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Abstract

Structural determination of proteins may be carried out using a range of different techniques, of which
Macromolecular X-Ray Crystallography (MX) and cryogenic Electron Microscopy (cryoEM) are currently the two
most popular. These experiments typically culminate into the creation of a model that satisfies the experimental
observations collected for the structure of interest, which is later deposited in the Protein Data Bank (PDB) (Berman
et al. 2000). However, experimental limitations can lead to unavoidable uncertainties during model building
resulting in regions that require validation and potentially further refinement. Many metrics are available for model
validation, but most are limited to the consideration of the physico-chemical aspects of the model or its match to the
map.

Recent developments in the field of evolutionary covariance and machine learning have enabled the precise
prediction of residue-residue contacts and increasingly accurate inter-residue distance predictions. Access to this
accurate covariance information has played an essential role in the latest advances observed in the field of protein
bioinformatics, particularly the improvement of prediction of protein folds by ab initio protein modelling, with the
most notable examples being AlphaFold2 (Jumper et al. 2021) and RoseTTAFold (Baek et al. 2021).

Here we attempt to validate all PDB entries solved through cryoEM or MX at resolutions of 3.0-5.0A, using a series
of new methods for model validation based on the availability of accurate inter-residue distance predictions. These
new methods include a support-vector machine classifier trained to compare the distance predictions obtained
using AlphaFold2 with the distances observed in the protein model in order to detect possible modelling errors.
Further analysis of possible sequence register errors is also done by performing an alignment of the predicted
residue contact map and the map inferred from the contacts observed in the model. Regions of the deposited model
where the maximum contact overlap is achieved through a sequence register different to that observed in the model
are flagged and the optimal sequence register can then be used to fix the possible error.

Results obtained for this PDB-wide model validation suggest the presence of possible modelling and sequence
register errors among the deposited models that have gone previously unnoticed and can be detected with these
new methods.
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