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Cukry

4.7.5 carbohydrate (saccha ride)

Monosaccharides, oligosaccharides and polysaccharides, as well as substances derived from monosaccha-
rides by reduction of the carbonyl group (alditols), by oxidation, including the oxidation of one or more
terminal groups to carboxylic acids, or by replacement of one or more hydroxy groups by a hydrogen atom,
an amino group, a thiol group, or by similar heteroatomic groups. This term also includes derivatives of these

compounds.

Note:  The term carbohydrate was applied originally to monosaccharides, in recognition of the fact that
their empirical composition can be expressed as C, (H,0),. However, the term is now used generically

in a wider sense.

4.7.35 monosaccharide

Polyhydroxy aldehyde H-[CHOH] -CHO or polyhydroxy ketone H-[CHOH] -CO-[CHOH] -H, with at least
three or more carbon atoms, respectively.

Note 1: The generic term monosaccharide (as opposed to oligosaccharide or polysaccharide) denotes a
single unit without glycosidic connection to other such units.
Note 2: Most monosaccharides exist as cyclic hemiacetals or hemiketals.

Examples: Aldoses, dialdoses, aldoketoses, ketoses, diketoses, as well as deoxy sugars and amino sugars,
and their derivatives, provided that the compound has a (potential) carbonyl group.

4.7.37 oligosaccharide

Compound in which monosaccharide units are joined by glycosidic linkages.

Note:  Oligosaccharides are called disaccharides, trisaccharides, tetrasaccharides, pentasaccharides, etc.,
according to their number of units.

4.7.38 polysaccharide

Biomacromolecule consisting of a large number of monosaccharide (glycose) residues joined to each other by
glycosidic linkages.

See glycan

Carbohydrate (saccharide) = cukr, sacharid = obecny termin
pro celou skupinu latek

Glykan = slozZitéjsi cukr, oligosacharid nebo polysacharid,
volny nebo vazany

V oboru chemie potravin jsou
vyrazem cukry oznacovany
pouze monosacharidy a
oligosacharidy. Dle legislativy
jsou jako cukry oznacovany
monosacharidy a disacharidy.

POZOR! POUZITI
JEDNOTLIVYCH TERMINU SE
TEDY LISI DLE VEDNIHO
OBORU!
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4.7.35 monosaccharide
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Note 2: Most monosaccharides exist as cyclic hemiacetals or hemiketals.

Examples: Aldoses, dialdoses, aldoketoses, ketoses, diketoses, as well as deoxy sugars and amino sugars,
and their derivatives, provided that the compound has a (potential) carbonyl group.

4.7.37 oligosaccharide

Compound in which monosaccharide units are joined by glycosidic linkages.

Note:  Oligosaccharides are called disaccharides, trisaccharides, tetrasaccharides, pentasaccharides, etc.,
according to their number of units.

4.7.38 polysaccharide

Biomacromolecule consisting of a large number of monosaccharide (glycose) residues joined to each other by
glycosidic linkages.

See glycan

Carbohydrate (saccharide) = cukr, sacharid = obecny termin

pro celou skupinu latek

Glykan = slozZitéjsi cukr, oligosacharid nebo polysacharid,

volny nebo vazany

* Bilkoviny
* Lipidy (tuky)

* Sacharidy
- mnoistvim ve stravé (55-60% celkového
energetického prijmu) predstavuiji jeji
zakladni slozku

- poskytuji o i ergii
- jiny biologicky vyznam je nepatrn
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Vyskyt cukru v bunce

e Jadro —soucast nukleovych kyselin (ribosa, deoxyribosa) * Glykom — soubor vSech sacharidu
e Cytosol — volné monosacharidy produkovanych organismem

. - : o , : (bunkou, tkani) vdaném case za
End(v)rv)lalsm:j\tlcke r,etlkullun?, Golgiho apara’F glykosylované proteiny danych podminek.

e Bunécna sténa — vazané oligo a polysacharidy

e Glykokalyx — glykoproteiny, glykolipidy

o
e i Lipid —-Q




Vyskyt cukru v bunce

* Kovalentné vazané cukry (monosacharidy, * Protoze se nachazeji na povrchu bunék a
oligosacharidy) se nachazeji na povrchu viech bunék. makromolekul, mohou se cukry uplatnovat
v komunikaci a interakcich mezi bunkami a

* Jsou soucasti mnoha makromolekul. molekulami.

* Mohou se v bunce nachdazet i samostatné.
Glykolipidy

Lipid —‘Q
Glykoproteiny A/cu&(ry Cukry A\




Vyskyt cukru v bunce

e Interakce burika-burika * Protoze se nachazeji na povrchu bunék a
makromolekul, mohou se cukry uplatinovat

* |Interakce bunka-molekula v komunika_ci a interakcich mezi bunkami a
molekulami.

* Interakce bunka-patogen

+ *ogen
Y

Molekula
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Informachni potencia
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* Informacéni potencidl je uréen mnozstvim ,slov” (isomert), které je mozné sestavit
z jednotlivych ,,pismen” (monomer).

\

* Nukleotidy a aminokyseliny vytvareji linearni polymery, spojované stale stejnym
zpUsobem (fosfodiesterovd vazba, peptidova vazba).

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

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATC
CGGCCGCCCCGACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGC

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDA



cukruy
\

Informachni potencia
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* Pro presny popis oligo(poly)sacharidu je kromé sekvence nutné znat i typ
glykosidické vazby (anomerii) a velikost kruhu.

\

D-glukosa + D-glukosa:

1 Cl)H al-2 kc.inbiosa
HO ( al-3 nigerosa
O al-4 maltosa
al-6 isomaltosa
HO 8 al-1"a trehalosa
T B1-2 soforosa
OH B1-3 laminaribiosa
T \ B1-4 cellobiosa

a B1-6 gentibiosa



Informacni potencial cukru

’
—
* Glykosidické vazby mUze tvofrit i vice \
nez jedna OH skupina, vznika
—
» Klasickym prikladem rozvétvenych
oligosacharid(i jsou antigeny ABO ’

rozvetveny oligosacharid.
krevnich skupin. \
* Cukry mohou byt dale modifikovany G
redukci, oxidaci nebo vazbou dalsich

funkcnich skupin.
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Evolutionary aspects of ABO blood group in humans

Massimo Franchini *, Carlo Bonfanti

/ / reé
Department of Hematology and Transfusion Medicine, Azienda Ospedaliera Carlo Poma, Mantova, Italy l I e r I I y O

ABSTRACT

The antigens of the ABO blood group system (A, B and H determinants) are complex carbohydrate molecules
expressed on red blood cells and on a variety of other cell lines and tissues. Growing evidence is accumulating
that ABO antigens, beyond their key role in transfusion medicine, may interplay with the pathogenesis of
many human disorders, including infectious, cardiovascular and neoplastic diseases. In this narrative review,
after succinct description of the current knowledge on the association between ABO blood groups and the
most severe diseases, we aim to elucidate the particularly intriguing issue of the possible role of ABO system in
successful aging. In particular, focus will be placed on studies evaluating the ABO phenotype in centenarians,
the best human model of longevity.

© 2015 Elsevier BV. All rights reserved.
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Lectins
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Protilatky

Lektiny — proteiny, které specificky a reverzibilné vazou mono- a oligosacharidy.
Nejsou produkty imunitni odpovédi.

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

Vyskytuji se v zastupcich vSech taxonu (rostliny, zvirata, houby, bakterie, viry).

Bakterie

Lektin \

Glykoproteiny /

a glykolipidy




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 bunék.

Virus

Lektin \

New insights into influenza A specificity: an evolution of
paradigms
Ye Ji, Yohanna JB White, Jodi A Hadden', Oliver C Grant and

p s
Robert J Woods ’ _ /
Glykoproteiny

a glykolipidy




Hemaglutinin viru chripky

* Virus chfipky A obsahuje povrchovy glykoprotein, hemaglutinin (HA). Tento
protein je lektin, ktery rozpoznava hostitelské bunky a ridi adhezi a vstup viru
do bunék.
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New insights into influenza A specificity: an evolution of
paradigms
Ye Ji, Yohanna JB White, Jodi A Hadden', Oliver C Grant and
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RicIn

e Ricin je toxin produkovany rostlinou Ricinus communis (skocec
obecny, Ricin obycajny).

o Casto vyuzivan jako okrasna rostlina.
e Ricin se vyskytuje nejvice v semenech.

e Pro otraveni jsou cela semena nevhodna, je nutné je poradné
rozzvykat.

Toxin

Ribosome-inactivating proteins (RIPs) — proteiny inaktivujici ribosomy Glykoproteiny /
Ricin, abrin, volkensin a glykolipidy



Destnikovavrazda bulharského
spisovatele
Toto jméno je neustdle

[ ] [ ]
R | C | n 7.9.2008 s nami...

Londyn - Do déjin pripad vstoupil jako ,destnikova vrazda“ a dodnes neni

swe

objasnén. Neznamy pachatel vpravil 7. zafi 1978 v Londyné pomoci

Taj n é S I u iby Zad rie Iy otréve ny d 0 p is p ro specialné upraveného destniku jed do téla bulharského spisovatele a

disidenta Georgiho Markova, ktery za étyfi dny zemrel. Podezieni padlo na
0 ba m u . 0 bsa h oval je d ri c i n bulharskou komunistickouvtajnolu sluzbu a kcfysi obé\janou sovétsko’u
tajnou policii KGB. Podle nékterych spekulaci si zabiti Markova, ktery v
Londyné pracoval v bulharské sekci rozhlasové stanice BBC, objednal
osobné viidce bulharskych komunistl Todor Zivkov, protoze Markov, kdysi
Americke tajné sluzby zajistily v utery dopis adresovany prezidentu Baracku Obamovi, prominentni spisovatel a pozd&ji ostry kritik pom&rii v Bulharsku, toho
pfili§ mnoho védél o Zivoté bulharskych vladcl. Zajimavosti je, ze Zivkov

ktery obsahoval podezielou latku. Dopis byl zachycen v objektu, ktery lezi mimo il i
slavil pravé 7. zafi 1978 sedmasedesatiny.

komplex Bilého domu. Podle prvnich testl federalni policie obsahoval jedovaty ricin.
https://ct24.ceskatelevize.cz/archiv/1442570-destnikova-vrazda-
bulharskeho-spisovatele-markova

Americkému senatorovi poslali dopis s ricinem

Dopis zaslany republikanskému senatorovi za stat Mississippi Rogeru Wickerovi obsahoval ricin.
Potvrdil to predbézny test, jsou ale jesté potieba dalsi zkoumani. List se podafilo zachytit jeste
v oddéleni, které pro zakonodarce postu zpracovava. O nalezu informoval $éf policie v Capitolu Kim

Toxin

Dine s tim, Ze pripad prevzal Federalni urad pro vysetifovani (FBI).

Newyorskému starostovi poslali dopis s ricinem

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




»Snad jeden z nejzndméjsich |écebnych poutziti ricinového oleje je jako

RiCin neni jEd, ale projimad I.O. Zemanovy Vgroky pfirodni projimadlo. Je klasifikovan jako stimulaéni projimadlo, coz
olal kritiku - znamena, Ze zvysSuje pohyb svald, které vytlacuji material skrz stfeva, a
Ta’nd VyV y \ pomaha tak vycistit stfeva. Stimulacni laxativa pUsobi rychle a bézné se

(D 6. kwitna 2020 16:28 L

uzivaji ke zmirnéni docasné zacpy.”
Obaﬂ Prezident Milos Zeman vyvolal znacnou kritiku mezi politiky, kdyZ v utery popfel pfitomnost ruského \

agenta v Praze a zkritizoval dvé zpravodajskeé sluzby. Radu lidi popudil i tim, Ze ricin oznaéil za T . d | .. ’ | .
orojimadio. O sl pan prezident plete s ricinovym olejem.

Ricinovy olej se vyrabi z téch stejnych semen R.

A, > - D Pea— s communis, ktera obsahuiji ricin. Ricinu se ale do
. SR—— S o - olejové faze moc nechce a olej je navic ohfivan,
- " . . T T e e o -1 - takZe ricin (protein) je bezpe&né denaturovan. Ricin
Agent s ricinem pobouril diplomacii. Radikalni by pochopitelné skuteéné fungoval jako
kI‘Oky nejsou treba, rika Babis projimadlo...taky je to emetikum a snizuje krevni
\ll () 28. dubna 2020 16:51, akiualizovano 20:51 tlak Nékdy ai na nU|U.

Rusko popfelo informace tydeniku Respekt, Ze do Prahy dorazil agent tamnich tajnych sluzeb s
jedem ricinem, kterého bezpeénostni Ufady vyhodnotily jako riziko pro politiky Ondreje Kolare a
Zdenka Hiiba. Rusko zpravu ¢asopisu oznacilo za novinaiskou ,kachnu®, to viak ¢eska diplomacie
povaZuje za snahu o naruSovani svobody tisku. Senat Zada vladu, aby ohledné& chovani Ruska TOXin
zakro€ila, podle premiéra BabiSe ale nejsou potieba radikalni kroky.

Newvorskému starostovi poslali dopis s ricinem

Glykoproteiny /

a glykolipidy
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Multivalent glycoconjugates as anti-pathogenic agentst
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Gastric Adenocarcinomas Express the
Glycosphingolipid Gb;/CD77: Targeting of Gastric
Cancer Cells with Shiga Toxin B-Subunit
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Jak jsou glykoproteiny kodovany v genomu?

e Glykom —soubor vSech sacharidu
produkovanych organismem (bunkou,
tkani) vdaném Case za danych
podminek.

e Glykosylace bunék — zavisi na typu bunék,
(zdravotnim) stavu bunék, véku, prostredi.

* Glykosylace bunék (povrchové sacharidy)
— vyuziva se pro komunikaci, interakce,
specifické rozpoznavani mezi bunkami,
popripadé mezi bunkami a molekulami.

Glykan <— ? ? ?

ATGTTGGTACGCTGACT
s GCCGTACGTAGCTTCGT
GACGTCGATCGTAGCTG

Protein Gen



Jak jsou glykoproteiny kodovany v genomu?

Enzymy = glykosyltransferasy

- Enzym

Gen

Gen

Gen — Enzym

Struktura glykant je v genomu

kodovana neprimo ATGTTGGTACGCTGACT
G GCCGTACGTAGCTTCGT
) GACGTCGATCGTAGCTG
Protein

Gen
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Enzymy = glykosyltransferasy,
syntéza aktivovanych cukrd ™ Gen
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Struktura glykant je v genomu
kodovana neprimo ATGTTGGTACGCTGACT
G GCCGTACGTAGCTTCGT

GACGTCGATCGTAGCTG

Protein
Gen



Glykosylace

CDG (congenital disorders of glycosylation) — dédicné poruchy glykosylace.

Glykosylace proteint je slozity proces (syntéza aktivovanych cukr(, glykosyltransferasy, modifikace

glykana, glykosidasy), rliznych poruch glykosylace jsou tedy desitky.

CONGENITAL DISORDER OF GLYCOSYLATION, TYPE IIf; CDG2F

Alternative titles; symbols

CDG IIf; CDGIIf

v Clinical Features

Willig et al. (2001) reported a 4-month-old boy who presented with a spontaneous massive bleed in
the posterior chamber of the right eye along with cutaneous hemorrhages. Laboratory studies
showed marked thrombocytopenia and neutropenia. The patient experienced multiple episodes of
bleeding over the next 30 months, including severe pulmonary hemorrhage. He also had multiple
recurrent bacterial infections. Bone marrow transplantation was performed at age 34 months, but the
patient died of complications at age 37 months, ©

Macrothrombocytopenia with abnormal demarcation membranes in
megakaryocytes and neutropenia with a complete lack of sialyl-Lewis-X antigen
in leukocytes--a new syndrome?

Willig TB, Breton-Gorius J, Elbim C, Mignotte V, Kaplan C, Mollicone R, Pasquier C, Filipe A, Miélot F,
Cartron JP, Gougerot-Pocidalo MA, Debili N, Guichard J, Dommergues JP, Mohandas N, Tchernia G.
Blood. 2001 Feb 1;97(3):826-8. doi: 10.1182/blood.v97.3.826.

PMID: 11157507 Free article.

Pmeed.gov YEARS

htt p S://O m i m.O rg Human Genetics Knowledge

for the World

* 606672
GLYCOPROTEIN Ib, PLATELET, ALPHA POLYPEPTIDE; GP1BA

Alternative titles: symbols

GP Ib, ALPHA SUBUNIT

PLATELET GLYCOPROTEIN Ib, ALPHA POLYPEPTIDE
CD42B

v Biochemical Features
By detailed laboratory analysis of a patient with thrombocytopenia and recurrent infecti®gs, Willig
et al. (2001) found markedly decreased amounts of platelet membrane GP Ib (see GP1BA, 606672)

and undetectable sialyl-Lewis-X on the surface of neutrophils, suggesting a defect in the
posttranslational modification of glycoproteins. Martinez-Duncker et al. (2005) noted that the plasma

of the patient reported by Willig et al. (2001) showed a normal sialylation pattern of transferrin (TF;
190000) and other major serum glycoproteins. The phenotype was due to the lack of sialyl-Lewis-X,
which has considerable roles in cell-to-cell interactions, such as infections and megakaryocytic
immaturity, that were defective in this patient. O

v Molecular Genetics

In a patient originally described by Willig et al. (2001), Martinez-Duncker et al. (2005) identified
compound heterozygosity for 2 mutations in the SLC35A1 gene (605634.0001; 605634.0002).
Martinez-Duncker et al. (2005) referred to this disorder as CDG type IIf. @

* 605634

SOLUTE CARRIER FAMILY 35 (CMP-SIALIC ACID
TRANSPORTER), MEMBER 1; SLC35A1

The SLC35A1 gene encodes a CMP-sialic acid transporter located within the membrane of the Golgi
apparatus. The transporter moves nucleotide sugars across the membrane for use in glycosylation
reactions that take place within the Golgi department (Eckhardt et al., 1996). (+]



Dedicnost krevnich skupin

OHCcH Gal
20H CH,OH
O  HO 0
0
O

OH GIcNAc

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



Dedicnhost krevnich skupin

OH CH,0H

N-acetylgalaktosaminyltransferasa
GalNAc O

HO
NAC

OH Gal
© CHOH CH,OH
A O  HO 0
I O
Omww

OH GIcNAc

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



Dedicnhost krevnich skupin

OH CH,0H
Gal

HO
OH

B

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

Galaktosyltransferasa

OHCH,0oH ©d

CH,OH
O  HO o)
®
O

GIcNAc



Dedicnost krevnich skupin

Zkracend (nefunkéni) varianta genu, zpuUsobeno deleci
nukleotidu a naslednym posunutim ¢teciho ramce

jednoho

HCH,0H Gd!

| m

Tri varianty (alely) jednoho genu O CH, Fuc
pro glykosyltransferasu (lokus ABO OH
na 9. chromozomu)

OH GIcNAc
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Abstract The majority of all proteins are ghycosylated and
ghycans have numerous important structural, finctional and
regulatory roles i various ph

early intrauterine and nec-natal development and many
common late-onset diseases take rootalready at that ime. The

iological pro . While vid showing the link between epigenctics and

structure of the polypeptide part of a glycoprotein is defined  glycosylation are accumulating. Recent progress in high-
by the sequence of leotides in the ponding gene, o gh b genomics and epi ics enabled
first epidemidogical and ide iation stedies of

structure of a glycan part results from dynamic i
between hundreds of genes, their protein products and
environmental factors. The composition of the glycome
attached to an individial protein, or to a complex mixture of
proteins, like human plasma, i stable within an individual, but
wvery varisble between individuals. This variability stems from
numerous common genetic polymorphisms reflecting in
changes in the complex bicsynthetic paﬂmay orglyam bt
alzo from the i ion with the

can affect glycan biosynthesiz at the level of substrate
availability, regulation of enzyme activity and/or hormonsal
slgmls hul also through gene-environment interactions.

. .

the glycome, which are presented in this mini-review.

Keywords Glycosylation - Glycome - Genome-wide
- dv - Figenetics -G X

interactions

Genetics of protein glycosylation Is very complex

According to the central dogma of molecularbiclo gy, function
of each protein |s ddaml nod by its structure, which isdefined

P lecular basis how the
can modify phenotype of an individual The epigencti
mﬁarmmmn (DNA methylaton |m1.cm and histone code)
i ially wvul ble to env | effects in the

by the nucl q in the corresponding gene.
However, in the case of glycan moieties of ghycoproteins,
there are several additional layers of complexity between
genes and the final glycan structure. The final structure of
each glycan is therefore not encoded direcy in the genome



ABO alleles inherited from the
ABO genotype inthe mother
offspring

ABO alleles

inherited
from the
father

H antigen deficiency is known as the "Bombay phenotype” (h'h, also known
as Oh) and 15 found 1n 1 of 10,000 individuals 1n India and 1 1n a million
people in Europe. There 1s no 1ll effect with being H deficient, but if a blood

transfusion 1s ever needed, people with this blood type can recerve blood only

from other donors who are also H deficient. (A transfusion of "normal” group

O blood can trigger a severe transfusion reaction )

http://www.ncbi.nlm.nih.gov/books/NBK2261/

Dedicnhost krevnich skupin

CHZOH Gal

JcIVA
OH GIcNAc

Fuc

CH
OH

Bombajsky fenotyp. Jedinci nejsou schopni vytvaret ani
zakladni H antigen (defektni fukosyltransferasa).
Vytvareji se protilatky anti A, anti B i anti 0.

PGsobi problémy pfi transfuzich a testech paternity.
Vhodné jako zapletka do seriald.



Dedicnhost krevnich skupin

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 O0. In other words, the child’s father could have blood group A or B or O, which rules out Monica's husband Alan (type

AB) and implicates Rick (type O).

Predicted ABO Genotypes
Monika ma krevni skupinu A.

Alan Monica Rick
AO """ . Alan ma krevni skupinu AB.
AB AO ¢ AO orBO
‘ Dité ma 0.
Podvedla Monika Alana s Rickem???
AO or BO

http://www.ncbi.nlm.nih.gov/books/NBK2261/



Dedicnhost krevnich skupin

However, Alan is the father! This is possible because both he and Monica are carriers of incomplete H deficiency (H/h). Their hih

child is unable to produce any ABO blood group antigens and so despite inheriting the A or B allele from Alan, the child's RBC's
lack the A and B antigens as in blood type O.

Actual ABO and Hh Genotypes

Alan je tatinek! Ale mozna je
Alan ”%:a Rick pribuzny s Monikou (vzhledem
ABHh | AGHR AO or BO, HH k vzacn’ost’| aIver h)...Tova'byI
vhodny namét pro dalsi dil...

hh

,Because both parents must carry this recessive allele to transmit this blood type to their
children, the condition mainly occurs in small closed-off communities where there is a good
chance of both parents of a child either being of Bombay type, or being heterozygous for the h

allele and so carrying the Bombay characteristic as recessive. Other examples may include noble
families, which ar ue to custom rather than local genetic variety.”
http://www.ncbi.nlm.nih.gov/books/NBK2261/



Cukry = zkratky a symboly

» Zakladni jednotky slozZitéjSich sacharidu jsou monosacharidy.

* NA/proteiny — zakladni jednotky (nukleotidy, aminokyseliny) jsou jasné

definovany a jejich pocet neni velky.

 Monosacharidl je mnoho, proto u glykanu nelze (jednoduse) pouzit

jednopismenny kod. Problém: vazby, vétveni, modifikace
 Vyvinuto a pouzivdno mnoho zpusobu, jak sacharidy znazornit.

* Na rozdil od NA/proteint se u cukr(i velmi ¢asto vyuziva grafické znazornéni.



Cukry = zkratky a symboly

UNION OF PURE AND APPLIED CHEMISTRY
https://www.gmul.ac.uk/sbcs/iupac/2carb/

f-D-Calp-(1—=4-B-D-ClopH Ac- (1—2 )-c-D-Mang- (1 —
3

T
1

a-L-Fucp

Calif 14}@}-: M- 1-2ihan ] -
Fugiz: 1-3)

Gal(B1-4)[Fuc(al-3)]GleNAc(B1-2)Man(al-

* Tri IUPAC zpUsoby jak pomoci zkratek
znazornit oligosacharid.

IUPAC

LINUCS

LinearCode

GLYCAM

{0-D-GalpNAc-(13){a-L-Fucp-(1>2)]-B-D-Galp-(1> 4)-p-D-
GlepNAG-(13)-B-D-Galp-(1-> 4)-p-D-Glep}

[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]{} }} }}

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

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

CFG

Oxford

©
2
=
o
©
[
V)

GLYCAM/
Oxford

1112 D-Galp @ ¢ L
D-CapNAc 0 4 LN
/Q—.})_D D-Glep @ O ¢
DGlepNAc @@ B GN
& @ L-Fucp A ©
I L=G Oxford-type linkage: x 8
fI:—GN ----- a-linkage 4 ;:|L'I .
v — PB-linkage 3
T 2




Cukry = zkratky a symboly

Standardizace symbolu:

Symbol Nomenclature for Glycans

( SNFG ) IUPAC {o-D-GalpNAc-(1=23)-[a-L-Fucp-( 1= 2)]-p-D-Galp-(1=>4)-p-D-
GlepNAc-(1-3)-B-D-Galp-(1->4)-p-D-Glep}
https://www.ncbi.nlm.nih.gov/glycans/snfg.html LINUCS [1[b-D-Glep]{[(4+1)][b-D-Galp}{[(3+1)][b-D-GlcpN Ac]{[(4+1)][b-D-
Galp]{[(2+1)][a-L-Fucp]{}[(3+ 1)][a-D-GalpNAc]{} }} }}
Filed Circle {mgm @) O o @ @ ® o o LinearCode ANa3 (Fa2) Ab4 GNb3 Ab4 Gb4 (spaces added for clarity)
Teesee HEA: G!Ac Maﬂﬂc SELC Gui.@c AEC AE'«C TEAC MEMC GLYCAM OLN (0fA) ZLB 4Gn 3LB 4GB (with LinearCode precedence rules for branching)
Croszed Square E g B E E E ‘B N [!
Divided Diamond @ e Q e e @ O e G gh—
Hexuronate GlcA ManA GalA GulA AltA AllA TalA doA 3 4 3 4 01_% ¢
g 58 A A A CEG 2w e ¢ o ¢
Divided Triangle & A - Zh n::b A lﬂ-z D-Galp O o L
DeoxyhexNAc QuiNAc RhaNAc GAIINAC GdTalNAC FucNAC E D‘GHIFNAC D ’ LN
FlatRectangle D\-dec::\‘_.-:e.tcse : T- Abe E D-\g J(’:j .E D‘Glc‘p . D G
% O = Oxford DGlepNAc @ H  GN
Filled Diamond <> ’ | ‘ 0 ‘ ’ E ‘.‘@; L-l.-qu ‘ @ f
Flat Diamond . ;‘_.O‘ t P’ LO - f’ O o L=G Oxford-type linkage: x 8
Flat Hexagon | o . . Vé . GLYCAW [“' -G N ..... u-] lnk‘age 4
o Symboly pro jednotlivé monosacharidy. Oxford d — P-linkage 5
Pentagon f - 2-

== \zhledem k po¢tu monosacharidu je
nutné vyuzivat rGzné barvy i tvary.



Cukry = zkratky a symboly

Standardizace symbolu:

Symbol Nomenclature for Glycans
(SNFG) Symbol Nomenclature for Glycans (SNFG)
Standardization in drawing glycan structures is essential for efficient communication. The tools and methodology
illustrated here have become widely accepted by the scientific community. Use of these symbols to represent
https;//www,ncbi_nlm_nih,gov/glycans/snfg_html monosaccharides is now strongly recommended for all manuscripts submitted to major journals and other publications.
Citation:
, y v s . . , « Symbol Nomenclature for Graphical Representation of Glycans, Glycobiology 25 1323-1324, 2015 Citation link
Vyznamna cast glykobioinformatickych @ (PMID 26543186).
z °e0 o v v 4 H z « Updates to the Symbal Nomenclature for Glycans guidelines, Glycobiology 29:620-624 2019 Citation linkc?
nastroju je zamérena na grafické P 31154005, yens g yeonieiay
V4 v v (]
znazorneéni cukru.
Blood group antigens: .
EXAMPLE EXAMPLES FROM SLIME MOLD H antigen on Type-1 lactosamine chain O-linked glycans (GalNAc type)
FROM YEAST

Extended core-1 glycan

R=glycan
backbone -
2
3
- R
4
* A antigen

6’sulfo-sialyl Lewis-X on
core-2 glycan
R

6S

B antigen a3 4

Mannans from 5. cerevisiae
(P=phosphoryl)

3 er/Thr

a3

R

a

a 3,28 3gmmp
a

a 3,28 3gums



Cukry —zobrazovaci nastroje

WDrawGlycan-SNFG

Render glycans and glycopeptides with fragmentation info. using the Symbolic Nomenclature for Glycans [SNFG] htt p ://WWW.Vi rtu a |g|yco m e . O rg/D raWG cha n/

IUPAC-condensed Input (glycan or glycopeptide):

Man(a2)Man(at)[Man{a2)Man{a3)]Man{as)Gal(a3)Fuc{at)Man{a2)Man{as)

[Man{a2)Man{a3)]Man{at)Gal(a3)

Basic eptions:

Display Linkage: m Linkage font size: Text font size: Mannosa Fukosa
Symbol Size: Crientation:

Other options (show/hide)

ass Opton: Adduct

Molecular Weight: 2254.7562

ab, a3 4o ab
A\ 4

Galaktosa




ProGP470 (Putative uncharacterized protein)

Validation Status Characterized

Organism Information

Organism Mame Burkholderia cenocepacia K56-2

Glykosylace
Family: Burkholderiaceas

Order: Burkholderiales

Class: Betaprotecbacteria

Division or phylum: "Protecbacteria”
Taxonomic ID (NCBI) 985075

Classification

Protein Information

* Glykosylace je vyznamna posttranslacni T e
NCEI RefSeq WP_006486887.1.

mOd ifi kace- EMBL-CDS CAR532591.1.

>tr|B4EBT2|BAEBT2_BURC. Putative exported protein 05=Burkholderia cenocepacia (strain ATCC BAA-245 [ DSM
16553 / LMG 16656 / NCTC 13227 / J2315 [ CF5610) GN=BCAL2973 PE=4 SV=1

> OVI iVﬁ Uj e Stru ktu ru p rotei n loj ) jej iC h a ktiVitu UniProtKB Sequence MEKSLVQAVVVARALVAPVVSFAQSGSTITRAQVRAELVQLQQAGYNSARGEDPHYPEAIQ

AATARIAEQQRSALAQAQGADVSGYGAQAQGASASGSRAMGVRPASAEEMKSLYRGS

i funkci (rozpustnost, stabilita, interakce, Sequence ength

s . . V4 Ve Subcellular Location Outer membrane
vyznam pro imunitni system ) . Glycosylation Status

Glycosylation Type O- (Ser/Thr) linked

* Glykosylace probiha u eukaryot i prokaryot. Experimentally Valdated

Glycosite(s) in Full Length | S106

Protein
=tr|B4EBT2|BAEBT2_BURC. Putative exported protein 05=Burkholderia cenocepacia (strain ATCC BAA-245 [ DSM
A Repository of Experimentally Characterized Glycoproteins and Protein Glycosyltransferases of Prokaryotes Glycosite(s) Annotated 16553 / LMG 16656 / NCTC 13227 / J2315 / CF5610) GN=BCAL2973 PE=4 SV=1
Protein Sequence MESLVQAVVVARALVAPVVSFAQSGSTITRAQVRAELVQLQQAGYNSARGEDPHYPEAIQ
:\ AATARIAEQQRSALAQAQGADVSGYGAQAQGASASGSRAMGVRPAS (106l AEEMKSLYRGS
2| 2 £ 4 :} Sequence Around GSRAMGVRPASAEEMKSLYRG
fs U/ 3 8\ X Glycosites (21 AA) -
A Technigue(s) used for . _ o . _
A . ZIC-HILIC,immunablottingtryptic digestion, and MS/MS analysis
Glycosylation Detection
Technique(s) used for
Glycosylated Residue(s) MS/MS analysis
Detection
Glycan Information
Glycan Annotation Trisaccharide HexMNAC-HexMAc-Hex.
BCSDBID 12058
GlyTouCan GT193TMV

ProGlycProt second rel

ProGlycProt is a manually curated, comprehensive repository of experimentally characterized glycoproteins and glycosyltransferases that are
involved in protein glycosylation, in bacteria and archaea, exclusively. The website is a focused effort to provide concise and relevant I yC I O

information derived from rapidly expanding literature on prokaryotic glycoproteins, attached glycans, linkages, their glycosylating enzyme(s),
http://www.proglycprot.org/  protein Glycosylation in Prokaryotes

their specificities, mutants, glycosylation linked genes, and genomic context thereof, in a cross-referenced, interactive manner... More==>



G | y ko Sy | a C e B4 TRENDS in Microbiology Vol.11 No.12 December 2003

Sweet new world: glycoproteins in
bacterial pathogens

ELSEVIER

° G kaosylace Je Vyz namn é postt rans I a é N |’ M. Alexander Schmidt’, Lee W. Riley? and Inga Benz'
- "Institut fur Infektiologie, Zentrum fr Molekularbiologie der Entzaindung (ZMBE), Von-Esmarch-Str. 56, D-48149 Manster, Germany

m O d Ifl ka C e i ;E\;:;nzr:lo;;n;ectious Diseases and Immunity, School of Public Health, University of California, 140 Warren Hall, Berkeley,
AL N 1ol ni In eukaryotes, the combinatorial potential of carbo-
Y OVI vn l.”e Stru ktu ru p rOte I-n.U, JeJ ICh da ktIVItu hydrates is used for the modulation of protein function.
i funkci (rozpustnost, stabilita, interakce, However, despite the wealth of cell wall and surface-
, . . S , associated carbohydrates and glycoconjugates, the
vyznam pro imunitni systém), accepted dogma has been that prokaryotes are not able

to glycosylate proteins. This has now changed and pro-

.z . tein glycosylation in prokaryotes is an accepted fact. Intri-

* Glykosylace prObIha u eUka ryOt I prOka ryOt' guingly, in Gram-negative bacteria most glycoproteins
are associated with virulence factors of medically sig-
nificant pathogens. Also, important steps in pathogen-
esis have been linked to the glycan substitution of

A Repository of Experimentally Characterized Glycoproteins and Protein Glycosyltransferases of Prokaryotes

surface proteins, indicating that the glycosylation of
bacterial proteins might serve specific functions in
infection and pathogenesis and interfere with inflam-
matory immune responses. Therefore, the carbo-
hydrate modifications and glycosylation pathways of
bacterial proteins will become new targets for thera-
eutic_and prophylactic_measures. Here we discuss
recent findings on the structure, genetics and function
of glycoproteins of medically important bacteria and

potential applications of bacterial glycosylation systems
for the generation of novel glycoconjugates.

ProGlycProt second rel

ProGlycProt is a manually curated, comprehensive repository of experimentally characterized glycoproteins and glycosyltransferases that are
involved in protein glycosylation, in bacteria and archaea, exclusively. The website is a focused effort to provide concise and relevant y

information derived from rapidly expanding literature on prokaryotic glycoproteins, attached glycans, linkages, their glycosylating enzyme(s),
http://www.proglycprot.org/  protein Glycosylation in Prokaryotes

their specificities, mutants, glycosylation linked genes, and genomic context thereof, in a cross-referenced, interactive manner... More==>



Predikce glykosylace

* Glykosylace je vyznamna posttranslacni NetOGlyc - 4.0
modiﬁkace_ 0O-GalNAc (mucin type) glycosylation sites in mammalian proteins
The NetOglyc server produces neural network predictions of mucin type GalNAc O-glycosylation sites in mammalian proteins.

* Ovliviuje strukturu proteind, jejich aktivitu
i funkci (rozpustnost, stabilita, interakce,

vyznam pro imunitni systém). DictyOGlyc - 1.1

O-(alpha)-GlcNAc glycosylation sites (trained on Dictyostelium discoideum proteins)

* Glykosylace probiha u eukaryot i prokaryot.

The DictyOGlyc server produces neural network
predictions for GIcNAc O-glycosylation sites in
Dictyostelium discoideum proteins.

NetCGlyc- 1.0

C-mannosylation sites in mammalian proteins
The NetCGlyc 1.0 produces neural network predictions of C-mannosylation sites in mammalian proteins.

NetNGlyc- 1.0

N-linked glycosylation sites in human proteins
The NetNglyc server predicts N-Glycosylation sites in human proteins using artificial neural networks that examine the sequence context 8{Asn-Xaa-Ser/Thr

sequons.

MINI REVIEW

Protein glycosylation: nature, distribution, enzymatic formation, and disease

https://services.healthtech.dtu.dk/ implications of glycopeptide bonds



Predikce glykosylace

* Predikce glykosylace:  N-glykosylace x O-glykosylace

OH
0 NH3
HO |
HO COCH E—CIZH
NH COO-
(I?O
(a) CH;

N-glykosylace asparaginu

Glycoproteins

To ny Merry, University of Manchester, Manchester, UK
Sviatlana Astrautsova, Grodno State Medical University, Grodno, Belarus

Based inpart on the previous version of this Encyclopedia of Life Sciences
(ELS) article, “Glycoproteins’ by “Terry D Butters”.

(b)

HO

OH
o)

HO NH3
NH |
I CH,—CH
co |
| COO
CH;

O-glykosylace hydroxylové skupiny
serinu nebo threoninu

Glykosylace chrani proteiny pred proteolyzou,
ovliviiuje strukturu a interakce proteinu, uplatiiuje
se v interakcich imunitniho systému.



Predikce glykosylace

* Predikce glykosylace:  N-glykosylace x O-glykosylace

OH O _on
) NH3 0
HO |
HO » CDCHE—CIZH HO » TH;
| oo | CH,—CH
CO CO |
| | COO
(a) CH; (b) CH;
N-glykosylace asparaginu O-glykosylace hydroxylové skupiny

serinu nebo threoninu
Asn-X-Ser(Thr), X nesmi byt Pro

Asn-X-C — nekanonicky motiv

e . _ o Nemaji jasné definovany motiv
Zalezi i na sousednich aminokyselinach,

charakteru aminokyseliny , X
ko nfo rmaC| m I’Sta Identification of novel N-glycosylation sites at non-canonical

protein consensus motifs

Mark S. Lowenthal’, Kiersta S. Davis, Trina Formolo, Lisa E. Kilpatrick, and Karen W.
Phinney



Analyza glykanu

Biological
sample

Separation/Enrichment

* Charakterizace glykanu: hmotnostni spektroskopie (MS), )
vysokoucinna kapalinova chromatografie (HPLC), nuklearni Tatact Glycoprotsing
magneticka rezonance (NMR). s

Y
Intact glycopeptides

N

Deglycosylation

\ v v

* Velkd ¢ast softwarovych ndstrojl je zamérena na zpracovani
a interpretaci experimentdlnich dat, analyza glykant je bez

ve.sr 8 o o . . P . v s MS analysis chlycqsylalcd Released
vyuziti bioinformatiky velmi obtizna (prakticky nemozna)... peptides glycans
A 4 \ 4
WET-LAB DRY-LAB WET-LAB DRY-LAB ( \ A— MS analysis MS analysis
Bioinformatics analysis > l
— il P B

2-DE image analysis Search
database

MS
2-DE gel |—> E — | = and/lor — Bioinformatics analysis
l MS/MS Q

— -

ample |5
S Pe,\ ! IDatgtlase‘

Identification & Update ) avie et
U LC/MS — ‘ D —> | —> MS/MS —> | characterisation  annotation U | Protein / Peptide identification L

. * A >| Glycan structure identification €
LC/MSimage analysis ' and attachment site assignment

\» Multi LC >

Feng Li"-2, Olga V. Glinskii-® and Vladislav V. Glinsky'2

Separation Bioinformatics Mass Spectrometry Bioinformatics

Proteomics 2013, 13, 341-354 DOl 10,1002/ pmic.201200149



Cukry — 3D struktura

* Co nds zajima — struktury glykoproteint, struktury sacharidi v komplexu s proteiny
(lektiny, enzymy, protilatky).

* RTG krystalografie. Problém: velka flexibilita sacharidt (ve strukture je viditelnd jen
cast glykanu).

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

e Urceni struktury komplexnich sacharidu je obecné problém.

NMR — tradi¢ni metoda pro urceni struktury oligosacharidu (prace v roztoku),
problémy s pfifazenim signall a vyhodnocenim dat (malé rozdily mezi
jednotlivymi jadry).

* Molekulové modelovani sacharidl je ¢asto nezbytnou soucasti interpretace
experimentalnich dat.



Cukry — 3D struktura

* Co nds zajima — struktury glykoproteint, struktury sacharidi v komplexu s proteiny
(lektiny, enzymy, protilatky).
e Urcéeni struktury komplexnich sacharidu je obecné problém.

Molekulové modelovani sacharidu je ¢asto nezbytnou soucasti interpretace
experimentalnich dat.

It should be noted that under physiclogical conditions oligosaccharides are frequen fs et rd-a single static
structure is an incomplete model. For this reason, the user is encouraged to employd ﬂlecular d}rnamlcs 5|mulat|c:n 0 develop
a more complete understandmg of the spatial and dynamic properie F

All builders at GLYCAM-Web generate molecular structure files that can be used in visualization programs
or as input for simulations. For the builders that generate 3D structures from a primary sequence (e.g., G LyCAM

DManpb1-6DGlcpNAcb1-0OH), we offer the interfaces listed below for setting the primary sequence.

http://glycam.org/



Glykobioinformatika — databaze

e Databaze obsahujici informace o proteinech (sacharidy jsou soucast

glykoproteinu, lektiny).
 Vlastni databdze sacharidu (struktury).

* Databdze enzymu a drah ucastnicich se syntéz a odbouravani glykan(

(sacharidu).
* Informace o interakcich protein-sacharid

* ,,Glykocentra” — sdruzené databaze, vlastni specializované

databaze, analytické nastroje



,Glykocentra”

http://glyco3d.cermav.cnrs.fr/home.php GIYCA3E 2.0 Glyko struktury
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,Glykocentra“

= R el s @) DY RV

) Unilectin

&

Cermav

BACTERIA BUILDER

Unified exploration platform for manually curated and predicted lectins

UniLectin3D PropLec

Curated and classified lectin 3D structures Predicted B-propeller lectins

GAG BUILDER

N-O LINKED BUILDER

LectomeXplore

Predicted lectins in all available species from all kingdoms

MycolLec TrefLec

Predicted lectins in fungal genomes Predicted B-trefoil lectins

POLYSAC3DB

Glyco3D is a portal of databases covering the three-dimensional features of monosaccharides,
disaccharides, oligosaccharides (Conformations and NMR  spectra), polysaccharides,

glycosyltransferases, lectins, monoclonal antibodies against carbohydrates, and glycosaminoglycan-
binding proteins. These databases have been developed with non-proprietary software and they are
opened freely to the scientific community. Each individual database stands by itself as it covers a

Glyco3D

particular field of structural glycosciences.

http://glyco3d.cermav.cnrs.fr/home.php



LectomeXplore - A database of predicted lectins

Identifikace a izolace novych lektinu

What is LectomeXplore ?

LectomeXplore is a module dedicated to the exploration of predicted lectins for each class from UniLectin3D
GATAGCGTAATGATCGECTEECTGCCGCATTTCATGCTGETTTCCCAACGARAAT) classification. Translated genomes (proteomes) released in the UniProtKB and RefSeq sequence databases and in
the PDB structure database were screened to identify the lectome (complete set of lectins) of the corresponding

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGH species.

GEGTGECGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGECATCTTTCI G eno my
AGCGCGGTT TCGCGCAGATGCAGCTGATCACCCEGGGCTCAGACCGETARACAGACK

Workflow of lectin domains prediction

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTC!H

109 lectin classes
EDRPIKFSTEGATS
QSYKQFIEALRERLRGGLIHD ‘u ‘.
IPVLPDPTTLOERNRY ITVELSNSDTESIEVGIDV Lectin 3D Datsiats of
TNAYVVAYRAGTQSYFLRDAPSSASDYLFTGTDQH structures Conserved motif RERRALRIQ —
SLPFYGTYGDLERWAHQSRQQIPLGLOALTHGISF protein sequences chbatabasc
FRSGGNDNEEKARTLIVIIQMVAEAARFRYISNRV .
l Protein sequences
Zna, mé identified with a
I [ lectin domain
° ° ° ° mp‘. ) .L‘t ';{ t L P‘DK *k HMMER
Bioinformatika lektiny ‘ =
‘ | ——
[ E—— o
profiles @

| po
Nové lektiny g‘—] . V @

Levné LectomeXplore MycolLec

Predicted lectins in all available species from all kingdoms Predicted lectins in fungal genomes

Online databaze!

JUR

https://www.unilectin.eu/predict/ https://www.unilectin.eu/mycolec/



Identifikace a izolace novych lektinu

Prace s komplexnim pfirodnim vzorkem.

Malé mnozstvi vzorku (napf. klisté),
drahy vzorek, Spatné dostupny.

Nizka koncentrace lektinu.

Poskozeni proteind izolaCnim procesem.

Pionyrsky vyzkum, rizikovy.
Nové lektiny s dosud neznamou
strukturou/vlastnostmi!

Lectin array Lectin affinity
chromatography

LI
% “: -2"‘-
I= s

Lectin histochemistry

SDS-PAGE & Western Blot with lectins

=

Enzyme-linked lectin assay (ELLA)

Biological activity
Mitogenic

Antifungal Antihelmintic

JL

Frakcionace

Extrakce proteinl
Nove Iektmy - Detekce lektinové aktivity
Nové unikatni lektiny Purifikace lektint
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Acholetin : A newly
discovered Poly 1-3 B-D
GlcNAc bacterial
polysaccharide

Using genomic data and activity-
based screening, the researchers
identified a glycoside
phosphorylase enzyme..

Acholetin
isphorylase Be

a-GlcNAc1

Acholetin

11

mars
2022

Glycomimetics against
Multi-Drug Resistant
Pathogens

The collection of glycopedia virtual
chapters has been extended with a
new contribution Multi-drug
resistant...

Glyko stranky

resources

e-chapters

search

Morphology

22

février
2022

Recent Advances in
Electron Microscopy of
Carbohydrate
Nanoparticles

Carbohydrate nanoparticies, both
naturally derived and synthetic
ones, have attracted scientific
and.

| |
Carbohydrate nanoparticles

fibers
A radiation

B
oo 1| N Tf7 | peagensiy

Starch : Structure and

Serge Perez - Anne Imberty

* ||IIIII
3565

‘opyrancse Glucapyras
1,8-5 D 238840

janvier
2 2022

Chitin and Chitosan in
the Bioeconomy

Chitin is the second most abundant
natural polymer in the world after

cellulose, mainly derived from the
food...

Library of Bio-active
Monosaccharides. 1D,...
Serge Perez

20

décembre
2021

Modernized uniform
representation of
carbohydrate molecules
in the Protein Data Bank

Carbohydrate molecules present in
more than 14,000 Protein Data
Bank (PDB) structures have
recently been. ..




Lipidy

Lipidy jsou heterogenni skupina biomolekul nerozputnych we vodé a rozpustnych v organiclach rozpoustédlech. Jsouto
derivaty wisich monokarboxylowych kyselin a alifatickych &i alicyklickych hydroxyderivatd nebo aminoderivatll. Patfi do ni
nasledujici latky:

1. Tuky & oleje (acylatyceroly) Zakladni pojmy z biochemie, V. Mikes, Katedra biochemie

2. Glycerolipidy {alycerofosfolipidy, plasmalogeny, kardioliping v . . v v s ;.
3. Sfincolipid PFF Masarykovy Univerzity v Brné, 2. doplnéné vydani 2001

4 Steroidy (cholesteral, Zutove kyseliny, steraidni hormony)
5. lzoprenoidy {ubichinon, plastochinon, dalichol
6. Vitaminy roZpustné v tucich

Lipidy hraji v organismu roli jako zasobni latky, strukturalni sloZky membran, hormony a vitaminy.

4.8.16 lipids

Small, biologically active molecules of variable structure, commonly defined by their solubility in non-polar
solvents. Hydrophobic or amphipathic small molecules that may originate, entirely or in part, by the car-
banion-based condensations of thioesters (fatty acyls, glycerolipids, glycerophospholipids, sphingolipids,
saccharolipids, and polyketides) and/or by carbocation-based condensations of isoprene units (prenol lipids
and sterol lipids).

Terminology of bioanalytical methods
(IUPAC Recommendations 2018)

https://doi.org/10.1515/pac-2016-1120
Received November 21, 2016; accepted February 1, 2018



Lipidy a lipidomika

« Zasobni latky (zdroj energie), mechanicka ochrana, tepelna izolace, hormony, slozky
membran, vitaminy

— Ls Lipidomicka sekce

Lipidomika je v&dni obor, ktery se zabyva studiem biochemickych drah lipidi v biologickych systémech. Slovo lipidom e
oznacuje veskeré lipidy v bufice, tkani nebo organismu v daném ¢ase a je podmnoZinou metabolomu. Lipidomika je relativné Ceské spolecnosti pro biochemii a molekularni biologii
mlady obor, ktery se rozviji v souvislosti s rychlymi pokroky v Iékafstvi, analytické chemii a informacnich technologiich. Lipidy g
hraji velmi dileZité role pfi vzniku a prab&hu mnoha metabolickych chorob jako je napfiklad obezita, ateroskleréza, cévni
mozkaova piihoda, hypertenze nebo diabetes. V lipidomickém vyzkumu se pracuje s velkymi soubory dat, kieré kvantitativné
popisuji zmény v obsahu a sloZeni jednotlivych druhi lipidd. Analyza lipidomu znamena identifikaci a kvantifikaci tisic
molekularnich druhd lipidi, zkouma se struktura a interakce s dal&imi slouéeninami, jejich dynamika a zmény, které nastanou
v prabéhu vzniku choroby. Informace ziskané z téchto studii hraji ddleZitou roli pfi objasfiovani vzniku a prib&hu nemoci na
molekularni drovni.

http://lipidomics.uochb.cas.cz/lipidomika.html

Lipidy

Lipidy jsou strukturné riznorodé chemické slouceniny, které plni fadu kli¢ovych biologickych funkci, napfiklad jako stavebni

Lipidomics: a global approach to lipid analysis in

slozky bun&cnych membran, zdroje a zasobarny energie, nebo jako signalni molekuly. Lipidy mohou byt obecné definovany blOlOgICEl| systems
jako hydrofobni nebo amphipatické molekuly, které alespori ¢astecné& vznikaji kondenzaci thioesterd (mastné kyseliny,
polyketidy, atd.) nebo isoprenovych jednotek (prenoly, steroly, atd.). Lipidy se obecné déli na "jednoduché” a "sloZeng" lipidy, Andrew D. Watson®

pficemZ jednoduchymi lipidy rozumime ty, které pfi hydrolyze poskytuji nanejvys dva typy produktl, kdeZto sloZené lipidy
davaji pfi hodrolyze tfi nebo vice produkt.

Department of Medicine, Division of Cardiology. David Geffen School of Medicine, University of California
at Los Angeles, Los Angeles, CA 90095




1. How to preserve and extract lipids?

2. What amount of lipids is present in the sample ?

3.How to fractionate a natural lipid extract?

2, What are the components present within each fraction?

s. What amounts of each component are present in the lipid extract?

Analyza lipidti

CYBERLIPID CENTER

1. This site for cyberlipid studies is an online, non-profit scientific organization
whose purpose is to collect, study and diffuse information on all aspects of

http://cyberlipid.gerli.com/ lipidology.

General organizations

Companies involved in Scientific Research

Food and Nutrition journals on-line

Scientific journals

Sites devoted to sciences and techniques Scientific Societies and organizations
Databases and encyclopedia Scientific Libraries
Browsing on the net Publishers

Discussion Groups

Lipid suppliers

Sites directly involved in fat and lipids

Journals devoted to lipids

2. The site seeks to establish contacts between students, teachers, scientists and

technicians and expose various models in all fields, forgotten studies of the
past, work in progress and hot fields.

3. The site will try to feature an extensive, always upgraded, annotated
bibliography devoted to the main presented topics.

Kalendar

1758

First study by Poulletier de la Salle FP of a lipid (cholesterol) isolated from bile stones.

1773

Discovery by the Swedish scientist Scheele CW of glycerol abtained by heating several oils and fats with lead oxide.

1783

Fourcroy AF introduced alcohol to extract brain lipids.

2023

18th-20th January 2023 - Exceptional Journées Chevreul 80 years of SFEL', Paris
For information contact : web site

22-23 May 2023 - 3rd International Conference Lipid droplets & Oleosomes, Wageningen,
The Netherlands
For information contact : web site

2-5 July 2023 - 15th International Congress Congrés ISSFAL/SFEL, Nantes (France).
For information contact : web site

10-12 July 2023 - 4th EpiLipidNET Action Meeting. Toulouse, France.
For information : web site

17-20 September 2023 - 19th Euro Fed Lipid Congress & Expo, Poznan (Pologne).
For information contact : web site




@ LIPID MAPSe Lipidomics Gateway

https://www.lipidmaps.org/

Lipid classification, structures and tools*

Eoin Fahy', Dawn Cotter, Manish Sud, and Shankar Subramaniam
University of California, San Diego, 9500 Gilman Dr., La Jolla, CA 92093-0411, USA

Abstract

The study of lipids has developed into a research field of increasing importance as their multiple
biological roles in cell biology. physiology and pathology are becoming better understood. The
Lipid Metabolites and Pathways Strategy (LIPID MAPS) consortium is actively involved in an

integrated approach for the detection. quantitation and pathway reconstruction of lipids and related
genes and proteins at a systems-biology level. A key component of this approach is a

bioinformatics infrastructure involving a clearly defined classification of lipids. a state-of-the-art

database system for molecular species and experimental data and a suite of user-fiiendly tools to
assist lipidomies researchers. Herein, we discuss a number of recent developments by the LIPID
MAPS bioinformatics core in pursuit of these objectives. This article is part of a Special Issue
entitled Lipodomics and Imaging Mass Spectrometry.

Lipid of the Month

April, 2023

Arborinol

Lipid Classification System

Lipidy a lipidomika

International Lipid Classification and
Nomenclature Committee (2005):

Klasifikacni systém zahrnujici 8 hlavnich
kategorii, kazda je dale ¢lenéna (tridy,
podtridy a nékdy podpodtridy)

The LIPID MAPS Lipid Classification System is comprised of eight lipid categories, each with its own subclassification hierarchy. All lipids in the LIPID MAPS .
Structure Database (LMSD) have been classified using this system and have been assigned LIFID MAPS ID's (LM_ID) which reflects their position in the classification
hierarchy. LMSD can be searched by lipid class, common name, systematic name or synonym, mass, InChlKey or LIPID MAPS ID with the search box in the banner, |
or alternatively, by LIPID MAPS ID, systematic or commaon name, mass, formula, category, main class, subclass data, or structure or sub-structure with one of the

| search interfaces in the LMSD database section. Each LMSD record contains an image of the molecular structure, common and systematic names, links to external
databases, Wikipedia pages (where available), other annotations and links to structure viewing tools. In addition to LMSD search interfaces, you can drill down
through the classification hierarchy below to the LMSD record for an individual lipid.



Lipidy — strukturni databaze

* Tridéni lipidu a informatika lipidi obecné je, ve srovnani s proteiny a nukleovymi kyselinami,

pomerné novy obor.

e LIPID MAPS Structure Database (LMSD)

The LIPID MAPS® Structure Database (LMSD) is a
relational database encompassing structures and

the largest publictipid-only database in the world.

https://www.lipidmaps.org/data/structure/index.php

Structures of lipids in the database come from several sources: (i) LIPID
MAPS Consortium's core laboratories and partners; (ii) lipids identified by
LIPID MAPS experiments; (iii) biologically relevant lipids manually curated
from LIPID BANK, LIPIDAT, Lipid Library, Cyberlipids, ChEBI and other
public sources; (iv) novel lipids submitted to peer-reviewed journals; (v)
computationally generated structures for appropriate classes.

The LIPID MAPS® Structure Database (LMSD) is a
relational database encompassing structures and

annotations of biologically relevant lipids. As of today, annotations of biologically relevant lipids. As of today,
LMSD conta'nique lipid structures, making it LMSD containique lipid structures, making it

the largest publicTipid-only database in the world.

Klasifikace podle LIPID

MAPS systému

Lipid Category Curated Computationally- All
generated

Fatty Acyls [FA] 8676 1878 10554
Glycerolipids [GL] 354 7379 7733
Glycemp?gs]p holipids 1747 8328 10075
Sphingolipids [SP] 1801 3168 4969
Sterol Lipids [ST] 3649 0 3649
Prenol Lipids [PR] 2401 0 2401
Saccharolipids [SL] 51 1294 1345
Polyketides [PK] 7151 0 7151
TOTAL 25830 22047 47877

LIPID ID (LM ID) format

Pridéleni ID

Characters Position Description

LMFA01030001 12 Database designation
LMFAD1030001 34 Two-letter category code

LMFA0L030001 3-8

LAFAQLO30001 7-8 Two-digit subclass code

LAMFAQLO3000L 9-12 Unigque four character identified with in a subclass

Two-digit class code




Lipidy — strukturni databaze

* Tridéni lipidu a informatika lipidi obecné je, ve srovnani s proteiny a nukleovymi kyselinami,
pomerné novy obor.

e LIPID MAPS Structure Database (LMSD)

Structure-based search using GGA Ketcher

DH ) @ @ [0 o
g H LMSD: Structure-based search results

c

N

O

s LM_ID Common Name Systematic Name Formula Mass Main Class Sub Class

— OO LMPRO103330002 Gaossypol (W & ) - C3pH3005 5181941 Isoprenoids [PRO1] C15 isoprenoids (sesquiterpenes)

P

/ LIPID MAPS does not verify the accuracy of this Wikipedia entry [PROT03]
—
[] Cl Download results | [C5V ¥

SR1 Br

Q ' Gossypol

~  Generic

‘ v S From Wikipedia, the free encyclopedia
Not to be confused with Gossypetin.
Search type Substructure ¥
LM ID Gossypel is a natural phenol derived from the cotton plant (genus Gossypium). Gossypol is a phenolic aldehyde that
Name(Common, permeates cells and acts as an inhibitor for several dehydrogenase enzymes. It is a yellow pigment.

Systematic, or
Synonym)
Include ®All records OCurated records only ©Computationally generated records only

Among other things, it has been tested as a male oral conftraceptive in China. In addition to its putative contraceptive
properties, gossypol has also long been known to possess antimalarial properties.“]

Records per page 50

Sort by LM_ID v



Bio)informatické nastroje

Nastroje pro grafické
znazornéni lipidl

Lipid Structure Drawing Tools

sn1-Acyl group
20:0 v sn3-Acyl group
39:0 v
sn2-Acyl group
22:6(42,77Z102,132,16Z,19Z) ¥

N i N N N W

Formula CasH15206

e " T R e ‘J
Mass 1257.1589 ‘\I

https://www.lipidmaps.org/

Nastroje pro MS analyzu
lipiddi

Mass Spectrometry Tools

e —

Product ion calculation tool for%oli@ ion mode)

Ion‘ [M+NH4]= ¥

sn1 ‘ 20:0

v ‘snz‘ 22:6(42,77210Z,132,16Z,19Z) ‘sn3‘ 26:0 M

‘ Submit‘ ‘ Reset‘

;”WNJ%%—"NJ%%*‘J\/\J'

Commonly occurring product ions for TG(20:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)/26:0)

m/z

lon Description

1092.9893

Precursor ion [M+NH4]+

1075.9627|

Precursor ion [M+H]+

1057.9521

Precursor ion [M+H]+ with loss of H20

763.6599|

Neutral loss of sn1 RCOOH + NH3 from [M+NH4]+

T47.7225|

Neutral loss of sn2 RCOOH + NH3 from [M+NH4]+

679.5660|

Neutral loss of sn3 RCOOH + NH3 from [M+NH4]+

453.4302

sn3 acyl chain ([RC=0 +74]+)

435.4196|

sn3 acyl chain ([RC=0 +74]+ with loss of H20)

385.2737|

sn2 acyl chain ([RC=0 +74]+)

379.3934]

sn3 acyl chain ([RC=0]+)

369.3363

sn1 acyl chain ([RC=0 +74]+)

367.2631

lsn2 acyl chain ([RC=0 +74]+ with loss of H20)

361.3829

sn3 acyl chain ([RC=0]+ with loss of H2Q)

351.3257|

sn1 acyl chain ([RC=0 +74]+ with loss of H20)

311.2369]

sn2 acyl chain ([RC=0]+)

295.2995|

sn acyl chain ([RC=0]+)

293.2264]

sn2 acyl chain ([RC=0]+ with loss of H2Q)

277.2890]

sn1 acyl chain ([RC=0]+ with loss of H20)




Glycolipids: Animal

Hakomori Sen-itir
tie, Washington, U/54

|, Pocific No

Ishizuka Ineo, Teiyo University School of Medicing, Tokyo, japan

Glycolipids are carbohydrates linked to lipid (either ceramide or glyceride). They are found

in animal cells and tissues.

Introduction

Glveolipids are ubiquitous components of all animal cell
membranes and are particularly abundant at the cell sur-
face membrane. The majority of glycolipids belong to the
class *glycosphingolipids’ (GSLs: also called sphingogly-
colipids), which have a backbone lipid (termed *ceramide )
consisting of fatty acids and a long-chain aliphatic amino
alcohol, discovered and named ‘sphingosine’ by JLW
Thudichum in 1876. Sphingosine has the structure 1.3-di-
hydroxy-2-amino-octadecene, exhibiting the peervthro
stereoconfiguration with regard to the asymmetric carbon
1{C1),C2and C3 (Figure 1a). Fatty acids with va rious chain
lengths are linked to the 2-amino group of sphingosine to
form ceramide (Figure 1b). Variows sugar residues are
linked to the C1 primary hydroxyl group of the sphingosine
moiety in ceramide to form galactosylceramide ( GalCer)
{Figure 1c). glucosylceramide (GlcCer) (Figure 1d), or a va-
riety of morecomplex oligosaccharides, resulting ina wide
variety of GSLs. One example of such a structure, *GM3°,
which has sialic acid. galactose and glucose, is shown in
Figure le. The sugar linkage to the C1 hydroxyl group of
ceramide is always fi, with only a single known exception
x-Gal ceramide, which is found in sea anemones.

GSLsare also found in plants, including veast, although
the ceramide and carbohydrate structures are distinctively
different from those of animal GSLs. T he ceramide of plant
GSLs has a sphingosine analogue, termed ‘phytosphingo-
sine’, which has an additional hydroxyl group at the C4
position. The carbohydrate moiety of plant GSLs has a
novel glyean, termed ‘phytoglycosphingolipid’, consisting
of phosphoinositol, glucosamine and mannose. GSLs are
rarely found in bacteria, except for a novel group of
‘sphingobacteria’ that includes Sphingomonas paicinobilis.

A furtherclass of glycolipids, termed ‘glycoglyeerolipids’,
has been found and characterized. They have 1,2-diacyl-sn-
glyeerol or 1-alkyl-2-acyl-sn-ghycerol as a backbone lipid, to
which a monosaccharide or relatively short oligosacc haride
is linked through the primary hydroxyl group (Figure 2).
Only two glycoplveerolipids have been well characterized as
animal tissue components. Their disribution is limited to
the nervous system (brain, spinal cord, peripheral nerves)
and testis. In contrast to animal tissues, glycoglyoerolipids
are the major component in plants and bactera.
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Another class of glyceroglycolipids is the *glycosylpho-
sphatidylinositol anchor® (GPlanchor). A large num ber of
functionally important cell-surface proteins are anchored
through this class of glycoglycerolipids (see below).
See also: Glvcolipids: distribution and biological function

Structure

The most extensive studies on the structure and function of
animal cell glycolipids have been focused on GSLs. GSLs
consist of two distinct moieties: ceramide. which is hydro-
phobic, and carbohydrate, which is hydrophilic. A molec-
ular model of GSL based on X-my crystallography
indicates that the axis of the ceramide is perpendicular to
the axis of the carbohydrate chain. GSLs have a strong
tendency to agpregate to form micelles in agueous media.
or to form microdomains in the cell membrane bilayer.
GSLsfrom animal tissues are classified according to two
criteria: ( 1) the presence orabsence of strongly acidic group
(sialic acid or sulfate), or cationic amino group( very rarely
present); and (2) differences incorecarbohydrate structure.
Four subclasses based on critedon (1) are neutral GSLs,
pangliosides (GSLs containing sialic acid), sulfatide (sul-
fated GSL) and a few cationic GSLs having free amino
group. Threesubclasses based oncriterion (2) are: ganglio-
series, lacto-series and globo-series GSLs. In the current
literature, a pproximately 50 ganglio-series, 80 lacto-series
and 10 globo-series GSLs are known. For panglio-series
GSLs, 2 neutral, 7 sulfated and ~ 40 sialylated species are
known. For lacto-series, 14 neutral, 2 sulfated, ~ 30 sialy-
lated and ~ 32 fucosylated species are known. In some
cases, hybrid types between the lacto- and ganglio-series or
between the plobo- and lacto-series have been observed. In
certain protozoa, parasites and marine invertebrates. novel
GSL structures have been observed that cannot be as-
signed to any of the three subclasses described above.

Neutral glycosphingolipids

The most abundant GSL in animal tissues is galactosyl-
ceramide (GalCer; cerebroside) in brain, discovered by

EMCYCLOPEDLA OF LIFE S OENCES © 2004, john Wilsy B Sans, Lidd, wew sl net 1

Lipidy + sachari

Antigeny
Receptory
Adheze

Lipidova cast
slouzi k ukotveni
v membrané

’ Lipid

@ a Sphingolipid Glycan Stru@

Core: ey
Core chain style: Straight ¥

Glycan: Galb1-3(GlcNAcb1-6)GalNAcb1-3Gala1-4Galb1-4Glch ‘

Glycan chain orientation:|Left ¥

https://www.lipidmaps.org/

Usage
Sugar residues allowed: Gle, Gal, Man, GlcNAc, GalNAc, Xyl, Fuc, NeuAc, NeuGc, KDN
[sugar (as an abbreviation)][anomer (either a or b)][linkage in (x-y form)]

Galb1-4Glch, Fucal-2Galb1-3GalNAcbh1-4Galb1-4Glch, NeuAca2-3Galb1-3GalNAch1-3Gala1-4Galb1-4Glch

Glycan sequence must be in the format:

Examples:

Branched glycans are designated by parentheses: GalNAca1-3GalNAcb1-3(Galb1-3GalNAcb1-4)Gala1-4Galb1-4Glcb

(The hypothetical structure below contains all 10 sugar residues currently supported)

o oH
o
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Lipoproteins of Bacterial Pathogens’
LipoP- 1.0 A. Kovacs-Simon, R. W. Titball, and S. L. Michell*

Signal peptidase | & |l cleavage sites in gram- bacteria

The LipoP 1.0 server produces predictions of lipoproteins and discriminates between lipoprotein signal peptides, other signal peptides and n-terminal membrane
helices in Gram-negative bacteria.

Note: Although LipoP 1.0 has been trained on sequences from Gram-negative bacteria only, the following paper reports that it has a good performance on

seqguences from Gram-positive bacteria also:
https://services.healthtech.dtu.dk/service.php?LipoP-1.0

Methods for the bioinformatic identification of bacterial lipoproteing encoded in the genomes of Gram-positive bacteria
0. Rahman, 5. P. Cummings, D. J. Harrington and |. C. Sutcliffe
World Journal of Microbiology and Biotechnalogy 24(11):2377-2382 (2008)

Abstract Bactenial lipoproteins are a diverse and func-
tionally important group of proteins that are amenable to
bioinformatic analvses because of their unigue signal
peptide features. Here we have used a dataset of sequences
of experimentally verified lipoproteins of Gram-positive
bacteria to refine our previously described lipoprotein
recognition pattern (G+LPP). Sequenced bacterial gen-
omes can be screened for putative lipoproteins using the
. G+LPP pattern. The sequences identified can then be
Slgnalp - 6.0 validated using online tools for lipoprotein sequence
identification. We have used our protein sequence datasets
to evaluate six online tools for efficacy of lipoprotein
sequence identification. Our analyses demonstrate that
LipoP (http://www.cbhs.diu.dk/services/LipoP/) performs

signal peptides: best individually but that a consensus approach, incorpo-
Sec/SPI: "standard” ignal peptides transported by the Sec translocon and cleaved by Signal Peptidase | (Lep) rating outputs from predictors of general signal peptide

Sec/SPIK]ipoprotein signal peptides aransported by the Sec translocon and cleaved by Signal Peptidase Il (Lsp) properties, is most informative.
Tat/SPI: Tat signal peptides transported by the Tat translocon and cleaved by Signal Peptidase | (Lep)

Tat/SPII; Tat lipoprotein signal peptides transported by the Tat translocon and cleaved by Signal Peptidase Il (Lsp)

Sec/SPIII: Pilin and pilin-like signal peptides transported by the Sec translocon and cleaved by Signal Peptidase Il (PilD/PibD)

NOTE: LipoP is outdated and is only kept online for reference. Lipoprotein signal peptides are better predicted by the
current version of SignalP!

Prediction of Signal Peptides and their cleavage sites in all domains of life
The SignalP 6.0 server predicts the presence of signal peptides and the location of their cleavage sites in proteins from Archaea, Gram-
positive Bacteria, Gram-negative Bacteria and Eukarya. In Bacteria and Archaea, SignalP 6.0 can discriminate®etween five types o

https://services.healthtech.dtu.dk/services/SignalP-6.0/



Proteiny

Glykoproteiny

Proteoglykany Sacharidy

Lipoproteiny Glykolipidy

Proteolipidy Liposacharidy

Lipidy Vsechno souvisi se vSim...



,1ake-home message”

» Sacharidy: zdroj/zasoba energie, stavebni a informacni funkce.
* Na syntéze komplexnich glykant se podili mnozZstvi proteint (genu).

» Glykosylace je vyznamna posttranslacni modifikace (funkce x poruchy x
predikce).

* Lektiny — proteiny, které specificky a reverzibilné vazou sacharidy.

* Na rozdil od NA/proteini se u sacharidl casto pouziva grafické
znazorneéni.

* VVypocetni nastroje jsou dulezité i pro zpracovani experimentalnich dat.

* Lipidy nejsou jen zdroj/zasoba energie ©
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Evolutionary aspects of ABO blood group in humans

Massimo Franchini *, Carlo Bonfanti

Department of Hematology and Transfusion Medicine, Azienda Ospedaliera Carlo Poma, Mantova, ltaly

ABSTRACT

The antigens of the ABO blood group system (A, B and H determinants) are complex carbohydrate molecules
expressed on red blood cells and on a variety of other cell lines and tissues. Growing evidence is accumulating
that ABO antigens, beyond their key role in transfusion medicine, may interplay with the pathogenesis of
many human disorders, including infectious, cardiovascular and neoplastic diseases. In this narrative review,
after succinct description of the current knowledge on the association between ABO blood groups and the
most severe diseases, we aim to elucidate the particularly intriguing issue of the possible role of ABO system in
successful aging. In particular, focus will be placed on studies evaluating the ABO phenotype in centenarians,
the best human model of longevity.

© 2015 Elsevier BV. All rights reserved.
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