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Diagnosing the decline in
pharmaceutical R&D efficiency

NATURE REVIEWS | DRUG DISCOVERY

Overall trend in R&D efficiency (inflation-adjusted)

FDA tightens

regulation

post-thalidomide

—L— FDA clears backlog
following PDUFA
regulations plus small

bolus of HIV drugs
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First wave of
biotechnology-
derived therapies

Number of drugs per billion US$ R&D spending* o
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Entwicklungskosten eines
Medikaments: 1,6 Mia $

Technologien fur die Arzneimittelentwicklung:
gesellschaftlich relevant



oo, unersitat Wirkstoffsuche

P Hydrocarbons
/A 00—

 Skelefons
1,330,958,530

Wirkstoffsuche
» Screening von Molekdlbibliotheken (=1 Mio)

> warum nur und warum diese 1 Mio Molekule?

Abdeckung des chemischen Raums?

Follmann, Drug Disc. Today, 2018; Reymond, Acc. Chem. Res. 2015, , The chemical space project”



Gortmung o DNA-kodierte Moleklbibliotheken

primer 1234567890

primer

Q@WH oo /NVRINRRNRINVA

,,Phanotyp ,aenotyp”

AGCTACTTCCCAAGGCACATGCACATGCACATGGGGCCCTATTCTTAG-LINK-Gly-Gly-Gly
AGCTACTTCCCAAGGCACATGCACATGACGGTAGGGCCCTATTICTITAG-LINK-Met-Gly-Gly
AGCTACTITCCCAAGGCACATGACGGTACACATGGGGCCCTATICTTAG-LINK-Gly—-Met-Gly
AGCTACTITCCCAAGGCACATGACGGTAACGGTAGGGCCCTATICTTAG-LINK-Met-Met-Gly
AGCTACTTCCCAAGGACGGTACACATGCACATGGGGCCCTATTCTTAG-LINK-Gly-Gly-Met
AGCTACTTCCCAAGGACGGTACACATGACGGTAGGGCCCTATTCITAG-LINK-Met-Gly—-Met
AGCTACTTCCCAAGGACGGTAACGGTACACATGGGGCCCTATICTITAG-LINK-Gly—Met-Met
AGCTACTTCCCAAGGACGGTAACGGTRAACGGTAGGGCCCTATTICTITAG-LINK-Met-Met-Met

Phanotyp-Genotyp-Kopplung
DNA-Encoded Libraries, ,,DELs”

Skalierung von Screeningbibliotheken
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Gortmung o DNA-kodierte Moleklbibliotheken

DNA
sequencing

o .

bioactive
molecule

Competitive Binding to TEAD Central Pocket Inhibition of YAP Binding to TEAD
Nifumic acid | VK57 HK-01-56 | VK57
Bottom =0 =0 Bottom =0 =0
Top =100 =100 Top =100 =100
LogEC50 | 0.8523 05818 LogEC50 | -1.051 0.5109
HillSlope | 0.8586 05198 HillSlope | 0.8721 0.4561
150+ EC50 7117 33818 150 EC50 0.08897 | 3.243
®  Niflumic acid B HK-01-56
_ 1001 [] 100
° O VK57 S O VK57
2 =
= 509 [ 2 504
B (| <
c
L £
0 N
0 )
-50 T T T T
-3 -2 -1 0 1 2 -50 T T T T T
-3 ] -1 0 1 2

[Compound] (Log pM)
[Compound] (Log uM)

8.000 Molekiile — 20 mio Datenpunkte — Wirkstoffkandidaten

mit Profs. Rahnenfliihrer and Fried (Department of Statistics, TU Dortmund)



Gortmung o DNA-kodierte Moleklbibliotheken

\\

encoded encode

Qy chemistry

Synthese von DELs: Kombinatorik

T )

Chemoresistentes Genom: Chem. Sci. 2017

Mizellare Katalyse: J. Am. Chem. Soc. 2019
Problem: Design von Synthesewegen! :
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Synthese von DELs: Kombinatorik
Chemoresistentes Genom: Chem. Sci. 2017

Mizellare Katalyse: J. Am. Chem. Soc. 2019

pool N Problem: Design von Synthesewegen!
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encoded encode

chemistry chemistry

split and pool encoded library
combinatorial chemistry
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split and pool encoded library
combinatorial chemistry
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split and pool encoded library
combinatorial chemistry
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Chemische 10
Intuition
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Chemische

Intuition 1 2 3

SnAP Reagents for the Synthesis of Piperazines and Morpholines

Michael U, Luescher, Cam-Van T. Vo, and Jeffrey W. Bode®
Labson hemie, ETH Ziarich, CH-8093 Ziirich, Switzedand
H \ﬂ)/

ABSTRACT: Sub and X..BeBs, H MEaA o) *
valuable structural wmml: qudJ;u mpqul\n |: by - - [l

npatible with aromatic, hete:
1Mydﬁandp vides mon:
\H—invnk n a single step.

Derzeit: Design von DELs durch chemische Intuition




dormong Computer - Chemie
Planning chemical syntheses with deep

A % - neural networks and symbolic Al
o~ 08 Marwin H. 5. Segler'-?, Mike Preuss® & Mark P Waller?
8 08 Expansion procedure
) . i ? i E ? B ket oy
" 0 02 04 08 0.8 1 K plh kb st Keep likely
post-hoc-Analyse von Molekiilbibliotheken Retrosynthese von Molekulen

rationale Auswahl von Ausgangsprodukten

T

Problem: Rationales Design von Synthesewegen!
Rationales Design chemischer Diversitdt




Chemie 1
Chemie 2 ﬂ
Chemie 3 104
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Design chemischer Diversitat durch Synthesewege?

Chemie 1

Chemie 2 1 2 3 j

Chemie 3
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Chemische Diversitat molekulare Evolution
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The DNA-Team
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Mateja Klika Skopi¢
Verena Kunig

Marco Potowski
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Sabrina Pospich

Prof. Stefan Raunser, MPI Dortmund

i Analysis of sequencing dota
Ina Dormuth and Lukas Arendt
Prof. J6rg Rahnenflhrer, TUDo
Prof. Roland Fried, TUDo
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