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The complexity of C. difficile

Toxins A and B are the main and essential virulence factors
In C. difficile (Kuehne, Nature 2010)

= C. difficile infections are complex and multifactorial

= Several genotypes and toxinotypes have been reported

= Genome plasticity of C. difficile is high and mobile genetic

elements account for ~10% of the DNA (Sebaihia, 2006: Stabler,
2009; He, 2010)
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Impacts of prophages on C. difficile

* Prophages are intimitely
linked to virulence in several

pathogens rissow, MMBR, 2004) The PaLoc probably derived
from an ancient prophage
and regulatory sequences

may still be recognized b

decrease toxin expression in
\_\49---

C. difficile (covind, J. virol. 2009)
= A phage island (SMPI1) was identified in the recent
NAP1/027 epidemic clone R20291 (stabler, Gen. Biol. 2009)

Prophage

|
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Temperate phages induced from clinical isolates

'l'hngc o

Capsid dism

Taal length

Tuil dinm

Sariiclek Family (nm Y’ (nm)* (om)* Flectron microscopy imnge”
HCDS Myovindae (8 127 I8
GCDS-1 Siphoviridae o0 432 12
GCDS-2 Siphoviridae 46 338 11
dCD24 Siphoviridae 66 302 10
D381 Siphoviridae 77 402 15
GCD38-2 Siphovirvidae 58 262 12
GCD52 Myoviridae Hd 125 v
GCDH30 Myoviridae H2 126 19
PT-LPs 130 I8

(Fortier, AEM 2007)




Host range of ¢CD38-2
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PCR ribotype

(Sekulovic, under revision)
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Genome sequence of ¢CD38-2
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= Putative membrane/secreted proteins B M A
= ParA/Soj-like homolog s m'"m'."\y ‘.\,/“V\I, Yw A
= 1.5 kb of pCD630-related DNA (65% identify) o Y
. . . . ° ‘mGenomQ: ::mon (b.:)o = o
Recent recombination with a plasmid? (Sekulovic, under revision)
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Phenotype of NAP1/027 lysogens
carrying @CD38-2

Growth Toxins in culture supernatants
(ELISA assay)
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(Sekulovic, under revision)
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Fold change
relative to wild-type

Quantification of PaLoc mRNA levels in
lysogens vs wild-type
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Further evidence that
prophages affect toxin
expression
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(Sekulovic, under revision)
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Phage therapy against C. difficile?
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Phage therapy against C. difficile?

* Treatment of CDI is not always straightforward with
current antibiotics

— Frequent relapses and recurrent infections

= Need for new therapeutic solutions

Renewed interest in phage therapy

using virulent phages (i.e. strictly Iytic)
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Searching for virulent phages...

30 sewage samples 59 stool samples from CDI Characterization
collected from 2 water patients homogenized in Microscopy
treatment plants BHI broth

l l *Host range
*Restriction profile
*Southern hybridization

Filtration (1.5 pm + J L Centrifugation + J
«Genome sequencing

0.45 pm) filtration (0.45 ym)

15 clinical isolates / O/N culture : t .
8 different PCR ribotypes | Of C. difficile | <——— Phage isolation and
(3 = NAP1/027) inBHI purification
37°C, 24h, MgCl, + CaCl, 1\
AnO2 (10mM each)
Enrichment %rounda
Centrifugation +
filtration (0.45 pym)
Enriched ‘ S , '
[phage lysate | 15 different

indicator strains



Phages were isolated from human feces

6/59 patients carried free phage

particles in their feces
(0/30 positive sewage samples)

Hindllll restriction profile

oMMP02 oMMPO3

All phages were temperate and were able to
lysogenize their host...
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Phages were released from C. difficile in vivo

Mitomycin C treatment,

UV irradiation
Prophage
induction

Phage-positive C. difficile

stool samples isolation o
&>
)
e - Identical HindllI
. .
Lytic cycle\’ rr =2 R) ~ .
\e\@ E‘P) restriction
\l l w Phage DNA prOflleS
é%@‘%. purification
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No virulent phages suitable for therapy but...

In vivo prophage induction occurred
spontaneously during CDI

Spontaneous induction may have various impacts:
= Lysis of competing strains (during multiple infections)
= Higher toxin release upon cell lysis
» Other impacts?
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¢MMPO02 and pMMP04 genom

Scale in kb
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Take home message...

« We provide further evidence that prophages participate

In the regulation of toxin expression

— The already “hypervirulent” NAP1/027 clone can
become more virulent through the acquisition of
specific prophages

— Could other virulence characteristics be affected by
prophages? (e.g. adhesion, sporulation)
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Take home message...

= Prophage induction is probably frequent during CDI

— Higher infection rates = higher phage mobility =
faster bacterial evolution

— Antibiotics could potentially stimulate prophage

Induction
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