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“A publishing triumph
Clearly a great book"
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A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive

Bacterial Immunity

Martin Jinek,>>* Krzysztof Chylinski,>** Ines Fonfara,* Michael Hauer,’t
Jennifer A. Doudna,***t Emmanuelle Charpentier’

Clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) systems
provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs (crRNAs) to guide the silencing of invading nucleic acids. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating crRNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas9 to introduce
double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence,
the Cas9 HNH nuclease domain cleaves the complementary strand, whereas the Cas9 RuvC-like
domain cleaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a
single RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Our study reveals a
family of endonucleases that use dual-RNAs for site-specific DNA cleavage and highlights the
potential to exploit the system for RNA-programmable genome editing.

acteria and archaea have evolved RNA-
mediated adaptive defense systems called
clustered regularly interspaced short pal-
indromic repeats (CRISPR)/CRISPR-associated
(Cas) that protect organisms from invading vi-
ruses and plasmids (/—3). These defense systems
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cleavage yields the short crRNAs that can pair
with complementary protospacer sequences of
invading viral or plasmid targets (4-17). Tar-
get recognition by crRNAs directs the silencing
of the foreign sequences by means of Cas pro-
teins that function in complex with the crRNAs

f15Y 19 9y

developing a simple and versatile RNA-directed
system to generate dsDNA breaks for genome
targeting and editing.

Cas9 is a DNA endonuclease guided by
two RNAs. Cas9, the hallmark protein of type Il
systems, has been hypothesized to be involved
in both crRNA maturation and crRNA-guided
DNA interference (fig. S1) (4, 25-27). Cas9 is
involved in crRNA maturation (4), but its direct
participation in target DNA destruction has not
been investigated. To test whether and how Cas9
might be capable of target DNA cleavage, we
used an overexpression system to purify Cas9
protein derived from the pathogen Streptococcus
pyvogenes (fig. S2, see supplementary materials
and methods) and tested its ability to cleave a plas-
mid DNA or an oligonucleotide duplex bearing
a protospacer sequence complementary to a ma-
ture crRNA. and a bona fide PAM. We found that
mature crRNA alone was incapable of directing
Cas9-catalyzed plasmid DNA cleavage (Fig. 1A
and fig. S3A). However, addition of tractrRNA,
which can pair with the repeat sequence of crRNA
and is essential to crRNA maturation in this sys-
tem, triggered Cas9 to cleave plasmid DNA (Fig.
1A and fig. S3A). The cleavage reaction required
both magnesium and the presence of a crRNA
sequence complementary to the DNA; a crfRNA
capable of tracrRNA base pairing but containing
a noncognate target DNA-binding sequence did
not support Cas9-catalyzed plasmid cleavage
(Fig. 1A; fig. S3A. compare crRNA-sp2 to
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NOBELPRISET | KEMI 2020
THE NOBEL PRIZE IN CHEMISTRY 2020

Pholo. UC BerksleyDoudns Lad

Emmanuelle Charpentier Jennifer A. Doudna

"for utveckling av en metod for genomeditering”

. “‘for the development of a method for genome editing”
#nobelprize




“This
years prize is
about rewriting the
code of life.”

—THE 2020 NOBEL PRIZE
IN CHEMISTRY
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Jennifer Doudna, Gene Editing,

ano THe Future of the Human Race
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