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ABSTRACT

LIGAND is a composite database consisting of three
sections and containing the information of chemical
substances, chemical reactions and enzymes that
catalyze reactions. The COMPOUND section is a
collection of metabolic compounds, as well as macro-
molecules, chemical elements and other chemical
substances in a living cell. The ENZYME section is a
collection of all known enzymatic reactions, together
with the information of enzyme molecules, classified
according to the EC (Enzyme Commission) numbers.
The REACTION section is a new addition to the
database containing metabolic reactions that appear
in the pathway diagrams of the KEGG/PATHWAY

ORGANIZATION OF THE DATABASE

LIGAND is constructed as a flat-file database consisting of
COMPOUND, ENZYME and REACTION sections. The
REACTION section is a new addition containing the information
on chemical reactions that appear in the KEGG/PATHWAY
database?) and/or in the ENZYME section. At the moment,
LIGAND is defined as a composite database of the ENZYME and
COMPOUND sections, i.e., ligand = enzyme + compound, under
the DBGET/LinkDB systemt) of the Japanese GenomeN®t (
The third REACTION section is available only through anony-
mous FTP. The number of entries in the current release is
summarized in Tablg.

Table 1.The number of entries in release 18.0 (October 1998) of the
LIGAND database

database and/or in the ENZYME section. The LIGAND
database can be accessed through the WWW

. . Secti ]
(http://Awww.genome.ad.jp/dbget/ligand.html ) or may YR N Rumber
be downloaded by anonymous FTP (ftp://kegg. Entries with chemical formulac 3,650

H H Entries with molecular structures 4,747
genome.ad.jp/molecules/ligand/ ). ke NPV ME 4566
Links to ENZYME as reactants 4,394

Links to ENZYME as cofactors 83

INTRODUCTION Links to ENZYME as inhibitors 154
Links to ENZYME as effectors 33

Life is a manifestation of both genetic and chemical information. f——— L o CAS e
While the genetic information is accumulated in the existing Entries with reactions in chemical equations 2906
molecular sequence databases, the chemical information has npt Links to KEGG/PATHWAY (metabolic pathways) 1718
. . Links to KEGG/GENES (gene catalogs) 1,096

been well organized for the purposes of understanding cellulal Links to OMIM (human genetic disorders) 439
functions. LIGAND () is a chemical database to fill in the gap, | Links to PROSITE (proteins sequence motift) 954
especially for the metabolism in living cells. LIGAND is tightly | O | o e in ENZYME Yo
integrated with the KEGG/PATHWAY and KEGG/GENES Reactions with known enzymes in KEGG/PATHWAY 3.387
Reactions with unknown enzymes in KEGG/PATHWAY 283

databases?j and cross-referenced to many other molecular Non.cnzymatic reactions in KEGG/PATHWAY* 00

biology databases.
The original LIGAND database was designed for the sequence«\on-enzymatic reactions include reactions that are not known

ana|ySIS Of enzymeS?)X, a.nd |t was |atel‘ expanded as the whether enzymes are involved in Cata|ysisl

ENZYME section of LIGAND. The information in the

ENZYME section is a mixture of enzyme molecules and Similar to the data formats of PIR)(and GenBankg) flat

enzymatic reactions. Since the initiation of the KEGG projget ( files, a fixed number of columns are assigned to specify each field

we started computerizing the information on chemical substancets an entry. Table® and 3 show the field identifiers and the

in the COMPOUND section of LIGAND in order to make acorresponding data contents for the COMPOUND and ENZYME

catalog of chemical building blocks of living cell§.(Recently  sections, respectively. The COMPOUND section contains the

we added a new section, REACTION, that is intended to representormation on chemical compounds with links to the KEGG/

the actual reaction pathways for computational purposes. VIRATHWAY database and the ENZYME section. An entry in this

report here the current status of the LIGAND database and thection is associated with the 2D molecular structure in a GIF

addition of the REACTION section. image file and in an MDL-MOL file with stereochemistry, both
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Table 2. The data content of the COMPOUND section Table 4. An example of the REACTION entry
Field i Data content DBGET/LinkDB Reaction ID RO1502
ENTRY Cor‘npound acce'ssmvn nun'1h_er o All related databases Description C00197 + C00002 <= C00236 + C00008
NAME Rcwmmc(:indcd and alternative names of the (3-Phospho-D-glycerate + ATP <—> 3-Phospho-D-glyceroyl
compoun:

phosphate + ADP )

Link to ENZYME 2.7.2.3 (Phosphoglycerate kinase)

Link to KEGG/PATHWAY [ map00010 (Glycolysis/Gluconeogenesis)
map00710 (Carbon fixation)

FORMULA Chemical formula of the compound

STRUCTURE | GIF image of the molecular structure (MDL-MOL
format file is also available)

PATHWAY KEGG metabolic pathway diagrams in which the PATHWAY
compound appears

ENZYME Enzymatic reactions (EC numbers) in which the ENZYME
compound appears . . . . .
DBLINKS CAS registry number example of how the information is organized in the REACTION

section.

While the reactions extracted from the ENZYME section
always have fixed EC numbers, the reactions extracted from the
KEGG pathway diagrams do not necessarily have EC numbers

Table 3.The data content of the ENZYME section

Field Data content DBGET/LinkDB H H
TRy Ty Weniior (5C namben T i s e|ther because the EC numbers are not yet aSS|gned or bepause th
NAME Recommended and alternative names of the enzyme reaction is non-enzymatic. Thus, the reaction data in the
CLASS | Description of the EC numbering classification REACTION section are classified into three groups according to
SYSNAME Systematic name of the enzyme . . . .
REACTION | Chemical reaction in the form of an equation or an the EC number and its extension. The first group is for the
T E:glishs;mm - 1 T reactions that are catalyzed by specific enzymes described in the
; i o . ¢ ed by S[ )
PRODUCT | the lot and right sides o;m:*’:;‘;z;;fg;;:;g; on ENZYME section. A reaction in this group has a valid EC number
INHIBITOR | Chemical compounds that act, respectively, as COMPOUND with four numerals separated by periods. The second group is for
TGO | niibitors, cofactors, and effectors of he reaction the reactions that are catalyzed by enzymes not described in the
COMMENT | Text information commenting on the enzyme ENZYME section. An EC number is not yet assigned to the
PATHWAY KEGG metabolic pathway diagrams in which the PATHWAY enzyme by the Enzyme CommISSIOn and KEGG tentatlvely
enzyme appears J . . . .
GENES Gene names that encode the enzyme for the GENES assigns an EC number with a minus sign in place of the fourth
organisms in the KEGG/GENES database digit, such as ‘1.1.1.—". The last group is for non-enzymatic
DISEASE Human genetic disorders caused by lack or OMIM - . ’
mutation of the enzyme in OMIM (12) reactions that are represented by the EC number ‘0.0.0.0". The
MOTIF Protein sequence motifs in PROSITE (13) PROSITE numbers of reactions classified in the second and the third groups
STRUCTURES | Protein 3D structures in the Protein Data Bank (14) | PDB .
DBLINKS Bairoch's ENZYME database (15) are shown n the last two rows of Talle ) ) _
m ég})) o . . The reaction data can be used for computing possible reaction
Oy oD rocatlysis/Biodegradation Database pathways, which is especially useful in the pathway reconstruc-
BRENDA (10) tion process from the completely sequenced gencthdof this
SCOP structural classification of proteins (17)

purpose, each reaction is converted into a set of substrate—product
binary relations11). For example, the reaction in Tadlevould

. . . . roduce four binary relations. In practice, however, it is desirable
of which can be retrieved in the WWW. The entries in thgq exclude coenzymes, donors and acceptors of phosphates or
ENZYME section contain three types of information. First, th&yjecirons in order to obtain only the main routes of reaction
cIaSS|f|pat|on and nomenclature of enzymatic reactions are 9V8RAthways and to avoid the explosion of computation time and
according to the Enzyme Nomenclature by the IUBMB (Internagnace Thus, we prepare another set of reaction data, tentatively
tional Union of Biochemistry and Molecular Biology) Nomen- s e reaction.main, to represent major compounds along the

clature Committee9). Second, the information of chemical yegg pathways. In the case of the reaction in TbATP and
substances that are relevant to the reaction is organized accoraigp 5re omitted in the reaction.main data.

to the Enzyme Handbook (), textbooks and journal articles as rigyre1 shows the result of actually using the reaction.main
well as the Enzyme Nomenclature. Third, the information Ofiaia” and computing possible reaction paths from 3-phospho-
.enzyme.molecules. is given as links to other databgase_s. The lig} lycerate (C00236) to 3-phospbeglyceroyl phosphate
information shown in the third columns of Tallted3 is highly (00197 of Table. Figurela shows the shortest path, which is
integrated in the DBGET/LInkDB system where, for exampley,e reaction catalyzed by phosphoglycerate kinase (EC 2.7.2.3).
links computed from muitiple and/or reverse links can bgjgre1h shows an alternative path, which uses two enzymes.
retrieved from the entry identifier in the ENTRY field. Figurelc is a graphical view summarizing all alternative reaction
pathways. This path computation tool is available in the KEGG
REACTION section system  (http:/Mmww.genome.ad.jp/kegg-bin/mk_pathcomp_html ).

The REACTION section is newly added in the latest relea(sééve also note that this type of computation is also applicable to

-“analyzing possible gene regulatory networks from gene—gene
g%gf:r?r? gla7§% c‘:]#elzxﬁn}cgaglz)q%fatt?;n #é?rﬁg?n?ﬁéagssze\}@éﬁgi nary relations obtained from expression profile experiments.
and/or a reaction in the KEGG/PATHWAY databa®eq given
a unique accession number and stored in this section. BecauseAllESS TO THE DATABASE
KEGG/PATHWAY database consists of graphical diagrams
representing known metabolic pathways and includes marihe LIGAND database is accessible through the WWW at:
reactions that are not described in the ENZYME section, it wdstp://www.genome.ad.jp/dbget/ligand.html . The user can then
not readily possible to extract the information of substrateénvoke the DBGET/LinkDB system to retrieve the COMPOUND
product relations in successive reactions. Tablshows an and ENZYME sections or enter the KEGG system to view and
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Figure 1. The result of pathway computation between two compounds of Table 4 by using the binary relatiantdatsh@rtest pathb) an alternative path; and

(c) a graphical view of all possible reaction paths.

search different representations of the LIGAND database includ3
ing the hierarchical classifications of enzymes and the perlodlc
table for chemical elements.

The LIGAND database can be downloaded via anonymous FTI§
at: ftp://lkegg.genome.ad.jp/molecules/ligand/ . This directoryg
contains all sections, COMPOUND, ENZYME and REACTION, 7
including the GIF image files and MDL-MOL files for compound
structures. The same data set is mirrored at the NCBI repositor)é:
ftp://ncbi.nim.nih.gov/repository/LIGAND/

The basic concept of the LIGAND database has been publisheg
elsewhere 1). The present article reflects the most up-to-date
version of the database and should be cited accordingly.
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