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Abstract: In this paper, a hypernetwork model is constructed by taking human proteins as nodes and protein 

complexes formed by protein interactions as hyperedges. By calculating and analyzing the related indexes of the 

hypernetwork, it is found that it has the nature of small world, and the node’s hyperdegree presents the scale-

free characteristic, but its hyperedge hyperdegree does not meet the scale-free characteristic. Considering the 

cross-linking of three hyperedges in the hypernetwork, the hypergraph motif is used to analyze the structure of 

the human protein complex hypernetwork. 
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I. Introduction  
 In the real society, the research objects are usually regarded as nodes, and the relationships between 

node pairs are mapped to edges to build a complex network for research. However, the relationship between 

node pairs cannot reflect the relationship between multiple nodes. For example, the relationship formed by the 

node pairs cannot reflect the characteristics of multiple chemicals participating in the metabolic reaction in the 

metabolic process of the organism. Therefore, the hypernetwork based on hypergraph is introduced to better 

represent the relationship between multiple nodes. 

 With the development of society, win-win cooperation becomes a trend, and people tend to cooperate 

among groups. In order to reflect the characteristics of inter-group connections, Berge proposes the concept of 

hypergraph
[1]

, that is, hypergraph is a graph used to represent the relationship between multiple nodes. The 

network based on hypergraph structure is called hypernetwork
[2]

. 

 In the traffic network, literature [3-5] study the topological characteristics and robustness of aviation 

and public transport hypernetworks, and attempt to build urban traffic network models with strong robust 

topology. In the social network, the hypernetwork models of user association under social software
[6]

 and 

product competitiveness analysis
[7]

, the knowledge diffusion model of scientific research cooperation 

hypernetwork
[8]

, and the word formation rule model of Tang poetry and Song poetry
[9]

 are constructed based on 

the hypergraph. 

 In the biological network, Pearcy et al.
[10]

 map the chemical substances existing in the organism as 

nodes, and the chemical reactions jointly participated by nodes are regarded as hyperedges to study the 

complexity and robustness of the metabolic hypernetwork. Since a single protein can participate in the 

formation of multiple complexes and a complex may contain multiple proteins, Ramadan et al.
[11]

 study the 

relationship between multiple proteins in yeast protein complex based on the hypernetwork. Gouchol et al.
[12]

 

construct a small world model of protein complex network and study the centrality of nodes and the community 

structure of the network. Hu Feng
[13]

 identifies key proteins of the protein complex hypernetwork through 

related topological indexes. 

 In this paper, proteins are regarded as nodes and complexes formed by protein interactions are regarded 

as hyperedges based on the definition of protein complex hypernetwork proposed by Ramadan et al.. The data 

about human proteins forming complexes are collected from the database to analyze and study the 

characteristics and structure of human protein complex hypernetwork. Section 2 introduces the concept of 

hypergraph and related topological indexes. Section 3 introduces the data source of human protein complexes 

and analyzes the related topological properties  of human protein complex hypernetwork. Section 4 summarizes 

the conclusions. 
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II. Preliminaries 
1. Representation of hypergraph 
(1) General representation of hypergraph 

 Hypergraph
[1]

 refers to a binary relationship ）（ EVH , , where the elements of set V  are the nodes of 

the hypergraph, represented by  NVVVV ,,, 21   and the elements of set E  are the hyperedges of the 

hypergraph, represented by  iriii VVVe ,,, 21  ( Nr  ) satisfying ie ( Mi ,,2,1  ), Vei

M

i


1

 . 

 The edges of a normal graph represent the connections between node pairs. The hyperedges can contain 

any number of nodes and represent the connections of any node group. 

 Hypergraphs are obtained by using nodes to represent the elements in V  and closed curves containing 

nodes to show that there is a certainrelationship between multiple nodes. Figure 1a shows the composition of 

three human protein complexes. 

 

 
 (a)Hypergraph (b)Projected graph(c)2-section graph 

Figure no 1: Hypergraph and its transformation 

 

(2) Projected graph of hypergraph 

 The projected graph
[14]

 of the hypergraph is defined as ）（  ,EH .The hyperedges in H are regarded 

as the nodes in the projected graph. When there arethe common nodes between two hyperedges, the nodes 

representing the hyperedges in the projected graph are connected with the edges  . ij represents the edge 

formed by hyperedges ie and je  in the projected graph, expressed as   
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Figure 1b is the projected graphof the hypergraph corresponding to Figure 1a. 

 

(3) 2-section graph of hypergraph 

 The nodes of 2-section graph H
~

are the nodes of the hypergraph H . When two nodes in H belong to 

the same hyperedge, there is an edge between the two nodes. The network formed is called the 2-section graph 

of the hypergraph
[15]

. Therefore, nodes belonging to the same hyperedge are fully connected in the 2-section 

graph. Figure 1c is the 2-section graph of the hypergraph corresponding to Figure 1a. 

 

2. Topological indicators of the hypernetwork 
(1) Hyperdegree 

 The hyperdegree of node refers to the number of hyperedges containing node iV  in the hypernetwork, 

which is recorded as )( iVHd . In the protein complex hypernetwork, the hyperdegree of node represents the 

number of protein complexes containing the corresponding node. Hyperdegree )( ieHd  of hyperedge refers to 

the number of nodes contained in hyperedge ie  in the hypernetwork. 

 

(2) Clustering coefficient 

 Clustering coefficientis a parameter that describes the aggregation degree of nodes in general 

networks.The local clustering coefficient iC  of node i  is the ratio of the number of connections between its 

neighboring nodes to the number of all possible connections between them.The clustering coefficient C  of the 
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whole network is defined as the average value of the local clustering coefficient of nodes in all connected 

branches with non-zero local clustering coefficient, expressed as 
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, where   

represents the set of connected branches in the network, and s


 represents the connected branch with non-zero 

local clustering coefficient. 
 The local clustering coefficient of the hypernetwork is expressed as the degree of connection between 

adjacent hyperedges of a hyperedge.In the hypernetwork, the hyperedges correspond to nodes in the projected 

network, and the common nodes between the hyperedges correspond to edges in the projected 

network.Therefore, the calculation of the clustering coefficient of the hypernetwork can be transformed into the 

calculation of the clustering coefficient of the projected network, which is called the clustering coefficient C  

based on the hyperedge, where the local clustering coefficient iC is expressed as 
)1(

2
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C , and iL  is the 

number of links between iK neighbors of node i  in the projectedgraph. 

 At the same time, the clustering coefficient of the hypernetwork can also be seen as the probability that 

any two neighbor nodes of the node are connected. It is equivalent to the clustering coefficient C
~

of the 2-

section graph, which is called the clustering coefficient based on the node. Its localclustering coefficient iC
~

is 

expressed as
)1(

2~
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C , where iN  is the degree of node i  in the 2-section graph, and iE  is the number of 

links between the iN  neighbor nodes of node i . 

 

(3) Average path length 

 The average path length refers to the average value d  of the distance between node pairs in all 

connected branches of the network and is expressed as 
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. ijd  and jid  represent the 

distance between node pairs i  and j  in connected branch s , with jiij dd  . 

 The average path length in the hypernetwork can be defined as the average value of the distance 

between any two hyperedges in all connected branches. When the hypernetwork is mapped to the projected 

graph, the distance between the two hyperedges corresponds to the distance between two nodes in the projected 

network. Therefore the average path length in the projected graph is called the average path length d of the 

hypernetwork based on the hyperedge. At the same time, the average path length in the hypernetwork is 

expressed as the average of the number of hyperedges on the shortest path connecting two nodes, namely, the 

average path length of the 2-section graph, which is called the average path length d
~

of the hypernetwork 

based on the node. 

 

3. Hypergraph motifs 

 In the general network graph, the network is analyzedthrough the three-nodemotifs that can reflect the 

function of the network
[16]

.Generalized to hypernetwork, Lee et al.
[14]

 propose the concept of hypergraph motifs 

through Venn diagram to explore the relevant structure of the hypernetwork.Here, hypergraph motifs are defined 

by using vector. 

 If two hyperedges have common nodes, the two hyperedges are adjacent.When the connectivity of 

three different hyperedges ke , le  and me  is considered at the same time, the cases of nodes belonging to three 

superedges can be divided into 7 types (Figure 2a).There are three cases mlk eee  , mkl eee   and 

lkm eee   where the nodes belong to only one hyperedge, three cases mlk eee ）（  , kml eee ）（   and 

lmk eee ）（  where the nodes belong to only two hyperedges, and one case mlk eee   where the nodes belong 

to three hyperedges simultaneously.The 17 order matrix is used to represent the existence of nodes in these 7 

parts of any three hyperedges. Ifnodes exist, the element of the matrix is represented by 1, otherwise, the 

element is 0 (Figure2b).Since nodes may exist in any 7 cases, there is 72 combination modes.Excluding the 

combination modeswith repeated hyperedges and disconnected, there are still 86 combination modes, 
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constituting 26 interaction cases of three mutually different hyperedges. These 26 cases are called hypergraph 

motifs (Figure3). 
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(a)The partition of nodes in hyperedges(b)Vector representation of the same hypergraph motif HM1 

Figure no 2: Adjacency of three hyperedges 
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Figure no 3: Hypergraph motifs
[14]

 

 

III. Result  
 Data on the formation of human protein complexes are collected from CORUM(Comprehensive 

Resource of Mammalian protein complexes)
[17]

(http://mips.helmholtz-muenchen.de/corum/).There are 2734 

protein complexes formed by the interactions of 3,674 proteins.Based on the definition of hypergraph, a 

hypernetwork model of protein complexesis constructed by using relevant data. In this model, nodes represent 

proteins and hyperedges represent complexes composed of protein interactions.Figure 1a shows the partial 

composition of the human protein complex hypernetwork. 

1. Hyperdegree distributions of nodes and hyperedges 

 In the protein complex hypernetwork, the hyperdegree of node represents the number of protein 

complexes containing the corresponding node.The hyperdegree of node in the hypernetwork is plotted using 

Cartesian coordinates (small figure) and double logarithmic coordinates (large figure) to obtain the hyperdegree 

distribution of human proteins(Figure 4a).The slope of the fitting curve of the double logarithmic 

degreedistribution of the nodes in Figure 4a is -2.08, which follows the power law distribution
[18]

. This 

meansthat the protein complex hypernetwork has scalefree property, that is, only a few proteins participate in the 

formation of more complexes. And the scalefree property becomes more obvious with the increase of the 
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number of proteins. 

 Hyperdegree of hyperedgerefers to the number of proteins constituting the protein complexes. Figure 

4b shows hyperdegree distribution of human protein complexes in the database.It can be seen that the 

probability of complexes composed of 2 or 3 proteins is relatively high.The slope of the fitting curve of the 

double logarithmic degreedistribution of the hyperedges in Figure 4b is -1.76, which does not meet the power 

law distribution. 

 

 
(a)Hyperdegree distribution of nodes(b)Hyperdegree distribution of hyperedges 

Figure no 4: Hyperdegree distributions of proteins and protein complexes 

 
2. Analysis of average clustering coefficient and average pathlength 

 For the hypernetwork model representing the relationship between multiple proteins, Matlab and Gephi 

are used to convert it into the projected graph and 2-section graph.And the average clustering coefficient and 

average path length are calculated for different network manifestations to characterize the average clustering 

coefficient and average path length of the hypernetwork. The results are shown in Table 1. 

 

Table no 1: Average clustering coefficient and average pathlength 

hyperedge based node based 

C  d  k  kN lnˆln  C
~

 d
~  k  kN lnˆln  

0.723 4.4 21.894 2.564 0.785 4.845 21.536 2.674 

 

 It can be seen from Table 1 that the clustering coefficients based on hyperedges and nodes are relatively 

high, which indicate that the protein complexes in the hypernetwork are closely related.At the same time, the 

average path length based on the hyperedges and nodesare relatively low, that is, proteins can connect to other 

proteins through a short path.And proteins are closely related.When the network has high clustering coefficient 

and low average path length, it is said to have small world property
[18]

. kNd lnˆln  is satisfied, where N̂  

represents the numberM of hyperedges or nodes N in the hypernetwork, and k  represents the average degree 

of nodes in the projected network or 2-section network.It can be seen from Table 1 that the average path length 

of the hypernetwork satisfies the mathematical expression of the smallworld property, indicating that the 

hypernetwork of protein complex has the smallworld property. 

 

3. Motif analysis of hypernetwork 

 According to the hypernetwork constructed from the human protein complexes in the database, the 

association of three different hyperedges in the hypernetwork is obtained. And the type and number of 

hypergraph motifs constituting the hypernetwork are obtained. The results are shown in Figure 5. 
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Figure no 5: Type and number of hypergraph motifs in human protein complex hypernetwork 

 

 As can be seen from Figure 5, the hypergraph motifs that constitutes the human protein complexes are 

obtained. HM22 is the type of hypergraph motifs that appears most frequently. 

 

IV. Conclusion  
 In this paper, the proteinsis regarded as the nodes and the protein complexes as the hyperedges based 

on the database to build a hypernetwork model.By calculating thehyperdegree of node andhyperedge, clustering 

coefficient and average path length of the hypernetwork, it is found that the hypernetwork is scalefree and 

satisfies the small world property.Considering the cross-linking of the three complexes in the hypernetwork, the 

type and number of hypergraph motifs in the hypernetwork are determined, which is conducive to further 

understanding the structure of the human protein complex hypernetwork. 
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