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Most cellular processes are believed to be carried out by groups of highly interacting proteins called
functional modules, protein complexes, or molecular complexes. Recent large-scale high-throughput ex-
periments, and integration of published data, have generated large protein-protein interaction (PPI)
networks. Even the simplest organism, yeast, has more than 17 thousand proteins. Protein complexes
can be detected by identifying highly connected sets of proteins in PPI networks. Computational iden-
tification of functional modules or protein complexes can provide an inexpensive guideline for biological
experiments.

There are a number of challenges in treating protein-protein interaction data. One is that many high-
throughput experiments have high error rates, which results in a many false positives for interactions
between proteins. However, the biggest obstacle to identifying functional modules in PPI networks is the
uniform weighting of edges.This uniform weighting limits the information on how close pairs of proteins
are. Moreover, large-scale networks demand excessive computational time as the size increases.

We have developed various multilevel algorithms to improve existing graph clustering algorithms for
protein-protein interaction (PPI) networks [5, 6]. Our matching based algorithm combines a greedy
algorithm for weighted graphs and a minimal matching idea in [5]. Matching based algorithms try to
merge at most two nodes joined by an edge or node related information. However, these matching based
algorithms on unweighted networks are hampered by the lack of closeness information between nodes.
Many of these algorithms fail to merge correct pairs of proteins because they do not take advantage
of any structured analysis. In [6] we developed Triangular Clique (TC) based algorithms which merge
highly connected triples of nodes. Our TC-based multilevel algorithm was inspired by Spirin et al’s use
of cliques to identify highly connected clusters [7]. These TC based algorithm showed more proteins
correctly merged into supernodes than any other matching based algorithm. This is because all three
proteins in a TC have very high chance of being a part of the same functional module. A weakness of
the TC based algorithms is that there are very many TCs found in even a moderately-sized clique. For
example, there are 560 TCs in a clique of 16 nodes.

Our next approach generalizes these TC based algorithms to cliques of various sizes. A recent ap-
proach for identifying protein complexes used maximal cliques to create subgraphs with high densities
[8]. Cliques are called maximal when they are not completely contained in another clique. In general,
enumerating all maximal cliques takes more time than finding all TCs which take only about O(n ln n) in
PPI networks. Fortunately, scale-free networks are quite sparse, so all maximal cliques are enumerated
quickly. Our experimental results show the quality of maximal cliques have high probability to be found
in the same protein complexes. They also show that the bigger the maximal clique, the higher the chance
the nodes are included in the same protein complex. This strongly motivates us to consider maximal
cliques in conjunction with our multilevel algorithms. We call these new approaches structure-based
multilevel algorithms.
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One of the distinct features of PPI networks is that they have a power-law property [2]. These
networks have many low-degree nodes and a relatively small number of high-degree nodes. Very high
degree nodes correspond to proteins that interact with most other proteins, and these interactions can
obscure the connections between other proteins. The 2 -core network is built by removing nodes belonging
to the non-cyclic part of the graph and nodes of degree one or less. The removed nodes can later be
added back to the group of clusters found. We show the effectiveness of the 2 -core network approaches
by presenting the clustering quality for these removed nodes. We apply the new algorithms to a recently
reported protein-protein interaction network in the yeast Saccharomyces cerevisiae [4]. The number of
levels to produce best results is a common issue in multilevel algorithms. TC based algorithms showed
that one level of grouping (or coarsening) is enough to produce as good clustering results as other
matching based algorithms. Similarly, the new maximal clique based multilevel algorithms achieves this
with one or two levels of coarsening.

Further applications of our clustering algorithm may include structure mining of complex networks
which have a power-law property. Examples of such networks are widespread and varied. They include
genetic networks, the World Wide Web, citation networks, biological networks and social networks.
Current clustering algorithms are based on graph partitioning, so no vertex is allowed in more than one
group. However, some proteins are involved in more than one cellular process. Similarly, some documents
can be classified under two or more topics. Recently, various researchers have been working on clustering
algorithms considering overlapping [1, 3]. Research on exploiting multilevel algorithms with overlap will
be carried out to address this problem.
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