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Targeting Nsp1 protein could be a pathway
for COVID-19 therapy

February 16 2021

3D print of a spike protein of SARS-CoV-2, the virus that causes
COVID-19—in front of a 3D print of a SARS-CoV-2 virus particle. The spike
protein (foreground) enables the virus to enter and infect human cells. On the
virus model, the virus surface (blue) is covered with spike proteins (red) that
enable the virus to enter and infect human cells. Credit: NIH
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A study that identifies how a coronavirus protein called Nsp1 blocks the
activity of genes that promote viral replication provides hope for new
COVID-19 treatments.

Since the start of the pandemic, scientists have worked endlessly to
understand SARS-CoV-2, the coronavirus that causes COVID-19. Even
with the arrival of vaccines, the virus is still spreading and there is a need
to develop alternative therapies. Scientists hope to achieve this by
studying how SARS-CoV-2 infects cells and propagates itself while
avoiding the body's natural immune system.

Now researchers at UT Southwestern have added another piece to this
puzzle with their study published in Science Advances.

"When a virus infects a cell, the way the host cell reacts is to alter
cellular pathways (or networks) in certain ways to counteract the viral
infection. Viruses can target many of these pathways to favor their own
replication," says Beatriz Fontoura, Ph.D., professor of cell biology at
UTSW and corresponding author of the paper.

Viruses replicate by suppressing the host cell's genes in favor of their
own. One way they do this is by blocking the export of messenger RNA
(mRNA) from the nucleus of the cell to another compartment called the
cytoplasm. Some of these RNAs code for proteins that can only be made
by the cell in the cytoplasm. So, by blocking their export from the
nucleus, viruses prevent some proteins from being made (e.g., antiviral
proteins) and simultaneously free up the cell's machinery for their own
replication.

"We've been studying the NS1 protein of the influenza virus and we
have shown that one of its functions is to block mRNA nuclear export.
Due to some similarities between NS1 from flu and Nspl from
coronaviruses in their roles in suppressing antiviral response in the host
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cell, we decided to test whether these two proteins shared a similar
function," says Ke Zhang, Ph.D., a postdoctoral researcher in Fontoura's
lab and first author of the paper.

The researchers landed on the protein Nspl. Coronavirus Nspl has been
described as a multifunctional protein capable of altering viral
replication and suppressing the production of other proteins, some of
which are involved in immune response. Fontoura's group sought to find
out how Nspl does this and if it uses a mechanism similar to that of the
influenza virus protein NS1.

Indeed, the group found that like NS1 from influenza, SARS-CoV-2
Nspl inhibits host cell mRNA nuclear export by binding to the export
factor NXF1. This new role of Nspl complements the protein's other
function, blocking host cell mRNA translation into protein. By
obstructing two steps that lead to the production of proteins, Nspl
suppresses a cell's ability to respond to the viral infection, allowing
SARS-CoV-2 to replicate. So what would happen, researchers wondered,
if Nspl could be stopped from performing one of these functions?

In a proof-of-principle experiment, the researchers infected cells with
SARS-CoV-2 and added an excess of NXF]1 to see if this would block
virus replication. Strikingly, that's exactly what they found. When the

cells had access to more NXF1 than the SARS-CoV-2 virus could
suppress, the cells were able to stop the virus from multiplying.

The study offers insight into the mechanism behind how coronaviruses,
and SARS-CoV-2 in particular, are able to promote their replication
inside host cells. Understanding this mechanism provides a building
block for potential therapeutics.

"If you find a way to block the interaction between Nspl and NXFI1 or
increase the amount of NXF1 in the cell, you'll get mRNAs out of the
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nucleus and may get a protective effect, as suggested by our
experiments," says Fontoura.

COVID-19 treatments focus on management of symptoms while the
body fights off the infection with its natural defenses. A key area of
interest in viral therapies is to target the infected cells to stop the virus
from replicating. Focusing on Nsp1 or its interaction with NXF1
represents a possible way to do this.

"We still need to know more, like the structure of Nspl bound to NXFI,
which would shed light on how this blocks mRNA export and how we
can revert it," says Zhang. "The research is promising, but in order to
develop therapies down the line, we first need to better understand the
mechanism."

More information: Ke Zhang et al. Nsp1 protein of SARS-CoV-2

disrupts the mRNA export machinery to inhibit host gene expression,
Science Advances (2021). DOI: 10.1126/sciadv.abe7386
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