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The RNA-guided endonuclease Cas9 from the type II CRISPR-Cas system generates
a double-strand break at DNA target sites complementary to the guide RNA and has
been harnessed for the development of a variety of new technologies, such as genome
editing. Here, we report the crystal structures of Cas9 from Campylobacter jejuni
(CjCas9), one of the smallest Cas9 orthologs characterized so far, in complex with
sgRNA and its PAM-containing partially duplexed DNA target at 2.4 A resolution. The
crystal structures provided insights into a minimal Cas9 protein scaffold and elucidate
the remarkable mechanistic diversity of the CRISPR-Cas9 systems. The CjCas9 guide
RNA contains a triple-helix structure, which is different from known RNA triple
helices, thus expanding the natural repertoire of RNA triple helices. Furthermore,
unlike the previously reported Cas9 orthologs, CjCas9 makes contacts with the
nucleotide sequences in both the target and non-target DNA strands and recognizes the
NNNVRYM as the protospacer-adjacent motif (PAM). Overall, these findings enhance
our mechanistic understanding of the CRISPR-Cas9 systems and facilitate Cas9
engineering.

Cpf1 is an RNA-guided endonuclease of the type V CRISPR-Cas system that has been
recently harnessed for genome editing. Here, we report the crystal structure of Cpfl
from Acidaminococcus sp. (AsCpf1) in complex with the crRNA and its target DNA at
2.8 A resolution. The crystals structure revealed that AsCpfl adopts a bilobed
architecture, with the RNA-DNA heteroduplex bound inside the central channel. A
structural comparison of AsCpfl with Cas9, a type II CRISPR-Cas nuclease, elucidated
both striking similarity and major differences, thereby explaining their distinct
functionalities. Importantly, the structure revealed that AsCpfl contains the RuvC
domain and a putative novel nuclease domain, which are likely to be responsible for
cleaving the non-target and target strands, respectively, and for jointly generating
staggered DNA double-strand breaks. The structure also revealed that AsCpf1
recognizes the TTTN PAM via base and shape readout mechanisms. Our findings



provide mechanistic insights into RNA-guided DNA cleavage by Cpfl and establish a
framework for rational engineering of the CRISPR-Cpf1 toolbox.
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