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Summary

The Worldwide Protein Data Bank (wwPDB) has provided validation reports based on
recommendations from community Validation Task Forces for structures in the PDB since 2013.
To further enhance validation of small molecules as recommended from the 2016 Ligand
Validation Workshop, wwPDB, Global Phasing Ltd., and The Noguchi Institute, recently formed a
public/private partnership to incorporate some of their software tools into the wwPDB validation
package. Augmented wwPDB validation report features include: two-dimensional (2D) diagrams
of small-molecule ligands and carbohydrates, highlighting geometric validation outcomes; 2D
topological diagrams of oligosaccharides present in branched entities generated using 2D Symbol
Nomenclature For Glycan representation; and views of 3D electron density maps for ligands and
carbohydrates, illustrating the goodness-of-fit between the atomic structure and experimental data
(X-ray crystallographic structures only). These improvements will impact confidence in ligand
conformation and ligand-macromolecular interactions that will aid in understanding biochemical
function and contribute to small-molecule drug discovery.

eTOC Blurb

The Worldwide Protein Data Bank (wwPDB) has enhanced validation reports generated for small
molecule ligands and carbohydrates to help ensure PDB data quality. Feng et al. describe
improvements which include two-dimensional (2D) diagrams of small-molecule ligands and
carbohydrates and 3D electron density maps and difference maps for X-ray structures.

Graphical Abstract
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Electron density around
NAP B 264:

2mFo-DF ¢ (at 0.7 rmsd) in gray
mFo-DF ¢ (at 3 rmsd) in purple
(negative) and green (positive)

Introduction

Since 1971, the Protein Data Bank archive (PDB) (Protein Data Bank, 1971) has served as
the global repository of information regarding 3D structures of proteins, nucleic acids, and
complex assemblies. The PDB archive has grown from just seven X-ray crystal structures in
1971 to >170,000 structures as of early 2021. The Worldwide PDB (wwPDB) (Berman, et
al., 2003, wwPDB consortium, 2019) organization manages the singular PDB archive and
ensures that PDB structure data are freely and publicly available to the global community
according to the FACT principles of Fairness-Accuracy-Confidentiality-Transparency (van
der Aalst, et al., 2017) and the FAIR principles of Findability-Accessibility-Interoperability-
Reusability (Wilkinson, et al., 2016). Current wwPDB members include the Research
Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB, US), Protein
Data Bank in Europe (PDBe, UK), Protein Data Bank Japan (PDBj, Japan), and Biological
Magnetic Resonance Data Bank (BMRB, US). Open access to PDB structure data plays
critical roles in research and education across the natural, biomedical, and engineering
sciences by enabling insight into biological function on the basis of form or 3D structure. A
recent review reported that >420 fully-operational biodata resources enumerated in the
Nucleic Acids Research Molecular Biology Database Collection utilize PDB data across
major categories and subcategories (Markosian, et al., 2018), and corresponding resources in
the collection’s “golden set” (Galperin, et al., 2017). The PDB archive is revered as a
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pioneer of open access and the wwPDB has been certified by CoreTrustSeal
(CoreTrustSeal.org) as trustworthy since 2017.

The wwPDB is committed to providing the highest data quality in the global PDB archive.
Method-specific wwPDB Validation Task Forces (VTFs, wwpdb.org/task/validation-task-
forces) for macromolecular crystallography (MX), nuclear magnetic resonance (NMR)
spectroscopy, electron microscopy (3DEM), and small-angle scattering were established to
develop consensus community recommendations for structure validation and identify
software applications to perform validation tasks. Each of the VTFs has published white
papers (Read, et al., 2011, Montelione, et al., 2013, Henderson, et al., 2012, Trewhella, et
al., 2013). VTF recommendations have been implemented within the wwPDB validation
software (beginning for MX in 2013 and subsequently for NMR and 3DEM in 2016 (Gore,
et al., 2017)). Initially, the wwPDB focused on protein/nucleic acid 3D structure quality
assessments of polymer substituent bond lengths, bond angles, torsion angles, and sidechain
rotamers for MX, NMR, and 3DEM methods, and fit of atomic coordinates to electron
density maps for X-ray structures. Since launch of the wwPDB validation system, various
improvements have been made, encompassing updates on percentile statistics, third-party
software upgrades (e.g., Mogul (Bruno, et al., 2004), CCP4/Refmac (Winn, et al., 2011), and
Phenix (Adams, et al., 2010)), and identification of ligands with poor fit of electron density
(replacing LLDF (Smart, et al., 2018a) with RSR (Jones, et al., 1991) and RSCC (Smart, ef
al., 2018a) calculations). wwPDB validation reports are available in both PDF and XML
formats (Gore, et al., 2017). Assessments of the impact of wwPDB validation reports have
been published (Shao, et al., 2017, Smart, et al., 2018b, Shao, ef al., 2018, Horsky, et al.,
2019).

Since the launch of the unified wwPDB OneDep system for structure deposition (Young, et
al., 2017), validation (Gore, et al., 2017), and biocuration (Young, et al.,, 2018) in 2014,
wwPDB validation reports have been made available at various stages, including standalone
anonymous validation server and application programming interface (API) generated reports
intended for use pre-deposition; preliminary validation reports issued at the time of
deposition; “official” wwPDB validation reports issued following completion of biocuration
process; and public wwPDB validation reports issued at the time of data release. Upon
public release of the deposited structure, the wwPDB validation report becomes part of the
open access PDB archive. The standalone anonymous wwPDB validation server
(validate.wwpdb.org) and corresponding API (wwpdb.org/validation/onedep-validation-web-
service-interface) are used by structural biologists and computational modelers of
macromolecular structures. In 2019, wwPDB recorded 27,571 validation API calls and
62,426 standalone validation server sessions supporting ~12,600 unique users. A growing
number of scientific journals (e.g., Journal of Biological Chemistry, eLife, and International
Union of Crystallography (IUCr) journals) require that “official” wwPDB validation reports
accompany manuscripts describing new macromolecular structures.

wwPDB validation undergoes continuous improvement with the benefit of feedback from
wwPDB VTFs, PDB data depositors, and PDB data consumers. Small molecules (ligands
and carbohydrates) appearing in PDB structures have been prioritized for enhanced
validation. These small chemicals play key biological and biochemical roles in energy
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transduction, cell signaling, and enzyme inhibition when bound either covalently or non-
covalently to macromolecules. Understanding precisely how small molecules interact with
biological macromolecules is central to understanding their roles in fundamental biology and
in human health and disease.

The PDB archive provides a wealth of information on small molecule (or drug)-protein
interactions in co-crystal structures that are central to structure-based drug discovery and
essential for understanding biochemical function at the atomic level. Every ligand (/.e.,
Chemical Component) represented in the PDB archive (including amino acids, nucleotides,
organic compounds, and ions) is defined in the wwPDB Chemical Component Dictionary
(CCD) (Westbrook, et al., 2015). The wwPDB CCD currently houses >32,500 unique
ligands (Figure 1.) It is used to standardize atom nomenclature and chemical naming using
2D graphic matching during OneDep biocuration (Young, et a/., 2018). In addition, ligand
geometry and chirality checking is performed using Mogul (Bruno, et al., 2004) (courtesy of
the Cambridge Crystallographic Data Centre (CCDC) (Groom, et al., 2016), as
recommended by wwPDB X-ray VTF (Read, et a/., 2011)). The initial implementation of
wwPDB validation software supported only limited validation of ligands.

Highlighting and validating protein- or nucleic acid-bound small molecules that play
important biological and biochemical roles is critical for making PDB data more valuable to
millions of users globally. As of early 2021, more than 900 SARS-CoV-2 protein structures,
some with bound drugs and small molecules, had been deposited to the PDB. Inhibition of
the SARS-CoV-2 main protease blocks polyprotein processing, which is essential for viral
infection. PDB IDs 7K6D and 7K6E (PDB doi:10.2210/pdb7K6D/pdb, doi:10.2210/
pdb7K6E/pdb) revealed how the SARS-CoV-2 main proteinase active site is covalently
modified by the US Food and Drug Administration antiviral drug telaprevir (CCD ID SV6 is
a bound form of Telaprevir with a reduced C to O double bond). Telaprevir was previously
visualized in another co-crystal structure revealing Hepatitis C virus protease inhibition
(PDB ID 35V6 (Romano, et al., 2012)). There are many more examples of functional studies
on the interaction of small molecules with proteins in the PDB, including studies of Fentanyl
(CCD ID 7V7; PDB ID 5TZO)(Bick, et al., 2017), morphine (CCD ID MOI; PDB ID
1Q0Y) (Pozharski, et al., 2004), hyoscyamine (CCD ID HYO; PDB ID 6TTM) (Kluza, et
al., 2020), cholesterol (CCD ID Y01; found in tens of integral membrane protein structures),
atropine (CCD ID OIN; PDB ID 6WJC) (Maeda, et al., 2020), and galanthamine (CCD ID
GNT, a drug treatment for Alzheimer disease in present in many PDB structures). Hence,
recent improvements to the wwPDB validation system have been focused on small
molecules.

In 2015, a wwPDB/Cambridge Crystallographic Data Centre/Drug Design Data Resource
Ligand Validation Workshop (hereafter LVW) assembled co-crystal structure determination
experts from academe and industry together with X-ray crystallography and computational
chemistry software developers to discuss, develop, and recommend best practices for
validation of co-crystal structures; editorial/refereeing standards for publishing co-crystal
structures; and ligand representation across the PDB archive (Adams, et al., 2016).
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Results

Workshop Recommendations:

The LVW addressed challenges that structure depositors, PDB users, and journal editors/
manuscript reviewers face when trying to assess the quality and accuracy of 3D structures of
macromolecule-ligand complexes (Adams, et al., 2016). It has been noted repeatedly by
some that spurious electron density difference map features have been mistakenly
interpreted in a small number of cases as indicating the presence of particular bound small
molecules. More commonly, wwPDB biocurators encounter chemical transformations upon
protein or nucleic acid binding that are not reflected in the atomic-level PDB structure;
usage of incorrect restraint value targets for ligands during structure refinement; and
inaccurate or incomplete chemical descriptors supplied by structure depositors. LVW
recommendations included provision of unambiguous chemical definitions for ligands,
identification of Ligand(s) of Interest (LOI(s), research focus and/or biologically important),
and provision of informative images of ligand pose(s) with electron density maps using a
presentation style comparable to the Global Phasing Ltd. buster-report tool (SmartBricogne,
2015).

wwPDB partners first addressed identification of the Ligand of Interest (LOI) by modifying
the OneDep software system (Young, et al., 2017). Since 2017, depositors have been
required to flag the ligand(s) in the structure is their research focus and/or of biological
importance. This LOI information is captured by the OneDep system and used by the
augmented wwPDB validation software. All LOIs are highlighted in the wwPDB validation
report with 2D depictions of geometric quality and, for MX structures, with 3D depictions of
(1) the fit of the atomic model to the electron density map, and (2) the significant features (if
any) of the difference map indicating imperfection in that fit, both maps being computed
from appropriate Fourier coefficients produced by the final refinement step.

Community Software Re-use by the wwPDB Validation System:

To implement LVW recommendations concerning use of buster-report presentation style,
wwPDB collaborated with Global Phasing Ltd. under a formal agreement to re-use their
software for generating 3D graphic depictions of the goodness-of-fit of ligands to electron
density maps, plus 2D graphic depictions of atomic stick-figures of ligands labeled with
geometric, stereochemical, and unassessed annotations.

As summarized in Table 1, Maxit (Feng) extracts LOI and oligosaccharide chemical
descriptors from atomic coordinate files. The buster-report software (SmartBricogne, 2015)
creates 3D views of the atomic-level structure fit to experimental data and 2D views of
annotated chemical diagrams. Fast Fourier transform and mapmask programs from CCP4
(Winn, et al., 2011) are used to generate bias-corrected 2m|Fo|-D|Fc| and m|Fo|-D|Fc]|
electron density maps, where m denotes the figure of merit and D denotes the Sigma-A
weighting factor. Pymol (DeLano, 2002) is used for graphical display of the electron density
features in these two maps surrounding the bound ligand. Mogul (Bruno, et al., 2004)
analyses of ligand geometric properties (bond lengths, bond angles, dihedral angles, and a
ring planarity measure) are performed to identify geometrical outliers. OpenBabel (O’Boyle,
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etal., 2011) is used to generate a 2D renditions of the atomic coordinates. Quality
assessment from the Mogul output file is then extracted and converted to quality color
coding (Green: good; pink: outlier; and gray: not assessed by Mogul) for each bond length,
bond angle, torsion angle, and ring planarity measure. A Pymol script is used to project the
Mogul quality assessments onto 2D chemical stick-figure drawings.

Oligosaccharides in the PDB are treated as special cases (7.¢., branched entity
representation) with a Web3 Unique Representation of Carbohydrate Structures (WURCS)
descriptor (Matsubara, et al., 2017) generated by PDB2Gycan software (gitlab.com/
glyconavi/pdb2glycan) in collaboration with The Noguchi Institute (Japan). Java code-based
wurcs2pic using GlycanBuilder2 (Tsuchiya, et al., 2017) as a library is used to generate 2D
Symbol Nomenclature For Glycan (SNFG) (Varki, et al.,, 2015, Neelamegham, et a/., 2019)
images in both .png and .svg file formats for each WURCS descriptor (Matsubara, et al.,
2017). The protocols used for ligands are also used for oligosaccharides when generating 2D
graphical depiction and 3D views of the goodness-of-fit with electron density maps for MX
structures (Table 1).

Enhanced wwPDB Validation of Ligands:

The two-dimensional graphical depiction (SmartBricogne, 2015) of Mogul quality analysis
of bond lengths, bond angles, torsion angles, and ring geometry is provided for all ligands
that have been designated as LOI by the structure depositor and for any ligands with
molecular weight >250 Daltons that have outliers flagged in the wwPDB validation report
(Gore, et al., 2017). Individual bond lengths or angles with a Z-score (the difference between
an observed value and expected or average value, divided by the standard deviations of the
latter) less than —2 or greater than 2 are flagged as outliers. This scoring system represents a
simplification of the four-color scheme (with three Z-score thresholds: 1.5, 2.5, and 4.0)
used in the buster-report. It was adopted by wwPDB to conform to the classification scheme
recommended by the wwPDB VTFs (Read, et al., 2011, Montelione, et al., 2013,
Henderson, et al., 2012, Trewhella, et al., 2013). For torsion angles, Mogul (Bruno, et al.,
2004) provides so-called local density measurements from the Cambridge Structural
Database (CSD) (Groom, et al., 2016). Ring conformations are considered as unusual if less
than 5% of the experimental values extracted from the CSD archive fall within 10 degrees of
the conformation in the PDB ligand.

2D depictions of ligands are color-coded according to validation results with green
indicating commonly observed values, magenta indicating “unusual” values, and gray
indicating that there was insufficient data to derive a validation score. Unusual values can
reflect issues with model quality and/or atomic model fit to the electron density map. For
atomic model quality, individual bond lengths or bond angles with a Z-score less than -2 or
greater than +2, torsion angles with less than 5% of local density measure from Mogul
calculation, or root-mean-square deviation (RMSD) >60 degrees are considered unusual and
colored coded with magenta.

3D graphical representation of atomic model fit to the electron density map is also provided
in the new wwPDB validation report. Poor fits of atomic models to electron density maps
are flagged as outliers whenever the calculated real space correlation coefficient (RSCC) is
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less than 0.8 or the calculated Real-space R (RSR) is greater than 0.4. Electron density maps
are color-coded as follows: 2m|Fo|-D|Fc| map-gray; and m|Fo|-D|Fc| map-green for positive
values and magenta for negative values.

Figure 2 illustrates ligand quality metrics for two examples of the Nicotinamide Adenine
Dinucleotide Phosphate (NADP) ligand (CCD ID NAP). PDB ID 1ZK4 (Khanppnavar, et
al,, 2019) represents a case of lower atomic model and/or data quality (Figure 2A). PDB ID
571X (Khanppnavar, et al., 2019) represents a case of higher atomic model and/or data
quality (Figure 2B). In PDB ID 1ZK4, a considerable number of outliers for bond lengths,
bond angles, and torsion angles in ligand NAP 1270 (associated with polypeptide chain A)
were highlighted in the augmented wwPDB validation report ligand geometry table and
colored as magenta in the 2D depiction. The RSR value for NAP 1270 in PDB ID 1ZK4 is
unusually high (RSR~0.67) indicating poor fit of the atomic model to the experimental data.
The 3D representation of ligand fit shows significant positive (green) and negative (magenta)
features in the m|Fo|-D|Fc| electron density map, which are diagnostic of poor fit of atomic
model to the experimental data and/or data quality. No such issues were identified for the
NADP ligand in PDB ID 5ZIX.

Improved Carbohydrate Representation in PDB Structures:

Wholesale improvements in the representation of carbohydrates in the PDB archive (Shao, et
al.) were recently incorporated into the augmented wwPDB validation reports. Each
oligosaccharide present in a branched entity is identified with a systematic name and
illustrated schematically with a 2D SNFG image generated using wurcs2pic software
(Tsuchiya, et al., 2017). Residue-property plots for quality assessment at the chain level are
provided for each oligosaccharide instance. Geometric quality assessments at the residue
level are described in a new carbohydrates section of the new wwPDB validation report,
wherein monosaccharide atomic structure outliers are listed for each component of the
branched entity representation oligosaccharide chain. Augmented wwPDB validation reports
also incorporate visualization of oligosaccharide validation outcomes as above for small-
molecule ligands. These enhancements include 2D diagrams of oligosaccharides,
highlighting geometric validation criteria, and 3D views of the atomic structure
superimposed on displays of the electron density maps for MX structures.

For example, the 2D SNFG image for oligosaccharide chain G, alpha-D-mannopyranose-(1—
3)-[alpha-D-mannopyranose-(1-6)]beta-D-mannopyranose-(1-4)-2-acetamido-2-deoxy-
beta-D-glucopyranose-(1-4)-[alpha-L-fucopyranose-(1-3)]2-acetamido-2-deoxy-beta-D-
glucopyranose (PDB ID 1B5F) (Frazao, et al., 1999) is shown in Figure 3A. Validation
results for this branched carbohydrate entity are illustrated in Figure 3B. The ability to
represent an oligosaccharide as a branched entity has enabled users to easily identify and
review an oligosaccharide with unambiguous topology for oligosaccharide sequence and
connectivity.

Discussion

Enhanced validation of small molecules present in the PDB archive is now reflected in the
augmented wwPDB validation report. All ligands that are the focus of the structure
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determination (LOI) and/or some ligands with higher molecular weight (>250 Daltons)
identified as outliers are now provided with 2D geometrical quality assessments and 3D
views of electron density maps (X-ray crystallographic structures only). Each
oligosaccharide present in the PDB archive is now represented as a branched entity and
depicted using 2D SNFG images. Graphical representations of oligosaccharide geometry
quality and goodness-of-fit of the atomic model to electron density maps (MX structures
only) are also provided.

The wwPDB is committed to improving the quality of data archived in the PDB by making
validation information available to PDB data depositors and data consumers. Relevant
wwPDB services include anonymous, pre-deposition validation through web user interface
or a programmatic API; validation reports at the time of deposition; validation reports
furnished for use during publication peer-review; and validation reports and visualization
capabilities for every publicly one for the more than 170,000 released PDB IDs. To the same
end, the wwPDB provides a coordinate versioning mechanism that allows a depositor to
retrospectively improve or correct the structure for an earlier deposition while retaining the
original PDB ID.

New depictions of electron density fit and geometrical outliers from the CCDC Mogul
analysis (Bruno, et al., 2004) are provided to enable identification of incorrect restraint
values used by depositors. The wwPDB OneDep system has been modified recently to
capture depositor-provided restraints for ligands. Such input restraint values are used to
search for a matching ligand in the wwPDB CCD and aiding in validating the structure of
the ligand(s). As a next step, wwPDB intends to include depositor-provided restraint values
in a further updated version of the wwPDB validation report, wherein they may be compared
directly with CCDC Mogul target values.

As wwPDB partners receive additional recommendations from wwPDB VTFs and feedback
from our diverse community of users, we will continue to improve validation tools and
reporting. Current efforts are underway to incorporate NMR restraint validation into
wwPDB validation software tools. In addition, a 3DEM Data Management Workshop was
held at the European Bioinformatics Institute in early 2020 to consider how PDB should
collect and validate 3DEM data. Recommendations from this exercise are being prepared for
publication and will be implemented in due course. One outstanding recommendation
pertaining to ligands dating from the LVW concerns provision of percentile scores for the
overall ligand quality (a so-called ligand ranking slider). This feature will be introduced after
new enhancements are implemented in NMR restraints and 3DEM data validation.

A new method known as PanDDA (Pearce, et al., 2017) performs multi-dataset
crystallographic analysis for identification of weakly bound ligands in co-crystal structures
deposited to the PDB. This method compares structure factors measured from a crystal
containing a weakly bound ligand to structure factors measured from a large number apo
protein crystals. Aggregation of the apo protein structure factor data enables more sensitive
detection of electron density map features corresponding to weakly bound ligands.
Currently, wwPDB requires depositors to provide all the information in the structure factor
file necessary for other researchers to repeat the depositor’s PanDDA analysis.
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Recommended additional information includes structure factor data used the final
refinement cycle; map coefficients for apo protein crystal data sets; and native structure
factor data for apo protein crystals. PanDDA structures are validated with structure factors
from the final round of refinement cycle, as is the case for all MX structures. wwPDB is
aware that this universal approach is not entirely suitable for structures determined using the
PanDDA method. wwPDB will seek X-ray VTF and community recommendations
regarding best practices for future validation of PanDDA structures.

STAR Methods
RESOURCE AVAILABILITY

Lead Contact—Further information and requests for resources should be directed to and
will be fulfilled by the Lead Contact, Jasmine Young (jasmine.young@rcsb.org)

Materials Availability—This study did not generate new unique reagents.

Data and Code availability—wwPDB validation tools are publicly accessible. The
wwPDB validation server is provided at https://validate.wwpdb.org and the wwPDB
validation API is accessible at http://www.wwpdb.org/validation/onedep-validation-web-
service-interface. wwPDB validation report for each PDB entry is provided for users to
download at PDB archive, https://ftp.wwpdb.org/pub/pdb/validation_reports/. These
validation reports are also accessible at wwPDB website via PDB DOI links, e.g., https://
www.wwhpdb.org/pdb?id=pdb_0000{PDB 4-letter ID} (DOI: 10.2210/pdb{PDB ID}/pdb).
Maxit program is available at https://sw-tools.rcsh.org/apps/MAXIT/index.html. Community
tools are available at https://www.globalphasing.com/buster/wiki/index.cgi?BusterReport for
buster-report and gitlab.com/glyconavi/pdb2glycan for WURCS descriptor.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

There was no model used.

METHOD DETAILS

Java code-based wurcs2pic (Matsubara, et al., 2017) is called to generate 2D SNFG images
in both png and svg formats for each WURCS descriptor. Maxit (Feng) extracts atomic
coordinates and bond order information on all ligands and WURCS descriptors on branched
entities of oligosaccharides. Mogul analysis (Bruno, et al., 2004) including all small
molecule ligands and monosaccharides in branched oligosaccharide entities is performed in
a multi-threading mode. Buster-report (SmartBricogne, 2015) script is called to create 2D
graphical depiction of Mogul quality analyses for each LOI and/or each branched
oligosaccharide. A Pymol (DeLano, 2002) script was developed that takes projected 2D
coordinates and Mogul quality assessments as inputs and renders 2D chemical images and
3D graphical views.

QUANTIFICATION AND STATISTICAL ANALYSIS

No analysis was performed.
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Highlights

2D geometrical depiction of small molecules now in wwPDB ligand
validation

3D views of electron density fits for X-ray small molecules are also included

Depositor-defined research focus (Ligand of Interest, LOI) highlighted in
report

Carbohydrate branched representations and 2D SNFG images are introduced
in the report
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Figure 1.
Cumulative growth of unique Chemical Components (ligands) in the PDB archive from

2000-2020.
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Figure 2.

2D depictions of Mogul quality analysis of bond lengths, bond angles, torsion angles, and
ring geometry, and 3D depictions of the atomic model fit to experimental electron density
map (drawn in gray) with the surrounding difference map features (drawn in green and
magenta) for NADP. Each fit is shown from a different orientation to approximate a three-
dimensional view. (Left) PDB ID 1ZK4 represents a lower structure and/or data quality, with

multiple features in the difference map. (Right) PDB ID 5ZIX represents higher structure
and/or data quality, with a good fit of the model to the experimental electron density map

and an essentially featureless difference map.
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Figure 3.
Carbohydrate validation for PDB ID 1B5F. (A) 2D SNFG symbol image that indicates

carbohydrate anomer (a versus ) and connectivity positions (1-3, 1-4 or 1-6 glycosidic

connection) for oligosaccharide chain G. (B) 2D depiction of Mogul quality analysis of bond
lengths, bond angles, torsion angles, and ring geometry (top), and three orthogonal
projection views of the superposition of the atomic coordinates for oligosaccharide chain G
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onto the electron density map (in gray), with the very few significant features in the
difference map in green and magenta (bottom).
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Page 19

Summary of wwPDB Validation Software Integration SNFG: standard monosaccharide Symbol Nomenclature

For Glycans

Feature

Details

Software Package(s)

Atomic coordinates and
bond order information for
all ligands

Extracts LOI (Ligand Of Interest) ligands and WURCS descriptor of
branched entities for carbohydrates from the atomic coordinate file

Maxit (Feng) PDB2Glycan
(gitlab.com/glyconavi/pdb2glycan)

2D SNFG images

Generates 2D SNFG images using wurcs2pic software that uses
GlycanBuilder2 as a library, if WURCS descriptors are present in the
branched entities

wurcs2Pic (gitlab.com/glycoinfo/
wurcs2pic) GlycanBuilder2
(Tsuchiya, et al., 2017)

Geometric quality
assessment

Mogul is used to assess geometric quality for all ligands.

Mogul (Bruno, et al., 2004)

2D image of quality

Creates 2D graphical depiction of Mogul quality analyses for each LOI
and/or each branched oligosaccharide

buster-report (SmartBricogne, 2015)

3D graphical views

Creates 3D graphical views of electron density difference maps for each
LOI and/or each branched oligosaccharide

buster-report (SmartBricogne, 2015)
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