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 Scope of Research
Due to rapid progress of the genome projects, whole genome sequences of organisms ranging from bacteria to human 

have become available. In order to understand the meaning behind the genetic code, we have been developing 
 algorithms and software tools for analyzing biological data based on advanced information technologies such as theory 
of algorithms, artifi cial intelligence, and machine learning. We are recently studying the following topics: systems 
 biology, scale-free networks, protein structure prediction, inference of biological networks, chemo-informatics, discrete 
and stochastic methods for bioinformatics.
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Conditional Random Field Approach to
Prediction of Protein-Protein Interactions
Using Domain Information

Exploration of functions and interactions of proteins 
and domains is important for understanding cellular systems 
and biological networks. Many methods for predicting 
protein-protein interactions have been developed. It is 
known that mutual information between residues at inter-
acting sites can be higher than that at non-interacting sites. 
It is based on the thought that amino acid residues at inter-
acting sites have coevolved with those at the corresponding 
residues in the partner proteins. Several studies have 
shown that such mutual information is useful for identifying 
contact residues in interacting proteins.

We propose novel methods using conditional random 
fi elds for predicting protein-protein interactions. We focus 
on the mutual information (MI) between residues, and 
combine it with conditional random fi elds. In the methods, 
protein-protein interactions are modeled using domain-
domain interactions. Therefore, MI is calculated for each 
domain pair as the maximum of MIs between residues.

We perform computational experiments using protein-
protein interaction datasets for several organisms, and 
calculate  AUC (Area Under the Curve) score. The results 
suggest that our proposed methods with and without 
mutual  information outperform EM (Expectation Maximi-
zation) method proposed by Deng et al., which is one of 
the best predictors based on domain-domain interactions. 
Our methods based on domain-domain interactions are 
useful for predicting protein-protein interactions.

Compound Analysis via Graph Kernels
Incorporating Chirality

In chemoinformatics and bioinformatics, drug design 
is one of the main practical and industrial targets. In the
development of new pharmaceuticals, in order to fi nd lead 
compounds, researchers must often select a small subset 
of compounds from a vastly larger set that satisfi es design
requirements. After compound selection, high-throughput 
screening is a method for the synthesis and evaluation of 
compounds, although it requires considerable time and 
cost. Therefore, it is advantageous to reduce screening to
only those candidates which have been fi ltered by compu-
tational prediction. A major approach to property predic-
tion is to quantitatively analyze the structural features of a
compound and fi nd a connection between the target prop-
erty and features analyzed. This methodology is known as
a Quantitative Structure-Activity/Property Relationship
(QSAR or QSPR).

In QSPRs, it is very important to achieve high accuracy.
Though existing graph-theoretic kernel methods combined 
with machine learning techniques are effi cient for QSPR 
model construction, they cannot distinguish topologically
identical chiral compounds which often exhibit different 
biological characteristics. In this study, we propose a new
method that extends the recently developed tree pattern
graph kernel to accommodate stereoisomers. We show
that Support Vector Regression (SVR) with a chiral graph
kernel is useful for target property prediction by demon-
strating its application to a set of human vitamin D receptor 
ligands currently under consideration for their potential
anti-cancer effects.

Figure 1. Distributions of domain MIs for H. sapiens, D. melanogaster, 
and C. elegansd .

Figure 2. Markov 
random field model 
for protein-protein 
interactions.

Figure 3. Difference in feature vectors yielded by chirality. Atoms are
corresponding to labeled graph nodes, and a bond is corresponding to
two oppositely directed graph edges with identical labels indicating the
bond order.




