
 

Using a cutting enzyme and an RNA repair
enzyme to modify RNA virus genomes
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RNA editing with CRISPR-based cleavage and RNA ligation. (A) Diagram of
the RNA editing with type III CRISPR nucleases and splinted ligation. Type III
CRISPR complexes cleave RNA in 6-nt intervals (red triangles), cutting out a
portion of the target sequence. The resulting fragments are splint-ligated to
introduce edits. (B) SthCsm-mediated cleavage generates 2′3′-cyclic phosphate
and 5′-hydroxyl ends (left, substrate for RtcB ligase) that can be converted to
3′-hydroxyl and 5′-phosphate (right, substrate for T4 RNA ligases) using T4
PNK. (C) Two splint designs. Hybridization of the DNA splint A to
complementary RNA leaves single-stranded RNA flaps (curved blue lines) that
imitate a break in the tRNA anticodon loop, while splint B mimics nick in
double-stranded RNA. (D) Comparison of RNA ligation efficiency with T4
RNA ligases (T4 Rnl) and RtcB ligase. Ligation efficiency was measured by
performing RT-qPCR across the cut site and quantifying the signal relative to an
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uncut control (100%). (E) Deep sequencing of RNA ligated with splints depicted
in (C). Horizontal black bar shows the target site of the SthCsm complex. (F)
Quantification of editing outcomes in (E). Credit: Science Advances (2023). DOI:
10.1126/sciadv.adj8277

A team of microbiologists at Montana State University has developed a
way to use a cutting enzyme and an RNA repair enzyme to modify the
genome of an RNA virus. They describe their technique in Science
Advances.

Over the past decade, clustered regularly interspaced short palindromic
repeats (CRISPR) gene-editing tools have been developed that allow the
editing of DNA. The process works by using RNA sequences to find a
desired target in a DNA strand and then using a certain type of protein to
cut the sequence. The system was developed after the discovery that
bacteria and archaea use it to edit the DNA of viral enemies.

More recently, scientists have been attempting to use the same or a
similar technique to edit RNA. Most current approaches involve
transcribing RNA into DNA, making edits, and then transcribing them
back into RNA. The Montana State researchers have been seeking a
more direct approach.

The new approach involves use of a type III CRISPR system taken from
Streptococcus thermophilus, a type of bacteria found in dairy products.
It is used to find the place in a target RNA where cutting is desired.
Once the target has been cut, DNA splints are used to draw the dangling
strands back together, where they are rejoined using a viral ligase
enzyme.

To test their process, the team made desired deletions in the RNA of a
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Sindbis virus. It was chosen because it has a green fluorescent segment
in its RNA. Cutting it out allowed the virus to survive, but it was no
longer fluorescent.

The research team suggests that their technique, or others like it, could
be used to conduct RNA research efforts, particularly those involving
gain or loss of function in viruses, such as virulence. They note it could
also be used to take out functions in a virus that allow it to circumvent
drugs used to kill it. They also point out that the ability to edit RNA
opens the door to new types of therapies for treating RNA-based
disorders.

  More information: Artem Nemudryi et al, CRISPR-based engineering
of RNA viruses, Science Advances (2023). DOI: 10.1126/sciadv.adj8277

© 2023 Science X Network

Citation: Using a cutting enzyme and an RNA repair enzyme to modify RNA virus genomes
(2023, September 29) retrieved 29 April 2024 from https://phys.org/news/2023-09-enzyme-rna-
virus-genomes.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

3/3

https://phys.org/tags/virus/
https://dx.doi.org/10.1126/sciadv.adj8277
https://phys.org/news/2023-09-enzyme-rna-virus-genomes.html
https://phys.org/news/2023-09-enzyme-rna-virus-genomes.html
http://www.tcpdf.org

