JCGGDB PACDB - Pathogen Adherence to Carbohydrate Database

The Pathogen Adherence to Carbohydrate Database (PACDB) was created by Research Center for Medical Glycoscience
(RCMG) and released in March 2010. This database is supported by Ministry of Education, Culture, Sports, Science and
Technology (MEXT) as part of “Life Science Integrated Database project”.

At present time PACDB provides information on about 370 strains of 127 microorganisms, and about 1700 lectin-glycan
interactions, such as binding or not binding. Also, the PACDB provides information on 97 infectious diseases in which the
interaction between adherence molecules of infectious agents and glycan ligands of the host cells plays an important role in
the disease pathogenesis. All of the information for the creation of this database was obtained from the 214 scientific articles.
The Web-based user interface was created and released and now available at http://jcggdb.jp/search/PACDB.cgi.
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jCGGDB PAConto ontology - RDF representation of the PACDB data and Ontology of

Infectious Diseases known to be related to Glycan Binding

The Pathogen Adherence to Carbohydrate Database (PACDB) was developed by the Research Center for Medical
Glycoscience (RCMG) and released in March 2010. Being the members of the “Life-Science Database Integration Project” of
National Bioscience Database Center (NBDC) of Japan Science and Technology Agency (JST), we decided to organize PACDB
information and enrich its content by integration with other biomedical resources. We designed and developed the ontology,
called PAConto. In addition to the ontology, we developed a system with a user interface, using which the users can retrieve
and search information from PAConto. This SPARQL-based user interface and RDF files for PAConto are available at
http://acgg.asia/db/diseases/pacdb. We hope that this PAConto ontology with PACDB database will help the users to better
understand the etiology, pathogenesis and manifestations of the diseases known to be related to glycan binding.

Ontologies for genetic and infectious diseases known to be related to glycan
metabolism and glycan binding

Glyco-Disease Genes Database (GDGDB) and Pathogen Adherence to Carbohydrate Database (PACDB) were
developed by the Research Center for Medical Glycoscience. With the purpose to organize their information and
enrich their contents with data from other resources we designed and created GGDonto and PAConto
ontologies, respectively. These ontologies are based on the semantic web technologies and represented in RDF.
‘We hope that these ontologies and databases will help the users to better understand the etiology, pathogenesis
and manifestations of the diseases known to be related to glycan metabolism and glycan binding.

GGDontoe ontelogy

Genetic Glyco-Diseases Ontology (GGDonto): Ontology of Genetic Diseases related to Glycans
GDGDE ontology

RDF representation of the data from the Glyco-Disease Genes Database
PAConto ontology

Ontology and RDF representation of the data from the Pathogen Adherence to Carbohydrate Database

| Introduction | GGDonto & GDGDB ontologies | PAConto ontology | Link to databases

PAConto ontology
Web page in that the RDF files and the
user interface are provided

User Interface

@ SPARQL-based

RDF and documentation files

= Ontology description and definition of classes and properties in RDE/XML
= Ontology description and definition of classes and properties in RDF /Turile
= Data in RDF/XML

= Documentation in Microsoft Word

g AIST 7 Copyrisht @ 2015 ACGEDE & AIST. Al Rights Reserved ./

—<rdf:RDF xml:base="httn.//jcgadb.jo/rdf/diseases/paconto-schema >
<{!— Ontology u’esonpnm -
—<owl-Ontology rdfabout=" http //jegedb jn/ rdf/diseases/ paconto schema”>
<owlversionInfo xmllang="en">v.1 K fowl:versionlnfo>
—ddct:title xmllang="en">
Pathogen Adherence to Carbohydrate DataBase (PACDE) and Ontelogy (PACento)

RDF file:
paconto-schema.rdf

{Sdettitle>
—<dctdescription xmllang="en">
PACornte is the ontology and RDF represertation of the data from the Pathogen Adherence to Garbohydrate Database (PAGDE)
PACDB was created by Research Center for Medical Glycoscience (RGMG) and released in April 2010, PACDB provides information
on about 1700 lectin-ghycan interactions. Also, the PACDEB provides information on pathogenic microorganisms, glycan ligands, and on
about 100 infectious diseases, in the pathogenesis of which the interaction of microbial ghycan-binding proteins and glycans with host
ghrcan ligands plays an important role
</dct:description>
—<dctsource xmllang="en">
Pathogen Adherence to Carbohydrate DataBase (PACDB). http://jczgdh jp/search/PACDE.cal
</dctsource>
—<det:contributor xmllang="en">
MNational Institute of Advanced Industrial Science and Technology, Biotachnology Research Institute for Drug Discovery, Glycosciance
and Glycotechnology Research Group
</dctcontributor>

<dctcreator xmllang="en >Elena Solovieva</dctcreator>
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JCGGDB PAConto ontology

Internal and external sources of information

We designed and developed the ontology, called PAConto. This
ontology is based on the Semantic Web Technologies and
represented in Resource Description Framework (RDF) format.
Using Semantic Web Approach with Web Ontology Language
(OWL), Simple Knowledge Organization System (SKOS) and RDF
standards, we described semantics of PACDB data, enriched this \
data with additional various classifications, and linked PACDB

data with related biomedical resources.

—

{ RDF representation of the PACDB data

-

Database provided by the AIST:
Pathogen Adherence to Carbohydrate Database

eacos
PACDB provides information on about 120
microorganisms, and about 90 infectious diseases in
which the interaction between adherence molecules of

infectious agents and glycan ligands of the host cells
plays an important role in the disease pathogenesis.

Link information to internal and external

information resources
m

Vs

Database provided by the AIST:
Structures and substructures of glycans

T e
Ve
e

External information resources used to

create the classifications
/\\

JCGGDB

(Glycan ID, Motif ID)

e Classifications
. Internal information resources:
Scientific literature used to Information resources used to ‘ / GlycoEpitope database
create the classification of create the classification of .
Lectins Diseases and Target Sources ‘ ‘ /“ ‘/ \‘ GlycoEpitope DB
—_ 1

Scientific literature _J I
_ \ UMLS External information resources:

MonosaccharideDB database
NCBI Taxonomy

UMLS - Unified Medical Language System
MeSH - Medical Subject Headings vocabulary NCIT —"
NCIT - National Cancer Institute Thesaurus

MonosaccharideDB
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jCGGDB PAConto ontology

Structure of the ontology

Features of this ontology

{ On the basis of the scientific literature, we described semantics of PACDB data by adding various classifications, such as classifications of
pathogenic microorganisms (pathogens), microbial glycan-binding proteins, target sources and host glycan ligands.
o PACDB database is the database created on the basis of the references in which the data are based on biological experiments. Since the data

obtained from these experiments are numerous and complicated, PAConto ontology has the complicated structure.

Microorganisms: Causes Diseases:
Disease Names, Disease class, In

Scientific name, Strain Name, NCBI
Taxonomy Id, and etc. / diseases classification, and etc.

Species \\ Caused by

127 concepts for species <—
372 concepts for subspecie

Diseases
97 concepts

Tropism (tissue/cell tropism of
the microorganism)

] References:

acon: ri InRef
[p i el il Title of Journal, Title of Article,

p—

Occur in organism

. . Article Information,
(occurrence of microbial Target Tissues and Cells: k PACDB reference Id, and etc
lectins in microorganism) Biological source name, Target Sources ! )
/ Target classification, and etc. 225 concepts References
214 concepts
Lectins:
Pathogen Adherence Molecule Name, Pathogen || |hteraction (Lectin—carbohydrate interactions)
Adherence Molecule Genomic Name, and etc. (glycan recognition by microbial lectins) [ pacon:inBioSource ]

(from PACDB: the interaction of microbial lectins
with glycans - Binding / Not Binding)

Lectins
741 concepts

Glycans
402 concepts

f

Affinity (The affinity of sugars to lectins)
(from PACDB: the interaction of microbial lectins Carbohydrate Ligands:
with glycans - Binding / Not Binding) Carbohydrate Ligand Name,
JCGGDB Glycan ID,

Epitope ID, and etc.

[ pacon:pathAdherMolForm ]

Lectin forms
26 concepts

Classification of microbial glycan—binding proteins
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Top Page of PAConto User Interface

JCGGDB

Changing the Layout of
the List of

http://acgg.asia/db/diseases/pacdb

Text searching

ACGG-DB Pathogen Adherence to Carbohydrate DataBase (PACDB) and Ontology (PAConto) A

\
445 List of Microorganisms

= sorted by: ScientificName and StrainName; then by + (¥ grouped as sorted =

Microorganisms

Menu for changing the
layout of the list
Different layout of the list
(grouped and ungrouped)

List of Pathogenic
Microorganisms |
Number of items
in the list

S TSN NN SN NN NN SN NN EEEEENNNEEEEEENEEEEEEEEEEEEEEEEEEEEEEEE

Actinobacillus plenropueumoniae (2)

1. Actinobacillus pleuropneumoniae serovar 1str. 4074 (strain)

[Pathogen Adherence Molecules] LPS

2. Actinobacillus pleurapneumoniae serovar 2 str. 4226 (strain)
[Pathogen Adherence Molecules] LPS

Actinomyces naeslundii (23)

TOP

Search

"

PACDB provides information about the diseases, in the pathogenesis of which the interaction of microbial glycan-
binding protetns and glycans with host glycan ligands plays an important role.
‘(sys_muh) Classification of Diseases by Systems using MeSH (Medical Subject Headings) vocabulary
(atiog mest) ClssificatonofDiseses by Patogens eing MeSH
‘(am.m_msh) Classification of Animal Infectious Diseases using MeSH

Diseases Classifications
(sys_mesh) Diseases by Systetns b
(pathog_mesh) Diseases by Pathogens »
(anim_mesh) Animal Infectious Diseases )

*Diseases Classifications

* Species

* Microbial Glycan-Binding Proteins
Types

* Glycans and Glycoconjugates Types

* Glycoepitopes

Facets sets: Faceted browsing and filtering

* Monosaccharides (mainly for the mono- or disaccharide ligands and glycoepitopes)

* Structural Features of Carbohydrate Ligands

(others) H
1. Actinomyces naeslmdii - E
[Pathogen Adherence Molecules] bactertal glycan-binding proteins:Unknown and fimbriae:Type 2-fimbrize H
Diseases H
2. Actinomyces naeslundii ATCC 12104 (strain) o .
[Pathogen Adherence Molecules] bacterial glycan-binding proteins Unknown and fimbriag: Type 2 fimbrial lectins (130-kDa glycoprotein) H (et A H
iseases] Stomatognathic Disease/Oral Infection and Stomatog . . Acquired Immunodeficiency Syndrome (AIDS) H
( Dl ool g‘i“‘ To detailed Information about o :
3. Actinomyces naeslundii genospecies 1 str. B-1-Li (strain) . . . . . = H
[Pathogen Adherence Molecules] fimbriae Type 2-fimbrize M Icro b 1a I G I yca n- B n d In g P rotein Amebic Dysentery .
g Vi
4. Actinomyces naeslundii genospecies 1 str. B-2-G (strain) an d H OSt G cha n L| ga n d Atrophic Gastrtis H
[Pathogen Adherence Molecules] fimbriae Type 2-fimbriae H H - E
5. Actinomyces naeslundii genospecies 1 str. P-10-A (strain) H E - E
[Pathogen Adherence Molecules] fimbriae: Type 2-fimbriae . H pecs E
- H Bactersa » H
. H Eukaryota » E
* Diseases . . Vimuses )
- Target sources (othery
* Pathogen Adherence Molecules : :
E . Target sources H

. E Disease, Disorder o Finding A E v
L 5 -
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°
JCGGDB Detailed Information about Microbial Glycan-Binding Protein and Host /{
Glycan Ligand that correspond to one Lectin-Glycan Interaction

ACGG-DB Pathogen Adherence to Carbohydrate DataBase (PACDB) and Ontology (PAConto)

“Diseases ¥ Stomatognathic Disease / Oral Infection E
(PO L o2 or i o R

R A A A A A A A A A A A A A A A A A R A A A A A R A R AR A A AN AN AR AR AR ERANEENEENEENEARsEEsEEsEEaEssEsamesmssmssssssssnsssssesa TOP

gG]ycans and Glycoconjugates Types 1 Monosaccharides ] Glycoepitopes ] Structural Features of Carbohydrate Ligands u
E Glycoconjugates » D-Neup3Ac e 2-3 Bialylparagloboside Fucosylated E
5 0 Baccharides » Fuc Agialo GM1 Sialylated » E
Gal v Blood Group A Type 1 v (others) .

4 1 List of Interactions between Glycan and Pathogen Adherence Molecule.

= sorted by: PACDB_REF_ID; then by. ) grouped as sorted .

PACDB REF.ID 47 PMID 2358461 Pathogen Adherence Molecule bacterial glycan-binding proteins:Unknown imdi X
Ligand Name A6 type 2 glycosphingolipid (A6-2) Target Source Dog =mall intestine
Glycan Sequence  GallNAc(al-3)[Fuc(al-2)]Gal(b1-4)GlcNAc(b1-3)Gal(b1-4)Gle(bl-1)Cer
Ligand Features Oligoglycosylceramides / Fucosylated Epitope Blood Group A Type 2 not b i n d i ng
GLYCAN ID (JCGGDB) JCGG-STR009061 MOTIF ID (JCGGDB) JCGG-MOTIF4107

e D —
‘ajéos—as—@s—@s— BOs—me— binding

Blood Group AType 2 \

TPacoBREE. D 0 PMID 2338461 Pathogen Adherence Molecule  bacterial glycan binding proteins-Unknowm @
To detailed Information about Microbial Target Source  Mouse small intestine
Glycan-Binding Protein and Host Glycan Ligand
that correspond to one Lectin-Glycan Epitope Asialo GM1
Interaction obtained from selected Article MOTIF ID (JCGGDR) JCGG-MOTIF4037
OB—F18—40B—@5— OB—F18—40)p—@p—Ceramice

PACDE REF. ID PMIL Binding ./
* PACDB Refference ID * PMID = Pathogen Adherence Molecule * Binding = Ligand Name /
Lignd Namefl|l 2scloGh] " Target Source * Ligand Features = Glycan Sequence * Epitope * JCGGDB-ID
* MOTIF-ID(on JCGGDB) - Size of Glycan
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and Host Glycan Ligand that correspond to one Lectin-Glycan
Interaction obtained from selected Article

j C G G D B Detailed Information about Microbial Glycan-Binding Protein

ACGG-DB Pathogen Adherence to Carbohydrate DataBase (PACDB) and Ontology (PAConto) N

M
Reference Microbial recognition of human cell surface glycoconjugates. Curr. Opin. Struct. Biol. 2008 Oct;18(5):567-76 =

PMID 18809496 E
s NN NN NN NN NN AN NN NN EE NN NN EEENEE NN NN NNEEENAENNEENNEENNEENNEENEEEEEEEEEEER
"N NN NN NN SN NN NN SN NN NN NN NN NN NN NN NN NN NN NN NN NN NSNS E NN NSNS E NSNS E NN NN NN NN NN NN NN NN NN NN NN NSNS NN NN NSNS E NN NN NN NN NN NN NN NN NN NSNS NN NN NSNS NN NN NN NENSENEENEEEEEEEEEEEE T

:El Species [ Strain [E Lectin Type [=] Lectin Name [ Ligand Type [ Ligand Name E :
é Clostridium tetani A Influenza A virus o bacteria adhesins N Capsid proteins A Glycoconjugates ~ Blood group A antigen o~ E
4 Escherichia coli v Influenza B virus bacterial glycan-binding proteins y s Capsid VP1 Glycosphingolipids v Blood group A antigen analog .
E < > Murine N < > Cholera toxin N4 < > Blood group B antigen ) E
;lllllllll'llllllllllllllllllllrlllllllllllllllllllllll'llllllllllllllllllllllllrllllllllllllllllllllllll‘lllllllllllllllllllllllllllllllllllllll‘llllllllllllllllllllllllll:

19 List of Interactions between Glycan and Pathogen Adherence Molecule.
W NN SN NN NN NN NSNS EEEEEEEEEEEEEEEEEEER
sorted by: Species; then grouped as sorted M

BEsssssssssssssssssEssssssssEssEssssssssEssEssssssssesseenseestBRRRRLRALLLALLRALLLANY

T T T LTI L L L P PP TP P T TI T TITTT I T T T I T TP TTTI I I T I T I I ITIT T I I II T I T

Scientific Name Clostridium tetani Binding v
Type and Name toxins (exotoxins) Tetanus toxin (He fragment) Genomic Name

Ligand Name GT1b analog Target Source Synapse
Glycan Sequence
Ligand Features Trsialoglycosphingolipids / NeuSAc Epitope GT1b
GLYCANID (JCGGDB) MOTIF ID (JCGGDB) JCGG-MQTIF4055

®a2308—g
o239

;éOB _‘.B_Eeramide

CTib

"ssssssssssssEssEEsEEeEEnEnnnnnnn”

[ Scientific Name Clostridium tetani
Type and Name bactenal glycan-binding proteins-Unknown Genomic Name

Ligand Name GT1 log Target Source Synapse
Glycan Sequence
Ligand Features Trisi

GLYCANID (JCGGDB)

zlycosphingolipids / NeuSAc Epitope GT1b
MOTIF ID (JCGGDB) JCGG-MOTIF4055

*Scientific Name(Microorganisms)

* Pathogen Adherence Molecule(Type and Name, Gemonic Name) * Binding

* Ligand Name * Target Source * Ligand Features = Glycan Sequence * Epitope
* JCGGDB-ID * MOTIF-ID(on JCGGDB) - Size of Glycan

Interaction between lectin and glycan
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