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Questoes:

1) Um paciente chega ao hospital com as seguintes manifestacdes clinicas e histérico:

Teve recentemente um corte em arame farpado e apds 24 horas comecou a apresentar:

Espasmos e rigidez no maxilar

Rigidez nos musculos do pescoco e da nuca

Rigidez nos musculos do abdémen

Espasmos corporais que provocam dor e duram por varios minutos, geralmente causados por sons altos, toque fisico e
sensibilidade a luz

2) Outro paciente, com idade de 5 anos chega ao hospital com as seguintes manifestacdes clinicas:
Febre alta (mais de 39°C)
Pressao sanguinea baixa (sistolica <90 mmHg)
Vermelhidao, erupcao difusa, branqueamento com descamacao subsequente, especialmente das palmas e solas dos pés
Envolvimento de trés ou mais sistemas:
Envolvimento gastrointestinal (vomito, diarreia)
Insuficiéncia renal
Inflamacao hepatica (AST, ALT> 2x normal)
Envolvimento cerebral (confusdo, dor de cabeca ou convulsao

Ambos os casos, foram reladas a presenca de bactérias, quais sao os mecanismos de patogenicidade envolvidos? Explique
as bases fisioldgicas e moleculares dos mesmos
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Toxinas

Sao produtos bacterianos que danificam diretamente o tecido ou promovem atividades biolégicas
destrutivas

Podem ser substancias toxicas ou enzimas degradativas que causam a lise celular ou se ligam a
receptores especificos e desencadeiam uma reacao toxica em um tecido-alvo especifico

Podem também ser componentes da parede celular que desencadeiam respostas sistémicas

Muitas vezes as toxinas sao as reesposaveis por causar os sintomas das doencas



Destruicao dos tecidos

Produtos provenientes do metabolismo da bactéria

Enzimas degradativas

Clostridium perfringens




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 fun¢ao de uma célula hospedeira.

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

Cell wall
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(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.
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(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

-Geralmente presentes em plasmideos
-podem atuar localmente ou em locais distantes da infeccao

-pode ser uma toxina pré-formada N
Hemolisina de Streptococcus

Toxinas citoliticas:
Toxina a de Clostridium perfringes (fosfolipase C)
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(b)

Unstable host Cell lysis, death
cell membrane
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Estreptolisina O

Diagram of Protein Pore Based
Sensor with Streptolysin O
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Toxinas diméricas com subunidades A-B

A subunit

enzymatic toxicity

B subunit
cell binding
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AB toxins Molecular organization Translocation

Diphtheria toxin S-S ENDOSOME CYTOSOL
Botulinum toxins =0 (neutral pH)
Tetanus toxin

Anthrax toxin
C2 toxin

Cholera toxin
Shiga(like) toxins
Heat-labile toxin

Exotoxin A
ricin
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Acao da toxina tetanica de Clostridium tetani

Interneurdnio
inibitério

Inibigao

Sinais excitatérios
do sistema
nervoso central

Normal

A liberagdo de glicina (G) por interneurdnios
inibitérios bloqueia a libera¢do

de acetilcolina (A) e permite

o relaxamento do musculo

(@

Toxina
_ tetanica
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Paciente apresentando postura conhecida como
“opistotono”, decorrente da contratura muscular

Tétano generalizada causada pela toxina tetanica

A toxina tetanica se liga a interneurdnios (Fonte: Biblioteca Pdblica de Imagem de
inibitérios, impedindo a liberagio de Ge o Sadde, Filadélfia, EUA).  ¢ome prophylasis
relaxamento muscular

®)

Fonte: Microbiologia de Brock; Madigan et al 2004



Neuromuscular Junction
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Superantigenos

Sdo moléculas que ativam as células T por ligarem simultaneamente a um
receptor de célula T e a uma molécula do MHC Il
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- Liberacao de grande quantidade de interleucinas, principalmente IL-1, TNF e IL-2



Table 15.2

Diseases Caused by Exotoxins

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)
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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

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.



Sistema de secre¢ao bacteriano

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

Bacterial ATP

p—— | Block TTSS
assembly

Bacterial outer membrane
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Complex

Toxin
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| Block host
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* * | Block effector
l secretion

« Change signal transduction
« Affect actin cytoskeleton
» Induce inflammation

Nature Reviews | Drug Discovery



Sistema de secre¢ao do tipo lll
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Endotoxinas e outros componentes da parede celular bacteriana

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

Exotoxins Endotoxins
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Endotoxinas sdo referentes a componentes do LPS e sdo somente presentes em bactérias Gram negativas
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Padroes moleculares associados aos patogenos/ padroes moleculares
associados ao dano
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endotoxina

Flagellin

Plasma membrane TLRS

MyD88

l = MyD88-dependent pathway
— TRIF-dependent pathway

Inflammatory cytokines Type | IFN Inflammatory cytokines



Table 1 PAKMPs and pattern recognition receptors

FAMP P hoiss) Essarmiial higesnd Partieam recogniticn Bioktgical sacuelhn
receators
LFS Mool Drprn-megaiim batlioha,  Liped A, LgH, O Enbundd MASTHICNy e
enicigiedd by TS
TLR4, TLR" Brcogring LPS sl nilistn
WHlTHT A Ny e
SranA e rECepA EnckoeA o of LIPS (Nor- KR e rahny),
L s
L callng e Bl feris AT T FTHOA I ek e oyt | TLRZ Faliales mlarywiEionry e sa
goneratnd by th Sorl pepticase B
A Fyalem
me"l i i Doy e LR ] G4 Erhardss milaimmdliong iesionss
TLR2 Irrlains mlsmamailony respoin
| ohemthoe: S0 by Cran-gosdrm s Lo ewec] TLFEZ, ZLRAE Wl LW IOy IR
L5 hlarmy IrecaoEal F}Elh.'ﬂ,:'.lﬁl"ﬂﬁ L uirTl =S lexd WEWIEF’H"@ Uit il es MikErTrEiory ek snsd
T oty e L
L ahend s Myl e Linuchorhmed TLRZ rrlialoss. oy (esmnGd
(b Pragenis geockpad af T ool
Il Fow g Pl Frokanfdns SamanC larmanal i Sy Feoreng of L0 ecopiors Taned ¥ Cherncdaes s endeces nf
LS i hassihact i ron indlarmar] oy meschglons {7
kAarmaones Wristesd | Skt Bl IocErHos Pragooyieis, ndeytons and
(lgh g gd b g L L] rliaton of BiflasimElory reapse
Manncse-tending pminn Opsonizmiion and comgrharmoent foobon
Dyrracrsan (yoas] ool wall Yiesasd Lirschirlinncact Marnoms and B-gucan  Phagocylonss
L L ki)
TLRE2 irliring ndlarmaTalony responss
Heaa siniak priiesss Frosaryddos ol aularycies Ly horFteat] Uit | elile A Ty e e A

prarnos T ool dopserchont Rarure
PRSDEE:

*TLRES ook 25, auny LIPS noseenRaet £ Dok O Sagbies i i, and, asfonaphy TR smay om0 5. B A saoi{acal Facegstor 6on -|LIPE;, a0 Susinol . Pl Rl i e Rk Mo . Seiedn

CaeT sl ],

T Adpcoplasing Mecpdohains ndmss Dasan 5l $0: Forve. 3 cipaleraiyloniasd armiig- s mring) oysheina revache, wiech = o secoorinsd by TUER. Thees fndhrsys nokcsaio Haal vod o 1hnoe Eatsy S asioe-
Bl Chhieres dnt M ey (00 RRcodretsn.
1 LT e ez ey TR by iyrfiemes 0 v, i vy LIRS i d0ches et rnoioon t rrecss.. T ofbonencres Fugean nid T0en encrnicaerd
§ FLIka) 0snons ane 350 sl
3 Shutibrs vl B4 tarvaty imirraliecs, Homes b it CERVR R imucis 4re. chafindIred o Sfarcicery sagndlnd 0 i ha 1esi profeers, Frpbcatng TURE 36 8 pelain iscdiviion Spcapie
foecign and snoiomencs HIpE0 Farmdy gooe: products



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

Cresimento de células B

Nucleus Endotoxin

Macrophage Endotoxin

Bacterium

Febre e vasodilatacao

o A macrophage e The bacterium
ingests a is degraded in a
gram-negative vacuole, releasing
bacterium. endotoxins that

induce the
macrophage to
produce cytokines
IL-1 and TNF-c.
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Cytokines

Blood

Vacuole vyessel

e The cytokines are

released into the
bloodstream by
the macrophages,
through which
they travel to the
hypothalamus of
the brain.

Hypothalamus of brain

Prostaglandln

“‘?\%

Pltultary
gland

O The cytokines induce
the hypothalamus to
produce prostaglandins,
which reset the body’s
“thermostat” to a higher
temperature, producing
fever.
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Septicemia por bactérias Gram negativas

Producao de anafilotoxinas
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https://www.youtube.com/watch?v=5yGbxyOpZRk



