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WURCS: RS = HEFR L 1= RECIA

Web3 Unique Representation of Carbohydrate Structures

BIHEEZE R I ©EBEDEVIRTEXFS

WURCS=2.0/3,5,4/[a2122h-1b 1-

P 5 2*NCC/3=0][al122h-1b_1-5][al122h-
la 1-5]/1-1-2-3-3/a4-bl b4-cl c3-d1_c6-
el

WURCS Tools

« WURCSFramework: Massit&

» GlycanBuilder: Image4 fk

- WURCS RDF/SPARQL: (¥4 #EERER
« WURCS Converter: 74— YrE# T —EAN—XEE
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WURCS: B

Web3 Unique Representation of Carbohydrate Structures J
Protein Data Bank Jap

PubChem

WURCS=2.0/3,5,4/[a2122h-1b_1-5_2*NCC/3=0][a1122h-1b_1-5][a1122h-1a_1-5]/1-1-2-3-3/a4-b1_bd-c1_c3-d1_c6-el

Mass MolTOWURCS CTFile

910.3278 WURCSFramework GlycoCTToWUR
= cs GlycoC

WURCSConvert
WURCSRDF er

GlycanBuilder

:
ACGG-DB |

= B UniCarbkB
Image & e
IJUPAC condensed Gl COIlleDB
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% Search system
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* Currently contains almost 60,000 glycan entries and
800 monosaccharides
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gg Registration v Search v View All v Preferences

59739

Glycans

What is GlyTouCan?

GlyTouCan is the international glycan structure repository. This repository is a
freely available, uncurated registry for glycan structures that assigns globally
unique accession numbers to any glycan independent of the level of
information provided by the experimental method used to identify the
structure(s). Any glycan structure, ranging in resolution from monosaccharide
composition to fully defined structures can be registered as long as there are
no inconsistencies in the structure.

HE GLYCAN REPOSITORY

800

Monosaccharides
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@) Registration. Search . ViewAll 1 Glycan RDF A =3 == o . ==
Asgociation *ﬁ)&o) Eiﬁﬂ’l A #&tG |yT0ucan/ \ I‘j_ 0)" A #&
Browser(GRAB) External ID
2. Computed
G00052MO A
Demjpg‘c’gs BCSDE 285 . 8803 . 7822 3526
a. I - -
— b. GlycoCT « 10243 .« 7539 « 6361 6366
2
: e ¢. [IUPAC Condensed . 10704
d. I[UPAC Extended . BCSDB
3. Glycan Motif rom
i GlycoEpit
Accession number G00052MO 4 SPECIES yCOEPIOPe, - Eppo18
5. Literature from GlycoEpitope
aa'c“!at‘:d oy 675.2586 6. External ID
onoisotopic Miass PDBe CC BDZ
alpha-L-Fucp-(1->2)-I e
IUPAC Extended GlepNAC( > from GlycoNAVI
Created Date Sun, 19 Oct 2014 21:! PDBj cC BDZ
from GlycoNAVI
1.6l RDF RCSB PDB CQ BDZ
. Glycan =374
Association ;
Browser(GRAB) M from GlycoNAVI
2. Computed . PubChem CID
Descriptors Lewis Y 45266908
a. WURCS from GlycoNAVI
b. GlycoCT PubChem SID
« 252284113
¢. IUPAC Condensed EB * —_—
d. IUPAC Extended from GlycoNAVI
3. Glycan Motif GlycomeDB | 5.,
:' i[zeuris from GlycomeDB
. Literature Lewis X
e External I GlyTouCan Partners

FAQ User Guide | Contact Us

Terms and C Site Policy ~
Copyright © 2016 Glytoucan.org v1 .25%(20

Share () @
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@ Registration - Search v View All v Preferences Profile

Glycan Registration - Text Input m

Example of GlycoCT condensed format: The glycan containing
Input your glycan structure(s) below. repeating units in GlycoCT format.

RES
1rir
REP
GlycoCT and WURCS REP1:80(4+1)2d=-1-1
RES
are supported 2b:b-dgal-HEX-1:5
3s:n-acetyl
. L 4b:b-dglc-HEX-1:5|6:a
Conversion utilities from 5b:b-dgal-HEX-1:5
others, such as IUPAC, bsin-acety!

. 7b:a-dgal-HEX-1:5
are currently being 8b:b-dglc-HEX-1:5
developed HIN

1:2d(2+1)3n
2:20(3+1)4d
3:40(4+1)5d
4:5d(2+1)6n
5:50(4+1)7d
6:70(3+1)8d

Add Another
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==J  Registration Confirmation
Registration Confirmation

The followling structure(s) have already been registered.

original Structure Structure Image 1D
No.1 RES G20624LQ
ENTRY testl 1bcx-delc-HEX-1:5 i
Glycan 2s:n-acetyl IR N |
NODE 5 3b:b-dglc-HEX-1:5 &
1 GlIcNAC 4s:n-acetyl
B 1 5b:b-dman-HEX-1:5
2 GIcNAC 6bca-dman-HEX-1:5
0 1 7bra-dman-HEX-1:5
1 Man LIM
4 1 A0 1o+ AN o
MO.Z | ENTRY test? RES A7 2160UM
Glycan 1 bex-dglc-HEX-1:5 8-=0-E
NODE - 2s:n-acetyl
1 GIcNAC 3b: b-dglc-HEX-1:5
8 1 4s:n-acetyl
2 GIcNAC Sb:b-dman-HEX-1:5
0 1 6bca-dman-HEX-1:5
1 Man LIM
-4 1 1:T0(2+7 )2n
4 Man 2 o{4+1)3d -

Download this data.
Download
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lyTouCan version 2 (Toco) system architecture

Version 1.0
System Deve]oper Glycosuentlst Semantic Web
Web service API Developer

GlyTouCan.org - web pages

| > Triple
gs2virt store
Structure cache Enriched
User accounts structural data
RDB backend system RDF backend system

Aoki-Kinoshita et al, Nucleic
Acids Research, Database Issue,
2016

Version 2.0
System Deve]oper Glycosaentlst Semantic Web
Web service API Developer

GlyTouCan.org - web pages

i i A" V.

Triple
store

Structure cache Enriched
User accounts structural data

RDF backend system
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Glycan Structure

Inlfgzrmation External ID
RDF ol
e API  Species

Client
k. & Literature

Accession
Number
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PubChem

GlyTouCan Partners

Support System for Carbohydrate Research
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Semantic Web|Zxt it L1=T—%%°0ntologyZACGG D
H Ak ( http://acgg.asia/db/ ) DAL TULNVS,

Glycogene Database (GGDB)

Lectin frontier Database (LfDB)

GlycoProtein Database (GlycoProtDB)

Glycoform Database (GlycoformViewer)

Pathogen Adherence to Carbohydrate Database (PACDB, PAConto)
Glyco-Disease’s Gene Database (GDGDB, GGDonto)

Semantic web + Visualization Ontology

’ ACGG-DB o
/o DB !ig:‘;:’_ = JCGGDB Genetic Glyco-Diseases Ontologies
! ——— Legend

nteraction Graph v Ao Wi 61 Coma

G (LIDBO125 - LFG-00017¢)

> ACGG-DB Pathogen Adherence to Carbohydrate DataBase (PACDB) and Ontology (PAConto)
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GGDB2
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o The original data comes fr A4GALT #m | A #ﬁb i T~
*Gene Information =Orthologous Gene =Acceptor Substrates (KEM-C,
This enzyme transfers galactose fror - o -
oarch W 221 List of tiyeodenes UP-sstsctose. 0 o eernide. IRETEFENCE) = EXpression *Biological Resources
‘-""'""'""'""""""""""""-. :l]ﬂlEleEs”l:'lCLC -series glycolipit, gruvuesavsy suws anssu pous. Pl
.
* s a product. Gb reolipid is th “GG-ST! 2182
E [y 7 @ § ‘\ A(ABO) nthe: llDfl'llE globo-series j1']'55‘111* OcthologonzCene feaaTRImE
Fucasyltrans‘ferase E cD77 Gb3 E Mus musculus
Gialactosytransferass H ar 06 {4 NA NM_001004150
Glucosyltransterase : Galactosyltransferase NP_001004150
Gilucuronyfransferase = =
Glucuronyhransferass N H GGDE Symbel A4GALT  Alias it [ Acceptor Substrates (Reference)
fimmbirbrbinon i e cecdoe o H alpha 1.4rgalactos"1rraa
H A3 ]8 Homo sapiens N Int . Cancer !
= PathiWay Class it = oz s Cloning and expression of the histo-blood group Pk UDP-galactose: Galbeta-4Glcbetal-cer alphal. 4-galactosyltransferase
i) e saits . R ) Molecular genetic ba: s 0 ot the p phenotype
C . H HGNC A4GALT (18149)7 R sl PUIDH074793
el dm s : : mRNA NMLOL436 & Gl Man Gal GIC¥Ac GalNAC Fue X1 NeusAc NenSGe Gl TdoA Gl
ekcolpid, keto/neolacto series . - E{ T m— ﬂ- L—l 1‘ ;} . :- DONOR : UDP-Gal .,. 8 . I:I P . B O Yy
Glycosamihoebcan, chondroitin suffate E H A 4).— - .7_«1 - :.'
Glvcozamhoghcan, heparan sulfate H H PNL .\‘P_O:QUJ:. Substrate Transferred
Glycosaminogbcan, keratan sulfate - H E 1'4'1'113:' O O
- . . . B 4.Biﬂar o—i( B 4.Biﬂar
: P 6079208 s UDE-Gal . [
2K i & : E JCGG-STRO01961 JCGG-STRO02182
Pathwmy Class | e :
A blood type = Kevwdrd e
: . X Diffe
al,3-Galactosyltransferase H Dezigration Orthologous Gene 111;1&, E .
. H . = xpression
al,8-M-acetykalactosaminyltransferase : Danare Acceptor Substrates (Reference) K l
aphal, 3-xybey ftransfer aze . Modify Dats 1 Cone \ .
Bblaod type - o RLLLALLLLT] Acceptor Substrates (KEM-C) Acceptol Cloning and expression of the histo-blood group Pk UDP-galactose: Galbeta-4G1cbetal-cer alphal 4-galactosyltransferase
- H A4GALT - M ulm genetic ba { the p phenotype
H "--.....--‘ Expression R st al. PMID:10747952
= Donor t H Ty,
H O'B Biological Resources "~.,.... beart | kidney
- Tay
{hat applicable) e E——EE——— ST —
ATP H P athway Class ehcalpid, elobo zeries .* |
GDP-Rho H Kewword GD?7, Ghi, gbbotriaosylceramids, ghcolpid, gleosphingolpid l Biological Resources I
: CMP-NeuSc E gesigned ion E%hpa_g-lgalactusyhramsferase b |
5 Dial-FGl H anor 2 GGENTRfr code GGENTRIr-68
= 2 B a - Modify Date 2016-06-1% e
g . : Official Symbol ~ A4GALT
S < Vecro ENTR/D-TOPO
g AAGNT _— " -
____________________________________________________________________________________ Fusion Site aaa aaa gca gec tec gog goc gec cc fte acc GGA GAG CCC AAG GAG AAA GGG CAG CTC TAT AAC CTG CCA
" GCA GAG ATC CC CAG CAG TGC AAC CCC GAT GGG CCG CTG GG
ssssnmmnn . Contract General deposit  NBRC
. .
http://acgg.asia/db/ggdb/ 4
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Advantage and Disadvantage of Three Omics Performed
by MS analysis

Disease Technical

SENSItivity Specificity difficulty

proteomics 1. 0.0.0.0 ¢ * ;aAs:y

glycomics % % m— * X

glycoproteomics * 1. 0.0.0.0.¢ *tﬁtut*

anonaL mstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Mouse
basal cell adhesion molecule

GlycoProtDB&GlycoformViewer

Glycosite
> :Glycosite + Glycoform

:Potential, ¥ :Identified)

R

Lectin
Amidesl L J
o — ~ Amided0 L]
AUNYBEDTI/BREIIMNS
RCAIZD ]
sls #
MR TS ARSI E sl J
BALC) (]
BAL )
GConfl L ]
ROAI20 L]
ROAI20 L J
RCAIZD ’
AL ()
ROAI20 L]
ROAI20 ()
Amdes0 L4
Amidedl L ]
Mglycosylation sites ROAI20 L]
Potential sites Kdney
Positio | Sequo Unique or Shar Gon | RCA12
- - = A 0 — mouse over to show the site and the motif sequence
314 | WLT
[0 SGIGER Unique i
228 | MOS VHREGEGIYGGR Uniqua Y W [ i
VHREGSGIYGE RVEDYDADEEVRL WK Unique % i i i
LHVAYLDPLELSVPEELFUFLISESTWWICEA . .
a7 MES Unique H H
R : :
LHwAYLDPLELSYP EELFUFLESSSTUUECEA . e
ar MoE Unique i i

*1.

_Potential Seguon

| fel™ (dearninated:mroGiug

[ ] Cys [carkamidormethylated and deamirated)

http://acgg.asia/db/gpdb/id/GPMMUO00000309
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AIST GlycoformViewer

Basal cell adhesion molecule MN3230 Glycoform

N RA—/\—
Hex5, HexNAc4

2 ~ o

MSCI00020203
Hex5, HexlAcd

L)

T -

High Mannose

Jeooms

Composition Family - Hex:5, HexNAc:4

i Hex5 HexNAc4%
_d R—2 L9 5

YOR)T7LUR

EHEEBRD R

XERDFRITELH

Shiz&lvaZé,

Hex5HexNAc4dHex1

©r Ties -0 g, o
— 0 _ , B
08— 59" e —

Neu5Gc|
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Candidates

*se,

Og—0O

6 Hex5HexNAc4D X R HEE

A

4 00 0 i@ — 44| )CGGDB searchPossible STRg
HexHexNAcDE AR B | HexNAc
Tissue Lectin N-EIYCOSYIATION SITe(S] |  (FOTenTial, &ioentneq O. “-
LDN
o i i o oR [ = ]
Colon Amide 80 O.
Heart Aimide 80 ”
Heart RGA120 Hex O.
Kidney(Futd KO} BALE L] 1 ‘ ‘ 7 I J ‘y 7 -
i | High-mannose type |

Kidney(Futd WT) AAL+)

e, L

o g h@s 5
ey AL . PO e S .d_,‘ﬁ. s
Kidney Confy L] (.
Kidney RGA120 L)
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AIST GlycoformViewer

Cadherinl6 MN519M > 7 )L D Glycoform b 85

Og

& e
B o
AE!

. sm  WUAAL

Fut9 KO / AAL

Cp /
A“: k\«.ﬂ
C lex Type Complex Type
Ouy = plx Ty
AE!
i
Polylactosaminz ‘ Polylactosaminz ‘
¢ !
LON LDN
& rYvs . FYWY L FYYWY
o6 o formr
'S Ahbhdh Mhhdhd Mika . F Y
@
LI Y'Y
TA N
&
High Manncse High Mannos=

Tissue Lectin

E3 B3 -

M-glycosylation site(s) |

:Potential, T :ldentified)

1 200 400 600 800830
L 1 1 1 1 ]
Kidney(Futd KO AALTHY L ] L]
Kidney(Futs WT) AALCHY L ] L ]
Kidney AAL L J L |
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Kidney RCA120 L J L J
T ™1
1 200 400 600 800830
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LfDB - Lectin Frontier DataBase -

-HAREFRWE-BEME 7OV 2T I =T4—9AI N 5T74— AT L(FAC-FD)
RIELIFUEE) DT/ FEEPAL BB R DE S EHEZEC EENHEERT—4
(311EDLYFUER. TTHEDFACT—4:201657H31BIRTE)

ROFDRIfRL: REA > A—Tx—R

7y BYRH) ZEBLIFL OBRA

http://acgg.asia/db/Ifdb

pfam C16,CG-16 (LfDB0050) | LITF U EREREDMREERAT 57
A;gzl;t-i;n-'ul ’ Monosaccharide SDecificitv | é
Annexin missing this Tield =
B_lectin Fuc
Chitin_bind_1 Gal
CIMR Pfam GIE|NAC
Glc
Kingdom slenae HEFEVEEM
Anil:n-al:. o
Bacteria
Fungi
Plant ij_c!l:%ﬁ
Selected Glycan Ore Parameter Difference
9;—’; ].“L?%B—Iﬂ—lo— Qi—li ].“':%.s—ia—-.o_
OBAIVW 031”w
all affinity Lectins all affinity Lectins
4t HTMLOZJIIHRE D NTA—E—E I E TR T 51
(+T. LIDBDEHREWEBR—F T HAWEB/\—
53 F[ 72 E 8 3PIFGEGRoLoo Y(E ) ELTESICRYRAD ZENTES,
N Wik A . 5 HTMLY—X)
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AIST PACDB
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2 9 A5 (D RS (PR G 5T — AN —REA RO D —

1700 DEEEHRZHE,

« 100D EERZEL2TDREAR (B70D#K) [ZDWNTDIEIHRI 214D F T EH M55

« BRPEZSISECTRERNNITITZ.VDALNA EE. RR)DIVINIE(LIFY
VEHEETAEE(EICEN BIDMEEHEV AU RO T —2Z28E - 58EL. Ao bad—(

PAConto) Z B %,

mRAED—E

ACGG-DB PAConto — RDF representation

1. Actinomyces naeslundi

[Pathogen Adherence Molecules. 1 [¢ \;E iE 1

fimhrize Type 2—fimhriae

2. Actinomyces raesturd# ATCC 12104 (strain)
[Pathogen Adhsrence Molecules] bacterial glycar—hinding proteins:Unknown and

fimbriae Type—2 fimbrial lecting (130-kDa ghrcoprotein)

Chagas Disease

.
—
[Diseases] Stomatognathic Disease/Oral Infection and Stormmtograthic DiseasefStomatizis :
.

) ) Chlamydia Infection
3. Acti femralii 1 str. B-1-L (strain)

Cholera
Colitis
IHHZERLTRIEARETRYLAT,
-Diseases Classifications -Diseases
-Species -Target sources

=Microbial Glycan-Binding Proteins
*Pathogen Adherence Molecules Types :
*Glycans and Glycoconjugates Types =17 Vinsss b
*Glycoepitopes

(sys_mesh) Diseases by Systems b

(pathogmesh) Diseases by Pathoge

AorOo—BF
RDF1E

.........

igand Featwes  Dliscelyoosvloeramides / Fucosylsted Epitope. oo
: (GLYDAN D (JOGGDE)  [CGG-STROI0S MOTIF ID GIOGGEDE)  JOGG-M01
08— —O8—@e— 30—k
o o
A A
Blood Group A Type.

——
SPARQL Endpoint
gy of In
fectious Diseases known t¢ be related to Glyc ___I

uuuuuuuu

----------- T cmatozrathic Dissa:
] Gryosns and Giycoomivsates Types ElMonasscchaides ] Giyeepitopes
Gheaconivestes b Dtiuptac 5 Siafparacicboside
Fuc At B

08— {808 —4@—

aaaaaaaaa
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*PACDB ID -PMID -Pathogen Adherence Molecule -Binding *Ligand Name -
JCGGDB-ID -Target Source

Ligand Features -Glycan Sequence -Epitope
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HEHEEREBEREERFICEAT ST —IN—REFY

« BAMLONTLSM120058% ECNLDREBEGBFISONTODREHRESERN

« GDGDBDT—4% . #EHEEE R FOEEICI>TEISTHISNSEER (HBEHARERICLLEREHER:
Congenital Disorders of Glycosylation (CDG) E#ESHE D fREE R D RIB(Z L B1E 1K'|$J§€,._.\ Lysosomal Storage Diseases
(LSD)) [Z9#8LA > AP —( GGDonto ) Z4E AL

MESHEER B L
REREEF DR

AFE—EB RDF representation of the GDGDB data and Ontology of Genetic Diseases known to be related to Glycan Metabolism
e S e e e S )

ACGG-DB RDF representation of the GDGDB data and Ontology o
related to Glycan Metabolism

F—I—FDOBHR

sl
a

Genetic Diseases of Glycmn Metabolism

MESHBSER BB D—

I T GGDonto GDGDB Dissase Desc. Gene Desc Protein Desc. ENZYME 1

Search

i i i i .

HEZERL CTHEEBEEEREERRERYRAL,
(I7EvbDEH)
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Asian Community of Glycoscience and Glycotechnology DataBase

Backeround Databases / hterdfaces £ SPARGL Fndpoints hernbers Belated working sroup

« Fepository
GilyTouTan (the nterratioral glvcan structure repositary)

«  Gere / Protein £ Glvcoprotein
GGEOE ¢ GlvooProtDB £ LIDE

s Ontologies /£ RDFz
GilvearRDF GEDort PAConto(RDF)

. Protocols
GlyeoPOD (JCGEE0E]

« What iz a3 ronceaccharide? Pleaze vote for what iz a monceaccharidel
WWe are propozirg to the IUBME how to define a monosaccharde.
You can contrbute vour opinion by taking this survey .

http://acgg.asia/db/
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7th Asian Community of Glycoscience and Glycotechnology Conference
7_:\()\'('n1|)0|‘ 12th-]5th 20]§ + Hotel Taikanso, Matsushima, Japan
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Integrated Life Science Database Project of Japan
« GlyTouCan Overview Kiyoko F. Aoki-Kinoshita

ASian Community of
C GG Glycoscience and Glycotechnology
ACGG-DBZ3# (#85) 2016410 A 138 Bl s s

* GlyTouCan New Functionality Nobu Aoki
» GlyTouCan: Semantic Web Technologies Daisuke Shinmachi
+ WURCS Issaku Yamada

« ACGG-DB Toshihide Shikanai
International Collaborations
+ ACGG-DB collaborations Kiyoko F. Aoki-Kinoshita, Hisashi Narimatsu
» Glycoproteomics Yang Zhang
» GlycoStore Sophie Zhao, lan Walsh

FE8EACGGAHY 7L X (#E5) “Collaborative research among intra-Asian countries” 20164108 13-16H

— Hisashi Narimatsu, 'Promotion of Asian glycoscience by collaborative research among intra-
Asian countries'

— Kiyoko F-Aoki Kinoshita et al., GlyTouCan version Toco: Integration Glycan-related
Databases using Semantic Web Technologies

— Toshihide Shikanai et al., Conversion of JCGGDB to ACGG-DB by Semantic web application

— Xia Zou et al., A standardized method for differential tissue glycome mapping by laser
microdissection and lectin microarray

— Atsushi Kuno, Development of a new diagnostic system against liver fluke infection under the
efforts of THA/LAO/JPN researchers in e-ASIA JRP
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6t Charles Warren Workshop 2016

Finding meaning in the ambiguity of glycan structures

AUGUST 24 - 26, 2016

HOKKAIDO UNIVERSITY
SAPPORO JAPAN

Conclusions:

*To help scientists communicate about glycans more easily, GlyTouCan is an
Important resource

*Functionality to add PubMed IDs to glycans needs to be added, but otherwise
GlyTouCan looks stable enough to have support now

A white paper will be written (Mike Tiemeyer, Jim Paulson) to propose supporting
GlyTouCan as a community
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