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SACHARIDY - KODY A GRAFICKA
ZNAZORNENI

« Zakladni jednotky sacharidu (glykanu) jsou
monosacharidy.

 NA/proteiny — zakladni jednotky (nukleotidy,

aminokyseliny) jsou jasne definovany a jejich
pocet neni velky.

* Monosacharidu je pfriliS mnoho, nelze
(obecneé) pouzit jednopismenny kod.
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A Novel Linear Code® Nomenclature for Complex Carbohydrates
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Trivial Name

Monosaccharide / Core !

Linear Code

D-Glep
D-Galp
D-GlepNAc
D-GalpNAc
D-Manp
D-Neup5Ac
D-Neup
KDN?

Kdo
D-GalpA
D-Idop
L-Rhap
L-Fucp
D-Xylp
D-Ribp
L-Araf
D-GlepA
D-Allp

D-Glucose

D-Galactose
N-Acetylglucosamine
N-Acetylgalactosamine
D-Mannose
N-Acetylneuraminic acid
Neuraminic acid
2-Keto-3-deoxynanonic acid
3-deoxy-D-manno-2 Octulopyranosylono
D-Galacturonic acid
D-Ioduronic acid
L-Rhamnose

L-Fucose

D-Xylose

D-Ribose
L-Arabinofuranose
D-Glucuronic acid

D-Allose

D-Apiose

D-Fructofuranose

G
A

GN
AN

The Linear Code assigns a single letter code to the most
common structures of monosaccharides found in vertebrates

Jen pro omezenou skupinu
sacharidu.

Problém: modifikace, vazby,
vétveni.

Ani ,linearni“ kéd neni
jednopismenny.
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Jen pro omezenou skupinu

sacharidu.

Problém: modifikace, vazby,
vétveni.

Ani ,,linearni“ kéd neni
jednopismenny.

GNDb2Ma3(Ab4GNb2Ma6)Mb4GNb4(Fa6)GNa
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Review

Structural glycobiology: A game of snakes and ladders

Symbol Core meonosaccharides® Symbol Special cases and common derivatives”

Pentoses
arabinose
ribose
Wylose
lywoze
Hexoses
glucose
mannose
galactose
idose
talose
alloze
altrose
gulose
Hexuloses
fructose
pEicose
zorbose
tagatose
6-Deoxyhexoses
Fucose
quinovose

rhamnose

G
LM

2-N-Acetylhexosamines
f-acetylglucozamine

fi-acetylgalactosamine
N-acetylmannosamine

Uronic Acids

glucuronic acid

galacturonic acid

manurcnic acid

iduronic acid

Sialic Acids (9 carbon)
fi-acetylneuraminic acid
N-glycolylneuraminic acid
3-deowy-D-manna-oct-2-ulosonic acid (KDO)
Others
F-deowy-D-glvcero-O-galacto-non-2-ulosonic acid (KDN)

Mari L DeMarco and Robert J Woods!

Complex Carbohydrate Research Center, University of Georgia, Athens, GA,
30602-4712, USA




IUPAC NAZVOSLOVI
UNION OF PURE AND APPLIED CHEMISTRY

http://lwww.chem.gmul.ac.uk/iupac/2carb/

Systematické nazvy/zkracené nazvy (kédy)/trivialni
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« Graficke znézornén i (vétveni) .
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16.5. Replacement of carbonyl
16.6. Isotopic substitution and i
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Double bonds
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20.1. Naming
20.2. Derivatives

-21. Ketoaldonic acids

23.2. meso Forms
23.3. Trivial names

24.1. Acyl (allkcyl) names
24 2. Phosphorus esters
n 2421 Phosphates
. Phosphonates
» 2423 Phosphinates
24.3. Sulfates
. N-Substitution
. Intramolecular anhydrides
7. Intermolecular anhydrides
28. Cyrclic acetals
. Hemiacetals and hemithioacetals
. Acetals, ketals and their thio analogues
. Names for monosaccharide residues
. Glycosyl residues
31.2. Monosaccharides as substituent groups
31.3. Bivalent and tervalent residues
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2—Carb—33, Glycosides and glycosyl compounds

33.1. Definitions
33.2. Glycosides

33. 4 Selenogh cosides
3. Glycosyl halides

. N-Glycosyl compounds (glycosylamines)

3.7. C-Glycosyl compounds

ligosaccharides

ligosaccharides without a free hemiacetal group
ligosaccharides with a free hemiacetal group
ranched oligosaccharides

yelic oligosaccharides

7.4.1. Semisystematic names

7.4.2. Systematic names

ligosaccharide analogues

se of symbols for defining oligosaccharide structures
eneral considerations

epresentations of sugar chains

1e extended form

1e condensed form

1e short form

slysaccharides

ames for homopolysaccharides

esignation of configuration of residues

esignation of linkage

aming of newly discovered polvsaccharides

ronic acid derivatives.

mino sugar derivatives

olysaccharides composed of more than one kind of re:
ibstituted residues

lvcoproteins, proteoglycans and peptidoglyvcans

ral Names for Carbohydrates and Derivatives with the
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IUPAC NAZVOSLOVI
UNION OF PURE AND APPLIED CHEMISTRY

CHZNHZ

6-p-D-Glucopyranosyl-4'.5, 7 -trihydroxy-8-o-L -thamnopyranosviflavone;
trivial name violanthin

HOHC HD@QH
HOH;% CH.OH
o8 ﬁ )

t:HpH
6'- Amino-6'-deoxyeyclomaltohexaose

-
O-[CHl—C0] HH inf protein)

e

CHOMs
Memw;ﬁj
hle
~ ~
Poly-[(3.6-Di-O-methyl-p-D-glucopvranosyl)-(1 — 4)-(2, 3 -di- O-methyl-o-L -rhamnopyranosyl)-( 1 — 2)-(3 - O-methyl-u-L-thamnopyranosyloxv)-(1- 0 — 9)-nonanovl-( 1 — N]-protein
{[B-D-Glcp3.6Me2-(1 =4)-u-L-Bhap2 3Me2-(1 —=2)-o-L-Rhap3Me-(1-0— 9)-nonanoyl-(1 —=N]n-protein }




IUPAC NAZVOSLOVI
UNION OF PURE AND APPLIED CHEMISTRY

Abequose Iduronic acid IdoA p-D-Galp-{ 1—»4)- B-D-Clopl Ac - 1—2 3-o0-D-Marge- (1 —»
Allose Lyxose Lvx %

Altrose Mannose Man -:-'.-L-Fllll:p

Apiose i Muramic acid Mur

Arabinose Neuraminic acid Neu

Arabinitol N-Acetylneuraminic acid NeuSAc

2-Deoxyribose N-Acetyl-2-deoxvneur-2-enaminic acid NeulenSAc _ _
Galifl-hGleHAC-(f 12 Manie
I

Fructose N-Glycoloylneuraminic acid NeusGe Fuc(a 1-5)
Fucose 3-Deoxy-D-manno-oct-2-ulosonic acid Kdo
Fucitol Rhamnose Eha
Galactose Gal 3.4-Di-O-methylrthamnose Bha3 4Me2
Galactosaine GaN  Psicose P Gal(p1-4)[Fuc(el-3)]GIeNAc(p1-2)Man(u]
N-Acetvlgalactosamine GallNAc Quinovose Qui
p-D-Galactopyranose 4-sulfate p-D-Galp4S Ribose Rib
Glucose Gle Ribose 5-phosphate RibsP
Glucosamine GleN Ribulose Ribulo {or Rul)

2.3-Diamino-2.3-dideoxy-D-glucose  GleIN3IN Sorbose Sor Ti"i I U PAC Zz p loj SO by ja k
Ghucitol Gle-ol Tagatose Tag pomOCi kéd ﬁ Znézo rn it

N-Acetylghicosamine GlcNAcCc Talose Tal (o) I i g osac h a ri d .

Glucuronic acid GleA Xvlose Xl
Ethyl glucopyranuronate GlepA6Et  Xyhlose Hyhlo (or Xul) Ex i stUj e j i c h Vice !
Gulose Gul 2-C-Methvlxvlose Hvl2CMe

Idose




SACHARIDY — KODY A GRAFICKA ZNAZORNENI

§o-D-GalpNAc~(1>3)-[a-L-Fucp-(1>2)]-p-D-Galp-(1-> 4)-p-D-
GlepNAc-(1-3)-p-D-Galp-(1->4)-p-D-Glep}

LINUCS [1[b-D-Glep]{[(4+1)][b-D-Galp]{[(3+1)][b-D-GlepN Ac]{ [(4+1)][b-D-
Galp]{[(2+1)][a-L-Fucp]{}[(3+1)][a-D-GalpNAc]{} }} } }

LinearCode ANa3 (Fa2) Ab4 GNb3 Ab4 Gb4 (spacesadded for clarity)

GLYCAM OLN (0fA) ZLB 4Gn 3LB 4GB (with LinearCode precedence rules for branching)

cﬁ{&b

a3 .34 p3 _.|34 P @5&

la! DGalp O L
D-GalpNAc [J LN
D-Glep O G
D-GlepNAc B

& @ L-Fucp A

Oxford-type linkags:
GLYCAM/ e gi-linkage
Oxford LN; t: — P-linkage :
2

Graphical

GLYCAM OLN—ZLB—4Gn—3LB—4GB (shown in CFG graphical format for
| illustrative purposes only, actual connection
OfA information defined by PDB coordinates)

KODY A GRAFICKA ZNAZORNENI - existuje mnoho zptsobt a vSechny
jsou pouzivany!
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The Symbolic Abstract

Representation Of This chapter offers a general background for students embarking in
Monosaccharides In glycoscience to grasp an essential component of the field, i.e. the
The Age Of alphabet of the building blocks that constitute the many naturally
Glycobiology occurring glycans and complex carbohydrates. There is a need to

Serge Parez conform to the recommendations of nomenclatures of carbohydrates
whilst the constraints required by the developing field of glycobiology in
terms of visualization and encoding. The present chapter offers a
unified presentation of the nomenclature and symbols that form part of
the “language” used to communicate more effectively. It covers about
120 monosaccharides which have been identified as the building blocks
of the vast majority of glycans. As a picture speaks a thousand words,
it 1s hoped that this language could be understood as quickly and
effectively as possible and used by those working in
bioinformatics/database compilation and any one working with oligo,

polysaccharides and complex carbohydrates.
Click here for printable version

http://www.glycopedia.eu/Abstract
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Abstract
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HO HO HO HO
oH OH Ho OH ho oH
QH OH
Fructose

oH OH
D-Allopyranose D-Altropyranose D-Glucopyranose D-Mannopyranose

e Sorbose

aHOH

o H M Psicose
o oM oH

OH M
D-Gulopyranose D-ldopyranose D-Galactopyranose D-Talopyranose

0,

Tagatose




GLYCAN BUILDER

YWiewy  Structure
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Orientation  Select all  Select none
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Image export S — -
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http://www.unicarbkb.org/builder




g | yCOWO rkbench http://code.google.com/p/glycoworkbench/

-Automatic Interpretation and Annotatio ass mpectra of Glycans

* [unesthed] - ClyeoWarkbasch
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Glycovworknench is a suite of software tools designed for rapid drawing of ghycan structures
and for assisting the process of structure determination from mass spectrometry data. The
graphical interface of GlycowWaorkhench provides an environment inwhich structure models can
be rapidly assemhbled, their mass computed, their fragments automatically matched with MSn
data and the results compared to assess the hest candidate. GlycoVWorkhench can greatly
reduce the time needed for the interpretation and annotation of mass spectra of ghycans.
Glycovorkhench can also be used as JAVA program library to calculate the mass of ghyoans,
generate images for ghycan structure.




GLYCAM BIOMOLECULE BUILDER

http://glycam.ccrc.uga.edu/ccrc/biombuilder/biomb_index.jsp

Carbohydrate 3D Structure Predictor

This tool allows you to generate 30 structures for linear and branched oligosaccharides.
Flease choose linkage configuration (o or B)

Configuration Monosaccharides [NEnIN UGN DNGERN [ | Ay ey Ga s
a B [ %l | wsx | Rb | Aaa | Fu | Psi | Sor | Tag
Isomer ~ Fuc  Rha  Qui  GalNAc  GlcNAc  ManNAc

m_ CGalA | GleA | 1doA | NeuShe | I | NeusGe

[N G Sequence Termination (Aglycon) I IESSERINN GG

| | | Linkages

Froject Mame | | glycam [ Only letters, nu
O Add Branches  HELP - How to build a Carbohydrate

a-D-Manp-{1-4)-a-D-Manp-{1-2)-a-D-Glop-OH

Flease be patient when building. 4

Clear Text




DATABAZE

Databaze obsahujici informace o proteinech
(soucast glykoproteinu, lektiny).

Vlastni databaze glykanu (struktury).

Databaze enzymu a drah ucastnicich se syntéz a
odbouravani glykant (sacharidi).

Informace o interakcich protein-sacharid

,,Glykocentra“ — sdruzené databaze, vice databazi,
analyticke nastroje




Cermav CEntre de Recherches sur les MAcromolécules Végétales

B -

k] & A F e - b A Cge— 7 " “
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http://www.cermav.cnrs.fr/en

DATABAZE
Glyco3D

hco3D features a family of databases covering the 30 features of monos, di, oligo, polysaccharides, glycosyltransferases, lectins,
monoclonal antibodies and glycosaminoglycan-bindmgpromther databases are also made available that completes the picture of
ghycan 30 structure decoding. that are made freely available to the scientific community. A search engine has been developed that scans
the full content of all the data bases for guernes related to sequential information of the carbohydrates or other related descriptors. This
database ensemble offers a unigue opportunity to characterize the 30 features that a given oligosaccharide can assume in different
enyironments.

http://glyco3d.cermav.cnrs.fr/
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JCGGDB

Japan Cansarsum
far Giycabialagy
and Glymechnalagy
DamBase

RESEARCH CENTER FOR MEDICAL GLYCOSCIENCE
https://unit.aist.go.jp/rcmg/cie/index_e.html

Functions and Roles of Glycans

Discrimination of cell variety

Blood types (ABQ, Lewis...)
are based on
thie glycan structuras.

Canceration causes alteration of glycans.
Call differantiabion accompanies alleraton of glycans.,

Applicable to
development of cancery
and regenerative medic

Quality control of
glycoproteins

Glycans are binding to proteing and lipids
and mostly present en the cell surface.

L B

¥ > i

} 2
’:: Cell A t:
' —

iy Ay
LTrL LN L
Glycans with different

:I I structures bind io differant
SNI I ST spacias, individuals, and organs.

results in a cell with ; i
g AN [N This resemblasunigue
olally differant o e 0 of W0 iz iz

appearance. iV i gl W

o5y L
CellB | ;3=
'—.

oy

Difference in a single
consiituting

Door to the infection with

pathagentc microorganism

Bacteria and viruses bind o specific glycan
structures on cell surfaces, which causes
specificity among species and argans.

Infection stars

by binding to ghycans g G
Applicable to Throat

preventive and curakb .'E‘CrU;S-G-'l"nL-E‘r'ZG

L

4% 1% 4

g A %

/ Protection of
cells and proteins

Glycoproteing with disrupted or lost
glycans by aging or damage ane
pratechyzed and metabokzed,

Applicabla to elengationof drug

Protect cells and
protains from
enzyme digestion
and heator other
degradationcausas

Azphcable 1o the
lprognt of an antfrgeze
d 3 by by
organ presarvation sclution for
transplantation thal dees not harm

Pharmaceutical prﬂduc.tion"\

“Bare” proteins
and prodeing
“wearing fur’

ara rejected as
xenobioticsin

the human bod
cannotwork as
a medicing.

L.
7 |

Praduction Producton

bactena animalcnllﬂ

Applicableto

Drug delivery system

e
Drugsare deliverad to =~
appropriate organs by
selecting specific glycans.

Applicable to
the madscing for
lysosomal storage diseases
Drugs will b alficiantty activated by




DATABAZE

LEKTINY

About Lectin Frontier DataBase (LfDB)

. . Lechin-immaobilized calumn
Glycan A
Significance of L/DB g
. . Mo bindin
Lectin Frontier DataBase i

(LADB) provides quantitative

interaction data in terms of the

affinity constants (Ka) of a {conc. [k}
series of lectins toward a
panel of pyridylaminated (PA)
glycans obtained by an
automated frontal affinity
chromatography with
fluorescence detection (FAC-
FD) system (Fig. 1). Since the
data are accurate and reliable
providing the absolute values
of sugar-protein interactions, LAJB would be a valuable resource in the studies of o
glycan-related biology. Elutionvolume

Birwding

7

Fig. 1. A photograph of the automated FAC-FD system

Glycan concentration

http://jcggdb.jp/rcmg/glycodb/LectinSearch




Lectin ID

LPR-000008

Molecular Structure  Jmol

Lectin Name

RCAI RCA120

Lectin Family

R-type Lectin

3D

Monosaccharide
Specificity

Gal

structura

[

a0

Species (Scientific
Name)

Caster Bean, Castor oil bean (Ricinus comimunis)

struciure

| |

Japanese Name
[Family]

(el nevll | el Borko k2

Kingdom

Plant

Organ

seed

Interaction Graph [Viewer] [GlycanList]

]
| e |
Binding
Site

|

Binding
Site

Binding
Site

Specific organ

NMumber of CRD

3D-fold

B-trefoil

Accession (External
Link)

GenBank: X52908, X03179, X02388
POB: 2441
Pfam: PFO0G52, PFOO1E1

Sequence 1D

Sequence

MEPGGNTIVI WMYAVATWLC FGSTSGWSFT LEDNNIFPKQ YPIINFTTAG ATVQSYINFI
RAVRGRLTTG ADVRHEIFVL PNRVGLPINQ RFILVELSNH AELSVILALD VINAYVVGYR
AGNSAYFFHP DNQEDAEAIT HLFTDVQNRY TFAFGGNYDR LEQLAGNLRE NIELGNGELE
EAISALYYYS TGGTQLPTLA RSFIICIQMI SEARRFQYIE GEMRTRIRYN RRSAPDESVI
TLENSWGRLS TAIQESNQGA FASPIQLQRR NGSKFSVYDV SILIPIIAIM VYRCAPPESS
QFSLLIRPVV ENFNADVCMD PEPIVRIVGE NGLCVDVEDG RFHNGNAIQL WECKSNTDRAN
QLWILKRDNT IRSNGKCLIT YGYSPGVYVM IYDCNTAATD ATRWQIWDNG TIINPRSSLV
LAATSGNSGT TLIVQINIYA VSQGWLETNN TQPFVITIVG LYGLCLQANS GQVWIEDCSS
EFAEQQWALY ADGSIRPQQN RONCLTSDSN IRETVVKILS CGPASSGQRW MFENDGTILN

L¥5SGLVLOVE ASDESLEQII LYPLHGDFNQ IWLFLE

JCGGDB

Japan Cansarsum
for Glycoblalogy
and Giymtechnology
Data8ase




Lectin ID LPR-000008 Molecular Structure  Jmol

Lectin Name RCAI RCA120

Lectin Family R-type Lectin
3D
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Graphics Symbaol N-axis sort: | Slvcan# Descending Y-axis:
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and Giymtechnology
Data8ase
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DATABAZE

»GLYKOGENY*

About GlycoGene DataBase

Significance of GGDB

Glhycogene includes genes associated with givcan synthesis such as glycosyltransferase, sugar nucleotide synthases,
sugar-nucleotide transporters, sulfotransferases, ete. At present, over 180 human ghycogenes were identified, cloned and
characterized. In "Construction of GlycoGene Library Project” (april, 2001 - March, 2004), we caollected and compiled the
data on such glycogenes as GlycoGene Datahase (GGDB), which is the first database to store information on substrate
specificity. GGE0BE provides necessary infarmation far the analysis of glycogenes.

http://jcggdb.jp/rcmg/ggdb/




functionalglycomicsgateway

What is the CFG?

The Consortium for Functional Glycomics (CFG) 15 a large research initiative funded CONSORT|UM
by MIGMS to define the paradigms by which protein-carbohydrate interactions

mediate cell communication. The CFG works with the scientific community to create FOR
unigue resources and services that Partin:ipating Investigators can use in their own

research. These resources and services, which are provided free of charge by the FUNCTlONAL
CFG's Scientific Cores, include glycan array screening, gene microarray screening,

rmouse phenotyping, glycan profiling, a reagent bank, and data analysis tools. GLYCOM'CS
Resulting data sets are integrated and made an:n:essmle to the community via the

| CFG's central database. The CFG also has publicly accessible specialty databases

that offer detailed information on glycan-binding proteins, glycan structures, and

glycosyltransferases. The number of investigators using CFG resources in thE|r work

| continues to grow, as reflected by the rate of new publications involving CFG

I resources. Our vision 15 to harness the combined research power of our

Participating Investigators and our Scientific Cores to achieve our goals.

glycan gene
profiling micToaray

g!ycan-binding
proteins

http://glycan-dev.mit.edu/static/consortium/consortium.shtml
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Cartoon Representation

IUPAC 2D Representation
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Sub Structure Search Interface

[Load this structure for sub structure search

General Information

O-linked
Core 1
05/18/2004
Q65,8682

Glycan Family:

Sub. Family:

Last Updated:
Oligosaccharide Molecular W,

Sﬂfu'amd Dligosaccharide Malecular 955 853

Permethylated MW, 1240
Composition: Hesxg Meutce HexMNACy
Status: Public

References

1999;[823-831]{ PubMed}

Zamze 5, Harvey 01, Pesheva P, Mattu TS, Schachner M, Dwek Ra, Wing DR Glycobiolog

Biological Sources

Taxzonomy Mame Jrgan Tissue Type

Cell Typs

Mus musculus(Mouse) Brain -

Customize the below sub-structure by clicking an
monosaccharides or linkages that you wish to rmodify.
Clicking on a monosaccharide allows you to add
extensions, replace it with a different monosaccharide, on
add rmodifiers (phosphate groups, sulfate groups,

et Extensions can only be added towards the
non-reducing end,

Clicking on a monosaccharide and selecting "Trim"™
removes it, along with all associated monosaccharides
toward the non-reducing end.

Clicking on a linkage allows you to replace it with other
linkages, including "wild cards."

Click "Run Query"” to search for glycans that contain the
finished structure,

Build from other termplates
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G
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Primary Screen : primscreen_5927

Screening Experiment Information ~ ~\

Status:

Title:

( Public )
rpose of this request is provide a specificity

analysis for 4 lectins that have been shown to be potent
inhibitors of viral entry by binding glycans of cells. The
lectins are Microvirin-N (MVN), Griffithsin (GRFT), BanLec

(banana lectin), and GNA from Sigma-Aldrich.

Associated Resource Requests

|cfg_rRequest_2?98

Primary Screen Information

Glycan Array Version:
Protocol Id:

Replicate Number:

Result Nature:

Protein/Sample Concentrtaion:

Supplying Investigator:
Assay Information:
Annotation:

PA_v51

Protocol Direct Binding

1
Data

50 micrograms;/ml

05/23/2013
Carole A, Bewley

Sample was directly labeled wj

BanLec{50ug)

Analyte Information

|F'rc:teir'| Sample Analyzed: :

Banana lectin

Baw'l'-i'l'es.@r this Primary Screen

Download )

-

E

=2
o
<

BanLec 50ug/ml Slide#1637¢

5|l

RIS E

BanLec 50ug/iml Slide#16376 CFG#2798 v5.1 Alexads8 5/23/13 HJ
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&UniCarbK

http://www.unicarbkb.org/

UniCarbKB is an initiative that aims to promote the creation of an online information storage and search
platform for glycomics and glycobiology research. The knowledgebase will offer a freely accessible and
information-rich resource supported by querying interfaces, annotation technologies and the adoption of
common standards to integrate structural, experimental and functional data.

GlycoSuiteDB - a database of curated
glycan structural data (previously
commercial)

EUROCarbDB - an experimental and
structural database

GlycoMod - a tool for calculating
composition of glycans from MS data

GLYCAM - an environment for 3-D glycan
structures

GlycoBase - an experimental LC database
of derivatized glycans

RINGS - a web resource providing
algorithmic and data mining tools

glycan interactions

SugarBind - a database of pathogen-




&U n i Ca rb K 3 http://www.unicarbkb.org/

UniCarbKB is an initiative that aims to promote the creation of an online information storage and search
platform for glycomics and glycobiology research. The knowledgebase will offer a freely accessible and
information-rich resource supported by querying interfaces, annotation technologies and the adoption of
common standards to integrate structural, experimental and functional data

Published online 13 November 2013 Nucleic Acids Research, 2014, Vol. 42, Database issue D215-D221
doi:10.1093 nar[gkt 1128

UniCarbKB: building a knowledge platform for
glycoproteomics

Matthew P. Campbell', Robyn Peterson', Julien Mariethoz?, Elisabeth Gasteigera,
Yukie Akune*, Kiyoko F. Aoki-Kinoshita*, Frederique Lisacek®® and Nicolle H. Packer'*

'Biomolecular Frontiers Research Centre, Macquarie University, North Ryde, NSW 2109, Australia, “Proteome
Informatics Group, Swiss Institute of Bioinformatics, Geneva, Switzerland, *Swiss-Prot Group, Swiss Institute of
Bioinformatics, Geneva, Switzerland, “‘Department of Bioinformatics, Faculty of Engineering, Soka University,
1-236 Tangi-machi, Hachioji, Tokyo, Japan and °Section of Biology, Faculty of Sciences, University of Geneva,
Switzerland




P CAaASY

Carsorvomare=AcTve en2¥res http www. Cazy.org/

Welcome to the Carbohydrate-Active enZYmes Database

The CAZy database describes the families of structurally-related catalytic and carbohydrate-binding modules {or functional
domains) of enzymes that degrade, modify, or create glycosidic bonds.

http://csdb.glycoscience.ru/bacterial/

Bacterial Carbohydrate Structure DataBase

This database is aimed at provision of structural, bibliographic, taxonomic and related information on bacterial carbohydrate structures. Two key points of this
Service are:

s covering - is above 90% in the scope of bacterial carbohydrates. This means the negative search answer remains valuable scientific information.
+ consistence - we manually check the data, and aim at hight quality error-free content.

PROGLYCPROT

A Repository of Experimentally Characterized
Glycoproteins of Prokarnyotes

ProGlycProt (Prokaryotic Glycoproteins) i1s a manually curated, comprehensive repository of
experimentally characterized bacterial glycoproteins and archaeal glycoproteins, generated from an
exhaustive literature search. This is the focused beginning of an effort to provide concise relevant
information derived from rapidly expanding literature on prokaryotic glycoproteins, their glycosylating
enzyme(s), glycosylation linked genes, and genomic context thereof, in a cross-referenced manner.

http://www.proglycprot.org/




SOFTWAROVE NASTROJE PRO ANALYZU GLYKANU

« Charakterizace glykanu: hmotnostni spektroskopie
(MS), vysokoucinna kapalinova chromatografie
(HPLC), nuklearni magneticka rezonance (NMR).

« Velka ¢ast softwarovych nastroju je zamérena
na zpracovani a interpretaci experimentalnich dat,
tj. analyza glykanu je bez vyuziti bioinformatiky velmi
obtizna (prakticky nemozna)...




Biﬁlﬂgifm Proteomics 2013, 13, 341-354 DOl 10.1002/pmic.201200149

sample REVIEW

Glycobioinformatics: Current strategies and tools

< tion/Enrichment
ARt | for data mining in MS-based glycoproteomics

Intact Glycoprotzins

Glycopeptide enrichment
after protease digestion

h 4
Intact glycopeptides

Deglycosylation

v v v

MS analysis Deglveosylated Released
peptides glycans

] !

MS analysis MS analysis

Bioinformatics analysis

Bicinformatics analysis |

Protein / Peptide identification

Glycan structure identification
and attachment site HSS[EI]I“EI‘II Feng LJII’E, Olga V. Glinskii'-? and Vladislav V. GHHSR'VI’E




Chcete védét vic?

C7250 Charakterizace proteinii hmotnostni spektrometrii

Glycoprotein fractions

Proteolytic digests

Nano LC-MS/MS Database search Glycoprotein Data

Glycoconj J (2013) 30:89-117
DOL 10.1007/s10719-012-9444-8

Analytical glycobiology at high sensitivity: current
approaches and directions

Milos V. Novoiny - William R. Alley Jr. -
Benjamin F. Mann




NASTROJE PRO INTERPRETACI MS DAT

GlycoMod Tool http://web.expasy.org/glycomod/

GlycoMod is a tool that can predict the possible oligosaccharide structures that occur on proteins from their experimentally
determined masses. The program can be used for free or derivatized oligosaccharides and for glycopeptides
[Documentation / Mass values / Reference / Disclaimer].

Mote: You can us o calculate the mass of an oligosaccharide structure from its oligosaccharide compaosifion.

Glyco-Peakfinder
http://www.glyco-peakfinder.org/

mass residue ion/charge modifications

Introduction

The "Glyco-Pealdfinder” is a tool for fast annotation of glycan MS spectra. M3-profiles, M3" spectra
with different types of ions (glycosidic cleavages and/or cross-ring cleavages) can be calculated in
parallel. The option of detecting differently- andior multiply-charged ions in ane calculation cycle
pravides a fast and complete annotation of the whale spectrum. All the additional options of "Glyco-
FPealkfinder® (e.g. calculation of modifications either at the reducing end or within the sequence )
increase the field of application from native glycans to a variable set of glycoconjugates. The results
fram "Glyco-Peakfinder” can be used for advanced databhase searches in GLYCOSCIEMCES de.




NASTROJE PRO INTERPRETACI MS DAT

Glyc' "_, .Mlner http://www.chemres.hu/ms/glycominer/

GlycoMiner, has been developed to automatically identify MS/MS spectra obtained in LC-MS runs which
correspond to N-glycopeptides. The program complements conventional proteomics analysis, and can be
used in a high-throughput environment. It interprets the spectra and determines the structure of the
corresponding glycopeptides. GlycoMiner

runs under Windows, can process spectra obtained on various instruments, if monoisotopic, singly charged
spectra are supplied. The algorithm works similar to a human expert; evaluates the low mass oxonium
ions; oligosaccharide losses from the molecular ion and identifies the mass of the peptide residue.

GlycoWWorkbench is a suite of software tools designed for rapid drawing of ghycan structures

and for assisting the process of structure determination from mass spectrometry data. The
GlycoWork graphical interface of Glyocoworkbench provides an environment inwhich structure models can

be rapidly assembled, their mass computed, their fragments autormatically matched with WMSn
data and the results compared to assess the best candidate. GlyooWorkbench can greatly
reduce the time needed for the interpretation and annotation of mass spectra of ghycans.
GlycovWorkbench can also be used as JAVA program library to calculate the mass of glycans,
generate irmages for giycan structure.

developed by Alessio C

http://code.google.com/p/glycoworkbench/



http://www.chemres.hu/ms/glycominer/index.php

3D STRUKTURA SACHARIDU

RTG krystalografie — struktury glykoproteinu a sacharidu
v komplexu s proteiny (lektiny, enzymy, protilatky).
Problém: velka flexibilita sacharidi (ve strukture je
viditelna jen ¢ast glykanu, zmeény prirozenych
konformaci).

Problém: Kvalita 3D struktur sacharidi v PDB muze byt
nizka...

Usnadnéni vyhledavani ,,glykostruktur” v PDB:
Glycoconjugate Data Bank (http://iwww.glycostructures.jp/)
Glycosciences.de (http://www.glycosciences.de/database/index.php)



4 analogous glycans found

Glycoconjugate
Data Ban

4glycans

glycan id pdb title
Sl Endosialidase of bacteriophage k1f in complex with oligomeric alpha-2,8-sialic acid

Crystal structure of endo-neuraminidase nf mutant

3gwvk 08 rystal structure of endo-neuraminidase nf mutant

Shmy 01 Crystawgtructure of her/t complexed with gt2

Glycan Structure
Search
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Structure
Search

Create Bond
Remove
Clear all
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Database | Search /| PDB data

Search for carbohydrate containing PDB entries by criteria like species or the compound / classification
terms. You can choose predefined, frequent terms from the pull-down-menues or enter your own queries
manually. For selection from the pull-down-menues, java script must be activated in your browser to copy
the selected value to the text field below.

The wildcards * (matches anything) and ? (matches any single character) can be used in "Source" and
"Compound / Classification” queries.

To search for PDB entries by carbohydrate (sub-)structure, use the structure search in the beginner
mode or the advanced mode.

Substructure / Search / Beginner

Click here to reset input.
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http://www.glycosciences.de/

3D STRUKTURA SACHARIDU

Urcéeni struktury komplexnich sacharidu je obecné
problém.

RTG - velka flexibilita, problémy s krystalizaci.

NMR - tradiéni metoda pro urceni struktury
oligosacharidt (prace v roztoku), problémy s pfifazenim
signali a vyhodnocenim dat (malé rozdily mezi
jednotlivymi jadry).

Molekulové modelovani sacharidt je éasto nezbytnou
soucasti interpretace experimentalnich dat.



Sweet is a program for constructing 3D models of saccharides from their sequences
using standard nomenclature.

SWEET

http://www.glycosciences.de/modeling/sweet2/doc/index.php

Remember - not all constructions are reasonable.
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http://www.glycosciences.de/

CENTERFO
RBIOLOG| PREDIKCE GLYKOSYLACE
CALSEQU

ENCEANA DictyOGlyc 1.1
LYSIS CBS

The DictyQGlyc server produces neural network predictions for GlchAC
C-glycosylation sites in Dictyostelium discoidewm proteins.

NetCGlyc 1.0 Server

MetZGlye 1.0 produces neural network predictions of C-mannaosylation sites in mammalian proteins.

NetGlycate 1.0 Server

MetGlycate 1.0 server predicts glycation of £ amino groups of lysines in mammalian proteins.

NetNGlyc 1.0 Server

The MetMglyc server predicts M-Glycosylation sites in human proteins using arificial neural networks that examine the sequence
context of Asn-¥Xaa-SerThr sequons.

NetOGlyc 4.0 Server

The MetOglyc server produces neural network predictions of mucin type GalMAc O-glycosylation sites in mammalian proteins.

http://www.cbs.dtu.dk/services/



http://www.cbs.dtu.dk/index.html
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UEL

Glyoome VB [89)
EUROCarhDB™

CarbBank® [52]

KEGG™ [83)
GLYCOSCIENCES de™ [£2]
CHRG* [81]
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TUPAC extendead [90)

ECF [%1])

LINUCS [92]
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