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~1% of PDB X-ray data deposited 
by the Klebe group

WHO WE ARE

PROF. GERHARD KLEBE

Structural Biology
Biophysics 
Computational Modelling

Protein Production

"RED BIBLE OF DRUG DESIGN"



WHAT WE DO

• Rapid access to structural data and large-scale 

computational modelling 

• SmartSoak® enables an up to 10X accelerated process 
for soaking of protein crystals. 

• The technology is target-agnostic and has been 
successfully applied for over 40 protein targets. 

• Crystallographic screens deliver hit rates up to 30 %. 



FRAGMENT-BASED DRUG DISCOVERY - FBDD

Rees, D. C.; et al. Nature Reviews Drug Discovery, 2004, 3(8), 660–672.



OPINIONS WHY NOT TO USE FBDD

• Other hit id methods are more efficient

• Potency of fragments is too low

• Takes too long to build more potent compound

• SAR requires structural data
• Structural biology delivers empty structures

• Crystallography is a bottleneck



FRAGMENT SCREENING CASCADE

Abell, C.; Dagostin, C. RSC Drug Discov. Ser. 2015



LOW OVERLAP OF FRAGMENT HITS IN 
BIOPHYSICAL SCREENINGS

Wielens et al., 2013

HIV-1 integrase core domain 

Pallesen et al., 2021

Fragment-based deconstruction−reconstruction for KEAP1 – 77 frags



LOW OVERLAP OF FRAGMENT HITS IN 
BIOPHYSICAL SCREENINGS

Chang et al., 2021 Pallesen et al., 2021

Fragment-based deconstruction−reconstruction for KEAP1 – 77 fragsEpigenetic factor UHRF1 – 2300 frag lib 



NOT START WITH CRYSTALLOGRAPHIC 
SCREENING IN FBDD?

Fragment library: 361 compounds

Protein: Endothiapepsin

Study: 6 biophysical assays + X-ray

71 X-ray hits

44 % (31) fragments only by X-ray

Any screening cascade would have retrieved max. 19 X-

ray hits

No hits by all six methods

Sampling of binding sites:

19 hits: 7 pockets vs. 71 hits: 11 pockets

Schiebel, J.; et al., ACS Chem. Biol. 2016
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WHY PUT STRUCTURAL DATA FIRST?

Osborne, J.; Jhoti, H. et al., 2020

Crystallographic fragment screening using 

SmartSoak®

üsensitive screening method delivering binding 

modalities ad hoc.

üguidelines for further prosecution of identified 

hits & structurally-enabled lead design.

üaccess to novel chemical and IP space.

üSBDD from the beginning. 



WHY PUT STRUCTURAL DATA FIRST?

https://www.kymeratx.com/wp-content/uploads/2021/05/E3-ligase-drug-targeting-May-26-2021-FINAL.pdf



WHY PUT STRUCTURAL DATA FIRST?

https://astx.com/2020-aacr-fragment-based-drug-discovery-to-identify-small-molecule-allosteric-inhibitors-of-shp2/
Denis et al. 2022, J.Med.Chem.

Screening for covalent fragments



WHY PUT STRUCTURAL DATA FIRST?
BOEHRINGER INGELHEIM PUTS “X-RAY FIRST”



DETERMINATION OF PROTEIN-LIGAND COMPLEXES
CO-CRYSTALLIZATION VS. SOAKING

CO-CRYSTALLIZATION
Compound is added to the protein during 
crystallization setup and the pre-formed 
protein-ligand complex is crystallized. 

COMPOUNDS DATA COLLECTION

SOAKING
Soaking an apo-crystal in a ligand solution 

after the crystallisation has taken place. 

PROCESSING & 

REFINEMENT



SMARTSOAK® -
High-performance soaking systems

• 24 h instead on weeks/months

• does not require additional trial & error optimizations 

soaking conditions. 

• overcomes solubility problems of fragments.

• standard concentrations are 100 mM.

• enables fragment concentrations up to 250 mM.

• enables long soaking times up to 24 hours. 

soaking concentration

Most industrial set ups

two copies bound



THE MAGNET FOR THE NEEDLE

17



”CRYSTALLOGRAPHIC LIGAND CONFIDENCE“



SELECTED FRAGMENTS FOR 
CHEMICAL SPACE DOCKING

5N3Q

5N7P

5N1L

5N33



CHEMICAL SPACE DOCKING

two-component reaction 
Enamine REAL Space 

resulting in 2.6 billion virtual 
product molecules 

No affinity data required,
only co-structures



FROM CO-STRUCTURE TO 40 ACTIVES nM-μM
IN 9 WEEKS



FROM CO-STRUCTURE TO 40 ACTIVES nM-μM
IN 9 WEEKS

Binding mode preservation e.g. c4
docking vs. X-ray



STRUCTURE-GUIDED FRAGMENT 
EVOLUTION USING CHEMICAL SPACES

• Starting points: crystallographic fragment hits 

• High ”ligand confidence” and the ”magnet”

• No prioritization based on affinity 

• Fragment-to-hit success ~40 % 

• Entropy vs. enthalpy

• Only 9 weeks

• From mM to low µM and even nM in one cycle

• 13,500-fold gain in affinity 



THE INDUSTRY‘S CHALLENGE: 
THE NEEDLE IN THE HAYSTACK

INCREASING COMPLEXITY FOR THE TYPICAL SCREENING SETUP

• Difficult targets 

• Screening technologies

• DELs, FBDD, MS, HTS, ML/AI

• Structural enablement for SBDD
• Non-covalent vs. covalent mode of action

• Bifunctional molecules 

• Molecular glues 

INPUT

OUTPUT



Structure First Approach

FragAI

Synthesized hits

PROPRIETARY TECH
SmartSoak® 
FastForward
FragAI

THE MAGNET PLATFORM

COMPLEMENTARY APPROACHES
NMR
DEL screening
LC-MS
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