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� Fragment-based docking

� D AIM –SEED–FFLD

� D AIM fragment generation

� rules for the decomposition

� assessment of the fragment selection

� vHTS screening applications

� comparison of the compositions of libraries

MedChem USA, Boston, October 10, 2007 – p.2/28



Fragment-based Docking
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Docking – analogy[Docking – analogy ]
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Docking[Docking ]
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DAIM–SEED–FFLD[DAIM–SEED–FFLD ]
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molecule is compound 1 of Huang et al., JACS, 2006
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D AIM

(Decomposition A nd I denti�cation of M olecules)
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Tasks of DAIM[Tasks of DAIM ]

D AIM

� decomposes a molecule into fragments.

� keeps a record of the connection points.

� calculates physico-chemical properties of the

molecule and its fragments.

� builds a database of fragments and analyses it.

� can screen, cluster and �lter databases of

molecules (also on the fragment level).

� identi�es rotatable bonds.

Kolb and Ca�isch, JMC, 2006
Get DAIM via http://www.biochem-ca�isch.uzh.ch/SDL/dow nload.html
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DAIM: decomposition[DAIM: decomposition ]

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

1. identi�cation of rings.

MedChem USA, Boston, October 10, 2007 – p.9/28



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).
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DAIM: decomposition (2)[DAIM: decomposition (2) ]
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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.

MedChem USA, Boston, October 10, 2007 – p.11/28



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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Docking performance: DAIM $ random[Docking performance: DAIM $ random ]
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Using the D AIM

triplet results 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 selection of
triplets is < 0.28%.
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Conclusions (1)[Conclusions (1) ]

� D AIM generates fragments in a highly

customizable fashion.

� The fragments selected by D AIM as anchors

result in signi�cantly more poses close to x-ray

structures of known co-crystals than randomly

selected fragments.

� Furthermore, D AIM can be used to generate

unique libraries of fragments/sidechains for

applications in lead development.
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Applications of DAIM-SEED-FFLD[Applications of DAIM-SEED-FFLD ]

� b-secretase: three series of inhibitors with

different scaffolds. (Huang et al., JMC, 2005;

Huang et al., JACS, 2006)

� CDK2: one novel inhibitor (Kolb et al., submitted

2007)

� EphB4: two series of inhibitors with two distinct

scaffolds (Kolb et al., submitted 2007)

Overall, 36 novel inhibitors (with IC 50s from 1-100 µM)

have been identi�ed in publicly available databases

(ZINC and others) in about three years.
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Comparison of databases
with D AIM
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The original study[The original study ]

Bemis and Murcko analysed 5120 marketed drug

molecules and extracted the most often occurring

fragments. Their �rst study considered only cycles

and the connecting linkers (“frameworks”). Secondly,

linear substituents were analysed (“sidechains”).
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Frameworks[Frameworks ]
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D AIM decomposition[D AIM decomposition ]

� D AIM was used to decompose and automatically

analyse a subset of the ZINC library containing

1.85 M molecules.

� the frequency of each fragment was

automatically recorded (option --qsar )

� the total analysis took 29 h on a single

Pentium IV 3.2 GHz CPU.

� 186 789 unique fragments were obtained.
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Cyclic fragments identi�ed by D AIM[Cyclic fragments identi�ed by D AIM ]
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Comparison: benzene[Comparison: benzene ]

DAIM: 42.2%B & M: 8.5%

Why is there such a big difference?

D AIM generates a benzene ring from every molecule

that contains one ! difference in the decomposition.
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Comparison: naphthalene & pyridine[Comparison: naphthalene & pyridine ]

NN

B & M: 0.6%

B & M: 0.8%

DAIM: 1.9%

DAIM: 3.7%

Rather similar frequencies and the same order.
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Differences: steroid scaffolds[Differences: steroid scaffolds ]
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Differences: heterocyclic 5-rings[Differences: heterocyclic 5-rings ]
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Conclusions (2)[Conclusions (2) ]

� Types and frequencies of sidechains are very

similar (not shown).

� Despite the differences in the decomposition,

“frameworks” between the two sets of molecules

are similar.

� Today's molecular libraries seem to re�ect the

chemical features present in drugs.

� Main application: comparison of libraries on the

fragment level (combinatorially related libraries

vs. independently synthesized libraries).
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