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A la recherche d’antibiotiques 
spécifiques

Importance du microbiome:
- Nutrition
- Barrière contre les infections
- Interactions avec le système immunitaire
èRôle dans de nombreuses pathologies: 

obésité, maladies auto-immunes, 
autisme …

èLes antibiotiques peuvent perturber le 
microbiome de manière durable

èLiens établis avec des maladies comme 
l’asthme, le diabète de type I, le psoriasis 
…



Cibler les gènes de résistance
• Séquençage massif des bactéries pathogènes

• Dans de nombreux cas, les gènes de résistance sont connus

Ø >200 000 génomes bactériens sur NCBI
Ø Séquençage systématique des nouveaux 

isolats par les centres de référence



Est-il possible de combattre les 
gènes de résistance directement ?

è CRISPR-Cas: des ciseaux à ADN reprogrammables



Direct Repeats (29 pb) Variable region = spacers (32-33 pb)

History of CRISPR: first observation (1987)



History of CRISPR: 
weird repeats in the genomes of bacterial and archaea

(1987-2002)

DVR (Direct Variable Repeats),
TREP (Tandem Repeats),
LTRR (Long Tandemly Repeated Repetitive Sequences), 
SRSR (Short Regularly Spaced Repeats), 
LCTR (Large Clusters of Tandem Repeats),
SPIDR (Spacer Interspersed Direct Repeats)

CRISPR
Clustered Regularly Interspaced Short Palindromic Repeats

Jansen et al., molecular microbiology 2002



History of CRISPR: 
Spacers sequences match foreign DNA 

(2005)

Mojica, F. J., Diez-Villasenor, C., Garcia-Martinez, J. & Soria, E. 
J. Mol. Evol. 2005

Pourcel, C., Salvignol, G. & Vergnaud, G. 
Microbiology 2005

Bolotin, A., Quinquis, B., Sorokin, A. & Ehrlich, S. D. 
Microbiology 2005



History of CRISPR: 
Experimental evidence

(2007)



Marraffini, Nature 2015

CRISPR



The diversity of CRISPR-Cas system

Koonin & al., Current Opinion in Microbiology 2017

Class 1 Class 2



S. pyogenes CRISPR02

tracrRNA

Garneau & al., Nature 2010
Sapranauskas & al., PNAS 2011
Deltcheva & al., Nature 2011

Jinek & al., Science 2012
Gasiunas & al., PNAS 2012
Sternberg & al., Nature 2014



Homologous 
Recombination

NHEJ
Small indels

Point mutation
Gene insertion 

etc.

No repair

Cell death

Cas9

CRISPR as a biotechnological tool



• S. pneumoniae (Jiang, Bikard et al, 2013, Nat.  Biotechnol.)

• E. coli (Jiang, Bikard et al, 2013, Nature Biotechnol.)

• Human cells (Le Cong et al., 2013, Science)

• Monkeys (Niu et al., 2014, Cell)

• Livestocks (Tan et al., 2013, PNAS)

• Mice (Wang et al., 2013, Cell)

• Frogs (Blitz et al. and Nakayama et al., 2013, Genetics)

• Zebrafish (Hwang et al., 2013, Nature Biotechnol.)

• Insects (Wang et al., 2013, Cell. Res.)

• Plants (Li et al. , Shan et al., 2013, Nature Biotechnol.):

• Flies (Gratz et al., 2013, Genetics)

• Nematodes (Lo et al., 2013, Genetics)

• Yeast (DiCarlo et al., 2013, NAR)

Genome Editing
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CRISPR as a biotechnological tool



Sequence-specific killing of S. aureus

pDB114

Bikard & al., Nat Biotech, 2014



Bacteriophages

(www.phage.ulaval.ca)

• Number: >1030: A trillion phages for every grain of 
sand in the world (Keen E., Bioessays 2015)

• Size: from 3.4 kb to almost 500 kb

• Phages kill and lyse between 15% and 40% of the 
ocean’s bacteria every day (Danovaro R et al., 2011)





Sequence specific killing with Cas9

Bikard & al., Nat Biotech, 2014
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Plasmid curing: 
re-sensitizing bacteria to antibiotics
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Specific decolonization of antibiotic 
resistant S. aureus on the mouse skin

Chad Euler, Rockefeller
Vince Fischetti, Rockefeller





CRISPR diagnostics



The diversity of CRISPR-Cas system

Koonin & al., Current Opinion in Microbiology 2017

Class 1 Class 2



Cas9 Cas12 Cas13
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