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Introduction to
Protein Data Bank (PDB) and
Chemical Component Dictionary (CCD)




Protein Data Bank (Established 1971)

Myoglobin Hemoglobin

e PDB 1t online Open Access digital data resource in all
of biology

e Founded 1971 with 7 protein structures

e Single global archive for protein and DNA/RNA
experimental structures

e Open Access to >250,000 structures!

e Adhere to FAIR Principles (Findability, Accessibility,
Interoperability and Reusability)

e Members: RCSB PDB (US), PDBe (EMBL-EBI), PDB;
(Japan), and PDBc (China); plus EMDB (3DEM) and
BMRB (NMR)

e Accredited by Core Trust Seal and the Global Biodata

Coalition
Structures that Inspired Launch of the PDB
Protein Data Bank (1971) Nature New Biology 233, 223.

Worldwide Protein Data Bank (2019) Nucleic Acids Research 47, D520-D528.

Ribonuclease




RCSB.org Research-Focused Web Portal:
One-Stop-Shop for Public 3D Biostructure Data

Experimental Models
Protein Data Bank

rcsb.org B custon

Search & iy nl tools for

e RCSB.org delivers
o >250,000 PDB structures

o >1 million Computed Structure Models
(CSMs) from AlphaFold DB

. Browse Ko S
and the ModelArchive 2 3D visualization
e RCSB.org exploration and visualization Q and analysis
tools used by many millions of researchers, |
Structure

educators, and students worldwide

e Provenance/reliability of both data types
are clearly identified

quality analysis

AlphaFold DB | Sequence |

ModelArchive analysis
Computational Models .

Burley et al. (2023) Nucleic Acids Research 51, D488-D508.
Burley et al. (2025) Nucleic Acids Research 53, D564—-D574.



Number of Small Molecules

Chemical Component Dictionary (CCD)

I Number of Small Molecules Released Annually Total Number of Small Molecules Available A” 3'Cha racter

50000

codes consumed

=« * External reference file describing all polymer residues l
and small molecule components found in PDB entries

N Each component is defined by a 3- or 5-character code
_ * Houses >49,000 molecular definitions including drugs,
cofactors, substrates, inhibitors, ions and more

* ~75% of PDB structures contain non-polymer small
molecules
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BIRD: Biologically Interesting Molecule
Reference Dictionary

 Complementary chemical reference for
peptide-like antibiotics, peptide-like
inhibitors, and common oligosaccharides

* Houses ~1,200 molecular definitions that
contain dual representation for polymeric
sequence and single-molecule chemical

description

e ~4 600 PDB structures include BIRD
molecules
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Peptide core

Vancomycin (PRD_000204) has a
disaccharide decorating the peptide core

Dutta et al. (2013) Biopolymers 101, 659-668.




CCD File Contains Chemical Attributes
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CCD File Contains 3D Coordinates

loop
_chem comp atom.
_chem comp atom.
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_chem comp atom.
_chem comp atom.

chem comp atom.
_chem comp atom.
_Cchem comp atom.
chem comp_ atom.

_chem comp atom.
_chem comp atom
_chem comp atom.

AIN|O1| O1 |O|O0
AIN|CT7| CT7 |C|O
AIN |02 | 02 |O]|0
AIN |[C3| C3 |[C|0
AIN|C4| C4 |C|O
AIN |C5| C5 [C|O
AIN [C6| C6 |[C|O
AIN|C1| C1 |C|O
AIN|C2| C2 |C|O
AIN |O3| O3 |0|0
AIN|C8| C8 |C|O
AIN |O4| 04 |00
AIN |C9| C9 [C]O

comp_id

atom id

alt atom id Atom Labels
type symbol

charge

pdbx align
pdbx_aromatic flag

pdbx leaving atom flag
dbx stereo config

Model Coordinates

Ideal Coordinates

pdbx component atom id

.pdbx component comp id

pdbx ordinal

N e N N e el e e
ZZ2zZ22KKKKRKKZ 22
zzzzzzzzzzzzzl
Zzzzzzzzazzzzz

ATIN
AIN
ATIN
ATIN
ATIN
ATIN
ATIN
AIN
AIN
AIN
ATIN
ATIN
ATIN

OO JOUIPdWN

c8
C1
c6 C2 03
01
C5 c3 c7
c4
02
AIN: Aspirin




CCD File Contains Bonding Information

loop
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CCD File Contains Descriptors and Identifiers

loop
_pdbx chem comp descriptor.
_pdbx chem comp descriptor.
_pdbx chem comp descriptor.
_pdbx chem comp descriptor.
pdbx chem comp descriptor.
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Using RCSB PDB
Chemical Search Tools




Chemical Search Tools on RCSB.org

(® Chemical Attributes

(® Chemical Similarity

Structured metadata, e.g. chemical ID, Small molecules which are similar to the query
chemical name, chemical synonymes, chemical structure, in terms of calculated
molecular weight, PubChem ID, DrugBank ID molecular descriptors or “fingerprints”

_chem_comp.formula_weight U a O o
180.157 OH OH OH ol




Chemical Search Interface

ELEUC IR Visualize ~  Analyze ~ Download ~ Learn ~ About ~ Careers COVID-19 | Help | | | Contact us | MyPDB ~ | A) Chemical Sea rCh

Advanced Search 1,068,577 .
Sequence Similarity Search  Computed Structure Enter search term(s), Ligand ID or sequence (J Include CSM . a C C e SS : e n a b Ie S p re C I S e

3D Similarity Search MAOGels s Advanced.Seasspl| Chemical Search || Browse Annotations Help S e a rc i n
_ Chemical Similarity Search = h
@'PD Browse by Annotations 13 fﬁ xRl Q@ PDB-IHM I N:I : Iim g
e
B) Chemical Search tools

Advanced Search SRN— - 1 Annotations Query History MyPDB
bar: select/add search
methods

PROTEIN DATA BANK

PDB Statistics
Chemical Search Query Builder .

Choose a search tool or combine multiple tools with AND logic.

o B
Allows use of:

L3 L L LJ
Screen residues and small molecule components in the wwPDB Chemical Component Dictionary (CCD) and Biologically Interesting Molecule Reference Dictionary (BIRD) for structural similarity to a query chemical molecule. ([ ] c h e m I C al SI m lI a r Ity
Structure Formula Chemical Component S e a rc h to Ol
Find molecules with similar chemical structure. Draw or edit chemical structure (1)) Chemaxon

Examples: Acetylsalicylic acid, Ibuprofen NEEY CXDOBAELeHEHS OO ° Chemical Attribute

Chemical Structure: ® SMILES ) InChl |-..y

© Search tool
5 i e Both tools combined
- . with AND logic

https://www.rcsb.org/search/chemical



https://www.rcsb.org/search/chemical

Chemical Similarity Search — Structure

Chemical Similarity v

U}

Screen residues and small molecule components in the wwPDB Chemical Component Dictionary (CCD) and Biologically Interesting Molecule Reference Dictionary (BIRD) for structural similarity to a query chemical molecule.

Structure Formula

Find molecules with similar chemical structure.
Examples: Acetylsalicylic acid, Ibuprofen

Chemical Structure: ® SMILES O InChl

CC(=0)0c1cececc1C(=0)0

Match Type + Similar Ligands (Stereospecific)
Similar Ligands (including Sterecisomers)
Similar Ligands (Quick screen)
Substructure (Stereospecific)
Substructure (including Stereoisomers)
Exact match

Chemical Component

C

Draw or edit chemical structure (0 Chemaxor
DEEAYCXDA SR8 H%YEe0

v,

https://www.rcsb.org/search/chemical

A) Embedded MarvinlS
chemical drawing editor

B) Standard chemical
descriptors (e.g., SMILES
or InChl) encoding the
drawn chemical
structure

C) Options to control
chemical comparison
behavior during
similarity or
substructure searches



https://www.rcsb.org/search/chemical

Chemical Similarity Search —
Chemical Component

Chemical Similarity v

U}

Screen residues and small molecule components in the wwPDB Chemical Component Dictionary (CCD) and Biologically Interesting Molecule Reference Dictionary (BIRD) for structural similarity to a query chemical molecule.

Structure Formula Chemical Component

Enter a CCD or BIRD ID for a molecule in the PDB archive

CCDorBIRDID | AIN B

Chemical Structure: @ SMILES O InChl

CC(=0)0c1ceececc1C(=0)0

Match Type v Similar Ligands (Stereospecific) D
Similar Ligands (including Stereoisomers)
Similar Ligands (Quick screen)
Substructure (Stereospecific)
Substructure (including Sterecisomers)
Exact match

Draw or edit chemical structure or
DEEYCXOA @R E®:--5H %S0

%,

https://www.rcsb.org/search/chemical

A) Embedded MarvinJS
chemical drawing editor

B) CCD or BIRD ID
encoding the drawn
chemical structure

C) Standard chemical
identifiers (e.g., SMILES
or InChl) encoding the
drawn chemical
structure

D) Options to control
chemical comparison
behavior during
similarity or
substructure searches



https://www.rcsb.org/search/chemical

Chemical Similarity Search — Formula

Chemical Similarity v I}

Screen residues and small molecule components in the wwPDB Chemical Component Dictionary (CCD) and Biologically Interesting Molecule Reference Dictionary (BIRD) for structural similarity to a query chemical molecule.
Structure . Formula Chemical Component .

Search molecules by molecular formula. Examples: C606H12.

Formula| C9 H8 O4 oA

Allow more elements than specified in formula (- B

A) Formula to search including element symbols followed by numbers to specify quantities

B) Option to include elements not specified in the formula (e.g., for the written search, returned results will
include components with any number of nitrogens, sulfurs)

https://www.rcsb.org/search/chemical



https://www.rcsb.org/search/chemical

Chemical Attribute Search .

Chemical Search Query Builder . MyPDBLogin % Search APY

Choose a search tool or combine multiple tools with AND logic.

® A) Chemical Attributes

form: search structured

Chemical Attributes v i metadata
Select an attribute for searching (e.g., Chemical Name, Synonyms, InChiKey). Add more conditions to narrow results. Examples: Chlorophyll, Ursonic acid, Molecular Weight = 1000 Da. A B ) A t t . .
ribute selection
Chemical Synonyms B v o4l has exact phrase Aspirin NOT m en u * S u p p O rts fl Ite rl n g
Chemical Components %

C) Search results:

Chemical 1D(s)

(+) Groug Chemical Name m atCh |ng the I n pUt
¥ Chemical Synonyms value(s) for the selected
Chemical Component Release Date N b
Search
Chemical Component Type attrl Ute
Drug Target Name . I:
Search R View Resuts As 2 | @8 | = D) Search API: link to
Drug Brand Name
, Drug Groups view and edit search
Refineme inition. Query Summary
Drug Is Approved AP I q U e ry
Chemical C| Drug Marketing Start e1of1 Perpage 25 Sortby | | Score
[Jnon-polyr  Drug Marketing End
Molecular Wy, Market Availability ) Download Multiple Files: © All () Selected &,
B el L C AIN Download File View File
0]
Atom Count \Y 2-(ACETYLOXY)BENZOIC ACID
[J10-20(1) X Formula C9 H8 04

https://www.rcsb.org/search/chemical



https://www.rcsb.org/search/chemical
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Using RCSB PDB
Search and Data APIs




RCSB.org APIs

* Application Programming Interface or APIs provide
programmatic access to data available from RCSB.org

* Two main APIs that power the RCSB.org website are:
* Data API serves to retrieve data when PDB or CCD/BIRD identifiers are known
» Search APl serves to find which identifiers match specific search conditions

£ Data APl https://data.rcsb.org/#data-api

Search API https://search.rcsb.org/#search-api

y.


https://data.rcsb.org/#data-api
https://data.rcsb.org/#data-api
https://data.rcsb.org/#data-api
https://search.rcsb.org/#search-api
https://search.rcsb.org/#search-api
https://search.rcsb.org/#search-api

Example Data APl Query

Access SMILES/InChl descriptors using the RCSB PDB Data APl and given list of CCD IDs
{

chem comps (comp ids: ["AIN", "IBP"]9 Input CCD IDs
{
rcsb id
chem comp {
type
formula weight
name N

formula —— Data to retrieve

}
pdbx chem comp descriptor {
type
descriptor
}
}
}

RCSB PDB Data APl Query Editor: https://data.rcsb.org/graphgl/index.html
Chemical Component Attributes: https://data.rcsb.org/data-attributes.html#chem-comp-attributes



https://data.rcsb.org/graphql/index.html
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Example Search APl Query —
Chemical Similarity

Find identifiers matching specific search conditions

{ "query": { “chemical” enables Chemical Similarity Search

"type": "terminal",
"service": "chemical",

Search input is a chemical descriptor

"parameters”: { , Chemical descriptor is in SMILES format
"type": "descriptor",
"descriptor type": "SMILES", Value for chemical descriptor
"value": "CC(=O)Oclccccc1C(=O)O",/ P

‘match type': "graph-relaxed-stereo”—s yaich types which are equivalent to on RCSB.org:
| J Similar Ligands (Stereospecific) = graph-relaxed-stereo
, . . . . . . —- _
"return type": "mol definition" S!m!lar L!gands (|ncl.ud|ng Stereqsomers? = gt.'ap?h r.elaxed
} - - Similar Ligands (Quick screen) = fingerprint-similarity
Substructure (Stereospecific) = sub-struct-graph-relaxed-stereo

. Substructure (including Stereoisomers) = sub-struct-graph-relaxed
Retrieval of CCD or BIRD IDs _( & ) grap
Exact match = graph-exact

RCSB PDB Search APl Query Editor: https://search.rcsb.org/query-editor.html
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Example Search APl Query —
Chemical Attribute

Find identifiers matching specific search conditions

{

"query": {
"type": "terminal", / “text_chem” enables Chemical Attribute Search
"service": "text chem",
"parameters": {
"attribute": "rcsb chem comp synonyms.name", Attribute to be used as search input
"operator": "contains phrase",
"value": "Aspirin" B
} Value for the Attribute
b
"return type": "mol definition"

}

Retrieval of CCD or BIRD IDs

RCSB PDB Search API Query Editor: https://search.rcsb.org/query-editor.html
Chemical Search Attributes: https://search.rcsb.org/chemical-search-attributes.html
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RCSB PDB APl Documentation and Training

* APl overview https://www.rcsb.org/docs/programmatic-access/web-
apis-overview

 Search API https://search.rcsb.org/#search-api

e Data API https://data.rcsb.org/#data-api
* https://data.rcsb.org/data-attributes.html#chem-comp-attributes

* Past training courses on APIs:

* Leveraging RCSB PDB APIs for Bioinformatics Analyses and Machine Learning
https://pdb101.rcsb.org/train/training-events/api

e Streamlining Access to RCSB PDB APIs with Python
https://pdb101.rcsb.org/train/training-events/apis-python
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RCSB PDB API Scripts and Tools

Fetch all chemical component IDs and then fetch the descriptors:
https://github.com/rcsb/rcsb-training-resources/tree/master/example-use-cases/chemical-
components

Fetch and extract ligand coordinate data from PDB archive files:
https://github.com/rcsb/rcsb-training-resources/blob/master/example-use-cases/pdb-ligand-
composition/extract ligand coordinates.py

Generate mapping files of all chemical component IDs and the corresponding PDB IDs in which

they exist, and vice-versa:
https://github.com/rcsb/rcsb-training-resources/blob/master/example-use-cases/pdb-ligand- rcs b_a i
composition/generate_pdb_ligand mappings.py p

Search PDB for best fitted ligand structure:
https://github.com/rcsb/rcsb-training-resources/tree/master/training-events/2025/ligand-
structure-quality

https://rcsbapi.readthedocs.io/en/latest/
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PDB Ligand Validation




PDB Ligand Validation

* Geometry quality: Compare ligand model geometrical validation
against Cambridge Structural Database (CSD) small molecule crystal
structures using Mogul

* Goodness-of-fit to experimental data:

 Macromolecular Crystallography (MX): Real Space R factor (RSR), Real Space
Correlation Coefficient (RSCC)

* 3D Electron Microscopy (3DEM): Atom inclusion, Q-score

y.



PDB Geometry Validation

* Statistics summary

 RMSZs for bond lengths and angles
 Number of outliers for bond lengths

and angles

* Individual outliers
* Bond lengths
* Bond angles
* Torsion angles
* Rings

* Graphical display
* Green: good
* Magenta: outlier
* Gray: not validated

Bond lengths

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | ¢\ " 'RMSZ | #|2] > 2 | Counts | RMSZ | #|Z| > 2
2 | AIN A | 1401 131313 | 0.90 0 17,1717 | 145 | 1 (5%)
Mol | Chain | Res | Type | Atoms Z | Observed(°) | Ideal(°)
2 A 1401 | AIN | O3-C8-C9 | 4.35 120.63 110.98
Ligand AIN A 1401 1 ) o
T © ©
[+ [+ @
o \ o
\ .
| /\" 9
\ © ©
©
<
@
Bond angles Torsions Ring:

Entry: pdb_00008j3w




PDB Goodness-of-Fit Validation

* Macromolecular Crystallography (MX): Real Space R factor (RSR),
Real Space Correlation Coefficient (RSCC)
 Available via wwPDB Validation PDF/XML/mmCIF reports

* Displayed on RCSB.org Structure Summary and Ligand Pages
Ligand Structure Quality Assessment @

Worse 0 IEEY (I 1 Better  Entry: pdb_00006mqf

Ligand structure goodness of fit to experimental data

* 3D Electron Microscopy (3DEM): Atom inclusion, Q-score
* Available via wwPDB Validation XML/mmCIF reports

Shao et al. (2022) Structure 30(2) 252-262.



PDB Ligand Validation Training Resources

‘PDB I\
rcsb.org \ g & '
Searching the PDB for

High-Quality

Ligand-Bound Structures

Chenghua Shao, Ph.D.

Scientific Software Developer, RCSB PDB
Institute for Quantitative Biomedicine
Rutgers, The State University of New Jersey

RCSB PDB Webinar, September 8, 2025

https://pdb101.rcsb.org/train/training-events/ligands



https://pdb101.rcsb.org/train/training-events/ligands
https://pdb101.rcsb.org/train/training-events/ligands
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Downloading CCD Data

* Download Options

* wwPDB Chemical Component Dictionary
° htt DS//WWWWW Dd b.o rg/data/ccd Chemical Component Dictionary: mmCIF (gz) | SDF/MOL (g2)
Protonation Variants Companion Dictionary: mmCIF (gz)
° HTTPS f||e se rvices Chemical Component Model data file: mmCIF (g2)
. In addition, SMILES/InChl/InChlKey data fil be d loaded here:
e https://files.rcsb.org/pub/pdb/refdata/chem comp/ " g s

¢ SMILES (OpenEye with stereo) (tab delimited text)
e Batch download: « SMILES (OpenEye) (tab delimited text)
e SMILES (CACTVS with stereo) (tab delimited text)
e SMILES (CACTVS) (tab delimited text)
¢ InChl (tab delimited text)
¢ InChiKey (tab delimited text)

e https://www.rcsb.org/downloads/ligands

* File Formats
* mmCIF/SDF/Mol/Mol?2 files
e SMILES/InChl/InChIKey descriptors

Westbrook et al. (2015) Bioinformatics 31, 1274-8.


https://www.wwpdb.org/data/ccd
https://www.wwpdb.org/data/ccd
https://files.rcsb.org/pub/pdb/refdata/chem_comp/
https://files.rcsb.org/pub/pdb/refdata/chem_comp/
https://www.rcsb.org/downloads/ligands
https://www.rcsb.org/downloads/ligands
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Demonstration

e Using RCSB PDB search tools on the website and via APl query
* Finding ligand validation information on the RCSB.org website
e Performing batch ligand download on RCSB.org




Conclusions

y.



Conclusions

* The redesigned RCSB.org Chemical Search offers intuitive
Chemical Attribute and Chemical Similarity Search tools.

* RCSB PDB APIs enable even more powerful search capabilities.

* Validation metrics provide key insights for finding the best modeled
instance of a given ligand.

* Diverse download options allow download of one, many, or all
components in the CCD.




Be an Early Adopter: N et
Transition to the new PDB Beta Archive,
Extended PDB IDs, and PDBx/mmCIF File Format

By 2028, 4-character PDB IDs (e.g. 1abc) will be fully allocated

After that,

- New entries will be assigned only extended PDB IDs
> New entries will only be available in PDBx/mmCIF format
- The PDB archive will be re-organized based on extended

_database_2.database_id %

PDB IDs (including file names and directories) “iatase 3 i satase 24
All PDB users must transition, i, e 1 @ EEAAE
including software developers and journal editors. < ,#3;‘:-. y
b, W

The PDB Beta Archive contains all current PDB data and is updated weekly.
Visit WWPDBOI’g for details. https://www.wwpdb.org/ftp/pdb-beta-ftp-sites




Training Materials

PDB-101 hosts recordings of RCSB PDB
training webinars.

Sign up to receive emails about upcoming
training events
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