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ABSTRACT

Researchers from UC San Diego introduce RNA-CLAMP, a technology which enables site-specific and

enzymatic cross-linking (clamping) of two selected stem loops within an RNA of interest. Intramolecular

clamping of the RNA can disrupt normal RNA function, whereas subsequent photo-cleavage of the

crosslinker restores activity. We applied the RNA-CLAMP technique to the single guide RNA of the CRISPR-

Cas9 gene editing system. By clamping two stem loops of the single-guide RNA (sgRNA) with a photo-

cleavable cross-linker, gene editing was completely silenced. Visible light irradiation cleaved the crosslinker

and restored gene editing with high spatiotemporal resolution. Furthermore, by designing two photo-cleavable

linkers which are responsive to different wavelength of lights, we achieved multiplexed photo-activation of

gene editing in mammalian cells. Notably, although the Cas9-sgRNA RNP is not capable of DNA cleavage

activity upon clamping, it maintained the capability to bind to the target DNA. The RNA-CLAMP enabled

photo-activated CRISPR-Cas9 gene editing platform offers clean background, free choice of activation

wavelength and multiplexing capability.

DESCRIPTION

RNA is one of the most important biomacromolecules in the living systems, manipulating a highly complex

collection of functions which are critical to the regulation of numerous cellular pathways and processes. Being

the cornerstone of biology’s central dogma, numerous approached has been developed to study and

manipulate the functions of RNAs. However, compared to the study of proteins and DNAs/chromosomes, our

understanding of RNA’s cellular function is significantly lacking. This is partially because of the transient

nature of RNA molecule.The half-life of RNA is significantly shorter than DNA and protein. Besides, the

detection of RNA suffers from low copy number as low as one copy per cell. Many creative methodologies

have been developed in the past few decades to address this challenging question: how to label and

manipulate cellular RNAs. Apart from non-covalent approaches, covalent RNA-modifying approaches have

been challenging because of the difficulties in selectively modifying a single RNA of interest among the other

RNAs in cellular conditions. Comparing to non-covalent interactions, covalent strategies provide an additional

level of robustness in harsh cellular conditions.
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Due to the covalent linkage, the conjugated functional groups will not be disassociated from the RNA of

interest in most conditions. Besides, the low-molecular weight of small-molecule (< 2 kDa) minimize the

perturbation of normal RNA functions. While many covalent RNA-modifying approaches have been

developed, few methods allow for the selective labeling of a single post-transcriptional RNA among the

complex cellular RNA pool.

SUGGESTED USES

Gene Editing

▶ This technology permits precise and rapid control of gene editing and will serve as a versatile tool in the

future development of stimuli responsive gene editing technologies. 

▶ Beyond gene editing, RNA-CLAMP provides a site-specific tool for manipulating the internal structure of

functional RNAs

 

ADVANTAGES

▶ Optical control of gene editing in mammalian cells with high spatiotemporal resolution and multiplexing

capability. The optical control of CRISPR-Cas9 offers non-invasive manipulation of gene editing with

excellent spatiotemporal resolution.

▶ Minimzed cellular toxicity. By controlling the irradiation time period and light intensity, cellular toxicity can

be minimized.

▶ Multiplexed activation of editing. Moreover, different wavelength of lights might be used to trigger gene

editing at multiple genomic loci, enabling multiplexed activation of gene editing.

STATE OF DEVELOPMENT

See publication for demonstrated application of technology.

INTELLECTUAL PROPERTY INFO

This patent-pending technology in the United States is available for commercial development. UC San Diego

welcomes licensing interest from companies in a position to commercialize this technology.
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