


I batteri patogeni

possiedono diverse componenti cellulari e
producono una serie di proteine extracellulari
che promuovono la patogenesi, ovvero favoriscono lo
stabilirsi e il mantenimento della malattia.

“fattori di virulenza”

Componenti cellulari e proteine extracellulari




Adesione
Invasione
Prodotti metabolici della crescita batterica (gas, acidi)
Tossine

Enzimi degradativi

Tossine a struttura A-B
Endotossine
Superantigeni
Induzione di una risposta infiammatoria eccessiva
Elusione della “clearance” fagocitica ed immunitaric
Resistenza agli antibiotici
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Tabella 6.4 Principali fattori di virulenza extracellulari prodotti da microrganismi patogeni umani.

Microrganismo

Bacillus anthracis

Bordetella pertussis

Clostridium botulinum
Clostridium tetani

Clostridium perfringens

Corynebacterium diphtheriae
Escherichia coli enteropatogeni (EPEC)

Pseudomonas aeruginosa

Salmonella spp.

Shigella dysenteriae

Staphylococcus aureus

Streptococcus pyogenes

Vibrio cholerae

Fattore di virulenza*

Fattore letale (LF)
Fattore edematoso (EF)
Antigene protettivo (PA) (AB)

Tossina della pertosse (AB)

Neurotossina (AB)
Neurotossina (AB)

Tossina o (CT)
Tossina  (CT)
Tossina y(CT)
Tossina & (CT)
Tossina x (E)
Tossina A (E)
Enterotossina (CT)

Tossina difterica (AB)
Enterotossina (AB)

Esotossina A (AB)
Enterotossina (AB)

Citotossina (CT)

Tossina Shiga (AB)

Tossina o (CT)

Tossina della sindrome dello shock
tossico (SA)

Tossine esfolianti A e B (SA)
Leucocidina (CT)

Tossina p (CT)

Tossina y(CT)

Tossina & (CT)

Enterotossine A, B, C, D ed E (SA)
Coagulasi (E)

Streptolisina O (CT)
Streptolisina S (CT)
Tossina eritrogenica (SA)
Streptochinasi (E)
laluronidasi (E)

Enterotossina (AB)

Attivita
PA si lega alla cellula, EF é responsabile
dell’edema, LF causa la morte cellulare

Blocca la trasduzione del segnale che parte dalle
proteine G, uccide le cellule

Paralisi flaccida
Paralisi spastica

Emolisi (lecitinasi)

Emolisi

Emolisi

Emolisi (cardiotossina)

Collagenasi

Proteasi

Altera la permeabilita dell‘epitelio intestinale

Inibisce la sintesi proteica nelle cellule
eucariotiche

Induce la perdita di liquidi dalle cellule
intestinali

Inibisce la sintesi proteica

Induce la perdita di liquidi dalle cellule
intestinali

Inibisce la sintesi proteica e lisa le cellule ospiti
Inibisce la sintesi proteica

Emolisi

Shock sistemico

Esfoliazione, shock

Distruzione dei leucociti

Emolisi

Distruzione delle cellule ospiti

Emolisi, leucolisi

Inducono diarrea, vomito e shock

Induce la formazione di coaguli di fibrina

Emolisi

Emolisi

Esantema da scarlattina

Dissolve i coaguli di fibrina

Dissolve I'acido ialuronico del tessuto connettivo

Induce perdita di liquidi dalle cellule intestinali

* AB, tossina A-B; CT, tossina citolitica; E, fattore di virulenza con attivita enzimatica; SA, superantigene.



Molti fattori di virulenza sono enzimi che intervengono nella colonizzazione e nella
crescita batterica.

un polisaccaride che svolge funzione di
collante nei tessuti (Streptococchi, Stafilococchi e
Clostridi)

Gli streptococchi e gli stafilococchi producono, inoltre, un
vasto assortimento di , che servono
per depolimerizzare le macromolecole dell’ospite.

- Titiera 5
Gk &Q Q} ‘{... '
N @ P ) o
3 b

£ a8 o~ & , "-'.ﬂ “\: \.‘..‘-.'.:.}

:"a' 7 b \ » O.. ‘

2\*&} ‘.'...%‘

- % = m& ;’.ook



I clostridi producono una collagenasi (clostridiopeptidasi), o
tossina k, che , che sostiene i tessuti,

Alcuni microrganismi producono

che si formano in corrispondenza di una lesione
tissutale per delimitare l'infezione, favorendo quindi l'invasione. Una
di queste_ , prodotte da Streptococcus
pyogenes, e conosciuta come streptochinasi.

Alcuni microrganismi sintetizzano invece enzimi che promuovono la
formazione di coa?uli di fibrina, che fanno si che il microrganismo,
piuttosto che diffondere, rimanga localizzato e protetto. Il piu
studiato di questi enzimi e la coagulasi, prodotta da Staphylococcus
aureus, che sui cocchi
stessi, proteggendoli, quindi, dall’attacco delle cellule ospiti.
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Le esotossine sono proteine rilasciate nell’'ambiente
circostante da un microrganismo in crescita, che possono
diffondere dal focolaio d‘infezione verso altre parti del
corpo e provocare danni lontano dal sito di produzione .

La maggior parte delle esotossine ricade in una delle tre
seguenti categorie:



alpha beta
hemolysis, _hemolysis

¥
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Formazione di zone di emolisi intorno a colonie di batteri che producono

emolisine:
A sn: Streptococcus mitis, o-emilitico
A dx: Streptocossus pyogenes di gruppo A (GAS), pB-emolitico
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Reazione di Nagler per a-tossina (lecitinasi) di Clostridium perfrigens

Antitoxin s Nagler Plate

a toxin
{(phospholipase C)
0

hydrolyses
phosphorylchlorine
in cell membrane

@ FRPRRR X | cell
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cell membrane lysis

L'alfa-tossina, una lecitinasi che idrolizza il fosfolipide lecitina (un componente delle membrane cellulari) a
digliceridi e fosforilcolina.

La fotografia a dx mostra una piastra di agar nutriente arricchito con tuorlo d'uovo. Anti a-tossina e stata
diffusa sulla meta sinistra della piastra e un pesante inoculo di C. perfringens e C. sporogenes e stato
strisciato su tutta la piastra ad angolo retto rispetto al limite anti alfa-tossina.

Notare la zona opaca sulla meta superiore destra, attorno alle colonie di Clostridium perfringens, a causa di
digliceridi insolubili costituiti a seguito dell” azione di lecitinasi (alfa tossina) sulla lecitina di uovo. QUESTA
E'la reazione di Nagler. La meta superiore sinistra non mostra questo fenomeno a causa della presenza di

anticorpi anti alfa tossina .



DAMAGF CELLULAR Alpha-toxin, the major cytotoxic agent elaborated
MEMBRANESMATRICES! by Staphylococcus aureus, was the first bacterial
exotoxin to be identified as a pore former. At low
concentrations (less than 100 nM), the toxin binds to
as yet unidentified, high-affinity acceptor sites that
have been detected on a variety of cells including
rabbit erythrocytes, human platelets, monocytes and
endothelial cells.

Damage to cellular membranes
by Staphylococcus aureus o-
toxin.

After binding and oligomerization, the
stem of the mushroom-shaped a-
toxin heptamer inserts into the
target cell and disrupts membrane
permeability as depicted by the
influx and efflux of ions represented
by red and green circles.

The detrimental effects of alpha-toxin are due not only to the death of susceptible
targets, but also to the presence of secondary cellular reactions that can be triggered
via Ca2+ influx through the pores. Well-studied phenomena include the stimulation of
arachidonic acid metabolism, triggering of granule exocytosis, and contractile dysfunction.
Such processes cause profound long-range disturbances such as development of
pulmonary edema and promotion of blood coagulation.
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Citoplasma

Le tossine A-B, invece, sono costituite da due subunita legate covalentemente: la
componente B si lega generalmente ad un recettore presente sulla superficie
cellulare, in modo tale da permettere il trasferimento della subunita A attraverso la
membrana della cellula bersaglio, dove la sua azione provoca un danno cellulare.
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la

membrana esterna di patogeni Gram-negativi come:

Escherichia coli,
Salmonella,
Shigella,

con
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Lipopolisaccaride

> Membrana esterna

Spazio periplasmatico
> e peptidoglicano

Membrana
plasmatica

Fosfolipide Peptidoglicano

Proteina integrale

Struttura dell’involucro cellulare di un batterio Gram-negativo (es. E. coli).

La faccia interna della membrana esterna € composta da fosfolipidi.

La superficie esterna della membrana esterna contiene alcuni fosfolipidi, ma principalmente si
compone di lipopolisaccaride che ha le qualita anfipatiche di un fosfolipide.

Incastonati nella membrana esterna ci sono diverse lipoproteine e porine, che svolgono talvolta un
ruolo nella virulenza di un batterio Gram-negativo.
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Proprieta

Endotossine

Esotossine

Natura chimica

Complessa: lipopolisaccaride
(MW: c.a. 10 kDa)

Proteine
(MW: c.a. 50-1000kDa)

Localizzazione in rapporto
alla cellula batterica

Componenti della membrana
esterna dei batteri Gram-

Secrete

Sensibilita alla
denaturazione termica

Termostabili

Termolabili

Modalita di azione e
sintomatologia

Non specifica; febbre,
infiammazione

Specifica; citotossine,
enterotossine, neurotossine
con azione specifica su cellule
e tessuti

Attivita enzimatica

Nessuna

Di solito

Tossicita

Relativamente poco potenti:
LDso nel topo: 200-400
ug/animale

Altamente tossiche, spesso
fatali: LDso tossina botulinica
nel topo: 25pg

Immunogenicita

Relativamente poco
immunogeniche: la risposta
immunitaria non é sufficiente a
neutralizzare la tossina

Altamente immunogeniche:
stimolano la produzione di
anticorpi neutralizzanti
(antitossine)

Potenzialita del tossoide

Nessuna

Il trattamento della tossina
coh formaldeide elimina la
tossicitd, ma hon
I'immunogenicita (tossoide)

Attivita piretica

Spesso inducono febbre
nell'ospite

Non inducono febbre
nell'ospite




CATENA LATERALE O

Polimero di unita oligosaccaridiche di
ripetizione (in media 40 unita);

Trisaccaride lineare o tetra, penta saccaride
ramificato;

Almeno 20 diversi tipi di zuccheri molti dei
quali sono dei dideossiesosi che si ritrovano,
in natura, solo nella parete dei batteri
Gram-;

Legionella pneumophila, serogruppo 1:
omopolimero formato da circa 75 residui di
un solo zucchero;

Rappresenta la parte pil variabile alla
base della classificazione sierologica dei
batteri Gram-

CORE

E' un oligosaccaride costante nell'ambito
di un genere:

L' inner core di tutti i batteri Gram-
contiene uno zucchero a 8 atomi di C (2-
keto-3-deoxyoctulosio) pit, in tutte le
Enterobacteriaceae, & presente uno zucchero
a 7 atomi di C.

L'outer core & la porzione relativamente pit
variabile anche se vi sono presenti zuccheri a
6 atomi di C comuni.

LIPIDE A

E' un glicofosfolipide:

Consiste in un dimero di NAG-fosforilata con
legati acidi grassi a catena lunga:

Rappresenta la porzione idrofobica che si ancora
alla membrana esterna:

Rappresenta il principio tossico dell'intera
molecola;

Altamente conservato in tutti batteri Gram-
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Struttura chimica del LPS
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3
O-antigen
repeat 40 units
1 Core polysaccharide
f |  Disaccharide
0 HN O HN J diphosphate
Lipid A \
Fatty acids
\ )

Structure of Lipopolysaccharide

FIGURA 2.30  Strutfura del lipopolisaccaride di Salmonella. KDO,
chetodeossiottonato; Hep, eptosio; Glu, glucosio; Gal, galattosio; GluNac,
N-acetilglucosamina; Rha, ramnosio; Man, mannosio; Abe, abequosio.
Legato al lipide A & visibile un disaccaride cosfituito da residui di GluNac.
Nella struttura & compresa I'endotossina (si veda la Sezione 9.10).

Core polysaccharide = polisaccaride interno; O-polysaccharide repeating

unit = unita di ripetizione di polisaccaride esterno.




| Lipopolysaccharide |
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b O-specific
chain

J S Outer } Polysaccharide
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Phospholipid

4
\\’ Lipoprotein N
Protein
Periplasm > S
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Schematic representations of the enterobacterial Gram-negative cell envelope (left), a lipopolysaccharide
structure (right), R, SR, and S indicate the structures of Rough-type, Semi-Rough type (with only one O-
chain subunit) and Smooth-type lipopolysaccharides, respectively.
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Virulence, and the property of "smoothness", is
associated with an intact O polysaccharide :

O-specific antigens could allow organisms to adhere specifically
to certain tissues, especially epithelial tissues.

Smooth antigens probably allow resistance to phagocytes , since
rough mutants are more readily engulfed and destroyed by
phagocytes.

The hydrophilic O-polysaccharides could act as water-
solubilizing carriers for toxic Lipid A . It is known that the exact
structure of the polysaccharide can greatly influence water
binding capacity at the cell surface.

The O-antigens could provide protection from damaging
reactions with antibody and complement

The O-polysaccharide or O-antigen is the basis of antigenic
variation among many important Gram-negative pathogens



Struttura completa del lipide A dell'LPS frazione di S. typhimurium, S. minnesota, ed E. coli

lipide A € la componente lipidica della LPS. E’ costituito da un dimero fosforilato di N-
acetilglucosamina (NAG) cui sono legati generalmente 6 acidi grassi (FA) . Tutti i lipidi in FA
sono saturi. Alcuni FA sono collegati direttamente al dimero NAG e altri sono esterificati per
gli acidi grassi 3-idrossi che sono caratteristicamente presenti.
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Il complesso LPS-LBP interagisce con il recettore CD14 presente su monociti, macrofagi, cellule
endoteliali ed altre cellule ospiti. CD14 €& una glicoproteina ancorata alla membrana cellulare
attraverso il glicosilfosfatidilinositolo (GPI).

Per l'attivazione dei pathway intracellulari di trasmissione del segnale & necessaria |'interazione di
CD14 con un co-recettore, tra cui il piu importante € il TLR4 (toll-like receptor 4), e con proteine
accessorie, come MD-2.



LBP binds to Gram-negative bacteria
or aggregates of LPS, decreasing the
binding energy of LPS monomers.

The LPS molecule is shuttled to
CD14 (activation pathway), where
the acyl chain of lipid A is protected
from the solvent in the hydrophobic
binding pocket of CD14.

Interaction between LBP and CD14
is important for this transfer. CD14
transfers the LPS to MD-2, which
employs both electrostatic
interactions with the polar head
group of the lipid A and hydrophobic
interactions.

Binding of lipid A to MD-2 causes
the rearrangement of TLR4, leading
to the productive association of its
intracellular TIR domains and
allowing the recruitment of adapter
proteins
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Molecular Microbiology (1998) 27(6), 1171-1182

PmrA-PmrB-regulated genes necessary for
4-aminoarabinose lipid A modification and polymyxin

resistance

John S. Gunn,"? Kheng B. Lim,* Jackie Krueger,'
Kevin Kim," Lin Guo,! Murray Hackett® and Samuel I.
Miller"*

"University of Washington, Departments of Medicine and
Microbiology, HSB K-140, Box 357710, Seattle, WA
98195, USA.

2University of Texas Health Science Center at San
Antonio, Department of Microbiology, 7703 Floyd Curl Dr,
San Antonio, TX 78284-7758, USA.

3University of Washington, Department of Medicinal
Chemistry, HSB K-140, Box 357710, Seattle, WA 98195,
USA.

Summary

hypothesis that lipid A aminoarabinose modification
promotes resistance to cationic antimicrobial peptides.

Introduction

Bacterial pathogens encounter a wide range of host micro-
environments, within which they must survive to success-
fully colonize and cause disease. Salmonellae encounter
numerous such environments during the course of infection.
After passage through the stomach and into the small
intestine, these organisms transcytose the intestinal barrier
and interact with macrophages and lymphocytes. Patho-
genic salmonellae are able to survive and replicate within
the harsh environment of the phagocytic cell (Fields et al.,
1986), which contains a potent group of cytotoxic agents,

I patogeni hanno evoluto la capacita di modificare alcune caratteristiche conservate dei pattern
molecolari associati ai patogeni (PAMPs).

Delle modificazioni a carico del LPS va segnalata la coniugazione del gruppo fosfato del lipide A, che
riduce la sensibilita verso i peptidi antimicrobici cationici ed altera il riconoscimento da parte dei
recettori LBP/CD14/MD-2.
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The putative Mechanism of Intercalation of Salmonella minnesota LPS into Neuronal
Membranes and the Ofloxacin-induced Release of LPS from the Neurons



Queste tossine posseggono la capacita unica di interagire
contemporaneamente con le molecole del complesso maggiore di
istocompatibilita (MHC) di classe II e con i recettori delle cellule T
(TRC), formando un complesso trimolecolare che induce un‘abnorme
proliferazione di cellule T.

Il risultante rilascio di grosse quantita di citochine (IL-1, IL-2, TNFa,
TNFb, IFNg) causa reazioni infiammatorie sistemiche con estesi
danni epiteliali, alterazioni vascolari, ipotensione e shock tossico.



Fig. 2. The two domain structure of Sags and SSLs. The staphylococcal
and streptococcal Sags and staphylococcal SSLs consist of two protein domains.
(A). The B-grasp domain (blue) is a twisted B-sheet of four to five antiparallel
strands that pack against a highly conserved o-helix (the o4 helix). Residues
colored in red are conserved in all Sags and SSLs. The OB domain is shown in
orange and consists of a five-stranded PB-sheets that coils to form a 3-barrel
and is capped by a small o-helix. The N-terminus extends and forms an
o-helix (1) that packs against the top of the o4 helix in the 3-grasp domain
to stabilize the molecule. Residues that are fully conserved in the OB-fold of
Sags and SSLs (colored in red) are located on the long descending loop that
follows the last B-strand and are presumably essential for close packing against
the C-terminal domain. (B). The structures of two Sags and two SSLs are

C-terminal N-Terminal
B-grasp domain OB-domain

La famiglia dei superantigeni comprende proteine di grandezza compresa tra 22-29 kDa, altamente
resistenti alle proteasi e alla denaturazione termica.

Analisi della struttura tridimensionale dei superantigeni rivela una comune architettura molecolare,
costituita da un dominio N-terminale e un dominio C-terminale separati da una lunga a-elica che
si estende al centro della molecola.

I dominio N-terminale possiede un caratteristico ripiegamento OB che lega oligosaccaridi e
oligonucleotidi (oligosaccharide/oligonucleotide-binding fold), mentre il dominio C-terminale
possiede un motivo “b-grasp” (ubiquitina-like).



SEA as a representative form of
the archetypal superantigen.

Top: ribbon diagram demonstrating the
common structural features of the SAg
family. All secondary structure
elements are labelled.

Bottom: surface representation of a
representative Sag (SEA) in front and
back views, with TCR-binding site
(dark grey) and MHC class II-binding
site (light grey) depicted.

Una caratteristica presente in molti superantigeni € un “loop disolfuro”
altamente flessibile; quest’ansa flessibile € implicata nelle proprieta
emetiche della enterotossina stafilococcica (SE) e nella
capacita dei superantigeni di legare il dominio VB del TRC.
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Trasduzione del segnale

Figura 1. || superantigene & un antigene che non viene processato
per la via classica, ma si lega direttamente ad un singolo elemento
(VE) del pil complesso recettore del T linfodta (TCR = T Cell
Receptor). Il fatto che sia sufficiente il riconoscimento non di tutti gli
elementi del recettore linfocitario ma selo uno di questi (VE) fa si che
il numero del linfociti che partecipano alla reazione sia notevolmente
pil elevato (5-30%) rispetto a guanto awiene nella normale risposta
cellulo-mediata (< 0.1%). Pertanto l'interazione tra superantigene e
linfocita T causa un’attivazione massiva dei linfociti T da cui deriva
un enorme rilascio di citochine (TMFo, IL1, IL&) che determinano la
comparsa di gravi manifestazioni cliniche.

Il

bersaglio principale dei
superantigeni € rappresentato
dalle cellule T CD4*, la cui
attivazione induce una risposta
T helper di tipo 1 (Th1l).

I superantigeni interagiscono con il

dominio variabile g (VB) del
TCR, che si trova all’esterno del
normale sito di legame
dell’antigene, determinando Ia
stimolazione di oltre il 10%
delle cellule T, rispetto allo
0,01% di una risposta
immunitaria tipica.



Schematic diagram illustrating the plausible
modes by which SAgs can interact with MHC
class II molecules.

(A)Interaction with MHC class II via generic site, e.g.
SEB and TSST-1.

(B) Interaction of one SAg molecule with two MHC
class II molecules = one via the chain using the
high-affinity zinc site, the other via the generic site,
e.g. SEA and SEC2.

(C) Interaction of SAg with MHC class II -chain via

high affinity zinc site, e.g. SEH and SpeC.

(D) A zinc-linked SAg dimer interacting with two MHC

class II molecules via their generic sites, e.g. SED.

(E) SAg dimer bound to two MHC class II -chains via

high-affinity zinc sites, e.g. SpeC.

A differenza degli antigeni convenzionali,

Un sito generico di legame si trova sulla catena a della molecola
di MHC di classe II, mentre un secondo sito, ad alta affinita (circa 100 volte superiore rispetto al
generico), il sito zinco dipendente, si trova sulla catena b.

Al momento I'esatta dinamica dell’interazione con le molecole di MHC di classe II non & chiara, ma la
resenza di piu siti di interazione con tali molecole offre a queste tossine ampia varlablllta
Prnendo ad ogni superantigene una modalita differente ed unica tra le possibili |ntera2|on|
attraverso cui stimolare la funzione immunitaria.
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tigeni stafiloco
—————————————————————————————————————————————

This figure illustrates examples of
immunomodulatory molecules used
by S. aureus to alter the host
immune response, including the
superantigens (sAgs) enterotoxins
and toxic shock syndrome toxin-1
that bind the MHC class II receptor
to T-cell receptors; orotein A, which
binds immunoglobulin M (IgM) V,3
on B cells; and the MHC class II
analogue protein Map, which binds
the T-cell receptor (TCR)
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igure 1. Structures of individual toxins SEA, SEB, and TSST-1 derived from data provided by Entrez’s 3-D database and software for
olecular modeling (219).

I superantigeni stafilococcici comprendono:
- le enterotossine stafilococciche A, B, C (e varianti antigeniche), D, E, G, Q, R
- la tossina della sindrome da shock tossico (TSST-1).

rantigeni stafilococci




Immunological and Biochemical Characterization of
Streptococcal Pyrogenic Exotoxins I and J (SPE-I and SPE-J)
from Streptococcus pyogenes’

Thomas Proft,* Vickery L. Arcus,” Vanessa Handley,* Edward N. Baker,” and John D. Fraser**

Recently, we described the identification of novel streptococcal superantigens (SAgs) by mining the Streptococcus pyogenes M1
genome database at Oklahoma University. Here, we report the cloning, expression, and functional analysis of streptococcal
pyrogenic exotoxin (SPE)-J and another novel SAg (SPE-I). SPE-I is most closely related to SPE-H and staphylococcal enterotoxin
I, whereas SPE-J is most closely related to SPE-C. Recombinant forms of SPE-I and SPE-J were mitogenic for PBL, both reaching
half maximum responses at 0.1 pg/ml. Evidence from binding studies and cell aggregation assays using a human B-lymphoblastoid
cell line (LG-2) suggests that both toxins exclusively bind to the polymorphic MHC class II B-chain in a zinc-dependent mode but
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SPE-C DSKKDISNVKSDLLYAYT-ITPYDYKDCRVNFST-THTLNIDTQKY-~-RG~KDYYISSE 54
SPE-J DSE-NIKDVKLQLNYAYE-IIPVDYTNCNIDYLT-THDFYIDISSY---KK-KNFSVDSE 53

SPE-G --DENLKDLKRSLRFAYN-ITPCDYENVEIAFVT-TNSIHINTKQK---RSECILYVDSI 53
SEI = ----- QGDIGVGNLRNF - - YTKHDY IDLKGVTDK-NLPIANQLEFS--~-TG-TNDLISES 48
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* - -
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FIGURE 2. Multiple alignment of L . —
s . s ple alighme ‘ SPE-C MSYEASQKFKRDDHVDVFGLFYILN---SHTGEYIYGGITPAQN-NKVNHKLLGNLFISG 110
SAg protein sequences. The amino acid SPE-J VESYITTKFTKNQKVNIFGLPYIFT---RYDVYYIYGGVTPSVNSNSENSKIVGNLLIDG 110
sequences of mature SAgs were aligned SPE-G VSLGITDQFIKGDKVDVFGLPYNFS---PPYVDNIYGGIVKHSNQGNKSLQFVGILNQDG 110
using the Clustal W program (38). The SEI NNWDEISKFK-GKKLDIFGIDYNGPC---~KSKYMYGGATLSGOYLNSARKIPINLWVNG 103
e SPE~I LNSVEKANFFSGKRVDIFTLEYSPPCN-SNIKKNSYGGITLSDGNRIDKKNIPVNIFIDG 113
boxes above the sequences indicate the SPE-H FEKDWISQEFKDKEVDIYALSAQEVCECPGKRYEAFGGITLTNS-EKKETKVPVNVWDKS 110
structural regions of SPE-C, as deter- s terr s TS s '
mined from the crystal structure (27).
The conserved amino acid residues are B7 | 1 o4 3
labeled with asterisks, and regions with SPE~C  ESQ---QONLNNKIILEKDIVTFQEIDFKIRKYLMDNYKIYDAT - -==mmmmmmm- SP 152
high similarity are indicated by colons. SPE-J VQQ---KTLINPIKIDKPIFTIQEFDFKIRQYLMQTYKIYDPN-~«==n=cmceeoox SP 152
Regions with highest homology corre- SPE-G KET---YLPSEAVRIKKKQFTLQEFDFKIRKFLMEKYNIYDSE-----=---====== SR 152
spond to the B4, @5, and a5 regions in SEI KHK- - -TTSTDKIATNKKLVTAQEIDVKLRRYLOEEYNI YGHNNTGKGKEYGYKSKFYSG 160
SPE.C SPE-I VQQKYSYTDISTVSTDKKEVTIQELDVKSRYYLQKHFNIYGFGDVKDFGR---SSRFQSG 170
SPk-L SPE-H KQQ----- PPMFITVNKPKVTAQEVDIKVRKLLIKKYDIYNNRE - === -———————— QK 151
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SPE-C  YVSGRIEIGTKDGKHEQIDLFDSPN-EGTRSDIFAKYKDNRIINMKNFSHFDIYLEK--- 208
SPE-J YIKGQLEIAINGNKHESFNLYDATS-SSTRSDIFKKYKDNKTINMKDFSHFDIYLWTK-- 209
SPE-G YTSGSLFLATKDSKHYEVDLFNKDDKLLSRDSFFKRYKDNKIFNSEEISHFDIYLKTH-- 210
SEI FNNGKVLFHLNNEKSFSYDLFYTGD--GLPVSFLKIYEDNKIIESE-KFHLDVEISYVDS 217
SPE-I FEEGNIIFHLNSGERISYNLFDTGH--GDRESMLKKYSDNKTAYSD-QLHIDIYLVKENK 227
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A more acute condition is caused by
Streptococcus pyogenes, called STSS.
_ The symptoms are almost identical to
TSS with one significant difference:

- the fatality rate is typically much
higher for STSS (circa 30%) than TSS
(circa5%).

Compared with the staphylococcal Sags, the streptococcal Sags show a wider variation in
potencies to stimulate human T cells with P50 values ranging from 0.02 pg/ml (SMEZ-2) to 50
pg/ml (SPE-H).

. High
levels of circulating bioactive SMEZ was found in serum samples of two patients with STSS,
confirming that SMEZ was the culprit in these two cases and further suggesting that it plays a
role in STSS in general.
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Detection of Multiple Superantigen Genes in Stools of Patients with
Kawasaki Disease

Tomohiro Suenaga, MD, Hiroyuki Suzuki, MD, PhD, Shoichi Shibuta, MD, Takashi Takeuchi, MD,
and Norishige Yoshikawa, MD, PhD

Objectives To investigate whether superantigens (SAgs) are involved in the development of Kawasaki disease
(KD) by examining SAg genes in the stool of patients with KD.

Study design Stool specimens were obtained from 60 patients with KD and 62 age-matched children (36 children
with acute illness and 26 healthy children). Total DNA was extracted from these stool samples. Using polymerase
chain reaction, we examined genes of 5 SAgs: streptococcal pyrogenic exotoxin-A (SPE-A), SPE-C, SPE-G, SPE-J,
and toxic shock syndrome toxin-1.

Results At least 1 of the 5 SAg genes was detected in 42 (70%) specimens from patients with KD, 14 (38.9%) from
the febrile group, and 7 (26.9%) from the healthy group. The detection rate between subjects with and without KD
was of at least 1 of the 5 SAg genes (P < .001), and more than 2 SAg genes were significantly different (P = .002).
Conclusions SAg may be involved in the development of KD; data suggest that multiple SAgs may trigger KD. (J
Pediatr 2009;155:266-70).

awasaki disease (KD) is an acute systemic vasculitis occurring in infants and children younger than 4 years of age." KD is
also the most common cause of acquired heart disease in children, resulting in coronary arterial lesions (CAL) in ap-
proximately 25% of untreated patients. Although the etlology of KD is unknown, epidemiologic data suggest that an
mfectlous agent may p]ay arole in trlggermg the development oFKD However KD does not appear to be edsﬂy transmlttable
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Corynebacterium diphtheriae cells stained by Albert's technique

The barred appearance is due to the presence of polyphosphate
inclusions called volutin. Note also the characteristic
"Chinese-letter" arrangement of cells.

A (red) is the catalytic (active) domain;
B (yellow) is the binding domain which displays the receptor for cell attachment;

T (blue) is the hydrophobic domain responsible for insertion into the endosome
membrane to secure the release of A.
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Tossina difterica

Membrana
cellulare

Arresto della sintesi proteica

La sua azione all’interno della cellula ospite si esplica attraverso l'inibizione della sintesi proteica,
bloccando il trasferimento degli aminoacidi dal tRNA alla catena polipeptidica nascente. In
particolare, il peptide A della tossina difterica inattiva specificamente il fattore 2 di
elongazione (EF-2), una proteina coinvolta nell’allungamento della catena polipeptidica,
catalizzando la sua ADP-ribosilazione, modificazione che riduce drammaticamente la sua
attivita, arrestando la sintesi proteica e provocando la morte della cellula

Tossina difterica




(a) CRISPR CRISPR

DRB locus DRA locus
2,306,022-2,309,119 39,014-39,484

oriC /
2356 124irp6A

Prophage
54,153-190,718

539
C. diphtheriae
pi2 NCTC13129 625
2,488,635 bp

La tossina difterica viene sintetizzata solo da ceppi di C. diphtheriae lisogenici per un ﬁarticolare
batteriofago, il fago B, che porta il gene tox codificante la tossina. I ceppi di C. diphtheriae non

tossigenici possono essere convertiti in ceppi tossigenici in seguito ad infezione con il fago P
(processo di conversione fagica).



Even in the absence of toxin production, C.
diphtheriae has an impressive capacity
to cause invasive bloodstream
infections.

Systemic complications of C. diphtheriae
bacteremia are not unusual and include
endocarditis, joint infections, and
peripheral embolic disease.

The pathogenesis for non-toxigenic C.
diphtheriae infections remains
unknown, although the  various
manifestations of severe disease
suggest that the organism has a
predilection for  endocardial and
synovial tissues

Schematizzazione delle zone in cui si insediano i bacilli della difterite e degli organi
bersaglio della tossina difterica. I germi entrano prevalentemente dalle vie aeree e rimangono
localizzati di solito a livello della faringe o della laringe provocando sulle mucose delle caratteristiche
pseudo—-membrane bianco-grigiastre, zone necrotiche, (in alto). Quivi il germe produce tossine che
attraverso il circolo sanguigno si diffondono nell’'organismo agendo, in particolare, sul cuore, sul
rene e sul sistema nervoso.

— -_— —_— - ]
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Fig. 5. Transcription control of prophage genes.
A. Genome map of the Corynebacterium diphtheriae strain NCTC13129 (Cerdeno-Tarraga et al., 2003). The transcriptional regulator gene dixR
is shown together with all genes regulated by DtxR (arrows) including the DT toxin encoded by the corynephage @ shown in (B). The transcribed

The expression of the diphtheria toxin in C. diphtheriae is regulated via the DtxR transcriptional
regulator that binds in an iron-dependent way to operators of many bacterial genes under high

iron conditions, transcriptionally repressing the tox gene, the corynebacterial siderophore and some
other components of the high-affinity iron uptake system.

Fattore che influenza la produzione della tossina € la concentrazione del ferro: in presenza di una quantita
di ferro sufficiente per una crescita ottimale, non si ha produzione di tossina; mentre quando Ila
concentrazione di ferro si riduce a livelli limitanti per la crescita si osserva la produzione di tossina. Il ruolo
del ferro € quello di legarsi ad una proteina regolatrice del batterio, cioe agisce come elemento di controllo
negativo; il complesso ferro-proteina € in grado di legarsi a sua volta ad una regione di controllo del DNA
del fago b e di inibire I'espressione del gene della tossina.
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Review

Corynebacterium diphtheriae: Genome diversity, population structure and
genotyping perspectives

Igor Mokrousov *

Laboratory of Molecular Microbiology, St. Petersburg Pasteur Institute, 14 Mira Street, St. Petersburg 197101, Russia

ARTICLE INFO ABSTRACT

Article history: The epidemic re-emergence of diphtheria in Russia and the Newly Independent States (NIS) of the former
Received 10 August 2008 Soviet Union in the 1990s demonstrated the continued threat of this thought to be rare disease. The
Received in revised form 24 September 2008 bacteriophage encoded toxin is a main virulence factor of Corynebacterium diphtheriae, however, an

Accepted 26 September 2008

Available online 19 October 2008 analysis of the first complete genome sequence of C. diphtheriae revealed a recent acquisition of other

pathogenicity factors including iron-uptake systems, adhesins and fimbrial proteins as indeed this
extracellular pathogen has more possibilities for lateral gene transfer than, e.g., its close relative, mainly
intracellular Mycobacterium tuberculosis.

C. diphtheriae appears to have a phylogeographical structure mainly represented by area-specific

Keywords:
Epidemic clone
Diphtheria toxin

Non-toxigenic strains variants whose circulation is under strong influence of human host factors, including health control
DtxR measures, first of all, vaccination, and social economic conditions. This framework core population
VNTR structure may be challenged by importation of the endemic and eventually toxigenic strains from new
CRISPR areas thus leading to localized or large epidemics caused directly by imported strains or by

bacteriophage-lysogenized indigenous strains converted into toxin production. A feature of C. diphtheriae
co-existence with humans is its periodicity: following large epidemic in the 1990s, the present period is
marked by increasing heterogeneity of the circulating populations whereas re-emergence of new
toxigenic variants along with persistent circulation of invasive non-toxigenic strains appear alarming. To
identify and rapidly monitor subtle changes in the genome structure at an infraclonal level during and
between epidemics, portable and discriminatory typing methods of C. diphtheriae are still needed. In this
view, CRISPRs and minisatellites are promising genomic markers for development of high-resolution
typing schemes and databasing of C. diphtheriae.

© 2008 Elsevier B.V. All rights reserved.
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Table 1

Toxins from anaerobic bacteria.

Mode of action

Toxin

Microorganism

Specific metalloprotease

ADP-ribosyltransferase

Glycosyltransferase

Pore-forming toxin

Tetanus neurotoxin
Botulinum neurotoxin
Bacteroides fragilis toxin

C2 toxin
Exoenyzme C3
lota toxin

Enterotoxin A
Cytotoxin B
Lethal toxin
Alpha toxin

Perfringolysin O
C. perfringens enterotoxin

Clostridium tetani
Clostridium botulinum
B. fragilis

C. botulinum types C & D
C. botulinum types C & D
Clostridium perfringens

Clostridium difficile
C. difficile

C. sordellii

C. novyi

C. perfringens
C. perfringens type A

toxins affecting the vesicular membrane docking and fusion apparatus;
toxins acting on the actin cytoskeleton assembly;
toxins affecting membrane permeability.
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Figure 1

Toxins .
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|

C. diffictle toxins
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Current Opirion in Microbiology

Comparison of the primary structure of enzymatically active toxins from anaerobic bacteria. The length of the whole toxin and the domains are
proportional. The function of each domain is explained at the bottom of the figure. The amino acids (E378 and E380, E174) refer to the catalytic
site. LG, light chain; HCy, heavy chain amino-terminal polypeptide; HC¢, heavy chain carboxy-terminal polypeptide; HEXXH, consensus zinc

binding motif.
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Fig 1. Scheme of the structure and mechanism of activation of tetanus and botulinum neurotoxins. These toxins are made as a 150 kDa
single polypeptide chain composed of three 50 kDa domains: L, Hy and He, which play different roles in nerve cell intoxication. The three
domains are connected by protease-sensitive loops. The toxin becomes active upon selective proteolytic cleavage that generates two disul
fide-linked chains. He is probably responsible for high affinity binding to the motoncuron terminal and Hy for cell penetration. Reduction
takes place inside the nerve cells and liberates the activity of the L chain, which blocks neuroexocvtosis via a zinc-endopeptidase activity
specific for three protein subunits of the neuroexocvtosic annaratus.

Clostridial neurotoxins are produced as inactive single polyﬁeptlde chains of 150 kDa
and later cleaved at a proteinase -sensitive loop (arrow in the left panel of fig 1) to
generate an active di-chain toxin (DasGupta, 1989; Krieglstein et aI 1991). A single
disulfide bond joins the heavy chain (H, 100 kDa) and light chain ﬂL, 50 kDa) and this is

required for neuron intoxication induced by extracellular toxin application (Schiavo et al,
1990; de Paiva et al, 1993a).



Clostridium

tetani characteristic

terminal endospores in a swollen
sporangium.
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Blocco del rilascio
del neurotrasmet-
titore inibitorio

Neurotrasmettitore

inibitorio A

TeNT binds first to neuromuscular terminal motoneurons. By retrograde axonal transport TeNT goes
up to the motoneuron pericaryon in the central nervous system (CNS) . TeNT is then released into the
synaptic cleft and enters the inhibitory interneuron, via receptor-mediated endocytosis , where it
blocks the release of inhibitory neurotransmitters (glycine and y-amino butyric acid). This blockage

causes spastic paralysis.

ossina tetanica




Vescicole
contenenti ACH

Clostridium botulinum

Placca
neuromuscolare

motoria

Blocco dello
stimolo

La tossina blocca
il rilascio di ACH

BoNTs, which are usually preformed toxins contaminating foods, first cross the
intestinal barrier (probably by transcytosis) to the blood stream After being
transported in the blood, they enter the presynaptic neuromuscular junctions and
block the release of activatory neurotransmitcer (acetylcholine).The reduced levels

of acetylcholine cause flaccid paralysis.



Structure of BONT-A.

(A) Stereo diagram of the backbone trace of the BoNT-A structure depicting the three
functional domains: the catalytic subunit (L), the translocation domain 2HN) and the
binding domain divided into two sub-domains (HCN and HCC). The catalytic zinc is
represented as a black sphere.
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. BoNT C
Synaptic
vesicle

Syntaxi
TeNT and VAMP/ yniaxn

BoNTB, D, Fand G synaptobrevin

Calcium channel

Ca2+

BoNT A, CandE &( SNAP-25

Plasma membrane

Intracellular targets for both TeNT and BoNTs are SNARES , proteins involved in the
neuroexocytosis machinery, making these toxins powerful tools for exocytosis studies.
Vesicular SNARE (V-SNARE comprised of VAMP [vesicle associated membrane protein] and
synaptobrevin) and its counterparts on the target membrane (t-SNARES comprised of syntaxin
and SNAP-25 [synaptosome associated protein of 25 kDa]) interact specifically to form a complex
together with NSF (N-ethylmaleimide-sensitive fusion protein) and SNAPS (soluble NSF
attachment proteins). The SNARE complex serves as the basis for subsequent protein-
protein interactions necessary for vesicular membrane fusion. Light chains from TeNT and
BoNTs are zinc metalloproteases (with a consensus zinc binding motif HExxH, where x is any
amino acid) that cleave specifically one component of the SNARE complex, albeit at different
sites. TeNT and BoNT serotypes B, D, F and G cleave VAMP/synaptobrevin whereas BoNT serotypes
A and E cleave SNAP-25. BoNT serotype C cleaves both syntaxin and SNAP-25.



Vibrio cholerae

Le enterotossine sono esotossine che agiscono sull’intestino tenue,
provocando generalmente un’abbondante secrezione di fluidi nel lume
intestinale, che porta a vomito e diarrea.

Le enterotossine sono prodotte da numerosi batteri, compresi microrganismi
che contaminano gli alimenti, come Staphylococcus aureus, Clostridium
perfringens e Bacillus cereus, e patogeni intestinali, quali Vibrio cholerae,
Escherichia coli e Salmonella enteritidis.



V. cholerae
Tossina colerica
- Diarrea
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M. Clementi, G. Pozzi, G.M.Rossolini Principi di Microbiologia Medica Copyright 2008 C.E.A. Casa Editr

La tossina prodotta da Vibrio cholerae, agente eziologico del colera, € I'enterotossina piu nota. E’ una tossina A-B e
consiste di una componente A, di peso molecolare 27 kDa, e cinque subunita B, ognuna di peso molecolare 11 600
Da. La subunita B contiene il sito di legame attraverso il quale la tossina colerica si combina specificamente con il
ganglioside monosialico GM; (un glicolipide complesso) presente sulla membrana citoplasmatica delle cellule
epiteliali (enterociti). La tossicita €, perd, una proprieta intrinseca della componente A, che una volta internalizzata &
capace di attivare I'enzima cellulare adenilatociclasi, inducendo la conversione dell’ATP in AMP ciclico. L'aumento dei
livelli AMP ciclico provoca una secrezione attiva di ioni cloro e bicarbonato, da parte delle cellule della mucosa, nel
lume intestinale, con conseguente immissione di grandi quantita di acqua e massiva perdita di liquidi che puo portare
alla morte per disidratazione.
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L'enterotossina colerica e codificata da due geni, ctxA e ctxB, parte del profago CTX, la
cui espressione € controllata da un elemento regolatore p05|t|vo il regulone ToxR
che controlla non solo la produzione della tossina colerica, ma anche [a sintesi di
importanti fattori di virulenza, come alcune proteine della membrana esterna e | pili
richiesti per una efficiente colonizzazione de? I'intestino tenue da parte del vibrione.

CTX¢ carries the genes (ctxAB) that encode cholera toxin (CTX)
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Environmental Signal
pH, osmolarity, temperature, bile, amino acids, CO;

The ToxR Regulon

CTXD

Transcription of the ctxAB operon is regulated by a number of environmental signals, including
temperature, pH, osmolarity, and certain amino acids. Several other V. cholerae genes are coregulated in
the same manner including the tcp operon, which is concerned with fimbrial synthesis and assembly. Thus

the ctx operon and the tcp operon are part of a regulon, the expression of which is controlled by the same
environmental signals.

In response to undefined stimuli during colonization, two membrane-associated transcriptional activator
complexes, ToxRS and TcpPH, initiate transcription of the toxT gene. The ToxT protein is a transcriptional
activator of the AraC family that directly activates the transcription of the genes responsible for the
production of cholera toxin (CT) and the toxin-coregulated pilus (TCP). The TCP is a type IV bundle-forming
pilus that is essential for colonization of the intestinal tract. CT is an A-B type enterotoxin that is

responsible for the profuse diarrhea that is characteristic of cholera. Collectively, this regulatory system has
been called the ToxR regulon.
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Diagrammatic representation of
the mode of action bacterial toxins
STX ABS.

Inhibition of protein synthesis by
Shiga toxins (Stx). Holotoxin, which
consists of an enzymatically active (A)
subunit and five binding (B) subunits,
enters cells through the
globotriasylceramide (Gb3) receptor.
The N-glycosidase activity of the A
subunit then cleaves an adenosine
residue from 28S ribosomal RNA, which
halts protein synthesis.



Ribbon crystal structures of Shigella dysenteriae Shiga toxin , Escherichia coli heat-labile toxin I (LT-I)

Shiga Toxin E. eoli LT-1

Stx, identified in Shigella dysenteriae type 1 and later in E. coli (Shiga toxin producing E. coli or STEC). Two
major classes of Stx are found in STEC, SLT1 and SLT2. Although they vary in sequence and show some
structural differences, these Stx variants function in the same way. The stx genes in E. coli strains are
located in intact or partial genomes of prophages of the A family and are central contributors to the
virulence of enterohemorrhagic E. coli (EHEC). EHEC infection can cause bloody diarrhea and can lead to
hemolytic anemia, thrombocytopenia, renal failure, and even to death.

The bacteria that make these toxins are called "Shiga toxin-producing" E. coli, or STEC for short. You might
hear them called verocytotoxic E. coli (VTEC) or enterohemorrhagic E. coli (EHEC); these all refer generally
to the same group of bacteria. The most commonly identified STEC in North America is E. coli 0157:H7

0104:H4

— — — — = 4 — - k= gn = — = = — i~ — = s - =



Il termine e stato
coniato, la prima volta, per descrivere, in Escherichia
coli, larghi ed instabili segmenti cromosomici associati
alla virulenza. Piu tardi la definizione e stata
impiegata per indicare regioni del cromosoma in
grado di codificare per uno o piu determinanti di
virulenza.

Le PAI hanno grandezza che varia da 1,6 kb per un
singolo gene in Salmonella typhimurium, a 35-190 kb
per piu geni in ,
nonche in
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Pathogenicity islands: a molecular toolbox for

bacterial virulence

Ohad Gal-Mor and B. Brett Finlay*
Michael Smith Laboratories, University of British
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Summary

Pathogenicity islands (PAls) are distinct genetic ele-
ments on the chromosomes of a large number of
bacterial pathogens. PAls encode various virulence
strains of the same or closely related species. PAls
are considered to be a subclass of genomic islands
that are acquired by horizontal gene transfer via
transduction, conjugation and transformation, and
provide ‘quantum leaps’ in microbial evolution. Data
based on numerous sequenced bacterial genomes
demonstrate that PAls are present in a wide range of
both Gram-positive and Gram-negative bacterial
pathogens of humans, animals and plants. Recent
research focused on PAls has not only led to the
identification of many novel virulence factors used by
these species during infection of their respective
hosts, but also dramatically changed our way of
thinking about the evolution of bacterial virulence.

bacterial pathogens have evolved by three major pro-
cesses: (i) modification of existing genes, (ii) loss of genes
no longer under selection, and (iii) gain of genes that
confer benefit in their current ecological niche. In this
review we will discuss various aspects of the third
process, by focusing on the molecular and evolutionary
mechanisms that lead to the acquisition and formation of
pathogenicity islands and their contribution to bacterial
virulence.

Pathogenicity islands

The first published complete microbial genome sequence
of Haemophilus influenzae in 1995 (Fleischmann et al.,
1995) initiated a new era in bacterial pathogen evolution-
ary research. To date, the complete sequence of more
than 300 bacterial genomes has been published and the
sequencing of more than 940 other bacterial genomes is
currently ongoing (http://www.genomesonline.org/). Com-
prehensive analyses of the sequence data have sug-
gested that the genes encoding virulence functions, in
many pathogens, were somehow different from other
genes in the chromosome. Differences often include
changes in overall nucleotide composition, codon usage



Properties of PAls

Although PAls are diverse in structure and function, many
of them share several common features. PAls carry one or
more virulence-associated gene and can occupy rela-
tively large regions of the chromosome, ranging from
10 kb to more than 100 kb. Some strains also harbour,
smaller pieces of DNA (1-10 kb) that have been termed
‘pathogenicity islets’. Often, PAls have a G + C content

and a codon usage that differs from that of the rest of the
core genome. PAls are frequently flanked on one side by
a tRNA gene and often by direct repeat (DR) sequences.
Additionally, PAls commonly possess genes encoding
factors that are involved in genetic mobility, such as inte-
grases, transposases, phage genes and origins of
replication. Some of the PAls characteristics and specific
examples are discussed below to illustrate some of these
properties:
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Fig. 1. Different stages in the evolution of a PAI. A genetic element is acquired by a bacterial cell, through a horizontal gene transfer
(transduction in this case) from an environmental flexible gene pool (1). Following a successful uptake (2), recombination which, is mediated
by an integrase (inf) or other mechanisms (3) results in integration of the acquired element into the chromosome (4). Loss of the genes that
are involved in the mobility of the element leads to stably integrated PAI in the chromosome (5). If the incorporated PAI confers an advantage
to the organism in the specific niche, a positive selection will operate to favour this variant. Subsequently, the frequency of this variant will
increase in the population over time (6). Genetic rearrangements or new gene acquisitions will lead to further evolvement of the PAI. Now the
modified PAI can be recombined with the environmental available gene pool and be further transferred to a new recipient microorganism (7).
The bacteriophage image was adopted and modified from http://www.swbic.org/products/clipart/images/bacteriophage.jpg)

PAI: evolution
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Fig. 2. The genetic organization of three representative PAls. A schematic illustration of the LEE PAI from EPEC (A), the cag PAIl of H. pylori
(B), and the SaPI1 of S. aureus (C) is shown. The genetic nomenclature of the EPEC LEE is based on the suggested terminology by Pallen
et al. (2005). The organization of the cag PAl is according to Fischer et al. (2001), and the organization of the SaPI1 is based on Novick
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Dalle feci di soggetti affetti da diarrea sono stati isolati ceppi di E. coli enteropatogeni con isole di
patogenicita _contenenti rag?ruppamenti di geni di virulenza, nonché responsabili dell’effetto
attaching-effacing”, cioe dell'intimo attaccamento del batterio alle cellule ospiti, della perdita dei
villi e del profondo riarrangiamento del citoscheletro cellulare.

The locus of enterocyte effacement (LEE) was initially described in an EPEC strain, the causative
agent of infant diarrhoea (McDaniel et al., 1995). EPEC Is an attaching and effacing (A/E) ﬁathogen
that is able to attach to host intestinal epithelium and efface brush border microvilli. All t

e genes
necessary for this phenotype are located on a 35 kb PAI, termed LEE, which is absent from laboratory
E. coli strains (Elliott et al., 1998).

In ceppi di E. coli uropatogeni sono state individuate diverse PAI tra cui una di supporto

er geni che
codificano per I'a-emolisina e le fimbrie P, ed una contenete geni che codificano per aﬁre imbrie,
per I'emolisina II e per il fattore citotossico necrotizzante.
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Translocation of
Many of these genes cag PAI into gastric

are required to form epithelial cells by
Type IV secretion apparatus type IV secretion

One of the defined H. pylori virulence factors is the cag PAI. Strains of H. pylori associated with severe gastric disease,
such as peptic ulcer disease, possess the cag PAI, which is absent from strains isolated from patients with
uncomplicated gastritis (Censini et al., 1996). Interestingly, studies with a mouse model have shown an association
between cag PAl-negative H. pylori strains and strains that are mouse adapted, less virulent, and can better colonize
mice, indicating that the cag PAI may become lost during colonization of animals (Philpott et al., 2002).

PAI: H. pylori




S. aureus SaPI1 (15 kb)
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The chromosomal tst gene, encoding TSST-1, is located on a series of discrete 15-20 kb
chromosomal elements that are mobilized at high frequencies by certain staphylococcal
phages. These elements are referred to as

and were the first clearly defined PAI characterized in Gram-positive bacteria
(reviewed in Novick, 2003). The prototype of this family is the SaPI1 that was the first
characterized SaPI. SaPIl1 is 15.2 kb long, carries a tst gene, flanked by 17 bp DR
sequences, and is inserted in an attc site close to the tyrB gene. The integration into the
chromosome is facilitated by the fpresence of a functional integrase (int) gene encoded in
the island. Remarkable features of SaPI1 are therefore its mobility and instability.

h' 1 'f-\ _ — ——
PAI: S. aureus
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Abstract

Virulence genes located on pathogenicity islands play a crucial role in the pathogenesis of Salmonella entericq
infections. Salmonella pathogenicity islands (SPI) contribute to host cell invasion and intracellular pathogenesis. A
present, 12 SPI have been described. Although size, structure and function of these SPI, as well as the distribution i1
Salmonella subspecies and serovars can be markedly different, several common motifs are present among SPI. In thi
review, the characteristics of SPI are described with focus on the evolution of these genetic elements.
©) 2004 Elsevier GmbH. All rights reserved.

Geni di virulenza situati sulle isole di patogenicita svolgono un ruolo cruciale nella patogenesi
delle infezioni da Salmonella. Le numerose isole di patogenicita identificate nel cromosoma
di Salmonella sono indicate come SPI (isole di patogenicita di Salmonella).

Il gran numero di SPI identificato in Salmonella & probabilmente indice di adattamento ad un
complesso stile di vita patogeno.

In S. typhimurium, SPI-1 consentirebbe al batterio di penetrare nelle cellule ep|teliali
dell’'ospite; mentre SPI-2 sarebbe richiesta per sopravvivere nei macrofagi. stato
dimostrato che mutazioni in SPI-2 oltre a comportare una notevole r|du2|one della
virulenza, determinano un significativo aumento della sensibilita batterica agli antibiotici.
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Fig. 1. The entire pgm locus is flanked by two IS/00 elements and comprises 102 kb. The phoE homologue is disrupted by IS/00 on
the left site. The hemin storage (ms) locus is involved in the pigmentation phenotype. The HPI of Y. pestis (HPly,) is part of the
pgm locus and is integrated into the asn tRNA gene by generating artL and attR as borders. The integrase encoding gene (int) is
fused to the asn locus. The excisionase encoding gene (xis) is located within the right arm of HPIy,,.

Nel genoma di diversi batteri gram-negativi € stata identificata una tipica
PAI definita HPI (high-pathogenicity island), un’isola funzionale
ampiamente diffusa tra i membri della famiglia delle Enterobacteriaceae.
Particolarmente caratterizzata € la HPI di Yersinia, che contiene il set
completo di geni per la biosintesi ed il trasporto del sideroforo Ybt, un
sistema ad alta affinita per I’ assorbimento del ferro.
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Sono state identificate diverse tipologie di sistemi di trasporto e secrezione, che
possono essere distinti in sistemi dipendenti da Sec (GSP, General Secretory
Pathway), a due passaggi (tipo II, tipo V), coinvolti nella secrezione di molte
tossine tra cui quella colerica, e, nella biogenesi dei pili di tipo IV, e, in sistemi
indipendenti da Sec, ad un passaggio (tipo I, trasportatori ABC; tipo III,
omologhi ai flagelli, tipo IV)



Trasportatori ABC batterici - FATTORI DI VIRULENZA

Trasportatori ABC umani - Associazione con PATOLOGIE (FC, MDR)
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ABC importers and ABC exporters
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D-loop
Q-loop

| domini NBD rappresentano il motore dei trasportatori ABC, dal momento che questi
favoriscono la traslocazione del substrato grazie al legame e l'idrolisi dell’ ATP.

Essi contengono motivi altamente conservati, tra cui i motivi Walker A e Walker B, che
formano il sito di legame per I'ATP, il loop-H, il loop-Q e il loop-C (formato dalla sequenza
aminoacidica LSGGQ e noto anche come motivo di marcatura ABC).

Motivi conservati del dominio NBD
del trasportatore HIlyB di E. coli
(a-emolisina)



ATP

. loop P

Dominio
ad eliche

Dominio
RecA-like

motivo LSGGQ
oop-C o motivo di marcatura

Conformazioni del dimero NBD
Disposizione “head-to-tail”



in

ﬁi) Substrate-binding

(i) Docking

T l

(iii) Donation

&y

y |
ADP+Pi v

ADP+Pi

(i) Legame del substrato alla‘
proteina SBP, che hanno
un’affinita di legame per i
substrati elevatissima anche
guando sono presenti a basse

concentrazioni

Attracco del complesso
SBP-substrato sui domini
TMD.

(ii)

Legame dell’ATP ai domini
NBD e trasferimento del
substrato dalla proteina
SBP ai siti di legame dei
domini TMD.

(iii)

dell’ATP.
substrato nel
rilascio della

(iv) Idrolisi
Passaggio del
citoplasma e

Sistema di assorbimento dei battei Gram-negativi proteina SBP dai domini TMD. ‘

Modello ipotizzato del meccanismo di traslocazione di un
trasportatore ABC SBP-dipendente
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LcnC, un trasportatore ABC coinvolto nella secrezione di batteriocine,
che possiede un dominio accessorio citoplasmatico N-terminale. Si
tratta di un dominio catalitico con attivita peptidasica che serve a
rimuovere dalla batteriocina esportata da questo sistema (LcnA) il

peptide leader, durante il processo di secrezione.
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SISTEMI DI TRASPORTO DI TIPO IV (T4SS)
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ig. 1. Model for the assembled T4SS machinery and its role in Hp-induced cell signalling.

A. Hypothetical model of the T4SS machinery. The T4SS is a multi-component protein complex spanning the inner and outer membranes of
Hp. Current knowledge of T4SS functions and cellular localization of its components is shown in a simplified manner. The coupling protein
irD4 and structural components (VirB1—11) are typically required for secretion and are positioned according to their proposed functions. This
ransporter enables secretion of substrates (CagA, peptidoglycan) from the bacterial cytoplasm directly into the cytoplasm of infected host
ells. The CagL protein interacts with integrin receptors via its RGD motif to deliver CagA across the host cell membrane and to activate the
Src tyrosine kinase for CagA phosphorylation.

B. Functional activity of the T4SS pilus requires integrin receptors of the host. Scanning electron micrograph of T4SS pili is shown at the
bottom (electron micrograph kindly provided by Dr Manfred Rohde, HZI Braunschweig, Germany). The T4SS and CagA are involved in
umerous cellular effects, including membrane dynamics, actin cytoskeletal rearrangements, nuclear signalling and disruption of cell-to-cell
unctions as indicated. AJ, adherens junction; TJ, tight junction. For more details see text.
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Figure 1. Model of the VirB/VirD4 type IV secretion system (T4SS) machinery. The
T4SS machinery is a multi-component protein complex spanning the inner and
outer membranes of Gram-negative bacteria. This transporter enables secretion of
substrates from the bacterial cytoplasm directly into the cytoplasm of infected host
cells or into the extracellular milieu. In VirB/VirD4-like T4SS, 11 components,
homologues of Agrobacterium tumefaciens VirB2-VirB11 and VirD4, are typically
required for secretion (reviewed in [25]). VirB2-VirB11 form a trans-envelope
channel and an extracellular pilus structure. The presence of T4SS pili in
bartonellae remains to be shown; their general role in T4SS is thought to be in
mediating initial contact with a target cell via adherence to cellular receptors. For
secretion of dedicated T4SS substrates, VirD4, the coupling protein (T4CP) is
additionally required. Its function is to deliver the substrates to the VirB channel
and, along with VirB4 and VirB11, to energize their transport across the channel.
Colour code: yellow, pilus-associated extracellular components of the T4SS
machinery; blue, all other components of the T4SS machinery (pore complex and
energizers); pink, TACP; green, T4SS substrates. Abbreviations: CY, cytoplasm; EX,
extracellular milieu; IM, inner membrane; OM, outer membrane; PG, peptidoglycan
layer; PP, periplasm.
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Figure 2. The virB/virD4/bep PAI of Bartonella. Genetic organization of the Bartonella-specific virB/virD4/bep pathogenicity island (PAIl) and its phylogenetic relationship to the
AvhB/Tra conjugation system (avh/tra loci) of the Agrobacterium tumefaciens cryptic plasmid pAT. The degree of conservation for individual genes or groups of genes (ir
average, @) is indicated in percentages of amino acid identity of the translated gene products. The virB and virD4 genes are highly conserved between bartonellae (alsc
including Bartonella tribocorum) and show a considerable degree of identity towards the avhB/tra genes of A. tumefaciens plasmid pAT. By contrast, the bep genes are less
conserved between different Bartonella species and have no counterparts in other T4SSs. However, the bep genes encode the novel BID domain (boxes coloured in red)
which, after its identification in bartonellae, was also found to be present in conjugative relaxases like the one encoded by traA of the AvhB/Tra conjugation system. Coloul
code: yellow, pilus-associated extracellular components of the T4SS machinery; blue, all other components of the T4SS machinery (pore complex and energizers); pink
TACP; green, T4SS substrates.
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Figure 4. A model of the evolution of type |V secretion systems (T4SSs) in Bartonella and their role in bacterial pathogenesis. The two T4SSs of Bartonella have probably
evolved recently from two distinct bacterial conjugation systems (i.e. AvhB/Tra and Trw) of conjugative plasmids that are present in related z2-proteobacteria (i.e. pAT o
Agrobacterium tumefaciens) or that have a broad-host-range (i.e. the IncW plasmid R388), respectively. The VirB/VirD4 system is required for colonization of ECs by
mediating the intracellular delivery of effector proteins (BepA-BepG). Translocation of the Beps provokes distinct cellular phenotypes. These effectors carry a translocation
signal (indicated by black circles) that has been adopted from the relaxase substrate (TraA) of the ancestral conjugation system. The Trw system is required for colonization o
erythrocytes. Itis uncertain whether the Trw system serves for secretion of substrates or whether its function is primarily to produce variable bacterial surface structures (pili)

for cell adhesion.
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Fig. 1. Overview of secretion systems in Gram-negative bacteria. Protein transport across the outer membrane of Gram-negative
bacteria can be subdivided into Sec-independent and Sec-dependent pathways. The three main terminal branches allowing furthe
transport of Sec-transported periplasmic intermediates are: the CU pathway for the synthesis of fimbrial adhesins, th
autotransporter (TSSS) pathway and the complex type II secretion system (T2SS). No stable periplasmic intermediates are found i
type I, type III and type IV secretion systems (T1SS, T3SS, T4SS). Each of the three export mechanisms features a protein-
conducting channel able to span the two bacterial membranes and, in the case of T3SS and T4SS, one additional membrane of th
host cell. Examples for pathogens utilizing the various secretion systems are indicated at the bottom of the figure. See text for furthe
details (modified from Kostakioti et al. (2005) and Capitani et al. (2006)).
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Type VI secretion regulation: crosstalk and intracellular

communication

Ka Yin Leung', Bupe A Siame', Heather Snowball’ and Yu-Keung Mok?

@ogens use type VI secretion systems (T6SSs) to transpm

proteins into the environment or host cells in response to
external stimuli. T6SSs are tightly regulated together with other
virulence determinants such as type lll secretion systems,
quorum sensing (QS), and flagella synthesis. Five pathogens
(Salmonella enterica, Edwardsiella tarda, Aeromonas
hydrophila, Vibrio cholerae, and Pseudomonas aeruginosa) are
examined for crosstalk proteins (global regulators) that connect
T6SSs to other virulence determinants. Common
transcriptional regulators (TRs) include two component
systems (i.e. PhoPQ), ¢®* and ¢°*-dependent TRs (i.e. VasH),
and QS regulators. Greater understanding of this integral

bacterial pathogenesis.

communication network will define what is essential for /
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lence determinants. Bernard ez 2/. [8°°] suggested the next
challenge is defining crosstalk among T6SSs and other
virulence determinants. This paper highlights possible
crosstalk among multiple T6SSs and the connection
between T6SS, T3SS, flagella synthesis and quorum
sensing (QS) within the bacterium.

T6SS general biology \
T'6SSs contribute to infection and survival within phago-
cytic cells [9-12] as well as the ecology of bacteria such as
biofilm formation, QS and stress response [13,14°,15°].
Silico analyses of over 500 bacterial genomes revealed
T6SSs in 92 sequenced bacterial genomes [3]. Multiple
T6SS copies, ranging from two to six, were found in one
third of the 92 genomes [3]. The T6SS loci harbor 15-25
genes that can be divided into secreted proteins, such as
hemolysin co-regulated protein (Hep) and valine-glycine

acat protei rG). an n-secreted proteins

Crystal structure of Hep from P. aeruginosa revealed the

formation of hexameric rings that stack to form the
extracellular and periplasmic tubule [6,7,16]. VgrGs have

a trimarie nhaoe rail enilra_lil-a crrminriira cimilar ta the T4




Type VI secretion system regulation as a

Review
consequence of evolutionary pressure
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Stefan Pukatzki University of Alberta, Edmonton, Alberta T6G 252, Canada
spukatzki@ualberta.ca

The type VI secretion system (T6SS) is a mechanism evolved by Gram-negative bacteria to
negotiate interactions with eukaryotic and prokaryotic competitors. T6SSs are encoded by a

diverse array of bacteria and include plant, animal, human and fish pathogens, as well as
environmental isolates. As such, the regulatory mechanisms governing T6SS gene expression
vary widely from species to species, and even from strain to strain within a given species. This
review concentrates on the four bacterial genera that the majority of recent T6SS regulatory
studies have been focused on: Vibrio, Pseudomonas, Burkholderia and Edwardsiella.




1 Channels/pores
1.A a-Type channels
1.B B-Barrel porins
1.E Pore-forming toxins (proteins and peptides)
1.D Non-ribosomally synthesized channels
1:E Holins
1.F Vesicle fusion pores
1.G Paracellular channels
2 Electrochemical potential-driven transporters
2.A Porters (uniporters, symporters, antiporters) !
2.B  Nonribosomally synthesized porters Attualmente si conoscono oltre
S STt Ee i 500 famiglie di proteine coinvolte
3 Primary active transporters
3.A P-P-bond-hydrolysis-driven transporters nel traSpOl‘tO- Nella tabella
22 accarboz(ylation-c.irivcn 'transporters mostrata sono elencate le
3. cthyltransfer-driven transporters . -
3.D  Oxidoreduction-driven transporters numerose classi e sottoclassi di
3.E Light absorption-driven transporters sistemi di trasporto, incluse nella
4  Group translocators . o .
4.A  Phosphotransfer-driven group translocators Banca Dati della Classificazione
4.B Nicotinamide ribonucleoside uptake transporters i i
4.C Acyl CoA ligase-coupled transporters dei Trasportatorl
5 Transport electron carriers
5.A Transmembrane 2-electron transfer carriers
5.B Transmembrane l-electron transfer carriers
8  Accessory factors involved in transport
8.A Auxiliary transport proteins
8.B Ribosomally synthesized protein/peptide toxins that target
channels and carriers
8.C Non-ribosomally synthesized toxins that target channels
and carriers
9 Incompletely characterized transport systems
9.A Recognized transporters of unknown biochemical
mechanism
9.B Putative transport proteins
9.C Functionally characterized transporters lacking identified
sequences

Classi e sottoclassi di sistemi di trasporto inclusi nel

- TCDB (Transporier Classification Database)




