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Dr. Susanne Miiller-Knapp & Dr. Claudia Tredup
SGC Frankfurt, Institut fir pharmaceutical chemistry
Goethe University Frankfurt

UNIVERSITA A

FRANKFEURTSUM MERI


https://creativecommons.org/licenses/by/4.0/

THE STRUCTURAL GENOMICS CONSORTIUM (SGC) IS A A DSGE

PUBLIC PRIVATE PARTNERSHIP DEDICATED TO OPEN SCIENCE
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o > International public-private partnership (PPP) with a mission to accelerate
the discovery of new medicines through precompetitive, open science.

> SGC supports a network of scientists in 6 universities in 5 countries plus a
network of 300+ collaborators.

> Global network of partners, funders over 18 years, including
pharmaceutical companies, charities, and government agencies.

> SGC co-authors ~25 peer-reviewed papers each year with industry.

> SGC is a charity incorporated in the UK, SGC Head Office is in Canada.
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SGC at a glance SGC

Main outputs:
- High Throughput Structural Biology (>4000 structures deposited)

- Renewable Antibodies/Binders
- Patient-Cell Derived Assays
- Chemical Probes (~190) and Chemogenomics Libraries

Data driven research (ML
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Our Ethos: Open Access

Promptly placing results,
reagents and know-how
in the public domain

We agree not to file for
natent protection on any of
DU research outputs

[@nd encourdgel ol collaoratons to doe the same)

OPEN 8 ACCESS
www.thesgc.org



WHY DO WE NEED SGC? 19SGC

>$250B a year invested in biomedical research
« No new medicines for schizophrenia since 1950’s
« No new treatment for Alzheimer’s since early 80’s

Medicines are not affordable for most people in
the world



MOST SCIENCE IS REDUNDANT

MMENT

German Effort (2019)

Global Effort (2019)
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Kinase
Kinase

Too many roads not taken

Most protein research focuses on those known before the human genome was
mapped. Work on the slew discovered since, urge Aled M. Edwards and his colleagues.

2 draft of the human genome
wasannounced in 2000, funders,
governments, Industry and

researchers made grand promises shoat how
genome-based discovertes would revolu-
tionire sclence. They promised that it would
transinrm our understanding of human bial-
ogy and disesse, and provide new targets for
drug discovery. Yet more than 75% of protetn
research stll focuses on the 10% of proteins
that were known before the genome was
mapped — even thowugh many more have
been genetically linked 1o disease.

‘We performed a bibliometric analyss to
assess how research activity has sltered over
time for three protein famifies that are cen-
tral in disease and drug discovery: kinases,
ton channels and nuclear receptors. For all
thres, we found very1itile change in the pat-
temn of resaarch activity — which protetns
are associated with the highest mumber of

publications — over
2 WATURE.COM tha past 20 years'.
Protein mapping Even those proteins
gzing ahwman focus:  that have heen directly
putun.com vt assncisied with disease

remain hidden in plain sight] with sclentlsts
proving very relsctant to stady them.
Where there has been 2 shifi In research
activity, 1t was often spurred by the emergence
aftoolsto stsdy.a particular protstn, notby a
changein the protein percatved Importance.

mezy be all that s nesdad to drive research mta
the unstudled parts of the human genome —
even within funding and pesr-review systems
thatame inherently conservative.

W seanched for mentlon of every buman  +

i0 FERRUARY 2011 | VOL 470 | NATURE | 1iz2
PP



THE SYSTEM IS THE PROBLEM @SGC

Funding based on published results

Lack of funding for truly innovative ideas

Small increments

Agreements/IP - time consuming

charitably, mixed. A recent Bloomberg report shows how quickly university
patent incomes plunge once we look beyond the megastars. In 2014, just 15 US
universities earned 70% of all patent royalties. British science policy researchers
Paul Nightingale and Alex Coad conclude that ‘Roughly 9/10 US universities lose
money on their technology transfer offices... MIT makes more money from selling
T-shirts than it does from licensing’. A report from the Brookings institute



WHERE ACADEMIA SHINES LIGHT, INDUSTRY SEARCHES SGC

A Citations in PubMed B WIPO Patents 2006-2009
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The (un)targeted cancer kinome.Fedorov O, Miller S, Knapp S.Nat Chem Biol. 2010 Mar;6(3):166-169.



https://pubmed.ncbi.nlm.nih.gov/20154661/

Evolving science and partners to address pressing global SGC

PHASE | Phase Il Phase lll Phase IV Phase V
STRUCTURAL GENOMICS
CIENTIFIC Human Protein Families w T%FS%ET
Focus Human Parasite Proteins Bio-active Chemical Tools

Machine Learning

Patient-derived disease assays
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WHAT DOES INDUSTRY GAIN? SGC

« New medicines are exorbitantly expensive 2,558

« >$2.5B in private sector R&D costs per approved
new drug

Millions of 2013 §

« # new drugs approved per $1B halved every 9
years since 1950s

.. .. Pre-h Clinical Total
« clinical attrition rates tPeiiel s =

l O 1970s-early 1980s m 1980s-early 1990s w 1990s-mid 2000s m 2000s-mid 2010s

> Launches at $100,000’s per patient per year the new normal

- Kalydeco® (lvacaftor); Orkambi® (Lumacaftor/lvacaftor) for genetic subsets of CF ->$300K/year
Rare disease drugs now launching at almost $1M/year in some cases
- Targeted cancer therapies - mAbs, kinase inhibitors $$$
- Glybera example (gene therapy for lipoprotein lipase disorder developed at UBC) - $1M for one dose
> Trends exacerbating pricing:

Increasing development costs, costs of failure, and clinical attrition — YES
BUT ALSO: patient population sizes getting smaller with better genetic characterization

> Sustainability for public and private payers?



SILOED PROPRIETARY DEVELOPMENT LEADS TO REDUNDANCY

Target Clinical
ID/ candidate ph
Discovery ID siiesy

Examples of failed parallel late-stage clinical programs: NK1 receptor antagonists for analgesia; matrix
metalloproteases and farnesyltransferase inhibitors for cancer; cholesterol ester transfer protein for CVD;
beta—amyloid for AD; aurora kinase inhibitors for breast cancer



Precompetitive Research - from lab to patients?

2 Years and 2 months
6 Months 3 Months
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SGC Model for Pre-Competitive Chemical Probes for Drug Disc SGC

Creative commons

Public Private Public

Partnership Domain
Chemical Probes Target Validation
Proteins, Disease studies
Assays/Screening No restrictions
3D Protein Structure . Publication
Medicinal Chemistry Tools for all

Target Engagement in

Bayer

Ce I I S UNC Boehringer Ingelheim

O ris ers Squi
FREE FROM
"""""" RESTRICTIONS
aKeda
nto

www.thesgc.org

Proprietary

Private sector

Drug Discovery Development

Lead optimization
Pharmacology

DMPK

Toxicology

Chemical development
Clinical development

Edwards et al, Nature Chem Biol, 2009



PUSHING THE OPEN SCIENCE BOUNDARIES {3)5GC

Critical Assessment of m
RSC b Computational Hit-finding

T . o Experiments (CACHE) > —
Medicinal Chemistry R Cicinal Chemiktry & 7 ChEmistRY Q
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CACHE’s collaboration with Method A
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Susanne Miiller, ©** Suzanne Ackloo,® Arij Al Chawal,” Bissan Al-Lazikani,*!
Albert Antolin," Jonathan B. Baell, @™ Hartmut Beck,' Shaunna Beedie,"
Ulrich A. K. Betz,' Gustavo Arruda Bezerra," Paul E. Brennan, @™ David Brown,”
Peter J. Brown,” Alex N. Buliock.* Adrian J. Carter,® Apirat Chaikuad,™
Mathilde Chaineau, B Alessio Ciul an Collins,® Jan Dreher) David Drewry,"™
Kristina Edfeldt,’ Aled M. Edwards,“ Ursula Egner,” Stephen V. Frye,*™

Stephen M. Fuchs,* Matthew D. Hall* Ingo V. Hartung, © Alexander Hillisch,
Stephen H. Hitchcoek,” Evert Homan,* Natarajan Kannan, James R. Kiefer,™
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Sven Lindemann, @9 Brian D. Marsden,"*" Hisanori Matsul,® Jordan L. Meier, %
Daniel Merk,*™ Maurice Michel* Ma: Mergan, ©° Anke Mueller-Fahrnow,

The Chemical Probes Portal hemical Tek

Prﬂbes.org

Open online resource designed to change the way scientists find and use high quality use small-molecule

Dafydd R Owen,® Benjamin G. Perry, @™ Saul H. Rosenberg,” reagents called chemical probes in biomedical research and drug discovery
P o socury | o Kumar Singh Saikatendu,** Matthieu Schapira,™ Cora Schoiten,™ Sujata Sharma,* + Aimed 1o makes it easy for non-experts to select the right chemical probe before they initiate a study — and also to
s ke Anton Simeonov. Michael Sundstrom, ™ Giulio Superti-Furga.” help use probes 1o achieve a mare informative experiment
Matthew H. Todd, ™ Claudia Tredup,”” Masoud Vedadi, D=7
Frank von Delft *"™*** Timothy M. Willson,* Georg E. Winter,*® + Established in 2015 alongside the Arrowsmith et al Nat Chem Biol article — 579 citations on Google Scholar
Paul Workman'? and Cheryl H. Arrowsmith*=*

Based on expen recommendalions and commentary on selected probes
Provides an alternative 1o refiance on citation rates, Google, Wikipedia or vendor catalogues

Expert review mechanism mare
& Probes

5 Probe Miner and Drugs

Also provides a range of useful information

SHARE KNOWLEDGE

Agora Open Science Trust
(Charity)

... crowd-sourced evaluation of research tools
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SGC in Numbers SGC

- Publication of more than 2 manuscripts per week (many in high impact factor journals)

- More than 4000 protein structures deposited in the PDB contributing 12% of all known
structural information for human proteins

- 2 Spin-out companies
- > 190 chemical probes

- Common development of assay platforms with biotech companies (e.g. Eurofin,
Promega, DiscoverX, Sigma)

Worldwide network of collaborators

=

9
Global Tmgact:

collaborations Internation E‘_[
established
since 2004

More than 600

www.thesgc.org




EUBOPEN
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Initiative (IMI) funded project to enable and unlock
biology in the open.

k.- FAIRplu's:m

Open access requirement for all EUbOPEN and SGC
publications

« Depositing publications in repositories

« Subject-based/thematic repository (e.g., arXiv,
Europe PMC), OR

22 partners from academia and industry .
five years (2020-2025)

Total budget of 65.8 million euros covered by a grant
from the IMI and cash and in-kind contributions from the
EFPIA companies, IMI Associated Partners and non-EU

partners. « Zenodo the OpenAlRE repository hosted by CERN
Coordinated by GUF - « FAIR Guiding Principles
Open Science Policy GOETHE @, Findable, Accessible, Interoperable, Reusable
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https://arxiv.org/
https://europepmc.org/
http://www.zenodo.org/
http://www.nature.com/articles/sdata201618

OPEN SCIENCE AS SOLUTION 19SGC

Encourage innovation

Engage Ind UStry BRD4 publications/year

250

Accelerate science

200

150

Increase reproducibility

100

9qoJd |eatwayd

Number of Publications
« JO ased|ay

Reduce redundancy

Engage patients

Year

Mobilize funding

V. VvV V ¥V V V V V

Develop new technologies through crowed sourcing



SGC CHEMICAL PROBES

= 20 years after deciphering the human genome, our understanding of
human disease is still far from complete

= Lack of tools, which help understand biology and disease-relevant
processes

= |n a bibliometric analysis, we found that chemical probes were the most
impactful tools to enable researchers to work on new genomics targets

* Freely available probes to human proteins will enable discovery of new
medicines

Chemical probe = a drug-like small molecule that selectively modulates the activity of a
specific protein in cells




IMPACT OF SGC CHEMICAL PROBES

R = 5

DISCOVERED DISTRIBUTED CITATIONS
190+ 42,662+ 7,285+
Chemical probes Samples of chemical SGC chemical probes
discovered by SGC or probes distributed used by scientists
with pharma or globally by SGC and around the world
academics trusted vendors

HUNDREDS OF PAPERS USING SGC PROBES RESULTING IN
THERAPEUTIC HYPOTHESES

CLINICAL TRIALS

25+

Clinical trials and late-
stage preclinical
programs based on
therapeutic hypotheses
generated with SGC
chemical probes



DONATED CHEMICAL PROBES PROGRAM SGC
> Initiated 2017 by SGC pharma partners (AbbVie, Bayer, D c P

Donated Chemical Probes

Boehringer Ingelheim, Janssen, MSD, Pfizer, and Takeda) and SGC
led by SGC Frankfurt

> A collection provided by the pharmaceutical industry to the

global scientific community

> Make openly available chemical probes, many of which were e
previously not in public domain

> Initially donations from pharma, later academics joined

> Available to all researchers without complicated contractual

restrictions

> Make avai Iable th rou g h Chemical VendOI‘S Mdiller et al. Donated chemical probes for open science.
Elife. 2018 pii: €34311. doi: 10.7554/eLife.34311



https://www.ncbi.nlm.nih.gov/pubmed/29676732

REVIEW AND DISSEMINATION PROCESS

Desirable
Tractable properties

Chemical Matter
No PAINS
Element Availability
of an
Inactive
Control

Availability of
data and

PRO BE reagents
CRITERIA

Agueous &
Organic

Solubility

Chemical &
Plasma

Stability

Review and approval by Distribution by SGC and
: ) Database
independent committees vendors

Probe proposal

Donated chemical probes for open science, eLife 2018;7:€34311 doi: 10.7554/eLife.34311



https://elifesciences.org/articles/34311

DATABASE — WEBSITE

ALL DATA IN A PUBLICLY AVAILABLE DATABASE

Overview
Usage

Order
Properties
Structures
Profiling assays

Data download

Detailed potency data from criteria table for probe BAY-3827 and control BAY-974

Overview for BAY-3827 an inhibitor of PRKAA1, RPS6KAT1 N E—

Target information: -

Probe criteria

Inhibitar/agoni
{IC50, Kd=/sub=)

st potency: goal is < 100 nM Surpasses criterion; High potency in biochemical PREAAT assay with IC50=1.4nM @ 10pMATP; 15 1M @
2 mh ATP (Bayer in 7 nM (Eurofins @ 1 ph)

RPSBKA{N): IC50 ofins @ 1 ph)

Selectivity within target family: = 30-fold Surpasses criterion: Selectivity > 500 fold against 322 out of 329 off-kinases tested Most potent off- A
(Eurcfins)), RESEKAR {1C50 =
PSBRAS {1050 = v

o compounds showng maors than 50% Inhikition i tha premary scresring assay, a X1 wil bs detarminad,

Selectivity outside target family Shows off-target actiity in the GPCR scan: the ¢lpees

i GPCR scan data for probe BAY-3827 an inhibitor of PRKAA1, RPS6KA1

On target cell activity for cell-based targets: goal
is < 1 pM ICS0/ECSD

T Compeund corseranon 104 KINOMEscan data for probe BAY-3827 an inhibitor of PRKAA1, RPS6KAT
24!

Control compound (100 times less pg
the probe)

View detailed potency data View GPCR scan data View KINOMEscan data
Additional information

PLEASE press the button to get more information for the probel

Get more probe information

Evaluated by: hemwcalQ@

prbes.org

Dol 1

References and patents

Compound IDs

with their associated data, control compounds and recommendations on their use as well as a way to order the molecules.

© 2022 SGC Frankfurt, All rights reserved, Licence CC-BY [mpressum Datenschutz Cookie policy View cookies setting




DCP DATA IS FINDABLE, ACCESSABLE, INTEROPERABLE @ SGC

AND RE—-USABLE

FINDABLE
« specific URL for each probe, DOl number

ACCESSABLE

« DCP database website is open and free
« Data accessible though ChEMBL

INTEROPERABLE

« use a formal, accessible, shared, and broadly applicable language for knowledge representation

« link to other sources of knowledge / open repositories such as ChEMBL, PubCHEM, OpnMe,
chemicalprobe.org

RE-USABLE

« Data update history

« CC-BY

« Metadata publication, modification and versioning not possible



REAGENTS AND UPTAKE FROM RESEARCH COMMUNITY SGC

DCP probes in numbers

fre @@%

105 92 13 12500 28

DCP PROBES/ INDUSTRY ACADEMIC COMPOUNDS COUNTRIES

PROBES / \_ PROBES / \_ SHARED /i )
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TARGET 2035: AN SGC-LED GLOBAL INITIATIVE

WHAT IS TARGET 20357

Open science global movement, focusing
on the creation of chemical and biological
tools to study human proteins and inform
drug discovery.

OUR MISSION

Development of a pharmacological
modulator for every human protein by
2035.

OUR VISION

Global collaborative effort to create open
access tools to study each human protein
and gene.

Collaboration

Open
Science ‘

Academia &
Nonprofits

-

Data Sharing

Industry

www.target2035.net



EU-O

Contact

Susanne Muller-Knapp Claudia Tredup
COO, SGC-Frankfurt Senior Scientific Coordinator, SGC-Frankfurt

Susanne.mueller-knapp@bmls.de  Tredup@pharmchem.uni-frankfurt.de

»* *
* o %

www.thesgc.org
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FUNDING PARTNERS

The Structural Genomics Consortium is a registered charity (no: 1097737) that receives funds from Bayer AG, Boehringer Ingelheim, Bristol Myers Squibb,
Genentech, Genome Canada through Ontario Genomics Institute [OGI-196], EU/EFPIA/OICR/McGill/KTH/Diamond Innovative Medicines Initiative 2 Joint
Undertaking [EUbOPEN grant 875510], Janssen, Merck KGaA (aka EMD in Canada and US), Pfizer and Takeda. The Joint Undertaking receives support from
the European Union’s Horizon 2020 research and innovation programme and EFPIA and Ontario Institute for Cancer Research, Royal Institution for the

Advancement of Learning McGill University, Kungliga Tekniska Hoegskolan, Diamond Light Source Limited.
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