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ENTRY Structure Glycan
NODE 6
1 glcnac -16 2
2 glcnac -16 -2
3 gal -24 2
4 gal -8 0
5 gal -24 -2
6 D-glc 0 O
EDGE 5
1 4bl 64
2 2b1 43
3 5b1 23
4 1:b1 46
53bl 14
I/

F

N

ENTRY Structure Glycan
NODE 6
1 GIcNAc -16 -2
2 Gal -8 0
3 GIcNAc -16 2
4 Gal -24 -2
5D-Glc 00
6 Gal -24 2
EDGE 5
12:bl 54
2 1:b1 23
3 4b1 1:3
4 3:bl 66
5 3bl 24
i

Uniquely represent all glycan structures as a text string

Web3 Unique Representation of Carbohydrate Structures*

*Matsubara M, Aoki-Kinoshita KF, Aoki NP, Yamada I, Narimatsu H. WURCS 2.0 update to encapuslate ambiguous
carbohydrate structures. J. Chem. Inf. Model, 57(4):632-637, 2017.
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* Version 1.0 published in 2014
J. Chem. Inf. Model. 2014, 54, 1558-1566.

* New version 2.0 published in 2017

J. Chem. Inf. Model, 57(4):632-637, 2017.

WURCS=1.0/3,2/[12122h|1,5][12211m|1,5][12122h|1,5]1+1,3+6|2+1,3+4

Version  URI
cogsarz. WL 10
S ;;sL.T_I‘E_#J '
B NS URI
R ~ RDF&SPARQL
il Version
" 2.0

WURCS=2.0/2,3,2/[a2122h-1b_1-5][a2211m-1la_1-5]/1-2-1/ad-b1_a6-cl

WURCS=<Version>/<Counts>/<UniqueRES>/<RES Seq>/<LIN>
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GlyTouCan 1.0

http://www.glytoucan.org

L X

System Developer Gchoscuentust Semantic Web
Web service API Developer

GlyTouCan.org - web pages

Semantic

Web v
> Triple
RDB gs2virt shcm

p—
Structure cache Enriched
User accounts structural data
RDB backend system RDF backend system

Why Toucan?

TOU = #% = f‘Sugar” In Japanese Aoki-Kinoshita, et al. Nucleic Acids
GlyTouCan is a CAN of GIyCANS  Research, Database Issue, 2016
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GlyTouCan version 2 (Toco)

Version 1.0 Version 2.0
System Developer Glycoscnentlst Semantic Web System Developer Gchoscuentlst Semantic Web
Web service API Developer Web service API Developer

GlyTouCan.org - web pages

GlyTouCan.org - web pages

REST API

R Triple .
RDB gsa2virt Triple
store store
p = T N = o i
Structure cache Enriched Structure cache Enriched
User accounts structural data User accounts structural data
RDB backend system RDF backend system RDF backend system

- Aoki-Kinoshita et al, Nucleic Acids Research, Database Issue, 2016
- Tiemeyer, Aoki-Kinoshita et al, Glycobiology, 2017 (white paper)

13 _
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““o, Browsing the repository (View Alfj"**

ey FE cAN

* Currently contains
over 80,000 glycan
entries and 800
monosaccharides

GlyTouCan

THE GLYCAN REPOSITORY

Today| KM BN Weex | Month | Agenda |
Showing ov

v ovents affer 4. Look for earber ovents
venfs unll @15 Lock for morg

Events shown n 3me 2one: Tokyo jela 4

What is GlyTouCan? Tweets
GlyTouCan i3 the &) o

abie, uncurat S (hat assigns giobally
u accession numbers to any giycan independent of the level of
GlyTouCan has been ¢ o Wit
nforrr ided by the experimental method used to identify the snks from GlycomeD8!
struct ) y giycan structure, ranging in resolution from monosaccharide
_ compaosition to fully defined structures can be registered as long as there are .

inte stional glycan structure repository. This repository is a




-~ Glycan List u
S Bro

BCSDE

GLY *E CAN Search

""""""""" CFG
Carbank{CCSD
GLYCOSCEMCES. de

Motif and Monosaccharide GiycoChemExplarer

GlycoEpitope

GlycomeDB
JICGGDBE
JCGGDB AIST
JMSDE

KEGG

Mass range

| L=
Enable mass range filter ——
FOE| CC

Linked DB PubChern S0

RCSE PDE CC

PDB SugarBindDE

Number of Glycans: 8O0 . neset ait concitions

Current status

& bt

® Linked DB PDBE

m WURCS = GlycoCT Date Entered #|| Down ¢ n 2 45 | =

Accession Number GB9333WS

tﬁ'f“""‘d . 1072.3806 .é“;;. »m
D 'I\'.'Fl'\ul.'::lpll. ass > B [ E & E

]
Contribution time Sun, 29 Mar 2015 02:31:57 GMT H




Graphical Search for Glycans

E?-) S5earch - View all - Preferences slgn In slgn Up

Glycan Search - Graphic Input m

File View Siructura

eadi & O

OrientationSelect all Select none

A 0 & [ H o

&
-0
3
«

Search
17 %
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Graphical Search Results

!&) search . View All . Preferences sign In sign Up
Substructure search results

Input Query

Accession Number Image

328 number of Glycans

sion Number 4 ¥ mage

a5 +Mp 2

a3 B4 B2

W Bk
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““9 Registration using text
gé) R Sz N View All - 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
1r:r
REP
GlycoCT and WURCS oot zam
are supported 2b:b-dgal-HEX-1:5
3s:n-acetyl
. cresn 4b:b-dglc-HEX-1:5| 6:a
Conversion utilities from 5b:b-dgal-HEX-1:5
others, such as IUPAC, Gs:n-acetyl
. 7b:a-dgal-HEX-1:5
are currently being 8b:b-dglc-HEX-1:5
developed LIN
1:2d(2+1)3n
2:20(3+1)4d
3:4o(4+1)5d
4:5d(2+1)6n
5:50(4+1)7d
6:70(3+1)8d

Add Another

T
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o, Registration Confirmation

ey FE cAN

Registration Confirmation

The following structure(s) have already been registered.

original Structure Structure Image D

No.1 RES G20624L0
ENTRY test 1 bex-dglc-HEX-1:5 .

Glycan 25:n-acetyl S T
NUDE 3 3b:b-dglc-HEX-1:5 %’
1 GlcNAC 4s:n-acetyl
8 1 5b:b-dman-HEX-1:5
2 GIcMAC 6bia-dman-HEX-1:5
0 1 7bra-dman-HEX-1:5
1 Man LIM
4 1 A 1:1d{2+1)2n -

MO.2Z | ENTRY test? RES G37216UM
Glycan 1box-delc-HEX-1:5 -\ IT1 (X '
NUODE = 25:n-acetyl

1 GICNAC 3b:b-dglc-HEX-1:5
8 1 4s:n-acetyl

2 GIcMAC 5bb-dman-HEX-1:5
0 1 6b:a-dman-HEX-1:5

1 Man LIMN
9 1 1:1d{2+1)2n

4 Man £ 2 10{4+1)3d -

Download this data.
Download




Version 2.0: Subsumption

Base Composition [ O O O O ]
Vonosaccharide (MMM O@O©O©O®| (EEOOCOOO ]
composition /\ \
4 N\ N\ [ )
Glycosidic
Topology
. VAN J Y,

Even more defined structures ©® e ®

21
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GRAB tool v B

* Glycan RDF association browser

m Registration - Search - Wiew All w Preférences 3 si?'l in

GRAB Graph “.’
G68883 I_A SUW'iumum

GRAB Tree |
Sitems goare eore Silem
Return | T
GRAB allows users to easily understand the
relationships af ghcan strctures inan P~ W s o
I"lr-:ll'l""lﬂiﬁﬂﬂﬂl'igtlt -t wonr " bt w0

GRAB Tree displays multiple relationships in
tree format. Relationships such as modtifs,
superstructures, substructures, and tapology
il be displayed as ey become availzble SUbSUMes M _ © % o o o sl Subsimod by | %L Snne leea Filees
GRAB Graph displays the relationships in four
directions: superstructunes [Above),
substructures (Below), subsumes (Left, and
sutsumed by (Right] with the selected ghan

e e -

a1 Lhe cenler, fLemm LLmmm N

Mouse over function: User can easily checs

the selected ghycan's structure and accession

number,

Right-<lick function: A meru will display . a .o -

where Users can select to display the ghycan's - ] E ==

eniry page, to show a new GRAB page with the e C‘}pj" this accession number

selecied glycam, copy the ghyoan acoession .

——— ¥ Center on this ghycan
Substructure Open this glycan's entry page

Show this glycan image

- Candit oy ] —
: : : (=] — Copyright © 2016 Glytoucan.org v1.2.1




FECEREE T — 43 RX— X D E[ERBY fiﬁ%ﬁ?

*NIH Common Fund

* MIRAGE: minimum information required for
reporting a glycomics experiment

* GLIC: glycoinformatics consortium
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NIH@® Common Fund: Glycoscience Program

RFA-RM-16-0211&GlyTouCanh\E#3 2EtETH S

- Facile Methods and Technologies for Synthesis of Biomedically Relevant Carbohydrates (U01)
RFA-RM-16-020

Data Integration and Analysis Tools: Accessible Resources for Integration and Analysis of Carbohydrate and Glycoconjugate Data in the Context of Comparable Gene,
Protein, and Lipid Data (U01)
RFA-RM-16-021

= MNOVE nd Innova

RFA-RN-16-021

- Innovative Adaptations to Simplify Existing Technologies for Manipulation and Analysis of Glycans (U01)
RFA-RM-16-023

f Biomedi Relevan

RFA-RM-15-007

- Movel and Innovative Tools to Facilitate |dentification, Tracking, Manipulation, and Analysis of Glycans and their Functions (R21)

RFA-RM-15-008

- Novel and Innovative Tools to Facilitate ldentification, Tracking, Manipulation, and Analysis of Glycans and their Functions (U01)

RFA-RM-15-009

Data Integration and Analysis Tools: Accessible Resources for Integration and Analysis of Carbohydrate and Glycoconjugate Structural, Analytical, and Interaction
Data in the Context of Comparable Gene, Protein, and Lipid Data (R34)

RFA-RM-14-012

- Nowvel and Innovative

RFA-RM-14-013
« Novel and Innovative Tools to Facilitate ldentification, Tracking, Manipulation, and Analysis of Glycans and their Functions (R21)
RFA-RM-14-014

- Facile Methods and Technologies for Synthesis of Biomedically Relevant Carbohydrates (U01)
RFA-EM-14-015
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((D‘ BEILSTEIN INSTITUT

Minimum Information Required for A Glycomics

Experiment
http://www.mirage-bellstein.org

Definition of reporting guidelines for Glycomics
experiments

Guidelines do not define how to perform
experiments

Make results better understandable and
reproducible by reporting required information

Guidelines can be used by journals and
databases



http://www.mirage-beilstein.org/
http://www.mirage-beilstein.org/
http://www.mirage-beilstein.org/
http://www.mirage-beilstein.org/

((J‘ BEILSTEIN INSTITUT

MIRAGE 2

‘ ‘ 1R AL Interaction Analysis Subgroup:
Guidelines for biological interactions of

glycans with other macromolecules (e.g.
Microarrays, SPR, ELISA, NMR, ITC)

//___ ~.~\»

£ : N Structural Analysis Subgroup:

Advisory ,' Working \ Guidelines for sample preparation and
identification of glycan structures (e.g.

Board \ Grou
Coordinating \ p // , MS, LC, HPLC, CE, NMR)
Group

Bioinformatics Subgroup:
Integration of data processing
parameters into guidelines, definition of
data exchange formats

.

http://Iwww.bellstein-mirage.or



http://www.beilstein-mirage.org/
http://www.beilstein-mirage.org/
http://www.beilstein-mirage.org/
http://www.beilstein-mirage.org/

M h BEILSTEIN INSTITUT
" O

peetdd Advisory Board

Kiyoko Aoki-Kinoshita, Soka University, Tokyo, Japan
Catherine Costello, Boston University, Boston, MA, USA
Anne Dell, Imperial College London, UK

Niclas Karlsson, Gothenburg University, Gothenburg, Sweden
Milos Novotny, Indiana University, Bloomington, IN, USA
Nicolle Packer, Macquarie University, Sydney, Australia
James Paulson, The Scripps Institute, La Jolla, CA, USA
Pauline Rudd, NIBRT, Dublin, Ireland

Michael Tiemeyer, University of Georgia, Athens, GA, USA
Lance Wells, University of Georgia, Athens, GA, USA

David Smith, Emory University School of Medicine, Atlanta,
GA, USA

Ten Feizi, Imperial College London, London, UK
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Glycoinformatics Consortium (GLIC)[Z = (ANe

FOMEFMOXIEICE>THBL-, HEDOHEEA T+ 7T 40 AW
TETHEEN-0>Y— 7 L http://glic.glycoinfo.org

_NETHRALALETHEREMERFE IO Y FHREESN, ZOHD
VESEA VI AR T AV ARADHICEVWTERET —IR—XAENHRBINTE
f=o HEDHEEA 2V IAIT AV AMEENHR - EELT —IR—XPH
BEY— G EEHR TR T H1EMH E#ET L. Glycoinformatics
Consortium# &L 9 5IZE - 1=,

GLICOHH®K

o HEBHRFEDI-OHDIEHRZE
—xiEL=Y o2 ko7 )
RO M) DREBES LUVEE

o MBIFHFE - BMBILFE -
BEMEDT-ODIERKHE
DiZZexlT. HEHZEDH
EIZEH



http://glic.glycoinfo.org
http://glic.glycoinfo.org

HESRICBE T S SXEADER]

MEHOWEEIIEEMEL LTERE L THIO THEEDOKEERERIC OGNS EMALNIHE > TS,
— PubMed[Z#& VT lglycomics] [F2015FICE—Y #Z L. [lglycoproteomics] (£ M 2 FRETEEL
TWh%,
— H-oT. BEHEEMREABENOEZ VNNV EZEALESREOHAIZCOTFLTEY ., SRITES
BEOT—ANKYEENDKREIZEEINDI I EAFHIND,
ElRE A
- BEHMIELARAGCELEOMEZTBHICOVLTHRSIGEE. OB HMETEIFIT 5 A EIESCRREEE LS
(2770
- BROYT/ L, TOTA—L, AR —L, VEF—L, /123539 b —LBEDAZIVHIRT—4
R—RFEEMEZELALEERELTE LT, BEHBEZIIHTIHBICLTRITHEIATVSEEFEL
BN,
-T. ERNSNDOEHEAR ZHEEMNICEEL, BHLER. RAGCEHROEREORKREZIBET H5-OIC. X
OBET —AR—REME L. R—FIILPA FELTERZRBEITLIZLIEIZFETH S,

glycoproteomics in PubMed: -

glycomics in PubMed 120
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In the 1970s, a group of scientists “Sugar ‘_'.& )

led by John Robbins at the US NIH
revisited a paper that was

published by Oswald Avery and " Protein
Walther Goebel in 1929, which

showed that when the «“‘-0’
pneumococcal polysaccharide Capsule Polysaccharides Glycoconjugate

was conjugated to a protein, it

was able to induce antibodies
(Figure). Robbins and colleagues b
used the same technology to make Protein T cell receptor
a covalent conjugate of diphtheria
toxoid linked to the capsular
polysaccharide of H. influenzae
type b, and in 1980 they described
the first conjugate vaccine. The
conjugation technology heralded a
major revolution in vaccinology.
Within two decades, conjugate
vaccines were licensed against H.
influenzae type b, meningococcus
serogroup C and seven serotypes
of pneumococcus. In all cases, the
vaccines induced high-affinity
antibodies in infants, and they
eliminated both the disease and
the carriage of bacteria from the
immunized population.

Epitope
Anchor
MHC class Il

Y

Rappuoli, R. & De Gregorio, E. A

sweet T cell response. Nature

Med. 17, 1551-1552 (2011). Nature Reviews | Immunology
30


http://www.nature.com/nri/journal/v14/n7/full/nri3694.html#f2
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GlycoCT
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GGdb

GlyCosmos Database
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A RlflAZ

ERNOFEERNFMEII =T 1 DFRE

ERICEWT7 D20OFE (2Q016FHREDOD=ER)

FR =BH

BAREEFR 1,028
BRCHABEFS 884
AREZLHER 10,530
AAREEELFS 521
BREESHFESR 981
BARDFEMFER 13,305
BALELFER 8,113

BIMZE LT H ., Society for Glycobiology (SFG), EuroCarb, International
Carbohydrate Organization (ICO), International Glycoconjugate Organization

(IGO) G ENEFEREFICEN TN HBLDEHMEMRENSML TS,
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Glycoinformatics Consortium (GLIC)IZ &k 2 A& #EE, 20154
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Integration of life science information
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2.1.4 Subgraphs: Alternative Units (a)

Alternative units are marked in the residue list

with the type identifier 'a' and a canonical H //
number. They are further broken down in the . l '
alternative unit section (ALT). R:. \
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Pathway Maps and Structure Maps

KEGG GLYCAN originally represented the glycan [ poenme)

structure database mentioned above, but now it is s
used in a broader sense to represent the KEGG LT} 3 0 WL e { LT WL} (R
resource integrating glycan structures, genes, 1 = e | 3
pathways and diseases [2]. In the KEGG PATHWAY e, O
database the section on: Wy

* Glycan biosynthesis and metabolism o, ure o] oo Do (3

contains metabolic pathway maps for glycans. Some
of them contain an additional representation of ' —
glycan biosynthesis or degradation, called the .y
glycan structure map. For example, N-glycan ! oo (R o5 (MR} w0 §HETY} w0 {1} o
biosynthesis is shown both as a pathway map and a —pas oo e
structure map in map00510.

The roles of glycans in various cellular processes aor
may be examined with other pathway maps in the R
KEGG PATHWAY database, such as: —— e 0 N ot s o

ALINE AL AL ALiIL ALD11

+ Signaling molecules and interaction e E=— "~--=b_ 'Wth = ——
« Cell communication -glycan biosynthesis (structure map)

« Immune system

In contrast to the manually drawn KEGG structure maps, the Composite Structure Map (C5M) is
computationally generated to represent all possible structures in the KEGG GLYCAN structure database
[3]. CSM can be used to examine the structural repertoire inferred from the genomic or transcriptomic
repertoire.

» KEGG GLYCAN composite structure map
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'gl Cellular responses to stress (87/1.008) FDR: 1ED

%2 Y Chromatin organization (33/507) FOR: 1E0

'Efl Circadian Clock (18/358) FDR: 1ED

=, U Developmental Biology (453/2,467) FDR: 1E0

=%, U # Disease {488/2,703) FDR: 1E0

=41 DNA Repair (48/816) FOR: 1EQ
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%1 Y Gene Expression (209/4,014) FOR: 1E0
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=% Y Immune Systern (1,012/4,024) FDR: 1ED
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%1 Y Metabolism of proteins (578/3,151) FDR: 1E0

=%: Muscle contraction (84/304) FDR: 1E0
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=5, Organelle biogenesis and maintenance (30/647) FDR: 1EQ
= Programmed Cell Death (8&/663) FDR: 1E0
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=, U Signal Transduction (1,392/5,352) FDR: 1E0

=%, Y Transmembrane transport of small molecules (383/850) FDR: 1E0

%1 Y Vesicle-mediated transport {157/1,258) FOR: 1E0
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