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RESUMO

A serinoprotease Pic (protein involved in colonization) € uma proteina autotransportadora
identificada em E. coli enteroagregativa (EAEC), Shigella flexneri e Citrobacter
rodentium. Dentre os papéis bioldgicos para Pic ja foram descritos hemaglutinacio,
atividade mucinolitica, degradacao do fator V da cascata de coagulacdo e clivagem de
glicoproteinas de superficie de leucdcitos, que estdo envolvidas no trafico, migragdo e
inflamacdo. Nosso grupo de pesquisa ja demonstrou a sua atuagdo no sistema
complemento humano o que confere a essas bactérias a capacidade de driblar os
mecanismos de defesa do sistema imune inato favorecendo, desta forma, o
desenvolvimento e manutencao do quadro de sepse. Devido a essas habilidades, levantou-
se a hipétese de que Pic teria acdo sobre outras moléculas importantes do hospedeiro
como as proteinas envolvidas com a cascata de coagulacido sanguinea e moléculas da
matriz extracelular. Desta forma, o objetivo deste estudo foi investigar a acdo da
serinoprotease Pic sobre componentes da matriz extracelular e da cascata de coagulacao
sanguinea. Para isso, fracdes concentradas do sobrenadantes de cultura de E. coli
produtora de Pic (HB101/Pic) e ndo produtora de Pic (HB101), bem como BSA foram
incubados em diferentes tempos com diversas moléculas da cascata de coagulacdo
sanguinea (plasminogénio, fibrinogénio e fibrina) e da matriz extracelular (coldgeno tipo
I, coldgeno tipo IV, decorina, laminina e fibronectina plasmética) para avaliar tanto uma
possivel ligacio como a degradacdo destes componentes. Além disto, foi realizado
também um ensaio de ativacdo do plasminogénio em plasmina, uma vez que esta € uma
molécula chave na formacdo de coagulos e na ativacdo de outras vias do sistema imune.
Desta forma, foi possivel observar que as fracdes concentradas do sobrenadantes de
cultura de HB101/Pic foi capaz de se ligar a diversas moléculas da matriz extracelular, de
maneira significativa, tais como coldgenos tipo I e IV, laminina e fibronectina. Ao incubar
a proteina Pic com moléculas da coagulagdo sanguinea foi possivel observar ligacao com,
o plasminogénio, este por sua vez, foi convertido em sua forma ativa, plasmina, na
presenca do ativador exdgeno do tipo uroquinase (uPA). Os demais componentes tanto
da cascata como da matriz extracelular nao foram clivados por Pic. Acreditamos que a
bactéria E. coli produtora de serinoprotease Pic liga-se a matriz extracelular por meio de
diversos componentes, facilitando assim o processo infeccioso no hospedeiro. A plasmina
gerada na presenca de Pic também deve contribuir para um efeito sinérgico na degradagdo
de moléculas do sistema complemento, bem como para ativa¢io desregulada e aumentada
da cascata de coagulacdo sanguinea.

Palavras-chave: Pic; matriz extracelular, cascata de coagulagdo, plasmina,

plasminogénio.



ABSTRACT

Serine protease Pic (protein involved in colonization) is an autotransporter protein
identified in enteroaggregative E. coli (EAEC), Shigella flexneri and Citrobacter
rodentium. Among biological roles for Pic have been described hemagglutination,
mucinolytic activity, factor V degradation of the coagulation cascade and cleavage of
leukocyte surface glycoproteins, which are involved in trafficking, migration and
inflammation. Our research group has already demonstrated its performance in the human
complement system, which gives these bacteria the ability to circumvent the defense
mechanisms of the innate immune system, thus favoring the development and
maintenance of sepsis. Because of these abilities, it was hypothesized that Pic would have
action on other important host molecules such as the proteins involved with the blood
clotting cascade and extracellular matrix molecules. Thus, the objective of this study was
to investigate the action of Pic serinoprotease on components of the extracellular matrix
and blood coagulation cascade. For this, concentrated fractions of Pic (HB101 / Pic) and
non-Pic (HB101) -producing E. coli culture supernatants as well as BSA were incubated
at different times with several molecules of the blood coagulation cascade (plasminogen,
fibrinogen and fibrin) and extracellular matrix (collagen type I, collagen type IV, decorin,
laminin and plasma fibronectin) to evaluate both a possible binding and the degradation
of these components. In addition, a plasmin activation assay was performed in plasmin,
as this is a key molecule in the formation of clots and in the activation of other pathways
of the immune system. In this way, it was possible to observe that the concentrated
fractions of HB101 / Pic culture supernatants were able to bind to several extracellular
matrix molecules in a significant manner, such as collagens type I and IV, laminin and
fibronectin. By incubating the Pic protein with blood coagulation molecules, it was
possible to observe binding with plasminogen, which in turn was converted into its active
form, plasmin, in the presence of the exogenous urokinase activator (uPA). The other
components of both cascade and extracellular matrix were not cleaved by Pic. We believe
that the E. coli bacterium producing serinoprotease Pic binds to the extracellular matrix
through several components, thus facilitating the infectious process in the host. Plasmin
generated in the presence of Pic should also contribute to a synergistic effect on the
degradation of complement system molecules, as well as to deregulated and increased
activation of the blood coagulation cascade.

Keywords: Pic; extracellular matrix, coagulation cascade, plasmin, plasminogen.
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1. INTRODUCAO

A diarreia é considerada uma das maiores causas de mortalidade infantil em
criancas com menos de cinco anos de idade, sendo responsdvel pela morte de cerca de
760.000 a cada ano. A diarreia infecciosa pode ser causada por bactérias, virus ou
parasitas, sendo o rotavirus e a Escherichia. Coli (E. coli) os agentes etiologicos mais
comuns em paises em desenvolvimento (World Health Organization, 2014).

Embora faca parte da microbiota intestinal do homem e de outros animais, existem
linhagens de E. coli que apresentam fatores de viruléncia especificos, causando infeccdes
intestinais ou extra-intestinais em seu hospedeiro. As cepas patogénicas de E. coli
geralmente estdo associadas a infeccdo intestinal, sendo chamadas de E. coli
diarreiogénicas (DEC). Quando colonizam outros sitios anatdmicos sao denominadas E.
coli extra-intestinais (ExPEC) e podem levar a infec¢Oes do trato urindrio, sepse,
meningite, dentre outras doencas (CROXEN, 2013). Algumas E. coli sdo produtoras de
proteinas denominadas SPATEs (Serine protease autotransporter Enterobacteriaceae),
que constituem uma superfamilia de proteinas cujos membros se parecem com aqueles
que pertencem a superfamilia tipo tripsina de serino proteases (YEN, et.al, 2008; RUIZ-
PEREZ E NATARO, 2014).

A secrecdo de serinoproteases por microrganismos pode causar danos ao
hospedeiro, a exemplo da clivagem de moléculas-chave do sistema complemento, da
cascata de coagulacdo sanguinea e diversas proteinas da matriz extracelular, levando a
uma resposta ineficiente do hospedeiro frente a acdo de microrganismos produtores
dessas proteases. A proteina Pic (Protein involved in colonization) € um exemplo dessas
SPATEs. E produzida e secretada por E. coli, Shigella flexneri 2a e Citrobacter rodentium
(RAJAKUMAR et al., 1998; HENDERSON et al., 1999; BHULLAR et al., 2015) e
desempenha vdérios papéis bioldgicos, incluindo hemaglutinacio, atividade mucinolitica,
degradacdo do fator V da cascata de coagulagdo e clivagem de glicoproteinas de
superficie de leucdcitos, que estdo envolvidas no trafico, migracdo e inflamacao
(HENDERSON et al., 1999; DUTTA et al., 2002; PARHAM et al., 2004; GUTIERREZ-
JIMENEZ et al., 2008;RUIZ-PEREZ et al., 2011; ABREU et al., 2016).

Devido a sua atividade mucinolitica, Pic também promove a colonizag¢ao intestinal
de ratos e coelhos pela clivagem do muco presente na luz intestinal, favorecendo assim a

adesdo da bactéria aos enterdcitos (HARRINGTON et al., 2009; MUNERA et al., 2014;
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ABREU et al., 2016). Apds estabelecimento da bactéria no sitio de infec¢ao, Pic exerce
um papel antagbnico estimulando as células caliciformes a hiperproduzirem muco
(NAVARROGARCIA et al., 2010), o que contribui para uma colonizacdo persistente,
uma vez que fornece uma fonte de nutrientes para o crescimento bacteriano.

Recentemente nosso grupo de pesquisa mostrou que Pic também reduz a atividade
do sistema complemento pela inativacdo das trés vias: via cldssica, alternativa e das
lectinas (ABREU et al., 2015). Além disso, diversos patdgenos expressam uma série de
proteinas de membrana com capacidade de interagir com moléculas da matriz
extracelular, da cascata de coagulacdo e com células do hospedeiro.

A matriz extracelular (MEC) é uma rede macromolecular tridimensional nao
celular que fornecem auxilio estrutural e bioquimico para as células circundantes. Elas
atuam como receptores para varios patogenos e varios trabalhos indicam que as proteinas
da MEC podem estar presentes na superficie das células intestinais participando como
receptores bacterianos (WESTERLUND E KORHONEN, 1993; WALIA et al., 2004;
KONKEL et al., 2005), a exemplo da fibronectina que foi a primeira proteina descrita a
atuar como um receptor celular para patégenos bacterianos (YANEZ, 2016). Além destas,
moléculas geradas na cascata de coagulacio sanguinea podem interagir com as proteinas
da MEC.

A cascata de coagulacdo sanguinea € ativada pela acao proteolitica sequencial de
pré-enzimas por proteases do plasma, resultando na formacdo de trombina que, entdo,
quebra a molécula de fibrinogénio em mondmeros de fibrina (FRANCO, 2001). Neste
processo designado de fibrindlise participam o plasminogénio e o ativador tecidual do
plasminogénio, protease que transforma o plasminogénio em plasmina. Proteinas
bacterianas sdo também capazes de interagir com plasminogénio e ativd-lo em sua
superficie. Assim, a plasmina gerada pode degradar componentes da matriz extracelular,
fibrina, fibrinogénio, além de fatores e co-fatores de coagulacao (fator V e fator VIII)
(BAJZAR, 2000; RODRIGUES et al., 2012).

Assim, devido a essa habilidade da proteina Pic de degradar moléculas do tecido
conjuntivo, contribuindo para os processos de invasdo e destrui¢do tecidual observados
durante a infec¢@o por essas bactérias, levanta-se a hipétese de que Pic teria acdo sobre
proteinas envolvidas com a com a cascata de coagulacio sanguinea e moléculas da matriz
extracelular. Este estudo torna-se relevante devido a alta prevaléncia de DEC nos paises

em desenvolvimento que potencialmente aumentam o risco de doenga, incluindo a sepse.
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De acordo com Garcia et al. (2012), na ultima década houve um aumento acentuado nas
infeccdes causadas por E. coli resistente a antibidticos, o que poderia afetar o progndstico
de pacientes com sepse. Portanto, entender como a proteina Pic se comporta na corrente
sanguinea se torna fundamental para melhor esclarecimento das causas da sepse, além de
caracterizar os fatores de viruléncia que contribuem para a permanéncia da bactéria na
corrente circulatoria, etapa crucial para o desenvolvimento de vacinas e possiveis

inibidores proteicos

2. REFERENCIAL TEORICO

2.1. Escherichia coli

E. coli foi descrita em 1885 pelo pediatra alemao Theodore Escherich,
primeiramente sob a denominacao de Bacillus coli comune. Porém, apds uma revisdo foi
renomeada para E. coli (CHEN; FRANKEL, 2005). Faz parte da familia
Enterobacteriaceae, que possui importantes patdogenos humanos, especialmente em
ambientes hospitalares, onde causam os mais variados tipos de infeccdo, tais como
infecc¢Oes do trato urindrio, pneumonias, meningites, abscessos, feridas cirurgicas, sepse
e, principalmente, infec¢Oes intestinais causando diarreia (SADER et al., 2001;
PATERSON, 2006).

E. coli é uma bactéria comum do trato gastrointestinal de humanos e animais,
porém algumas cepas possuem fatores de viruléncia que conferem a este patdgeno a
habilidade de causar infeccdes, sendo estes classificados como bactérias patogé€nicas
intestinais (SILVA et al., 2014). Trata-se de um bacilo Gram negativo, oxidase-negativo,
capaz de crescer tanto em ambientes aerébicos quanto anaerdbicos, preferencialmente a
37 °C, podendo ainda ser movel ou ndo. E facilmente isolada de amostras fecais através
do cultivo em meios seletivos e a mudanga de pH do meio. A fermentagdo da lactose pode
ser usada para diferenciar fermentadoras de ndo-fermentadoras de lactose. (CROXEN et
al., 2013).

Os diferentes tipos de E. coli podem ser identificados por antissoros
especificos que podem variar de acordo com os antigenos existentes na superficie da
membrana bacteriana ou em outras estruturas como flagelos. Esses antigenos podem ser
flagelares (H), capsulares (K) ou somaticos (O) (NATARO E KAPER,1998). Destes, dois

tipos principais de antigenos de superficie constituem a base para a classificacdo
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soroldgica: o antigeno ‘O’ ou somatico que define o sorogrupo e o antigeno ‘H’ ou
flagelar (FIALHO, 2008).

Existem clones de E. coli altamente adaptados que tém adquirido atributos
especificos de viruléncia e que, desta forma, conferem a estas bactérias uma maior
habilidade para adaptarem-se a novos nichos, permitindo causar um amplo espectro de
doencas. Esses atributos de viruléncia sdo frequentemente codificados por elementos
genéticos que podem ser mobilizados em diferentes cepas para criar novas combinacdes
de fatores de viruléncia (KAPER; NATARO; MOBLEY, 2004).

Uma vez adquiridos fatores de viruléncia, as E. coli podem causar doengas
que vao desde as infeccdes intestinais até aquelas que afetam Orglos extra-intestinais,
causando infeccdes do trato urindrio, sepses € meningites. Sao exemplos as E. coli
uropatogénicas (UPEC) e as E. coli causadoras de meningite em neonatos (NATARO;
KAPER, 1998; KAPER; NATARO; MOBLEY, 2004).

O potencial das cepas em causar infec¢des pode variar de acordo com o0s
fatores de viruléncia especificos para cada patégeno entérico. O grande espectro de
mecanismos fisiopatolégicos e o tipo de diarreia exigiram a classificacdo das DECs em
patotipos, separados em seis categorias, considerando seus mecanismos de viruléncia
especificos, as sindromes clinicas que causam, os sorotipos O:H, os aspectos
epidemioldgicos e/ou os tipos de interacdo com linhagens celulares in vitro. Esses
patétipos de E. coli diarreiogénicas sdo: E. coli enteropatogéncia (EPEC); E. coli
enterotoxigénica (ETEC); E. coli produtora de toxina de Shiga (STEC); E. coli
enteroinvasiva (EIEC); E. coli enteroagregativa (EAEC) e E. coli difusamente aderente
(DAEC) e E. coli invasiva aderente (AIEC) (CROXEN et al., 2013)

As EPEC sio capazes de causar a lesao A/E (attaching and effecing), que é
caracterizada pela perda das microvilosidades das células intestinais e formacdo de um
pedestal com adesdo intima da bactéria aos enterdcitos, além do acumulo de actina
polimerizada e rearranjo de outros componentes do citoesqueleto (MOON et al., 1983;
KAPER; NATARO; MOBLEY, 2004; HUANG et al., 2002). Os genes responsaveis por
essa lesdo sdo codificados em uma ilha de patogenicidade denominada regido LEE (locus
of enterocyte effacement) (KAPER; NATARO; MOBLEY, 2004). A regidao LEE contém
41 genes e é complexamente regulada. Codifica um sistema de secrecao tipo IIT (SSTIII)
e o plasmideo EAF, que contém sequéncias que codifica a proteina BfpA (Binding

Forming Pili) (NATARO E KAPER, 1998). Esse Sistema SSTIII, transloca proteinas
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efetoras da bactéria para o citoplasma da célula hospedeira (DENG et al., 2004;
HACKER; KAPER, 2000). Além desses efetores, algumas cepas de EPEC também
codificam proteinas associadas a viruléncia, a exemplo de EspC, uma serinoprotease que
atua como uma enterotoxina, causando efeitos citopaticos em células de cultura de tecidos
(NAVARRO-GARCIA et al., 2004) e segmentos intestinais de ratos (MELLIES et al.,
2001), além de promover a clivagem de importantes substratos biolégicos, como o fator
V da cascata de coagulacdo, pepsina e espectrina (DUTTA et al., 2002).

As EPEC sdo divididas em duas categorias: tipicas e atipicas. EPEC tipica
sdo identificadas pela presenca do gene eae (EPEC attaching and effacing) e plasmideo
EAF (EPEC adherence factor). O plasmideo EAF contém os genes envolvidos com a
biogénese de uma adesina fimbrial do tipo IV denominada bundle forming pilus (BFP),
que € responsavel pela interacdo entre bacterias e adesdo localizada das EPEC a célula
hospedeira, levando a formacdo de micro colonias (TRABULSI; KELLER; GOMES,
2002). As EPEC atipica estdo associadas a diarreia endémica, surtos de diarreia e casos
de diarreia persistente (HEDBERG et al., 1997; YATSUYANAGI et al., 2003; NGUYEN
et al., 2006). Os estudos realizados no Brasil também tém demonstrado associacdo com
diarreia endémica em criancas (BUERIS et al., 2007; MORENO et al., 2008;
SCALETSKY et al., 2010).

As ETEC aderem a mucosa do intestino delgado causando diarreia por
enterotoxinas ST (toxina termo estivel) e LT (toxina termo label). Essas toxinas
ocasionam lesdo no momento da colonizagdo na superficie da mucosa intestinal
(TRABULSI; ALTERTHUM, 2005). No organismo de seus hospedeiros colonizam a
superficie da mucosa intestinal e pela acdo de suas toxinas, causam diarreia aquosa,
principalmente em recém nascidos (NATARO; KARPER, 1998).

Nas EIEC ocorre invasao epitelial, seguido de fagocitose e lise dos vacuolos
endociticos, multiplica¢do intracelular, movimento direcional pelo citoplasma e invasao
de células epiteliais adjacentes que sao indistinguiveis dos sintomas da disenteria causada
pelas espécies de Shigella, que invadem e proliferam em células epiteliais. Todas essas
caracteristicas sdo coordenadas pelo plasmideo que codifica os genes de invasdo
(TRABULSI; ALTERTHUM, 2005). Alguns estudos t€ém mostrado que E. coli e Shigella
sdo taxonomicamente indistinguiveis a nivel de espécie (PUPO; LAN; REEVES, 2000;
WEI et al., 2003), sendo ambos os patdégenos intracelulares facultativos e causadores da

disenteria bacilar (CROXEN et al., 2013).
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As EHEC passaram a constituir uma subcategoria STEC e caracterizam-se
por apresentar genes que codificam a producdo das toxinas Shiga. Dois grupos de toxina
de Shiga (Stx1 e Stx2) podem ser produzidas por STEC. Estas citotoxinas recebem este
nome por serem iguais a toxina produzida por Shigella dysenteriae 1 e seus receptores sao
encontrados em células renais e intestinais (STEC) (KAPER; NATARO; MOBLEY,
2004), cujo principal sorotipo é o O157:H7 (NATARO E KAPER, 1998) e assim como
EPEC, alguns sorotipos de STEC sdo capazes de causar lesdes do tipo A/E.

Em humanos, STEC € responsdvel por um amplo espectro de doencas que
varia desde diarreias brandas até severas e sanguinolentas, evoluindo para complica¢des
graves como colite hemorragica, sindrome urémica hemolitica e purpura trombotica
trombocitopénica (NATARO E KAPER, 1998).

EAEC é responsavel por diarreia persistente, com duragdo de mais de 14 dias,
em criancgas e adultos, tendo prevaléncia em paises em desenvolvimento. A persisténcia
da diarreia em criancas € similar a causada por ETEC, causando danos leves, porém
significantes, na mucosa (NATARO E KAPER, 1998; BHUNIA, 2008).

DAEC provocam um alongamento das microvilosidades na mucosa in vitro,
sdo caracterizadas pela formacdo de agregados sobre as células do cdlon epitelial.
Secretam toxinas, porém nao t€m efeito necrosante no tecido (NATARO E KAPER,1998;
NATARO E KAPER, 1998; BHUNIA, 2008).

AIEC tem sido implicada como um dos agentes causadores da doenga de
crohn, afetando principalmente o intestino delgado. Nao hd um unico agente causador da
doenca de crohn identificado, e a hipotese atual € que a doenga é causada por uma
combinacdo de fatores, incluindo a genética, a microbiota intestinal, fatores ambientais e
patogenos entéricos (BARRETT et al., 2008).

Uma caracteristica comum entre esses diferentes grupos de E. coli € a
secrecdo de proteases, a exemplo das SPATEs (Serino Protease Autotransporters of

Enterobacteriaceae).

2.2. Serino Protease Autotransporters of Enterobacteriaceae (SPATEs)

SPATEs, também conhecidas como autotransportadoras (AT), sio uma
familia de proteases extracelulares produzidas por Enterobacteriaceae, secretadas pelo
sistema de secrecdo do tipo V de bactérias Gram-negativas (HENDERSON; NATARO,
2001).
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As AT sio transportadas através da membrana interna por meio do sistema
Sec. Uma vez no periplasma, o dominio C-terminal se dobra como um barril na membrana
externa, formando um poro. O dominio do passageiro € entdo translocado através da
membrana externa, clivado do B-barril e liberado no meio extracelular, onde ele cumprirad
sua func¢do, geralmente relacionada a viruléncia da linhagem produtora (DAUTIN,2010)

(Figura 1).

Cleavage site

'

SPATE

58 1048

Signal P. Passenger domain Translocator domain

FIGURA 1: Estrutura geral das SPATEs. FONTE: RUIZ-PEREZ E NATARO (2014).

Com base nas relagdes filogenéticas e na similaridade funcional, as SPATEs
foram divididas em dois grupos (DUTTA et al, 2002) (Figura 2). Os membros do primeiro
grupo, a exemplo de Pet, EspC, EspP, Sat e SigA, apresentam efeitos citopdticos nas
células epiteliais do hospedeiro através da internalizacdo e clivagem das proteinas do
hospedeiro intracelularmente (RUIZ-PEREZ; NATARO, 2014). Por exemplo, Pet e EspC
tétm como alvo a proteina a-fodrina (espectrina) de ligacdo a actina, que afeta o
citoesqueleto (CANIZALEZ-ROMAN; NAVARRO-GARCIA, 2003). Em contraste, os
membros do segundo grupo clivam principalmente proteinas extracelulares, a exemplo

de Vat, SepA, EatA, Espl e Pic (RUIZ-PEREZ; NATARO, 2014).
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FIGURA 2: Relacdes de sequéncia de proteinas SPATE de classe 2. FONTE: RUIZ-
PEREZ, 2013 modificado por Ayala-Lujan et. al.,2014.

2.3. Protein Involved in Colonization (Pic)

Pic € uma serinoprotease produzida por diversos patégenos, dentre eles: EAEC
(HENDERSON et al., 1999), Shigella. flexneri 2a (RAJAKUMAR; SASKAWA;
ADLER, 1997) EPEC (ABREU et. al., 2013; 2016) e UPEC (PARHAM et al., 2004), E.
coli hibrida EAEC / produtora de toxina Shiga (sorotipo O104: H4) (MUNERA et. al.,
2014; RASKO et. al, 2011), bem como um homdlogo, PicC, foi recentemente descrito
em Citrobacter rodentium (CELIK et.al., 2012).

Dentre as diversas atividades bioldgicas descritas, Pic contribui para a
resisténcia da bactéria ao soro por um mecanismo dependente de sua atividade
proteolitica (HENDERSON et al, 1999), bem como degradagdo do fator V da cascata de
coagulacdo, hemaglutinacio (DUTTA et al., 2002) e clivagem de glicoproteinas de
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superficie de leucdcitos, envolvidas no trafico, migracdo e inflamacdo (RUIZ-PEREZ et
al., 2011). Além disso, o sistema complemento, brago crucial da resposta imune inata
contra patdgenos bacterianos invasores, possui como principal fun¢do reconhecer e
destruir as células-alvo. Entretanto, algumas bactérias desenvolveram mecanismos de
evasdo ao sistema complemento, com a producdo de serinoproteases (ABREU et al.,
2017).

Abreu et al. (2015) demonstraram que Pic produzida por EAEC medeia a evasao
imune pela clivagem direta de moléculas do complemento, reduzindo significativamente
a ativagcao do complemento por todas as 3 vias. Pic é capaz de clivar C3, uma molécula
central da cascata do complemento, assim como C3b e proteinas das vias cléssica e das
lectinas, como C4 e C2. A degradacdo dos componentes do complemento foi observada
com a protefna purificada e também com o sobrenadante de culturas de E. coli HB101,
que expressam Pic. Ensaios proteoliticos adicionais utilizando soro humano como fonte
de proteinas do complemento indicaram que Pic também € ativa em um meio mais
fisiolégico, sendo capaz de clivar C3, C4 e C2.

Até agora, vdrias fungdes in vitro ou ex vivo foram atribuidas a Pic, incluindo a
atividade mucinolitica, considerada importante para os patdgenos entéricos colonizarem
os intestinos de seus hospedeiros, ajudando-os a penetrar na camada de muco que reveste
o epitélio intestinal (GUTIERREZ-JIMENEZ et. al.,2008; HARRINGTON et al., 2009)
favorecendo assim a adesdo da bactéria aos enterdcitos (HARRINGTON et al., 2009;
MUNERA et al., 2014). Apos estabelecimento da bactéria no sitio de infec¢ao, Pic exerce
um papel antagénico ao estimular células caliciformes a hiperproduzirem muco
(NAVARRO-GARCIA et al., 2010). Por conseguinte, foi proposto que Pic poderia ter
um papel nutricional na colonizacdo. Especificamente, Pic pode permitir que bactérias
usem muco ou mucina como fonte de nutrientes, quando outras fontes ndo estdo
disponiveis (HARRINGTON et al, 2009).

SPATEs de classe 2, como Pic, também possuem propriedades
imunomoduladoras pela clivagem das moléculas O-glicosiladas encontradas na superficie
das células imunes, quimiocinas e proteinas do complemento (RUIZ-PEREZ et.al.,2011;
AYALA-LUJAN et. al., 2014). A atividade de Pic sobre glicoproteinas baseia-se na
natureza sacaridica dos substratos. A protease apresenta reduzida atividade proteolitica
sobre substratos desglicosilados, e reduzida capacidade de ligagdo a mucina na presenca

de monossacarideos (GUTIERREZ-JIMENEZ et.al.,2008; RUIZ-PEREZ et. al., 2011).
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Além disso, estudos realizados com leptospira tém mostrado que proteases produzidas
por esta bactéria tem agdo direta sobre moléculas da matriz extracelular (FRAGA et al.,

2016; SILVA et al., 2018).

2.4. Matriz Extracelular

As células residem em um microambiente dindmico dentro dos tecidos
conjuntivos denominado matriz extracelular (MEC), composta por cerca de 300
proteinas, conhecidas como matrizes centrais, e inclui proteinas como coldgeno,
proteoglicanos (PGs) e glicoproteinas (HYNES E NABA; 2011)

A matriz extracelular ndo serve apenas como uma rede para estabilizacdo da
estrutura fisica dos tecidos, mas também possui fungao importante nas interagdes célula-
célula e célula-matriz, participando deste modo da integridade dos tecidos (ROBERT-
LOBAT, 2012).

Sabe-se que a MEC tem impacto na migragdo, diferenciacdo, proliferacdo,
apoptose e adesdo celular (FRANTZ et al., 2010). As células sdo capazes de se ligar a
MEC através de receptores e proteinas especificos da superficie celular, integrinas,
caderinas e selectinas. Macromoléculas na MEC sdo capazes de reter fatores de
crescimento e outras citocinas, tornando a MEC um reservatodrio crucial em estagios de
desenvolvimento e fisiolégicos, onde podem ser liberadas no microambiente por
degradacdo de matriz por metaloproteinases de matriz (MMPs), controlando sua
acessibilidade ao microambiente (KIRKPATRICK; SELLECK, 2007; ROZARIO;
DESIMONE, 2010). Sabe-se que esta funcdo de reservatorio da matriz € de grande
importancia em relacdo a influéncia do fenétipo celular. Células dentro da matriz
secretam as moléculas de MEC, construindo assim sua propria rede de suporte externa e
podem reformulé-la degradando e substituindo a matriz em torno delas (HANSEN et al,
2015). A interacdo com patogenos bacterianos entéricos pode ocorrer durante a
inflamacdo ou a abertura de juncdes estreitas (FUIIMOTO; NAKAJIMA; YAOITA,
2007). Portanto, a ligacdo a proteinas da MEC pode facilitar a colonizagao, invasao e / ou
sinalizacdo por patdgenos intestinais.

A nivel celular, a MEC também fornece uma “linguagem bioquimica e
mecanica” que comanda processos fundamentais como vias de sinaliza¢do celular
(BOTTARO et al., 2002), forma e funcdo celular (ALFORD; RANNELS, 2001),

mudangas na organizacdo e diferenciagdo do citoesqueleto (CLARK et al., 1986),



22

formacdo de aderéncias focais e fibras de estresse (CLARK, 1993), alteracdes de
proliferagdo e migracdo (VOROTNIKOVA et al., 2010), estimula¢do da polaridade e
expressao génica (WANG et al., 2004), indu¢do de atividade metastatica (MURRAY et
al., 2000), resposta a fatores de crescimento (CLARK et al., 1995) e informacdes que
regulam a localizacdo apropriada de contingéncias celulares especificas dentro da matriz
(BROWN; BADYLAK, 2014). Além disso, as interacdes célula-matriz desempenham
papéis criticos ao longo da vida: durante o desenvolvimento embriondrio e a
organogénese (DEQUACH et al., 2010), angiogénese (DVORAK et al., 1987),
cicatrizagdo de feridas (SERINI et al., 1998), doenca e metdstase (OTRANTO et al.,
2012).

Dentre as principais proteinas da MEC, pode-se destacar o coldgeno, a

fibronectina, a elastina, a laminina, os glicosaminoglicanas e proteoglicanas.

2.4.1 Coldgeno

Os coldgenos sao proteinas fibrosas sintetizadas pelos fibroblastos e células
afins. Atualmente sdo conhecidos 27 tipos diferentes de coldgenos codificados por 41
genes dispersos em pelo menos 14 cromossomos. Os tipos L, I, III, V e XI sdo coldgenos
intersticiais ou fibrilares e os mais abundantes. O tipo IV € nio fibrilar (forma ldminas ao
invés de fibrilas), e é o principal componente da lamina basal, junto a laminina. O
coldgeno de tipo I € o mais abundante e é o predominante nas dreas de tecido fibroso
denso, como no derma cutineo, tenddes, cornea e ossos. O colageno de tipo III é
predominante no tecido conjuntivo frouxo. O coldgeno de tipo IV € nao-fibrilar e se
encontra principalmente fazendo parte das membranas basais (ANDRADE, 2003;

KUMAR; ABBAS; FAUSTO, 2005).

2.4.2 Fibronectina (FN)

A fibronectina desempenha papel fundamental na estruturacdo tridimensional
da MEC, fornecendo conexao para as células através de receptores, como as integrinas.
Além da adesdo, influencia diretamente o comportamento celular na distribuicao,
migracdo e morfologia, organizacdo do citoesqueleto, expressao génica e transformacgdo
oncogénica (ROZARIO; DESIMONE, 2010; SCHWARZBAUER; DESIMONE, 2011;
LABAT-ROBERT, 2012; LENSELINK, 2013). E uma glicoproteina de alto peso

molecular encontrada em todos os tipos de tecidos e que interage com as células em todos



23

os estdgios do reparo de feridas, jd estando presente em grande quantidade na fase de
hemostasia no codgulo de fibrina-fibronectina. A fibronectina se liga a heparina, fibrina,
colageno, células e citocinas e a propria fibronectina (LENSELINK, 2013).

A fibronectina encontrada no plasma (FNp) ¢ largamente produzida por
hepatécitos e apresenta-se na forma solivel. Outras formas de fibronectinas sdo
produzidas por numerosas células incluindo fibroblastos, células epiteliais e macréfagos,
sao referidas como fibronectina celular (FNc). Uma vez secretadas, ambas FNp e FNc
podem ser incorporadas a matriz extracelular. As formas de fibronectina do plasma e
celular desempenham fung¢des distintas durante a progressao da cicatriza¢io de feridas.
FNp circula no plasma sanguineo na forma inativa e é armazenada nos granulos de
plaquetas até ser ativada em resposta a ferida e estimulacdo da cascata da coagulacdo

(ROMBERG,1997; MIDWOOD; TO, 2011).

2.4.3 Glicosaminoglicanos (GAGS)

Sao polissacarideos lineares longos, ndo flexiveis e com cadeias ndo ramificadas
presentes na matriz extracelular e superficie celular da maioria dos animais, tanto em
forma livre quanto ligados a proteinas. Sdo constituidos de combinacdes repetidas de
dissacarideos, estes formados por unidades de agicar aminado ligadas a dcido idurdnico
ou glicurdnico. Ja foram descritos varios tipos de glicosaminoglicanos, como a heparina,
o sulfato de heparan, o 4cido hialur6nico, sulfato de queratan e sulfato de condroitina
(VALCARCEL, et al 2017; SUGAHARA AND KITAGAWA, et al. 2002).

Os GAGs desempenham vdrias funcdes, tais como a hidratacdo dos espacgos ao
redor das células, formando géis que variam quanto ao tamanho dos poros e a densidade
da carga que atua como filtro regulador da passagem de moléculas pelo meio extracelular,
ligando fatores de crescimento e outras proteinas que servem como sinais para as células,

com a funcdo de bloquear, ativar ou guiar a migracao celular através da matriz (KRESSE,

SCHONHER; 2001).

2.4.4 Proteoglicanos

Os proteoglicanos sdo moléculas formadas por um eixo proteico, ao qual se
ligam covalentemente cadeias laterais de glicosaminoglicanos e encontram-se presentes
em granulos citoplasmdticos, na membrana celular ou na matriz extracelular. Sao

conhecidos por apresentarem grande afinidade com uma variedade de ligantes, incluindo
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fatores de crescimento, moléculas de adesdo, componentes da matriz, enzimas e
inibidores de enzima (WU et. al; 2005).

Na matriz extracelular, os proteoglicanos interagem com as proteinas fibrosas.
A interacdo com o coldgeno, por exemplo, possibilita a organizacdo das fibras de
coldgeno na matriz extracelular. Os GAGs também estio envolvidos na ligacao de cations
(como sddio, potdssio e cdlcio) e na retencdo de dgua nos tecidos, possuindo papel
fundamental na hidratacdo da matriz extracelular e na regulacdo de movimentos
moleculares por meio desta. Alguns proteoglicanos, presentes na membrana celular,
podem estabelecer ligacdes com fatores de crescimento e hormonios, apresentando papel
fundamental no controle do crescimento celular e servindo como sinal para as células
sofrerem divisdo, podendo controlar, deste modo, processos importantes como o
desenvolvimento de tumores e a embriogénese (NELSON; COX, 2008).

Além da funcao estrutural, os proteoglicanos podem mediar func¢des biolégicas
em processos fisioldgicos normais ou em doencga, a exemplo de regulacao da atividade de
moléculas sinalizadoras (ALMEIDA et al., 2000), controle do trifego de células e
moléculas (IRVING-RODGERS et al., 2010), correceptores (MYTHREYE , BLOBE;
2009), proliferacao celular (MATAVELI et al., 2009), seletividade da membrana basal
(HONARDOUST et al., 2008), adesdo e migracao celular (RUOSLAHTTI; 1989), resposta
imune (SETTEMBRE et al., 2008) e interagdo com proteinas fibrosas da matriz, formacao
de complexos macromoleculares com &cido hialurdnico na matriz extracelular

(MICHELACCI et al., 1979).

2.4.5 Metaloproteinases de matriz (MMPs)

Sao as principais enzimas envolvidas na degradacdo da MEC. Sua atividade é
baixa em condi¢cdbes normais, mas aumenta durante os processos de reparo ou
remodelacdo e em tecido doente ou inflamado. As MMPs sdo produzidas como
proteinases soldveis ou ancoradas a membrana celular e clivam componentes da MEC
com ampla especificidade de substrato (BONNANS; CHOU AND WERB, 2014)

A ativacdo de MMP ocorre primariamente via clivagem proteolitica ou por
modificagdo do grupo tiol por oxidacdo. Coletivamente, as MMPs podem degradar todas
as proteinas da MEC e suas agOes proteoliticas na MEC tém papéis cruciais na
organogénese (LU, TAKAI, WEAVER, WERB; 2011). Além disso, as MMPs sao

capazes de processar e degradar diversos componentes da cascata de coagulagdo.
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2.5. Cascata de coagulacao sanguinea

O fluxo sanguineo adequado resulta da interacio equilibrada entre a homeostase
e a fibrindlise. A homeostase depende da interacdo entre a parede do vaso
(vasoconstricdo), agregacdo plaquetdria e coagulacdo, e baseia-se numa cascata de
reacOes proteoliticas sequenciais realizadas por proteases de serina, cuja atividade
enzimdtica é fortemente regulada. A fibrindlise envolve a degradacdo proteolitica da
fibrina por uma serino protease, a plasmina, para prevenir a formacdo excessiva de
codgulos e a subsequente trombose (BORISSOFF et al., 2011; RAU et al., 2007).

Atualmente, o novo conceito da coagulagdo é descrito como um processo
complexo baseado no modelo de superficies celulares na hemostasia e permite um melhor
entendimento dos problemas clinicos observados em alguns distdrbios da coagulagao, por
enfatizar o papel central de superficies celulares especificas no controle e direcionamento
dos processos hemostaticos (SILVA & MELO, 2016), dividindo-se em trés fases distintas
mas interligadas entre si: iniciacdo, amplificacdo e propagacdo (RODRIGUES et al.,
2012).

A fase de iniciacdo, classicamente denominada via extrinseca, ocorre nas
células que expressam fator tecidual (FT) na sua superficie. Estas células revestem os
vasos sanguineos e ap0s lesdo vascular ligam-se ao fator VII presente no plasma dando
inicio ao processo de coagulacdo. O complexo FT/FVIla promove a ativacao dos fatores
IX e X, tornando-os Xa e fator IXa. O fator Xa localizado na superficie celular liga-se ao
fator Va e forma o complexo protrombinase FXa/FVa que converte pequenas quantidades
de protrombina em trombina. Além disso, o fator [Xa gerado pode-se deslocar para outra
célula ou para a superficie das plaquetas tornando-as ativas e assim iniciar a fase de
amplificacdo da coagulacdo (Figura 3).

Na etapa de amplificacdo a trombina formada na fase de iniciacdo
proporciona a ativacdo de mais plaquetas, o que contribui para fomentar a adesdo
plaquetdria. Outra func¢do da trombina € a liberagdo e a ativagao do fator VIII que, na sua
forma inativa, se encontra ligado ao fator de Von Willebrand (FvW) (tem um papel
importante na adesdo plaquetdria), e a ativacdo dos fatores V e XI na superficie
plaquetdria. Desta forma, apds a ativacdo dos fatores da superficie das plaquetas segue-
se a fase da propagacao.

A fase de propagacdo classicamente denominada via intrinseca, ocorre nas

plaquetas ativadas que sdo recrutadas para o sitio da lesdo. O fator IXa ativado durante a
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fase de iniciacdo associa-se ao fator VIIla na superficie das plaquetas dando origem ao
complexo tenase que por sua vez € capaz de ativar maior quantidade de fator Xa. O fator
Xa une-se ao cofator Va ligado a superficie das plaquetas na fase de amplificacdo, o que
resulta na formacdo do complexo protrombinase, que converte a protrombina em
trombina. A trombina € responsdvel pela clivagem do fibrinogénio em mondmeros de
fibrina, que d4 estabilidade ao tampao plaquetério inicial (SILVA & MELO, 2016).
Assim, forma-se um codgulo sé6lido, que, posteriormente € lisado pelo sistema
fibrinolitico. Neste processo designado de fibrindlise participam o plasminogénio e o
ativador tecidual do plasminogénio (t-PA), protease que transforma o plasminogénio em
plasmina. Por ser uma enzima proteolitica de amplo espectro, a plasmina digere fibrina,
fibrinogénio, e a maioria dos fatores e co-fatores de coagulacdo. Deste modo, o local
lesado acaba por ser reparado e restabelece-se o fluxo sanguineo normal (Figura 4)

(RODRIGUES et al., 2012).
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FIGURA 3: Visdo geral esquemdtica da cascata de coagulacdo do sangue. O modelo é
dividido em fases de iniciacao, propagacao, amplificacdo e formacgao de codgulos. Fatores
de coagulacdo do sangue sdo indicados em algarismos romanos, e as formas ativas sao
indicadas por um pequeno 'a'. II indica protrombina e trombina Ila. vVWF, fator von
Willebrand. FONTE: SPONK et. al; 2014 (modificado).
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3. OBJETIVOS

3.1. Objetivo Geral

Avaliar a acdo serinoprotease Pic sobre componentes da matriz extracelular e

cascata de coagulacdo sanguinea.

3.2. Objetivos Especificos

e Avaliar o efeito da proteina Pic sobre proteinas de matriz extracelular;
e Analisar o efeito de Pic sobre moléculas da cascata de coagulacgao;
e Avaliar se o plasminogénio ligado a Pic é convertido em sua forma ativa,

plasmina.
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4. CAPITULO1I

ACAO DA SERINOPROTEASE PIC PRODUZIDA POR Escherichia coli SOBRE PRQTEfNAS
DA MATRIZ EXTRACELULAR E DA CASCATA DE COAGULACAO SANGUINEA

ACTION OF SERINOPROTEASE PIC PRODUCED BY Escherichia coli ON
EXTRACELLULAR MATRIX AND BLOOD CELL CASCADE PROTEINS
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ABSTRACT

Serinoprotease Pic (protein involved in colonization), protein identified in enteroaggregative E. coli,
Shigella flexneri and Citrobacter rodentium. Among the biological papers, hemagglutination, mucinolytic
activity, degradation of factor V of the coagulation cascade and cleavage of surface glycoproteins of
leucocytes involved in trafficking, migration and inflammation were described. We demonstrate their
performance in the human complement system conferring to these bacteria the ability to circumvent the
defense mechanisms of the innate immune system favoring the development and maintenance of sepsis.
The objective of this study was to investigate the action of Pic on components of the extracellular matrix
and the blood coagulation cascade. For this, concentrated fractions of Pic (HB101 / Pic), non-Pic (HB101)
and BSA-producing E. coli culture supernatants were incubated at different times with several molecules
of the coagulation cascade and the extracellular matrix to evaluate possible as degradation of these
components. We performed plasminogen activation in plasmin, an important molecule in the formation of
clots and in the activation of other pathways of the immune system. We observed that HB101 / Pic bound
to several extracellular matrix molecules (collagens type I and IV, laminin and fibronectin). By incubating
Pic with blood coagulation molecules, binding and cleavage of plasminogen was found, which was
converted to its active form, plasmin, in the presence of the exogenous activator. The other components of
both cascade and extracellular matrix were not cleaved by Pic. We believe that Pic-producing E. coli binds
to the extracellular matrix through several components, facilitating the infectious process in the host. The
plasmin generated in the presence of Pic should generate a synergistic effect on the degradation of
molecules in the complement system, as well as for deregulated activation of the blood coagulation cascade.

Keywords: Pic; extracellular matrix, coagulation cascade, plasmin, plasminogen.
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Introduction

Escherichia coli is a commensal bacterium, some pathogenic strains can cause diarrhea or extra-
intestinal diseases in healthy and immunocompromised individuals, which generates a serious public health
problem since diarrheal diseases are a major cause of morbidity and mortality in children under five years
of age[1,2].

The pathogenic strains of E. coli are usually associated with intestinal infection, being called
diarrheogenic E. coli (DEC). When colonizing other anatomical sites are called extra-intestinal E. coli
(ExPEC) and can lead to infections of the urinary tract, central nervous system and bloodstream [1]. In
addition, the bacterium is also associated with infections of the bloodstream, which causes high rates of
morbidity / mortality and high costs in health care. Some E. coli are producers of proteins called SPATEs
(Serine protease autotransporter Enterobacteriaceae), which constitute a superfamily of proteins whose
members resemble those belonging to the trypsin-like superfamily of serine proteases [3,4]. The secretion
of these serine proteases can cause damage to the host, such as the cleavage of key molecules of the
complement system, the blood coagulation cascade and various extracellular matrix proteins, leading to an
inefficient response of the host to the action of microorganisms producing these proteases.

Protein involved in colonization is an example of such SPATEs. It is produced and secreted by
E. coli, Shigella flexneri 2a and Citrobacter rodentium [5-7] and performs several biological roles including
haemagglutination, mucinolytic activity, degradation of the factor V of the coagulation cascade and
cleavage of leukocyte surface glycoproteins, which are involved in trafficking, migration and inflammation
[6,8-12]. Due to its mucinolytic activity, Pic also promotes the intestinal colonization of rats and rabbits by
the cleavage of mucus present in the intestinal lumen, thus favoring the adhesion of the bacterium to
enterocytes [12-14]. After establishing the bacterium at the infection site, Pic plays an antagonistic role by
stimulating the goblet cells to hyperproduce mucus [15], which contributes to a persistent colonization,
since it provides a source of nutrients for bacterial growth .

Recently our research group has shown that Pic also reduces the activity of the complement
system by the inactivation of the three pathways (classical, alternative and lectin pathways) [16]. In
addition, several pathogens express a series of membrane proteins capable of interacting with extracellular
matrix, coagulation cascade and host cell molecules.

The extracellular matrix (ECM) is a three-dimensional non-cellular macromolecular network
that provides structural and biochemical support to the surrounding cells. In the present work, it is shown
that ECM proteins can be present on the surface of the intestinal cells as bacterial receptors [17-19]. such
as fibronectin which was the first protein described to act as a cellular receptor for bacterial pathogens [20].
In addition, molecules generated in the blood coagulation cascade may interact with MEC proteins.

The blood coagulation cascade is activated by the proteolytic action of proenzymes by plasma
proteases, resulting in the formation of thrombin, which then breaks the fibrinogen molecule into fibrin
monomers [21]. In this process called fibrinolysis, plasminogen and the tissue activator of plasminogen are
involved, a protease that transforms plasminogen into plasmin. Bacterial proteins are also capable of
interacting with plasminogen and activating it on its surface. Thus, the plasmin generated can degrade
components of the extracellular matrix, fibrin, fibrinogen, and coagulation factors and cofactors (factor V
and factor VIII) [22,23].

Thus, due to this ability of the Pic protein to degrade connective tissue molecules, contributing
to the processes of invasion and tissue destruction observed during infection by these bacteria. In this way,
the objective of this work was to evaluate the role of Pic on molecules of the blood coagulation cascade
and the extracellular matrix.
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Material and methods
Bacterial samples

In this study, a recombinant Pic-producing strain (HB101 / pPic) HENDERSON [6] and the non-pathogenic
strain E. coli HB101 were used. All samples are kept at -80¢C in trypticase soy broth (TSB) plus 20%
glycerol and grown in Luria-Bertani broth (LB), LB agar or MacConkey, plus appropriate antibiotics when
indicated.

Obtaining Protein Pic

The Pic protein was obtained according to a protocol previously described by Navarro-Garcia et al (2010).
For this, strain HB101 (pPic) was grown in LB broth with stirring at 250 rpm at 37 ° C for 18h. Thereafter,
the bacterial culture was centrifuged at 4,000 rpm for 15 min at 4 ° C. The supernatant obtained was
membrane-filtered at 0.22 pm and concentrated using a 100 kDa cut off membrane filter concentrator
(Millipore, Bedford, MA, USA). Samples prepared as described above were analyzed by SDS-PAGE under
denaturing conditions, according to the protocol described by Laemmli [24]. Protein extracts were mixed
to the running buffer (tris-hydroxymethyl) aminomethane 0.25 M hydrochloride; sodium dodecyl sulfate
8%; glycerol 80%; bromophenol blue 0.04%; pH 6.8) plus p-mercaptoethanol (Sigma-Aldrich).
Electrophoresis at 20 mA (Power Pac 300 model source, BioRad) was carried out in specific apparatus
(Bio-Rad, Berkeley, CA, USA) containing Tris-Glycine buffer (3% tris (hydroxymethyl) aminomethane;
sodium dodecyl sulfate 1%). A molecular weight standard was used with bands of 170 to 10 kDa (PageRuler
™ Prestained Protein Ladder) (Fermentas, Burlington, ON, Canada). After the run the gel was stained with
Comassie Brilliant Blue (Bio-Rad) dye for about 1 h with gentle shaking. After staining, the gel was
incubated with bleach solution (45% methanol, 10% glacial acetic acid) with gentle stirring until the bands
corresponding to the proteins could be visualized.

Pic binding to extracellular matrix components and blood coagulation cascade

After obtaining the protein, Pic binding with extracellular matrix macromolecules was analyzed according
to a protocol described by Cameron [25], with some modifications. ELISA plates (Nunc-Immuno Plate,
MaxiSorp surface) were sensitized with 1 pg of MEC components (laminin, decorin, collagens type I and
IV, plasma fibronectin) or components of the coagulation cascade (plasminogen and fibrinogen and fibrin)
or BSA in 100 pl of PBS for 2 h at 37 ° C. Then the wells were washed three times with PBS-0.05% Tween-
20 (PBS-T) and then blocked with 200 pl of 1% BSA for 1 h at 37 ° C, followed by overnight incubation
at 4 ° C. After incubation, 10 ul of concentrated HB101 / Pic culture supernatant fractions in 100 ul PBS
were added in each well for a period of 1 h 30 min at 37 ° C to verify a possible interaction with the different
substrates. After washing with PBS-T, the bound proteins were incubated for 1 h at 37 © C with a suitable
dilution of the specific antibody. After washing with PBS-T, a further incubation for 1 h at 37¢C was
performed with rabbit IgG secondary antibody raised in goat (1: 5000) and conjugated with peroxidase.
The wells were washed three times and a solution containing orthophenylenediamine (OPD) (0.04%) in
citrate / phosphate buffer (pH 5.0) plus H202 (0.01%) was added to the reaction. It was incubated for 15
min and then quenched with the addition of 50 ul of 8 M H 2 SO 4. The absorbance at 492 nm was
determined on a microplate reader (Multiskan EX; Labsystems Uniscience).

Evaluation of the proteolytic activity of Pic against extracellular matrix components and the blood
coagulation cascade

In this assay cultures of Pic or non-producing bacteria were used. Aliquots of the secreted bacteria or the
purified protein were incubated with 5 ug of MEC components (laminin, plasma fibronectin and collagen
type I and IV) or components of the coagulation cascade (plasminogen and fibrinogen), commercially
acquired. Incubations were performed at 37 ° C at different time periods (1, 4 and 18 h) in buffer containing
85 mM NaCl for 2 h. Samples were heated at 100 ° C for 3 min with sample buffer and the cleavage
products were analyzed by SDS-PAGE. The gels were stained with bright Coomassie blue. Alternatively,
for better visualization of the fragments, the proteins were transferred from the gel to nitrocellulose
membranes and then stained with Coomassie.

Evaluation of the plasminogen-linked capacity of Pic to generate plasmin

Concentrated fractions of E. coli HB101 / Pic, HB101 and BSA culture supernatants were immobilized in
96-well plates (1 pg / well) and incubated for 16-20 h at 4 ° C. Between each subsequent step 3 washes
were made with PBS-T. Non-specific binding sites were blocked using 3% BSA for 2 h at 37¢C. After
blocking, the plates were incubated for 1 h with purified plasminogen (2 png / well). Then, 3U of
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Plasminogen Activator Urokinase (uPA) and 250 ng of the plasmin-specific substrate (D-Val-Leu-Lys p-
nitroanilide dihydrochloride) were added in a final volume of 100 pL. An incubation with plasminogen +
uPA + plasminogen activator inhibitor 1 (PAI-1) was used as a negative control. Absorbance readings were
taken at 405 nm after 24 h.

Statistical analysis

All assays were performed in triplicate at least once. They were expressed in mean and standard deviation
and were submitted to the T test and ANOV A using the Graph Pad Prism version 6.0 software.

Results
Pic binds to extracellular matrix components

In this study it was possible to observe that the Pic protein was able to bind significantly to several
components of the extracellular matrix, such as collagens type I and IV, laminin, different from that
observed with the concentrated fractions of the culture supernatant of strain HB101. On the other hand, Pic
did not bind to decorin, as can be observed in figure 1.

Pic binds to plasma fibronectin a and to plasminogen, components of the blood coagulation cascade

When analyzing the interaction of Pic with components of the coagulation cascade, it was not possible to
observe protein binding with fibrin and fibrinogen. However, it was able to bind plasma fibronectin and
plasminogen (Figure 2).

The Pic protein binds but does not promote cleavage of most of the matrix components and the blood
clotting cascade

After this analysis, the HB101 / Pic culture supernatant was incubated with the same molecules at different
times to verify a possible proteolytic action on these components. For this, Pic was incubated with some
components of the extracellular matrix or the coagulation cascade at different times. After analysis of the
cleavage products by SDS-PAGE, followed by staining with Comassie Blue, it was possible to observe that
Pic was not able to cleave laminin, plasma fibronectin nor fibrinogen. However, it was possible to observe
a discrete cleavage of plasminogen in the first hour of incubation, generating a fragment with sizes varying
from ~ 39 to 65 kDa (Figure 3).

Pic on binding to plasminogen generates active plasmin

Given that Pic binds to plasminogen and that this molecule is responsible for the generation of plasmin, an
assay was performed to see if the plasminogen attached to Pic could be converted to plasmin. For this,
plasminogen was added to Pic and subsequently the exogenous activator uPA and a specific substrate for
plasmin (D-Val-Leu-Lys-p-nitroanilide dihydrochloride) were added. After 24 h, the generation of plasmin
was detected, confirmed by cleavage of the chromogenic substrate, when Pic was used. No cleavage of the
substrate was observed in the presence of the negative control BSA (Figure 4).
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Discussion

Proteases secreted by pathogens constitute an important class of virulence factors, performing
functions related to invasion, immune evasion, nutrition and reproduction of certain parasites and the
degradation of components of the extracellular matrix favors the propagation and dissemination of
microorganisms in the host [26]. In this study, we analyzed the action of Pic serinoprotease against some
components of the extracellular matrix and the blood clotting cascade.

Some microorganisms are capable of degrading ECM components through the production or
"sequestering" of host proteases [27]. Plasminogen is an example of host protease that is capable of
degrading ECM components and several pathogens have their potential for invasion and increased spread
through plasminogen binding [27-30]. Cell adhesion proteins, such as fibronectin and laminin, connect the
elements of the matrix to each other and to the cells. These binding proteins act as transmembrane receptors
or are stored in the cytoplasm, where they perform specific functions: they promote cell-cell and cell-ECM
interaction, participate in the formation and maintenance of neoformed blood vessels, assist in stabilizing
the clot and promote the binding of cells to the cytoskeleton, enabling physical forces to be translated into
biomolecular responses such as activation or inhibition of growth factors, cell proliferation and
differentiation, collagen synthesis and wound contraction [31].

In this study it was possible to show that Pic binds to several components of ECM, such as type I
and IV collagens, plasma fibronectin and laminin. Farfan; Inman and Nataro [32] suggest that ECM proteins
may be receptors for EAEC, which binds to various proteins present in the intestinal epithelium, such as
fibronectin, laminin and type I'V collagen.

It has been recognized for some time that fibronectin plays a role in adhesion of EAEC 042 to
epithelial cells through interaction with AAF /II fimbriae, the main virulence factor of EAEC known to be
involved in both adhesion and inflammation [32-34].

Yanes et. al [20] have demonstrated that fibronectin plays the role of a bridging bond,
connecting the bacterium to the surface of the epithelial cell and suggesting that fibronectin-mediated
binding is not required for the activation of intracellular signaling cascades involved in the inflammatory
response against infection by EAEC.

Interaction with enteric bacterial pathogens may occur during inflammation or opening of
narrow junctions [18] Thus, the binding to ECM proteins can facilitate colonization, invasion and / or
signaling by intestinal pathogens [17, 19,35] and directly affect blood coagulation.

Coagulation cascade proteins such as fibrinogen and plasminogen were evaluated in our study
and it was possible to show that Pic binds to plasminogen and promotes cleavage of it. It is noteworthy that
both fibrinogen and plasminogen participate in the process of hemostasis in the procoagulant, anticoagulant
functions and fibrinolysis.

The anticoagulant function occurs first, by the presence of the cellular lining itself that prevents
contact between the circulating platelets and the subendothelium. These endothelial cells also secrete
several other substances that perform anticoagulant activity, among them: heparan sulfate;
thrombomodulin, prostacyclin (PGI2), protein C, plasminogen activators, tissue factor inhibitor. They also
secrete procoagulant substances, such as: Von Willebrand factor, fibronectin, tissue factor, plasminogen
activator inhibitor (PAI) [36].

In fibrinolysis, fibrin degradation is important in that it avoids excessive clot growth, which may
lead to vessel occlusion. In the process of fibrin degradation, serine proteases, such as plasmin, are
responsible for the cleavage of fibrin. Plasminogen is converted into plasmin by the action of urokinase
plasminogen activator (u-PA) and tissue-type plasminogen activator (t-PA). Plasmin cleaves fibrin by
generating the fibrin degradation product (PDF). The inhibitor of plasminogen activator-1 (PAI-1) inhibits
t-PA and u-PA, with a2-antiplasmin (02-AP) being the direct plasmin inhibitor [21, 37-40]. However,
plasmin, which results from the cleavage of plasminogen, also acts on other extracellular matrix
components such as collagen IV and V, laminin, fibronectin, vitronectin, among others [29].

Thus, in bacterial infections fibrin deposits are formed, and these clots can interfere in the mobility
of the bacterium preventing their spread through different tissues. Bacteria with the ability to generate
plasmin on their surface can cause fibrinolysis, preventing the formation of fibrin clots and allowing the
release of bacteria [41]. Bacteria also utilize the proteolytic abilities of plasmin to promote remodeling of
the cell matrix by generating new sites of interaction, combining effector molecules of the host immune
system, such as the C3 and C5 proteins that are part of the complement system and activate matrix
metalloproteinases help in the destruction of tissue barriers [42]. Like plasmin, Pic is a serine protease
capable of cleaving components of the complement system [16]. Thus, Pic in addition to inactivating the
three-way complement system, promotes the formation of plasmin. Thus, these findings suggest that Pic
may enhance cleavage on complement molecules from the plasmin generated. This has already been
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described in works with leptospires, where they use plasmin in its active form through its membrane
proteins LigA and LigB [43].

Several pathogens, such as group A streptococci, Staphylococcus aureus and Yersinia pestis,
generate their own plasminogen activator [44]. In the case of Y. pestis, Borrelia burgdorferi and group A
streptococci, the interaction with plasminogen has a direct effect on the invasiveness within the host [45-
47]. The plasmin generated degrades a series of substrates important for the invasion and evasion of the
bacteria [48,49]. It is a proteolytic enzyme that digests fibrin and some other coagulant proteins, such as
fibrinogen, factor V, factor VIII, prothrombin, and factor XII, removing minute remnants of the blood clot
that could obstruct blood flow [50].

Recently our group showed that Pic, produced by an E. coli F5 isolated from a case of
bacteremia, was able to protect the bacteria from the bactericidal action of the immune system in the
bloodstream, helping the bacteria to induce a sepsis in animals, leading to them to death in less than 12
hours. Samet et al [51] reports that direct translocation of intestinal E. coli into the blood results in
bacteremia. Kuo et al. [52] in their study using EspP, a serine protease produced by EHEC O157: H7, show
that EspP alters hemostasis in vitro by decreasing the activities of coagulation factors V, VII, VIII and XII,
and prothrombin, reducing the strength of clot and accelerating fibrinolysis.

During sepsis, coagulation activation is an integral part of the host's response to pathogen
invasion, as well as the inflammatory response, leading to disseminated intravascular coagulation (DIC)
[53-56].

The main pathophysiological mechanisms of CID are activation initiated by inflammatory
cytokines dependent on tissue factor coagulation, insufficient control of anticoagulant pathways, and
suppression of fibrinolysis mediated by inhibitor 1 of the plasminogen activator inhibitor [57]. Therefore,
coagulation, fibrinolysis, calcicrein-kinin system, complement pathways and inflammatory processes are
under intense regulation [58,59].

It should be noted that the Pic protein induces the generation of plasmin and that both have
direct action in the complement system and in the blood coagulation cascade. We therefore conclude that
the Pic protein was able to bind to several extracellular matrix components, such as laminin, plasma
fibronectin and type I and IV collagens, and could therefore contribute to the infectious process in the host
and that Pic was unable to to bind or even to cleave the fibrinogen, a component of the coagulation cascade,
but was able to cleave the plasminogen in turn bound to Pic is converted into its active form, plasmin, in
the presence of the exogenous activator uPA. Thus, the generation of plasmin may intensify the cleavage
of components of the complement system, in addition to resulting in aggravation of many clinical
manifestations of disseminated intravascular coagulation, as well as intensify the process of sepsis mediated
by the Pic protein.



34

Referencias

10-

11-

13-

14-

15-

Croxen M A, Law R.J., Scholz R, Keeney K M, Wlodarska M, Finlay B B (2013) Recent advances
in understanding enteric pathogenic Escherichia coli. Clin. Microbiol. Rev. 26, 822-880. .
http://dx.doi.org/10.1128/cmr.00022-13

Gomes T A., Elias W P., Scaletsky I C., Guth B E., Rodrigues J F., Piazza R M., Martinez M B
(2016) Diarrheagenic Escherichia coli. Brazilian journal of microbiology : [publication of the
Brazilian Society for ~ Microbiology], 47 Suppl 1(Suppl 1), 3-30.
http://dx.doi.org/10.1016/j.bjm.2016.10.015.

Yen Y T., Kostakioti M, Henderson I R, Stathopoulos C (2008). Common themes and variations
in serine protease autotransporters. Trends Microbiol. 16:370-379.
http://dx.doi.org/10.1016/j.tim.2008.05.003.

Ruiz-Perez F. & Nataro. (2014) Bacterial serine proteases secreted by the autotransporter
pathway: classification, specificity, and role in virulence .J.P. Cell. Mol. Life Sci. 71: 745.
https://doi.org/10.1007/s00018-013-1355-8

Rajakumar K, Sasakawa C, Adle B (1997) Use of a novel approach, termed island probing,
identifies the Shigella flexneri she pathogenicity island which encodes a homolog of the
immunoglobulin A protease-like family of proteins. Infection and immunity, 65(11), 4606-4614.
Henderson I R, Czeczulin J, Eslava C, Noriega F, & Nataro J P (1999) Characterization of pic, a
secreted protease of Shigella flexneri and enteroaggregative Escherichia coli. Infection and
immunity, 67(11), 5587-5596.

Bhullar K, Zarepour M., Yu H., Yang H., Croxen M., Stahl M, Vallance B A (2015) The Serine
Protease Autotransporter Pic Modulates Citrobacter rodentium Pathogenesis and Its Innate
Recognition by the  Host.  Infection and  immunity, 83(7),  2636-2650.
http://dx.doi.org/10.1128/iai.00025-15

Dutta P R, Cappello R, Navarro-Garcia F, Nataro J P (2002) Functional comparison of serine
protease autotransporters of enterobacteriaceae. Infection and immunity, 70(12), 7105-7113.
http://dx.doi.org/10.1128/iai.70.12.7105-7113.2002.

Parham N J, Srinivasan U ,Desvaux M, Foxman B, Marrs C F,Henderson I R (2004) PicU, a
second serine protease autotransporter of uropathogenic Escherichia coli. FEMS Microbiology
Letters, 230: 73-83. http://dx.doi.org/10.1016/s0378-1097(03)00862-0.

Gutiérrez-Jiménez J, Arciniega I, Navarro-Garcia F (2008) The serine protease motif of Pic
mediates a dose-dependent mucolytic activity after binding to sugar constituents of the mucin
substrate. Microb Pathog, 45:115-23; http://dx.doi.org/10.1016/j.micpath.2008.04.006

RuizPerez F, Wahid R, Faherty CS, Kolappaswamy K, Rodriguez L, Santiago A,
Murphy E, CrossA, Sztein MB, Nataro JP (2011) Serine protease autotransporters from Shigella
flexneri and pathogenic Escherichia coli target a broad range of leukocyte glycoproteins. Proc Natl
Acad Sci USA, 108:12881-6; http://dx.doi.org/10.1073/pnas.1101006108

Abreu A G, Abe C M, Nunes K O, Moraes C T, Chavez-Duenas L, Navarro-Garcia F, Elias W P
(2016) The serine protease Pic as a virulence factor of atypical enteropathogenic Escherichia
coli. Gut microbes, 7(2), 115-125. http://dx.doi.org/10.1080/19490976.2015.136775.

Harrington S M, Sheikh J, Henderson I R, Ruiz-Perez F, Cohen P S, & Nataro J P (2009) The Pic
protease of enteroaggregative Escherichia coli promotes intestinal colonization and growth in the
presence of mucin. Infection and immunity, 77(6), 2465-2473.
http://dx.doi.org/10.1128/iai.01494-08.

Munera D, Ritchie JM, Hatzios SK, Bronson R, Fang G, Schadt EE, Davis BM, Waldor
MK.(2014) Autotransporters but not pAA are critical for rabbit colonization by Shiga toxin-
producing Escherichia coli 0104:H4. Nat Commun; 5:3080;
http://dx.doi.org/10.1038/ncomms4080

Navarro-Garcia F, Gutierrez-Jimenez J, Garcia-Tovar C, Castro L A, Salazar-Gonzalez H, &
Cordova V (2010) Pic, an autotransporter protein secreted by different pathogens in the
Enterobacteriaceae family, is a potent mucus secretagogue. Infection and immunity, 78(10), 4101—
4109. http://dx.doi.org/10.1128/iai.00523-10.




16-

17-

18-

19-

20-

21-

23-

24-

25-

26-

27-

28-

29-

31-

32-

33-

34-

35

Abreu AG, Fraga TR, Martinez APG, Kondo MY, Juliano MA, Juliano L, Navarro-Garcia F, Isaac
L, Barbosa AS, Elias WP (2015)The serine protease Pic from enteroaggregative Escherichia coli
mediates immune evasion by the direct cleavage of complement proteins. J Infect Dis; 212:106-
15; PMID:25583166; http://dx.doi.org/10.1093/infdis/jiv013

Westerlund B, & Korhonen T K (1993) Bacterial proteins binding to the mammalian extracellular-
matrix.  Molecular ~ Microbiology, 9,  687-694.  http://dx.doi.org/10.1111/j.1365-
2958.1993.tb01729.x.

Walia B, Castaneda F E, Wang L, Kolachala V L, Bajaj R, Roman, J., ... Sitaraman, S. V. (2004).
Polarized fibronectin secretion induced by adenosine regulates bacterial-epithelial interaction in
human intestinal epithelial cells. The Biochemical journal, 382(Pt 2), 589-596.
http://dx.doi.org/10.1042/bj20040021

Konkel M E. et al. (2005) Identification and molecular cloning of a gene encoding a fibronectin-
binding protein (CadF) from Campylobacter jejuni. Molecular Microbiology, v. 24, p.953-963.
http://dx.doi.org/10.1046/j.1365-2958.1997.4031771.x

Yaiez D., Izquierdo M, Ruiz-Perez F, Nataro J P, Girén J A, Vidal R M & Farfan M J (2016) The
Role of Fibronectin in the Adherence and Inflammatory Response Induced by
Enteroaggregative Escherichia coli on Epithelial Cells. Frontiers in cellular and infection
microbiology, 6, 166. http://dx.doi.org/10.3389/fcimb.2016.00166.

Franco R F (2001). Fisiologia da coagulagdo, anticoagulacdo e fibrinélise. Medicina (Ribeirdo
Preto).34(3/4):229-3.

Bajzar L (2000) Thrombin activatable fibrinolysis inhibitor and na antifibrinolytic pathway.
Arterioscler Thromb Vasc Biol 20: 2511- 518. http:// dx.doi.org/ 10.1161/01.ATV.20.12.2511.
Rodrigues E S, Castilho-Fernandes A, Covas D T, & Fontes A M (2012) Novos conceitos sobre a
fisiologia da hemostasia. Revista da Universidade Vale do Rio Verde, 10( 1), 218-233.
http://dx.doi.org/10.5892/ruvrv.2012.101.218233.

Laemmli U K (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature, v.227, p.680-685

Cameron C E (2003) Identification of a Treponema pallidum Laminin-Binding Protein. Infection
And Immunity, [s.L.], v. 71, n. 5, p.2525-2533. American Society for Microbiology.
http://dx.doi.org/10.1128/iai.71.5.2525-2533.2003.

Armstrong P B (2006). Proteases and protease inhibitors: a balance of activities in host—pathogen
interaction. Immunobiology, [s.l.], v. 211, n. 4, p.263-281,. Elsevier BV.
hpp://dx.doi.org/10.1016/j.imbio.2006.01.002.

Singh B et al.(2012) Human pathogens utilize host extracellular matrix proteins laminin and
collagen for adhesion and invasion of the host. Fems Microbiology Reviews, [s.l.], v. 36, n. 6,
p.1122-1180.  Oxford  University = Press  (OUP).  http://dx.doi.org/10.1111/j.1574-
6976.2012.00340.x.

Bergmann S & Hammerschmidt S (2007) Fibrinolysis and host response in bacterial
infections. Thrombosis and haemostasis, v. 98, n 3, p 512-20, 2007.

Bhattacharya S, Ploplis V A, CASTELLINO F J (2012) Bacterial Plasminogen Receptors Utilize
Host Plasminogen System for Effective Invasion and Dissemination. Journal Of Biomedicine And
Biotechnology, [s.1.], p.1-19, Hindawi Limited. http://dx.doi.org/10.1155/2012/482096

Nomura M (2012) Plasminogen Activation by Lactic Acid Bacteria. Bioscience, Biotechnology,
And Biochemistry, [s.l], v. 76, n. 8, p.1459-1462, Informa UK Limited.
http://dx.doi.org/10.1271/bbb.120121.

Widgerow A D (2011) Cellular/extracellular matrix cross-talk in scar evolution and control.
Wound Repair And Regeneration, [s.l.], v. 19, n. 2, p.117-133. Wiley.
http://dx.doi.org/10.1111/j.1524-475x.2010.00662.x.

Farfan M J; Inman K G, NATARO J P (2008) The Major Pilin Subunit of the AAF/II Fimbriae
from Enteroaggregative Escherichia coli Mediates Binding to Extracellular Matrix Proteins.
Infection And Immunity, [s.1.], v. 76, n. 10, p.4378-4384. http://dx.doi.org/10.1128/iai.00439-08.
Konar M et al.(2012) Identification of key proteins of cultured human intestinal cells involved in
interaction with enteroaggregativeEscherichia coli. Fems Immunology & Medical Microbiology,
[s.L.], v. 66, n. 2, p.177-190. Oxford University Press (OUP). http://dx.doi.org/10.1111/j.1574-
695x.2012.00998..x.

Izquierdo M et al. (2014) Participation of Integrina581 in the Fibronectin-Mediated Adherence of
EnteroaggregativeEscherichia colito Intestinal Cells. Biomed Research International, [s.L].
Hindawi Limited. http://dx.doi.org/10.1155/2014/781246.




35-

36-

37-

38-

39-

40-

41-

43-

44-

45-

46-

47-

48-

49-

50-
51-

52-

53-

36

Dorsey, CW. et al. (2005) Salmonella enterica serotype Typhimurium MisL is an intestinal
colonization factor that binds fibronectin. Molecular Microbiology, v. 57, p.196-211.
http://dx.doi.org/10.1111/j.1365-2958.2005.04666.x

Ferreira C N et al. (2010) O novo modelo da cascata de coagulacdo baseado nas superficies
celulares e suas implicagdes. Revista Brasileira de Hematologia e Hemoterapia, [s.l.], v. 32, n. 5,
p-416-421. Elsevier BV. http://dx.doi.org/10.1590/s1516-84842010000500016.

Zhang Y, Cui J, Zhang R, Wang Y, Hong M (2007) A novel fibrinolytic serine protease from the
polychaete Nereis (Neanthes) virens (Sars): Purification and characterization. Biochimie, v. 89, p.
93e103.

Collen D, Lijnen H R (2004) Tissue-type plasminogen activator: a historical perspective and
personal account. Journal of Thrombosis and Haemostasis, v. 2, p. 541-546.

Dobrovolsky A B, Titaeva E V (2002) The fibrinolysis system: regulation of activity and
physiologic functions of its main components. Biochemistry (Mosc). 99—108

Rijken D C & Sakharov D V (2001) Basic principles in thrombolysis: Regulatory role of
plasminogen. Thrombosis Research, , [s.1.], v 103, n 1, pS41-S49. https://doi.org/10.1016/S0049-
3848(01)00296-1

Coleman JL, Benach JL (1999) Use of the plasminogen activation system by microorganisms.
Journal of Laboratory and Clinical Medicine. 134(6):567-576.

Raymond B B, Djordjevic S (2015). Exploitation of plasmin(ogen) by bacterial pathogens of
veterinary significance. Veterinary Microbiology, [s.l.], v. 178, n. 1-2, p.1-13. Elsevier BV.
http://dx.doi.org/10.1016/j.vetmic.2015.04.008.

Castiblanco-Valencia M M. et al. (2016) Acquisition of negative complement regulators by the
saprophyte Leptospira biflexa expressing LigA or LigB confers enhanced survival in human
serum. Immunology Letters, [s.1.], V. 173, p-61-68. Elsevier BV.
http://dx.doi.org/10.1016/j.imlet.2016.03.005.

Lihteenmiki K, Kukkonen M, Korhonen T K (2001) The Pla surface protease/adhesin of Yersinia
pestis mediates bacterial invasion into human endothelial cells. Febs Letters, [s.l.], v. 504, n. 1-2,
p-69-72. Wiley. http://dx.doi.org/10.1016/s0014-5793(01)02775-2.

Gebbia J A. et al. (1999) The plasminogen activation system enhances brain and heart invasion in
murine relapsing fever borreliosis. Journal Of Clinical Investigation, [s.l.], v. 103, n. 1, p.81-87.
American Society for Clinical Investigation. http://dx.doi.org/10.1172/jci5171.

Li Z et al.(1999) Interaction between Group A Streptococci and the Plasmin(ogen) System
Promotes Virulence in a Mouse Skin Infection Model. The Journal Of Infectious Diseases, [s.1.],
v. 179, n. 4, p.907-914. Oxford University Press (OUP). http://dx.doi.org/10.1086/314654
Goguen J D, Bugge T, Degen J L (2000) Role of the Pleiotropic Effects of Plasminogen Deficiency
in Infection Experiments with PlasminogenDeficient Mice. Methods, [s.1.], v. 21, n. 2, p.179-183.
Elsevier BV. http://dx.doi.org/10.1006/meth.2000.0989.

Vieira M L et al.(2009) Plasminogen Acquisition and Activation at the Surface of Leptospira
Species Lead to Fibronectin Degradation. Infection And Immunity, [s.1.], v. 77, n. 9, p.4092-4101.
American Society for Microbiology. http://dx.doi.org/10.1128/iai.00353-09.

Wolff DG, Castiblanco-Valencia MM, Abe CM, Monaris D, Morais ZM, Souza GO, et al. (2013)
Interaction of Leptospira Elongation Factor Tu with Plasminogen and Complement Factor H: A
Metabolic Leptospiral Protein with Moonlighting Activities. PLoS ONE v 8, nl1,p e81818.
https://doi.org/10.1371/journal.pone.0081818

Guyton A C, Hall JE (2006) Tratado de Fisiologia Médica. 11? ed. Rio de Janeiro, Elsevier Ed.
Samet A et al. (2013)Leukemia and risk of recurrent Escherichia coli bacteremia: genotyping
implicates E. coli translocation from the colon to the bloodstream. European Journal Of Clinical
Microbiology & Infectious Diseases, [s.l.], v. 32, n. 11, p.1393-1400. Springer Nature.
http://dx.doi.org/10.1007/s10096-013-1886-9.

Kuo K H M et al. (2016) EspP, an Extracellular Serine Protease from Enterohemorrhagic E. coli,
Reduces Coagulation Factor Activities, Reduces Clot Strength, and Promotes Clot Lysis. Plos
One, [s.l.], v. 11, n. 3, p.0149830- 0149835. Public Library of Science (PLoS).
http://dx.doi.org/10.1371/journal.pone.0149830.

Ferasatkish R, Naddafnia H, Alavi SM, Naseri MH. (2007) Diagnosis and treatment of
disseminated intravascular coagulation: a case report. Archlran Med, 10, 404-8.
http://dx.doi.org/07103/AIM.0025.

Parker R I (2013) Coagulopathies in the PICU. Critical Care Clinics, [s.l.], v. 29, n. 2, p.319-333.
Elsevier BV. http://dx.doi.org/10.1016/j.ccc.2012.12.003.




55

56-

57-

58-

59-

37

Jaeschke R, Webb S A, Annane D, Dellinger RP (2013) The authors reply. Crit Care Med.
41(10):e289-90.http://dx.doi.org/10.1097/CCM.0b013e3182a42¢78.

Koga T et al.(2011) Successful treatment of sepsis-induced disseminated intravascular coagulation
in a patient with idiopathic thrombocytopenic purpura using recombinant human soluble
thrombomodulin. Rheumatology International, [s.l.], v. 31, n. 12, p.1657-1659. Springer Nature.
http://dx.doi.org/10.1007/s00296-010-1754-1.

Gando S, Levi M, Toh CHT (2016) Disseminated intravascular coagulation. Nature Reviews
Disease Primers, [s.1.], v. 2, p.16037. Springer Nature. http://dx.doi.org/10.1038/nrdp.2016.37.
Rahman S, Cichon M, Hoppensteadt D, Cunanan J, Jeske W, Thethi I et al. (2011) Upregulation
of microparticles in DIC and its impact on inflammatory processes. Clin Appl Thromb Hemost,
17:E202—4. http://dx.doi.org/ 10.1177/1076029610397181.

Levi M, Poll TVD (2012) Disseminated intravascular coagulation: a review for the internist.
Internal And Emergency Medicine, [s.L.], v. 8, n. 1, p.23-32. Springer Nature.
http://dx.doi.org/10.1007/s11739-012-0859-9.



38

Figures and captions

0.6 -
*
o -
*
E 0.4- Bl HB101/Pic
c
o~ HB101
>
(/2]
Ne] .
S 02
L1m2 17 % % -V
\
%?’ o\\\ 0 \00 .\o‘b
@ Q \\Q \(\ 0‘
O o @6\ 00
(\o Q,° v Q

'Qe o\o

o\"’ (@)

o

Figure 1: Pic binding assay with extracellular matrix molecules.

Concentrated fractions of HB101 / Pic and HB101 culture supernatants were incubated with collagens type
I and IV, laminin, plasma fibronectin and decorin for 1:30 h. The interaction of Pic with the ECM
components was evaluated using anti-Pic antibody. BSA (bovine serum albumin).

* p <0.05 when comparing the concentrated fractions of the Pic-containing culture supernatants with the
concentrated fractions of the culture supernatants without Pic.



39

0.8 -
0.6 - >
£ Bl HB101/Pic
[
N HB101
2 0.4-
(/)
0
<
0.2 -
olmz B i,% m? W7
O . >
6?' S ] (\\0 \(‘0 ‘ (\0
? & % o' ?
o @0 Q\ &
& o) 2
((\\ o \
o2 & ‘bQ
N Q'{o N
00
Q
‘O
<

Figure 2: Pic binding assay with coagulation cascade molecules.

Concentrated fractions of the concentrated fractions of HB101 / Pic and HB101 culture supernatants were
incubated with plasminogen, fibrinogen and fibrin for 1:30 h. The interaction of Pic with the ECM
components was evaluated using anti-Pic antibody. BSA (bovine serum albumin).

* p <0.05 when comparing concentrated fractions of the Pic-containing culture supernatants with the

concentrated fractions of the culture supernatants without Pic.
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Figure 3: Cleavage test of extracellular matrix components and blood coagulation cascade.

Concentrated fractions of HB101 / Pic culture supernatants were incubated with plasma fibronectin,

laminin, fibrinogen and plasminogen for 1, 4, or 18 h at 37 ° C. Cleavage products were visualized after

staining with Coomassie-blue. FP (plasma fibronectin), Lam (laminin), Fbn (fibrinogen), Plg

(plasminogen), Pic (protein involved in colonization), PBS
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Figure 4: Plasminogen-bound was developed in functionally active plasmin.

The concentrated culture fractions of HB101 / Pic and HB101 or BSA (10 pg / mL) in microtiter plates
were incubated with plasminogen (20 pg / mL). After washing, uPA (3U) and the chromogenic substrate
D-valyl-leucyl-lysine-y-nitroanilide dihydrochloride (25 pg / well) were the latter. The data represent the
mean absorbance value at 492 nm standard of three independent experiments, each performed in duplicate.
PLG (plasminogen), uPA (plasminogen activator type urokinase), PAI-1 (inhibitor of plasminogen
activator type 1) and Subst. (substrate).

*##%% p <0.001 when comparing the concentrated fractions of culture supernatants with Pic and concentrated

fractions of culture supernatants without Pic or BSA.
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5. CONSIDERACOES FINAIS

A proteina Pic desempenha um importe papel no processo infeccioso e manuten¢ao
da bactéria no hospedeiro uma vez que Pic rompe as barreiras de defesa do organismo
humano. Além da sua atuacao no sistema complemento, o capitulo I apresenta um estudo
in vitro em que se avaliou a acdo da serinoprotease Pic sobre componentes da matriz
extracelular e cascata de coagulagcdo sanguinea.

Foi observado que a proteina Pic foi capaz de se ligar a diversos componentes de
matriz extracelular e a mesma é capaz de clivar o plasminogénio, logo a plasmina gerada
parece potencializar a clivagem de componentes do sistema complemento.

As proximas etapas deste trabalho serdo avaliar de que forma a proteina Pic age
com a cascata de coagulacdo, investigando quais outras moléculas da cascata participam

do mecanismo.

6. CONCLUSAO

» A proteina Pic foi capaz de se ligar a diversos componentes de matriz extracelular,
a exemplo da laminina, fibronectina plasmatica e coldgenos do tipo I e IV, podendo,

portanto, contribuir para o processo infeccioso no hospedeiro.

» Pic nao foi capaz de se ligar e nem de clivar o fibrinogénio, componente da cascata

de coagulacdo, mas foi capaz de clivar o plasminogénio.

» Plasminogénio ligado a Pic € convertido em sua forma ativa, a plasmina, na
presenca do ativador exdgeno uPA. Desta forma, a geracdo de plasmina, pode
intensificar a clivagem de componentes do sistema complemento, além de resultar
em agravamento de muitas das manifestagdes clinicas da coagulagdo intravascular

disseminada, bem como intensificar o processo de sepse mediada pela proteina Pic.
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e Combination artwork should have a minimum resolution of 600 dpi.
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Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name,
author names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

1.1.4.2. Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf,
mts, m4v, 3gp

1.1.4.3. Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability.
A collection of figures may also be combined in a PDF file.

1.1.4.4. Spreadsheets
Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).
1.1.4.5. Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.
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1.1.4.6. Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.
1.1.4.7. Numbering

If supplying any supplementary material, the text must make specific mention of
the material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource
47,

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
1.1.4.8. Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

1.1.4.9. Processing of supplementary files

Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

1.1.4.10. Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second
(so that users prone to seizures caused by such effects are not put at risk)

1.1.5 ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member
of the Committee on Publication Ethics (COPE) the journal will follow the COPE
guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the
trust in the journal, the professionalism of scientific authorship, and ultimately the entire
scientific endeavour. Maintaining integrity of the research and its presentation is helped
by following the rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for
simultaneous consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work
concerns an expansion of previous work. (Please provide transparency on the
re-use of material to avoid the concerns about text-recycling (‘self-
plagiarism’).

A single study should not be split up into several parts to increase the quantity
of submissions and submitted to various journals or to one journal over time
(i.e. ‘salami-slicing/publishing’).
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Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is
intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication,
falsification or inappropriate data manipulation (including image based
manipulation). Authors should adhere to discipline-specific rules for acquiring,
selecting and processing data.

No data, text, or theories by others are presented as if they were the author’s
own (‘plagiarism’). Proper acknowledgements to other works must be given
(this includes material that is closely copied (near verbatim), summarized
and/or paraphrased), quotation marks (to indicate words taken from another
source) are used for verbatim copying of material, and permissions secured for
material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.
Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

Authors should avoid untrue statements about an entity (who can be an
individual person or a company) or descriptions of their behavior or actions
that could potentially be seen as personal attacks or allegations about that
person.

Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of
research). Examples include creation of harmful consequences of biological
agents or toxins, disruption of immunity of vaccines, unusual hazards in the
use of chemicals, weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding
Author, and the order of authors are all correct at submission. Adding and/or
deleting authors during the revision stages is generally not permitted, but in
some cases may be warranted. Reasons for changes in authorship should be
explained in detail. Please note that changes to authorship cannot be made
after acceptance of a manuscript.

Upon request authors should be prepared to send relevant documentation or data in order
to verify the validity of the results presented. This could be in the form of raw data,
samples, records, etc. Sensitive information in the form of confidential or proprietary data
is excluded.

*All of the above are guidelines and authors need to make sure to respect third parties
rights such as copyright and/or moral rights.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will
carry out an investigation following COPE guidelines. If, after investigation, there are
valid concerns, the author(s) concerned will be contacted under their given e-mail address
and given an opportunity to address the issue. Depending on the situation, this may result
in the Journal’s and/or Publisher’s implementation of the following measures, including,
but not limited to:

If the manuscript is still under consideration, it may be rejected and returned to
the author.

If the article has already been published online, depending on the nature and
severity of the infraction:
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- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur. The reason will be given in
the published erratum, expression of concern or retraction note. Please note that
retraction means that the article is maintained on the platform, watermarked
“retracted” and the explanation for the retraction is provided in a note linked to the
watermarked article.

The author’s institution may be informed
A notice of suspected transgression of ethical standards in the peer review
system may be included as part of the author’s and article’s bibliographic record.

1.1.5.1. Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal
and explain in what sense the error is impacting the article. A decision on how to correct
the literature will depend on the nature of the error. This may be a correction or retraction.
The retraction note should provide transparency which parts of the article are impacted
by the error.

1.1.5.2. Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors
should make sure they are totally independent and not connected to the work in any way.
It is strongly recommended to suggest a mix of reviewers from different countries and
different institutions. When suggesting reviewers, the Corresponding Author must
provide an institutional email address for each suggested reviewer, or, if this is not
possible to include other means of verifying the identity such as a link to a personal
homepage, a link to the publication record or a researcher or author ID in the submission
letter. Please note that the Journal may not use the suggestions, but suggestions are
appreciated and may help facilitate the peer review process.

1.1.6 COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles
of ethical and professional conduct have been followed, authors should include
information regarding sources of funding, potential conflicts of interest (financial or non-
financial), informed consent if the research involved human participants, and a statement
on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline.
Before submitting your article check the instructions following this section carefully.
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The corresponding author should be prepared to collect documentation of compliance
with ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure
to fulfill the above-mentioned guidelines.

1.1.7 DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential
influence or impart bias on the work. Although an author may not feel there is any
conflict, disclosure of relationships and interests provides a more complete and
transparent process, leading to an accurate and objective assessment of the work.
Awareness of a real or perceived conflicts of interest is a perspective to which the readers
are entitled. This is not meant to imply that a financial relationship with an organization
that sponsored the research or compensation received for consultancy work is
inappropriate. Examples of potential conflicts of interests that are directly or indirectly
related to the research may include but are not limited to the following:

o Research grants from funding agencies (please give the research funder and
the grant number)

e Honoraria for speaking at symposia

o Financial support for attending symposia

o Financial support for educational programs
o Employment or consultation

e Support from a project sponsor

e Position on advisory board or board of directors or other type of management
relationships

e Multiple affiliations

o Financial relationships, for example equity ownership or investment interest

o Intellectual property rights (e.g. patents, copyrights and royalties from such
rights)

o Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but
are not limited to personal relationships or competing interests directly or indirectly tied
to this research, or professional interests or personal beliefs that may influence your
research.

The corresponding author collects the conflict of interest disclosure forms from all
authors. In author collaborations where formal agreements for representation allow it, it
is sufficient for the corresponding author to sign the disclosure form on behalf of all
authors. Examples of forms can be found

e here:
The corresponding author will include a summary statement in the text of the manuscript
in a separate section before the reference list, that reflects what is recorded in the potential
conflict of interest disclosure form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).
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Conflict of Interest: Author A has received research grants from Company A. Author B
has received a speaker honorarium from Company X and owns stock in Company Y.
Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.
RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a
statement that the studies have been approved by the appropriate institutional and/or
national research ethics committee and have been performed in accordance with the
ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki
Declaration or comparable standards, the authors must explain the reasons for their
approach, and demonstrate that the independent ethics committee or institutional review
board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References section:
Ethical approval: “All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.”

Ethical approval retrospective studies

Although retrospective studies are conducted on already available data or biological
material (for which formal consent may not be needed or is difficult to obtain) ethical
approval may be required dependent on the law and the national ethical guidelines of a
country. Authors should check with their institution to make sure they are complying with
the specific requirements of their country.

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments
on animals, authors should indicate whether the international, national, and/or
institutional guidelines for the care and use of animals have been followed, and that the
studies have been approved by a research ethics committee at the institution or practice
at which the studies were conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before
the References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines
for the care and use of animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies
involving animals were in accordance with the ethical standards of the institution or
practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the authors,
please select one of the following statements:

“This article does not contain any studies with human participants performed by any of
the authors.”

“This article does not contain any studies with animals performed by any of the authors.”



63

“This article does not contain any studies with human participants or animals performed
by any of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants
in studies have, for example, the right to decide what happens to the (identifiable)
personal data gathered, to what they have said during a study or an interview, as well as
to any photograph that was taken. Hence it is important that all participants gave their
informed consent in writing prior to inclusion in the study. Identifying details (names,
dates of birth, identity numbers and other information) of the participants that were
studied should not be published in written descriptions, photographs, and genetic profiles
unless the information is essential for scientific purposes and the participant (or parent or
guardian if the participant is incapable) gave written informed consent for publication.
Complete anonymity is difficult to achieve in some cases, and informed consent should
be obtained if there is any doubt. For example, masking the eye region in photographs of
participants is inadequate protection of anonymity. If identifying characteristics are
altered to protect anonymity, such as in genetic profiles, authors should provide assurance
that alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants
included in the study.”

If identifying information about participants is available in the article, the following
statement should be included:

“Additional informed consent was obtained from all individual participants for whom
identifying information is included in this article.”

1.1.8 ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you
need to ensure the English language is of sufficient quality to be understood. If you need
help with writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript
for clarity.
Visiting the English language tutorial which covers the common mistakes when
writing in English.
Using a professional language editing service where editors will improve the
English to ensure that your meaning is clear and identify problems that require
your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to a
10% discount on their first submission to either of these services, simply follow
the links below.
o English language tutorial
o Nature Research Editing Service
e American Journal Experts
Please note that the use of a language editing service is not a requirement for publication
in this journal and does not imply or guarantee that the article will be selected for peer
review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and
formal style before publication.



