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A structural approach on the RNA replication machinery of SARSCoV-2 virus to fight COVID-19.
Great efforts are intensifying to identify a successful and fast treatment for COVID-19. A study
on the RNA replication machinery of SARS-CoV-2 virus reveals the insights that can be gained
from a structural approach towards the development of effective therapeutics.
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The Coronavirus disease 2019 (COVID-19) emerged in December 2019 and has since
become a global pandemic, causing thousands of deaths worldwide and impacting global
economy and human habits. COVID-19 is caused by the novel SARS-CoV-2 (severe acute
respiratory syndrome-coronavirus-2), containing an RNA genome able to codify all the
proteins necessary for the infection and replication of the virus.
The rapid spread of COVID-19 has emphasised the need for effective treatment. To contribute
to the development of an efficient drug, Gao and colleagues from the Shanghai TechUniversity
reported in Science the first high-resolution “image” of the SARS-CoV-2 RNA-dependent RNA
replication machinery, the central component of coronaviral replication and transcription. This
was obtained using cryogenic electron microscopy, a revolutionary cutting-edge technique
that involved flash-freezing solutions of the proteins of the viral RNA replication machinery and
then bombarding them with electrons to produce microscope images of its individual
components, used to reconstruct their three-dimensional structure.
The structure depicts three components of the RNA-replication machinery of SARS-CoV-2:
the essential RNA-dependent RNA polymerase (RdRp), the key enzyme catalysing the
replication and transcription of the viral RNA, and two non-structural proteins, namely nsp-7
and nsp-8, necessary to improve the binding of the building blocks of the RNA molecules and
the efficiency of RNA synthesis (figure 1a). RdRs is a large enzyme of almost 1000 residues,
characterised by two regions, also known as ‘domains’: the NiRAN (nidovirus RdRpassociated nucleotidyltransferase) and the polymerase domains. The NiRAN is essential for
the viral growth, but its function has yet not been clarified. The polymerase domain performs
the actual RNA synthesis; it adopts a peculiar conformation that has been described as a
‘cupped right hand’, constituted of ‘fingers, palm and thumb’ subdomains (figure 1b). In the
‘thumb’, two amino acids coordinate the recognition of magnesium ions, crucial for the
synthesis reaction. ‘Fingers and palm’ bind the nucleoside triphosphates (NTPs), the building
blocks of the RNA molecules. The synthesis of the new RNA occurs through the addition of
the first NTP onto a small piece of RNA, the ‘primer’, forming a stable and efficient RNApolymerase complex which is accommodated in the central cavity of the finger-palm-thumb
structure of the polymerase.
The structural insights presented in this work indicated that the overall configuration of the
SARS-CoV-2 RNA-dependent RNA replication machinery is similar to that described for other
viral RNA polymerases. Thus, the authors suggested to repurpose an antiviral drug called
Remdesivir previosuly developed for Ebola, to fight SARS-CoV-2. Remdesivir, is a prodrug
metabolised into its active form in the cells. It is an NTP analogue that is recognised by RdRp
and incorporated in the nascent RNA, blocking its synthesis (figure 1c). After the discoveries
presented in this work, Remdesivir was tested on COVID-19 patients, proving its efficacy in
reducing the recovery time in adults hospitalised with evidence of lower respiratory tract
involvement (Figure 1d).
Gao and colleagues’ work marked a major step towards understanding the RNA-replication of
coronaviridae and the much-needed design of future pancoronaviral therapeutic strategies.
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Figure 1 | The structure of the RNA replication machinery of SARS-CoV-2 virus reveals an effective
treatment for COVID-19. Gao et al. have solved the structure of the RNA-replication machinery of SARS-CoV-2.
a, the core of the machinery is composed of the polymerase RdRp (NiRAN and polymerase domains) and the two
‘helpers’ nsp7 and nsp8. b, the polymerase domain exhibited a ‘cupped right hand’ configuration, with ‘fingers,
palm and thumb’. c, the drug remdesivir and two magnesium ions bind in a surface formed by three aspartates and
block the RNA extension. d, the findings from Gao et al. guided the use of remdesivir for COVID-19 patients,
reducing their recovery time of almost 30%.

