
Fragment-based tailoring of compound
libraries for high-throughput docking and

screening

Peter Kolb
pkolb@bioc.uzh.ch

kolb@blur.compbio.ucsf.edu

Ca�isch Lab

236th ACS National Meeting, Philadelphia, August 18, 2008 – p.1/28



Acknowledgements[Acknowledgements]

� Amedeo Ca�isch, Marco Cecchini, Andrea Cavalli, Stefan

Jelakovic, Shaheen Ahmed, Francesco Rao, Enrico Guarnera,

Riccardo Pellarin, Stef� Muff, Raffaele Curcio, Dariusz Ekonomiuk,

Pietro Alfarano

� The Dockers

� Catherine Berset Kipouros, Stephan Audétat, Urs

Lüthi, Alcide Barberis

236th ACS National Meeting, Philadelphia, August 18, 2008 – p.2/28



Acknowledgements[Acknowledgements]

� Amedeo Ca�isch, Marco Cecchini, Andrea Cavalli, Stefan

Jelakovic, Shaheen Ahmed, Francesco Rao, Enrico Guarnera,

Riccardo Pellarin, Stef� Muff, Raffaele Curcio, Dariusz Ekonomiuk,

Pietro Alfarano

� The Dockers

� Catherine Berset Kipouros, Stephan Audétat, Urs

Lüthi, Alcide Barberis

236th ACS National Meeting, Philadelphia, August 18, 2008 – p.2/28



Acknowledgements[Acknowledgements]

� Amedeo Ca�isch, Marco Cecchini, Andrea Cavalli, Stefan

Jelakovic, Shaheen Ahmed, Francesco Rao, Enrico Guarnera,

Riccardo Pellarin, Stef� Muff, Raffaele Curcio, Dariusz Ekonomiuk,

Pietro Alfarano

� The Dockers

� Catherine Berset Kipouros, Stephan Audétat, Urs

Lüthi, Alcide Barberis

236th ACS National Meeting, Philadelphia, August 18, 2008 – p.2/28



Outline[Outline]

� Fragment-based Docking

� D AIM

� SEED

� FFLD

� Anchor-based Library Tailoring

� Concept

� Application to EphB4
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Fragments?[Fragments?]

“A fragment is a fragment is a fragment.”
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DAIM–SEED–FFLD[DAIM–SEED–FFLD]
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DAIM | Decomposition And Identi�cation of
Molecules
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DAIM: decomposition[DAIM: decomposition]

D AIM identi�es fragments in a four-step process:

1. identi�cation of rings.
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DAIM: decomposition[DAIM: decomposition]

D AIM identi�es fragments in a four-step process:

1. identi�cation of rings.

2. de�nition of initial fragments: atoms connected by “unbreakable”

bonds (double, triple, aromatic, amidic, terminal, ring).
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DAIM: decomposition (2)[DAIM: decomposition (2)]

H

F

F

F

F

F F

H
N

N
H

O

N

ON

+N

O

H

236th ACS National Meeting, Philadelphia, August 18, 2008 – p.8/28



DAIM: decomposition[DAIM: decomposition]

D AIM identi�es fragments in a four-step process:

1. identi�cation of rings.

2. de�nition of initial fragments: atoms connected by “unbreakable”

bonds (double, triple, aromatic, amidic, terminal, ring).

3. reconnection of functional groups.
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DAIM: decomposition (3)[DAIM: decomposition (3)]
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DAIM: decomposition[DAIM: decomposition]

D AIM identi�es fragments in a four-step process:

1. identi�cation of rings.

2. de�nition of initial fragments: atoms connected by “unbreakable”

bonds (double, triple, aromatic, amidic, terminal, ring).

3. reconnection of functional groups.

4. completion of valences.
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Possible triplet combinations[Possible triplet combinations]
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We need 3 fragments [ ],

but there are 9 to choose from
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Chemical richnessr c[Chemical richnessr c ]
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Chemical richnessr c[Chemical richnessr c ]
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D AIM uses the �ngerprint to choose fragments based on the chemical

richnessr c = å i fi and to calculate the octanol/water partition coef�-

cient (CLogP).
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Docking performance: DAIM$ random[Docking performance: DAIM$ random]
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Using theD AIM triplet re-
sults in at least one pose
close to the X-ray structure in
20/36 cases. The probability
to be below 2 Å at least 20
times through random selec-
tion of triplets is < 0.28%.

J Med Chem. 2006;49:7384-92
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SEED | Solvation Energy for Exhaustive
Docking
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SEED[SEED]
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SEED (II)[SEED (II)]
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SEED (III)[SEED (III)]
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ALTA | Anchor-based Library Tailoring
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ALTA[ALTA]
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Application: EphB4
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Introduction[Introduction]

EphB4
� belongs to the largest family of receptor tyrosine kinases.

� corresponding transmembrane ligand: ephrinB2.

� probably involved in the control of interaction of endothelial cells

! role in angiogenesis and tumorangiogenesis.

� elevated expression levels in prostate cancer.
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EphB4 structure[EphB4 structure]
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Statistics[Statistics]
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docked a second time

fragments selected
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molecules docked

1 or 2 HB

tested

show some inhibitory
activity on EphB4

728202total library size

more rings, min
1 acce, 1 dono, 1 or

#1: IC50 1.36µM�

#2: IC50 76µM

#3: 20% @ 4.6µM

#4-7:

15-40% @ 125µM
� has been developed into a series of in-

hibitors with IC50s between 1 and 50µM

Proteins. 2008;73:11-18
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The hits[The hits]

enzymatic assays cell-based assay

compound structure MW IC50 IC50 IC50 CHO predictedDG

[Da] [µM] [µM] [µM] % [kcal�mol� 1]

1

H2N

N

N

O

O

O
S

H

H

349 76 n.d. n.d. n.d. � 8:8

2-8
OO

O

N N

N
N

R

HN

R=

2 –(CH2)4OH 353 1.4, 1.8 6.8 5.6, 7.9 neg. � 11:0

3 –(CH2)3CH3 337 1.5, 1.5 8.3 n.d. neg. � 10:7

4 –(CH2)2CH3 323 1.9 n.d. n.d. neg.

5 ortho-methoxy-phenyl 387 27 n.d. n.d. 14% @ 20µM

6 –(CH2)3OCH3 353 50 n.d. n.d. 28% @ 20µM

7 –(CH2)2Ph 385 30% @ 14µMe n.d. n.d. 34% @ 20µM

8 –(CH2)2-meta-methylphenyl 399 29% @ 5µMe n.d. n.d. 14% @ 20µM
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Fragment- vs. compound pose[Fragment- vs. compound pose]
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CPU time requirements[CPU time requirements]

ALTA hours

DAIM 2

SEED (fragments) 2200

substructure search 1000

docking (DSF) 3300

S 6500

Docking only hours

DAIM 2

SEED 10000

FFLD 119000

S 129000
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CPU time requirements[CPU time requirements]

ALTA hours

DAIM 2

SEED (fragments) 2200

substructure search 1000

docking (DSF) 3300

S 6500

Docking only hours

DAIM 2

SEED 10000

FFLD 119000

S 129000

factor of 20!
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Conclusions[Conclusions]

� D AIM can generate chemically sensible molecular fragments and

rank them according to their suitability to serve as anchorsin

docking

� ALTA is a technique to tailor docking libraries on the �y by

selecting molecules based on the suitability of their fragments for

a given binding site. This reduces computation time while

preserving diversity.
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