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Latest updates and nhews from CCDC

« 7t Crystal Structure Prediction (CSP) Bind Test just started.

https://www.ccdc.cam.ac.uk/Community/initiatives/cspblindtests/csp-blind-test-7/

« Latest CCDC Whitepaper: Ultra-large GOLD docking on cloud

resources. Download from our website.

https://info.ccdc.cam.ac.uk/whitepaper-ultra-large-gold-docking-on-cloud-
resources

CrystEngComm

« CrystEngComm celebrates the CSD 1 million structures
INn a special issue.

www.ccdc.cam.ac.uk

cecoe |

Ultra-large docking.
HOWto run ultra-large




Latest updates and news from CCDC . . o
>Events :

« CCDC Virtual Workshop: Aromatic Analyser
Live session on 24t November
* 3pm—430 pm (GMT)

« CCDC and BACG Crystal Conversations
39 December

* Virtual event
- 2pmto4 pm (GMT)

—>Register for all CCDC events here
https://www.ccdc.cam.ac.uk/News/Events




Using the Python API in Mercury

For custom reporting and analyses.

Seth Wiggin

Senior Scientific Editor

CCDC



What is the CSD Python API?

2

CSD Python API - Example

» The CSD Python API (Application » oo

[26]: import IPython.core.display
imy StringIo

0000006

Programming Interface) enables —_—
you to use many capabilities of the
CSD-System without being bound -
oy graphical (or command line)
interfaces

* You can readily create CSD-driven
analyses and workflows, tailor them d
to your needs and then publish
them to your own menu in Mercury
for specialist analysis and easier

communication P pgthOﬂ
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Functions include:

Full search capabilities

Ceometry analysis

INnteraction analysis

Descriptor calculation

2D diagram generation

1. https//doi.org/10.1021/acs.icim.9b00996

2.

https://doi.org/101002/anie. 202009467

3.

https://doi.ora/101021/acs.jpclett. 6b01657
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Hotspots API: A Python Package for the Detection of Small Molecule
Binding Hotspots and Application to Structure-Based Drug Design

Peter R. Curran, ™™ Chris J. Radous™ Mihaela D. Smilova, Richard A. Sykes, Alicia P.
Anthony R Bradley, Brian D. Marsden, David R. Spring, Tom L. Blundell, Andrew R. Leach,

William R. Pitt, and Jason C. Cole*
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ABSTRACT: Methods that survey protein surfaces for binding hotspots can help
80 o it ity dad gride et of potaskl Bl g

interaction data mined from the
0 expats the Hen o Identiyig
sgments, which is now widely wsed to design new
g lxds Priar bo s pobliction, Ragreat Horgot Mg wa cnb pobily

ion. To increase the accesibilty of this

we present the Hotspots APL (ipphcihw\ programiming infetac), & ool thit

regions. Fragnent Hotspot Maps buids
CSD (Cambridge Structural Database)
hotspots using small chemical fra

available through a web applicatic

algorithm

facltating the interpretation o application of the analysis

GOLD T Holspof AP i il o
the commercial CSD Python

W INTRODUCTION
In the context of protein-ligand interactions, the fterm
“hotspot” describes a region within  pocket that contributes
a disproportonately Lrge amount to the overall binding
energy.! We previcusly described a hotspot as
bind a fragment,
binding position once it has been elaborated v
experiments can yield wsefol information about th tracabiiy
ofa h.,d' orbe used to guide structure based drug design.” It
fllows that the presence of a computtionally determined
spot can be used in the same way:*
There bave been many computationl approaches to map
potential protein-ligand interactors within me m;

a5 “the minimum

Prior to this communication, the Fragment Hotspot Maps
et oy iy arilie tiongh & i spplesicn
(bttp:/ /fragment-hotspot-maps cede.cam.ac.uk). W

used, particularly for large sclle applications or as part of
existing structure based drug design (SBDD) workflows

Herein, we present the Hotspots APL. For the general user,
this provides direct access 4o the calculation, enabling analysis
of confidential structures and fadltating the integration of
results with other SBDD methods. For these users, we provide
© 200 Amercan s sy

N4 ACS Publications

S
package’ nli, we peesent & wockflw which autcenriculy lafves peoein bydeogen-b o condains x molecsie
bitps://github com/prcurran fhotspots under the MIT license and is depend

hen, thercby

example workdlows 2 “cookbook” examples in
entation which inclu de tractability assessm ent

researchers from several institutions to start projects
new features and applications
Fragment Hotspot Maps Background. s

the
1999, In IsoStar, pattemns of interactions are const
searching for all structures containing 3 given
predefined functional geoups, which are then a

Search for nenbonded contacts between the o
central group and a contact group). Each 3D hitis s
such that the central groups are superimposed. This
scatierplot of contact goup atomic posifons ar
central group (Figure 1a). As detailed in the orginal
paper,’ scatterplots can be converted into grids by

Received:  October 25,2019
Published: March 24, 20:
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International Edition:  doi.org/10.1002/anie 202009467
German Edition:  doi.org/10.1002/ange. 202009467

Co-crystal Prediction by Artificial Neural Networks**
Jan-Joris Devogelaer, Hugo Meekes, Paul Tinnemans, Elias Vlieg, and René de Gelder*

Abstract: A significant amount of attention has been given io
he v o8 sy of cocroeals by doth ndary end
academia because of its potential to change a molecule’s
Phyucﬂt)rﬂm:al pm,mm Yed, difficulties arise when search-
ing for adequate combinations of moleeules (or coformers) to
Jorm co-<rysals, hampering the ffcient exploraton of the
larget’s solid-sute landscape. This paper reports on the
splorion of o dear-rven ﬂ;crjnlal prediction method

weaker, non-covalent interactions (e.g. hydrogen bonding.
s interactions, ). Such intermolecular interactions be-
tween funetional groups are often used to rationalize the
possibility of aggregation ' but with no guarantee that the
‘postulated interactions will emerge

Whereas polymorphs, salts and solvates are commonly
sersened using antomated high throughput systems® - the
experimental screening of co-crystals remains labour-inten-

f artificial co-
erys w data present in the Cambridge Structural Database. The
models accept pairs of coformers and prediet whether a co-
erystal is likely to form. By combining the outprut of multiple
models of both types, our approach shows 10 have excellent
performance on the proposed co-crystal iraining and valida-
tion sets and has an estimated accuracy of 80% for molecules
Jor which previous co-¢rystallization data is unavailable

Introduction

sive and \g. In order 10 shorten this proeess,
a variety of computational took, based on hydrogen-bond
‘propensities®* satictical analysis m,mmw encles-
ular deseriptors 1 electrostatie potential maps 3 erystal
strucwre prediction P4 COSMO-RS ¥ oteciler ay.
namics* or PIXEL caleulations™**) and Hirshfeld surface
analysis® (as for instance implementedinthe Crystal Expior-
r software packagd®), have been developed to aid in the
discovery of adequate combinations of the @nstituents or
coformers. Although these computer-aided methods have
suceeeded in ¢nhancing co-crystal screening protocols, some

appear . and the
sobid-state landscape of & malecule may cover various
ystallin oras, suning from polymcrp s sod by dates (o
more complex multicomponent crystals® In the latter, the
formation of new intermolecular interactions between the
target and un wilisry compound has proven o be wn
excellent twol to modify physico chemical characteristics of
a target compound, such as the (aqueous) solubility, bio-
avail ability, density, and melting point.*” Multicomponent
erystals therefore find their application in various felds (¢..
fertilizers. ™ pigments™ ) and medicine™), and play
apivotal role in the effective formulation of pharmaceuticals.

The design of multicamponen GySLl i nontsvial and
new forms are Unlike salts,

of the include their bias towards small or
struewrally related datisets, oversimplified assumptions re-
garding the mechanisms of interaction, and, in some cases.
their computational costs

Recendy, we introduced a holistic approach to study co-
erystallization using network science and link predietion (41
Analysis of & newwork of soformers extracted from the
Cambridge Structural database (CSD)*9 shows that, rather
than being & random assembly of coformers, it represents
a rational source of co-¢rystal information that can form
abasis for prediction. Therefore, it would be very appealing to
develop & method that utilizes all this co-crystal information,
and is able to predict co-crystals for coormers lacking any

where proton tansfer leads 1o strong ionic/coulombic inter-
actions, solvates and co-crystals are assembled through

1 1) Devogelaer Di H. Meskes, Dr. P. Tinnemans, Prof. Dr. E Vieg,
Dr. R de Gelder
Institute for Molecules and Materals

Hependaalseweg 135, 6525 A] Nijmegen (The Netherlands)
Eanal: rdsgeldersclence runl

[ A previous version of this manuseript has besn dspasited on

12452849.42).

data on co-erystal formation. Such a tool would
for instance enable the ¢valuation of the co-crystal formation
‘propensity for insilico determined drug candidates (prior Lo
‘their actual synthesis), or aid in the (co-erystallization of
‘molecules that are amorphous in their pure form.

Antificial neural networks, and in particular deep learn-
ing 1 have emerged as promising tools for datadriven
prediction. Given an adequate molecular represeatation,
‘artificial neural networks can be used to, for example, predict
‘physico-chemical properties (e.g. solubility) or classify mol-

@
(@ theauthor(s) of tis atice-can be fourd under:
ttps: ol org/ 101002 anie:
€1 2020 The Authors. Published by Wikey-¥CH GrbH. This s an
of the C;

Autibution NorCommercial NoDervs License, which permits use
and distib o n any medium, provided the sriginl work s
properly cite, the use is non-commeria, and no modifcations or
adaptations are mack.

Wiley Online Library

& 2020 The Autrors Published by Wikr VCH CroH

<cules hereby the input b (¢ toxic
af 10R-03iC),

Driven by the recent advances in artificial neural net-
works and the promising source of co-crystal information
present in the CSD, we introduce  new approach Lo predict
cocrystal formation using neural networks. Two neural
network model types are introduced that each accept  pair
of colormers & input and classify the combination as
a possibl d of not. By optimizing the

Jopem. Char ot B 3030, 53310
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Virtual Screening for High Carrier Mobility in Organic

and Harald Oberhofer®
Research Center, Technische Universit Miinchen, Lichtenbergstr. 4, D-85747

ductors.

famper the use of organic semiconductors in
reening approach we compute the electronic
energies as two main descriptors for charge
s extracted from the Cambridge Structural
of the calculated coupling values, we identiy
on pathways. Thus we teadily find many
b most promising materials that have not yet
nic electronics. Together with the unique

descriptor database allows us to cextract
further accelerate the theoretical design and

computational cost

rable ccomomic
bretical resources
nd and identify

for cveryday
¢ for this is the
the cfficiency of
s its applicabiity
Hortunately, this

experimentally.

employed device
1T ordens

e to be initiated.
ning approaches
bployed alterna-
s of a (ideally
ulaing computa-
er the computa-
e more materials
descriptor(s) for
ihood to identify
e calculation of
L miconductors is
the mobility of
bl H, and the

4 sacery

3073

reorganization energy 2 Roughly speaking, the former mostly
reflects the quantum mechanical overlap of the frontier orbitals
involved in the charge tansport, while the kiter quantity
accounts for the response of all other charges in the systems to
the local change in charge state. While both quantities are
intuitively understood in the context of hopping type transport,
they are also meaningful descriptors beyond this regime. ™ The
electronic coupling, for example, directly enters the tight
binding description of the carrier cffective mass in the band-
transport picture, ™ and i can, albeit more indirectly, be
wviewed as 2 measure of the clectron/phonon coupling
strength,” which, for example, plays a role in the relaxation
time approximation of the band transport mobilty."* Finally,
another factor potentially mﬂmm; transport properties in
organic semiconductors is the degree of disorder present in the
system, leading for example to 2 variation in site energies of
localized charges on inequivalent sites. However, this effect is
‘muostly of importance in amorphous systems, " and can

Tor the ke of brevity bt omitied for the cepstlline
semiconductors considered here (sce the Supporting Informa-
tion for an analysis of site energy variations .

In & pioneering screening study, Sokolov et al.* employed
to assess the suitability of seven modifications to the well-
known  dinaphtho-thienothiophene (DNTT) organic semi-
conductor.” The choice for the reorganization energy was
thercby not arbitrary but motivated by the fact that A can with
some limitations be reduced to a single-molecule property due
to the comparatively low contribution of the extemnal

Received: July 27, 2016
Accepted: September 23, 2016
Published: September 23, 2016
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https://doi.org/10.1021/acs.jcim.9b00996
https://doi.org/10.1002/anie.202009467
https://doi.org/10.1021/acs.jpclett.6b01657

Benefits of scripting workflows

« Automating reporting and analyses
saves time

* Results will be consistent and
predictable

* Having a scripted workflow makes it
easy to share knowledge with
colleagues

CCDC



CSD Python API Mercury mterface S

Mercury contains

built-in scripts ‘
offering a range of
search and analysis

The script output can
be written to any ‘
specified location

@ Mercury Scripting Configuration

Location of builk-in scripks: Cr\Program Files,CCDC,CSD_20200Mer curyscripks

Additional Mercury Script Lacations

E:/Mercury_scripts

}-{ ’ e @ .°
~ Additional script '
locations can be K

Settings

&dd Location | Femove Locakion

Oubput Directory |E:'I,Mern:ury_scripts_nutput

Pthon Installation

n Files\ CCOCYPython_APT_20200miniconda

Installation type: conda distribution
Python Yersion: 3.7.4

Conda Yersion: 4.8.0

3D Python APT Yersion: 3.0.3

Browse. ..

Save

Browse...

Default

_ancel

added for custom
scripts from a variety
of sources

~ The Python installation

used by Mercury is
configurable

CCDC



ercury Demo

@ 2ABHTZ (P-1) - Mercury — 0 %
File  Edit Selection Display Calculate  CED-Corrnunity  CSD-Systern CSD-Materials  CSD-Particle  C3D-Discowery  CSD Python AP Help
Picking Mode: | Pick Atoms | Clear Measurements @ p f% [ Shew Labels for  all abams with | Atom Label
Style: |Ball and Stick. Calour: by Element or Suppression || - Default view: b ~| a b c a* b* * % ot ow- w4+ 2o o2+ k90 k490 w-90  y+90  z-90 *|° Manage Styles... » ] »
Structure Mavigator g %
I
Find
@ snpHTZ X n
n ~
The python interpreter is: C:/Program Files/CCDCIPython_API_2020/miniconda/python. exe
The working directory is: E:/Mercury_scripks_output
Dutput files will be written in: E:\Mercury scripts output/&ABHTZ crystal structure report/2020 11 04 17 13 39
Script completed. ..
10 seconds
Report for advancing structural science
.
Crystal Structure Analysis
MeCO
Display Options /\V
. HN—\ y
Display ,l‘
E — e
L Packing [] Short Contact < (surm of o radii) cl
[ asymmetric Unit  |[] H-Bond User defined Open in Browser...
D Auto centre [T Caner atom pee = =) [ TTRlE Stroctares
Powder, ..
Reset

Structures...

Press the left mouse button and mowve the mouse to rotate the structure

g ?
@
]
° @ .
®
[
a
pe o
° 3
@
e @
°
°
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Conclusions

Using Mercury's CSD Python APl interface allows easy
access to the API's functionality for reports and
analysis

Automating workflows via Python scripting saves
time and effort

It is simple to customize scripts for your own
specialist analysis and communication needs

Thank you for your attention

CCDC



CCDC Software Partnerships

Past, present and future plans.

lan Bruno
Head of Strategic Partnerships

CCDC



CCDC Partnerships
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CCDC Software Partnerships

Structure Solution
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oxford diffraction
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General Priorities for Software Partnerships . -

 Make CSD data and functionality more readily
accessible to chemists across an organisation

* Make it possible to combine CSD data and
functionality with other scientific methods

* Make it easier for CSD-based data functionality to
be used in custom workflows

* Enable the use of CSD data to help with structure
solution and refinement in chemistry and biology

CCDC



Current Integrations

|deas Generation A=

Protein-Ligand Docking W) MOE CSD Linker Database P
s movin  Discovery Studio & cresset’ Spark CSD Fragment Database B ik
Blcz+ MOE . ReCore CSD Index B
- . ..
/bpt:ibr‘ium Sta r Drop cOLD BioSolvelT

CSD-based libraries for third party systems available to
download at https.//www.ccdc.cam.ac.uk/support-and-
resources/downloads/

CSD Searching

Spartan . Workflow Environments
7S Brovin Mat?rials ConCuest 25 movin CCDC Pipeline Pilot Collection
St u d I O Open for Innovation
Materials Studio also interfaces to Motif KNIME CCDC KNIME Components
Searching in CSD-Materials

CCDC


https://www.ccdc.cam.ac.uk/support-and-resources/downloads/

Current Integrations O 4, AN

° ] @ bes @‘,
Geometry Analysis Structure Solution K )
. Rigalu i i i o,
schropneer Maestro o o mgaks — Digaku / Oxford Diffraction
Chemical molecular : .
"C:rncr:-lputing MOE : Reduced cell searching ’
oo geometries nhG3en Bruker using CellCheckCSD o
L) .
GOL Grade misati
Optimisation of . CSD-based Search/Match
Global Phasing Limited . . . \\ \V/ .
: ligand geometries in §{<£‘:‘A£y’{}w HighScore  j5rabase available for
: tei download
Phen?x Phenix proteins ownloa
73 5 Direct link to CCDC
Pestraints for © OlexSys Olex Deposition Services
Crystals :
@(WSHIIS structure refinement
based on
experimental data
Mogul

CCDC



Current Priorities

* Move existing integrations to use the CSD Python API

« Current integrations use command line options to CCDC software —the.
CSD Python API offers greater flexibility and extensibility

« Extend to other CCDC functionality

* |Interest has been expressed in the ability to access Full Interaction
Maps from within other packages — we are discussing this with the
relevant partners

* Improve existing integrations

« Refreshing existing interfaces to GOLD to accommodate new
functionality — we would be interested in your feedback on options you

would like to see exposed
CCDC
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Next What's Up Webinar

* Next webinar: January 215t
* Follow us on social media
* Send us your ideas and news

hello@ccdc.cam.ac.uk



mailto:hello@ccdc.cam.ac.uk

Thank you

hello@ccdc.cam.ac.uk

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