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Introduction

For recent decades, the EC (Enzyme Commission) number has been used to research various biological
reactions and metabolic pathways. However, the EC classification is unsuitable for bioinformatics
analyses because of the, at least, following two problems. One is inconsistent criteria for classification,
utilizing reaction patterns, substrates, transfered groups, and acceptor groups in different ways in
different hierarchies. Another is that when one EC number is given to an enzyme which catalyzes an
overall reaction consisting of multiple elementary reactions steps, the same number is often assigned
to all elementary reactions. For example, there are several reactions which oxidize substrate and
then dissociate inorganic compounds (CO2, NH3, etc.), but once these reactions are classified into an
overall oxidoreductase reaction (EC.1), it is not easy to reveal inherent property of dissociation only
from the EC number.
In order to solve these problems, we are constructing a new classification scheme for enzymatic reactions as accumulated in the LIGAND/REACTION database [3]. Here, we report the decomposition
of reactions into the combinations of reactant-product pairs and its application to the classification of
reactions.

2

Method and Results

A reactant-product pair is a chemical compound pair consisting of a reactant and a product that share
atoms or atom groups excluding hydrogen atoms. We suppose the features of each reaction can be
represeted by the combination of those pairs. Thus, we analyzed reactions in LIGAND and constructed
a database of reactant-product pairs. After compiling the database, we computed matched and other
regions of pairs using the graph theoretical method [1]. Finally, the usefulness of those regions to
classify reactions is evaluated.

2.1

Collection of Reactant-Product Pairs

We used 5,237 reactions in LIGAND/REACTION database [2, 3]. From those reactions, we picked
up 7,990 reactant-product pairs without considering whether each compound of a pair is organic or
inorganic. Each pair was manually examined from the viewpoint of biochemical knowledge. Of those
data, the number of pairs consisting of only organic compounds is 3,955, which is used for the following
procedures.

Classification and Analysis of KEGG/REACTION Database

2.2

491

Post-Processing of the Database of Pairs

For the sake of reaction classiﬁcation, we have computed three types of characteristic regions of each
pair: matched region, diﬀerence region, and reactive region, by the chemical structure comparison
method [1]. (1) Matched region: the region that does not change through the reaction and is expected
to be involved in substrate speciﬁcity of the enzymes; atoms and atomic bonds are aligned in this
region in the chemical structure comparison. (2) Diﬀerence region: the region that changes through
the reaction; atoms and atomic bonds are not aligned in the chemical structure comparison. (3)
Reactive region: the reaction center responsible for the reaction mechanismsof an enzyme; atoms and
atomic bonds are part of the diﬀerence region and adjacent to the matched region.
According to the identity of these three regions, reactant-product pairs are classiﬁed into groups,
and the grouping information is stored in the database.

2.3

Evaluation of Regions of Pairs

To evaluate the usefulness of our database, we examined the correspondence between our grouping
and the EC numbers. Consequently, many groups in our database can be assigned to only one class
of the ﬁrst level of the EC nomenclature, and some groups possess two or more classes. However,
there are also many cases where a single group is assigned to multiple numbers, especially those
assigned to both EC.2 (Transferase) and EC.3 (Hydrolase), and additionally to EC.6 (Ligase). We
explain this observation as follows: a hydrolysis reaction can be described as “transferring reaction
using a water molecule”, and a ligase reaction can be described as a combination of hydrolysis and its
counterreaction. Therefore, the hydrolysis and the ligase reaction partially have the same aspects of
transferases.

3

Discussion

These results indicate that enzymatic reactions can be more consistently classiﬁed by using the three
characteristic regions of reactant-product pairs, and provide our basis for constructing a new classiﬁcation method of enzymatic reactions. Our classiﬁcation is expected to be more eﬀective and precise than
the traditional EC nomenclature, because it is based on elementary reaction steps of every enzymatic
reaction.
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