Ligand-centered assessment of SARS-CoV-2 drug target models in the Protein Data
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The spread of the SARS-CoV-2 pandemic has triggered an immediate response of the biomedical
community, working to develop treatments and vaccines for COVID-19. Rational drug design against
emerging threats like this depends on accurate molecular models of the protein components of the
pathogen and of their complexes with candidate drugs for further development. In the current crisis,
structural biologists have reacted by presenting in quick succession structure models of SARS-CoV-2
proteins and depositing them in the Protein Data Bank (PDB) [1], which is a global repository of
experimental models of biological macromolecules. Since the structures from the first-line research are
often deposited before publication, there is an elevated chance of mistakes and errors. This in turn can
create confusion among biologists who rely on structural models for understanding the coronavirus, and
could in fact impede rather than accelerating drug development. This phenomenon has been recently
labeled ‘infodemic’ by the World Health Organization, which in this case could be rephrased as
‘datademic’.

In our ongoing project, we use model-validation metrics, data mining techniques, and expert knowledge
to examine the electron density maps of SARS-CoV-2 protein models. Our goal is to help the biomedical
community establish a well-validated pool of data. With every weekly update of the PDB, we use text
mining to look for deposits related to SARS-CoV-2. Moreover, we track changes to existing deposits,
since many authors of SARS-CoV-2 structures have submitted a second or even third version of their
coordinates. We also search for raw diffraction data (experimental data upon which the electron density
maps and atomic models are based) in the Integrated Resource for Reproducibility in Macromolecular
Crystallography [2]. This data is then processed by a set of geometry checking (Molprobity [3]) and
statistical (Twilight [4]) validation tools. Finally, expert structural biologists use the mined data and
validation reports, and manually inspect the protein models. If errors are spotted, the models are re-
refined and made public at our webserver: https://covid-19.bioreproducibility.org. The website also
aggregates all the mined data and categorizes the analyzed proteins according to the experimental
method, virus type, protein type, and ligand status. We aim to provide the biomedical community with
an easy way of finding trusted structural information about concrete parts of the virus.

It is an evolving project. We are working on visualizations connecting genetic information with the virus
structure. We will also use our machine learning system [5] to validate small-molecule ligands in the
models.
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