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Overview

)

A regular update on what's happening with CCDC and an
opportunity for your news/feedback and suggestions:

Welcome & introductions

CCDC updates

CrossMiner: Custom feature creation

Coming soon: CSD Pipeline Pilot
Components

Open floor Q&A




Warm up poll!

VWhat sector are you In??
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Pharmaceutical formulation & development
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CCDC wide updates

b Suzanna Ward
Head of Database
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Welcome new team members

* Introducing

* Nisshanth Dharmaraj — Deposition Coordinator

CCDC



@
Celebrating some of our CSD Heroes - - - .
Leaderboard New blog series RAVONS T Zies !
Brian Skelton CSD Heroes: Alexandra Martha Zoya Slawin GCet involved .. g "o,
Allan White Caroline Davies — Qctaber 15,2019 ° Y A

In the year that the CSD hit one million structures we are highlighting sorme of the most prolific contributors to the
database. Our 5 CSD Hero in this series is Alexandra Martha Zoya Slawin who is currently 8 in our annual CSD
author statistics. We wanted to thank Slawin for her contribution by doing what we do best — searching the CSDI

Arnie Rheingold

About Alexandra Martha Zoya Slawin

Alexandra Martha Zoya Slawin is Professor of Chemical Crystallography at the University of St. Andrews in the UK. Her
ressarch is primarily concerned with structure determination and its application to chemistry (1) In 2011 she was elected

pete r J O n eS Fellow of the Royal Society of Edinburgh for being one of the world's leading chemical crystallographers.(2) She

completed her PhD at the University of Loughborough and her BSc in Chemistry at Imperial Collage London (3)

#CSDHeroesl|9

#MyCSDlinaMillion

Mike Hursthouse Alexandra M. Z. Slawin and the CSD

Alexandra is currently 6™ in our annual list of most prolific authors in the CSD with over 3,500 entries dating back to
1984. She submitted a massive 276 entries in 2010, her busiest year yetl A graph showing the growth of Alexandra's

AI eX S I aWi n entries in the CSD per year is shown below.
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Twitter: @ccdc_Cambridge

Alexandra has published structures in 107 different journals with 1,944 unique ce-authors.

Her structures are diverse and include 65 different element types, a massive 297,142 atomic coordinates and cover 84
different space groups. One of her largest structures in terms of the number of atomic coordinates (616) is CSD Entry:
QAVGIE which was published in /. Am. Chem. Soc. in 2005



https://www.ccdc.cam.ac.uk/Community/blog/

Evolving the CSD

« Our database is evolving...
* More data
* New data integrity checks

« Faster, more effective searches

The rewriting of ConQuest's fundamental search engine means that: 2018: Complete

o Many complex 2D substructure searches are now much faster C++ search engine

o Mearly all types of search are significantly faster than the previous version

¢ Clement and formula searches are more effective

* Many text searches now give more accurate results, especially author searches which
now properly handle international name conventions

https://www.chemistryworld.com/news/the-cambridge-structural-database-hits-one-million- < < I N

structures/3010524.article




Warm up poll!

What would you like us to add to the CSD next?

CCDC

advancing structural science



More data quality metrics and filters




Recent CCDC events and activities

« Jeff Lengyel led a CCDC workshop at Yale
« US UCGM in Philadelphia

 Accelerating science through data and machine
learning

* Invited speakers
« Product roadmap and future directions

* Various staff in Boston, US

« Rational Solid Form Design and Development
Summit 2019

* Meeting with customers
« Pistoia Alliance USA Conference 2019

https://www.ccdc.cam.ac.uk/News/Events/



https://www.ccdc.cam.ac.uk/News/Events/

Current/upcoming CCDC events E T

« CCDC visit to Japan
Luncheon seminar

Japanese UCM

Customer visits

Andrew Maloney and Francesca Stanzione
leading scientific discussions

« Crystal engineering conference in Israel

* Contemporary Crystal Engineering and Solid-
State Chemistry

« Weizmann Institute of Science

* Khaled Takieddin from our materials science
team attending

https://www.ccdc.cam.ac.uk/News/Events/
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Research Data Alliance (RDA)

* lan Bruno our Head of Strategic Partnerships is "
currently at the 14th Plenary RDA meeting in Helsirrkio'

®

* The meeting brings together data experts, industry and ...
policy-making from around the world under the theme
"Data Makes the Difference".



CrossMiner
Custom feature creation

llenia Glangreco

Discovery Science Team Leader
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OCSD-CrossMiner overview

* Pharmacophore-based searches of PR
structural databases (CSD & PDB & LN o i,
any in-house database, @ W\
simultaneously)

Modify a hypothesis/results on the
fly: interactive tool

Annotated for easy filtering of hits

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



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

CSD-CrossMiner applications

Determine common protein binding sites in PDB structures

Determine structural motifs that bind in similar environments

Inform cross-pharmacology between protein targets

Cenerate new ideas:
- Design novel motifs that mimic extablished ligands
= improve molecular properties; solve patent issue

- Scaffold-hopping: retrieve a diversity of ligand topologies that can be
used as scaffolds

= quickly advance a project with known ligands; optimise leads
- Growing into other regions of a binding site

= improve selectivity, improve bioactivity; reduce cross-reactivity




CSD-CrossMiner feature definitions

®
® o

. Feature definitions are based on SMARTS substructure definitions available
from <Installation folder>\feature definitions /IR

File Home Share View
“« v <« Program Files » CCDC » CSD_CrossMiner_1.5.3 » feature_definitions ¥ any v O Search any
Name - any
# Quick access protein
[ ] features, _acceptor.cpf .
. . . . @ OneDrive D features_acceptor_projected.cpf P
- Features definitions can be created and/or edited | awe D e e
T D features_donor_projected.cpf CPF Fil
= |lomega_HDD (F) [ features_heavy_atom.cpf CPFFil
& Network | ] features_hydrophobe.cpf CPFFil
- D features_ring.cpf CPFFil
[ features_ring_non_planar.cj pf CPFFil
D features_ring_planar_projected.cpf CPF Fil
D rnadna_base_adenine.cpf CPF Fil
| ] radna_base_cytosine.cpf CPFFil
D rnadna_base ine.c| CPF Fil
[7] madna_b: CPFFil
D rnadna_base CPF Fil
D rnadna_base: CPF Fil
| ] radna_base CPFFil
D rnadna_suga CPF Fil
[7] madna_su CPFFil
18 items

3KB
3KB
2KB
2KB
1KB
2KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB

We will learn how to generate a custom feature definition for Zinc so that we can
search for all Zinc-binding ligands in the database.

CCDC




Creating new feature definitions

- Features can be created using the Feature Editor menu accessible from
Feature Database - Edit Features

.‘ CSD-CrossMiner

File Edit Display Feature Database Help

L ] & $le »
Style: |Wireframe Info v | Picdng Mode: | fy | €O | . : 7L
Browse
Showe: [ reference [ Annotate atures pharmacophaore pharm. labels hydrogens | - Search: DD Edit: D ;}‘“a‘

Create

Edit Features

CCDC



Creating new feature definitions

Adding a feature point generator

- Asimple_point feature is generated at the selected atom position

Feature Editor ) Feature Editor

File File

<<

No coordinates available

Generated features (small molecule: red [ protein: blue)

No coordinates available

<<

Feature name |feature_simple_point Colour

Generated features (small molecule: red [ protein: blue)

E::Lu;;?;m point generator  point generator geometry  pg Szgﬁtr‘%:t;re SMARTS pattern  apply indices E::Lu;;?;m point generator  point generator geometry  pg Szgﬁtr‘%:t;re SMARTS pattern  apply  indices pd
@ | simplepoint POINT |
Add Add
@ Add Add Indices Add Add Indices
Remove Remove Remove Remove
Remove All < > Remove All < > Remove All < > Remove All < >
Close Close

CCDC




Creating new feature definitions

Adding a substructure definition

1. By default a SMARTS pattern of [*]is
generated - this corresponds to every atom

Generated features (small molecule: red / protein: blue)

Feature name |feature_simple_point Colour

Generated features (small molecule: red / protein: blue)

No coordinates available

No coordinates available

ZZ?:;UFEM point generator  point generator geometry  ps g:m;ﬁ:re SMARTS pattern  apply  indices [ale
simple_paint POINT
o =
Add Add Indices
Remove Remove
Remove All | | < > || RemoveAll || ¢ > Feature Point R : Substructure -
it point generator  point generator geometry  pa poe oo SMARTS pattern  apply  indices pc
Close simple_point POINT @
0 sin
Add
Add Add Indices
2. Double clicking on [*] allows

to edit the SMARTS pattern B S =

CCDC




Creating new feature definitions
Editing the SMARTS definition

Generated features (small molecule: red [ protein: blue)

1. Inthe SMARTS pattern replace [*]
with [Zn]

2. Inthe apply section select ALWAYS

5. Change the Feature name to zinc

4 Pick a new Colour for the ne\/\/ly FeSE POt [ et poin genersto geometry parameternar] ST [Slncrc T ndices o
. simple_point POINT v [Zn] ALWAYS .
created zinc feature O ©
Add
dd Add Indic
eeeeeeeeeeee
eeeeee ] Remove Al

CCDC



Creating new feature definitions

Exporting the new feature

("?) Feature Editor
File
Load Structure Database S — o
a ) —|— h e n e\/\/ fe a t u re C a n b e S a ve d Get Current Reference Structure Generated features (small molecule: red / protein: blue)
Load Feature Definition
and used for example to soe et e
Clear Feature Definition
reg e n e ra te t h e feat u re d a ta ba Se Add Feature to Current Feature Database
Close
(F;eeanz-;gab:rosint point generator  point generator geometry  parameter na gi%sn?;%cnbs.lre SMARTS pattern  apply indices point
simple_point POINT v [Zn] ALWAYS
0 simpl
Add
Add Add Indices
Remove Remaove
Remove Al < » | | Remove Al L4 >
Close

CCDC



Creating new feature definitions

Exporting the new feature

OR

The new feature can be added to

the loaded feature database and

appended to the

Pharmacophore features

window

Pharmacophore Features

feature name

® TRP

TYR
* VAL

excluded volume
® apnotation-filter
* substructure filter

ZiAE

tolerance
radius

show in show in
reference  pharmacophore
O

O

O

O

O

O

Feature Editor
File
Load Structure Database
Get Current Reference Structure

Load Feature Definition
Save Feature Definition
Clear Feature Definition
Add Feature to Current Feature Database

Close

W

e

Feature Point

e point generator

point generator geometry
simple_point POINT

Add
Remove

Remove All Y

parameter na

Substructure
Definitions

Add

Add Indices

Remove

Remove Al

Generated features (small molecule: red / protein: blue)

SMARTS pattern  apply indices point
v [2n] ALWAYS
0 simpl
< >
Close

CCDC



Using new feature definition on the fly AV o

Loading a structure from the feature database

%) CSD-CrossMiner (7) Feature Database Browser
File Edit Display = Feature Database Help 16Q0|
Style: Wireframe ~ ° Info v | picking Made: | {m | £O " . Rty Eg;ﬁtﬁj;ﬂ;— :
e — e
Show: [] reference [ Annotate atures [ pharmacophare [ pharm. labels [] hydrogens | - Seard 1BQE.m1 A bs C...

1BQ6_m2_A_bs_C..

1BOE_m1_A_bs F..

1BQH_m1_A_bs_A...
1BOH_m1_D_bs_A...
1BQH_m1_G_bs_N..
1BQH_m1_H_bs._...
1BQH_m1_l_bs_N...
1BOH_m1_K_bs_N...
1BOl m1 A bs SB...
1BQO_m1_B_bs_M...
1BOP_m1_A-B.bs... ¥

<< =3

Create

Edit Features

Feature Protein Small Molecule o
All

oo

® acceptor

1. Select IBQO_MI_B_bs_N25_B_40] || s

|
|
|
. #® donor_ch_projected  []
from the list of structures * dropopas O

2. Use it as reference to define a e [
|

|

ring_ncn_planar

pharmacophore query

oooooodoo

@ Use as reference Close

CCDC




Using new feature definition on the fly
Searching for Zinc-binding ligands

File Edit Display FeatureDatabase Help

Style: Wireframe ¥ Colour: |by Element.

constraints [M] feature:

Feature Databases g x
datobase size
pdb_crossminer 285946
nucleic_acid_crossminer 5427
csd540_crossminer 381018
Results Hitist g X
stinduster | Settngs... | Tanimoto: [0.70 21| Number of it Show al
mark identifier cluster rmsd  disgram chain depositi A
[ 2HMmlAb. 1 0 7n A 20006

S . .., *Searching for all
—— el Pk e l y Z| NC-CON t a | N | N g
structures in the

database

g
oo

excluded volurme
®annotation_fifter

.
g
Ooooooooooooooono

# substructure filter

v zine

v zinc_l

CCDC



Using new feature definition on the fly
Searching for Zinc-binding ligands

File Edit Display Feature Datzbase Help

Shov eference [ hits [/] constraints [W] features [/] pharmacophore harm. labels [ ] hydrogens - Sear:

° ° Feature Databases & x
database size
identate Zinc- e
nucleic_acid_crossminer sa27
csd540_crossminer w1018
. . .
bindin ands =
| | g | g istinduster | Settings... | Tanmoto: [0.70 [2] Number of its: showal
mark_identifier cluster msd  dizgram chain depositi ~
HN,
HN
O 1ASSmlAbs.3 0704 o %) e A 19904
o
HL
M
HO
HN
HD
< >
[ F ] #hits: 900/10000
Pharmacophore Features & x
feature name tolerance  show in show in
radius  reference  pharmacophere
All [w]
e O
# acceptor_projected O
# donor_ch_projected O
# donor_projected O
~ # heauy_atom O
~ heavy_atom_1
B 100
hydrophobe O
fing O
ting_non_planar O
ting_planar_projected O
#® purine O
# pyrimidine O
adenine O
eytosine O
guanine O
thymine O
uracil O
deoxyribose O .




Pipeline Pilot

CSD component collection

M\ Stewart Adcock
'_ J“:L{-.
‘9 Technical Manager, Scientific Software

CCDC



CSD Pipeline Pilot Component Collection:

How can we make CSD data more accessible and useful?

We want to unlock valuable CSD data and features from our various scientﬁcicb .
methods outside of our pre-packaged desktop and web-based applications.

The CSD Python API largely does this already.
¢ The CSD Python APl is our recommended interface for integrating with 379 party tools.

We can now use the API to relatively easily build Pipeline Pilot components that
P IP
|

expose the CSD.
7 T ‘.o
2S BIOVIA r| ELIN'F FINIAconsuItlng P pgthon e
8

We will learn about the upcoming CSD Pipeline Pilot component collection.

CCDC




CSD PP Component Collection v.1 ‘.

- Components

CSD data access and search nodes

« CSDS Viewer nodes
« Conformer generation

Very basic virtual screening

* Protocols
« CSD Searching
« Python Examples

* Virtual Screening and Conformer Generation

Conformer Writer

Takes a stream of incoming records and generates conformers for each molecule. The number of

conformers per record is limited by the Max Number of Conformers parameter. This writer will

then write the summary file (if requested) to the specified location and, if requested to do so will

write out the conformers in one of two ways.

= The first is to write out file of conformers to a specific location (Split Qutput set to False). That
location is specified by the Conformer Molecule Destination parameter. -

ot ]
®
& <
D
[
(A Pipeline Pilot Professional Client - [08 Conformer Writer Example] - O X
:' File Edit View Tools Window Help 8%
DEW@@‘Pxx %d\i“‘ o _‘ 75 || B3 :c‘ D X ;|Jﬁ|ﬁ 100 & ‘|-|%i’: = | Search protocol datab;
Components o [ Favorites 5 Most Used
@] ] :
@+ Data Access and Manipulation 1 - Generate conformers,
[#-42) Database and Application Integration splitting molecular cutput
-2 Analysis and Statistics Read Conformer
[#-3 Reporting and Visualization Faasan Wirites
@+ Chemistry
|
(- Laboratory
=l : Read Table HTML
h:_‘“ maging Summary Report
B CCDC Viewer
@-IC3 Manipulators
[#-7) Readers
&~ Utilities
-4 Viewers
- Virtual Screening
=i Writers
.. |B Conformer Writer .
#-4) Documents and Text e o
#-41 Web Applications
Elapsed Time:
adcock | Protocols Components ﬁ Welcome ||=p 08 Conformer Writ...
Help E Parameters
-~ Conformer Mole A

Conformer Mole! $(jobdir)/Conformer Ex ...
Conformer Sumr| S(jobdir)/Conformer Ex ...
Contormer Warn

Conformer Log C

&l Conformer Optic v

Help |A:h5 Auto Watch | Debug Messages | Validation

Param... | Runtime| Imple... | Inform...| Debug ..,

= adcock localhost || 19.1.0

CCDC
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Integratlon Scheme L 8

| i | ..l Run Python Script

] [ s
.M Run Virtual Screenina v Elapsed Time: * e
N ®
adcock | Protocols  Components | ¥ Welcome ‘ & 08 Conformer Wr'rt...‘ & 01 Search CSD By ... ‘E ’ °
® o 'Y
Help avr [ b
e )
Run Python Script o 3
This component runs the script specified in the Python Script parameter. It is intended for simple useage, and to test that the package is
configured correctly. It runs Python by using the @/ccde/pythonapi/python_home global variable, which points to the location that Python is ®
installed on the server, and simply writes the script out and executes it. e ®
The output consists of two properties - script_out and script_err. Script_out contains the standard out, whilst script_err contains the errors. °
Ports: o
°
= Pass: Generic
Records passing out of any unconnected pass ports of components inside the subprotocol
= Fail: Generic )
Records passing out of any unconnected fail ports of components inside the subprotocol ®

« Our solution is to make arbitrary
Python Scripts, including those that
use the CSD Python API, available as
PP components.

Pipeline Pilot Client ? Python Script Pipeline Pilot Server

« Alongside tools for parsing and
mManipulating CSD data types

CSDS visualisation tools available as -

+ Python Executable

viewer components. ! cp Sommae

CCDC




Exemplar Protocols G aontsy
B- {j CCDC
. @5 CSD Searching =3
. B S S @@ 01 Search CSD By Structures
* Purpose at this stage is to demonstrate 39 02 Search CSD By Text Numeric ields N
... & 03 Search CSD By Reduced Cell

u Se Of t h e CO m pO n e ntS .'F 04 Retrieve Entity and Molecule Attributes for Refcodes i

& 05 Combining Hit Sets - AND e,
--@® 06 Combining Hit Sets - NOT
... 07 Parsing Citation and Synonyms

U D Python Examples ®
- &P 01 Run Python Script Example
%’ .8 02 Using Derive Script Path v,
. &P 03 Get CSD Python AP| version
1 HTML Table .8 04 Count Entries per Decade
Substructure Viewer 01 Search CSD By Structures | = 0 ...@® 05 Count Entries per Year
Search

l_] g Virtual Screening and Conformer

This protocol uses the benzodiazepine core structure,
@ 01 Queries |dentified by File Screening Example

(]

Read
Benzodiazepin
Core

CSD Similarity HTML Table
Structure Viewer
Search

shipped as part of the Chemistry collection, and searches
CSD for structures which contain this as a substructure
(top) or as a similar compound (bottom).

The search component outputs as a minimum the
refcode(s) for hit structures.

Similarity searches take into account the similarity
threshold - which all hit structures must exceed. To aid in
the interpretation of the results, the component outputs an
additional property which is the similarity value for this
compound to the query for which it was found.

& 02 Queries |dentified by Tag Screening Example
@ 03 Screen Validation Using Tagging

& 04 Generate Enrichment Plot Example

...8® 05 Generate ROC Example

2P 06 Generate Conformers for Molecule

-.@® 07 Mercury Viewer Example

-&® 08 Conformer Writer Example

--&® 09 View Conformers in Report Viewer

8P 10 Mercury Viewer Example with Grouping
39 11 Virtual Screening Report Viewer Example
...@® 12 Hermes Viewer Example - Structures

CCDC



Running any arbitrary python script -~ -
* This is the basis of most CSD components. ‘ RN % o.

* [t need not rely on the CSD Python AP 3w

| -
1 ] ‘0

Read Scipt  Notepad
Viewer

Run Python Script Example

2’ F This protocol takes a simple example script and displays it to

b the user before executing it. The soipt is simple, taking a set
of numeric inputs and summing them together.

Run Python HTML

Scoipt Table Switching the final argument to -~-max will return the max

Viewer value instead.

It demonstrates how the Run Python component can be
configured to point to any Python soript and execute it.

CCDC



Components 7

E-E5 CCDC . a

«4[:'3 Manipulators ° Sea rCh » )\ L .

. [@2-4 Readers ®

. .88 CSD Reduced Cell Search
&8 CSD Similarity Structure Search Reduced Cells y o,
.88 CSD Substructure Search
88 CSD Text Numeric Search
.88 Get CSD Crystal Attributes
&8 Get CSD Entry Attributes
.88 Get CSD Molecule Attributes

.o Get Molecule Structure

- @-E Utilities

=45 Viewers

.l Conformer Report Viewer .

O eme e » Extract data with Get CSD Crystal/Entry/Molecule
P : :f?ret:;r;'c\:::rr:g Report Viewer A ttr / b U teS
. -5 Virtual Screening
@8 Generate Enrichment Plot

@ Generate ROC Plot « Access 3D structures with Get Molecule Structure

@ Perform Conformer Generation
.4l Perform Virtual Screening
P @ Perform Virtual Screening Validation
{ =& Writers
3 B Conformer Writer

Similarity RN

Substructure o

Textual/Numerical Data

CCDC



Release Plan

« At the time of our next CSD-System release, we will make this ’
component collection available to research partners. s

« Over the following months, we will roll these out to other user
categories.

* Depending on the uptake and feedback, we can extend to cover
other features of the API.

 This is our call for discussion.

* What do you need to most effectively use the CSD in your protocols?

CCDC



Benefits to users

» Existing users of PP can access the CSD.

* Existing users of PP can solve their problems using Supported :
CCDC software. '

» Search tasks can be implemented/scripted within automated
workflows.

* No additional platforms or GUIs to install or learn how to navigate.

CCDC



Upcoming Events

» CSP Database Working Group Kick-Off: Nov 6, Cambridge | L
* AsCA: Dec 18-20, Singapore .

Email hello@ccdc.cam.ac.uk for more info

CCDC


mailto:hello@ccdc.cam.ac.uk

Q&A

The floor is yours

CCDC

advancing structural science



Next What's Up Webinar o

®
&
@

* Next webinar: November 2]
» Send us your ideas and news

hello@ccdc.cam.ac.uk



mailto:hello@ccdc.cam.ac.uk

Thank you

CCDC



