New functional aspects of Clostridium difficile CRISPR-Cas system
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Abstract
Nosocomial diarrhoea caused by Clostridium difficile has become a key public health issue associated with antibiotic therapy in industrialized countries. Many
aspects of C. difficile pathogenesis remain poorly understood. During its infection cycle, C. difficile interacts with bacteriophages and other mobile genetic
elements, possibly by relying on its CRISPR (clustered regularly interspaced short palindromic repeats)-Cas (CRISPR-associated) system of adaptive immunity.
Previous studies of our groups revealed the presence of an active and original CRISPR-Cas system in C. difficile, which contains an unusually large set of CRISPR
arrays, some of which are localized in prophage regions, two or three I-B type cas operons and the toxin-antitoxin type | systems, linked to several arrays.
However, the role CRISPR-Cas plays in the physiology and infectious cycle of this pathogen remains obscure. In the present work we determine the general
PAM consensus using PAM libraries experiments and confirm the functionality of all PAM variants through plasmid conjugation efficiency assays in C. difficile.
Additionally, we demonstrate the defensive function of all 12 CRISPR arrays from laboratory 630 strain. Finally, we show an adaptive function of C. difficile
CRISPR-Cas system for the laboratory strain and confirm PAM consensus through naive adaptation experiments. Altogether, these data highlight the original
features of active C. difficile CRISPR system that might be important for C. difficile survival during its infection cycle.
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Plasmid interference assays to confirm PAMs

PAM-sequences determination
in C. difficile 630 and R20291
Plasmid depletion assay with a plasmid library for PAM screening in C. difficile

Cultivation
in BHI media

"oy, o Cha € 6308erm
—cl -® T 2
—a® - Y
conjugation
diffcHe cells
. ¥ ¥ 1 2 3 %
Plasmid PAM libraries PCR
R20291
¥ M d
PAM library after ¥
PCR conjugationinto £
¥ € difficile calls C
—

5 ¥
PAM library befare 1 3 3

conjugationinte s HTS to identify depleted
€ difficile cells PAM sequences

CCN/TCN PAM consensus in both strains

Maikova et al. in preparation

Functionality of CRISPR-Cas system for plasmid
interference in C. difficile 630
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*  CCN PAMs are fully functional in both 630 and R20291 strains
*  TCN are less active in both 630 and R20291 strains
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Naive CRISPR adaptation assay in

630 strain
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CRISPR-Cas system in 630 strain is functional for adaptation
New spacer acquisition was detected in CR8 and CR9 arrays
Most spacers were acquired from the pCas1-2-4 plasmid
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Conclusions

Enlarged PAM (CCN/TCN)* sequences were identified
for C. difficile 630 and R20291 strains

* TCN PAM s are less effective for interference
Active interference of almost all 12 CRISPR arrays in
630 strain
New spacer acquisition was shown for 2 CRISPR-arrays
in 630 strain and CCN PAM functionality was
confirmed for adaptation.
The naive adaptation is not as active as interference
in C. difficile

Basis for mechanistic and physiological analyses of
CRISPR-Cas-mediated interactions of C. difficile with its
genetic parasites



