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Data set or
software resource

Description and original status

Further Demonstrator activities

EU-OS Fragment
collection related
data sets

Library definition
Fragment Library accessible and has used

(

Establish interoperability between bioactivity
and Structure based data sets

Bring combined resource / workflows to the
cloud

Establish interoperability with INSTRUCT
FBDD analysis tools

is project has received funding from the European Union

scarch and innovation programme under grant agrec



https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mac1
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mac1

Data set or
software resource

Description and current status

Further Demonstrator activities

Fragalysis — XChem:

fragment screening
data

Python API exists - can be used for data
preparation and retrieval (FAIR)

Virtual screening workflow (docking)
available through Galaxy

Data rapidly pushed into platform
(

Expansion of API toward specific use-cases
User-level documentation

Direct interoperability between Galaxy &
Fragalysis (proposal submitted to open call)

Long-term sustainability of platform (consortia
model - CCP4?)

is project has received funding from the European

n's Horizon
5 824087

scarch and innovation programme under grant agreement No 824087



https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mac1
https://fragalysis.diamond.ac.uk/viewer/react/preview/target/Mac1
https://fragalysis.diamond.ac.uk/viewer/react/prieview/target/Mpro
https://fragalysis.diamond.ac.uk/viewer/react/prieview/target/Mpro

This projec
2020

rescarch and innovation programme under grant agreement No 824087

Data set or Description and current status
software resource

Further Demonstrator activities

Chemical structural | Task accomplished for several COVID-19 -
data combined with | screening data
activity data

Link structural and activity data

Add in algorithms that explore structural and
chemical features in the context of hypothesis
generation

Include info from EUOpenScreen Library

ject has received funding from the European Union’s Horizon




Data are made FAIR (approximately) through development of GUI &
implementation of python API

https://github.com/xchem/fragalysis-api

Findable:
* Implementation of searching & direct URLs

Accessible:
* Input, output downloadable from GUI
* APl can be used to access all publicly available data

Interoperable:

* Swagger and DRF API pages

* Full back-end and API documentation:
https://fragalysis-backend.readthedocs.io/en/latest/

Reproducible:
* Original data available from GUI download
* APl used for data preparation before upload

(Missing: DOI’s)

Part 2: Using the Python API to explore molecules available in the graph network

This part of the practical will show how we can explore the graph network as above, but programatically.

In the cell below, we will use the fragalysis API to get a pandas dataframe of all of the molecules in the amino pyradine site. Run the cell
to generate the output. If you want to play with the data, you can display the top part of the dataframe with:

display(aminopyradine_site_mols.head())

from fragalysis_api import GetMolgroupData

search = GetMolgroupData()
aminopyradine_site_mols = search.get_site_mol_table(target='Mpro', site_name='Al - Aminopyridine-like')

# uncomment to display
# display(aminopyradine_site_mols.head())

We will now use the information about the molecules in the aminopyradine-like site to enumerate the graph-network from the fragalysis
APIL.

We can search the graph-network for enumerations by using the smiles string of the molecule we are interested in elaborating. For
example:
from fragalysis_api.xcanalyser.graphcreator import xcgraphcreator

smiles = 'CCcC’
graph_search = xcgraphcreator(smiles)

This will return a pandas dataframe containing information about the results from the graph-network enumeration.
Column descriptions:

type : the type of operation used to generate the elaborated molecules

insert_smiles : the smiles string of the original molecule with [xe] in the position where the change is made

* new_smiles : the complete smiles string of the new elaborated molecule

e insertion:a smarts-formated code describing what to insert into insert_smiles to create the full smiles of the new molecule

https://github.com/xchem/strucbio_practical



https://fragalysis-backend.readthedocs.io/en/latest/

Fragalysis focuses on enabling rapid access to data in a collaborative environment
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A docking workflow was developed alongside Galaxy to allow rapid virtual
screening of follow-up compounds for Mpro hits
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https://covid19.galaxyproject.org/cheminformatics/

Development of Fragalysis through EOSC has allowed the platform to have

impact in COVID work https://www.biorxiv.org/content/10.1101/2020.10.29.339317v1
https://covid.postera.ai/covid

* Almost real-time release of initial fragment screen via. Fragalysis to worldwide community
/W * Contributors designed molecules in Fragalysis

* All subsequent screening data released through Fragalysis

* Sharing of snaphshots in remote-working world

* Direct links between structural data and moonshot website — tracking of designs &
experiments

FRAGALYSIS

« Massive enumeration of graph-network for new molecules = Galaxy = Galaxy gioconpa 7 diamond

* Docking of 10’s thousands of new molecules o )

* Scoring (with GPU) of millions of protein-ligand ol o detNBI [Tl =5
combinations T
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&
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Take home: Through demonstrator we were able to define goals and deliver them
Understood new things about the ecosystem (e.g. Galaxy)



m EU-OPENSCREEN (EU-OS) - European research infrastructure for
chemical biology
* 24 partner sites in 8 countries
m Chemical biology - using chemistry to study biological systems
Chemico-biological data
e (Quantification of the interaction between a small molecule
(e.g., a drug) and a biological system (e.g., a target/cell/organism)
m European Chemical Biology Database (ECBD)
* Central repository for data generated within the EU-OS network

This project has received funding from the European Union’s Horizon Ctibor ékUta E' EEBD team IMG ﬁOPENSCREEN eU::E.OPEnScrEEn

2020 research and innovation programme under grant agreement No 824087



m After an initial grace period (up to 36 months), the data will be available
to the scientific community (CC BY 4.0 license)

m Chemico-biological data are very complex concerning the description of
an experiment

m Use of established formats and IDs for molecules/targets
Use of established ontologies/vocabularies for the description of the
process of acquiring the results

m Make the description process user-friendly for the data uploaders!
(screening sites)

This project has received funding from the European Union’s Horizon Ctibor ékUta E' EEBD team IMG @OPENSCREEN e ::E.OPEnSCrEEn

2020 research and innovation programme under grant agreement No 824087
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m Description of compounds/targets based on the Minimum information
about a bioactive entity (MIABE) principles

m Strong emphasis on the description of the process (methodology and
instrumentation)

m Ontologies/Vocabularies
e BioAssay ontology, BRENDA (tissues), Cellosaurus (cell lines), NCBI Taxonomy
(organisms), Reactome Pathway Ontology (biological pathways), Units of
Measurement Ontology
m Formats/IDs
* InChl/InChlkey for compounds, UniProt IDs/ChEMBL IDs for targets, NCBI Tax

IDs for organisms, etc.

This project has received funding from the European Union’s Horizon Ctibor ékUta E' EEBD team IMG ﬁOPENSCREEN e ::E.OPEnScrEEn

2020 research and innovation programme under grant agreement No 824087



m Various data access possibilities for users with different needs
 Web Ul for data upload, analysis and export (different formats)
* Full database dump (PostgreSQL)
* REST API (different formats)

m Data subsets also uploaded to ChEMBL

m ECBD official release in 2021 ( )

This project has received funding from the European Union’s Horizon Ctibor ékUta E' EEBD team IMG @OPENSCREEN eU::E.OPEnSCrEEn

2020 research and innovation programme under grant agreement No 824087
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ecbd.eu

IR EU-OPENSCREEN partner sites

European Chemical Biology
Database finally got its home address

CZ-OPENSCREEN:  National  Infrastructure  for
Chemical Biology Is earch infrastructure hosted
by the | ste of Molecular Genetics, AS CR In
Prague, CZ-OPENSCREEN operates the most
advanced research infrastructure for basic and
applied research .. (read more)

® @ chemical biology
® @ database

B3 Contactus

22y European Chemical Biology
Database finally got its home address

CZ-OPENSCREEN:  National  Infrastructure  for
Chemical Biology is a research infrastructure hosted
by the Institute of Molecular Genet: AS CR in
Prague, CZ-OPENSCREEN operates the
advanced reseacch infrastructure for bas
applied research ... (read more)

& Download

European Chemical Biology
Database finally got its home address

CZ-OPENSCREEN:  National  Infrastructure  for
Chemical Biology is a research infrastructure hosted
by the Institute of Molecular Genetics, AS CR in
Prague. CZ-OPENSCREEN operates the most
advanced search infrastructure for basic and
applied research .. (read more)

eu::iopenscreen




Chemosensitivity assays (drug sensitivity screens) have been increasingly
used for pre-clinical drug discovery and clinical trial optimization.

Patient-derived cancer cells @
: Patient stratification
-> Drugresponsebiomarkers
Faculty of Medicine, University of Helsinki

This project has received funding from the European Union’s Horizon EATR I S
2020 research and innovation programme under grant agreement No 824087

Contact: Jing Tang



However, drug sensitivity assays are often lack of sufficient annotation to make
the data reusable, resulting in a poor replicability as well as limited impact on
drug discovery.

Patient-derived cancer cells , @ ?
®-§,
P

Contact: Jing Tang, Faculty of Medicine, University of Helsinki/EATRIS

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087



We introduce MICHA (Minimal Information about CHemosensitivity Assays), a
web portal to facilitate the annotation of critical drug sensitivity assay
components (www.micha-protocol.org).

wONA -\

Compounds Samples Reagents

Data

processing
O What are the targets of your compounds?

U What are the characteristic of the samples?
O What is the assay protocol?

U How was the data preprocessed and quality controlled?

This project has received funding from the European Union’s Horizon Conta Ct: J i ng Ta ngl Facu Ity Of M ed iCi nel U n ive rSity Of H eISi n ki/EATRIS

2020 research and innovation programme under grant agreement No 824087


http://www.micha-protocol.org

MICHA workflow (www.micha-protocol.org)

Public drug and cell
knowledge databases

Web portal and API

Community-driven
annotations

!
-7 -B-

Compounds Samples

FAIR protocols @

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087

Glossary Protocols API Covid-19

Enter compound name.
MICHA (Minimal Information for CHemosensitivity Assay) is a web-based platform to
facilitate the annotation of major P of h itivity (drug

processing references.

@ >800k 3600 11
Q Q Comp ds with validated Comp ds with disease Drug screening

sensitivity) assays, including 1) compounds, 2) samples, 3) reagents, and 4) data F

Reagents

targets indications protocols
MICHA extracted all publicly available information for the
compounds such as primary targets, other potent targets, clinical

information and physiochemical information.

Please continue to annotate your data by clicking on Step 2 or you

can download the results by clicking Step 3.

|

Experiment form  Cells form  Analysis form

Experiments

Assay format Assay test type

biochemical Invitro

Detection technology

Data

fluoresecence H

processing biochemical Invitro fluoresecence :
biochemical Invitro fluoresecence ¢

biochemical Invitro fluoresecence H

Acknowledgement: CSC IT center at Finland (www.csc.fi) for infrastructure


http://www.micha-protocol.org
http://www.csc.fi

= FAIR protocols @
‘ MICHA helps translational
medicine

How to reach target users?

Pharmaceutical companies/Translational medicine institutions/Data scientists

Contact: Jing Tang, Faculty of Medicine, University of Helsinki/EATRIS

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087



* To compile a list of drugs that might be possible candidates for repurposing in COVID-19,
with the goal of:
* Validating their targets through genomic methods (mendelian randomisation)
* Trial emulation using EHRs
* Informing future clinical trials

* Sources
* Drugs targeting proteins identified as important in SARS-CoV-2 infection
* Drugs in current clinical trials for COVID-19
* Drugs active in cell-based assays for SARS-CoV-2 inhibitory activity
* Other approved anti-inflammatory/immunomodulatory and anti-coagulant drugs

This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



* Jeonetal (10.1101/2020.03.20.999730): 48 cpds tested in Vero cells

* Gordon et al (10.1038/s41586-020-2286-9): 75 cpds tested in Vero E6 cells

* Rivaetal (10.1101/2020.04.16.044016): 12K cpds tested, 18 EC50s reported in Vero E6 cells

* Touretetal (10.1101/2020.04.03.023846): 1.5K cpds tested, 17 EC50s in Vero E6 cells

*  Weston et al (10.1101/2020.03.25.008482): 20 cpds tested, 17 IC50s in Vero E6 cells, 2 in
mouse SARS assay

* Bouhaddou et al (10.1016/j.cell.2020.06.034): 68 cpds tested in Vero E6 and A549-ACE2 cells

* Ellinger et al (10.21203/rs.3.rs-23951/v1): 5K cpds tested, 68 IC50s in Caco?2 cells

* Heiseretal (10.1101/2020.04.21.054387): 1.6K cpds tested in HREC (human renal cortical
epithelial cells)

* Sietal(10.1101/2020.04.13.039917): 7 cpds tested in Huh7 cells and human lung Airway
Chip (organoid)

This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



* Most papers look at cytotoxicity/cell viability as well as antiviral activity
*  Compounds should inhibit viral activity without killing cells
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IC50 = 4.33uM, CC50 >50uM, SI1>11.56 IC50 = 6.38uM, CC50 = 8.67uM, S| =1.36

From Jeon et al

This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



Overlap between datasets

e Although many of the same compounds screened in multiple data sets (e.g., FDA approved

drug libraries), little overlap in active compounds.

* Only 26 compounds active in more than one data set

L]

Chloroquine (approved , QT prolongation)
Amodiaquine (approved, QT prolongation)
Hydroxychloroquine (approved , QT prolongation)
Mefloquine (approved , QT prolongation)
Toremifene (approved, QT prolongation)
Clomiphene (approved)

Gilteritinib (approved, differentiation syndrome)
Idarubicin (approved, cardiac toxicity,
myelosuppression)

Abemaciclib (approved)

Fanchinin/tetrandrine (approved China)
Hexachlorophene (approved at <1%, topical)
Penfluridol (approved, not FDA)

Almitrine (withdrawn, not FDA)

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087

Triparanol (withdrawn, severe adverse effects)
Remdesivir (phase lll)

Dinaciclib (phase Ill)

Siramesine (phase Il)

Ispinesib (phase I, cytotoxic)
Pictilisib (phase Il)

Silmitasertib (phase I, cytotoxic)
Apilimod (phase Il)

Ralimetinib (phase Il)
SB-743921 (phase I/1l)
Oxyclozanide (veterinary drug)
EVP4593 (preclinical)
NSC319726 (preclinical)

Anna Gaulton, Andrew Leach & ChEMBL team
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This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



*  Reproducibility
*  Remdesivir most reproducible ‘active’ — not surprising as used as +ve control
e Other ‘known’ actives not active in all studies
*  Organoid study found that some compounds that were active in cell-based model were inactive in
lung airway chip model
« Differences in assays between studies (cell lines, assay type, SARS-CoV-2 strain etc)

* Importance of PK and safety data
* Not all ‘active’ compounds are equal
* E.g., Digoxin active in Jeon study at 190nM, no cytotox observed
* Normal therapeutic plasma concentration ~1.2nM, toxic plasma concentration > 2.5nM!
*  Hydroxychloroquine and other aminoquinolines cause QT prolongation
*  Organoid study used compounds at typical therapeutic dose
*  Many ‘active’ cpds in cell-based assays have IC50 1-10uM — in many cases this may not be

achievable in vivo without safety issues

This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



C I I EM B L Examples: Imatinib erbB2 brain MDCK clccecctN Draw a Structure | Enter a Sequence

UniChem ChEMBL-NTD SureChEMBL. Malaria Inhibitor Prediction Downloads. Web Services

ChEMBL is a manually curated database of bioactive molecules with drug-like properties. It brings together chemical, bioactivity and
genomic data to aid the translation of genomic information into effective new drugs.

Explore ChEMBL

Description: Shows a summary of the ChEMBL entities and quantities of
data for each of them.

Instructions: Click on a bubble to explore a specific ChEMBL entity in more
detail.

33K

Indications

2M

Compounds

4.8K
Mechanisms,

Browse all ChEMBL See all visualisations

Current Release: ChEMBL 27

Provided under a Creative Commons Attribution-ShareAlike 3.0 Unported license
Last Update on 2020-05-18T00:00:00 | Release notes

This project has received funding from the European Union’s Horizon An n a G a u Ito n’ An d rew Leach & Ch E M B L tea m

2020 research and innovation programme under grant agreement No 824087



Cross working in chemical-biology with EU-OS and EATRIS
Cross working in structure-based discovery with EUOS and INSTRUCT

Data integration imaging and chemical-biology with EU-Bioimaging
(IDR), EU-OS and ELIXIR

Application area in COVID-19 datasets

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087




Workflows established for COVID-19 will be used for future studies
(e.g. repurposing screening)

EUOS Fragment Library distributed to several sites (i-NEXT) for
COVID-19 applications

Specialized analysis workflows will be built on the above

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087




Attended workshop and hackathon

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087




Unique opportunity to work across different scientific resource
providers

Complex experience

COVID-19 underlines the need for multi-dimensional dataset and

having links among them

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 824087
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This project has received funding from the European Union’s Horizon
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