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SUMMARY
An algorithm for the recognition of molecular shape is presented which is based on
linguistically formulated shape descriptors. Fuzzy logic strategies are used in order to
subdivide molecular surfaces into surface patches and to define scoring functions for the
detection of shape complementarity. The strategy partly mimics the “eyeball” technique used
by human “searchers”. It is demonstrated with three examples (trypsin-PTI, HLE -
ovomucoid inhibitor, a-chymotrypsin - ovomucoid inhibitor) that the proposed method can
be very effectively used for the prediction of initial guesses for biomolecular complexes,
particularly in those cases where the binding sites are not known.
Keywords: molecular recognition, molecular shape, fuzzy set theory, linguistic variables, shape
complementarity
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I INTRODUCTION

The specific recognition of molecules by other molecules plays a key role in the biological
activity of chemical catalysts and supermolecular chemistry. Biochemical specificity. for
example, relies on the selective binding of molecules 10 a given protein in a well-defined
orientation. Specific recognition forms the basis for computer aided strategies within the field of
rational drug design. Only a few receptor sites are known today in full detail, even a smaller
number of structures of biomolecule-ligand complexes (mostly protein-protein complexes) are
available from experimental studies. It is a challenge to researchers from different fields to find
model scenarios on one side, and conceptional and computational strategies for an effective

simulation of the molecular recognition process on the other.

The general problem to be solved can be easily formulated as follows:

1) Find structures for complexes AB built from two molecular components A and B in
solution for which the free energy AG;;;"ﬂ = Gap-Ga-Gp takes a (relative or absolute)
minimum, and

ii) For a given receptor (say A) find those molecules B’ for which AG,e"® << AG,"®
holds for {B'}<{B}. {B""}<{B} and {B’}{B"’}={B}, wherein {B} is the set of all
molecules in consideration as potential docking partners and {B’} are those which bind
10 A very specifically.

The solution of the general problem has two components, the ¢ ional co (related to
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the computation of free energy differences AGy™® ) and the classification component (the

definition of the set B*).

In principle, the solution of the computational problem is straightforward. Based on a local
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force field for both the intramolecular interactions within the molecules A and B as well as all
intermolecular interactions between A, B, and the solvent molecules, the AGyss " values can be
calculated at least in an approximate way using standard simulation techniques (molecular
dynamics (MD) or Monte Carlo (MC)) or minimisation technologies. Unfortunately, the
numerical effort for all of these techniques grows with N', where N is the number of degrees of
freedom which are taken into account within the model scenario and ¥ > 4. For example, if two
molecules A and B are considered as rigid objects with a well-defined potential energy function
V(Ras8ap) wherein Rap and 8ap are the relative location and orientation respectively of
molecule B with respect to A, the minimum search has to be performed in a six-dimensional
space. The search cannot be performed analytically, i.e. one has to calculate the energy
V(Rag.8as) on a grid and to find the minima by numerical standard techniques. Already for
medium size molecules one has to determine about 20° ~ 10° potential values in a systematic
sereening procedure. Standard force fields contain several thousand two-body, three-body and
four-body terms, i.e. for the interaction of two medium size proteins one has to calculate 10" -
10° interactions per grid point. These numbers show that a systematic screening of the
configuration space is enormously time consuming even on massive parallel computer
architecture. The situation becomes even worse when molecular flexibility is taken into account,

Le. when the two molecules are no longer treated as rigid bodies.

In recent years, considerable effort has been devoted to surmount the computational barrier,
ie. the design of computational procedures for the prediction of stable structures of molecule-
ligand complexes (molecular docking).[1-13] In these methods simplified assumptions are
made on the intermolecular recognition process. Simple representations of molecular surfaces
are used in order to describe shape similarities and complementarities. Local positions for

hydrogen bond donor or acceptor atoms, areas of hydrophobic interactions as well as charge














































































