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Fatores de viruléncia = fatores que aumentam a habilidade de uma
bactéria em causar doenca.

Podem estar relacionados com:
1. Estruturas de evasao
2. Liberagao de toxinas
3. agentes estimuladores de resposta imune
4. Destruicao direta dos tecidos

5. produtos do metabolismo e estruturas de capitacao de nutrientes

Uma doencga infecciosa bacteriana € uma combinac¢ao entre o dano causado pela bactéria e das consequéncias das respostas
inatas e imune a infec¢ao



-Como as bactérias podem cruzar as
barreiras do corpo?

-Qual o efeito disso para nossa saude?




Ilhas de patogenicidade = regides cromossdmicas que
contém conjunto de genes que codificam diversos
fatores de viruléncia

Geralmente é um transposon inserido no cromossomo
ou um plasmideo

Os genes sao ativos por um determinado estimulo, como por
exemplo pH
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1. Mecanismos de evasao



Estratégias de evasao bacteriana das defesas naturais, nao
adaptativas
- Matar os fagocitos ou sobreviver a fagocitose
- Interferir na acao ciliar
- Interferir na ativacao do complemento
- Evitar o reconhecimento do sistema imune

- Clivagem do peroxido de hidrogénio e peptideos antimicrobianos



Alteracao do citoesqueleto

Produc¢ao de proteinas chamadas de invasinas. Ex. Salmonella typhimurium

= L. pneumophila
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Como evitar a fagocitose?

otganism (0 g. staphylococc) produces

taman, ogm kdod a protenn (e.g. proten A) whach prevents

by 10N INtEracton beatween opsonizing antdody and
phagocyte, SO preventng phagocylos:s

OCQANSM 03COp0S Trom the phagolySosomo
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Componentes da parede celular que auxiliam na adesao e invasao

- Proteinas ou outras substancias quimicas: proteina M em Streptococcus pyogenes —impedem a acao da fagocitose
destruindo Convertase C3 produzida pelos gldbulos brancos. Assim como as proteinas L auxiliam no adesao.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

E%‘J i\é— M protein

= Group carbohydrate
D

Hyaluronic Lipoteichoic acid
acid capsule @
Peptidoglycan — S %

e
Cytoplasmic <
membrane

vvvvvvvvvvvvvv
v

Protein G

Protein F

Streptococci



\) Early Endosomes

Early Phogosome \/-)
\‘) Late Endosomes

M.,gm,.\_)J o \\

~/ Antigen loading

00 “ Legionell
\‘D Coxiella ‘ h -~ Fﬁl:?:e :ltplltalive vacuole

- Phagolysosome-like compartment P
‘with Iinks to autophagic pathway

- g wa¥ "*\

— ‘ Riodococeus
Yersinia pestis - Reduce acidification and
- Block acidification? = block lysosome fusion?
%k B)7 o “‘)

and prevent acidification

Streptococcus pyogenes & ’
- Aveid lysosome fusion (/ Leiskmania

= Aveid lysosome fusion

(’ S Bartonela
@ Delay lysssomal fusion?
: V/

- '> N ——

4

L%@

/

Oo«ldlolda
= Avoid lysosome fusion?

Aspergillus
- Suppress lysosomal fusion

|} =
o
Streptococcus agalactiae
- Well adapted to acidic conditions S—

(Genitourinary tract)

) \) - Still recoverable after 24 hours
- SodA /s id pigment/gl

Helicobacter pylori

- Adapted for acidic conditions
Blastomyces

(Stomach)
- Induce phagosome fusion to

- Able to survive in macrophages
- Reduce NO production

create megasomes
- Catalase/urease/SodB/RocF

=N ‘ — TN
\
\_ﬂ Toxoplasma
Shigella \ - Non-fusogenic PV
- Permeabilise phagosome 3 - Calcium/NO
- Actin comet tails to forceinto. regulated egress

neighboring cells or extracellular "

Rickettsia
- Permeabilise phagosome
Listeria - Actin tail motility and escape

- Rupture early
Trypanosoma ' - Actin pmpulslon o
- Lysosomal and autophagosome escape/lateral transfer,
derived membrane PV BN
- phagosome exit by Tc-TOX J

l-‘mncisoe"a

- Escape to cytosol
- Enter autophagy
pathway or induce
pyroptosis

Burkholderia
- Escape to cytosol
- Induce formation of MNGCs

Candida albicans
- Escape via hyphal growth
- Escape by non-lytic expulsion

Cryptococcus
- Vomocytosis



Nﬁstefn‘a monacytogenes
( Y )
\ -

‘ [’\% ‘ D | .
: : Phagosome
=
Lysis of
phagosome
and replication
in cytosol

https://youtu.be/4)WpG8XPku4

F-actin

Lysis of vacuole

)

Copyright © 2006 Nature Publishing Group
Nature Reviews | Microbiology




NADPH
oxidase

V-ATPase M

Nascent
(Z T JADP H* phagosome

AT 1 MPteA —> 1)
SapM
<— MptpB PI(4,5)P.
MptpA s : Pla(tP =
;"":’JB O PI34S5P,
- x’/ £ " ® PBP
MptpA —> 1) arly phagosome ® PSP,
<— MptpB e« Rab5
EEA1
MptpA <_> Rab7
MptpB
PP » A\ J  V-ATPase
Late phagosome
{ @ Proteases
- =  vps3a3B

¥ Actin polymerization
¥ Actin depolymerization

Lipid bodies
Phagolysosome

Pathogenic pknG mutant
mycobacteria mycobacteria

N\ )
% B et \\\:\‘7
o= ™ P )

N——

Apoptosis Cholesterol

Mycobacterlla-)'-i- ——
phagospme’.‘-.] . .

~>~._ Phagosomal
N\ Vvacuole






Interferéncia na ac¢ao ciliar por Bordetella

P B el e B

Normal ciliary
movement
A

1. Inhalation of aerosol droplets
containing B. pertussis

Respiratory tract lumen

Ciliary stasis
A

2. Bacterial attachment to
ciliated airway epithelium
and production of toxins
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3. Bacterial multiplication, influx of
neutrophils, damage to ciliated
epithelium by TCT and LPS,
mucus hypersecretion

Multiple effects on immune cells




Interferéncia na ativacao do complemento

1 — presenca de capsula previne a 1
ativacao;

complement
(no activation)

2 — configuracao da superficie bacteriana
evitando que receptores celulares nao

tenham acesso a C3b;
cell wall

3- estruturas superficiais podem ser

expressas e divergem da anexac¢ao do
complexo litico da membrana celular

4- proteases ligadas a membrana
degradam o complemento

5- a superficie bacteriana pode

degradation shedding

by enzyme ‘

apresentar inibidores da ativacao do

complemento Regulation of

complement activation
6- inibidores diretos das convertases C3 e
C5 blogueando a ativacao do
complemento
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* Inhibition
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Evitar o reconhecimento pelo constituintes celulares e humorais do
sistema imune

Parede celular micobacterina
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Evitar o reconhecimento pelo constituintes celulares e humorais do
sistema imune

Presenca de coagulase — Staphylococcus aureus

Patégenos Coagulase Coagulo sangiineo Estreptoquinase

1. Patdégenos produzem coagulase 2. Forma-se um coagulo sangiiineo 3. Patégenos produzem estreptoquinase,
ao redor dos patdégenos ocorrendo a dissolugdo do
coaaulo e liberando ae hartédriae



Evitar o reconhecimento pelo constituintes celulares e humorais do
sistema imune

. SSL10 ’&Q
Invasiveness f * 2 oo

7 N\

W)
Prothrombin Thrombin Staphylothrombin Prothrombin

\/
Fbrinager /\

FRrNCpERI: m‘o Fibrin dimer

* Hyaluronidase

* Coagulase

* Streptokinase
(dissolves Clots’

Agglutinated S. aureus
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Evitar o reconhecimento pelo constituintes celulares e humorais do
sistema imune

Thick, dehydrated, and immobile
mucus layer

. Impaired mucociliary clearance

Mucus adheres to the epithelial
lining of the pulmonary tissue

® ] e

Colonization Development Microbial

of pulmonary of biofilm proliferation
tissue by colonies leads to

Pseudomonas acute pulmonary

aeruginosa exacerbations



Destruicao do peroxido de hidrogénio e outros componentes
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Estratégias para evasao de defesas adaptativas

1- Mascaramento de antigenos
2- variacao antigénica

3- imunossupressao



Mascaramento de antigenos

Estratégia adotada para microrganismos intracelulares

Colonizacao de “locais privilegiados”, como sistema nervoso central, articulagoes, testiculos e placenta,
ou mesmo aquele gerados pelo proprio microrganismo

Mimetizar antigenos do hospedeiro
Absor¢ao de antigenos

Imunomodulagodes: -
Perturbagdes no equilibrio das respostas imunoldgicas

producao de grande quantidade de antigeno
producao de antigenos com receptores Fc (ndao desencadeia atividade)

indugao de células T reguladoras



Phagosome

Antigen

Bacteria :
presentation

Non-pathogenic bacteria M. tuberculosis infection



Imunomodulacao: Bordetella pertussis
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Variag¢ao antigénica

Algumas bactérias podem alterar seus antigenos de superficie escapando dos anticorpos produzidos
pelo hospedeiro. Neisseria gonorrhoeae

immune immune immune
response response response
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Utilizando os nutrientes do hospedeiro

Iron thievery
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Toxinas e consequéncias patologicas das infeccoes
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Toxinas

]
Sao produtos bacterianos que danificam & i B. C.
diretamente o tecido ou promovem MEMBRANESMATRICESS STNTHESIS | MESSENGER PATHWAYS

atividades biologicas destrutivas
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Enzimas como toxinas

Enzimas podem digerir o material entre as células e induzir a formacao ou a degradacao de
coagulos

-coagulases — enzimas bacterianas que coagulam o fibrinogénio no sangue. Comum em Staphylococcus
-quinases — degradam fibrina e digerem coagulos. Ex. fibronolisina (estreptocinase)
- Hilaronidase — hidrolisa acido hialuronico de tecidos conectivos. Tem papel na necrose de ferimentos.

- Colagenase — hidrolisa colageno de tecidos conectivos de musculos — ocasiona gangrena gasoso. Comum em
Chostridium

- Proteases IgA — hidrolisam anticorpos. Enzima produzida por N. gonorrhoeae



Destruicao dos tecidos

Produtos provenientes do metabolismo da bactéria

Enzimas degradativas

Clostridium perfringens

N-domain: Active demain

(1-250 residues) \

Active site cleft————%

C-domain; Binding domain
(251-370 residues)

Cleavage of

Phosphosylcholine . phosphatidylcholine
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Tipos de toxinas

Toxina pré-formada — toxinas presentes nos alimentos antes da ingestao

Exotoxinas — proteinas que podem ser produzidas pelas bactérias Gram positivas e Gram negativas que

matam ou alteram uma funcao de uma célula hospedeira.

Endotoxinas — componentes da parede celular bacteriana Gram negativa (lipopolissacaridio, LPS) que
causam uma reacao imune extremamente potente, podendo levar ao choque

Cell wall

0¥ 9
o
2 o

(a) Exotoxins are proteins
produced inside pathogenic
bacteria, most commonly
gram-positive bacteria, as part of
their growth and metabolism. The
exotoxins are then secreted or
released into the surrounding
medium following lysis.

Copynght © 2010 Pearson Education, Inc

Endotoxin

>

(b) Endotoxins are the lipid portions of
lipopolysaccharides (LPSs) that are part
of the outer membrane of the cell wall

of gram-negative bacteria (lipid A; see
Figure 4.13c). The endotoxins are
liberated when the bacteria die and the
cell wall breaks apart.

Key Concept

Toxins are of two general
types: exotoxins and
endotoxins.



Exotoxinas

Hemolisina de Streptococcus

-Geralmente presentes em plasmideos

-podem atuar localmente ou em locais distantes da infeccao

Prototypical
[-barrel PFT
(c--hemolysin)

-pode ser uma toxina pré-formada

Toxinas citoliticas:
Toxina a de Clostridium perfringes (fosfolipase C)
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Hydrophobic Unstable host Cell lysis, death

bonds cell membrane

(b)



molecule

MHC class I

Expansion of blisters by ETs.

Toxinas - Staphylococcus aureus

S. aureus adhere to the epidermis and then penetrate

through neutrophil-created intercellular gap

between superfical keratinocytes.
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Toxinas diméricas com subunidades A-B

B subunit
cell binding
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Toxina botulinica e tetanica

Neuromuscular junction

Axon terminal

Muscle cell

Synaptic

Muscle cell
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Synaptic

transmitter release
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: )

Action of
botulinum neurotoxins

neurotoxin

cleaves
SNARE
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#% neurotoxin
¥ receptor

Mechanism of Action
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FIGURE 1
Opisthotonus

of Tetanus Toxin
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Superantigenos

Sao moléculas que ativam as células T por ligarem simultaneamente a um receptor de célula T e a uma molécula do
MHC Il

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Helper T cell

Desencadeando a liberacao de uma grande
quantidade de interleucinas, principalmente IL-1

T-cell
receptor

Groove for
antigen

fragment Superantigen

MHC 11
protein

Antigen-presenting cell
(macrophage)






Table 15.2

Diseases Caused by Exotoxins

Disease

Botulism

Tetanus

Diphtheria

Scalded skin syndrome
Cholera

Traveler’s diarrhea

Anthrax

Gas gangrene and
food poisoning

Antibiotic-associated
diarrhea

Food poisoning

Toxic shock
syndrome (TSS)

Copynght © 2010 Pearson Education, Inc.

Clostridium botulinum

Clostridium tetani

Corynebacterium diphtheriae
Staphylococcus aureus
Vibrio cholerae
Enterotoxigenic Escherichia

coli and Shigella spp.

Bacillus anthracis

Clostridium perfringens
and other species
of Clostridium

Clostridium difficile

Staphylococcus aureus

Staphylococcus aureus

Type of Exotoxin
A-B

Membrane-disrupting

Membrane-disrupting

Superantigen

Superantigen

Neurotoxin prevents the transmission of nerve.
impulses; flaccid paralysis results.

Neurotoxin blocks nerve impulses to muscle
relaxation pathway; results in uncontrollable
muscle contractions.

Cytotoxin inhibits protein synthesis, especially
in nerve, heart, and kidney cells.

One exotoxin causes skin layers to separate
and slough off (scalded skin).

Enterotoxin causes secretion of large amounts
of fluids and electrolytes that result in diarrhea.

Enterotoxin causes secretion of large amounts
of fluids and electrolytes that result in diarrhea.

Two A components enter the cell via the same B.
The A proteins cause shock and reduce the
immune response.

One exotoxin (cytotoxin) causes massive red
blood cell destruction (hemolysis); another
exotoxin (enterotoxin) is related to food
poisoning and causes diarrhea.

Enterotoxin causes secretion of fluids and
electrolytes that results in diarrhea; cytotoxin
disrupts host cytoskeleton.

Enterotoxin causes secretion of fluids and
electrolytes that results in diarrhea.

Toxin causes secretion of fluids and electrolytes
from capillaries that decreases blood volume
and lowers blood pressure.



As proteinas secretadas pelas bactérias podem ser toxinas ou realizar a modula¢ao do sistema imune

Bacterial ATP

OO0 ‘ DOOOOO = | Block TTSS
assembly

Bacterial outer membrane

Toxin/Antitoxin =
Complex

Toxin

Active | Syringe-, pilus-
secretion | <& |ortubular-like
(#: structure

Host membrane

L Block host

l interaction

* * b | Block effector

l secretion

» Change signal transduction
« Affect actin cytoskeleton
» Induce inflammation

Nature Reviews | Drug Discovery



Sistema de secrecao do tipo lll

Host cell
membrane
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Endotoxinas

Endotoxinas sdo referentes a componentes do LPS e sdo somente presentes em bactérias Gram negativas
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lysis of LPS LPS-binding bound
Gra;n:gm protein LPS
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tivation of
blood s
clotting «—— | coagulation
pathway

Y
i cytokines
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leukotrienes TNF-alpha,
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activation of

MA_C «—— | complement
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Endotoxinas e outros componentes da parede celular bacteriana

-Endotoxinas - componentes da parede celular de bactérias Gram negativas
gue atuam como sinal para ativar o sistema de defesa

Exotoxins Endotoxins y - %
. o Iy

O antigen

Outer Core

PO,
po” Inner Core



Bactérias gram negativas liberam endotoxinas durante a infecgao

v

Endotoxinas ligam-se a receptores especificos (CD14 e TLR4)

|

Liberao de de citocinas de fase aguda

Crescimento de células B

Nucleus Endotoxin

Macrophage Endotoxin Cytokines Hypothalamus of brain
> Prostaglandm

QQ?\#

Blood
Vacuole vessel " Pituitary
) B gland
Febre e vasodilatacdo Pactarian
o A macrophage Q The bacterium o The cytokines are o The cytokines induce

ingests a is degraded in a released into the the hypothalamus to
gram-negative vacuole, releasing bloodstream by produce prostaglandins,
bacterium. endotoxins that the macrophages, which reset the body’s

induce the through which “thermostat” to a higher

macrophage to they travel to the temperature, producing

produce cytokines hypothalamus of fever.

IL-1 and TNF-a. the brain.

Copyright © 2010 Pearson Education, Inc
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