
 

 

 Abstract-- Here the method to address the docking problem 

by algorithmic concepts is given. These algorithms are 

developed based on the problem arises from the structures 

stored in the Protein Data Bank (PDB) [1]. The Atomic 

coordinates of the complex associates method for predicting the 

structure of protein Ligand and protein-protein complexes was 

employed. 

 The algorithm consists of three independent substeps: 

1.   Classification of molecular surfaces 

2.   Determination of complex structures by means of       

      complementary surface properties 

3.   Summarizing similar complex structures to a middle  

      structure using a Cluster algorithm 

 
Index Terms— Algorithm, Ligand, Geometric, Docking, 

Molecular   

I. INTRODUCTION 

he subdivision of molecular surfaces into regions with 

similar topographic or physicochemical properties, 

hereinafter referred as domains designated as used. The 

resulting domains of the two complex partners become 

compared with the algorithm and suggestions for possible 

complex structures were made. These complex structures 

can be combined and can be processed in any order. So 

similar structures using a cluster algorithm to a middle 

complex structure is summarized. In addition, the complex 

structures with the downhill simplex method or with a 

optimized genetic algorithm. Through the downhill simplex 

algorithm, the ligand is transformed into the nearest one 

using rigid molecular structures with local minimum 

movement. This makes the Downhill Simplex algorithm 

suitable for pre-optimization for a variety of possible 

complex structures. The genetic algorithm, on the other 

hand, takes into account the flexibility of the ligand and is 

intended to precede all serve for the flexible optimization of 

the most energetically favorable complex structure. 

II. SEGMENTATION OF MOLECULAR SURFACES  

The calculation of the Solvent Accessible Surface results  

according to the canonical curvatures three different types of  
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surface areas: concave and convex areas and saddle areas 

[2]. Lin et al. [3] developed a procedure that each of these 

surface areas by a representative surface point (sparse 

Critical Point) and a mean normal vector. The resulting 

classification of the molecular surface has the disadvantage 

that only very small Surface areas are described and thus on 

each surface a large number arise from reference points. For 

further processing, the number of Reference points are 

further reduced by adding very close to each other areas one 

and for each complex partner only one particular type of 

Surface areas, e.g. concave areas of the receptor and convex 

areas of the receptor Ligands, used for the comparison [4]. 

Heiden et al. [5] developed based on the fuzzification of 

the STI, the electrostatic potential and lipophilicity 

molecular surface into larger, cohesive surface areas. The 

achievement for this can be done for all surface areas the 

affiliation to the corresponding structural variables 

calculated and adjacent points with similar properties to 

domains. However, in the algorithm proposed by Heiden, 

domains arise in their size and shapes are very different and 

therefore difficult to each other can be compared. Therefore, 

the following is a segmentation algorithm presented, which 

allows the expansion to larger surface areas and still 

generated easily for comparable surface domains. The 

algorithm is based on the principle of the growth of the 

domain starting from critical points up to a maximum size 

defined by the user. The critical Points are considered local 

maxima of belonging to a class of structural Variables 

determined. The domains then become the class with the 

largest Assigned relationship value of the critical point. The 

topography of the domains of the classes, crevice, saddle, 

burr and graft are considered. This is referred to as a 

relationship of a domain to a particular class in the Contrary 

to Heiden et al. [6] proposed segmentation of surface points 

are assigned to multiple domains. So it comes to one 

overlapping of the domains. The boundaries of the domains 

are not sharply defined but surface point has an affiliation 

with each domain. So arises for each domain is a small core 

area with surface points with a high degree of relationship to 

the corresponding domain. To enlarge the domain the use of 

points correspondingly smaller affiliation (α -level amount 

with small value α ) can be taken into account. The 

maximum size of the domain is finally reached, if no surface 

point more has a relationship above zero to the 

corresponding domain. For all classes of structural variables 

The first step of the segmentation is the calculation of the 
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relationship of the classes of the structural variables of the 

corresponding property. As basis variables can be the shape 

index and the electrostatic potential as well as the 

lipophilicity was used. The individual classes of structural 

variables are consecutively segmented used by the surface 

points of increasing affiliation to the examined class of 

structural variables. The surface point with the largest 

affiliation- the central point is the center of the new domain 

selected. The similarity or dissimilarity of all surface points 

to the central point was calculated. With an area of one one-

third of the maximum size of the domain around the central 

surface points, the one Similarity of the focus of these points 

and the central point was determined. This focus turns into a 

new domain center calculated. This results as the surface 

point of a projection of the center of gravity nearest to the 

surface. This ensures that the new domain center at the 

center of a local extreme of the property being studied 

located. Starting from this domain center, all neighboring 

points along the surface determined until the surface area 

defined by these points the maximum size of a domain have 

reached. For the determination of the neighboring points, the 

algorithm used to calculate the global curvatures (For each 

of these neighboring points, the shortest path along the 

Triangular edges determined to the center of the domain. A 

domain then becomes out of all Points whose similarity to 

the central point is greater than 0.5 (α -level with α = 0.5) 

and no surface point on their pathway to the domain center 

whose similarity is less than 0.5. Is the size of the domain 

smaller than one certain minimum size, the domain in the 

further bill is no longer considered. Each surface point of a 

domain is assigned a relationship value consisting of 

calculated from the distance to the center of the domain.  

For all points of the domain results in a relationship 

greater than zero, for all others points equal to zero. The 

domains thus generated have an approximately circular 

shape. This makes the domains comparable. The different 

size of the domains on opposite parts of the two complex 

partners can be identified by the fuzzy definition of the 

domain boundary are matched. The comparison of a large 

domain only surface points with a large one domain 

relationship , whereas for small domains an α - Low-level 

domain relationship of small domain α is used. The 

segmentation algorithm then becomes the surface point with 

the next largest Belonging to the examined class, which has 

not yet been assigned to a domain of the same class is, 

continued. As central points for the domain of a certain class 

but only Surface points whose relationship in this class is 

greater than all others work other classes were functional. 

Otherwise, a domain would be defined by a surface point its 

properties have little or no relevance to the criteria assigned 

to the class of the domain do not match. If there is no more 

surface point that has a class affiliation above a certain 

minimum value, the next class becomes the structural one 

variable continued. 

III. COMPARISON OF THE DOMAINS OF THE MOLECULAR 

SURFACES  

 The molecular surfaces of both complex partners described 

above by the method of segmentation based on the shape 

index, the electrostatic potential and lipophilicity were 

studied. By comparing the properties of the so generated 

domains can be used to identify suggestions for a possible 

complex structure. The Individual steps are described in as 

follow.  

A.  Determining the properties of a domain 

The topographic or physicochemical properties of a 

domain are determined by the Mean value of the 

corresponding properties of the surface points defined. To 

get one in later algorithm to allow necessary adjustment of 

the size of the domains these averaged properties not only 

for the entire domain but also for calculated different           

α -levels of domain relationship. This is the Average of all 

surface points that belong to the corresponding α -level 

quantities were determined. In addition to each of these       

α -levels is the number the surface points contained and the 

size of the resulting surface certainly. The description of the 

location of the domain is made by a representative point and 

a normal vector. The representative point is the focus of the 

Surface points of a core region of the domain. The core area 

will be all Points with a domain affiliation greater than 0.9 

are considered. The normal vector is calculated as the mean 

value of the normal vectors of the points of the core area.  

B.  Comparison of Domain Properties  

For the formation of a stable complex with one 

complementarity of the molecular surfaces is necessary for 

the complex formation, this should be described by the 

existence of complementary surface domains. The algorithm 

presented here quantifies with the aid of a comparison of the 

Domain properties the complementarity of any possible 

combination of a domain of the receptor with a domain of 

the ligand and determines possible Bonding regions on the 

molecular surfaces. First, a negative image of the receptor is 

created by giving to each domain as an ideal complementary 

domain as A'. The properties of domain A' arise according to 

the following scheme: The size and the number of surface 

points of A' correspond to the original domain. This 

corresponds to a mapping of a convex domain to a concave 

domain with the same ratio of the two global curvatures and 

vice versa. A saddle area becomes a saddle area again 

assigned. To ensure equal absolute amounts of the 

curvatures of A' and A, the complementary domain receives 

the original value of the curvedness. The domains of the 

negative Image of the receptor classified according to 

electrostatic potential or lipophilicity were obtained, the 

negative value of the averaged electrostatic potential or the 

Original value of the lipophilicity of A. For further 

comparison, for all combinations of receptor domains A and 

Ligand domains B corresponding α -level levels determined, 

the sizes of which are most likely correspond. This allows 

for an adaptation of the domain size, and it can not only the 

properties averaged over the entire domain, but also one of 

Core area up to the size of the smaller domain going profile 

of the properties be compared. 

The complementarity of the electrostatic potential and the 

lipophilicity cannot be attributed to the same way be 

calculated. While in the topography a complementary 

Surface can be described by the ideally complementary 
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domain are in these Properties a variety of different 

definitions with ideal complementarity possible. Domains of 

the electrostatic potential must be different signs, domains of 

lipophilia have the same sign.. For the calculation of the 

complementarity of Domain combinations with the same 

sign of the electrostatic potential or different sign of 

lipophilicity becomes neutral on the class of the 

corresponding structural variables are used. This is the 

smaller value of affiliations the domain of the ligand and the 

receptor is neutral to the class and this as Complementarity 

of the domains used. The overall complementarity of the 

domains again results as an average of the complementarity 

of the individual combinations of α level amounts. 

C. Geometric hashing algorithm  

A stable complex structure should be complemented by a 

variety of Domain combinations whose geometric location is 

a simultaneous overlap of the Surfaces of these domains 

allows to mark. The to find this Domain Combinations, 

further referred to as Geometric Hashing- Algorithm 

designated by Schwartz et al. [7,8] for the robot control 

developed. The group of Nussinov and Wolfson [9-12] used 

this algorithm for a chemical question, wherein based on the 

location of the C α atoms of the amino acids Structural 

comparison of proteins with low sequence homology was 

made. The Extension to the one by Lin et al. [13] proposed 

subdivision of the molecular Surface led to a successful 

docking algorithm [14,15]. The geometric hashing algorithm 

is based on the comparison of the arrangement of indexed 

points in three-dimensional space and consists of two sub-

steps [16,17]: For comparison, only the coordinates of the 

points as well as the points assigned to the points Index, 

which describes the properties of the point used. In the first 

step (Preprocessing) becomes for each molecule an 

independent of the transformation internal Coordinate 

system defined. For each reference point then the new 

coordinates in calculated by this system. In the second step 

(Recognition) is by comparison of the internal Coordinates 

the largest number of possible complementary domain 

combinations certainly.  

IV. DISCUSSION  

The docking algorithm is developed is based on the three-

dimensional structural data of biochemical complex partners 

the active center identified a receptor and suggestions for 

possible binding modes of a ligand in this active center. The 

algorithm is based on the model of a molecular surface. 

Every point of this Surface is characterized by the 

topographic properties, the electrostatic potential, the 

Lipophilicity and the ability to form hydrogen bonds 

characterized. The Properties are mapped to structural 

variables that help their similarity between surface points 

can be calculated. This similarity is used to divide the 

surface into larger areas with similar properties. The limits 

of The resulting domains, called domains, will have a 

membership function which ranges from a value of 1 for full 

relationship to one Value of 0 for non-domain points is in 

progress. This makes it possible that Surface points belong 

to multiple domains and that the domains overlap. It also 

allows the size of the domains to be matched.  

With the help of the Geometric Hashing algorithm [16,17] 

possible complex structures certainly. For this, the surface 

domains are characterized by characteristic points and a 

associated normal vector described and the three-

dimensional position of this characteristic points of both 

molecules compared. The characteristic Points are used as 

centers of the topographical properties, the electrostatic 

potential and the lipophilicity-partitioned domains as well as 

the location defined hydrogen bond partner on the molecular 

surfaces.  
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