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A Key strategy to improve profiles of drug candidates
I Bioavallability
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A Replacing undesirable structural features

A Traditionally, bioisosteric replacements are found based on ligand
structures only


http://upload.wikimedia.org/wikipedia/de/e/ec/Benzol_thiophen.PNG
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Drug candidate Ligand space

Search ligand space
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KRIPO

A KRIPO encodes the local environment of ligands or fragments in their
binding sites

A KRIPO database derived from the PDB allows to identify possible
bioisosteric replacements



Protein-ligand complex

Protein-ligand space



Protein-ligand complex

Protein-ligand space

Search for similar
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QRIPO DB generation
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|. Ligand fragmentation
| |
Il. Local binding sites

Ill. Binding site pharmacophores
l |
V. 3D-Pharmacophore fingerprint encoding

.

KRIPO database

) 4




Bindingsite representation

A Pharmacophore:
I Is a generalized representation of the key molecular interactions
I Itis defined by:

1. A set of molecular features hydrogen bond donors
hydrogen bond acceptors
hydrophobic atoms
é

2. The location of these features in space to each other



Bindingsite representation

A Pharmacophore feature placement
I According to protein properties
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! |. Ligand fragmentation

ACollect PDB entries with non-trivial ligands
ALigand fragmentation using a set of SMIRKS transformations cleaving

bonds at the intersections of rings and chains
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! |. Ligand fragmentation

ACollect PDB entries with non-trivial ligands
ALigand fragmentation using a set of SMIRKS transformations cleaving

bonds at the intersections of rings and chains
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‘ ll. Local binding sites

AFragment defines a local binding site
AAIl atoms with a distance > 6 A from a fragment atom are removed




lll. Binding site pharmacophores

APharmacophoric features are placed at geometric positions relative to
the amino acids present in the local binding site.
AAIl features with a distance > 2.5 A from a ligand atom are removed.

® Hydrophobe ™ H-bond acceptor

Positive charge H-bond donor
B Negative charge Aromat



V. 3D-Pharmacophore fingerprint encoding

APharmacophore triplets are encoded in a fingerprint
APredefined fingerprint
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® Hydrophobe ™ H-bond acceptor
Positive charge H-bond donor
B Negative charge Aromat
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PDB entries with non-trivial ligands

~42,000 protein -ligand complexes

Ligand fragmentation

~300,000 fragments }
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Validation

ABioisoster pairs from protein-ligand complexes

2000

1500+

1000+

Number of pairs

500+

: Cutoff value

B Same protein family
B Random

03 04 05 06 0.7 08 09

Modified tanimoto coefficient?!

IFligner, A. M.; Verducci, J. S.; Blower, P. E. A Modification of the Jaccardi Tanimoto Similarity Index for Diverse Selection of Chemical Compounds Using

Binary Strings. Technometrics 2002, 44, 110-119.



User defined search

Protein-ligand complex

|. Define fragment/subpocket

Il. Binding site pharmacophores

lll. 3D-Pharmacophore fingerprint encoding
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V. Search KRIPO database

Bioisoster hits




Application |

Protein Kinase (PDB-code 1A9U)

KRIPO search settings:
max 200 hits
min score 0.45
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AScoring and ranking based on fingerprint similarity

Rank PDB code Score
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ASuperposition of top hits using the pharmacophores

B Hydrophobe I H-bond acceptor . Query Pharmacopore k Query fragment
" Positive charge  H-bond donor
B Negative charge || Aromat @ Hit Pharmacophore \_ Hit fragment
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Rank 1
Score 0.58
MAP kinase P38

NP
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First inter-family hit

ASuperposition of top hits using the pharmacophores

B Hydrophobe I H-bond acceptor . Query Pharmacopore k Query fragment
" Positive charge  H-bond donor
B Negative charge || Aromat @ Hit Pharmacophore \_ Hit fragment




"Kinase hinge

Rank 1 Rank 5
Score 0.58 Score 0.55
Acetyl-coenzyme A

MAP kinase P38

o

carboxylases

o Rank 12 222220153
Score 0.54 :
‘. Alcohol dehydrogenase
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B Hydrophobe I H-bond acceptor Query Pharmacopore k Query fragment
" Positive charge  H-bond donor
B Negative charge || Aromat @ Hit Pharmacophore \_ Hit fragment




"Kinase phosphate pocket

Phosphate subpocket




B Hydrophobe
" Positive charge
B Negative charge

Rank 1

Score 0.56
Macrophage migration
inhibitory factor

Rank 3
Score 0.54
Lipid Binding Protein

I H-bond acceptor
" H-bond donor
~ Aromat @ Hit Pharmacophore

osphate pocket

\_ Hit fragment

Rank 2
Score 0.55
MAP kinase P38

Rank 4
Score 0.53
Pancreatic alpha-amylase

. Query Pharmacopore k Query fragment



Application Il

Thrombin (PDB-code 1K22)

KRIPO search settings:
max 200 hits
min score 0.45
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Rank 1
‘ Score 0.71
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I H-bond acceptor
" H-bond donor
| Aromat @

B Hydrophobe
" Positive charge
B Negative charge

n S1 pocket
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HIV-1 Protease

. Query Pharmacopore k Query fragment

Hit Pharmacophore \_ Hit fragment



*rombin S1 pocket

ADihydrofolate reductase (DHFR) (9/200)

Superposition based on

pharmacophores Multiple DHFR hits
B Hydrophobe I H-bond acceptor O Query Pharmacopore k Query fragment
" Positive charge H-bond donor

B Negative charge Aromat @ Hit Pharmacophore \_ Hit fragment




Thrombin S1 pocket
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J J P H-bond acceptor
Hydrophobe

B Hydrophobe H-bond acceptor Query Pharmacopore K Query fragment

Positive charge H-bond donor
B Negative charge Aromat @ Hit Pharmacophore k Hit fragment




