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Outline[Outline ]

� Fragment-based docking

� D AIM –SEED–FFLD

� D AIM decomposition

� Application to the kinase EphB4

� docking

� scoring

� MD-simulations to analyse an alternative

binding site
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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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DAIM: decomposition[DAIM: decomposition ]

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

1. identify rings.

2. de�ne initial fragments: atoms connected by

“unbreakable” bonds (double, triple, aromatic,

amidic, terminal, ring).

3. reconnect functional groups.

4. complete valences.
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Possible triplet combinations[Possible triplet combinations ]
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An example of a �ngerprint[An example of a �ngerprint ]
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D AIM uses the �ngerprint also to choose fragments

based on the chemical richness r c and to calculate

the octanol/water partition coef�cient (CLogP).
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Tasks of DAIM[Tasks of DAIM ]

D AIM

� decomposes the ligand into fragments.

� calculates physico-chemical properties of the

molecule and its fragments.

� identi�es rotatable bonds.

� can screen and �lter databases.

� generates input data for SEED & FFLD.

� is fast: can process 200k molecules in 2h.
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EphB4: Docking
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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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EphB4: Scoring
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Ranking compounds: LIECE[Ranking compounds: LIECE ]

L inear Interaction Energy using Continuum

Electrostatics (Huang and Ca�isch 2004).

DGbind = a � DEvdW+ b � DEelec+ g

DE = Ecomplex� (Eprotein+ Eligand) by CHARMM :

DEelec = DEcoul + DGsolv

Gsolv is calculated with the PBEQ solver in CHARMM.
Known inhibitors are needed to calibrate a;b and g.

Minimisation to a native-like conformation Energy evaluation with solvation
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The human kinome[The human kinome ]
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LIECE for kinases[LIECE for kinases ]
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LIECE model for kinases
165 compounds; 3 different X-ray structures
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DGpred = 0:2904� DEvdW+ 0:0449� (DEcoul + DGsolv)
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Statistics[Statistics ]

Fragment-
based

molecule
selection

728202total library size

molecules docked 16909/11543

7014/4379

7375/5640 1 or 2 HB

30 tested

show some inhibitory
activity on EphB47

docked a second time

#1: IC 50 1.36 µM �

#2: IC 50 76 µM

#3: 20% @ 4.6 µM

#4-7:

15-40% @ 125 µM
� has been developed into a se-

ries of inhibitors with IC 50s be-

tween 1 and 50 µM
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EphB4: MD-simulations
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An alternative binding site in c-abl[An alternative binding site in c-abl ]

� For c-Abl and c-Src (and others?), a myristoyl

binding site has been identi�ed. The N-terminus

of these proteins is myristoylated and

autoinhibits the protein.

� Recently, Adrián et al. described the

identi�cation of two inhibitors of c-Abl and

showed evidence that they bind to the myristoyl

binding site (Nature Chem. Biol. 2 (2006), 95).

� Drawback: inhibition works in cells, but not in

vitro.

Nilsson Lab, Karolinska Institutet, February 8, 2007 – p.20



Traditional binding site[Traditional binding site ]
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Traditional binding site[Traditional binding site ]
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Identifying the putative binding site in EphB4 (1)[ Identifying the putative binding site in EphB4 (1) ]

c-Abl
EphB4
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Identifying the putative binding site in EphB4 (2)[ Identifying the putative binding site in EphB4 (2) ]

c-Abl
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Identifying the putative binding site in EphB4 (3)[ Identifying the putative binding site in EphB4 (3) ]

c-Abl
EphB4
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Identifying the putative binding site in EphB4 (4)[ Identifying the putative binding site in EphB4 (4) ]

c-Abl
EphB4
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MD simulations to “open up” the site[MD simulations to “open up” the site ]

� myristoyl ( ) placed by overlapping

EphB4 with the c-Abl structure.

� initial minimisation with decreasing harmonic

constraints to resolve the worst clashes.

� construction of spheres of water around the

binding site with a method by L. Nilsson.

� various radii of the sphere: 20 Å, 35 Å and 40 Å.

� simulations of 1-20 ns at 300 K (still ongoing).
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Progress variable[Progress variable ]
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Simulations with ligand[Simulations with ligand ]
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In all simulations, myristoyl leaves the binding site

and does not re-enter (it comes close, but. . . )
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Simulations without ligand[Simulations without ligand ]
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Conclusions[Conclusions ]

� The LIECE model provides a very fast and

reasonably accurate estimation of DGbind.

� Docking with the DSF package together with the

ranking of the LIECE model for kinases yielded

several low micromolar inhibitors of EphB4.

� Myristoyl is stable inside the putative binding

pocket only on a 5 ns timescale. Control

simulations with c-Abl have to be performed.
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Fragment screen[Fragment screen ]
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DAIM: decomposition (2)[DAIM: decomposition (2) ]
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DAIM: decomposition (3)[DAIM: decomposition (3) ]
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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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