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INVENTION NOVELTY

This invention identifies a novel class of natural protein-based inhibitors of CRISPR-Cas9, which could eliminate off-target effects

of Cas9-mediated gene editing. It also presents an attractive antibiotic strategy and a potential biodefense agent against CRISPR

bioterror threat.

VALUE PROPOSITION

CRISPR-Cas9 gene editing has been used in many areas of research and developed as novel therapies to treat genetic disorders.

However, off-target effects are frequently documented and present a major barrier to medical applications. For example, the

effects likely result from prolonged expression of Cas9 in the nuclei of cells, which increase the probability that the Cas9 guide

RNA would base pair with an imperfect site and cause oncogenic or fatal mutations. A co-expressed Cas9 inhibitor protein will

provide an effective tool to rapidly neutralize this possibility and maintain the genetic stability. Currently, there are no proteins

known to inhibit the most widely used Streptococcus pyogenes (Spy) Cas9. Using a bioinformatics approach, UCSF investigators

have identified two natural Spy Cas9 inhibitors. This presents for the first time a controllable “off-switch” for Spy Cas9-mediated

DNA cleavage and could eliminate off-target effects by limiting the length of time that Cas9 is functional. These inhibitors can also

limit the antiviral function of CRISPR-Cas9 in bacterial pathogens and provide a new antibiotic strategy.

The current invention provides the following advantages:

▶ First protein-based inhibitors that bind rapidly and tightly to Spy Cas9 and dissociate slowly

▶ Express well in human cells and easy to use in a controllable manner to inhibit non-specific gene editing

▶ Small protein inhibitors that can be easily delivered and travel through the nuclear membrane

▶ Function on the natural version of Cas9 that eliminates the labor-intensive manipulations of guide RNA or Cas9 protein

▶ Compatible with ‘split’ and drug-inducible Cas9 systems

TECHNOLOGY DESCRIPTION

There are currently no counter measures to the widely used CRISPR-Cas9 system. Therefore, investigators at UCSF have

recently searched cas9-containing bacterial genomes for the co-existence of a CRISPR spacer and its target, a potential indicator

for CRISPR inhibition. This analysis led to the discovery of four unique type II-A CRISPR-Cas9 inhibitor proteins encoded by
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Listeria monocytogenes prophages, two of which also blocked the wild-type Spy Cas9 when assayed in both E. coli and human

cells. These natural Cas9-specific ‘‘anti-CRISPRs’’ are small proteins of 60-150 amino acids, and present tools that can be broadly

used to regulate the genome engineering activities of the CRISPR-Cas9 system.
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