
por anti-soro especifico, mas néo relacionada com hemaglutinacdo. As condicdes
de crescimento influenciam sua expressao. Verificou-se que a sua expressao da-se
em Caldo Luria a 23°C por 48 horas, sem aeracao.

A sequéncia parcial de dois polipeptideos foi determinada por
Mobley (1996): AtfA com 19 kDa sendo uma subunidade estrutural e AtfB sendo
uma chaperonina-like. Esta fimbria foi relacionada com o crescimento de Proteus
Sspp no ambiente.

Zunino et al. (2000), verificaram em estudo com mutante atfA, que
a amostra mutante foi capaz de colonizar o trato urinario na mesma proporgao que
a amostra selvagem Estes dados sugererm que ATF ndo tem papel na infec¢éo do

trato urinario por P. mirabilis.

1.3.4 Manose-resistente Proteus-like (MR/P)

Entre as fimbrias relacionadas com P. mirabilis, a MR/P é a melhor
estudada. Caracteriza-se como uma fimbria do tipo IV de 07 a 08 nm de diametro
observada pela primeira vez em bactérias capazes de aglutinar eritrécitos na
presenca de manose (Old e Adegbola, 1982).

O operon mrp, responsavel pela codificacdo da fimbria MR/P, é
composto de duas regides: mrpABCDEFGHJ e mrpl. mrpABCDEFGHJ codifica oito
proteinas estruturais (MrpA,B,C,D,E,F,G,H) e uma proteina ligadora de DNA, MrpJ,

reguladora transcripcional do operon flagelar. A proteina MrpA é a maior subunidade
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estrutural, MrpB ancora a fimbria na célula, MrpC ¢é o usher da fimbria, MrpD é a
chaperonina, MrpE liga a adesina a fimbria, MrpF e MrpG s&o subunidades menores
e MrpH extremidade terminal responsavel pela adesividade da fimbria. mrpl codifica
a proteina regulatoria Mrpl, envolvida na regulacdo transcripcional (ON/OFF) do
operon (Bahrani e Mobley, 1994; Li et al., 1999).

Bahrani e Mobley (1994), verificaram, através de comparacdo com
a seqUéncia de aminoacidos das proteinas que compdem as fimbrias de outros
microrganismos, fimbrias tipo 1 e P de E. coli e, a hemaglutinina manose resistente
de Serratia marcescens, que a fimbria MR/P possui similaridades significativas com
essas fimbrias, podendo também ser classificada no modelo chaperone-usher .

Li et al. (1999), propuseram que a proteina MrpH estaria localizada
na extremidade da fimbria e seria a adesina funcional. Ainda, verificaram que ela é
essencial para a montagem da fimbria, porém, mutacdes no gene mrpH néo levaram
a perda da hemaglutinacdo. Esses autores sugeriram que nesse caso a expressao
de uma outra fimbria hemaglutinina possa ter sido induzida. Por outro lado,
mutacdes nos genes mrpA, mrpB e mrpG abolem a hemaglutinagéo (Li et al., 1997).

As condicfes ideais de expressdo da fimbria MR/P sdo 37°C em
caldo Luria Bertani (LB), estatico por 48 horas. A inibicdo de expressao dessa
fimbria ocorre em agar LB 37°C por 18 horas ou 37°C em meio minimo de sais,
aerado por 48 horas (Bahrani e Mobley, 1994; Zhao et al., 1997).

Bahrani et al. (1991), estudando a ITU provocada por P. mirabilis
em camundongos CBA infectados transuretralmente, relatam que a fimbria MR/P
tem um possivel papel na ITU devido a forte resposta imunologica ao antigeno nos

animais experimentalmente infectados.
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Bahrani et al. (1994), ao caracterizarem um mutante para o gene
mrpA em ratos infectados transuretralmente, demonstraram reducdo na colonizacéo
da urina, bexiga e rins em 6, 28 e 18 vezes, respectivamente. Esses resultados
demonstram que a fimbria MR/P é importante na colonizagdo e uropatogenicidade
de P. mirabilis.

Zunino et al. (2001), estudando mutante mrpA num ensaio in vitro
de cultura de células uroepiteliais de bexiga, observaram que nos primeiros 15
minutos ndo houve diminuicdo significativa da adesdo do mutante em relacédo ao
selvagem, mas apos 1 hora a diminuicdo foi significativa, ndo sendo totalmente

abolida.

1.3.5 Fimbria Manose-Sensivel (MS)

A fimbria manose-sensivel (MS) tipo 1 € encontrada em varios
géneros dentro da familia Enterobacteriaceae. E uma fimbria composta
principalmente por um Gnico monémero de proteina.

A fimbria MS é codificada por um grupo de genes que incluem
genes responsaveis pela subunidade estrutural, pela adesina, por varias proteinas
acessorias envolvidas no transporte, montagem e fixacdo da fimbria e proteinas
reguladoras (Johnson,1991). O gene fimA codifica a subunidade estrutural da
fimbria, fimC e fimD codificam proteinas periplasmaticas pertencentes a familia das
chaperoninas que estdo envolvidas na montagem e fixacdo da fimbria (Abraham et
al.,1987), fimE e fimB determinam a variagcdo de fase da expressao fimbrial,

controlando a orientacdo dos 300 pares de bases que compreendem o promotor
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para o gene fimA (Abraham et al.,1987; Dorman e Higgins,1987). O gene fimF esta
relacionado com a biogénese da fimbria e os genes fimH e fimG codificam duas
subunidades proteicas de 29 KDa e 14 KDa, respectivamente, responsaveis pela
adeséo intima a receptores D-manose nas células (Abraham et al.,1987).

Bactérias que expressam a fimbria MS tipo 1 aglutinam eritrécitos
de diferentes espécies animais, entretanto o eritrocito de cobaia € comumente
usado nos testes de hemaglutinacdo. A aderéncia mediada pela fimbria tipo 1 é
inibida por D-manose ou alfa-metilmanosideo e por concanavalina A, mas nao pela
adicdo de outros monossacarideos ou seus derivados. A temperatura néo interfere
na capacidade hemaglutinante da fimbria tipo 1 como acontece com as fimbrias
manose-resistente (Johnson, 1991).

A ocorréncia da fimbria MS em Proteus spp € pouco
documentada. Alguns autores reportaram sua ocorréncia, mas raramente

associadas a ITU (Old e Adegbola, 1982; Mobley e Chippendale, 1990).

1.4 ADESAO AGREGATIVA

A adesao agregativa foi descrita por Nataro et al.,, (1987), onde
estudando amostras de E. coli em um estudo epidemiologico sobre a etiologia da
diarréia em criancas, verificaram que algumas amostras formavam agregados
bacterianos que aderiam, em cultura de células HEp-2 e na laminula, numa forma de
tijolos empilhados, sugerindo entdo uma nova categoria de E. coli diarreiogénica, a

Escherichia coli enteroagregativa (EAEC).
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Favre-Bone et al. (1995), demonstraram que Klebsiella pneumoniae
adere agregativamente in vitro em cultura de células Int-407 e esse tipo de adesédo
requer a participacdo tanto da célula mamifera quanto de componentes da capsula
bacteriana.

A autoagregacdo pode ajudar a bactéria em persistentes acdes
contra o sistema imunolégico. Permite um aumento da densidade bacteriana, o que
torna possivel a passagem de moléculas sinalizadoras através desta populacgéo,
tornando assim persistente a infeccdo. Autoagregacao permite, quantitativamente,

maior adeséao (Jansen et al., 2004).

1.5 BIOFILME

Biofilmes bacterianos sao definidos como comunidades complexas
de microrganismos aderidos a um substrato onde interagem entre si e tipicamente
estdo envoltos por uma matriz extracelular (Costerton et al., 1995 ).

Os microrganismos ao invés de aderir individualmente possuem
essa capacidade de adesdo formando aglomerados bacterianos. Portanto o biofilme
e formado por camadas multiplas de bactérias, em associacdo ou ndo com outros
microrganismos aderidos a diferentes tipos de superficie, como plastico, vidro, metal,
entre outros materiais (Donlan, 2002).

Atualmente, o termo biofilme é utilizado de forma mais abrangente
para designar qualquer comunidade bacteriana aderida a um substrato,

independentemente da natureza da superficie (Donlan e Costerton, 2002).



20

A importancia médica da formacé&o dos biofilmes bacterianos reside
no fato destes serem usualmente relacionados a infeccbes persistentes, como no
caso de infeccOes com cateteres e de implantes cirargicos, sendo uma causa
comum de infec¢cdes hospitalares, e também pelo fato desses microrganismos
apresentarem maior resisténcia aos antimicrobianos (Donlan e Costerton, 2002).

A formacdo de biofilme por P. mirabilis, em materiais que
constituem cateter urinario, € um fenémeno muito bem documentado (Mobley e
Warren, 1987; Sabbuba et al., 2002; Jones et al., 2004). Sabbuba et al. (2002),
verificaram que P. mirabilis migra, coloniza e forma biofilme em 4 tipos diferentes de
cateteres urinario: latex-hidrogel, latex-hidrogel com prata, latex-silicone e silicone.

Jansen et al. (2004), estudando duas cepas mutantes: MR/P ON
que sempre expressa a fimbria e, MR/P OFF, que nunca expressa a fimbria e
também estudando a amostra selvagem HI 4320; verificaram que MR/P ON forma,
em laminula de vidro, um biofilme caracteristico, ou seja, com estrutura
tridimensional e com canais, enquanto MR/P OFF e selvagem formavam os estagios

inicias de adesao mas, nao formavam a estrutura caracteristica do biofilme.
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2 OBJETIVO

Foi realizado em nosso laboratorio um estudo em 35 amostras de
P. mirabilis uropatogénico isoladas de pacientes atendidos em clinicas e hospitais da
cidade de Londrina — PR. Nessas amostras foram estudados o modelo de adesao
em cultura de células HEp-2 e formacdo de biofilme em poliestireno. Todas as
amostras apresentaram adesdo agregativa em células HEp-2 e na laminula.
Também foram capazes de aderirem ao poliestireno.

A partir desses resultados, nosso objetivo foi estudar a participacao
da fimbria MR/P no modelo de adesao agregativa e na formacao de biofilme (adesédo
em poliestireno), através de nocaute génico no gene mrpA da amostra P. mirabilis

UEL-13.
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ABSTRACT

Proteus mirabilis is an important cause of urinary tract infection (UTI). In this study
35 strains of P. mirabilis isolated from UTI in Londrina, Brazil, were examined for the
adherence capacity to epithelial cells and biofilm formation on polystyrene. All isolates
displayed the aggregative adherence to HEp-2 cells in the 6 h-assay and were able to produce
biofilm. The mannose-resistant Proteus-like fimbriac (MR/P), Escherichia coli type I
fimbriae (TIF) and AAF/I, II and III fimbria of enteroaggregative E. coli (EAEC) were
searched by the presence of their respective adhesin genes, as well as the EAEC probe
fragment sequence. The mrpA and mrpH genes of MR/P fimbriae were detected in all
isolates, as well as MR/P expression, detected by hemagglutination of chicken erythrocytes.
On the other hand, none of the remaining gene sequences was detected, indicating the
presence of a distinct aggregative adhesin that mediates the AA and biofilm formation in P.
mirabilis. Lack of TIF expression was confirmed by the absence of guinea pig erythrocytes
agglutination. In order to characterize if MR/P was involved in the establishment of AA in
these strains, a non-polar mutation of mrpA was obtained in P. mirabilis UEL-13, and its
phenotypical analysis demonstrated that MR/P is involved in the aggregative adherence to
HEp-2 cells, as well as in biofilm formation. However, these phenotypes are multifactorial,
since the mrpA mutation did not abolish both phenotypes completely. Our results suggested
that the AA pattern of P. mirabilis was associated with MR/P fimbriae expression, since this
characteristic is associated with biofilm formation, which may be an important step for the

establishment of UTTI in catheterized patients.
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1. INTRODUCTION

Proteus mirabilis is a common cause of urinary tract infection (UTI) in patients with
short and long-term indwelling urinary catheters, and in individuals with structural or
functional abnormalities of the urinary tract. These infections may cause cystitis and serious
complications such as pyelonephritis, bacteremia and stone formation, which can produce
severe damage in kidney tissue and may block catheters (Coker et al., 2000; Rozalski et al.,
1997).

P. mirabilis expresses several putative virulence factors, such as urease, flagella
(associated with the swarming phenomenon), fimbriae, resistance to normal serum, outer-
membrane proteins, IgG and IgA proteases and invasiveness in tissues (Rozalski et al., 1997).
A variety of fimbriae and hemagglutinins were detected in P. mirabilis, such as the mannose
resistant Proteus-like fimbriae (MR/P), the mannose resistant Klebsiella-like hemagglutinin
(MR/K), the nonagglutinating fimbriae (NAF), the Proteus mirabilis fimbriae (PMF), the
ambient-temperature fimbriae (ATF), the Proteus mirabilis P-like fimbriae (PMP), and the
mannose-sensitive fimbriae (MS). However, the mechanisms by which P. mirabilis adhere to
epithelial cells in vivo is not completely understood (Roézalski et al., 1997; Bahrani and
Mobley, 1994; Gerlach et al., 1988).

Among the adherence structures described in P. mirabilis, MR/P is the most important
and the best understood, and it has been associated with pyelonephritis (Bahrani and Mobley,
1994; Old and Adegbola, 1982). This fimbriae is encoded by the mrp gene cluster that
contains two divergent transcripts, MfpABCDEFGHJ (mrp operon) and mrpl. mrpA encodes
the major structural fimbrial subunit, mrpBEFG encodes the smaller subunits, mrpD encodes
the chaperone, mrpC encodes the usher, mrpH encodes the pilin of fimbriae and mrpJ encodes

a protein that represses transcription of the flagellar regulon (Bahrani and Mobley, 1994; Li et
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al., 1999; Li et al., 2001). mrpl encodes a recombinase that switches the invertible element
from ON to OFF (transcription of the mrp operon) or from OFF to ON , which prevents the
transcription of the mrp operon (Zhao et al., 1997).

Jansen et al. (2004) investigated the role of MR/P fimbriae in biofilm production and
demonstrated that MR/P fimbriae promote initial biofilm formation, with the fimbriae leading
to aggregation of the bacteria. Studies suggesting fimbriae-mediated adhesion to tissue
culture cells in vitro were reported by some authors, but none of them has described a
characteristic pattern of adherence for P. mirabilis (Cook et al., 1995; Sareneva et al., 1990).

Since the aggregative adherence (AA) described in enteroaggregative E. coli (Nataro
et al., 1987) is closely associated with biofilm formation in that pathotype (Sheikh et al.,
2001), we decided to investigate the adherence pattern to HEp-2 culture cells of P. mirabilis
strains isolated from patients with urinary tract infection and to characterize the AA pattern

displayed by those isolates.
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2. MATERIAL AND METHODS

2.1. Bacterial strains and vectors

Thirty-five Proteus mirabilis isolated from urine of patients (1-71 years old; median
age, 25) with community-acquired urinary tract infection were examined in this study. The
population analyzed (21 men and 14 women) was selected from patients attending the
emergency room of public hospitals and a clinical laboratory in the city of Londrina, Brazil.
Strains were isolated between April 2001 and May 2002. The bacterial isolates were
identified by MicroScan (Behring—DADE, California, CT) using the Neg Combo 20 plates.
The identification was confirmed by biochemical tests in our laboratory (Toledo et al., 1982a;
Toledo et al., 1982b) and isolates were stored at -70°C in tryptic soy broth (TSB) (Biobras,
Brazil), with 20% glycerol. The suicide vector pJP5603 and E. coli S17-1(Apir) (Penfold and
Pemberton, 1992), were employed in the mutagenesis experiments. The following strains
were used as positive control for PCR studies: P. mirabilis HI4320 for mrpA and mrpH
(Mobley and Warren, 1987), E. coli V-27 for fimH (Johnson and Stell, 2000), E. coli 042
(Czeczulin et al., 1997) for EAEC probe, aafA, agg3C and E. coli 17-2 (Nataro et al., 1992)
for aggA. E. coli K12 HB101 (Sambrook et al., 1989) was employed as negative control in
PCR reactions. The antibiotics kanamicin (50 pgml™), polimyxin B (50 pgml™) and

ampicillin (100 pgml™") were employed as indicated.

2.2. Polymerase chain reaction (PCR)

The P. mirabilis isolates were screened for the presence of the following genetic
sequences: MrpA (major subunit of MR/P) and mrpH (pilin of MR/P) (Gen Bank accession
number Z32686), fimH (adhesin subunit of type I fimbriae) (Johnson and Stell, 2000),

enteroaggregative E. coli (EAEC) probe (plasmid fragment of the EAEC virulence plasmid)
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(Schmidt et al., 1995), aggA (pilin of AAF/I fimbriaec of EAEC) (Nataro et al., 1992), aafA
(pilin of AAF/II fimbriae of EAEC) (Czeczulin et al., 1997), and agg3C (usher subunit
AAF/II fimbriae of EAEC) (Bernier et al., 2002). Table 1 shows the primers sequences,
sizes of amplified DNA fragments, and annealing temperature for the sequences studied. The
mrpA and mrpH primers were designed to amplify a 648-bp and a 444-bp DNA fragments,
respectively. These fragments correspond to the 5’-region from nucleotide 1778 to 2426, and
from nucleotide 8301 to 8745, of the published sequence of mrpA and mrpH, respectively
(Gen Bank accession number Z32686). P. mirabilis HI4320 (Mobley and Warren, 1987) was
used as positive control for mrpA and mrpH, E. coli V-27 for fimH (Johnson and Stell, 2000),
E. coli 042 (Czeczulin et al., 1997) for EAEC probe, aafA and agg3C and E. coli 17-2 (Nataro

et al., 1992) for aggA.

2.3. Hemagglutination assay

Type one fimbriae expression was assayed by the mannose-sensitive (MS)
hemagglutination of guinea pig erythrocytes in the absence but not in the presence of 50 mM
mannose (Mobley and Chippendale, 1990). MR/P hemagglutination was investigated by
microplate agglutination of tannic acid-treated and non-treated chicken erythrocytes, as

previously described by Bahrani et al. (1994).

2.4. Adherence to HEp-2 assays

P. mirabilis isolates were tested for adherence to HEp-2 cells using 3 and 6 h of
bacteria-epithelial cells incubation period, as described by Cravioto et al., 1979.

In order to quantify the number of bacteria adhering to the epithelial cells and to the
coverslips, the following protocol was employed (Moreira et al., 2003). After the 6 h

incubation period, non-adherent bacteria were removed from the monolayers by washing with
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400 pl of 1% (v/v) Triton X-100 solution (Sigma Aldrich, USA) in each well of the tissue
culture plate. After 10 min of incubation at room temperature, 1.6 ml of PBS was added to
the wells and homogenized by pipetting several times. Serial dilutions (1:10) in PBS were
plated on MacConkey agar, incubated overnight and the colonies were counted to calculate

the CFU ml™. All assays were perfomed in triplicate.

2.5. Biofilm formation

The assay for biofilm formation on a polystyrene solid surface was adapted from the
method of Jansen et al., 2004. The bacterial culture was grown in 3 ml of LB broth during 48
h at 37°C statically. Then, 20 ul of this culture were added to 180 pul LB broth in a
polystyrene 96 wells plate (Corning Incorporated, USA). LB broth containing wells were
used as negative control. The plate was incubated for 24h at 37°C. The LB broth, as well as
any non-adherent bacteria, was decanted from de wells, and any remaining planktonic cells
were removed by three rinses with sterile distilled water. The wells were air dried, and
adherent bacteria were stained for 15 min with 0,1% crystal violet. After three rinses with
sterile distilled water, bacterium-bound dye was released by the addition of 200 ul of
dimethyl sulfoxide (Sigma Aldrich, USA). One hundred microliters of the dimethyl
sulfoxide-crystal violet solution was transferred to other well and the ODs9s was determined
on an ELISA reader. The cut-off OD (OD,) was defined as three standard deviations above
the mean OD of the negative control. Strains were classified as follows: non-adherent (OD <

ODc), weakly adherent (ODc < OD < 2 x ODc), moderately adherent (2 x ODc < OD <4 x

ODc) and strongly adherent (4 x ODc < OD).All assays were performed in triplicate.
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2.6. MR/P mutagenesis

MR/P mutagenesis was achieved by constructing a non-polar knockout of the mrpA
gene, which encodes the major subunit of MR/P fimbriae, using the suicide vector pJP5603
(Penfold and Pemberton, 1992). This strategy was used to investigate the role of MR/P
fimbriae in the accentuated AA pattern of strain P. mirabilis UEL-13. A mrpA internal primer
(Table 1) was designed to amplify a 419-bp DNA fragment, corresponding to the 5’-region
from nucleotide 1913 to 2332 of the published sequence of mrpA (Gen Bank accession
number Z32686). The PCR product were ligated with the vector pGEN-T Easy (Promega
Corporation, USA), following the manufactures instructions. After ligation and
transformation into host E. coli JM 109, the transformants were selected on LB agar plates
containing ampicillin. Transformants were analyzed for correct insert cloning and the
selected construct (pSR1), carrying an internal mrpA nucleotide sequence, was digested with
EcoRI. The internal mrpA fragment with sites of ECORI was cloned into the corresponding
site of the suicide vector pJP5603. After ligation and transformation by eletroporation into
host S17-1(A pir), the transformants were selected on LB agar plates containing kanamycin.
Resulting transformants were analyzed for correct cloning, and the pSR2 plasmid was
selected. The S17-1(A pir) containing pSR2 was then conjugated with wild-type strain P.
mirabilis UEL-13 by filter mating on cellulose nitrate membranes. Transconjugants were
selected in LB agar plates containing kanamycin and polymixin and their identity were
confirmed by biochemical tests (Toledo et al., 1982a; Toledo et al., 1982b). The non-polar
mrpA mutant selected was designed P. mirabilis UEL-13::mrpA.

The correct insertion site of pSR2 integration into P. mirabilis UEL-13 was
determined by Southern blot analysis (Sambrook et al., 1989). Since Aval-restriction
fragment of P. mirabilis harbors mrpA, this restriction fragments of P. mirabilis UEL-13 and

UEL-13::mrpA chromosomal DNA were hybridized using the 419-bp mrpA amplicon as gene
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probe (Table 1). This assay was performed employing the ECL Direct Nucleic Acid Labeling
and Detection System kit (Amersham Biosciences, USA), following the manufactors

instructions.

2.7. SDS-PAGE and immunoblotting detection of MR/P

The extraction and purification of MR/P fimbriae was performed following the
methodology described by Giron et al. (1991). The fimbrial preparations were denatured by
boiling for 5 min, solubilized in sodium dodecyl sulfate (SDS)-gel sample buffer, subjected to
SDS-polyacrylamide gel electrophoresis (PAGE) (12% polyacrylamide). The gels were either
silver stained or transferred to a nitrocellulose membrane. Immunoblots were developed
employing a polyclonal antiserum raised against P. mirabilis UEL-17 MR/P producing-strain
in New Zealand rabbits (Ewing, 1986). The antiserum was absorbed during ten days against
the same strain grown onto 1.5% LB agar overnight, condition that inhibits MR/P expression

(Zhao et al., 1997).

2.8. Transmission electron microscopy
Expression of MR/P was examined by immunogold assay (Nara et al., 2005),
employing anti-MR/P and IgG protein-gold of 10 nm. Grids were examined with a ZEISS

EM 109 transmission electron microscopy (ZEISS, Geermany).
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3. RESULTS

The ability of uropathogenic P. mirabilis to adhere to epithelial cells in vitro was
evaluated in HEp-2 cells. All 35 strains presented few bacteria forming aggregates on both
coverslip and HEp-2 cells surfaces after 3 h of incubation (Fig. 1A). Interestingly, after 6 h of
incubation all strains showed the characteristic AA pattern, with predominance of bacteria
adherence to coverslip (Fig. 1B). The capacity to form biofilm on polystyrene was also
investigated due to its association with the expression of AA pattern in EAEC. All 35 isolates
were able to adhere to the inert substratum, 15 (42.8%) of the isolates presented strong
adherence, 10 (28.6%) moderate adherence and 10 (28.6%) weak adherence to polystyrene.

Since the AA pattern to HEp-2 cells was observed among these strains, we searched
the presence of EAEC adherence related fimbrial (AAF/I, II and III) genes, as well as the
EAEC probe fragment. None of these EAEC associated genes were detected among all P.
mirabilis strains. The adhesin subunit of TIF was also searched in all isolates and the results
correlated with the hemagglutination of guinea pig erythrocytes. The fimH gene and
expression of mannose-sensitive hemagglutination of guinea pig erythrocytes were not
detected in any of the 35 isolates, indicating the lack of TIF among these isolates.

On the other hand, the presence of MR/P related genes mrpA and mrpH, was detected
among all isolates of this study. These results were correlated with the expression of MR/P,
also detected in all isolates by hemagglutination of chicken erythrocytes in the presence and
absence of tannic-acid.

Due to the fact that all strains of this study presented the AA pattern to HEp-2 cells
and the MR/P associated genes, we decided to further investigate the role of MR/P in the AA
pattern of P. mirabilis. For these experiments the P. mirabilis UEL-13 was chosen as the

prototype strain. This prototype strain was capable of agglutinating tannic acid-treated and
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non-treated chicken erythrocytes and displayed a strong AA pattern after 6 h of incubation as
shown in Fig. 1B.

A mrpA non-polar mutation of the prototype strain was obtained using a construction
in a suicide vector (pRS2), which was designated P. mirabilis UEL-13::mrpA. In order to
determine whether there were differences other than expression of MR/P fimbriae, we
compared the mutant strain with the wild-type parental strain for a number of biochemical
characteristics (Toledo et al., 1982a; Toledo et al., 1982b), and no differences were found for
any of biochemical markers. The pRS2 insertion in strain UEL-13 was verified by acquired
kanamycin resistance and the correct localization of insertion was checked by Southern blot
analysis of Aval UEL-13::mrpA genomic DNA digestion (data not shown). The lack of
expression of MR/P fimbriae in the non-polar mutant was examined by hemagglutination of
chicken erythrocytes, immunoblotting and immunogold assays.

As presented in Fig. 2A, in the SDS-PAGE analysis of fimbrial extracts it could be
possible to detect a band of relative molecular weight apparent 17 kDa, corresponding to the
MrpA subunit, only in wild-type strains UEL-13 and HI4320 (data not shown). The antisera
against MR/P recognized these same bands of 17 kDa in the wild type strains, which was
absent in the mutant UEL-13::mrpA (Fig. 2B). The P. mirabilis UEL-13::mrpA strain was
also incapable of agglutinating chicken erytrocytes (in the presence and the absence of tannic
acid), confirming the lack of MR/P expression.

The lack of expression of MR/P fimbriae also was verified by immunogold assays. As
presented in Fig. 3A , the antisera against MR/P recognized just fimbriae in the wild-type
strains UEL-13 but, in Fig. 3B don’t recognized nothing in the mutant UEL-13::mrpA..

The adherence pattern of UEL-13::mrpA was investigated employing HEp-2 cells. A

very few adherent bacteria was observed in the 3 h assay (Fig. 1C). In the 6-h assay, a non-
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characteristic pattern of adhesion was detected (Fig. 1D), showing a strong reduction of the
AA pattern in comparison to strain UEL-13 (Fig. 1B).

The reduction of the aggregative adherent bacteria displayed by the mrpA mutant was
quantified by CFU counts of HEp-2 cell-adherent bacteria. As shown in Fig. 4, wild-type P.
mirabilis strain formed a significantly adhesion than mutant strain (P = 0.0020 and 0.0464,
respectively). Biofilm formation was also reduced in the mrpA mutant (Fig. 5). Wild-type

strain formed a significantly biofilm than mutant strain (P = 0.0194 and 0.0018, respectively).
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4. DISCUSSION

Several potential virulence factors have been described in uropathogenic P.
mirabilis, including adhesins and secreted proteins (Rozaslki et al., 1997). In this work, we
have analyzed the adherence properties of P. mirabilis isolates from community-acquired
UTI. All isolates presented the characteristic AA pattern to HEp-2 cells, which defines the
EAEC patotype (Nataro et al., 1987). The AA pattern to HEp-2 is characterized by the
stacked-brick formation of bacteria adhered to both epithelial cells and coverslip (Nataro et
al., 1987). Studies suggesting fimbriae-mediated P. mirabilis adhesion to tissue culture cells
in vitro were reported by some authors (Cook et al., 1995; Sareneva et al., 1990), but none of
them has described a characteristic pattern of adherence. Besides in EAEC, the AA has been
demonstrated only by Klebsiella pneumoniae strains, although to human intestine-407 cells

(Favre-Bonte et al., 1995).

All P. mirabilis isolates demonstrated the capacity to form biofilm on
polystyrene, as previously demonstrated by other authors (Sabbuba et al., 2002; Jansen et al.,
2004). The ability of these strains to adhere to plastic may be important for the establishment
of urinary tract infections in catheterized patients. In fact, of all nosocomial infections, 40%
occur in the UTI and more than 60% of these are related to an indwelling urethral catheter
(Roberts et al., 1990) . As described for EAEC (Sheikh et al., 2001), the biofilm formation is
be associated to the AA pattern presented by these isolates. Interestingly, none of the isolates
presented the EAEC fimbriae associated genes, indicating the presence of an EAEC non-

related adhesin among them.

Recently a role of TIF in the aggregative adherence of EAEC was
described (Moreira et al., 2003), which led us to investigate its presence among the isolates of

this study. The fimH gene and expression of mannose-sensitive hemagglutination of guinea
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pig erythrocytes were not detected in any of the 35 isolates. Adegbola et al. (1983) also
observed that the mannose-binding type 1 fimbriae are rarely expressed by uropathogenic

strains of P. mirabilis (Adegbola et al., 1983).

Since all isolates presented the MR/P fimbriac we investigated the
involvement of MR/P fimbriae in the establishment of the characteristic AA pattern presented
by the uropathogenic P. mirabilis isolates. A knockout of mrpA generated a MR/P non-
expressing mutant and its phenotypical analysis confirmed its involvement in the AA pattern
of P. mirabilis, since AA was notably reduced in comparison to their respective wild-type
strain, but not abolished. In fact, MR/P seems to act as a cofactor in the establishment of the
AA pattern, since the lack of MR/P expression partially reduced that phenotype. It may be
possible that any of the other adhesins already described in P. mirabilis (Massad and Mobley.,
1994; Cook et al., 1995; Zunino et al., 2000) participate in this multifactorial phenotype,
indicating the presence of others factors mediating this phenotype in P. mirabilis. These data
suggest that colonization is multifactorial and that a number of fimbriae may work efficiently
all together to colonize the bladder and kidneys. Further studies evaluating the role of these
other adhesins are necessary to understand the AA pattern presented by P. mirabilis. Bahrani
et al.(1994), constructed an mrpA mutant by allelic exchange and verified that this mutant
failed to express MR/P fimbriae and lost the ability to hemagglutinate erythrocytes. These

phenotypes were restored when the mrpA gene was supplied in trans.

The role of MR/P in the capacity to form biofilm on polystyrene was also
evaluated in the MR/P mutant. Biofilm formation was significantly reduced but not
abolished, similarly to the observation in the adherence assay to epithelial cells. Jansen et al.
(2004), studying MR/P mutants verified that MR/P ON formed a significantly larger biofilm

than either MR/P OFF or the wild-type strain, but MR/P OFF was not significantly than the
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wild-type. However, in this study we have not evaluated the effect of the ON-OFF

mechanism of regulation on the AA phenotype.

Fimbriae-mediated adherence to uroepithelial cells and kidney epithelium
may be essential for virulence of P. mirabilis and plays an important role in the pathogenesis
of UTI (Roézalski et al., 1997). These bacteria may express several types of fimbriae
simultaneously, and their expression has been correlated with hemagglutination profiles

(Mobley and Chippendale, 1990).

The P. mirabilis studied presented several potential virulence factors,
which may contribute to the pathogenesis of UTI, specially the AA pattern to epithelial cells
and the capacity to adhere to inert surfaces. Identifying these factors-encoding genes and
evaluating specific mutations for each factor in an animal model could assess the role of these

phenotypes in the pathogenesis of P. mirabilis.
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Figure 1. HEp-2 adherence assays with (A) P. mirabilis UEL-13, 3-h assay, (B) P. mirabilis
UEL-13, 6-h assay, (C) P. mirabilis UEL-13::mrpA, 3-h assay, and (D) P. mirabilis UEL-

13::mrpA, 6-h assay. Magnification: 1000X.
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Figure 2. Detection of MR/P in fimbrial extracts. A: Silver stained SDS-PAGE (12%) of
fimbrial extracts; B: Reactivity of the polyclonal antiserum against MR/P fimbriae with the
proteins of fimbrial extracts detect by SDS-PAGE. Lane 1: Wild-type strain P. mirabilis
UEL-13. Lane 2 : The MR/P fimbrial mutant P. mirabilis UEL-13:: mrpA.

(—p) indicate position of MrpA.
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Figure 3. Transmission electron microscopy of immunogold staining for MR/P fimbriae. A:
Strain P. mirabilis UEL-13 (magnification: 86000X, scale bar: 250 nm). B: Strain P. mirabilis

UEL-13::mrpA (magnification: 93000X, scale bar: 200 nm).
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Figure 4. HEp-2 cell-adherent bacterial counts of P. mirabilis UEL-13 and UEL-13::mrpA.(
One sample t test; P value (two tailed)= UEL-13 (0,0020) and UEL-13::mrpA (0,0464);

values significants for alpha=0,05)
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Figure 5. Biofilm formation of P. mirabilis UEL-13 and UEL-13::mrpA on polystyrene

plates. (One sample t test; P value (two tailed)= UEL-13 (0,0194) and UEL-13::mrpA

(0,0018); values significants for alpha=0,05)



Table 1. Primer sequences, sizes of amplified DNA fragments and annealing temperature used in this study

Primer sequence (5’-3’) Amplified Annealing Reference
Genetic Sequence
Fragment (bp) Temperature (°C)
mrpA (F) GAGCCATTCAATTAGGAATAATCCA 648 58 This study

(R) AGCTCTGTACTTCCTTGTACAGA

mrpA-internal  (F) ATGAGCTCTGCGGGTTCTGCTTT 419 67 This study
(R) ATGGTACCTCAGATGCAGAACCT

mrpH (F) CCTTGTTATGGTTGGCCTGT 444 58 This study
(R) AGCCAGATGCGATAACCAAC

fimH (F) TGCAGAACGGATAAGCCG GG 508 63 Johnson and

(R) GCAGTCACCTGCCCTCCGTGA Stell. (2000)

EAEC probe (F) CTGGCGAAAGACTGTATCAT 630 53 Schmidt et al.

(R) CAATGTATAGAAATCCGCTGTT (1995)




aggA (F) GCGTTAGAAAGACCTCCAATA 432
(R) GCCGGATCCTTAAAAATTAATTCCGGC

aafA (F) ACATGCATGCAAAAAATCAGAATGTTTGTT 550
(R) CGGGATCCATTTGTCACAAGCTCAGC

agg3cC (F) GTTTGGAACCGGGAATTAACATTG 485

(R) ATACTTTAGATACCCCTCACGCAG

53

55 Gioppo et al.
(2000)

59 Gioppo et al.
(2000)

59 Bernier et al.
(2002)

F, Forward; R,Reverse
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5 CONCLUSOES

1. Todas as 35 amostras de P. mirabilis uropatogénicas apresentaram um
padrdo de adesdo agregativa em células HEp-2 apo6s 6 horas de incubacéo,
com predominancia de bactérias aderidas na laminula.

2. No teste de biofilme (poliestireno), 42,8% das amostras apresentaram forte
adesdo ao plastico, 28,6% adesdo moderada e 28,6% adesao fraca.

3. Nenhum dos genes associados a adesao agregativa em EAEC e fimbria tipo
| foi detectado nas 35 amostras, através da PCR.

4. A presenca dos genes mrpA e mrpH foi detectada em todas as 35 amostras,
através da PCR

5. A expresséao da fimbria MR/P foi detectada por hemaglutinacédo de eritrécitos
de galinaceo, na presenca e auséncia de acido tanico, em todas as 35
amostras. Ja a expressao da fimbria tipo 1 ndo foi detectada em nenhuma
das amostras

6. O mutante gerado, P. mirabilis UEL-13::mrpA, foi incapaz de hemaglutinar
eritrocitos de frango, na presenca e auséncia de acido tanico.

7. O modelo de adesdo agregativa apresentado pela amostra selvagem P.
mirabilis UEL-13, ndo foi detectado pela amostra mutante P. mirabilis UEL-
13::mrpA em 6 horas.

8. O mutante P. mirabilis UEL-13::mrpA apresentou reducdo significativa na
formacdao do biofilme em relacéo ao selvagem.

9. O padrédo de adeséo agregativa e o biofiilme em P. mirabilis, estudado neste
trabalho, sdo eventos multifatoriais, sendo a fimbria MR/P um destes fatores.

10. P. mirabilis possui varios fatores de viruléncia que podem contribuir para a
patogénese da ITU, especialmente, o modelo de adesdo agregativa em

células epiteliais e a capacidade de aderir em superficies inertes.
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