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co-adaptation of defense and attack mechanisms

Phages versus bacteria : the battle for survival
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Adaptive CRISPR-Cas9 immune system

Bacteria : CRISPR-Cas9 immunity
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Phage anti-CRISPR proteins

Inactivation of CRISPR-Cas9 immunity

Phages : anti-CRISPR-Cas9 proteins
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• Widespread in prophages, virulent phages, MGEs

• 90 anti-CRISPR families

• No resemblance with proteins of known function

Phages : anti-CRISPR-Cas9 proteins





What are their modes of action?



What are their molecular mechanisms ?
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Allosteric inhibition of Streptococcus thermophilus 

Cas9 (St1Cas9) by the anti-CRISPR protein AcrIIA6
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AcrIIA6 shows a novel α/β fold

SAD phasing
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AcrIIA6 stably binds to
St1Cas9 surveillance complex
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The AcrIIA6 binding mode revealed by cryoEM
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The AcrIIA6 binding mode revealed by cryoEM
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AcrIIA6 binds to an allosteric site on St1Cas9
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AcrIIA6 blocks St1Cas9 activity
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AcrIIA6 prevent target binding within cells
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AcrIIA6 alters St1Cas9 conformational 
dynamics associated with PAM binding



AcrIIA6 alters St1Cas9 conformational 
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+ tDNA-PAM

AcrIIA6 alters St1Cas9 conformational 
dynamics associated with PAM binding
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AcrIIA6 alters St1Cas9 conformational 
dynamics associated with PAM binding
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AcrIIA6 alters St1Cas9 conformational 
dynamics associated with PAM binding
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Take home messages



•AcrIIA6 uses a unique allosteric inhibition mode to 
prevent St1Cas9 target DNA binding
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•AcrIIA6 inactivates two St1Cas9 molecules at a time,
which makes it a potent inhibitor



•AcrIIA6 uses a unique allosteric inhibition mode to 
prevent St1Cas9 target DNA binding

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

Take home messages

•AcrIIA6 inactivates two St1Cas9 molecules at a time,
which makes it a potent inhibitor
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