Modelling receptor binding sites

Andrea Schaffer hans, Gerhard Klebe

Department of Pharmaceutical Chemistry, Philipps-Universit y Marburg,

Marbacher Weg 6, D-35032 Marburg, Ger many

(andr ea.schafferha ns@mailer.uni-marburg.de)

In structurebased drug design protein modelling and QSAR (QuantitativeStructureAct ivit y

Relationships) arecurrently used as two complet ely independent met hods to approach thesa me problem: gaining infor mation about an unknown receptor structurein order to allow thedesign of suitableliga nds. Protein modelling approaches theproblem by extracting common features from homologous representatives of theprot ein class thetarget prot ein belongs to and maps thesequenceof theprot ein under consideration onto thesecommon features. QSAR in contrast uses ligandinfor mation to extract 3D-features responsiblefor binding affinity. Thus, homology modelling mainly contribut es general infor mation about theprot ein confor mation and binding sit egeometry that is rather unspecific for a particular receptor, wher eas QSAR implicitly contains this specificit y infor mation through theligand binding data, however it knows not hing about thesurrounding prot ein structures. In this study we explor ewa ys of combining t heinfor mation obtained by both met hods in or der to generatea mor edetailed and reliablemodel.

Thefirst crucial step in combining liga nd and prot ein infor mation is thealignment of individual liga nds or a pharmacophoremodel (e. g. oneused and validated in QSAR) onto a preliminary prot ein model. Sincestructural infor mation is still quit ediffusein theincipient stage, onema y not rely too strongly on directional int eractions (hydrogen bonds) as most docking t ools do. In addition, the representation of ligands and protein should reflect and copewit h thestill given uncertaint ies of the model-built protein structure. Ther efore, wer epresent structural infor mation in ter ms of Gaussian funct ions associated with volume [1] , lipophilic [3] , hydr ogen bond donor and acceptor properties. This representation has theadvantaget hat it allows themer ging of several protein models into a combined oneusing geometric or arithmet ic averages over thediffer ent Gaussian-typerepr esentations in order to consider confor mational alternatives simultaneously.

Thesearch for theindividual ligand orientations matched ont o this binding sit erepr esentation is perfor med by a modified version of theprogram S EAL [4,5] . Since S EAL always suggests several possiblesolut ions for each liga nd, crit eria to select themost likely solutions havet o bedefined. To select themost convincing orientation fromt hesemult iplesolutions, a similarity measurea mong the consider ed liga nds in t hevarious computed orientations is calculated. Themost consist ent and best scor ed alignment a mong t heligands is finally extracted. Theresulting ligand alignment is then used to calculat ea QSAR model; its results can subsequent ly befed back int o theprot ein modelling process

(e.g. considering volumeconstraints).

Wewill present results fromtheevaluation of thedescribed met hod using homology-built thrombin structures and a set of thrombin inhibit ors as a test case.

References:

[1] Points representing positive volume properties are possible interaction sites inside the binding cavity(e.g.

as calculated by L UDI [2] ) , while the protein atoms areincluded aspoints associated with a negative volume.

[2] H.-J. Böhm, J. of Comput.-Aided Mol. Design 6 , 61-78 (1992)

[3] Lipophilic properties are located at lipophilic interaction sites (also calculated by L UDI ).

[4] G. Klebe, T. Mietzner, F. Weber, J. of Comput.-Aided Mol. Design 8 , 751-778 (1994)

[5] S. K. Kearsly, G. M. Smith, Tetrahedron Comput. Methodol. 3 , 615 (1990)