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Group depositions to the Protein Data Bank need adequate
presentation and different archiving protocol
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Accurate experimentally determined structure models of
biological macromolecules are used by a large and
diverse community of researchers. It is an established
practice to base the assessment of the structure model
quality on both, expectations of correct stereochemistry
and, most importantly, on examination of the model's fit
to the primary experimental evidence. In the case of X-
ray crystallography, the primary evidence is provided by
the electron density map. The worldwide Protein Data
Bank (wwPDB1) is a global repository of macromolecular
models and the accompanying experimental data that
allow to examine agreement between the electron density
and structural model using programs such as Coot,2

Chimera,3 Pymol,4 or Molstack.5 Throughout its 50-year
history, the PDB has accumulated over 180,000 macro-
molecular structures, and gained the reputation of the
gold standard in structural biology and of the most reli-
able data resource in biomedical research in general.6

Recently, the PDB has seen an influx of many deposi-
tions from large-scale crystallographic fragment screen-
ing projects using a complex computational procedure

called Pan-Dataset Density Analysis (PanDDA7). Based
on a sophisticated multi-data-set analysis of reference
models and potential ligand-complex crystals,7 such
group depositions serve the purpose of identifying very
low-occupancy small molecule ligands in macromolecu-
lar complexes. In brief, the idea of PanDDA consists of
partial background solvent inclusion and subtraction of a
virtual “multi-crystal ground state,” to produce so-called
“event map,” revealing the supposed ligands in each of a
multitude of different ligand data sets. As a result, the
PDB accumulates large numbers of “group depositions”
of many putative ligand complexes of the same protein
target that presently do not conform to the primary objec-
tive of the PDB as a repository of high-quality structure
models and data. In particular, the maps that can be
retrieved for such deposits have dubious agreement with
the models (Figure 1).

While suited for fragment screening and lead
discovery,8 the group deposition models dumped en
masse into the PDB do not conform to the quality stan-
dards9,10 expected of PDB entries. In particular, PanDDA
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deposits confuse most biomedical researchers as their
data structure is different than that of other PDB deposits
and the quality of the structure models, despite occa-
sional high nominal resolution, is often questionable.

The presence of group deposits that do not conform
to PDB standards of data retrieval and model quality, but
nevertheless are presented on a par with conventional
entries, degrades the PDB integrity. For standard entries,
the PDB-provided map coefficients or density maps are
calculated from the supplied experimental and model
data, allowing validation of the model against experi-
ment. This procedure is not possible for PanDDA entries,
as the “event maps”7 have a completely different nature
and purpose. Consequently, group deposition entries are
difficult or even impossible to individually validate and
assess. They can mislead PDB users when selected as
models to underpin further studies and may also mislead
systems like AlphaFold211 during selection of optimal
templates for structure prediction. Presence of non-
conforming entries is particularly problematic for auto-
mated data-mining projects, including applications of
Artificial Intelligence, as the presence of such data adds
unexpected levels of noise during the learning and testing
stages.

The gold standard of structural biology, that is, the
agreement of a structure model with underlying electron

density, fails for group deposition models that severely
disagree with the user-accessible electron density maps
(Figure 1).

If group deposition entries violating accepted quality
metrics9,10 become primary references for their protein
families due to their reported very high resolution, the
effect could be disastrous (Figure 1b). The presence of
such deposits will affect the reliability of the PDB and its
reputation as the most reliable repository in life sciences.
While even the community of structural biologists may
already have problems with understanding the limita-
tions of group deposits, biomedical researchers, and
bioinformaticians generally assume that the same quality
standards and data structure are consistently applied to
all models in the PDB. Nonstructural research communi-
ties rarely verify the model by comparison with the elec-
tron density, and thus rely entirely on structural biology
standard metrics, such as reported resolution, and expect
that PDB structure deposits represent uniformly valid and
verified models.

We postulate that PDB group depositions from large-
scale ligand screening projects that do not present fully
refined macromolecular models should be, as a mini-
mum, very clearly marked as members of this special cat-
egory. Ideally, however, such models should be relocated
from the PDB into a separate database dedicated to group

FIGURE 1 Discrepancies between the atomic model coordinates and electron density maps of representative PanDDA depositions in

the PDB. (a) Model of 4-methylbenzenesulfonamide in SARS-CoV-2 NSP3 macrodomain (PDB ID 5rtl) does not fit the electron density,

accordant with the poor real space PDB metrics shown in the panel frame as provided by the RCSB PDB site. Map coefficients were

calculated from downloaded “Data from final refinement with ligand” and the deposited model. The misplaced phenylalanine residue

(to the right of the ligand) indicates that no refinement of the binding site or ligand occurred. (b) PDBe-downloaded electron density map

and model of the nominal highest-resolution (0.85 Å) structure of endothiapepsin, PDB ID 5rdh. R-free and % of real space fit (RSRZ)

outliers in the PDB slider panel are extremely high and indicate poor agreement with the electron density, including unmodeled solvent,

which is indicative of incomplete refinement. Despite the ultrahigh resolution, the model is not useful as a quality reference for pepsin-like

enzymes. (c) Electron density generated from RCSB PDB site map coefficients, and model of SARS-CoV-2 main protease, 3CLpro (PDB ID

5rfb). The map provides scant evidence, with real space correlation coefficient of the ligand (0.65) at the noise level. No useful conclusions

can be derived by PDB users from this ligand modeled at 0.4 occupancy. 2mFo-DFc maps (blue) are contoured at 1σ, mFo-DFc difference

maps are contoured at +3σ (green) and �3σ (red)
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depositions. The inventors of the PanDDA7 ligand-
screening methodology have already developed database
capabilities ideally suited to storing and handling frag-
ment screening data.12 They could, therefore, collaborate
with the PDB to establish such a database, equipped with
tools needed for proper examination and evaluation of
fragment-screening entries. Clear annotation and separa-
tion of nonstandard entries will minimize contamination
of the PDB by suboptimal structures; and importantly,
structure-informed biomedical research will remain
based on validated and verified experimental evidence.
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