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New system developed for rapid SARS-CoV-2 variant characterization and
facilitated drug development
Researchers led by the Nobel Laureate Charles Rice of The Rockefeller University and
Volker Thiel of the University of Bern and Institute of Virology and Immunology have
developed a non-contagious model of SARS-CoV-2 that makes it easier, faster and safer to
study the virus and new variants. In addition, the realistic model can be used to better test
drugs.
Even though vaccines are now sufficiently available in parts of the world and more drugs are
coming to the market, there is still the danger of new variants emerging, which could be more
pathogenic and further escape protection by the vaccines. The faster the properties of such
variants can be characterized; the more rapid countermeasures can be taken.
Research with the SARS-CoV-2 virus needs to be performed in high biosafety laboratories, which
is time consuming and even precludes certain types of experiments. Such experiments include
high-throughput drug screening and genetic screening for cellular components, which are essential
for viral infection and replication, and thus, represent some of the best drug targets.
Disarmed virus
A team of researchers led by Charles M. Rice from The Rockefeller University, one of the
recipients of last year’s Nobel Prize in Physiology or Medicine, and Volker Thiel from the University
of Bern and Institute of Virology and Immunology, now developed a new experimental system. This
new versatile viral model system separates the Spike protein and the Coronavirus replication
machinery but should still be safe to work with under lower biosafety settings.
The trick that the researchers used is that they introduce into cells the whole Coronavirus genome
lacking the Spike protein, which they assembled in the lab, and in addition a second genomic
message coding for the Spike protein. Once introduced into cells, the “spike-less” coronavirus
genome, also called replicon RNA, can perform all steps of the viral life cycle, but cannot produce
new infectious coronavirus particles. Only if the same cells contain the spike gene, they can
secrete viral-like particles decorated with Spike proteins and inside the whole viral genome without
the production instruction for the spike protein, which stays behind in the producing cells. These
particles can then be used to infect other cells mimicking a natural infection. However, these newly
infected cells do not have the construction plan for the spike protein and hence cannot produce
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new viral particles capable of infecting other cells allowing for lower biosafety level precautions.
The new model has now been published in Science.
Key advantage
“Similar systems have been published previously, but there is a crucial difference between those
and the one reported here”, says Volker Thiel, co-corresponding author together with Charles M.
Rice. The previously reported systems also split the SARS-Cov-2 genome into two parts to be
introduced into the virus-like particle-producing cells. One part contained the entire genome minus
one essential protein for virus assembly, which was provided separately. But in those systems, the
part provided separately was not the Spike protein. Thanks to the new model, properties of the
spike protein can now be better studied. This is a great advantage: “Variations in the Spike protein
so far caused the biggest concern regarding new variants”, Thiel explains.
Easier and safer to handle
“Changing one or the other part of the split genome might not sound like a huge deal, but it is”,
says Thiel. The entire SARS-CoV-2 genome consists of about 30’000 letters, which despite
modern molecular biology methods, makes it challenging to handle, change and produce on its
own. The genomic construction plan of the Spike protein consists of less than 5000 letters, which
makes it much easier to handle and change. “So, in the here reported system, the smaller genomic
part of the virus encoding the spikes, in which most mutations leading to concern arise, can be
handled relatively straightforward while keeping the larger, second part of the genome constant”,
Thiel explains.
This system greatly facilitates studies on the properties of the spike protein and the replication
machinery at the same time, which mimics in many ways the life cycle of the natural SARS-CoV-2.
Indeed, the researchers could benchmark the new system against the natural virus, and show that
immune evasion from antibody binding and inhibition by antiviral drugs, can similarly be studied,
but under much safer conditions.
This study was funded by the Swiss National Science Foundation, National Cancer Institute of the
National Institutes of Health, and other foundations and charitable trusts. Volker Thiel is a member
of the NCCR RNA&Disease.
Publication details:
Inna Ricardo-Lax et al.: Replication and single-cycle delivery of SARS-CoV-2 replicons. Science,
October 14, 2021. doi: https://www.science.org/doi/10.1126/science.abj8430
Contact:
Prof. Dr. Volker Thiel, Vetsuisse Faculty of the University of Bern, Institute of Virology and
Immunology (IVI), and NCCR RNA&Disease
Phone +41 31 684 24 13
E-Mail volker.thiel@vetsuisse.unibe.ch
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Institute of Virology and Immunology (IVI)
The IVI is Switzerland’s reference laboratory for the diagnosis, monitoring and research of highly
contagious animal diseases, including viral zoonoses. As part of a cooperation agreement with the
Vetsuisse faculty of the University of Bern, the IVI is also responsible for teaching and research in
the fields of virology and immunology. Research activities encompass both basic and applied
research to support the control of highly contagious animal diseases, other viral diseases of
concern, and zoonoses.
The IVI reports to the Federal Food Safety and Veterinary Office (FSVO).
IVI Website of the Federal Administration and IVI Website of the University of Bern
NCCR RNA & Disease – The role of RNA in Disease Mechanisms
The NCCR «RNA & Disease – The Role of RNA Biology in Disease Mechanisms» studies one of
the most central molecules of life: RNA (ribonucleic acid) is pivotal for many vital processes and
functionally much more complex than initially assumed. For instance, RNA defines the conditions,
in a given cell, under which a given gene is or is not activated. If any part of this process of genetic
regulation breaks down or does not run smoothly, this can cause heart disease, cancer, brain
disease and metabolic disorders. The NCCR brings together Swiss research groups studying
different aspects of RNA biology. By researching which regulatory mechanisms are dysregulated in
disease, the NCCR discovers new therapeutical targets. Leading institution is the University of
Bern, with the ETH Zurich co-leading. National Centers of Competence in Research are a research
instrument of the Swiss National Science Foundation (SNSF).
Website NCCR RNA & Disease
While most people know the term "DNA", the term "RNA" is less familiar. What exactly are RNA
molecules? The website Molecool.ch, which was developed by the NCCR RNA & Disease of the of
Bern and the ETHZ, gives an overview of the many functions of the RNA molecule and their
importance for cutting-edge research and drug development.
Website Molecool.ch
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