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Abstract

A new docking algorithm based on shape complementarity is presented. The algorithm is based on Fuzzy Logic
strategies. A small number of possible docking configurations is selected using partial ordering of a fuzzy
measure of topographical properties between complementary surfabespdtbe algathm was tested with

the structures of three protein-protein-complexes of serin proteases. In one case the components determined
separately by x-ray investigations whereas in the other cases the components obtained from the known complex
structure were used.
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tein and the ligand is reduced to the comparison of sub-ma-
Introduction trices. Within the algorithms of Connolly [4] and Norel et al.

[5,6] the surfaces of the molecules are representeditdy cr
The specific recognition of two macromolecules plays a majorcal points, describing knobs and holes. These critical points
role in biological activity and specificity. In recent years manyare used to predict the complex structure. Nevertheless, none
docking algorithms predicting the structure of protein - lig- of them could solve the docking problentisfactorily mainly
and complexes were published. The program DOCK [1,2]due to the fact that one has to know the docking regions in
generates docking cdgfirations by matching subsets of lig- advance in order to obtain reasonable results. In this work a
and atoms onto a “negative image*“ of the protein, consistingiew docking algorithm based on Fuzzy Set Theory [7] is
of a set of overlapping spheres. Helmer-Citterich andpresented. This algorithm uses topographical properties of
Tramontano [3] introduced an algorithm describing the geothe“solvent accessible surfaces* [8] for matching the shapes
metric shape of the surfaces by a 2-dimensional matrix. Thef both molecules.
search for complementary regions on the surfaces of the pro-

Basic Principles of Fuzzy Sets

$ Presented at the 11. Molecular Modeling Workshop, 6 -7F

Set ieory may be regarded as a generalization of
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classical set theory. A fuzzy set A is denoted by an ordered
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set of pairs, the first element of which denotes the element Xable 1. Docking results. Numbers of docking configurations
in the definition space X and the second the degree fuggested by our docking algorithm and rms-values of the
membeship. The léer is defined by a membership func- best configuration to the structure istigded by X-ray

tion W (), with values lying within the range<p ,(x)<1  analysis.
between zero and complete membership.

Complex number of docking rms-value of
A:{(X,HA(X))l X[ >§ configurations best configurdion
A more detailed description is given in the literature. [9’10]Trypsin-PTI 28 10.8
Trypsin-PTI 50
(unbounded)
Docking Algorithm HLE-Ovomucoid 91 25
) o Chymotrypsin- 80 6.5
For the representation of molecular surfaces the definition of .
Ovomucoid

“global curvatures* introduced by Zachmann et al.[11] was
used. The global curvatures may be interpreted as average
curvatures of the corresponding surface region. These curva-
tures can be _combmed to a single qua]lty for conveX|t_y "Ndiscrete domains which can be labeled by linguistic vari-
creasing continuously through five basic shape descrlptorg\bIeS [6]

(0-4)plusa ﬂatness_ V"’?'“e (=1) if both curvatures are equa In .the docking algorithm each domain is represented by a
f[o zeEo.[12] Tis quality is ldeled as'surface topography reference point. A normal vector is associated to the domains
index“ (STI).[12] Based on the STI values the molecular sur—by making the average of the normal vectors of the domain’s
face can be subdivided with fuzzy dissimilarity measures imosurface points. The averages of the STI and the global curva-
tures of the domain’s surface points as well as the sizes of
the domains are also determined. The values are used in a
Fuzzy Logic based method to calculate the complementarity
surfaces of the protein and ligand. Possible docking struc-
tures were defined by the position of the reference points of
the complementary domains and the reference points of the

domain having a common border with these domains.

Results

The algorithm was tested with structures of three complexes
of serin proteases with their inhibitors. The selected com-
plexes were trypsin - pancreatic trypsin inhibitor (PTI),
a-chymotrypsin - ovomucoid inhibitor and human leukocyte
elastase - ovomucoid inhibitor. In the case of the trypsin-PTI
complex both the components obtained from the known com-
plex structure and the independently determined structures
of the components were used. In the other two examples only
the structures of the known complexes were used.

For each protein - ligand complex less than 100 possible
docking configurations were discovered and there was at least
one of these configurations with a root-mean-square deriva-
tion (rms) of less than 10 A from the original x-ray structure.
In future studies this configuration can be used combined
with an efficient minimization algorithm to optimize the pre-
diction of the complex structure.

Figure 1. Segmentation of the surface of PTI (solventSupplementary material available stateméfite used com-
accessible surface). Each domain is color-coded accordingplex structures taken from the Brookhaven Protein Data Bank
to the index number of the domain (http://www.pdb.bnl.gov) are available as supplementary
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Figure 2. Docking configuration of the
HLE - ovomucoid complex (balls and
sticks). Green: backbone of HLE from
e PDB-file 1PPF. Blue: configuration of the
: -‘_ ovomucoid inhibitor form PDB-file 1PPF.
- AV)A\ Red: predicted configuration of ovaeoid
I G- TTYYU IR inhibitor.

MOLCAD

(a) (b)

Figure 3. Docking configuration of the trypsin - PTI complex
(balls and sticks). Green: backbone of trypsin. Blue: PTI.
Red: binding region of PTI (amino acid Lysin 15).

(a): configuration from PDB-file 2PTC

(b): predicted conduration of the unbounded components
from the PDB-files 2PTN and 4PTI
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material. Theentries are 1PPF for the HLE-ovomucoid, 1CHO 5.

for a-chymotrypsin-ovomucoid, 2PTC for trypsin-PTI com-

plex, and 2PTN and 4PTI for trypsin and PTI, respectively. 6.
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