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Overview

INn this webinar we will discuss:

Latest updates and news

DASH: What has changed?

CSD-CrossMiner: New features from the
20212 release

QRA: the floor is yours

www.ccdc.cam.ac.uk




Latest updates

« Upcoming 2021.3 CSD release in December: DASH migration,snew.:
CSD subsets, and usability improvements for CSD-Core solutions.

o 7th CSP Blind Test: we released the 2D chemical structures of the

target compounds.
Learn more www.ccdec.cam.ac.uk/Community/initiatives/CSPBlindTests/

- CSDU new module available: Analysing molecular geometries 101 -
pbasics of Mogul. www.ccde.cam.ac.uk/Community/educationalresources/CSDU/

Watch
ey
Q- CCDC



http://www.ccdc.cam.ac.uk/Community/educationalresources/CSDU/

Time for a change? GRS N

* We are hiring! ° .

® . y [y
. . Careers at the CCDC
° p O Std O Ct O r a | R ese a rC h ASS O C | a te - | n t e ra Ct | O n S The scientists and software developers at the CCDC create and supply the database system storing all the world's published 3D structures of small-molecule chemicals. This system is

used by thousands of organisations in over 70 countries. We're a as a not-for-profit company and registered charity. Although independent, we
are a University of Cambridge Partner Institute. We offer an excellent benefits package and a competitive salary in a lively and friendly organisation of around 70 staff worldwide.

Y R e Se a rC h a n d A p p | i C a t i O n S S C i e n t i St _ M a te r i a | S S C i e n Ce ;):vraancclg/ixsjcs[s?ar: :(c::::(l:lg:: research, software development, finance, IT systems, commercial, and support - and we need great people in every team to continue our mission to

Find more information about our vacancies below.

* Product Manager What is it like to work at the CCDC?

° Tec h N |Ca | M ana g er C claudio -Senior Soft.. : C Natalie- Data Inte

* USA — Research and Applications Scientist — Discovery > ‘
Science

C | loana- Applications ... $

Claudio Natalie loana
Senior Software Engineer Data Integrity Research Scientist Applications Scientist

C Ezekiel - Sales Execu... & H C Lily - Computational ...

- Work for a registered charity, active research : | >
centre and partner institute of the University of ‘

Ezekiel Oliver Lily

( a m b r | d g e Sales Executive Sales Operations Coordinator Computational Solid State Scientist

« Advancing structural science for the public
benefit.

Nttops//wWww.ccdc.cam .ac uk/theccdcprofile/careers < < I ><



https://www.ccdc.cam.ac.uk/theccdcprofile/careers/

We need you

Are you interested in helping us to
evolve WebCSD and our 3D
visualiser?

* Let us know in the question box!

« Just drop us an
email hello@ccdc.cam.ac.uk

 User research sessions should
take <1 hour

CCDC


mailto:hello@ccdc.cam.ac.uk

DASH: What has changed?

Structure solution from powder data — for the community

Pete Wood

Director of Product Management

CCDC



What is DASH? R

« One of the most well-known and effective
porograms for crystal structure solution
from power diffraction data

« DASH is named after the program’s
original authors Bill David and Kenneth
Shankland

* First presented in a paper in 1998, then
distributed by CCDC since April 2001 under
licence from STFC Innovations Limited

» Designed with a user-friendly interface and
extensive manual 1

- Powerful integration with Mogul for search
space reduction

W. I. F. David, K Shankland, J. van de Streek, E. Pidcock, W. D. S. Motherwell, J. C. Cole. J. Appl. Cryst., 39, 910-915. ‘ ‘ I N




How does DASH work?

DASH solves crystal structures from powder
diffraction data

The approach assumes you know the
molecular formula of the material - you
iNnput this 3D model at the start

The unit cell and space group are
determined by indexing the pattern

DASH generates many trial solutions and
uses simulated annealing to adjust the
molecular position and conformation until it
agrees well with the pattern

Mogul can help by dramatically reducing
conformational search space

All steps are guided using a Ul Wizard
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Why is the situation with DASH changing?

https//www.ccdc.cam.ac.uk/solutions/open-source/dash-open-source/

As the CSD software portfolio has
developed and expanded, DASH is now at
the periphery

The CCDC has not been able to spend
much time developing its functionality in
recent years

There are still interesting directions that
could be explored with DASH though

To ensure DASH remains available to use,
and can grow and change, the CCDC,
STFC and DASH's co-authors have agreed
to make it open to the community

This will also allow our team more time to
focus on other areas of CSD-Materials

DASH is now
open source.

Crystal structure solution
from powder diffraction data.

CCDC

CCDC


https://www.ccdc.cam.ac.uk/solutions/open-source/dash-open-source/

What does that mean for me as a user??

* To install DASH, you will need to
get the installer from the new
DASH GitHub repository

* From the 2021.3 CSD Release
(December 2021), DASH will no
longer be installed as a part of the
CSD software portfolio

* In March 2022, older versions of
DASH will also stop working

« DASH Is now available for free, for
anyone to use and adapt, under
the MIT licence

https://github.com/ccdc-opensource/dash

CCDC


https://github.com/ccdc-opensource/dash

. - . Wi,
Will DASH still integrate with Mogul? °

* Yes! This is a key integration 100
that the CCDC will continue to e
. . ®  DASH with Mogul constraints
test and maintain 80 - «  DASH with MDB

« Users will need a valid licence
for Mogul to make use of it

60 A

40 -

Success rate / %

* Mogul will still have a major

Impact in improving the 20
effectiveness of crystal
structure solution 0 . . —_—
10 20 30 40 50
« See Kabova et al,, 2017 Degrees of Freedom

E. A Kabova, J. C. Cole, O. Korb, A. C. Williams, K. Shankland, J. Appl. Cryst. (2017). 50, 1421-1427 < < I N



How can the community progress DASH?

* All the code for DASH is now openly F e R Ee

accessible under the MIT licence in 6
G I-t H u b <> Code © Issues 17 Pull requests ® Actions M wiki @ Security |~ Insights

¥ main - ¥ 3branches © 4tags Go to file m About {
A versatile and interactive package for

.
L4 | | I | S | | I e a | IS t | I a t OI 'yol ’e ( a | I ' rockdreamer Merge pull request #12 from ecdc-opensource/distribution_directory 1decase 9 daysago Y9 2,588 commits solving crystal structures from powder

diffraction data

. . . -~
B _github/workflows Created common status check NO_JIRA 5 months ago -
& teamcity.ccde.cam.ac.uk/project.html?pr... ®

B SGinc Add MIT licence headers DASH-292 2 months ago
the DASH code
I distribution Remove .empty file DASH-297 10 days ago T
B expi Made 40 or so shell scripts executable, to fix errors in nightly builds 10 years ago
[ Readme
B installer Get dash version numbers from CMake variables. 4 years ago

« The community can also report - |
concerns, or improvement ideas, > s 5 e

[ CMakelists.txt Update path lookups DASH-297 10 days ago —
M M M © ExtinctionSymbol windows exec... ( Latest)
W | t | | I I t l I [ LICENSExt Add CCSL copyright headers DASH-292 last month on 1 oct
[ READMEmd Update README NO_JIRA 16 days ago * 3 releases
O description.txt Add cpack variables and description 5 months ago

« To build DASH, you will need:

* Intel Fortran compiler ”
« CMake ® Fortran 91.3% Tl 7.3%

Languages

shell 0.5% MASL 0.3%
 Licence for Winteracter (the Ul library) ® CMake02% ® HTMLO.1%
Other 0.3%

https://github.com/ccdc-opensource/dash < < I N


https://github.com/ccdc-opensource/dash

What directions might DASH take next?

* Further methods development
« Use of GPUs for acceleration

* Improved support for Cloud or Cluster
usage

« Handling of alternative data sources
« Neutron diffraction data

 Electron diffraction data

* Support for alternative platforms
« macOS version
* Linux version

« Command-line version

Where do you want to see DASH go now?

https://github.com/ccdc-opensource/dash



https://github.com/ccdc-opensource/dash

CSD-CrossMiner

IMmproving user experience

Francesca Stanzione

Research and Applications Scientist

CCDC



Background G N

 Pharmacophore-based searches o:f'» NN
structural databases (CSD & PDB & any in- g

house databases, simultaneously) for €arly
stage drug discovery N7

- Modify a hypothesis/results on the fly:
Interactive tool!

- Annotated for easy filtering of hits

INn-House
Database

Korbetal. J Med. Chem. 2016, 59, 4257-4266. DOI: 10.1021/acsjmedchem.5p01756 < < I ><


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

How does it work?

donor
acceptor
planarring
hydrophobe

Molecules annotated with
customisable
SMARTS feature definition

Pharmacophore points are
defined using the same types
of features but with a tolerance
sphere

Entries matching the
pharmacophore query are overlaid
in the 3D view and listed with the
2D diagram showing the features
matching the pharmacophore

query

CCDC



Multicomponent,
one-pot reactionto o
generate drug-like

&

with NMR, IR and Mass
spectroscopy and
elemental analysis

OMe

Elinson, M.N. et al.
J. Heterocycl. Chem., 2021, 1-12.
doi.org/10.1002/jhet.4274

Further investigate use as
/, aldnse reductase inhibitors

Identify a
in complex with
a molecule of similar size with

similar features
y,

.

Note relevance of H-bonds
and - interactions for

N

using

proteins

of
about 300K potential target ‘ ( | ’ ‘

aawanc Fl" SLrIL




Why improving CSD-CrossMiner?

From user feedback:

Difficult to distinguish between protein and
ligand

Do | have access to CSD-CrossMiner?
Better integration with other tools
| don't really need organo-metallic structures

Flexibility in the search - OR/NOT Boolean
operators

Don't let me think about SMARTS
Reusable sessions

More available databases




What??

Integration with Hermes (protein-

ligand visualiser)

Style & colour of different
components

Style & colour reference and hits

In-House
Database

o Customisable excluded volume
F|eXIbII|ty Exclude organometallic structures

/
https://www.ccdc.cam.ac.uk/solutions/whats-new/ < ( I N
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Visibility - Include CSD-CrossMiner in the

CSDS installer

* Include CSD—CrossMinersoftvvareo N the
CSDS installer:

o CSD-CrossMiner software added to the
Discovery component of the CSD software
portfolio

o CSDS software update will also update CSD-
CrossMiner software

o When opening CSD-CrossMiner a pop-up
window will guide you to download the feature
database

o Built-in auto-update mechanism that makes
updating both the software and the database
easy

o Feature Database Update

Install Feature Database?

To use CSD-CrossMiner to search the CSD or the PDB you need to have the latest feature database installed alongside the CSD.
By default, the CSD system installer does not install the feature database. We recommend installing the latest database.

If you would like to download &install the feature database please dick the Install button below. This will launch the database
installation and then the application will cose, When you restart CSD-CrossMiner the database will load automatically.

Alternatively, you can press Skip and choose to install the database later through the File menu,

Visit: http: [ /www.ccdc.cam.ac.uk/solutions/csd-discovery/components/CSD-CrossMiner/ for more
information.

[] Dont show this dislog at start-up again Install Skip

File Edit Display Feature Database Export Help
Style: | Wireframe ~ Colour: by Element User Guide

Show: [ reference [~] hits 4] constraints [] feature: CSD-CrossMiner Home

Check for Software Updates...
Check for Database Updates...

About...




Visibility - Integration with Hermes

« Export hits to Hermes

;"SF[!G_mLA_ _ON8_A_204 - CSD-Cro=smiiner
File Edit Display Feature Datab

Export Help

Style: | Wireframe “ Colour: by Bfemer  Send marked hits to Hermes

Show: [l reference 8] hits (] constralygs [ Send visible hifts to Hermes

fbels (] hydrogens

Colour: (] Hits

Export Help
Send marked hits to Hermes

Send visible hits to Hermes

edi: TREY >

Results Hitlist

[ 1st in dluster

mark identifier duste rmsd  diagram

[]  1EBGmIA.. 30 0534

LJ 4POV.m1A_.. 11 0.585

[ 3DCQ_m1A.. 25 0591

Settings...  Tanimoto: |0.70 | Number of hits: [400 =

g x

Show all

chain deposit ™

o
1
Oy _NH
A 1994-04
- . o o
0o P
", &
0~ o A 2014-0:
(\N o
n=
A 2008-0¢

>

#hits: 240/10000

File Edit Selection Display Calculate Descriptors GOLD

[ Depth Cueing
Picking Mode: Pick Atoms

[B]o

Atom selections: Colors: D R Tiling: W
Molecule Explorer
Display ~ Movable  Desariptors

NuckicAcids
Ligands

v [4 All Entries
[ 4QDW_m1_A_bs_LAI_A 4042 1
(7 4P6P_m1_A-B_bs_RES_A 301.2_1
[4] 4P8E_m1_A-B_bs 5RP_A_301_1
7] 3DYF_m1_A_bs_NI9_A_3001_1
[ 4TSK_m1_A_bs TLA A 404_1
£ 4POV_m1_A_bs ZOL_A 401_1
7] ANUA_m1_A_bs_RIS_A 9012 1
M1 SYGI m1 A hs T3 A S06 1

%

<

Contact Management

Ligand Sphere []

Define H-Bonds ... Define Short Contacts ...
Protein  H-Bonds Short Contacts
1 4QDW.m1..[C ]
2 4pP6P_mi1_... [ ]
3 4PS8E.m1_. [ ]
4 3DYFmi_. [ ]
5 4TSKmi.. O O

Graphics Object Explorer

Explore non-atomic graphics objects
Right dlick items for available options

Entries
[4 3DYF_m1_A_bs_NI9_A 3001_1
21 4NUA_m1_A bs_RIS_A 90121

Cofactors

Databases CSD Python API
Graphics Objects [Z] Show hydrogens [ Show unknown atoms  Select by SMARTS: [c]

CSD-CrossMiner Help

Style: Wireframe Colour: by Element

z+  x-90 x+90 y-90 y+90 290 2z+#90 « - ¢ T zoom- zoom+
& X 4PVY_m1_F_bs JD1_F 4042 1
e N\
i
>
g x




Visibility - Integration with Hermes

* Launching CSD-CrossMiner from Hermes

File Edit Selection GOLD Datab

g ] Depth Cueing

Display Calculate Descriptors

585

CSD Python

Graphics Objedts [v]

CSD-CrossMiner  Help

CSD-CrossMiner  Help

Launch CSD-CrossMiner
Send selection to CSD-CrossMiner
Settings ..

File Edit Display Feature Database Export Help

hydrogens [ ] Show unknowfatom:  Launch CSD-CrossMiner + \vireframe - Colour: by Element - Style: Wireframe  ~ Colour: by Element Picking Mode: Qﬁ: *
Ficking Mode: |Fick Aloms > = FEFREZ SEL e zom® Show: [ reference [ hits ] constraints (8] features ] pharmacophore i< pharm. labels £ hydrogens * Colour: [ Hits - Edit: 7\: Search: D:
Settings —
Atom selections: AXTTB v © Colors: 2 B OE o Feature Databases
Molecule Explorer 5 X 6W63 database
Display ~ Movable  Desariptors A 2 N . ’ N ~ %] pdb_crossminer
2 \ - /) \ Ny 5\
= B | I = W AW I)\ X \ % — %] nucleic_acid_crossminer
£ § § & = = L] // P N .
2 3 8 & = F] ) ~ Q74 / N M csd542_crossminer
O uw 3§ = 4 - S
3 . b Ve o
i — \ & y .
v H:||E"\|F s E % N \ v N S P Results Hitlist
v v W63 v o \ \ N I [
4 Chains bl A ?/ bl [ 1stin duster | Settings... Tanimoto: 0.70 7| Number of hits: |400
, o~ — —
7y . N
v M Lo ? A \ mark identifier  dluste rmsd diagram
g
i ¢
N ¥ o opoo\
7N\ N
X N y A )
9 S A e R 7
\ 5 NN IR N
s e = ¥ 2
= = \} 42 4
Contact Management 8 x, . b L l s St
] A S\ i
Define H-Bonds ... Define Short Contacs ... S / Ty N < = / .
- L 3 b < 2
Ligand Sphere [ ] N f \ \
; F Iy 3
g =R )
Protein H-Bonds  Short Contacts b v 4
/] Y
1 6W63 O O 4 W 2\ W\
¢ y 5 . G
Y = ™ NN =
S 3 )
X L T Ao
7 ta 1 4
5 ; ‘5 b Pharmacophore Features
\ 4 A
h 7 = b — 7 3 feat toleranc show in show in
: > = b 8, N - ’ eature name radius  reference pharmacophore
Graphics Object Explorer g x s r _ 3 N ') . //\\ Al Ol
- - - 2GR N =
Explore non-atomic graphics objects i e y . t =]
Right click items for availzble options @ = i 4 P Y )] Y acceptor
¥ W BL= W \) Y ¥ acceptor_project... |
Enires \ 4 / . N % < y # donor_ch_projec... &
E6wes 1 4 N 7 A - ® donor_projected &
\ S
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“/ ‘ N bodranhaba ]

g x
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F X
Show all
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>
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Usability — Style/colour of different ©
components

» Style Preferences... menu to style and colour different commponénts
of both reference molecule and hits

() CSD-CrossMiner

File Edit Display Feature Database Export Help

Style: Wirc ~ Wireframe | v (7) Style Preferences

Show: [Jr  Stick { pharmz _ _
Ball and Stick Set display styles and colouring for reference
Spacefill
Fllipsoid Reference  Hit

Style Colour

Stick settings...
Ball and Stick settings... Chain Wireframe | by Element
Spacefill settings... » Nucleic Acid |Wireframe Custom Carbon...
Ellipsoid settings... Ligand Wireframe Custom Carbon...
Measurement settings... Cofactor Wireframe Custom Carbon...
Element colours... Water Wireframe by Element
Symmetry Equivalence colours... Metal S e e £ E e
Style Preferences...
Draw Backdrop Default Cancel Apply

Display Options...

Toolbars g




Usability — Colouring hits

Colour: Hits

« Colour hits by rainbow

( ;"‘l 5L60 _ligand - CSD-CrossMiner

File Edit Display Feature Database Export Help
Style: [Wireframe  ~ |Colour: |by Element ~| picking Mode: [{0] %% A
Show: [ reference [] hits [/] constraints [] features [7] pharmacophore (7] pharm. labels [] hydrogens_Colour: [] Hits.? Edit: Search: E

Feature Databases
database
pdb_crossminer
nucleic_acid_crossminer

csd542_crossminer

Results Hitlist

Pharmacophore Features
feature name

® PRO
SER
THR
* TRP
TYR

O 4RCY_m1B_.. 18 0.726

O CAHCIA 1 45 0.728

toleranc show in  show in

radius

- X
J x
size
339822
6239
428847
F X

1stin cluster | Seftings... Tanimoto: Number of hits: Show all

mark  identifier cluster rmsd diagram ch

#hits: 520/10000

F X
N

reference pharmacophore

oooogd

Colouring is applied when the
pharmacophore search is paused or
completed

Colouring is applied to the cluster

Hits of the same cluster have the
same colour

CCDC



Flexibility — Customisable excluded volume

« Customisable exclude volume (NOT feature) — Exclusion sphere(s)
such that only defined moieties are excluded from a region.

Moieties are specified using SMARTS

patterns.

Pharmacophore Features

tolerance
feature name i
radius
B 1.00

Exduding atoms (SMARTS) [#15]~[#8]
v excluded_volume_3

B 1.00

Excluding atoms (SMARTS) [#15]~[#8]
® annotation filter

* “substructure filter

show in show in
referenc pharmaco phore



Flexibility - Excluding organometallic . o
structures

* Provided the option to exclude - Hits containing at least one transition metal,

organometallic structures from the lanthanide, actinide, or any Al, Ga, In, T, Ge, Sn,
search Pb, Sb, Bi, Po will be excluded from the search

( L.I OptiOI'IS — | x Results Hitlist F X
1st in cluster | Settings... Tanimoto: Number of hits: Show all
mark identifier cluste rmsd diagram chain  depositi”™

Search

1 Restrict maximum number of matches per database entry 100000

Keep top (by rmsd) n matches per database entry
Number of threads

Force 3x3x3 packing

Excluded volume epsilon 0.001 =

Hits

O  ABEQAB1 69 0341

[] Skip protein structures He
[] Skip organometallic structures @ oM
Use completesmall molecules HZO\‘I\N%U
[J  TEBGEO_1 161 0345 Fugy,
[[] Use complete pXgteins OD]IEM
H,C
Show small molecyles in diagrams @
[¢
Show proteins in diagrams H3
Limit number of retainad hits 10000 (3
Maximum rmsd g
e
Defaults [0  MOZTEB 1 77 0351 g

_| Skip organometallic structures

| #hits: 210/10000




Additional new features

- Easy way to select a reference
molecule in CSD-CrossMiner

» Optimised the Style/Colour
style behaviour

* Improved the generation of the
feature database

- Easy way to select protein-
ligand binding site in Hermes

CCDC



Demo C e

L

» Performing a pharmacophore search using CSD—CrossM‘inér N NG

« Influenza polymerase acidic protein N- | :
terminal domain (PAN) in complex
with high potency endonuclease
Mn?Mn202 iInhibitor (ON8)

____ 4
-
————— 4
-

°  ON8 chelate to the metal ions by its
g metal-chelation motifs

o o What other metal-chelation motifs
.:4 are in the PDB?
N+

o What about in the organic subset
of the CSD?

Lys119A

PDB code 5FDG CCDC
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w* Questions

[Enter a question for staff]

Multi sessions different registrants
Webinar ID: 580-960-603

@ GoTo\Webinar

CCDC



Next What's Up Webinar

« Next webinar: 20th January 2022

* Follow us on social media
* Send us your ideas and news

hello@ccdc.cam.ac.uk
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Thank you

hello@ccdc.cam.ac.uk

The Cambridge Crystallographic Data Centre
12 Union Road, Cambridge CB2 1EZ, United Kingdom
Registered Charity No. 800579

CCDC



