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Introduction

The family of trypsin-like serine proteases are important targets

in drug design. Due to high structural similarity of its family

members, it is difficult to find or design target-specific inhibitors.

In this study we applied COMparative BINding Energy

(COMBINE) analysis, a receptor-based 3D QSAR method, to a

set of crystal structures of thrombin and the anti-target trypsin in

complex with small inhibitors. In this method, experimental

inhibitor constants are correlated with interaction energy terms

derived from receptor-ligand-structures to describe the binding

affinity. We compared the two independent COMBINE analyses

of trypsin and thrombin and used the results to predict the

binding affinity as well as the selectivity of ligands.
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Method

The principal idea of COMBINE analysis is the assumption that

the binding free energy G is correlated with a subset of

weighted interaction energy terms determined by receptor-

ligand complexes. The energy minimized model structures are

divided for energy calculations into parts according to their

spatial location, normally its amino acid residues and the bound

ligand. For each complex electrostatic and Lennard-Jones

interaction energy terms as well as solvation energy terms

between ligand and receptor . These terms are

analyzed by Principal Component Analysis (PCA) and are

correlated to activity values by Partial Least Squares (PLS)

coupled with variable selection and data pretreatment. T

results in a target-specific scoring function which can

be used and to

predict the binding affinity of new, docked ligands .

D

are computed

his

correlation

to highlight important residues for ligand binding

(figure 1)

Selectivity

Ligands with known inhibitor constants Ki for trypsin and

thrombin were docked ten times to the protein structures. The

predicted ∆G values (5th predicted ∆G ranked docking solution)

with an absolute error of less than 3 log units were computed

back to Ki and were plotted on a logarithmic scale against each

other. The R2 value of 0.77 shows a good selectivity in predicting

the binding affinity of both proteases.

Model building

The COMBINE models for trypsin and thrombin based on 37

and 25 X-ray structures of the PDB and their published inhibitor

constants. For both targets representative structures were

selected and were minimized by molecular mechanics

calculation in complex with the experimental determined

conformations of the ligands. A correlation of calculated

interaction and desolvation energy terms with published binding

free energy values ∆G resulted in R and Q values for predicted

versus experimental ∆G values of 0.90 and 0.82 for trypsin (at

latent variable 3) and 0.93 and 0.81 for thrombin (at latent

variable 4), respectively (figure 2).

In figure 3 the real PLS coefficients of the electrostatic (A, C) and

van der Waals (B, D) interaction energy terms of the COMBINE

models of trypsin and thrombin were plotted and were used for

colouring the residues of the active-site clefts. The colours

illustrate important parts for ligand binding (red: favoured parts,

positive PLS coefficients; blue: unfavoured parts, negative PLS

coefficents).
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Docking

Ligands, which were already used as training set for COMBINE

model building ('pseudo test set'), were docked ten times to the

selected target structures of trypsin and thrombin using the

program GOLD 3.0. The interaction and desolvation energy

terms were calculated for all docking solutions and the binding

free energy were predicted by the corresponding COMBINE

models. The ten predicted ∆G values for each of the ligands were

re-ranked according to RMSD, predicted ∆G values, the absolute

difference between experimental and predicted ∆G values,

GOLD Score Fitness, desolvation energy. The best predictions

for the binding affinity could be yield by selecting the predicted

∆G values of the top desolvation energy ranked or 5th predicted

∆G ranked docking solution. Within an accuracy of 2 log units

for more than 70 % of the ligands a correct binding free energy

could be predicted (figure 4).
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