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ZAKLADNI FUNKCE CUKRU

Zdroj Nosic
energie informace

Sacharosa, glukosa,... Krevni skupiny,... Celulosa, chitin...




CUKRY - ZDROJ ENERGIE

Repa cukrova Cukrova titina
(Beta vulgaris)  (Saccharum officinarum)




CUKRY - ZDROJ ENERGIE
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CUKRY - STAVEBNI MATERIAL
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CUKRY - STAVEBNI MATERIAL

Alginat




VYSKYT CUKRU V BUNCE

Jadro — soucast nukleovych kyselin (ribosa, deoxyribosa)
Cytosol — volné monosacharidy

Endoplasmatickeé retikulum, Golgiho aparat — glykované proteiny
Bunécna sténa — vazané oligo a polysacharidy

Glykokalix — polysacharidy, glykolipidy

Genome

Glykom — soubor vSech =
sacharidu pfitomnych v/na 7’ ‘[
bunkach urcitého organismu Fa |
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VYSKYT CUKRU V BUNCE
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Kovalentné vazané
cukry (monosacharidy,
oligosacharidy) se
nachazeji na povrchu
vsech bunék.

Jsou soucdasti mnoha
makromolekul.

Mohou se v bunce
nachazet i samostatné.




VYSKYT CUKRU V BUNCE

Glykoproteiny

Glykolipidy

Kovalentné vazané
cukry (monosacharidy,
oligosacharidy) se
nachazeji na povrchu
vsech bunék.

Jsou soucdasti mnoha
makromolekul.

Mohou se v bunce
nachazet i samostatné.




CUKRY — KOMUNIKAZ.NI NASTROJE

Glykoproteiny

Glykolipidy

Protoze se nachazeji

na povrchu bunek a
makromolekul, mohou se
cukry uplatnovat

v komunikaci a interakcich
mezi burikami a molekulami.




CUKRY - KOMUNIKACNI NASTROJE

+ Patogen

* |nterakce bunka-bunka,
bunika-molekula,
bunka-patogen +
Molekula ;:




SLOZENI GLYKANU

Monosacharid
Oligosacharid

Molekula Polysacharid
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SLOZENI GLYKANU

Monosacharid

Molekula Polysacharid

aglykon

Glykokonjugat Molekula




BIOINFORMATICKY POTENCIAL
BIOMOLEKUL
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Bioinformaticky potencial je uréen mnozstvim ,slov” (isomeru), které je
mozné sestavit z jednotlivych ,pismen® (monomeru).

Nukleotidy a aminokyseliny vytvareji linearni polymery, spojovane stale
stejnym zpusobem (fosfodiesterova vazba, peptidova vazba).

K dokonalému popisu obsazené informace stacCi pouze jednoducha
sekvence (sled) monomeru:

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATC
CGGCCGCCCCGACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGC




BIOINFORMATICKY POTENCIAL
BIOMOLEKUL
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Bioinformaticky potencial je urCen mnozstvim ,slov® (isomeru), které je
mozné sestavit z jednotlivych ,pismen® (monomeru).

Nukleotidy a aminokyseliny vytvareji linearni polymery, spojovane stale
stejnym zpusobem (fosfodiesterova vazba, peptidova vazba).

K dokonalému popisu obsazené informace stacCi pouze jednoducha
sekvence (sled) monomeru:
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BIOINFORMATICKY POTENCIAL CUKRU
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* Pro presny popis oligo(poly)sacharidu je krome sekvence nutné znat i typ
vazby, anomerii a velikost kruhu.
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BIOINFORMATICKY POTENCIAL CUKRU
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D-glukosa + D-glukosa:

al1-2 kojibiosa
al-3 nigerosa
al-4 maltosa

a1-6 isomaltosa
al-1 a trehalosa
B1-2 soforosa
B1-3 laminaribiosa
B1-4 cellobiosa
B1-6 gentibiosa




BIOINFORMATICKY POTENCIAL CUKRU
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Glykosidické vazby muze tvorit i
vice nez jedna OH skupina,
vznika rozvéetveny oligosacharid.

Klasickym pfikladem
rozvétvenych oligosacharidu jsou
antigeny ABH(0) krevnich skupin.




BIOINFORMATICKY POTENCIAL CUKRU

* Cukry mohou byt modifikovany
redukci, oxidaci nebo vazbou
dalsich funkcnich skupin.
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L CUKERNY* KOD
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Tkanoveé a krevni skupiny ABO (H)




L CUKERNY* KOD

Krevni skupina H (0)

Tkanoveé a krevni skupiny ABO (H)



L CUKERNY* KOD
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Krevni skupina B 4
Tkanoveé a krevni skupiny ABO (H)
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http://www.nobelprize.org/educational/medicine/bloodtypinggame/
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CTENI ,,CUKERNEHO* KODU

Protilatky

Lektiny — proteiny, které specificky a reverzibilné vazou
mono- a oligosacharidy. Nejsou produkty imunitniho
systému.

Bakterie Lektin

Virus /\
Lektin \ Toxin

Glykoproteiny /

a glykolipidy




CTENI ,,CUKERNEHO* KODU

 Lektiny plni rozpoznavaci a adhezivni funkci
v mnoha ruznych biologickych procesech.

Bakterie Lektin

Virus /\
Lektin \ Toxin

Glykoproteiny /

a glykolipidy




VYSKYT LEKTINU

Rostliny Zvirata Houby Bakterie Viry

Ricin MBP AAL PA-IIL Hemagglutinin
(Ricinus communis)  (Homo sapiens) (Aleuria aurantia) (Pseudomonas aeruginosa) (Influenza virus)




HEMAGLUTININ VIRU CHRIPKY

Virus chripky A obsahuje povrchovy glykoprotein,
hemaglutinin (HA). Tento protein je lektin, ktery

rozpoznava hostitelské bunky a ridi adhezi a vstup viru
do bunek.

Virus

Lektin \

Glykoproteiny /

a glykolipidy Bunka




HEMAGLUTININ VIRU CHRIPKY

Virus chripky A obsahuje povrchovy glykoprotein,
hemaglutinin (HA). Tento protein je lektin, ktery

rozpoznava hostitelské bunky a ridi adhezi a vstup viru
do bunek.
Chripka,
chripka
Vv reviru!
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HEMAGLUTININ VIRU CHRIPKY

Oznaceni

Antigenni typ

Vznik

Poznamka

Spanélska
chfipka

H1N1

Antigenni posun

Pandemie v roce 1918/1919
zpusobila smrt 20 miliénu lidi. Virus
byl pfenesen do Evropy americkymi
vojaky z Kansasu.

Asijska
chripka

Antigenni zvrat,
kmen H1N1 ziskal
noveé alely

z ptaciho
rezervoaru

V roce 1957 nahrazuje H2N2 kmen
H1N1.

Hong Kong

Antigenni zvrat,
nove alely opét
ziskany z ptacCiho
viru.

Nastupuje v roce 1968 s rozsahlou
pandemii.

Ruska
chripka

Pravdépodobny
unik z laboratore

Nastupuje v roce 1977, od této doby
pusobi v lidské populaci kmeny
H3N2 i H1N1.




KDO CEKA ZA DVERMI?
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H1N1

Ptaci chripk (novy a lepsi)
ac;gg(;qp ° Praseci chripka

2009

Nebezpeci hrozi, pokud virus ziska schopnost
snadného prenosu z ¢lovéka na ¢lovéka...




FIMBRIE E. COLI

Bakterie vétSinou obsahuji lektiny na povrchu fimbrii, prikladem
mohou byt mannosa-specifické fimbrie E. coli. Pomoci téchto fimbrii
mohou nékteré kmeny E. coli adherovat na sliznice mocCovych cest a
zpusobovat infekce.

Bakterie
.

Bakterie

Glykoproteiny /

a glykolipidy



RICIN — NEJSLAVNEJSI LEKTIN

 Ricin je toxin produkovany rostlinou Ricinus communis (skoCec
obecny).
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Casto vyuzivan jako okrasna rostlina.
Ricin se vyskytuje nejvice v semenech.
Pro otraveni jsou cela semena nevhodna,

je nutne je poradne rozzvykat. Glykoproteiny/
a glykolipidy




RICIN — NEJSLAVNEJSI LEKTIN

 Ricin je toxin produkovany rostlinou Ricinus communis (skoCec
obecny).

Glykoproteiny /

a glykolipidy

Adhezivni ¢ast




Tajné sluzby zadrzely otraveny dopis pro
Obamu. Obsahoval jed ricin
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Americké tajné sluzby zajistily v utery dopis adresovany prezidentu Baracku Obamovi,
ktery obsahoval podezrelou latku. Dopis byl zachycen v objektu, ktery lezi mimo
komplex Bilého domu. Podle prvnich testu federalni policie obsahoval jedovaty ricin.

Americkému senatorovi poslali dopis s ricinem

Dopis zaslany republikanskému senatorovi za stat Mississippi Rogeru Wickerovi obsahoval ricin.
Potvrdil to predbézny test, jsou ale jesté potreba dalsi zkoumani. List se podarilo zachytit jeste

v oddéleni, které pro zakonodarce postu zpracovava. O nalezu informoval $éf policie v Capitolu Kim
Dine s tim, Ze pripad prevzal Federalni urad pro vysetrovani (FBI).

Newyorskému starostovi poslali dopis s ricinem

Dopisy adresované newyorskému starostovi Michaelu Bloombergovi a organizaci podporujici omezeni
prodeje zbrani, obsahovaly jedovaty ricin, uvedly urady po testech. Jeden z bezpeénostnich
pracovniki, ktery prisel s dopisem do styku, vykazuje drobné priznaky kontaktu s ricinem.




SELEKTINY

TN Leukocyty

Lektiny se uplatnuji pri interakcich mezi bunkami
imunitniho systému.

Prikladem mohou byt selektiny — fidi interakci
mezi leukocyty a burikami endotelu.
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Abstract

The purpose of this paper & to review the history of using lectins o target and deliver drugs o their ste of action. The howr
of hirth of “lectinolo gy™ may be defined as the description of the agglutinating properties of ricin, by Hermann Stillmark in
| BER, however, the modem era of lectinology began almost 100 years later in 1972 with the purification of different plant
lectins by Sharon and Lis. The idea i wse lec fordmg delivery came in 1988 from Woodley and Naishett, who proposed the
wae of tomatn lectin (TL) to target the luminal surface of the small intestine. Besides the targeting to specific cells, fe lectin—
sugar interaction can alao been used to rigger vesicular transport indy or across epithelial cells. The concept of bicadhesion via
lecting may be applied not only for the GI fract but alo for other hiok gical bamiers like the nasal mucosa, the ng, the buccsl
cayity, the eye and the blond- brain bamier.

D 2003 Ekevier BV, All rights reserved.
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Introduction

The lerm carbohydmile includes monosacchandes, oligo- Lk P,

sachandes and polysacchardes. Also meluded are sub-
slances derved lrom monosaccharkle: such & aldilels,
which are derived by reduetion of the carbonyl growp and
carhboayhe acids, which are derived by oxddation of one or
mne lerminal groups. Replacement of 2 hydmayl group
with a hydmogen alom produces 3 deoxy-sugar and
replicement of a hydmxyl group with an aming group
produces an ammo sugar. The term “supar’ is frequently
apphed o monesaochandes and lower molecular weght
olygosaccharsdes.

Classification

Carbohydrales are wuslly dlasafied in three groups
monasaocharkles, ohpraacchandes and polysaochandes.
Monosaochandes ame ample sugars thal cannal be
hydmlysed 1o smaller molecules. They exsl in naiune in
the free fom or Hnked by glycoddic bonds o other
maondsecharides i the lomation of oligosacd arides or
polysaccharides. (g rides are defined 2 ample
polymen of monosaochardes conlaming belween (woand
approxmalely 10 monosacchande readuss. They are
lermed disecharsdes, rsaccharsdes, letrasacchandes,
penlasecharides, and 4o on, according Lo the number of
mondeaccharile umils they contam. Polysaocharsdes (gly-
cand) ame higher molelar weight polymers of momno-
sacchandes, (lyooconjugales an defined = ether
glycoprlans, ghycohprls and protecsglycans. Gl yeopro-
Leins are conjugaled proleins conlanmg alher olgosae-
charde groups or polysaccharide groups, having a farly
low molkcular mass Glycobpds an conjugated bpds
eonlamng ohaosacchands groups, and prolecglycans are
protems hnked Lo polysacchandes ofhigh mokscular mass

Monaosaccharides

M vt axcccha i dess are pold yhy drox ya ldehydes H-C HOH], -
CHO or polyhydroxy ketones H{CHOHLACOJCHOH] -
H wath three or more carbon aloms Monosaccharsdes
beanng an aldehyhic carbonyl group ane alled aldoses,
wheneas those with a kelomie carbomyl group are called

a Tumerary

keloses. As monosaochariles are nommally found & oyelc
siruclunss, conlanmg ealher a hemaceial or hemiketal
group arsing from ng chodune of the lnear poly hydros-
yearbonyl compaounds, monosanchandes areconsaderad Lo
comlam & polent @l aldehydie carbonyl growp (hemaceial)
or polental kaome carbohwdrale group (hemuketal).
Cyche hemiacetak or hemikelak of supars with a five-
membened (letahydmluran) rng are deenbed 23 furs-
mives And Lhose with a si-membensd (letm@hydropyran)
nng are called pyranoses.

Monosaschandes are clasafied, aceording Lo the nuem-
ber of carbon aloms they cmiain, & inoees, lElraoes,
penloses, hexodes, ele.

Sterecisomerism and configuration

In theeardy 1590s Emul Fiacher publshed detadled studies
ot Uhe comfiguration of akloses. Maolecules comlami ng one
cenine of ehirabily (asymmetncal carbon alom — which = a
carbon alom o which four differsnt aloms or groups ane
aliached) exsl in lwo gomeric forms. They ane slenso-
womers, differing omly in the arangement of groups n
space. Thus the amplest segar, glyceraklehyde, exnis m
lwa nonsupermmpesable slemsoomenc molecules, which
are mormor images. The wo sleneoisomens ane called
enanlkamers, Or an enanbiomenc patr. [ & known that
these progections cornsipond Lo abeod ule configur tons,
which ame referred 1o as Dglyceraklehyde () and -

glyceraldehyde (11).

CHO

immate mmunity agents agarst micmbial pafhog e They alzo moniior the migration
of lewmeytes in blood vesek and conribue o proffemson and metseis of tumour

cells

Introduction

Leatins {from Latin, legene, to sclect or choose)are proleins
that hind memna- and oliposaccharides specifically and e
veamibly similarly to anticarbohydraie antibodies, bul an
notproduct of animmune respomse. However, they differ
from antibodies in several important aspects. Thus, T
meros lecting ane presant in plants, miooorgenisms and
viruses, which are not mpebl of an mmune reponse
Amnother marked difference betaeen the two classes of pro
tein is that antibodies are structurally smmilar, wheress
lectins are struciumally diverse. In gemeral, lectins am
ofigomeric proteins compaosed of subuni &, one or mare of
which curmies 2 sugar-hinding site. They vary, however, in
sime, aming acid onmpens fion, metal requirement, domain
orgamzation, subunit rumhber and assembly, as well ax in
threerdimensional struciune Figure 1) In ther structuma]
diversity, lectins are akin to enrymes, although they ame
devaid of @ hyiic actvity. In spite of ther struciural var
istion, lectins can be groupead in Bmiles of homaologous
P,

Lectims typically contain tea or mare carhohydrate
combining sites par molecule, that is, they are divalent or
pohvalent, although exceptions ako accur. Theefome,
hinding of a lecfin 40 sugars on the surface of cells, for
example, erythrooyies mey cause aossdinking of the ells
and tha rsuhsequent precipitation, a phenomanon referned
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i as cell agghntination . The erythrocyte sagghifinating, or
haemagg itinating, actvity of lectinsis 2 ma jorattribue of
these proteins and serves rontinely for their detection and
chamcierization. It was actually by thisadivitythatlectins
ware first detected in extracts of plam seeds at the twnof
the ninateenth century. For 2 long time suwch haemagglu
tinating profeins were known as ‘phytohaemaggufimn’,
hecaise they were foumd almast exdwsively in plants. A
tming pointin ledin research camein 19346 with the work
of James B Sumneron jackbean leatin, concanavalin A still
the hest-chamacierized pootein of this class. He reponied
that concanavalin A also predipitates paol ysaccharides and
ghcoprotans and that both the haemagghitinating and
recipitating adivities are imhihited by mamos=e and gluo
anse | the sugarsame of the n-configura fon except for fuonse
which is 1L With much foresight, Sumner suggested that
these acthities might he the consecuence of a reaction of
the lectin with carbohydmiteson the rythrocyte surface. In
fuct, tsting the mhibition of haema gglutination or pohy
saccharide precipietion by a pand of sugams & still the
simplest way toestablish the spedficity ofa lectin. See o
Memhrane Protsing; Sumner, lames Butcheller

Another tuming paint was the dsoovery, in the lie
190, by Wil liam: C Boyd {who ooined the erm kectin}and
independendy by Karl O Renkonen, that certain lectins
exhibit Wood type A, B or O specificity. Soon thereafier,
such lectins played a crudal rok in the identification, by
Walter IT Morgan and Winifred M Watkins, ofthe cham
ical nature of the Haod-type A BO determinants: a-N-aoe
tylgala ctosamine for the A type, a-galacinse for the B type
and a-fucoee for the O type. However, lectin resenrch
started o gain momentumonly in the 19605, thanks to two
major devel opments. The first was the finding by Peter C
Mowell that some ledlins ame milogenic, that is that dhey
stimulate hmphocyies o undergo mitosis. This discovery
had & mevolutionary impact on Immamoksgy o that ot
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Enzymy = glykosyltransferasy

- Enzym

Gen —» Enzym

Gen —» Enzym

Struktura glykanu je v genomu

kddovana neprimo ATGTTGGTACGCTGACT
G GCCGTACGTAGCTTCGT
GACGTCGATCGTAGCTG
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Enzymy = glykosyltransferasy,
syntéza aktivovanych cukru

- Enzym
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Struktura glykanu je v genomu

kddovana neprimo ATGTTGGTACGCTGACT
G GCCGTACGTAGCTTCGT
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Enzymy = glykosyltransferasy,
syntéza aktivovanych cukru
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Enzymy = glykosyltransferasy, Nutna ucéast transportnich
syntéza aktivovanych cukrd, proteint!
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kddovana neprimo

T
Enzym ~

Gen

@ @ Enzym

Enzym




i

T—— P ¥
JAK JE STRUKTURA GLYKOPROTEINU ZAKODOVANA



//upload.wikimedia.org/wikipedia/en/a/ac/Ghostface.jpg

DEDICNOST KREVNICH SKUPIN

52020,
N-acetylgalaktosaminyltransferasa
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Tri varianty (alely) jednoho
genu pro glykosyltransferasu
(lokus AB0O na 9. chromozomu)
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Galaktosyltransferasa

UHCHOH
O

tH,oH G
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Tri varianty (alely) jednoho
genu pro glykosyltransferasu
(lokus AB0O na 9. chromozomu)

H antigen
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Zkracena (nefunkéni) varianta genu, zpusobeno deleci jednoho
nukleotidu a naslednym posunutim ¢teciho ramce

tH,oH G

O ou
HomO/ O

O_I G/cNAc

Fuc

Tri varianty (alely) jednoho
genu pro glykosyltransferasu
(lokus AB0O na 9. chromozomu)

H antigen
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ABO alleles inherited from the

ABO genotype inthe mother

offspring

Bombajsky fenotyp. Jedinci tvofri
A_B? al_l::lgs protilatky anti A, anti B i anti H (0).
=lgneds JelikozZ se jejich krev ve standardnich

from the

father testech ,tvari“ jako 0, je to problém...

UrtH,on Crpp

Nay
HO O QW

O_I G/IcNAc

http://www.ncbi.nim.nih.gov/books/NBK2261/ Fuc
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In the show "General Hospital®, the father of Monica's child was in doubt. Monica had blood type A (genotype AQ) and her child
had blood type O (genotype O0). Because the child must inherit an O allele from the father, the father could have the genotype
AO, BO, or Q0. In other words, the child’s father could have blood group A or B or O, which rules out Monica's hushand Alan (type

AB) and implicates Rick (type O).

Predicted ABO Genotypes

Alan Monica Rick

AO Monika ma krevni skupinu A,

AB AO ? AOorBO AI’avn ma krevni skupinu A_B.
‘ Ditée ma 0. Podvedla Monika

Alana s Rickem???

http://www.ncbi.nlm.nih.gov/books/NBK2261/
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However, Alan is the father! This is possible because both he and Monica are carmers of incomplete H deficiency (H/h). Their h/h
child is unable to produce any ABO blood group antigens and so despite inhenting the A or B allele from Alan, the childs RBC's
lack the A and B antigens as in blood type O.

Actual ABO and Hh Genotypes

Alan Monica Rick

O Alan je tatinek! Ale mozna je
AB Hh | AO Hh  AOQ or BO, HH piibuzny s Monikou...Vhodny
namet pro dalsi dil.

http://www.ncbi.nlm.nih.gov/books/NBK2261/
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Abstract The majority of all proteins are ghycosylated and
ghycans have numerous important structural, functional and
regulaiory mles in varous physiological processes. While
structure of the polypeptde part of a glycoprotein is defined
by the sequence of nucleotides in the comesponding gene,
sructure of a glycan part results from dymamic interacions
hetweoen hundreds of genes, their protein products and
environmental factors, The composition of the glycome
attached to an individwal protein, or to a complex mixtre of
prodeins, like human plasma, i sable within an individual, b
wery variable between individuals. This variability stems from
NUMErnus commaon genetic polymorphizms reflecting in
changes in te complex biosynthetc pathway of glycans, bu
also from the interaction with the environment. Envinonmsent
can affect glycan biosynthesis at the level of subsirabe
availahility, regulation of enzyme activity and’or hormaonal
signals, but also through gene-environment ineractons.
Epigenctics provides a molecular basis how the environment
can modify phenotype of an individual The epigenctic
information (DNA methylation pattern and histone code)
s expecially vulnerable to environmental effecs in the

carly intrauterine and noo-nat)
common late-onset discases take
evidences showing the link

glycosylation are accumulating.
throwghput ghicomics, gemomics
first epidemicdogical and genome)
the glycome, which are presenicd)

Keywords Glycosylation - Glyol
asspciation shudy - Epigenstics -
interactions

Genetes of protein glycosylat

Auccording to the central dogma of]
ofeach protein is determinad by it
by the nuclentide sequence in|
However, in the case of ghycan
there are several additional layy
genes and te final ghycan st
cach ghycan is therefore not ency

Protein Glycosylation, an

Overview

Elwira Lisowska, Ludwik Hirszfeld institute of imnmunology and Experimental Therapy,

Wrodow, Poland

Clycosylation is the most commeon posttranslational modification of proteins. Itis a
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complex process involving many functional proteins and resulting in a great diversity of
structures. Biological role of glycosylation and molecular and genetic basis of
glycosylation disorders have recently been extensively explored. The goal of this short
article is to signalize the variety of problems of this vast field of research.

Types of Glycosylation

Analysis of the SWISS-PROT database indicated that
more than half of all proteins are glycosylated. There are
various types of carbohydrate—protein linkage (Table 1),
involving most known monosaccharides and functional
groups of amino acid side chains. The protein-linked
monosaccharides are usually extended (exceptions are
GleNAcp-Ser/Thr and Mana-Trp) by attachment of other
monosaccharides that gives multiple oligosaccharide
striuctures.

The most common protein-linked oligosaccharides are
N-glycosidic chains (linked to Asn via GlcNAc) which
exist in two major forms: (1) oligomannosidic (or ‘high-
Man’) N-glycans with branched or linear oligomannosidic
chains attached to both a-mannose residues of the core
structure shown in Table 1 and (2) complex chains contain-
ing 2—4 linear or branched antennae composed of one or
more LacNAc (Galpl-4GlcNAcB) units and linked to
a-mannose residues of the core structure. These antennae

linked to Gal orfand GalNAc, or by more complex core2
O-glycans containing LacNAc-type chains. Generally, the
structures (or arrays of structures) of protein-linked gly-
cans are determined by the type of carbohydrate—protein
linkage. However, the LacNAc-type chains present in
N-and O-glycans cancarry the same terminal nonreducing
units, e.g. blood group ABH Lewis (Le) antigens. See also:
Blood Groups: Molecular Genetic Basis

In addition to other types of carbohydrate—protein link-
age listed in Table 1, carbohydrates can be linked to proteins
via phosphoester linkage. A distinct form of protein-linked
oligosaccharides is a glycosylphosphatidylinositol (GPI,
linked to the C-terminal group of the protein) which an-
chors some proteins in the cell membrane lipid bilayer.

The diverse glycan structures can be found in Glyco-
suiteDB (see http://www.glycosuite.com). This database
contains 3238 unique glycan structures (Release 8.0,
August 2005), and if known, the proteins to which the gly-
cans are attached are described.




