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We report results for the in-silico screening of a databds€®600 flexible compounds against
various crystal structures of the thymidine kinase reaepmplexed with 10 known substrates.
The ligands were docked using FlexScreen, a recently deseldocking tool based on the
stochastic tunneling method. We used a first-principle dasering function. For rigid recep-
tor conformations we find large deviations in the rank of thewn inhibitors depending on
the choice of receptor conformation. These data demoastrat the failure to dock originates
from the neglect of receptor degrees of freedom and is nobuttible to deficiencies in the
scoring function or the docking algorithm. We then perfodn@escreen in which critical re-
ceptor sidechains were permitted to change their confaemaind found improved scores for
those inhibitors that did not dock well in any of the previmsseens. So, the consideration of
receptor sidechain flexibility in FlexScreen improves thalidy of the screening approach. We
also demonstrate how the inclusion of QM-calculations oépgor-ligand complexes with the
Fragment Molecular Orbital Method (FM&)can be used to improve a classical forcefield. In
comparing this QM-forcefield for protein and ligand with argard ab-initio forcefield (ESFF)
we can demonstrate a performance gain.

1 Methods

Docking Method: Stochastic optimization with STUNNon-linear transformation to the
potential energy surface using

Bsrun(z) = In (:v +/22 1) : 1)

with z = ~ (F — Ep), v = 0.05 Mol/kJ andEj is the lowest energy encountered during
the simulation.

Scoring Function:
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Partial charges; are usually evaluated with Insightll and ESFF forcefieldhh&rd-Jones
parameters?;;, A;; from OPLSAA or from AutoDock and Hydrogen bond parameters

R;j, A;; from AutoDock.
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2 Results

We investigate the accuracy of the predicted ligand-rezepinformation for 83 com-
plexes of the high resolution ASTEX/CCDC dataset for whicpstal structures with
an experimental accuracy of better thamd2are available. For each receptor-ligand
complex we perform 10 independent simulations. The resuttonformations are ordered
by energy according to the scoring function. The median RM@alion between the
predicted and the experimental structure is 0ﬁ830n|y ten ligands fail to reach the
binding mode within the experimental resolution.

2.1 Astex Data Set Results

With these results and the docking restlts three other programs (Glide, Gold and
FlexX) we compare: 1) RMSD as a sign of the docking accuraegl, 2) The docking
reliability as the percentage of having a RMS better thar®2.0

| FlexScreen Glide Gold  FlexX:
FlexScreen wins/total 26/56 18/25 44/56
Results< 2.0 A in % 80 71 76 57

FlexScreen performed (almost) equally good or better imigay and reliability in com-
parison with all other automated docking methods for whiatads available.

Between the remaining difficulties for our approach we findtthl) Steric clashes
in the experimental X-ray structure between ligand and ¢oeptor, 2) Water molecules
which have a direct contact to the ligand are sometimes sapet find the experimental
binding mode, 3) Deficiency of the scoring function for stlva energies, 4) Ligands
binding to metal complexes: Metal complexes have their ifpegroup geometry and
should be considered FlexScreen

2.2 Docking Study to Human Estrogenx

The ERvy (pdb code 1ERE) was previously characterized at the HF/SGevel using
the fragment molecular orbital (FMO) method
As QM calculations are computationally very expensive newith the FMO-technique,
the binding energies for the ligands were calculated wipeet to the most important
fifty amino acid residues of the receptor and is therefore ased for our docking runs.

In this study we investigated the influence on QM-based bpaeaimeters for the lig-
ands and the receptor on the binding energy accuracy.
We distinguished three cases; 1) QM partial charges foeprand ligands, 2) ESFF par-
tial charges for protein and ligands, 3) QM partial chargespirotein and ESFF partial
charges for the ligands.

With only one receptor structuidexScreercould well reproduce the binding modes
of the quantum mechanical calculations. This is possibéeabsd-lexScreersupports
side-chain flexibility: the side-chains can accommodattifferent ligands.
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Comparison with FMO Binding Energies:With a correlation coefficienR = 0.94 the
correlation is highest the more parameters are from the denletions.

Comparison with Experimental Binding Energie$\e also compare the calculated bind-
ing energies ofFlexScreenwith experimental relative binding affinities (relative tioe
binding affinity of 174-Estradiol (RBA)). Also in comparison to the experiment&R
the correlation is highest the more parameters are fromrthelwracterization of the pro-
tein and the ligands. Case 1 and Case 3 have a higher canetatefficient than Case 2,
for which solely the ESFF-forcefield is used. In overall we tipe following correlation

coefficients:
| Casel Case2 Case3

QM Energies| 0.94 0.71 0.79
RBA 0.68 0.37 0.52

3 Discussion

A mixed setup as in Case 3 is especially interesting for tighughput screening, because
a significant part of the improvement is retained, when ohé/receptor is treated with
QM-based parameters, while the ligands are parameterigbdavpurely classical model.
The protein preparation may take days of calculations, cuééch ligand the calculation
time is reduced to a minimum. As an additional improvemergtasas in Case 3 seems
also to improve the docking accuracy for the binding mode.
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