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1 Introduction

Recently, protein-protein interactions are systematically examined with the yeast two-hybrid method
[2, 4]. As a result, a large quantity of information about protein-protein interactions is accumulated.
However, general information or knowledge about interactions is not so much identified although a
lot of individual interactions are identified using such methods. On the other hand, the technique to
extract useful information or knowledge hidden in vast data, which is called “data mining”, attracts
a great deal of attention, and several researches applying data mining to bioinformatics have already
been done [3].

For this reason, we are studying and developing a system to discover knowledge or useful informa-
tion related to protein-protein interactions from accumulated protein-protein interaction data, using
the “association rules discovery” algorithm [1] that is a popular method of data mining.

2 Method

Figure 1 illustrates the outline of the method. The data for mining is created from thousands of
two-hybrid interactions between yeasts and features that characterize each protein involved in the
interaction. Interactions are obtained from the web sites such as YPD and MIPS, as well as the
large-scale two-hybrid experiment by Ito et al. Features of each protein are defined from functional,
primary structural, and other various viewpoints using data from genome databases on various web
sites. Here is a list of six types of protein features used in this system.

(a) In YPD, proteins are classified into dozens of categories based on their cellular role, biochemical
function, and so on. Features of the first type are defined by YPD categories that the protein
belongs to. That is, if a protein belongs to category C, it is assigned a feature stating “This
protein belongs to C”.

(b) Enzymes are classified based on their functions into many categories labeled by EC numbers.
Features of the second type are defined by the EC numbers which the protein corresponds to.

(c) Many of the proteins correspond to the entries of SWISS-PROT and PIR, and each entry has
some keywords representing functional, structural or other features of the protein. Features of
the third type are defined by SWISS-PROT/PIR keywords assigned to the protein.
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Figure 1: Mining process.

(d) Features of the fourth type are defined by PROSITE motifs existing on the amino acid residues
of the protein.

(e) Features of the fifth type are defined by the “bias” of the amino acid residues. That is to say, if
amino acids of particular kinds are rich in a short region on the amino acid residues, the protein

is assigned a feature representing it.
(f) We classified homologous segments on the amino acid residues into clusters, based on all-versus-

all homology search among all yeast proteins with BLASTP. Features of the sixth type are
defined by the clusters that the segments of the protein are classified.

As a result of characterizing all the yeast protein, we got more than two thousand features of
above six types. Then we made the data for mining adding features of each protein to protein-protein
interactions. In many cases of ordinary mining, physical entities such as genes or proteins are regarded
as transactions of data mining. However, in the case of mining from interactions, we think that an
interaction itself rather than a protein (or a gene) should be regarded as a transaction. Namely
each transaction represents an interaction, and has features of two proteins, which are protein (A)
and (B) in Figure 1, related to the corresponding interaction. Mining association rules from that
data is expected to discover associations or new knowledge between features of two proteins that are
interacting each other.

3 Result

Executing data mining, we got thousands of association rules including many trivial ones. The fol-
lowing is an example of association rules, which shows that all the proteins having the motif of
“CNMP _BINDING_1” on their amino acid residues interact with proteins of EC number 2.7.x.x.
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