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Significantly, the ability of standard NOD T-cels rT'J /I(H[s]] to transfer DDM (153(5]) to the Emv30null NOD-scid [(IE IS REF2(F) stock was not
impaired.(ABSTRACT TRUNCATED AT 250 WORDS) The relative importance of insulin_resistance (- > 2 J »{Z{1/%] and abnorma) insulin {-f > X Y /] secretion as
risk_factors (fEBEF[s)] for the development of non-insulin-dependent_disbetes_mefitus (250817} (NDDM [2EQUR1)) is still controversial
Few data are available on insulin [f > X ') /] secretion as a risk_factor [{ZBEF) for the development of NIDDM [2E.(3f3]), especially in subjects with normal @cose l7
A 3—2] tolerance.
We examined the relation of fasting insufin {1 2 XY /] (as a marker of insulin_resistance [« > XY /{351{€]) and the ratio of change in insulin [ > A Y >/] 1o change in
glucose {7l 3~ X] during the first 30 min after glucose (/)L J—2X] ingestion {(delta 130/defta G30) (as a marker of insulin [-f R J /] secretion) as predictors of the
7T-year development of NIDDM [2% [1£313] in 714 initially nondiabetic Mexican-Americans.
NDDM [25:(3F3{] developed in 99 subjects. ,
The retative_risk [fZBY]) of NDDM {20:(1Fi(3) increased with higher quartiles of fasting insulin [« > A" >/} (quartile 1 [low], 1.0; quartile 2, 1.5; quartile 3, 2.0; and quartile 4
[high}], 3.7; P < 0.0001) and lower delta [30/defta G30 (quartile 1 [low). 6.9; quartile 2, 1.9; quartile 3, 1.1; quartile 4 [high), 1.0; P < 0.001). ‘
Subjects with both increased fasting insufin [-f > X Y 3/] and decreased delta 130/detta G30 had independent increases in NIDDM [2[5:05217] incidence [R4%] (P <
0.001).
Further. when we stratified subjects by baseline glucose {77/L3— 2] tolerance, both increased fasting insulin [-f > X YJ /] and decreased deita 130/defta G30 significantly
predicted NDDM [25:{2{]] in subjects with both impaired and normal glucose (7). 3— X] tolerance at baseline. !
We conclude that both decreased insulin {1 A ') /) secretion (as assessed by low defta 130/detta G30) and increased insuin_resistance [ > A Y >{341i¢]) (as assessed |
by fasting insufin {1 > 2" >/]) predict the development of NIDDM [2E(3314] in Mexican-Americans, a group previously characterized as having hyperinsufinernia (37> |
A ') £E) and insufin_resistance [« > X 1351E)(ABSTRACT TRUNCATED AT 250 WORDS) Diabetes [(3£3(7) is the smg!e largest cause of end-stage_renal_disease [{3 |
&TJ7R2] (ESRD [{¥E1IR2L)) in adults in the US. '
Insufin-dependent_diabetes_mefiitus [1£:(0£3(]) (DDM {15:CIEYF)) has been recognized for some time as an important cause of ESRD [{J{&TJR2], but i
non-nsufin-dependent_diabetes_mefitus [25:{3£1(] (NIDDM [2E:(IE4]]) has been assumed, until recently, to rarely cause ESRD {{Y¢{JR2).
The objective of this study is to determine the incidence [R4£ ) of treatment of diabetic ESRD [{3{£{J4£) by diabetic type for three ethnic/racial groups: non-Hispanic
whites, African-Americans. and Mexican-Americans.
A population-based incidence [f4 %) cohort was assembled from 2l dialysis [#Etf) centers in Bexar (San Antonio) and Dallas counties in Texas.
All patients with diabetic ESRD [{2&{JR£] beginning dialysis [ {f) between | December 1887 (Bexar) or 1 December 1988 (Dallas) and 31 July 1991 were identified.
Individuatls were confirmed to have diabetes [(3£%(]] using the World Health Organization criteria.
Diabetes [(1£) typing was done using a computerized historical algorithm.
Age-specific and age-adjusted incidence |4 %] rates were obtained by diabetic type and ethnic/racial group.
NIDDM [25,(3[%(7] causes the majority of diabetic ESRD [{(HETJFR2]: 59.5% for non-Hispanic whites, 92.8% for Mexican-Americans, and 84.3% for African-Americans.
Mexican-Americans and African-Americans, respectively, have 6.1 and 6.5 times higher incidence [S4 %] of treatment for diabetic ESRD [{}{2{J%2] than non-Hispanic
whites.
NDDM [25.(3F27] results in more ESRD [{}21T15 €] than does IDDM {1{C0/317].
Minorities (African-Americans and Mexican-Americans) are at increased risk, and programs aimed at prevention of NIDDM [25.0F{4]related ESRD ({Y':{7R 2] must
focus on them,
It is not known whether the insufin [-f > A ) >]-induced changes in the skeletal_muscle ({1315] glucose [/}l 3—2X] transport system occur under physiological
circumstances.
To clarify whether, by which mechanisms, and for how long skeletal_muscle [78/5) glucose [/l 3 — 2] transport activity is increased after an oral ghucose [/l 31— 2]
foad (OGL). we prepared plasma_membrane [#53E7) (PM) and microsomal membrane (MsM) vesicles from hindimb {{25] muscles of Sprague-Dawley_rats [SD 7 < M s])
either in the fasting state or 30, 60. 90, or 120 min after an OGL (2 g/kg body wt)
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The development of novel drug database describing molecular

pharmacological knowledge
Ito Etsuko Kaneko Shuji

Graduate School of Pharmaceutical Sciences, Kyoto University

We have developed a novel drug database describing sites and modes of action from molecular pharmacoloical point of
view. About 18,000 drug names were collected from JAPIC, JAN, ATC, KEGG and MeSH databases and rearranged to a
synonym table listing 2,800 active chemical compounds. The sites of action were assigned to one or few target molecules
described with MeSH descriptors and RefSeq genes. The mode of action for each interaction was described with simle
descriptors, such as ‘inhibition’ and 'activation'. As a result, the modes of drug ation were assigned to approximately 70% of
active compounds to 500 target molecules. The molecular pharmacology database will be of useful for constructing medical

ontology.

Keywords: pharmacological action, ligandp, ontology, drug name
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ABSTRACT

G-protein coupled receptors (GPCRs) represent one
of the most important families of drug targets in
pharmaceutical development. GLIDA is a public
GPCR-related Chemical Genomics database that is
primarily focused on the integration of information
between GPCRs and their ligands. It provides
interaction data between GPCRs and their ligands,
along with chemical information on the ligands, as
well as biological information regarding GPCRs.
These data are connected with each other in a
relational database, allowing users in the field of
Chemical Genomics research to easily retrieve
such information from either biological or chemical
starting points. GLIDA includes a variety of simi-
larity search functions for the GPCRs and for
their ligands. Thus, GLIDA can provide correlation
maps linking the searched homologous GPCRs
(or ligands) with their ligands (or GPCRs). By
analyzing the correlation patterns between GPCRs
and ligands, we can gain more detailed knowledge
about their conserved molecular recognition pat-
terns and improve drug design efforts by focusing
on inferred candidates for GPCR-specific drugs.
This article provides a summary of the GLIDA
database and user facilities, and describes recent
improvements to database design, data contents,
ligand classification programs, similarity search
options and graphical interfaces. GLIDA is publicly
available at http://pharminfo.pharm.kyoto-u.ac.jp/
services/glida/. We hope that it will prove very
useful for Chemical Genomics research and GPCR-
related drug discovery.

INTRODUCTION

The family of G-protein coupled receptors (GPCRs)
represents one of the most important classes of pharma-
ceutical targets (1). Among the more than 1000 GPCRs
encoded in the human genome, more than 400 are of
potential therapeutic interest (2). Currently the drugs
available on the market address only 30 GPCRs, which
represent a small fraction of the GPCR target family.
A large majority of human-derived GPCRs still remain
promising drug targets, and thus a key goal of GPCR
research related to drug design is to identify new ligands
for such target GPCRs.

With the unprecedented accumulation of genomic
information, databases and bioinformatics have become
essential tools to guide GPCR research (3). The GPCRDB
(2) and TUPHAR receptor database (IUPHAR-RD)
(4) are representatives of widely used public databases
covering GPCRs. These databases, which provide sub-
stantial data on the GPCR proteins and pharmacological
information on receptor proteins containing GPCRs, are
mainly focused on biological aspects of the GPCR gene
products or proteins. In spite of the significance of ligand
compounds as drug leads, the relationships between
GPCRs and their ligands and/or chemical information
on the ligands themselves are not yet fully covered.

On the other hand, there is increasing interest in
publicly collecting and applying chemical as well as -
biological information in the post-genome era (5-8).
This new trend is called ‘Chemical Genomics’, and it
aims to identify all possible chemical ligands and drugs for
all targets families (9,10). There is a vast amount of
information on the interactions between small molecules
and proteins/genes. However, compound—protein interac-
tions have not yet been analyzed on a large scale, and
there are no effective methods to extract meaningful
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information from the data in a comprehensive manner.
Therefore, we need to integrate chemoinformatics and
bioinformatics into a common computational platform
for mining of Chemical Genomics data (11).

GLIDA (GPCR-Ligand DAtabase) is a public GPCR-
related Chemical Genomics database designed to simulta-
neously mine biological information on GPCRs and
chemical information on their ligands. It provides various
analytical data regarding GPCR-ligand correlations by
incorporating bioinformatics and chemoinformatics tech-
niques, and thus it should prove very useful for GPCR-
related drug discovery from the viewpoint of Chemical
Genomics research. There have been several major
improvements to GLIDA since it was last described in
Ref. (12): (i) there are more increments in the entries of the
ligands and the corresponding ligand—GPCR pairs; (ii) the
ligands are originally classified using a new strategy;
(iii) additional options are available within the similarity
search program for the GPCRs and ligands and (iv) the
graphical interface to display the correlation maps
between GPCRs and ligands has been enhanced.

DATA CONTENTS

GLIDA contains three types of primary data: biological
information on GPCRs, chemical information on their
ligands and information on binding of the GPCR-ligand
pairs. The GPCR entries were acquired from human,
mouse and rat entries deposited in the GPCRDB because
these three species include sufficient information regarding
ligands, and rats and mice are representative model
animals used in drug discovery research. The ligand-
binding information was manually collected and curated
using various public web sites and commercial databases
such as the IUPHAR-RD, PubMed (5), PubChem (5),
DrugBank (13), Ki Database (14) and MDL ISIS/Base
2.5. Table 1 indicates the size and scope of the GLIDA
database. In particular, we have dramatically expanded
the entry number of ligands and the corresponding
ligand—-GPCR pairs. The latest GLIDA version includes
24077 ligand entries and 39140 GPCR-ligand pair
entries, representing nearly 35-fold and 20-fold increases,
respectively, since the last publication of GLIDA in 2006.
The total number of GPCR entries remains unchanged,
-but entries with associated ligand information have
increased slightly, suggesting that it is difficult to
de-orphan the GPCRs whose ligands have not yet been
identified (15).

GPCR and ligand data

The database lists general information on GPCR and
ligand data, respectively. The general information table
listing GPCRs contains gene names, family names, protein
sequences (in fasta format) and links to other biological
databases, such as GPCRDB, UniProt (16), IUPHAR-
RD, Entrez Gene (17) and KEGG (18). The ligand result
page provides a general information table containing
names, molecular structures, CAS registry numbers,
formulas, molecular weights, structure files and links to

Table 1. The current numbers of GLIDA ligands and GPCRs and their
respective links.

Information item Number of entries

GPCR entries 3738
Links to Entrez Gene 3073
Links to GPCRDB 3738
Links to UniProt 3738
Links to IUPHAR 446
Links to KEGG 595

Ligand entries 24077
Cas registry number 2425
Molecular structure 23216*
Links to PubChem 1821
Links to ChEBI 103
Links to KEGG 664
Links to DrugBank 479
Cluster number 300°

GPCR-ligand pair entries 39140
GPCR entries 410
Ligand entries 24077
Activity

Agonist 8305
Full Agonist 2325
Partial Agonist 262
Antagonist 28132
Inverse Agonist 116

*Molecular structures consist of MDL MOL files and original files
converted into KEGG atom types. The numbers of MDL MOL files
and KEGG-type files are 23216 and 23214, respectively. PCA
calculation was performed for 23214 KEGG-type files.

This cluster number (300) is different from the number of the
selected principal components (314). No compounds were assigned to
14 principal components.

PubChem, KEGG, ChEBI (8) and DrugBank that are in
publicly available chemical databases.

Information on binding of GPCR-ligand pairs

The interaction information relating GPCRs to particular
ligands, a key issue for GPCR-related drug discovery, is
deposited in a relational database. GLIDA allows users to
retrieve GPCR~ligand-binding information dynamically
and continuously. When users retrieve a GPCR (or ligand)
entry, its result page displays all entries showing the cor-
responding ligands (or GPCR) entries with their binding
activity types, as well as references. The references are
hyperlinked with the corresponding PubMed literature.
The activity types include agonist, antagonist and full,
partial or inverse agonist (Table 1). Here the detail
annotations such as full, partial or inverse agonist are
not finished yet. The ligands classified as agonists are
possible full agonists or partial agonists. Inverse agonists
can be also contained among the antagonists.

WEB INTERFACE AND APPLICATION

GLIDA is available at http://pharminfo.pharm.kyoto-u.
ac.jp/services/glida/. The web interface of GLIDA includes
a GPCR search page (Figure 1a) and a ligand search page
(Figure 1b). Each page consists of a classification menu
and a keyword search box. The users can search a
GPCR (or ligand) manually using the classification tool,



