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Scope of Research KEYWORDS
I Scale-free Networks

Due to rapid progress of the genome projects, whole genome sequences of organisms Boolean Networks

ranging from bacteria to human have become available. In order to understand the Grammar-based Compression
meaning behind the genetic code, we have been developing algorithms and software RNA Secondary Structures
tools for analyzing biological data based on advanced information technologies such Chemical Graphs
as theory of algorithms, artificial
intelligence, and machine learning.
We are recently studying the follow-
ing topics: systems biology, scale-
free networks, protein structure
prediction, inference of biological
networks, chemo-informatics, discrete
and stochastic methods for bioin-
formatics.
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Prediction of Heterodimeric Protein
Complexes from Weighted Protein-Protein
Interaction Networks Using Novel Features
and Kernel Functions

Identification of protein complexes is very important
because many proteins express their functional activity by
interacting with other proteins and forming protein
complexes. Hence, many prediction methods for protein
complexes from protein-protein interactions have been
developed such as MCL, MCODE, RNSC, PCP, RRW,
and NWE. These methods have dealt with only complexes
with size of more than three because the methods often were
developed based on some density of subgraphs. Heterodi-
meric protein complexes that consist of two distinct proteins,
however, occupy a large part of whole protein complexes
according to several comprehensive databases of known
complexes. In this study, we proposed seven feature space
mappings (F1),...,(F7) from protein-protein interaction
data, in which each interaction is weighted based on
reliability. Furthermore, we made use of prior knowledge
on protein domains, and proposed domain composition
kernel K(C;,C;) for sets C;, C; of two distinct proteins and
its combination kernel <¢(C)), ¢(C))>+aK (C;,C;) with our
proposed features ¢. Here, K.(C;,C))=1 if the domain com-
position of C; is equivalent to that of C;, otherwise 0. We
performed ten-fold cross-validation computational experi-
ments for WI-PHI protein-protein interaction data and
CYC2008 protein complex catalog, and calculated the F-
measures. These results suggest that our proposed kernel
considerably outperforms the naive Bayes-based method,
which is the best existing method for predicting heterodi-
meric protein complexes.

Figure 1. Result on the average F-measure using four sets (F1-5), (F1-6),
(F1-5,7), (F1-7) of features and the domain composition kernel with
combination parameter a=0, ..., 2.

Maximum Common Connected Edge
Subgraph Problem for Chemical Compounds

Calculating similarity of two given chemical compounds
is important and fundamental task in chemical informatics.
The maximum common connected edge subgraph problem
(MCCES) is to find a connected graph with the maximum
number of edges that is isomorphic to a subgraph of each
of the two input graphs. Though MCCES is useful for
measuring similarity of chemical compounds, MCCES is
NP-hard even for labeled partial k-trees of bounded degree,
and it is reported that most chemical compounds have
treewidth at most 3. On the other hand, it is also reported
that 94.4% of chemical compounds have outerplanar
graph structures, and the maximum degree of almost all
chemical compounds is bounded by a constant(e.g., 8). In
this study, we developed a polynomial time algorithm for
MCCES when the two input graphs are outerplanar graphs
of a bounded vertex degree, where it is known that the
problem is NP-hard, even for outerplanar graphs of an
unbounded degree.

Figure 2. A graph is outerplanar if it can be drawn on a plane such that
all vertices lie on the outer face without crossing of edges. Our devel-
oped algorithm treats outerplanar graphs as trees, and then dynamic
programming-based methods are applied.
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