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Learning outcomes

❑An understanding of the pharmacophore concept.

❑Familiarity with the CSD-CrossMiner interface and how it can be 
used in your research.

❑How to perform pharmacophore searches  biologically relevant 
subsets of the CSD and PDB. 

❑How to set up an interactive pharmacophore query and save the 
results. 

❑How to analyse and interact with your results.



Agenda

• Show One: Intro and CSD and CSD-CrossMiner overview

• Show One: PDB overview

• Show One: CSD-CrossMiner explained and demonstration

• Try One: Hands-on example

• Explore More: Case-studies of CSD-CrossMiner

• Explore More: Quiz and Summary

• Extra time: More time for hands on and Q&A

We will make the 
recording available to you 

in the next few days.

Deborah Harrus

PDBe Archive 
Project Leader

Special Guest
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The Cambridge Structural Database

Structures 
published 
that year

Structures 
published 
previously

• Every published 
structure

• Inc. ASAP & early view

• CSD Communications

• Patents

• University repositories

• Thesis

• Every entry enriched and 
annotated by experts

• Discoverability of data 
and knowledge

• Sustainable for over 59 
years

• A trusted CoreTrustSeal 
repository

CSD Refcode: JEKNOC16. 
The 1.25 millionth CSD 

structure determined in 2023. 

1 3 1 7 3 1 8



Small molecules, big impact
200 top drugs by retail sales in 2023

Small 
molecule 

structure in 
the CSD

Biological 
structure in 

the PDB

Small 
molecule 
structure 
CSD entry 
pending

• Open-up new biological and 
therapeutic opportunities

• Compete against emergent 
modalities for rare diseases

• Are used to target RNA*

Adapted from poster compiled and produced by the Njardarson Group (The University of Arizona)
*Nature Reviews Drug Discovery 20, 85-90 (2021)

FDA novel drug approvals 2023



Using integrated structural databases

CSD
>1.3 million 
structures ICDD

PDF-
4/Organics
>540,000

Includes data 
derived from 

CSD

PDB
>200,000

Mogul in dep,
CSD-CrossMiner
Ligand linking

BioChemGraph

ICSD
>240,000
Joint access 

and 
deposition

~2,000 ligands 
in both the 

CSD and PDB 



Connecting chemistry and biology

TOBBOB

3p4w › DSF



Search, visualise, analyse and communicate structural data
Insights into molecular and crystal shape and interactionsCSDCore.

Medicinal & Computational Chemists  Crystallographers & Structural Biologists  Solid Form & Crystallisation 
Scientists  Functional Materials Scientists  Educators  Industry and Academia

Deposit, publish, access and visualise structural data
Free functionality to share and learn from structuresCSDCommunity.

Design of new molecules Generate solid form 
landscapes

Anticipate particle 
properties and behaviour

2 Donors
2 Acceptors

Assessment of solid form 
stability and properties

CSDDiscovery. CSDMaterials. CSDParticle. CSDTheory.

The CSD Portfolio
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CSD-CrossMiner - origin

• Developed in collaboration 
with Roche.

"We exemplify the utility of the approach by 
showing applications relevant to real-world 
drug discovery projects, including the 
identification of novel fragments for a specific 
protein environment or scaffold hopping."

"We believe that CSD-CrossMiner closes an 
important gap in mining structural data and 
will allow users to extract more value from the 
growing number of available crystal structures."

Korb et al,. J. Med. Chem. 2016, 59, 4257-4266. DOI: 10.1021/acs.jmedchem.5b01756

http://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.5b01756


CSD-CrossMiner: Why you may need it
You have a known ligand and want 

to find a new one with better properties 
but the same target interactions.

You have a known target with a known 
binding pocket and want to find 

compounds which can bind to the pocket.



CSD-CrossMiner - applications

• Advance hit-to-lead

• Lead optimisation

• Find scaffold hops to improve 
pharmacokinetics

• Identify off-target effects

• Understand which 
modifications are tolerated in 
the binding site

• Generate new ideas in drug 
discovery projects



Pharmacophore search applications

• Design novel motifs that mimic established ligands ​ to improve 
physicochemical properties or solve patent issues.

• Scaffold-hopping: retrieve a diversity of ligand topologies that can be used as 
scaffolds ​ for lead optimization.

• Look at chemistries that interact with unexplored parts of the binding site ​to 
improve binding properties of a ligand.

CSD-CrossMiner specific

• Determine common protein binding sites ​ to predict selectivity.

• Shed light into cross-pharmacology between protein targets.

• Determine structural motifs that bind in similar environments ​ to find insights 
for drug design and optimization.



CSD-CrossMiner

• Tool for building 
pharmacophore queries.

• Tool for searching structural 
databases by pharmacophore.

• Simultaneously search the 
PDB, CSD and your in-house 
database.

• Designed for speed – modify 
hypotheses on the fly.

• Structures are annotated for 
easy filtering of hits.

Korb et al,. J. Med. Chem. 2016, 59, 4257-4266. DOI: 10.1021/acs.jmedchem.5b01756

http://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.5b01756


CSD-CrossMiner - workflow

1. Observe the 
protein-ligand 

complex.

2. Define the ligand 
and protein 

pharmacophore, 
and any constraints

3. See matching hits 
overlaid – explore 

each in the browser.

HBDHBA

HA

RA

ExV

HBD – Hydrogen Bond Donor; HBA – Hydrogen Bond Acceptor; HA – Heavy Atom; 
RA – Ring Aromatic; ExV – Exit Vector



CSD-CrossMiner: Feature Databases

• Simultaneously mine data sources. 
• Public and proprietary.
• Find matches by pharmacophore.
• These are annotated versions of the 

original databases, to include 
pharmacophore features information.

https://www.ccdc.cam.ac.uk/solutions/software/csd-crossminer/

• Building of in-house databases and 
their integration into CSD-CrossMiner 
is possible.

The CSD is 
updated 
regularly!



Agenda

• Show One: Intro and CSD and CSD-CrossMiner overview

• Show One: PDB overview
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Show One: The basics – A pharmacophore

A concept is originated by Paul Ehrlich (1909) and developed 
by Schueler in his book “Chemobiodynamics and Drug 
Design” (1960)

Osman F. Güner and J. Phillip Bowen (2014). “Setting the Record Straight: The Origin of the Pharmacophore 
Concept”  DOI: 10.1021/ci5000533

“A pharmacophore is the ensemble of steric and electronic 
features that is necessary to ensure the optimal 
supramolecular interaction with a specific biological target 
structure and to trigger (or block) its biological response.”

C.G.Wermuth, C.R.Ganellin, P.Lindberg, L.A. Mitscher (1998). "Glossary of terms used in medicinal chemistry 
(IUPAC Recommendations 1998)“ DOI: 10.1351/pac199870051129

https://doi.org/10.1021/ci5000533
https://doi.org/10.1351/pac199870051129


Pharmacophore feature

Pharmacophore feature – an atom or a group of atoms with sterical or 
electrostatic properties essential for the activity to a target protein.



Pharmacophore feature



Pharmacophore features in CSD-CrossMiner

H-bond acceptor

H-bond acceptor

H-bond donor projected

Planar ring

Non-planar ring
Non-planar ring

Planar ring



Pharmacophore features in CrossMiner

• Single point, acceptor • Between two points, 
donor_projected

A pharmacophore point is a feature that has been selected to be a
pharmacophore because its presence is necessary. 



CSD-CrossMiner - features

• Customise feature 
definitions
• Explore new 

chemistry

• Improve search 
granularity

• Excluded volume
• Cut noise by 

removing 
occupational volume



Pharmacophore query

Pharmacophore query (or just pharmacophore) is 
ensemble of steric and electronic features that 
characterise a protein and/or a small molecule.

• What interactions are present and most common in protein-ligand 
complexes you have?

• Which pharmacophore features are the most common among 
known ligands binding to a same target?

• Are there any unsatisfied interactions in the target's pocket?

• Are there any interactions you'd like to eliminate?



Pharmacophore query

Coordinates 
of the centre

Radius

Different 
molecules

Same 
molecule



Run the search



CSD-CrossMiner - workflow

1. Observe the 
protein-ligand 

complex.

2. Define the ligand 
and protein 

pharmacophore, 
and any constraints

3. See matching hits 
overlaid – explore 

each in the browser.

HBDHBA

HA

RA

ExV

HBD – Hydrogen Bond Donor; HBA – Hydrogen Bond Acceptor; HA – Heavy Atom; 
RA – Ring Aromatic; ExV – Exit Vector



Show One: CSD-CrossMiner Demonstration

In this demo we will see how to:
• Navigate CSD-CrossMiner
• Perform a Pharmacophore 

Search

This is a good 
time to open 

CSD-
CrossMiner!

File menus and tool bars

3D visualiser
Feature 

Databases

Results 
Hitlists

Start/Pause search

Progress bar

Pharmacophore 
Features



Try One: Hands-on exercise

It’s your turn!

• Try the case study from the 
handout.

• Your tutors are on hand to 
help you!

• To ask questions during this 
time type a message in the 
chat box.

• If you finish early, ask us for 
more challenging examples.

https://info.ccdc.cam.ac.uk/2024-autumn-virtual-workshop

We will make the 
recording available to you 

in the next few days.
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• Show One: PDB overview

• Show One: CSD-CrossMiner explained and demonstration

• Try One: Hands-on example

• Explore More: Case-studies of CSD-CrossMiner

• Explore More: Quiz and Summary

• Extra time: More time for hands on and Q&A

We will make the 
recording available to you 

in the next few days.
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CSD-CrossMiner - Strengths

• CSD and PDB databases 
included

•  With optional proprietary data

• Intuitive pharmacophore 
searching

• Build and modify queries around 
key pharmacophore features.

• Interactive – change your 
hypothesis on the fly

• See results update instantly.

donor
acceptor
planar ring 
hydrophobe



Use-case: Developing novel inhibitors
• Used a scaffold search in CSD-CrossMiner

• Searched for a target protein for spirobarbituric 
dihydrofuran compounds. 

• Revealed two compounds that exhibited 
properties similar to the ones of known inhibitors 
of aldose reductase.

Michail N. Elinson, Yuliya E. Ryzhkova, Anatoly N. Vereshchagin, Fedor V. Ryzhkov, Mikhail P. Egorov, J Heterocyclic 
Chem. 2021, 58, 1484–1495. DOI: 10.1002/jhet.4274.



Use-case: Exploring molecular scaffolds for a MCR library

https://www.ccdc.cam.ac.uk/discover/blog/crossminer-in-action-scaffolds/

MRC = Multicomponent reaction

The authors were interested in the 
heterocyclic ring system produced by the 

three component Groebke-Blackburn-
Bienaymé reaction as a possible 

pharmaceutical scaffold. 



Use-case: Catalyst ligand design

Marc A. S. Short, Clare A. Tovee, Charlotte E. Willans and Bao N. Nguyen, Catal. Sci. Technol., 2023,13, 2407-2420.
DOI: 10.1039/d3cy00083d

Workflow for the identification of ligands present in 
the CSD and for the generation of a catalophore from 

a transition state reference structure. 



A collection of white papers

https://www.ccdc.cam.ac.uk/
discover/whitepapers/



New release

• A collaboration between the CCDC, PDBe 
and ChEMBL.

• The release integrates structural, 
functional, and biochemical data.
• Links over 235,000 CSD entries with  ChEMBL, 

PDBe, and other resources via UniChem.

• Accelerates research in drug discovery, 
drug repurposing, target validation, and 
understanding of drug mechanism.

https://www.ebi.ac.uk/about/news/updates-from-data-resources/biochemgraph-data/



What have we learnt

✓An understanding of the pharmacophore concept.

✓Familiarity with the CSD-CrossMiner interface and how it can be 
used in your research.

✓How to perform pharmacophore searches  biologically relevant 
subsets of the CSD and PDB. 

✓How to set up an interactive pharmacophore query and save the 
results. 

✓How to analyse and interact with your results.

REC



Get a certificate and help us improve

Find the link for the test in the chat box 
or in our next email

Do you want to earn a completion 
certificate for this session?

1. Complete the test

2. Score 10/10

3. Receive your certificate within a 
couple of hours from passing 
the test.

• Test available for 48h (until 
Thursday at 12:15 pm GMT)! 

How did it go today? 

What do you want to learn 
next?

• Let us know in the polls, in the 
chat or via email!

If the polls do not 
pop-up on your 
screen, you can 

find it in the chat 
box. To vote, 
select your 

answer(s) and 
then click Submit.



Want to explore more?
On-demand training resources



Free online training courses

https://www.ccdc.cam.ac.uk/community/training-and-learning/csdu-modules/

On-demand modules to 
learn how to use the CSD 
software at your own pace.

Visualization 101

Helping you to learn:
• The basics of Mercury software.
• How to explore and pack 

structures.
• How to create high resolution 

images.

GOLD Docking

Helping you to learn:
• The basics of Hermes.
• The basics of protein-ligand 

docking.
• Step-by-step guide on how to 

use GOLD to perform protein 
ligand docking.

• Where to get started with your 
docking simulation.

CSDU

Mercury Python 
API

GOLD
Docking

Mogul ParticleFIMs

With 
completion 
certificates!

WebCSD

Cross
Miner

Coming 
soon!



A collection of 
white papers

https://www.ccdc.cam.ac.uk/discover/whitepapers/



More learning events

CHEMAI Virtual Satellite Event

• 27th Nov Unlocking CSD data for Functional 
Materials innovation.

CCDC Webinars

• 21st Nov How To Use New Semiconductor 
Data in the CSD for Research and Design. 

CCDC Virtual Workshops

• Coming back next year! Sign-up to our 
newsletter and follow us on social media.

Find all CCDC events and workshops 
on our website!

https://www.ccdc.cam.ac.uk/community/events/
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