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Tembl 3aHATUN 3

NEKUHUMWN:

BeegeHue B rmukobuosnoruto. Ctepeoxmmms yrrieBoaos.
Xummnyeckune ceonctea. CUHTES.

[ MMKONPOTEUHbI

[ Mukonunuabl, nonucaxapuabl, NPOTEOrNMUKaHbI
CTPYKTYPHbIN aHanm3s rimmkornpoTeNHOB N ONMrocaxapuaos.
YrneBoa-cBsi3biBaloLLME DENKn.

MeguumnHckas rmmkobuosnorums.

N o o Ao =

CEMUWHAPHDI:

1. Crepeoxmmus yrneeoaos (OCHOBbI: Npoekumn duwlepa, Xeyopca ans
MOHOCaxapugosB).

2. CTtepeoxmmunst yrneBogoB (bonee CrioXxHble BOMPOChl CTEPEOXUMUN).

SK3AMEH:
1) 3apadva (CM. ceMuHapebl),
2) [OBa Bomnpoca: XMMus + rnmkodbmnonorms (CM. BOrpochkl K 9K3aMeHY).



Cnuncok pekomeHayemMmoun nutepaTtypbl 4
BCe pannbl — Ha canTe yrneBoAdbl.Su [laponp: *FrHrrsmessess

IN ENGLISH:

6. Essentials of glycobiology, A. Varki et al. (Eds.), 4" edn., 2022.
OTKpbITbIN AoCTyn K KHUre (https://www.ncbi.nlm.nih.gov/books/NBK579918).
HoctyneH dpann 1-ro nsgaHmna (1999).

/.  Comprehensive Glycoscience. From Chemistry to System Biology, 2007.

9. Handbook of Chemical Glycosylation: Advances in Stereoselectivity and

Therapeutic Relevance, 2008. [nasa 1: Ch1_General Aspects.

42. I. Robina, et al. Glycosylation Methods in Oligosaccharide Synthesis. Curr.
Org. Synth., 2008. [loctyneH dann obobluatowero obsopa (2005; 75 cTp.).

MNO-PYCCKMU:

3. T.C. Opeukasi n gp., MoHo- u ducaxapuosi, 2010, TT. 1 n 2.
13. H. K. KouetkoB u gp. Xumus yarneeodos. 1967.

15. A. ®. boukoB 1 ap., Yerneesoods:. 1980.

16. P. Xbt03. [nukonpomeuHsi. 1985.

lNpumeyaHue: Hymepauus nutepaTypbl COOTBETCTBYET CMMUCKY Ha canTe yrneBoabl.Su



Nekuns 1

BBeneHune B rmmkobuonoruto

CTepeOXI/IMVIFI MOHO- N OJNTIUrocaxapmngos




MecTo rmmko6uonoruu B moneKynspHon 6uonorum 6

TpaaguunoHHbIu B3rnag (ccpopmynupoBaH B 1950-e rr.):

DNA—»RNA—#»PROTEIN —» CELL—» ORGANISM

CoBpemeHHbIU B3rnag (ccpopmynuposad B 1980-e rr.):

DNA —» RNA —»PROTEINS —™ ENZYMES

L

( CARBOHYDRATES
( CARBOHYDRATES )

\j
CELL GLYCOCONJUGATES

' ,
ANISM LIPIDS

ORG

Essentials of glycobiology, A. Varki, et al. (Eds.), 1" edn., 1999, p. 7.



mMuKoKanukc 7

MonocTe Kanunnapa
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[ons rmMKkaHoB B cocTaBe MMUKOKOHbloratos 9
rmuKkaHa moxet gocturaTtb 85% (macc.)

P-s
S,
3 N
®

;
¢

Polypeptide

NMPUMEP:

CUITbHO FJ'II/IKO3I/IJ'IVIpOBaHHbIIZ
rmukonpoTtenH Thy-1
(THYmocyte differentiation antigen 1)

Ha gonto rmmkaHoB nNpuxoanTca
30% mMornekynsapHon maccel
rmukonpoteuHa Thy-1

(M, 25 kla — 37 k[a )

%% <— GPI-Acyl chains

<
et Essentials of Glycobiology
8 Second Edition Chapter 1, Figure 3




bunonornyeckne pyHKLUUM rMMKaHOB

Biological Roles of Glycans

Structural/modulatory
roles

Intrinsic Extrinsic
recognition \ recognition

Essentials of Glycobiology
Second Edition

SELF
._//ﬁ\.

‘nucleus.
) SE—

Glycan-binding Glycan
protein

Microorganism or
toxin

Chapter 6, Figure 1

Molecular
mimicry
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Bce Teopuu npaBunbHbI!

Glycobiology vol. 3 no. 2 pp. 97-130, 1993

SPECIAL INVITED REVIEW

</Biological roles of oligosaccharides: all of the theories are correct\>

\ /
Ajit Varki! in a number of monographs (1—
\ . (19—148). These include a purely stn
Glycobiology Program, UCSD Cancer Center, and Division of Cellular . o .
and Molecular Medicine, University of California, San Diego, La Jolla, conformation and stability of protein
CA 92093, USA structures for microorganisms, toxins
'Correspondence to: University of California, San Diego, Cancer Center, ing of such target structures, control ¢
0063, 9500 Gilman Drive, La Jolla, CA 92093, USA and cells, the modulation of protein fu

. . . of ligands for specific binding e
Many different theories have been advanced concerning the targeting, cell-matrix interactions (

biological roles of the oligosaccharide units of individual s ° o0 dicmiccinne have focus

bisynibesis. Sclence, 241, 10921096,

1046, CarlsonJ., Sakamoto.Y . Lawrell,C.B, Madmon)., Wuakim S, aod Puram F.W. (1992)
Allcalbuminemus o Sweden' structural smdy snd phenotypic distribution of aine albumin
varany. Proc. Mail, Acad. Scii USA, B9, K215-8729.

1047 Capecchi M.R. (1989) Alicring the genome by homologows recombumion. Science, 244,
12881292,

1048, Yost,H J. (1992) Regulanon of vertebraie left—right ssymmetnes by extracellular matrix Narwrr,

. 1538161

sveld F. and Kollus. G. (1992) Transgemic Animalr. Academic Press, San Deego.

ved om Decemmber 31, 1992; accepied on Janeary 19, 1993
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31. (a) A. Varki. Biological roles of oligosaccharides: all of the theories are correct. Glycobiology 1993, 3, 97.
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31. (b) A. Varki. Biological roles of glycans. Glycobiology 2017, 27, 3-49.
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YrneBoAbl NOBEPXHOCTU KIETKU

B3anmogeuncrteue c:

» OPYTMMU KIeTKamu
opraHmsma:

MEXKNEeToYHOoe
y3HaBaHue

agresva u
nponudepaums KrneTok

» DakTepuamu un
BYpycamu

» TOKCUHaAMU U
adHTUTEINNaMu

» JIeKTUHaMU

» doepmeHTamm
YrNeBOAHOIO
MeTabdonmama

» FTOPMOHaMWu

Anfib ody

14
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glycoprotein

Desialylated So% "’“‘%

Lectm
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Toxin

©1986 BioCarb AB (Sweden)



YrneBoa-cBsA3biBawLWmMe 6enkm — Heooxoaumblie
YYaCTHUKMU

15

[Mnkobuonormna ysyvaer
He TONbKO MNKOM, HO U

COOTBETCTBYOLLMN eMy

NPOTEOM:

1 JIeKTUHbI

1 OepMeHTHI
yrneBogHoro
MeTabonunima

1 aHTuTena K yrinesogam

Biological Roles of Glycans

Structural/modulatory
roles

Extrinsic
recognition

Intrinsic
recognition

Molecular
mimicry

~ SELF

SELF

AT
(nucleus.
N’

4 D e
‘nucleus) . e
< o2

\ . X ,
Desialylated
Glycan-binding Glycan  Microorganism or glycopr()tem

protein toxin




Ponb yrnesonoB B rnpouecce onnoaorsBopeHuA

Sperm
plasma

membrane —
\\ P s
Sperm
nucleus Acrosomal
\\3 process | «
> Actln \/\\

Fertilization
envelope

Basal body
(centriole)

\COrtIcaI
plasma granule
membranes

Pnzymes Perivitelline
space
Spe
recef tors mbrane EGG CYTOPLASM

Sperm Membrane

Sperm Membrane

Maturation (Capacitation)

—>

Oviduct Cell Memb Gl
Oviduct Cell Membrane Glycan victict Lefl Membrane tolycan

Adhesion to Form Reservoir Release From Reservoir for Fertilization

CnusiHuo cnepmaTtosounga ¢
ANLIEKNETKON npeaLlecTByeT
ero CBsi3blBaHMe C MKaHaMm
Ha NOBEPXHOCTU SANLIEKNETKU
N ero aktmBauus
(capacitation).

7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.23.5.3, p. 505 (2217).
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N-uenun ummyHornooynuHa IgG yenoBeka

TonbKo BapnaHT 6e3 hyKo3bl MpoTuBOBOCNANUTENbLHbLIU

B3auUMOLOEUCTBYET C adpdekT NeuSAc-BapuaHTa
LUTOTOKCUYHbLIMN KIleTKamMu

GIn-Tyr-Asn_-Ser-Thr-Tyr-Arg-

GlcNAe [T~ ~ Fuc
GlcMHAG
miﬁ Man by
'..";l:"f'"'r" | ‘H\-"\..\:""l.l
|
|
Man ) Klan
GleNAc GlcNAcG
| |
| |
| |
Gal Gal

| |
Maubic Maubic
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N-uenun ummyHornooynuHa IgG 4yenoBeka: 18
AVHaAMUYECKUN MapKep AnA npeacKkasaTteribHOW,
npocnnakTM4ecKom n nepcoHarim3ampoBaHHOU
MeaULUUHbI

International Journal of =
_f’l;alecfular Sciences m‘I\D\Py
oo Int. J. Mol. Sci. 2018, 19, 390; doi:10.3390/ijms19020390

Unravelling Immunoglobulin G Fc N-Glycosylation:
A Dynamic Marker Potentiating Predictive,
Preventive and Personalised Medicine

Antigen Binding Cleft

lgG Glycan Structures

*oton

High Mannase Hybwid Comphex




HeornukonpoteuHb! ¢ pasnuyHbimu N-rmmkaHamu 19

Hanmyue / OTCyTCTBME OCTaTKa

HO OH H 0

kﬁé:&, A HOECLR HO
OH
OH
0 H

{
\TO E | NHAc H )SI\

NHAC

NHAC

t

Hann4uue / OTCYyTCTBME OCTaTKa

S. André et al. Biochemistry 2007, 46, 6984. DOI: 10.1021/bi7000467.



HeornukonpoteuHb! ¢ pasnuyHbimu N-rnmkanamun 20

Ho OH
r 5 o HE 4
oy e o HHA oy L
: E@-ﬁ%ﬁ@ e Coow 3SA
Bi9 B TR :%%mé@,wnif—m
" IHAz & H H

BiE10

BiF10

351 m— BiBF 11
251 =1
10— == BiF10
al
ﬂ_
blood liver kidneys spleen
Cynbba
OBYXaHTEHHbIX
Lenewn,
He3Ha4YnTernbHO
pasnunyaroLmxca
CTPYKTYpOWu,

pasnu4yHa.



Y3HaBaHue yrneBoAoB KNeTKN-X03siMHa 24
FIeKTUHOM OaKTepuu — NnepBbIU 3Tan agre3vu

P-®um6pun — PapG: ranabnosa " /Escherichia coli
®umbpun Tuna 1 — FimH: maHHo3a [RENERANEA |

o
Y

7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.28.3.1, p. 636 (2346).
22.  Glycoscience and Microbial Adhesion. K. Lindhorst, S. Oscarson (Eds.), 2009, 186 pp.
61. A. Bernardi, ef al. Multivalent glycoconjugates as anti-pathogenic agents. Chem. Soc. Rev. 2013, 42, 47009.




YrneBoAabl NOBEPXHOCTU KIeTOK — CauThbl
npucoeguHeHMAa OaKTepuanbHbIX NAaTOreHoB

22

Organism Target tissue Carbohydrate Structure
E. coli Type 1 Urinary Mano3Mano6Man GP
E. coli P Urinary GalodGal GL
E. coli § Neural NeuAc (02-3)Galp3GalNAc GL
E. coli CFA/] Intestinal NeuAc (02-8) GP
E. coli F1C Urinary GalNAcp4Galp GL
E. coli F17 Urinary GlcNAc GP
E. coli K1 Endothelial GIlcNAcP4GIcNAc GP
E. coli K99 Intestinal NeuAc(02-3)GalB4Gle GL
C. jejuni Intestinal Fuco2GalpGlcNAc GP
H. pylori | NP 2005 Stomach NeuAc(02-3)GalB4GlcNAc GP
Fuco2Gal33(Fuco4)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital GalP4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(2-3)] GL

GalP4GlcNAcP3Galp4GlcNAc
P. aeruginosa Respiratory L-Fuc GP
Respiratory Gal [ﬂSGlc(NAc}[ﬂSGal[MGFc GL
S. tvphimurium Intestinal Man GP
S. pneumoniae Respiratory NeuAco2-3Galp1-4GleNAc[1- GL
3Galp1-4Glc

S. suis Respiratory Galo4Gal[34Gle GL

GP = glycoprotein, GL = glycolipids



UHrmbnpoBaHue cBA3bIBaHUA JIEKTUHA OaKTepum ¢
yrneBo4amMu KJleTKU — aHTUaAre3amoHHas Tepanus

P-OuMBPUM — PapG: ranabuosa [N N PR TR
dumbpum TMna 1 — FimH: maHHO3a |EERANEYA

'a‘a...
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Mpumepbl «<HecneLnPUIEcKnx» OyHKLMMI 24

NMNKaHoOB

IJIMKOMOJIEKYJIA

(GyHKIUA

GPI-sikopb NIMKONPOTEHHOB

KOHCTPYKIIMOHHBIH MaTepuaJl

O- u N-uenu riiMKONpPoOTeMHOB
Ipumep: myuunst KKT

3ammTa 0eJIKa 0T MPoTeoJu3a

O- 1 N-enu riilMKONpPOTENHOB
IIpumepsi: IgG

CTAOMJIN3AUA ONITUMAJILHOM
KOHGopmanuu OeJika

O- 1 N-enu riiMKONpoOTENHOB
[IpuMepbI: JUNONPOTEHHBI

ruApopuan3anus KJIEeTKH,
yBeJIMYCHUE PACTBOPUMOCTH OeJIKa

O- u N-nenu riiMKONnpoTenHoOB
IIpumep: pekomOuMHanTHBICE T'T1

3AIUTA OT JeCTBUA COOCTBEHHOTO
HMMYHHUTETA

CuanupoBaHHbIE U
CyJab(aTHPOBAHHBbIEC LENH
IJIMKONPOTEHMHOB

MOIEPKKA JIOKAJIBbHOI0 3HAaYeHus pH;
pa3BepHyTast KOHpopMan s
TJIMKONPOTCHHOB

MyIII/IHI)I, IPOTECOTINKAHBbI

yBeJUYCHHE BA3ZKOCTH Cpebl,
OapbepHas pyHKIUSA

O- u N-nenu riilMKONpPOTENHOB

CeKpenusn




TunnyHblie MOHOCaxapuabl yrineBOAHbIX Lerneun 5
rMUKOMNPOTEUHOB (FI'I) n rnMKocchHronMnM.qOB (rn)

NHAc NHAc
D-Glucose N-Acetyl-D-glucosamine D-Galactose N-Acetyl-p-galactosamine
Glc GicNAc Gal GalNAc
HO,C
Ho—\HO HO 0 =
HO gi | O: HO ot HO OH
HO OH OH
OH
D-Mannose D-Xylose D-Glucuronic acid
Man Xyl GIcA
OH
0 OH HO OH COH
OH : 0 _
Ho M AcHN
OH
L-Fucose N-Acetylneuraminic acid
L-Fuc NeuSAc
r\; C?S | Essentials of Glycobiology

Second Edition Chapter 2, Figure 2.4



Moaundukaumm no rugpoKCUIIbHOU U aMUHO

26

rpynnam |
AHOOTOKCUH E. coli
[leHTacaxapug aHTureHa HNK-1 10 OH OH
HO  on HO _on Too OH
HO,C §§: HO Ho
Naossm &V HO H Wi o9
o & OH
HO-P-0 0
H% 1 NH Hg O
Cuanun(nonunpeHnun)docdar T ‘% o o
e e TP B P i S iy
Y MMA LR
Kdoo-Lipid A
8 2 .
(Endotoxin)
14
14
raHFJ'II/IOSI/I,EI, G, 3. KMCNOTa M NAKTOH .
/ O
Ef\ OH OH J\/\/\/\/\/\/\/\/\
Ao > HO&W WM CyJ'IbCpaT
"7 con j\/\/\/\/\/\/\/\/\ CbOCCbaT
g& % W aueTtun (auwun)

HO

H()

J1aKTOH



CvMBONbI MOHOCaxXapmnaoB U TUMOB CBA3en 27
(cTapasa cucrtema)

A - Glucose (Glc) @ Hexose, /A = Fucose (Fuc)

O = Mannose (Man) unspecified (Hex) W = Kylose (Xyl)

® = Galactose (Gal) .= Sialic acld, unspecified (Sia)
B = N-acetylglucosamine (GlcNAc) @ = Glucuronic acid (GlcA)

O = N-acetylgalactosamine (GalNAc) & = Iduronic acid (IdoA)

Pl = N-acetylhexosamine, unspecified (HexNAc) O:Urnnic acid, unspecified (HexA)
Ac = O-acetyl P = Phosphate S = O-Sulfate NS = N-Sulfate NH, = free amino group

a
ict
&30 sm20u

3
sAcdpuc@p slp20¢

pui
e Essentials of Glycobiology

First Edition Chapter 1, p. 11, Figure 1.4.




CumBoOnbI MOHOCaxapuaoB (HoBasi cuctema) 28

(O Galactose (Gal) * Xylose (Xyl)
N-Acetylgalactosamine (GalNAc) ’ N-Acetylneuraminic acid (Neu5Ac)
Galactosamine (GalN) <> N-Glycolylneuraminic acid (Neu5Gc)
@ Glucose (Glc) @ 2-Keto-3-deoxynononic acid (Kdn)
I N-Acetylglucosamine (GlcNAc) A Fucose (Fuc)
N Glucosamine (GIcN) & Glucuronic acid (GIcA)
@ Mannose (Man) & Iduronic acid (IdoA)
B N-Acetylmannosamine (ManNAc) <[> Galacturonic acid (GalA)
N Mannosamine (ManN) 0 Mannuronic acid (ManA)

<
e Essentials of Glycobiolo
NCBI Y oy

Second Edition Chapter 1, Figure 5




CumBoOnbI TUNOB CBSAA3eN B onurocaxapuaax

FULL REPRESENTATION
9-0O-Ac-NeubSAcpa2-3Galpp1-4GIcNAcpp1-2 Manpa16 Fucpa‘lﬁ

Manpp1-4GlcNAcpf1-4GIcNAcpf1-Asn
3-0-S05;Galpp1-4GIcNAcpp1-2 Manpa13
MODIFIED REPRESENTATION
9Ac-NeubAca2-3Galp1-4GIcNAcp1-2 Manu16 Fucal 6
Manf1-4GIcNAcf1-4GIcNAcf1-Asn
3S-Galp1-4GIcNAcp -2h,*1amu:113

SIMPLIFIED REPRESENTATION
9-O-Ac-NeuﬁAcuaGallidGIcNAc[jEManuﬁ FUC(IG

SMan[34GIcNAc[34GIcNAc:|%—Asn
3-0-S03Galp4GlcNAcp2Mana
SYMBOLIC REPRESENTATIONS

QAC’(IB O[’A .["-2.(;5 tﬁl
@54 4 lB-Asn

3

3sOp4 2@~

9Ac

Asn

38
<

E. tials of Glycobiol
NCEI ssentials of Glycobiology

Second Edition Chapter 1, Figure 5

29



CumBoOnbI TUNOB CBsI3eN B nonucaxapuaax 30

GlcNACcP4GIcAR3GICNACB4GIcAB3GICNACB4GICAR3GICNACR4GICAR3GICNACP4GICAR3GICNACB4GICAP3GICNAC

W6+ Sp3 M4 O p3 M4 354 S 3P4SO P3R4 O B3

Hyaluronan

GalNAc4Sp4GIcAB3GalNAc4SP4GIcAR3GalNAc4SPR4IdoAa3GalNAcASP4ldoA2Sa3GalNAcASP4GICAR3GalNAc4S
4S 4S 4S 4S 4S 4S

p4R3[]p4 MB3[]p4 o3[ |pacra3[|p4 M3
2S

Chondroitin/Dermatan sulfate

GICNAC(14G|CA|?>4GIcNS6Sa4GICAB4GICNACa4GICA[:‘)4GICNSGS(14G|CA[34GICNSSSGSa4IdOA2SOL4GICNS

.34064.0540 54.040 R4 . 0140[34 .a4®a4 .

NS3S 2S NS
Heparan sulfate/Heparm

=

= Essentials of Glycobiology

Second Edition Chapter 1, Figure 5
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OCHOBHbIe Knacchbl IMUKAHOB XXNUBOTHbIX

&8 PROTEOGLYCANS

NS

GLYCOSYLPHOSPHATIDYLINOSITOL

Hyaluronan

~

Chondroitin sulfate

Derrzrsiatan sulfate
GLYCOPROTEINS

(GPI)-ANCHORED GLYCOPROTEINS s
q @ PO;
SRS
GalNAc[_] O
GleNAc ,
CHy-CHo-NH
Gl O| GLYCOSPHINGOLIPID
Glc @ :
Man © PO;

—

GlcA Q Cytosol

IdoA <

10.

49.
62.

The Sugar Code. Fundamentals of glycosciences, 2009, 569 pp.
H.-J. Gabius, et al. Trends Biochem. Sci. 2011, 36, 298.
D. Solisa, et al. Biochim. Biophys. Acta 2015, 1850, 186.

: 3S
0=C C=0
Xyl* Exterior ; g ?%
| { ‘
Sialic acid @p|  MemPrane R 1t K aa e s AR Ga e dgataatag ki

O-GicNAc
GLYCOPROTEINS

The Sugar Code
I nukokoAa
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Nekuns 1

BBenoeHne B rmmkoOUOMoruto

CTepeOXVIMVIFl MOHO- N OJNTIUrocaxapmnaonB

Comprehensive Glycoscience. From Chemistry to System Biology, Kamerling, J. et al. (Eds.), 2007, Ch. 1.01, p. 1-16.
H. K. KouetkoB u ap. Xumus yenesooos, 1967, c. 17-31.

M.A. Macnos, H.I. Mopo3zoBa. Ocnosbt xumuu yenesooos. Yacms 1. 2005, c. 4-10.

1O. C. Illa6apoB u ap., Mono- u oucaxapuowt, 2010, Yacme 1, c. 24-43, Yacmo 11, c. 39-50.




CTtpoeHne moHocaxapmnaos 33

YIE-BOQ @ Anu C.(H,0), GHO I
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A. Imberty, S. Perez. In: Carbohydrate mimics: Concepts and Methods. Y. Chapleur Y. (Ed.), Wiley VCH: Weinheim, 1998; pp. 349-364.

Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.35.2.1.1, p. 807 (2510).
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