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The CRISPR-Cas and anti-CRISPR craze

Nobel Prize in Chemistry 2020 :

« for the development of a method for genome editing »

Emmanuelle
Charpentier

Jennyfer
Doudna
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~ The CRISPR-Cas9 genetic scissors






Phages versus bacteria : the battle for survival
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co-adaptation of defense and attack mechanisms



Bacteria : CRISPR-Cas9 immunity

Adaptive CRISPR-Cas9 immune system

Seqguence specific cleavage of foreign nucleic acids



Bacteria : CRISPR-Cas9 immunity
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Marino D et al, Nature Methods, 2020
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Bacteria : CRISPR-Cas9 immunity
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Bacteria : CRISPR-Cas9 immunity
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Bacteria : CRISPR-Cas9 immunity
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Bacteria : CRISPR-Cas9 immunity

Cas9 RNA

Streptococcus pyogenes Cas9 (SpCas9)






Phages : anti-CRISPR-Cas9 proteins

Phage anti-CRISPR proteins

Inactivation of CRISPR-Cas9 immunity



Phages : anti-CRISPR-Cas9 proteins
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Phages : anti-CRISPR-Cas9 proteins

* Widespread in prophages, virulent phages, MGEs
* 90 anti-CRISPR families

* No resemblance with proteins of known function






What are their modes of action?



What are their modes of action?

What are their molecular mechanisms ?



Allosteric inhibition of Streptococcus thermophilus
Cas9 (St1Cas9) by the anti-CRISPR protein AcrllA6
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AcrllA6 shows a novel a/f3 fold

SAD phasing
Proxima-1 @ SOLEIL (Fr)

1.96 A resolution

Haynes AP et al, Nat. Commun., 2018



AcrllA6 stably binds to
St1Cas9 surveillance complex
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AcrllA6 stably binds to
St1Cas9 surveillance complex
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The AcrllA6 binding mode revealed by cryoEM

Fuchsbauer O et al, Mol. Cell., 2019



The AcrllA6 binding mode revealed by cryoEM

3.2 A overall resolution 3.0 A overall resolution

Fuchsbauer O et al, Mol. Cell., 2019



AcrllA6 binds to an allosteric site on St1Cas9
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AcrllA6 binds to an allosteric site on St1Cas9

‘front face’

Fuchsbauer O et al, Mol. Cell., 2019



AcrllA6 blocks St1Cas9 activity
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AcrllA6 reduces target binding affinity

BioLayer Interferometry (BLI)
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AcrllA6 prevent target binding within cells

Base editing system

cytidine
deaminase

Fuchsbauer O et al, Mol. Cell., 2019
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AcrllA6 alters St1Cas9 conformational
dynamics associated with PAM binding
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AcrllA6 alters St1Cas9 conformational
dynamics associated with PAM binding

AcrllA6
Fuchsbauer O et al, Mol. Cell., 2019
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AcrllA6 alters St1Cas9 conformational
dynamics associated with PAM binding
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AcrllA6 alters St1Cas9 conformational
dynamics associated with PAM binding

Fuchsbauer O et al, Mol. Cell., 2019



Take home messages
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* AcrllA6 uses a unique allosteric inhibition mode to
prevent St1Cas9 target DNA binding
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Take home messages

* AcrllA6 uses a unique allosteric inhibition mode to
prevent St1Cas9 target DNA binding

* AcrllA6 inactivates two St1Cas9 molecules at a time,
which makes it a potent inhibitor

* The anti-CRISPR-Cas9 modes of action are highly
diverse
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