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Abstract - Protein folding conformations take the form of 
networks, sets of conformations (vertices) joined together 
in pairs by links or edges. Protein folding conformation 
network is a complex network, and has scale-free property 
that many networks have in common. Understanding the 
scale-free property in the network of protein folding 
conformation, one can find the better conformation of 
protein folding which closes to nature. This paper 
constructs a complex network of protein folding 
conformation and analyzes its small world and scale-free 
properties in the network of protein folding conformation 
in order to study evolving process of protein structure and 
predict protein structure. 

Keywords: complex networks; scale-free property; protein 
folding; conformation network. 

1 Introduction 
  Proteins are of greatly importance in molecular 
biology. To understand the structure of protein molecules 
and how the specific functions are formed is one of the hot 
topics in protein researches.  

Forming protein structure is a complex evolutionary 
process. Understanding the evolution of protein structure is 
useful for prediction of protein structure. The complex 
network is an effective tool for simulating a complex 
biological system[1]. Complex networks’ evolutionary 
technology is conveniently model for the evolving process, 
and helps for analyzing protein evolution and predicting 
protein structure [2-3].  

Protein folding conformations take the form of 
networks, sets of conformations or vertices joined together 
in pairs by links or edges. Protein folding conformation 
network is a complex network, and has scale-free property 
[4] that many networks have in common. The degree of a 
vertex in the network is the number of other vertices to 
which it is connected, and one finds that there are typically 
many vertices in the network with low degree and a small 
number with high degree, the precise distribution often 
following a power-law form. 

If understanding the scale-free property in the network 
of protein folding conformation, one can find the better 

conformation of protein folding which closes to nature. 
This paper constructs a complex network of protein folding 
conformation and analyzes its properties in the network of 
protein folding conformation in order to predict protein 
structure. 

2 Building network of protein folding 
conformations 

 When protein folding conformation space is very 
large, if it folds through all conformation, it will need long 
time, but in fact, protein can finish folding less than 1 
second. So ones can guess that protein have an optimal 
folding path that is shortest. 

We wish finding the best conformation in the protein 
folding conformation space using scale-free property of 
complex networks. This is because a small number of 
vertices with high degree may be close to natural 
conformation. 

Folding conformations of a protein take the form of 
networks. The network is conveniently modeled as a graph 

{ }EVG ,=  which consists of a set V of vertices and a set 
E  of edges which we regard as un-ordered pairs of distinct 
vertices. Hence, we consider only simple undirected graphs 
in the network of protein folding conformation. A vertex in 

 is a conformation, an edge in G  is a link that the 
energy and shape relationship between conformations, 
where the e

G

},{ 1 iii xx −=  are the edges connecting 

vertices, and the x  are vertices, . The set of 
neighbors of 

i ni ,L,1=
x  is denoted by 

 { } { }{ }EyxVyx ∈∈=∂ ,|  

The degree of a vertex x is the number of edges that 
contain x ; i.e. the number of neighbors of x :  

|}{||}},{|{||}|{|)deg( xEyxVyexEex ∂=∈∈=∈∈=  

Equivalently, we may define deg(  as the number of 
edges incident with

)x
x . 



The potential function which evaluates the potential 
energy of protein folding conformation is as follows [5]:  
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where degree of vertex i is . In the case, iK

86.3>=< K . 

where , , , , , are force field 

parameters. 
rK θK ijK ijB ijC ijD The spread in the vertex degree is characterized by a 

distribution function , which gives the probability 
that a randomly selected vertex has exactly k  edges. In a 
random graph of the type studied by Erdos and Renyi, each 
edge is present or absent with equal probability, and hence 
the degree distribution is Binomial or Poisson in the limit of 
large graph size. Real-world networks are mostly found to 
be very unlike the random graph in their degree 
distributions. The degrees distribution has a power-law tail:  

)(kP

The shape of protein folding conformation which 
builds the complex network include five shapes, such as 
Line type, T type, Rectangle type, Square type and 
Triangle type. Therefore, we consider two parts of 
potential energy and conformation shape to make sure 
whether or not link between two vertices.  

)(kP  ~  rk −

In the Figure 1, the case of network is built by 92 
vertices, which are conformations of amino acid sequence 
HPPHHPPPHHPPHP. 

In the case,  ~ . )(kP 1.2−k

Clustering is a common property of social networks, 
represents that cliques form. The inherent tendency to 
cluster is quantified by the clustering coefficient. Clustering 
coefficient of a vertex is as follow: 

The different color vertex stands for different type, 
namely purple is Line type, yellow T type, green Rectangle 
type, blue Square type and black Triangle type. 
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Clustering coefficient C of the whole network is the 
average of all individual C : i
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In a random graph, since the edges are distributed 
randomly, the clustering coefficient is C = p. However, in 
most, if not all, real networks the clustering coefficient is 
typically much larger than it is in a comparable random 
network. We calculate the clustering coefficient as fellow: 

3 General properties on the conforma 
-tion network 

verticesoftriplesconnectedofnumber
graphtheontrianglesofnumberC ×

=
3  In order to understand protein folding conformation 

networks, we first analyze network topological properties. 
Network topological properties include degree distribution, 
clustering, shortest path, betweenness, and spectrum.  In the case, the clustering coefficient C . 683.0=

The shortest (i.e. geodesic) path length is the number 
of edges that make up the path between two points. It can 
measure global centrality which points that are “close” to 
many other points in the network. Global centrality defined 
as the sum of minimum distances to any other point in the 
networks. 

3.1 Network topological properties 
Degree is the number of edges that a vertex has, and 

corresponds to the local centrality in social network 
analysis, and measures how important are a vertex with 
respect to its nearest neighbours.  

In the case, the average shortest distance of pair of 
vertices in the network is: 

In the network of protein folding conformations, every 
vertex’s degree K  is different. The mean degree of the 
protein folding conformation network is as follow: 
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During folding a protein takes up consecutive 
conformations. Representing with a vertex each distinct 
state, two conformations are linked if they can be obtained 
from each other by an elementary move. Scala, Amaral, 
and Barthelemy (2001) studied the network formed by the 
conformations of a two-dimensional lattice polymer, 
finding that it has small-world properties. In particular, 
evolving networks can be modeled through growing graphs 
to simulate protein evolution, i.e., graphs to which 
continuously new vertices and new links (edges) are 
added.[7] 

where  is the shortest distance from vertex i  to vertex ijd
j . 

Between measures the “intermediary” role in the 
network.  It is a set of matrices, B k

ij
 of each vertex is a 

ratio of shortest paths between  and i j that go through .  k

There can be more than one geodesic between i  
and j . The vertex with the maximum betweenness plays a 
central role.  

4 Conclusions 
Spectrum of the adjacency matrix is a set of 

eigenvalues of the adjacency matrix. Spectral density 
(density of eigenvalues) is 

 A number of biological systems can be usefully 
represented as complex networks. Many biological 
networks, such as metabolic interaction and protein-protein 
interaction networks have been shown to be scale free, with 
different vertices having widely different connectivity. 
Here, the complex networks’ evolutionary technology 
applies to the protein evolving process, and helps for 
analyzing protein evolution and predicting and 
restructuring protein structure. 
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corresponds eigenvalues are real and the largest is not 
degenerate. The largest eigenvalue shows the density of 
links. The second largest is related to the conductance of 
the graph as a set of resistances. 
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According to their topological properties, complex 
networks can be divided three main classes of modeling. 
First, random graphs, which are variants of theErdos-Renyi 
model, are still widely used in many fields and serve as a 
benchmark for many modeling and empirical studies. 
Second, motivated by clustering, a class of models, 
collectively called small-world models, has been proposed. 
These models interpolate between the highly clustered 
regular lattices and random graphs. Finally, the discovery 
of the power-law degree distribution has led to the 
construction of various scale-free models that, by focusing 
on the network dynamics, aim to offer a universal theory of 
network evolution. The three main models correspond 
three different networks, i.e. random network, small-world 
network, and scale-free network. 
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