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resistance mutations in the SARS-CoV-2 protease 3CLpro.
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SARS-CoV-2 is a single-stranded RNA + polarity virus that belongs to coronavirus family. Its
genome is organized into 14 ORFs, 2 of which lead to 2 polyproteins (ppla and pplab) that, in turn, lead
to 16 non-structural proteins. To being able to progress in its life cycle, these polyproteins must be
processed, for which the virus has 2 cysteine proteases, 3CLpro (nsp5 or Mpro) and PLpro (nsp3). This
processing is essential for viral replication, which means that these proteases can be a potential drug
target.

We have developed a bioassay in the model yeast Saccharomyces cerevisiae based on the
growth inhibition caused by 3CLpro overexpression. Thus, when we expose our yeast to a 3CLpro
protease inhibitor, it is able to restore its growth. This bioassay has been tested successfully with several
compounds, including Nirmatrelvir, a compound commercialized by Pfizer in combination with Ritonavir
as a drug against SARS-CoV-2. We observed that the treatment of yeasts expressing a resistant variant
to Nirmatrelvir of 3CLpro lead to an incomplete restoration of its growth when compared to wild-type
3CLpro. Thus, we have adapted this system to carry out the search for resistance mutations that could
arise due to the use of Nirmatrelvir in clinical practice. As a way to mimic viral evolution during infection,
we have done a randomized mutagenesis on 3CLpro followed by gap-repair in yeast. By this method, we
have obtained 1190 clones on which we have carried out activity assays. 825 clones that maintain full
protease activity have been tested for resistance to Nirmatrelvir, looking for 3CLpro clones that can’t be
fully inhibited by this compound, unlike the wild-type 3CLpro. We have obtained 267 clones that behave
like resistant to Nirmatrelvir that are currently under retesting before sequencing.

Our screening will provide useful information about new variants that could arise in the clinical
through the use of Nirmatrelvir. This structural and functional knowledge will help to design effective
3CLpro inhibitors which avoid the selection of resistant variants.
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