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Introduction 

High-throughput screening is increasingly becoming an established component of fragment-
based drug discovery and medicinal chemistry campaigns. Approaches based on X-ray 
crystallography and NMR spectroscopy, once regarded primarily as specialist or confirmatory 
techniques used downstream of other biophysical assays, are now being implemented within 
more systematic and scalable workflows. At synchrotron facilities, advances in automation, 
sample handling, data collection and processing, hit identification, and model building have 
substantially increased the throughput and accessibility of crystallographic screening. In parallel, 
coordinated access to advanced NMR instrumentation and expertise is provided through Instruct-
ERIC, the pan-European distributed research infrastructure for integrated structural biology, 
including NMR facilities that support user access programs across participating centres. 
Continued development of these infrastructures, together with increasingly integrated 
experimental and computational workflows, is expected to establish X-ray- and NMR-based 
screening as complementary and routinely accessible tools for fragment discovery, hit 
characterisation, and structure-guided medicinal chemistry. 

At present, more than ten synchrotron-based fragment-screening facilities are either operational 
or are developing dedicated fragment-screening platforms, and at least 150 crystallographic 
fragment-screening campaigns are already being carried out annually by academic and industrial 
users (Erlanson et al., 2025). By 2028, these activities can potentially generate several tens of 
thousands of diffraction datasets and corresponding protein–ligand structures each year, 
highlighting the need for the community to develop consensus on how to preserve, validate, 
curate, and enable the reuse of data from high-throughput fragment screening and subsequent 
hit-to-lead or lead-optimisation efforts (Erlanson et al, 2025).  

The sheer number of structures produced by such fragment screening campaigns poses a 
significant challenge, as it can potentially break established deposition procedures at the wwPDB. 
Another challenge is that screening experiments differ in character from conventional single-
structure studies in that each individual atomic coordinate model (hereafter model) shares 
complex relationships with the others as part of a larger experiment. A fragment screening 
campaign may produce hundreds or thousands of closely related datasets, only some of which 
contain interpretable ligand-binding events. Preservation of the remaining “apparently negative” 
datasets are also important, first because they are part of the full experiment, and second because 
they may be necessary both for reproducing the analysis and for future reanalysis. In the Pan-
Dataset Density Analysis (PanDDA) approach, for example, evidence for a weakly bound 
fragment critically depends on comparing potential ligand-bound datasets to an ensemble of 
related datasets rather than on a single conventional map, making access to the unbound 
datasets an integral part of the scientific record for fragment-screening campaigns. (Pearce et al., 
2017)  

NMR-based fragment screening is also growing quickly, but it differs from crystallographic 
screening in that not all NMR experiments produce atomic coordinates as outcomes. In contrast, 
NMR-based fragment-screening experimental data include information on binding affinities, and 
binding vs. non-binding can be unambiguously delineated, as NMR provides a direct readout of 
the ligand properties within the fragment library. Thus, NMR screening campaigns will include 



information on every fragment in a screen and can yield binding epitope mapping, including 
protein-ligand complexes based on NOEs, as well as affinity determination for binding fragments. 
Depending on predetermined thresholds, even very low-affinity binding can be detected. 

With respect to deposition of the fragment-screening results in publicly available databases such 
as the PDB (wwPDB consortium, 2019), current practices vary considerably. Some groups refine 
and deposit individual protein-ligand complexes as standard PDB entries, while others submit 
partially refined atomic coordinate models together with processed diffraction data and PanDDA 
event maps. Moreover, campaign-level datasets are sometimes deposited in general-purpose 
institutional repositories or in Zenodo. This lack of consistency and standards complicates 
deposition, curation, peer review, and editorial assessment of the data. It also limits systematic 
reuse, particularly for computational and AI/ML applications, which depend critically on 
standardised datasets with clear provenance, consistent metadata, and readily interpretable 
quality metrics. 

A further complication for all stakeholders is that, due to the large scale of the datasets, many 
crystallographic fragment-screening structures are not refined to the same standards as 
traditional single macromolecular structures. In many academic and industrial workflows, 
especially in medicinal chemistry teams, the immediate scientific questions are whether a 
fragment binds, where it binds, how tightly it binds, what conformational changes take place upon 
binding, and how these observations might guide the next round of compound design. The model 
may, therefore, have been refined only in the vicinity of the ligand-binding site (LBS) and not taken 
to global convergence. Such partially refined structures may appear to be of lower quality when 
judged by conventional wwPDB Validation Reports, even though they are deemed fully adequate 
for the screening decision (Pearce et al., 2017). Treating these partially refined models as directly 
equivalent to fully refined PDB structures entails a risk of misleading comparisons. Conversely, 
excluding them from the PDB would mean losing a substantial body of information on ligand 
binding, protein flexibility, crystallographic reproducibility, and medicinal chemistry practices.  

Fragment screening campaigns also comprise a systematic dataset on binding propensity. For a 
given site, there are strong binders, non-binders, and everything in between. In particular, weaker 
binders, as well as non-binders, may yield valuable data on interactions that inform chemical 
hypotheses. Without agreed-upon standards for data and metadata deposition, validation, and 
citation information, many datasets may remain inaccessible, be inconsistently described, or be 
difficult, if not impossible, to reuse. Losses to the scientific community could be substantial, 
particularly as these data could support benchmarking, automated ligand detection, retrospective 
medicinal chemistry analysis, and AI/ML model training. 

To address these issues and to follow up on the suggestion by Erlanson et al. (2025), the 
Worldwide Protein Data Bank (wwPDB, Berman et al., 2003) partners hosted a workshop, 
supported by OpenBind (https://openbind.uk), at EMBL-EBI (Hinxton, UK) in March 2026. Its 
purpose was to establish community consensus regarding deposition and reuse of high-
throughput structural biology data from fragment screening, hit-to-lead studies, and lead-
optimisation campaigns. The workshop brought together relevant stakeholder communities, 
including representatives from major crystallographic and NMR fragment-screening facilities, 
software developers with expertise in processing, refinement and validation, the user community 
representing both academic and industrial users, the wwPDB, Instruct-ERIC, and scientific 



publishers and editors. The workshop was attended by 42 participants and held in person to 
enable detailed technical discussion while maintaining broad representation. 

The goals of the workshop were threefold: (i) to define minimum data standards and metadata 
requirements for public deposition of high-throughput fragment-screening experiments; (ii) to 
reach consensus on deposition and publication practices, including archiving of fragment-
screening campaigns; and (iii) to develop a white paper with recommendations that the scientific 
community and all stakeholders could review and endorse. 

Workshop structure 

The workshop itself was organised in two parts. During the first session, the intention was to 
establish a common understanding of current practice and unmet needs. Following that, open 
issues were identified and addressed in multiple detailed breakout discussions. Perspectives 
were provided by representatives from synchrotron-based fragment-screening facilities, 
fragment-screening practitioners, the wwPDB, scientific publishers, and AI/ML and other methods 
developers. 

During the introductory session, representatives from the fragment-screening facility and 
practitioners provided background on the history and anticipated growth of high-throughput 
fragment-screening campaigns, typical experimental outputs from such work, and the diversity of 
refinement and reporting practices currently in use. The wwPDB partners described the current 
PDB archiving practices, validation expectations and limitations, and potential challenges to 
inclusion of screening-scale data and partially refined structures. Problems and pitfalls in the 
manuscript review process stemming from a lack of community consensus on archiving and 
validation standards were outlined and discussed. Experts in AI/ML and methods examined what 
would be required to make fragment-screening data reusable and discussed the consequences 
of missing metadata and inconsistent standards. 

Following the introductory session, participants were divided into four break-out groups covering 
four topics: 

● Experimental outputs and minimum data: This group focused on the actual screening 
experiments, on which data are always produced in fragment screening, on what 
information is essential for reuse, and on how to treat negative or ambiguous results.  

● Metadata and context: This group discussed the information required to interpret a hit, 
the distinction between facility-specific and universal metadata, and the use of controlled 
vocabularies and identifiers. 

● Validation and quality classification: This group discussed how to handle partially 
refined models, current practices (or lack of them) for handling such models relative to 
conventional PDB structures, and which validation metrics are appropriate for assessing 
fragment-screening data.  

● Deposition, access, and publication models: This group addressed data archiving and 
whether data should be deposited into the PDB, a sub-archive, or a companion repository; 
publication requirements; linking, embargoes, and industrial participation; and how 
publishers could reference these datasets. 



The following sections present high-level recommendations arising from the workshop for making 
high-throughput crystallographic data FAIR, i.e., Findable, Accessible, Interoperable, and 
Reusable (Wilkinson et al., 2016).  

Experimental outputs and minimum data 

At the outset of the discussion, it became clear that while a fragment-screening campaign may 
be viewed as a collection of individual diffraction or NMR studies, it should really be considered a 
single experiment.  

It was also realised that compared to traditional structural biology, obvious differences exist in 
how the data are treated and modelled, as well as in the outcomes. In traditional structural biology, 
the focus is usually on the structure and function of an individual model or a few models that have 
been refined to convergence, interpreted as structural results, published, and deposited to the 
PDB. In fragment screening, the immediate questions are much narrower: does a particular 
fragment bind and, if so, where and how? A further aspect is, how the collective dataset can 
inform downstream design of tool compounds or drugs. With these answers in hand, full structure 
refinement is often not necessary and therefore not undertaken. At the same time, capturing 
relationships between models that originated from the same screening experiment becomes a 
new requirement. 

Following that, the discussion focused on which relevant pieces of information need to be 
captured across the various stages of the experiment. Since there are significant differences 
between X-ray crystallography and NMR, the two approaches should be treated separately. 

For X-ray crystallography, the samples need to be crystallised and then “treated” with the 
compound, typically by soaking. It is therefore imperative to record what happened to each crystal 
prior to data collection. This information should include the compound library, with descriptions 
for all compounds in that library, using their SMILES strings and InChi, and crystallisation 
reagents, crystal soaking and cryoprotection procedures. 

Diffraction data collections are then carried out sequentially on a highly automated synchrotron 
beamline, which may generate several hundred datasets for a particular screening campaign. 
Crystallographic data processing is typically fully automated and highly parallelised using a variety 
of standard software tools or pipelines.  

Data analysis typically involves a diverse set of procedures that differ and may also be unique to 
a particular facility or laboratory. In a crystallographic experiment, ligand binding is typically 
assessed by difference electron density approaches. Ligands that bind tightly and at high 
occupancy may appear in conventional difference electron density maps of the type (mFo-DFc, 
αc) even without atomic coordinate refinement directly after molecular replacement. For ligands 
that bind at partial occupancy, some refinement (i.e., phase improvement) may be necessary, or 
the evidence in a single dataset may never provide sufficient signal-to-noise and only in the 
context of the other datasets in the experiment can a statistical method such as PanDDA reveal 
the ligand. Sometimes, a model may be refined only in the vicinity of the LBS. 

Consequently, models arising from screening experiments are not directly comparable to 
conventionally refined PDB structures. Partially refined screening-derived models may appear to 



be of poor quality when assessed using conventional validation tools, even when they are entirely 
adequate to answer the screening questions posed above. In another crystallographic approach, 
diffraction datasets, or subsets of datasets, are analysed jointly in a pan-dataset approach (e.g., 
the PanDDA method). In such cases, the evidence for ligand binding stems from a so-called event 
map. Since many datasets are necessary to construct such an event map, the evidence for ligand 
binding is distributed across these datasets rather than contained in one. 

For NMR, the buffer conditions, including ligand concentrations and co-solvents, are required. 
Ligand-only blank experiments need to be reported to differentiate binding-induced chemical shift 
changes from pH-induced effects. Further, solutions of the target are typically mixed with a 
cocktail of compounds, selected so that the NMR spectra of the compounds show low spectral 
overlap so that they can be disambiguated. As in the case of X-ray crystallography, this requires 
recording of the compound library, with descriptions for all compounds in that library, using their 
SMILES strings and InChi. 

Ligand-directed NMR experiments typically require multiple signatures, including magnetisation 
transfer between target and ligand (saturation transfer difference, STD, or via water, Water-
LOGSY), or magnetic relaxation enhancement of the ligand due to interaction with the 
macromolecule (detected as linewidth changes or faster relaxation times measured in Carr-
Purcell-Meiboom-Gill experiments, CPMG). Target-directed NMR experiments are typically 
conducted with single ligands to quantify affinities and determine the ligand binding site and pose 
after the ligand has been identified as binding in a ligand-detected experiment. 

Analysis of NMR datasets depends on whether the experiments are ligand-directed or target-
directed, but semi-automated analysis tools are established for both approaches. In NMR 
screening campaigns, identification of the LBS and ligand pose typically has lower confidence 
than that of canonical NMR structures. 

Finally, the nature of a screening campaign and the subsequent analysis procedures necessitate 
the introduction of a new data item to describe what may be called structure or model maturity 
(Table 1). This new metadata item is intended to define the degree to which a model has been 
refined. Presently, there is no automated way to extract this item from the procedure itself or 
directly from the data. It therefore will have to be supplied by the depositor. For practical purposes, 
model maturity may be described by the following six levels 0 to 5. 

Table 1: Description of the different structure maturity levels 

Structure 
Maturity 
Level 

Description X-ray NMR 

0 Unrefined 
starting model 

Coordinates correspond to the 
molecular-replacement solution, 
including any rigid-body refinement 
performed as part of molecular 
replacement. No subsequent 
coordinate, B-factor, occupancy, 
sidechain, solvent, or ligand 
refinement has been carried out. No 
manual rebuilding has been 
performed 

No structural pose has been 
assigned; the experiment 
provides evidence of binding 
only. 



1 Automated 
partial 
refinement 

The molecular-replacement model 
has undergone automated 
coordinate and B-factor refinement, 
and occupancy refinement where 
appropriate. No manual side-chain 
rebuilding or water placement has 
been performed. At this level, the 
protein may have been refined 
without including the fragment, or a 
preliminary fragment model may 
have been included in the 
automated refinement. The 
refinement protocol and whether the 
ligand was included should be stated 
explicitly 

Putative ligand-binding 
residues are identified from 
experimental data (e.g. 
chemical-shift perturbations, 
saturation-transfer 
measurements, transferred 
NOEs, or related experimental 
data), but no protein–ligand 
model is provided. 

2 Ligand-binding-
site refinement 
or restrained 
pose 
assignment 

The ligand-binding site (LBS) has 
been manually inspected and 
refined. This includes fitting and 
refinement of the fragment, 
rebuilding of protein side chains, and 
placement or removal of ordered 
solvent within the binding site. 
Regions outside the LBS have not 
necessarily been inspected or 
refined to convergence. The relevant 
electron-density or evidence map 
supports the ligand model 

A protein–ligand pose has 
been generated using 
experimental information that 
localizes the ligand and 
constrains its orientation, but 
the pose remains dependent 
on modelling or docking 
because the available 
intermolecular restraints are 
insufficient to define it directly. 

3 Global 
automated 
refinement 

The complete structure has 
undergone automated refinement 
beyond the ligand-binding site, 
including coordinate and B-factor 
refinement, occupancy refinement 
where justified, automated side-
chain rebuilding, and solvent 
placement. The fragment is included 
in the refinement model. Manual 
inspection may be limited, and 
convergence of all regions of the 
structure is not required 

The protein–ligand pose is 
supported by direct 
intermolecular experimental 
restraints, such as 
intermolecular nuclear 
Overhauser effects (NOEs) 
and/or paramagnetic relaxation 
enhancements (PREs), and 
these restraints have been 
incorporated into structure or 
complex modelling. The 
number, distribution, and type 
of restraints should be reported 

4 Manually 
inspected and 
refined 
structure or 
experimentally 
restrained pose 

The protein–ligand model has been 
manually inspected and refined 
iteratively. Global assessment of 
protein side chains, alternative 
conformations, solvent molecules, 
ligand geometry and occupancy, 
and other local features is carried 
out. Refinement has proceeded to 
convergence, with no apparent 
substantial unresolved model 
corrections 

The ligand pose is defined by a 
sufficient number and 
distribution of direct 
intermolecular restraints to 
establish both the binding site 
and ligand orientation with 
limited dependence on an 
unconstrained docking 
solution. Agreement between 
the final pose and the 
experimental restraints has 
been evaluated explicitly. 

5 Fully refined 
and validated 

The protein–ligand structure has 
undergone global refinement to 

The experimental restraints 
support ligand pose, have 



deposition-
quality 
structure/pose 

convergence, with comprehensive 
manual inspection and validation. 
Ligand identity, geometry, 
conformation, occupancy and 
interactions have been assessed 
against the experimental density; 
protein and solvent models have 
been inspected throughout; and 
standard crystallographic and 
ligand-validation criteria have been 
reviewed. The model is considered 
suitable for deposition and 
subsequent quantitative or 
computational reuse, like that of a 
traditional X-ray structure. 

undergone complete structure 
calculation or refinement and 
restraint validation like a 
traditional NMR structure 
determination. The deposition 
includes all required 
experimental and 
methodological information to 
permit independent 
assessment and reuse. Any 
residual ambiguity in ligand 
orientation or binding mode is 
explicitly documented. 

 

In summary, the most important recommendations from the Experimental outputs and minimum 
data discussion are:  

Metadata standards 

The central question in the Metadata Standards discussion was whether metadata associated 
with a traditional structure determination would be sufficient, or whether additional metadata are 
needed to describe an entire screening campaign with many data sets and to ensure 
reproducibility and reusability. The consensus was that any data model extension should be 
simple, extensible, and limited to the minimum information needed to reproduce experiments or 
analyses. It must also connect campaign-level information with the individual structures and 
datasets produced by the campaign. 

The wwPDB previously developed a PDBx/mmCIF dictionary extension called "Investigation" 
[https://pdbeurope.github.io/InvestigationCIF/] to allow grouping of multiple PDB structures and 
associated datasets. This hierarchical framework was specifically designed to capture additional 
metadata not described at the level of individual structures. It seems therefore suitable to provide 
a mechanism for capturing campaign-level information. With respect to fragment-screening, the 
PDBx/mmCIF dictionary extension includes categories and items that describe campaign-level 
metadata including the investigation identifier, campaign identifier, title, authors, rationale for the 
experiment, the identified hits and negative results, structure IDs associated with the individual 

Key Recommendations 
● Treat the entire campaign as one entity - The set of structures and datasets should 

be described as one campaign-level outcome, not as unrelated, individual structure 
determinations and/or experiments. 

● Capture sample, compound, and evidence information - The scientific record 
should connect each sample and compound to the underlying data that contain 
evidence for ligand binding.  

● Introduce a new descriptor termed structure of model maturity as described in 
Table 1. 



datasets, target information, number of samples and sample IDs, facility name, the compound 
library name, content and vendor information, and batch numbers of chemicals or buffers. The 
investigation framework also allows audit details to be captured, including funders, campaign date 
range, revision history, etc. 

It was deemed necessary to involve individual fragment screening facilities in the addition of new 
categories and items to the PDBx/mmCIF framework, using controlled vocabulary and assigned 
namespaces to capture facility-specific details without requiring them to be universal. 

At the structure level, minimum metadata required to ensure reproducibility and reuse, as well as 
quality assessment, includes the structure maturity level (see above), scope of refinement, 
crystallisation conditions (including co-crystallisation or soaking), data collection and processing 
information, chemical descriptors, compound design provenance, and entity or polymer 
sequence.  

Validation and Quality Assessment 

As has been detailed and discussed in the previous sections, the intents and outcomes of a 
fragment-screening experiment are different from those in a conventional structure determination 
experiment. This necessitates including additional information in the data analysis step. A critical 
aspect here is the structure- or model-maturity concept introduced above. 

Proper validation for fragment-screening data requires greater emphasis on the evidence used in 
the analysis, including the primary outcome of the experiments - the electron density or potential 
maps and local evidence. Standard geometric checks can be applied to identify serious errors, 
but “expected” thresholds should be lower than for standard PDB entries, depending on the 
structure or model maturity level. Additional validation should include density coverage and map-
based confidence scoring, including the assessment of the evidence maps, noise metrics, and 
agreement between the fitted model and the expected ligand based on the sample preparation 
metadata. These measures should address both validity and quality and report global properties 
as well as local features at the LBS. 

Key Recommendations 
●  Complete the development of the PDBx/mmCIF fragment-screening 

investigation framework - Review and finalise current draft categories and items to 
describe a fragment-screening-specific Investigation that links multiple models and 
carries campaign-level information. 

● Include campaign-level metadata - the Investigation and Campaign identifiers, 
revision history, title, authors, funders, the date range during which the measurements 
were conducted, and the rationale for the specific experiment. Additionally, the 
“Investigation” should include target and sample information; associated structure IDs; 
screening facility information; a description of the compound library and vendor; and 
chemical or buffer batches. Compound records should include identifiers such as 
SMILES strings, InChi, and InChIKeys to support reuse and compound provenance. 
Investigations should also include measured binding affinity (if available) and outcome 
assessments. 

● Roll out these developments to the fragment-screening facilities first, then later to 
the general user community. 



Validation should also encompass an entire campaign. Because fragment screening often 
depends on interpretation across many datasets, each campaign should be assessed as a whole, 
in addition to assessments of individual structures therein. The group also discussed the necessity 
of developing a robust Bayesian prior-based quality-assessment framework using information, 
entropy and machine-learning approaches.  

This validation framework to be developed should be guided by the structure or model maturity 
level and comprise several aspects. Validation processes should be based on evidence for ligand 
detection and assessment, not on whether the model is globally refined. To ensure appropriate 
assessments of how the model moved from hit identification or peak finding to local or full 
refinement, this information should be recorded. Validation should use the evidence map and LBS 
features and not just the current global model validation metric. For campaign-level validation, 
distributions of quality metrics across the campaign need to be used to classify datasets and 
identify outliers. Relative R-factors and density distribution histograms across the dataset could 
support classification, ranking, and outlier detection. Methods that rely on multiple datasets and 
ground-state structures should deposit the supporting data. The fitted ligand should be compared 
with the expected compound and sample-preparation metadata. Preliminary geometry validation 
should use the restraints applied during fragment fitting or refinement. 
Deposition and Archiving 
The Deposition discussion focused on making fragment-screening data FAIR. The participants 
also discussed the pros and cons of archiving data in the PDB or whether a separate repository 
needs to be established. The discussion also addressed whether fragment-screening data should 
be handled through a dedicated portal or interface that supports searching, filtering, viewing, and 
handling of screening datasets. Supporting reviewers in assessing fragment screening data was 
also considered. There was also a discussion that data consumers need training and outreach to 
properly assess model quality and ensure appropriate re-use. 

Further aspects discussed included the need for wwPDB partners to provide reviewers with 
access to deposited data before it is publicly released to support manuscript assessment. It was 
acknowledged that this will require additional funding so wwPDB partners can develop the 
necessary additional software and cyber infrastructure. Fragment-screening entries should be 
clearly labelled to distinguish low-maturity structures from conventional PDB structures. Training 
and outreach should help data consumers assess model quality and ensure proper reuse. 

Key Recommendation 
● Develop a robust and practical validation framework for fragment screening 

data - A working group should be established to explore a quality-assessment 
framework that leverages information entropy and machine-learning approaches. 

Key Recommendation 
● Enable FAIR access to fragment-screening data - Fragment-screening data 

should be deposited in the PDB to ensure FAIR access, leveraging the existing 
infrastructure. It was acknowledged that wwPDB partners will need additional 
resources to enable fully automated curation as a prerequisite to support the volume 
of data. 



Publication and Citation Practices 

The final important pillar of the workshop was on best practices for publishing fragment-screening 
results. Since large-scale screening campaigns using X-ray crystallography and NMR are 
relatively new, journal editors and referees may not be fully aware of their specific aspects and 
may be tempted to judge them using more traditional criteria. While a screen may not provide a 
complete biological narrative, it often provides systematic evidence on binding propensity, hit 
identification and chemical starting points. 

As with other publications in structural biology, published claims resulting from screening 
campaigns need to be supported by deposition of the underlying data in standardised, open 
repositories. Where the manuscript is centered on the fragment-screening campaign itself, such 
as fragment-library evaluation, target druggability, or identification of starting hits, the full 
campaign should be deposited in accordance with the data deposition recommendations 
described above. Where the screen is supporting evidence for a later lead compound, authors 
should deposit a fully refined structure of the relevant fragment hit(s), together with any evidence 
maps used earlier for their identification. A fully refined apo-target structure should also be 
provided as ground-state reference. 

Participants discussed requirements for providing campaign-level support to manuscript 
reviewers and for assessing individual structures and datasets, including a validation summary 
covering all datasets.  Reviewers should have access to the deposited data needed to assess the 
manuscript, including unreleased data where necessary. 

Key Recommendations 
● Accept campaign-centred outputs for publication - Publishers need to recognise 

the unique nature of fragment-screening campaigns and that they do not necessarily 
produce the conventional mechanistic and functional insights. The value of a screen 
may lie in binding evidence, negative data, and starting points for medicinal 
chemistry. Scientific publishers need to adjust their requirements to allow the 
publishing of the fragment screening outcomes. 

● Require full campaign deposition for campaign papers – For the publication of 
results stemming from a screening campaign, the full fragment-screening campaign 
ought to be deposited. 

● Provide campaign-level and structure quality summaries - wwPDB partners 
should provide a validation report with information on distributions of metrics, 
resolution and completeness across the campaign. The report should also include a 
summary table listing screened, measured, modelled and hit compounds. These 
should be helpful to both reviewers (equivalent to the wwPDB validation reports for 
individual structures but describing the global FS experiment) and users of the 
deposited structures, e.g.  box plots of resolution limit, ISa, etc. (to be defined 
separately on the mandatory and optional requirements). 

● Provide experimental evidence for ligand binding – this may be a standard 
difference electron density map of the type (mFo-DFc, αc) or an evidence map (e.g. 
PanDDA event map or similar).  

● Educate editors and referees on the special requirements for evaluating screening 
campaigns. The fragment-screening practitioners and the wwPDB should develop 
training materials on the evaluation of a fragment-screening campaign. 



Conclusions 

In the workshop, a consensus was reached that high-throughput crystallographic or NMR 
fragment screening requires specific deposition standards. For a fragment screening experiment, 
it was clear that the data should be archived, validated, and reviewed at the campaign level, rather 
than as a series of independent structure determinations. Deposition should include coordinate 
models and associated metadata, such as sample and compound library information, diffraction 
datasets, evidence maps, and details of hit-identification choices and assessments. A complete 
description of the fragment screening campaign is essential to explain how a hit was identified, 
how the analysis could be reproduced, and how the findings might be reused. The peer review 
and publication process should acknowledge that a fragment screening campaign has special 
requirements. 

The recommendations in this white paper identify the minimum requirements and suggest data 
standards and deposition requirements to preserve these data for reuse. Archiving supporting 
evidence and model maturity classification will both enable validation and provide a framework 
for future reuse, in which a set of structure models constitutes a single experiment. Consensus 
was reached that validation should consider both local ligand-site evidence and campaign-wide 
characteristics. 

Adoption and extension of the PDBx/mmCIF “Investigation” framework would facilitate archiving 
and access to campaign-level information, as well as linking to individual structures and datasets. 
It was also recognised that streamlined deposition pathways that leverage the “Investigation” 
framework are needed for submitting data to the PDB. Consistently preserving maps, models, 
outcome assessments, and validation metrics would strengthen peer review, improve reuse by 
computational methods, and provide a sound basis for developing and testing automated 
approaches to ligand detection. 

These datasets will have value well beyond the original screen. With clear provenance and 
consistent outcome labels, they can support benchmarking, automated ligand detection, 
retrospective medicinal chemistry analysis and AI/ML method development.  
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Table S1. Specific Recommendations  
Campaign structure and metadata 
Treat each screening 
campaign as a single 
experiment 

Treat the campaign as a single entity; connect campaign and 
structure records; link samples, compounds, datasets, models, 
evidence, and outcomes within the campaign rather than as 
independent records. 

Complete and extend the 
PDBx/mmCIF framework 

Define minimum data requirements and extend PDBx/mmCIF with 
additional categories and items; finalise the fragment-screening 
“investigation” framework to support campaign-level metadata and 
structure-level links; involve screening facilities in developing 
facility-specific extensions; roll out initially through fragment-
screening facilities before the wider community. 

Capture minimum 
campaign-level metadata 

Record investigation/campaign identifiers, revision history, title, 
authors, funders, dates, experimental rationale, target and sample 
information, associated structures/datasets, facility, compound-
library/vendor information, chemical/buffer batches, outcome 
assessments and binding-affinity information where available. 

Capture sample, 
compound, experimental 
and processing metadata 
for all datasets 

Describe the complete compound library using identifiers such as 
SMILES/InChI/InChIKeys; record crystallisation/co-crystallisation, 
soaking and cryoprotection; for NMR record pH, buffer 
composition/concentration, isotope labelling, temperature and 
magnetic-field strength; record data-collection parameters, 
processing information and quality indicators for hits and non-hits. 

Experimental evidence and outcomes 

Support multiple analysis 
workflows and preserve 
analysis provenance 

Allow both individual-dataset and pan-dataset analysis 
approaches; capture sufficient processing/analysis information to 
understand how experimental data led to hit identification, 
evidence maps, models and outcomes. 

Preserve the complete 
experimental evidence 
supporting binding 
assessments 

Deposit and link primary and processed diffraction/NMR data, 
evidence maps, models, ground-state ensembles/references and 
the datasets required for pan-dataset analyses. Preserve 
evidence maps so ligand-binding assessments can be 
independently evaluated. Where practical, represent maps using 
the PDBx/mmCIF framework. 

Record ligand-binding 
outcomes and 
quantitative 
measurements 

Link each compound/sample to its hit or ligand-binding 
assessment; record the assessment method and software; when 
affinity is measured, record numerical values, units, measurement 
method and links to primary data where available. 

Preserve negative and 
ambiguous outcomes 
where useful 

Keep datasets without clear ligand binding linked to the campaign 
with sufficient metadata for reanalysis; retain all datasets and 
models when useful for benchmarking, method development or 
ML, with their status clearly identified. 

Model maturity and validation 

Record model maturity 
and refinement scope 
throughout deposition 
and validation 

Assign each structure its model-maturity category; show maturity 
in validation reports; clearly identify screening-derived/low-
maturity structures so they are not misinterpreted as conventional, 
fully refined PDB structures. 



Use maturity-dependent 
validation 

Evaluate whether the experimental evidence supports ligand 
detection rather than judging all models by the traditional 
processes developed for fully refined structures; assess local 
ligand-binding-site evidence and evidence maps; check chemical 
identity against sample metadata and geometry against the 
restraints used during fitting/refinement. 

Develop objective 
validation metrics and 
campaign-level quality 
assessment 

Establish metrics for individual-hit assessment and comparison 
across campaigns; use distributions of quality metrics to identify 
outliers and characterise campaign quality; develop a 
robust/Bayesian validation framework, including information-
entropy and ML approaches; provide campaign- and structure-
level validation summaries including distributions of 
resolution/completeness and screened, measured, modelled and 
hit compounds. 

Deposition, access and reuse 

Provide FAIR, scalable 
PDB deposition for 
fragment-screening 
campaigns 

Deposit fragment-screening data through the PDB to support 
FAIR access; build screening-specific deposition routes 
supporting campaign records, evidence maps, maturity classes 
and structure links; develop automated deposition, validation and 
curation to accommodate screening-scale data volumes. 

Provide appropriate 
access and context for 
low-maturity screening 
models 

Clearly distinguish low- from high-maturity models and provide 
sufficient context to prevent inappropriate comparison or reuse. 

Publication and peer review 

Recognise campaign-
centred screening 
studies as publishable 
scientific outputs 

Publishers should recognise that screening campaigns may 
provide valuable binding evidence, negative data, and medicinal-
chemistry starting points without a conventional mechanistic 
narrative; manuscripts centred on a screening campaign should 
deposit the full campaign data. 

Support peer review with 
access to deposited 
campaign data 

Enable reviewers to access relevant deposited data prior to public 
release, including campaign-level evidence and validation 
information needed to assess the claims in the manuscript. 

Training and implementation 
Provide training and 
guidance for reviewers 
and data users 

Educate editors and referees about the specific requirements of 
fragment-screening studies; fragment-screening practitioners and 
the wwPDB partners should provide training and outreach to help 
users interpret model maturity, validation information, quality and 
intended use. 

 
 
 

 

 

 


