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Abstract: Graph of the protein can be obtained from the protein contact map. In this paper, residues 
residing at the core of the protein with protein id 2WPO can be identified clearly from the minimal 
connected dominating sets.  
 

 
Figure 1: Hydrophobic Core and Hydrophilic Surface of A Protein 
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1. Introduction: Amino Acids are organic compounds containing amine (-NH2) and carboxyl (-COOH) 
functional groups, along with a side chain (R group) specific to each amino acids. There are twenty 
amino acids. Proteins are large bio molecules or macro molecules consisting of one or more long chains 
of amino acid residues. There are thousands of different proteins and the characteristic of each type of 
protein is determined by a different gene.  
 
Proteins make up the cellular structure of organisms and proteins structure determines its biological 
function. Understanding the structure of protein is significantly useful in understanding its function. 
Around one lakh protein 3D structures were identified by the experimental methods such as X-ray 
crystallography, NMR and Electron Microscopy and are available in the Protein Data Bank [1]. But, 
experimental methods are more expensive, time consuming and the process is also tedious. Hence, 
mathematical methods are introduced in the analysis of proteins.  
 
Among the different mathematical methods for protein structure identification, graph theoretical 
methods are easy to estimate. Three dimensional structure of a protein is well determined by its 
continuous folds. Protein core is occupied by the amino acids with the higher average degree [2-8]. 
Hydrophobic amino acids reside at the core of the protein to avoid water [9] (Figure 1).         
       
Contact map plays an important role in understanding proteins structure [10]. Using contact map of the 
protein, the hydrophobic and hydrophilic amino acids are predicted by its total average degree using the 
HYDCORE algorithm [11]. Also, specific folds [12] in the protein are identified using contact map. In [13], 
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a new method is introduced to identify the hydrophobic residues from the minimal connected 
dominating set [14] of the graph of the protein. In this paper, hydrophobic residues of the protein with 
PDB id 2WPO are obtained using the concept of dominating sets. 
 
2. Preliminaries 
2.1 Graph: Let G = <V, E> be a graph in which V denotes the set of vertices, E denotes the set of edges 
and |V (G)| is the number of vertices of G. Two vertices u and v of G are called adjacent or neighbors if 
u-v is an edge of G. The degree d(v) of a vertex v is denoted by d(v) and is defined as the number of 
neighbors  of v. 
 
2.2 Connected Graph: A graph G is said to be connected if every pair of its points are connected. 
 
2.3 Dominating Set of a Graph: Let G = (V,X) be a graph.  A subset S of V is called a dominating set if 
every vertex in V-S is adjacent to a vertex in S. 
 
2.4 Minimal Connected Dominating Set: A Minimal Connected Dominating Set is a connected 
dominating set from which no vertex can be removed without destroying its dominance property. 
 
2.5 Contact Maps: The distance between two residues may be defined by the distance between two 
alpha carbon (Cα) atoms or between two beta carbon (Cβ) atoms or it may be the minimum distance 
between any pair of atoms belonging to the side chain or to the backbone of two residues.    A contact 
between two given atoms (or residues) exists when a certain distance is below a given threshold. 
 
Let P be a protein with n atoms which are labeled 1,2,3,….n. We define the contact map of the protein as 
a matrix,    
T = (tij)1≤i,,j≤n    
where tij = 1 if i≠j  and  dij (Euclidean distance between i & j) ≤ 6Å   

= 0 otherwise.   

 
2.6 Graph of the Protein: A protein can be considered as a graph G = <V,E> for which each vertex vkЄ 
V represents a residue of the protein and each vi-vj  Є E represents a contact between two residues vi and 
vj.     On the other hand, there is an edge vi-vj Є E if  tij = 1.   

 
3. Methodology: Coordinates of the alpha carbons of the Protein with PDB id 2WPO is taken from the 
Protein Data Bank and the three dimensional structure of the protein for the required alpha carbons can 
be seen using the software Molsoft.  The distances between the alpha carbons have been noted and the 
contact map, graph of the protein have been obtained as given below. 
 

 
Figure 1: Wire Representation of the Protein 2WPO 
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Table 1: Residues and its Adjacent Residues with 6 Å 

Residue Vertex Number Adjacent Residues 

D4 1 E5,Q6,Q7 
E5 2 D4,Q6,Q7,S8,Q9 
Q6 3 D4,E5,Q7,S8,Q9 
Q7 4 D4,E5,Q6,S8,Q9,A10 
S8 5 L5,Q6,Q7,Q9,A10,V11 
Q9 6 E5,Q6,Q7,S8,A10,V11,A12 
A10 7 Q7,S8,Q9,V11,A12 
V11 8 S8,Q9,A10,A12 
A12 9 Q9,A10,V11,P13 
P13 10 A12, V14 
V14 11 P13,Y15 
Y15 12 V14,V16 
V16 13 Y15, G17 
G17 14 V16,G18 
G18 15 G17,F19 
F19 16 G18, L20, A21 
L20 17 F19, A21 
A21 18 F19, L20, R22 
R22 19 Q21, Y23, D24, Q25 
Y23 20 R22, D24, Q25 
D24 21 Y23, R22, Q25 
Q25 22 R22, Y23, D24 

Contact Map of the protein is obtained as a matrix given below. 
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Using the contact map shown above, the graph of the protein is obtained as below. 

Figure 2:  Graph of the Protein 2WPO 
  
The minimal connected dominating sets of the above graph are, 
D1 = { v4, v5, v6, v7, v9, v10, v11, v12, v13, v14, v15, v16, v17, v18, v19, v20, v21, v22} 
D2 = {v6, v9, v12, v13, v14, v15, v16, v17, v18, v19, v20, v21, v22} 
D3={v4, v5, v11, v12, v13, v14, v15, v16, v17, v18, v19, v20, v21, v22} 
 
Conclusion: Residues residing at the core of the protein 2WPO are listed as v4, v5, v6, v7, v9, v10, v11, v12, v13, 
v14, v15, v16, v17, v18, v19, v20, v21, v22 and the remaining residues v1, v2, v3 and v8 are hydrophilic. 
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