
 

The Achilles heel of the influenza virus:
Ubiquitin protein may be an approach for
future medicines

February 24 2023

  
 

  

UB-modified lysines reside in functional domains of the IAV polymerase. a, b
3D structural models of a WSN-adapted heterotrimeric IAV polymerase bound
to vRNA (adapted from PDB: 4WSB; a) or cRNA (adapted from PDB: 5EPI; b)
created by comparative homology modeling. Positions of lysines with diglycyl
remnants are depicted in violet (PB2, yellow, upper panel), green (PA, violet,
middle panel), and magenta (PB1, turquoise, lower panel). c Linear models of
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PB2 (upper panel), PA (middle panel), and PB1 (lower panel) depicting the
location of the identified di-glycylated lysines (K-ε-GG position) in previously
described functional domains. Boundaries of functional domains (gray boxes)
are depicted in the upper lane (#AA). Interaction sites to viral proteins PA
(violet), PB1 (light green), PB2 (orange), NP (dark orange), and NEP (brown)
and the cellular proteins pol-II (dark green), importin (bright orange), and
ANP32A (pink) are included. RNA interaction sites are depicted as follows:
mRNA (gray) vRNA (white boxes) or cRNA (black boxes) and the 5′Cap-
structures of cellular mRNAs (bright green boxes). Other functional motives
include the catalytic domains of the polymerase in PB1 (light pink), NLS
(violet), and the priming loop (dark green). Credit: Nature Communications
(2023). DOI: 10.1038/s41467-023-36389-0

Influenza viruses are becoming increasingly resilient to medicines. For
this reason, new active ingredients are needed. Important findings in this
regard have been provided by researchers at the University of Münster:
for the virus to proliferate, the polymerase of the influenza A virus has
to be modified many times through enzymes in the host cells.

The team of researchers was able to produce a comprehensive map of
the types of modification. Medicines directed against the enzymes would
be resilient to rapid mutations in the virus, thus offering great potential
for the future. The study results have now been published in the journal 
Nature Communications.

Every year, the influenza season presents a challenge to hospitals.
Despite having been vaccinated, older people and patients with health
problems run a heightened risk of falling prey to a severe bout of
influenza. What is especially insidious about influenza viruses is their
ability to mutate rapidly, which makes them increasingly resilient to
medicines. For this reason, there is an urgent need for new active
ingredients in order to be able to continue providing effective treatment
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for the illness in future.

Researchers at the University of Münster have taken an important step in
this direction by providing evidence of 59 specific modifications to the 
polymerase of the influenza A virus, in other words the decisive enzyme
responsible for the production of copies of the virus genome. What is
special about the modifications described in the study is that they are
transmitted by proteins in the host cells—and, in contrast to virus
proteins, they cannot mutate rapidly. They therefore represent a
promising approach for the production of new medicines.

The influenza A virus polymerase (IAV polymerase) is a highly complex
protein which has more than just one function. One of these is that after
a structural change it can also make copies of the virus genome (cRNA
and vRNA). Without this "switch" of functions, the virus is not able to
proliferate.
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Lead author Dr. Franziska Günl (left) and the head of the study, Dr. Linda
Brunotte Credit: Saskia Hinse

As Dr. Linda Brunotte and Dr. Franziska Günl and a team of colleagues
have now discovered, the IAV polymerase needs proteins from the host
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cell to act as "molecular switches" and carry out its diverse functions.
These proteins are enzymes that dock so-called ubiquitin proteins onto
specific places in the polymerase and, as a result, trigger the signal for
the switch of functions.

"We were able to produce a map showing 59 positions on the viral
polymerase to which ubiquitin was attached through the host cell. These
are completely new findings which reveal the Achilles' heel of the
influenza A virus," explains Dr. Brunotte, who heads a team of
researchers at the Institute of Molecular Virology and also initiated the
study.

This ubiquitination had a definite influence on the activity of the
polymerase at 17 spots. Moreover, one specific position was discovered
whose modification represents the signal for the conversion and the
associated switch of functions in the polymerase. As a result, Dr. Günl,
the lead author of the study, is now looking ahead: "On the basis of our
mapping of the ubiquitination, further studies can now research into
which enzymes are specifically responsible for the modification of the
IAV polymerase. Medicines which are directed against these enzymes
would be resistant to mutations in influenza viruses, thus displaying great
potential for future treatments."

  More information: Franziska Günl et al, The ubiquitination landscape
of the influenza A virus polymerase, Nature Communications (2023). 
DOI: 10.1038/s41467-023-36389-0
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