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1

Introduction

Comprehensive analysis of protein-protein interactions and amino acid sequences plays important roles
to understand protein functions in molecular level. A k-core of a network or a graph is a subgraph in
which all nodes are connected to at least k other nodes in the subgraph. In a protein-protein interaction
network, a node represents a protein and an edge represents an interaction between proteins. A kcore of a protein-protein interaction network usually contains cohesive groups of proteins. On the
other hand, phylogenetic analysis classifies proteins into groups based on the similarity of amino acid
sequences. In this work, we use k-cores of protein-protein interaction networks and phylogenetic
analysis to predict the functions of some function-unknown proteins of E.coli.

2

Method

Let, a graph G = (V, E) consists of a finite set of nodes V and a finite set of edges E. A subgraph
S = (V 0 , E 0 ) where V 0 ∈ V and E 0 ∈ E is a k-core or a core of order k of G if and only if ∀v ∈ V 0 :
deg(v) ≥ k within S and S is the maximal subgraph of this property [1]. The core of maximum order
is referred to as the main core or the highest k-core of the graph. A k-core subgraph of a graph can
be generated by recursively deleting the vertices from the graph whose degree is less than k. In this
work, we apply the notion of k-core subgraph to predict protein functions.
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Results and Discussion

We have conducted pull down assay to determine interactions among the proteins of E. coli. 10238
unique binary interactions have been generated from experimental data. We prepare a list of 1972
function- unknown proteins and then, we classify the function-known proteins into several groups
based on functionality. We predict the functions of some function-unknown proteins by applying a
similar strategy to some of the functional groups. As an example, here we explain our strategy for
the group called electron transfer (ET) proteins. These proteins are involved in energy metabolism
of E. coli. We extract 193 binary interactions out of 10238 interactions. For each of these 193 binary
interactions either both proteins are of ET type or one is of ET type where the other is of unknown
function type. We represent these 193 interactions as a network and generate the highest k-core of
this network. In the present case the highest k-core is a 2-core and consists of 22 proteins as shown
in Figure 1.

Figure 1: 2-core of an interaction network consists of electron
transfer and function-unknown proteins.

Figure 2: Phylogenetic Tree.

Out of the 22 proteins of the aforementioned 2-core subgraph, 11 are of electron transfer category
and 11 are of unknown function type. We obtained three clusters (shown in Figure 2) by applying
amino acid sequences of these 22 proteins to phylogenetic analysis. We find that the proteins yciV,
nuoE and nuoF belong to the same cluster. Furthermore, we find in Figure 1 that both yciV and
nuoF interacts with nuoE. This leads to the prediction that the function of yciV is similar to those
of nuoF and nuoE. The proteins yddH, fdoG and fdnG belong to the same cluster (Figure 2). Again
we find in Figure 1 that yddH interacts with both of fdoG and fdnG. This leads to the prediction that
the function of yddH is similar to those of fdoG and fdnG. Based on similar reasons, we predict that
the function of hscC is similar to those of narZ and narG. In this work, we present a methodology
to predict the functions of function-unknown proteins based on k-core generation of protein-protein
interaction networks and phylogenetic analysis.In this methodology, we assume that the proteins that
interact with each other and have similar amino acid sequences, may be assigned to identical functional
group.
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