KoHoHOoB JleoHna OneroBuy

XUMUA YIMEBOAOB U
MUKOBUOJIOIUA

https://yrnesoabl.su




Nlekuuns 4

GPI-3asakopeHHble 6enku
[1poTeornukaHbl 1 rMUKO3aMUHOINKaHbI
[Tonucaxapuapbl

[ MMKaHbI KINETOYHOM CTEHKN BaKTepUn

[ Mukonunuabl

YrneBoa-yrneBogHble B3anMogencTeug

o

Essentials of glycobiology, A. Varki, et al. (Eds.), 3d edn., 2017, Ch. 11, 12, 16, 17, 38.
Comprehensive Glycoscience. 2007, Ch. 3.05, p. 79 (1796); Ch. 3.31, p. 733 (2440);

Ch. 3.34, p. 787 (2491).

Glycoscience. GlycoChemistry and Chemical Biology, 2008, Ch. 6.5; Ch. 7.1; Ch. 7.3; Ch. 7.4.
Bacterial Lipopolysaccharides, 2011, Ch. 1; Ch. 2; Ch. 3; Ch. 8, Ch. 9, Ch. 10; Ch. 12, Ch. 13.




BMOCUHTE3 NMNKOKOHBLIOraToB B 3yKapuoTtax

N-Glycans | O-Glycans |Glycosamino- GPI Glyco-
glycans | Anchors sphingoliids

Golgi
apparatus =

f

LR 2 2 2 2
LR 2 2 2 2
LR R 2 2 2

f

k2 :
Plasma (Seoretory™)  (Endosome ) 7

membrane % granule’ A




GPIl-3asakopeHHble benku




NMpumep GPIl-3asitkopeHHOro d6erka 5
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O6wan cxema cTtpoeHuss GPI-sakops (kop) 6

GPI-linked protein
> W, - -y ”

|
|
CH,
| Ethanolamine

H
OH GPI =
3 ° 2 2
o 3 Glycosyl Phosphatidyl Inositol
£
R1 = fatty acid or OH o >
R2 = fatty acid or alkyl or alkenyl chain - o—r%:o ";g'u'
(Note, in some cases, the lipid may also —
be a ceramide rather than a glycerolipid) Cl) § G P I - r-rl I/I KO3 I/I .rl -
R3 = fatty acid or OH CH,CH-CH, §l &
R4, R9 = ethanolamine phosphate or OH | | (*)OCC*) aT VI.D' I/”-I = M H 03 I/I T

R5,6,7,8,10 = carbohydrate substituents or OH Ry Ry



BapuaHTbl cTpykTyp GPI-AKops
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NMpucoegnHeHue 6enka K GPl-akopro + NPOLEeCCUHT

NH,

Protein GPl-anchored C-terminal
precursor protein peptide



NpucoegnHeHue 6enka K GPl-akoplo + NPOLEeCCUHT 10

A Small polar

GPI attachment rosidues

site w w+1 w+2

15-20 hydmophobic residues

Amino-terminal GPI
Signal peptide signal peptide

N C

GPI transamidase

IMP

Cha-CHa-NH,
1

é% ER lumen
dilaitai

Cytoplasm

Protein GPI signal sequence

Acetylcholinesterase (Torpedo) NQFLPKLLNATAC ~ DGELSSSGTSSSKCIIFYVLESILYLIFY
Alkaline phosphatasee (placenta) TACDLAPPAGTTD ~ AAHPGRSVVPALLPLLAGTLLLLETATAP

Decay accelerating factor HETTPNKGSGTTS ~ GTTRLLSGHTCFTLTGLLGTLVTMGLLT
PARP (T. Brucei) EPEPEPEPEPEPG AATLKSVALPFAIAAAALVAAF
Prion protein (hamster) QKESQAYYDGRRS  SAVLFSSPPVILLISFLIFLMVG
Thy-1 (rat) KTINVIRDKLVKC GGISLLVOQNTSWLLLLLLSLSFLQATDFISI
Variant surface glycoprotein

(T. Brucei) ESNCKWENNACKD  SSILVTKKFALTVVSAAFVALLF

Boldfaced amino acid is the site of attachment of the GPI. Sequence to the right of the space is cleaved from
the protein by the transpeptidase upon anchor addition.



[lpoTeornukaHbl u
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Mpumepbl NPOTEOrnNMKaHOB: apXUTEKTypa 12

Syndecan = Kop (NnonunenTtua)
ﬁpm Call-surfacs [Munko3amuHornukansl (FAl):
proteoglycans

== [enapaHcynbgar
‘ "’ﬁ A . XOoHOPOUTUHCYNbMaT
T d nepmaravioynucbar

MNMpoTeornukaH Kop Yucno
(kda) ueneun Al

Extracellular

matrix ArrpeKaH 208-220 ~100
proteoglycans
[NepnekaH 400 1-3

.k [MununkaHsl 1-6 ~60 1-3

!4 Bigycan ~ CuHaekaHbl 1-4  31-45 1-3

erlecan s BUMMKUKaH 38 1-2
- 36 1

[ekopuH
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mMukosamuHornukaHol (FAlN) NO3BOHOYHbIX

HE cBsizaH
W45 B3 B4 L3R4S LM 4O MB4SL3 KOBarleHTHO C
Hyaluronan (HA) 6erIkoM
4S 4S 4S6S 6S 6S
B4 B3[R4 A3[|R4MB3[]B4MR3[]34A3
Chondroitin sulfate (CS) ~80 OCTaTKOB B
uenu Al
6S 4S 4S 4S 4S (20 ka)
B4 B3[]B4<03 3429306 ;34%@ B4B3
Dermatan sulfate (DS) Cp.: 10-12
OCTAaTKOB B
.a4@a4.a4@ﬁ4.a4@ﬁ4.a4@a4-a4064 TUMNYHOM 2-X-
NS 2S NS aHTeHHOM N-
Heparan sulfate/heparln (HS) rmukaHe [T1

6S 6S 6S 6S
B3OB4IB30B4IBSOB4IB3OB4IB3OB4

Keratan sulfate (KS)
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enapaHcynb@daT U renapmH — «pPOACTBEHHUKN»

Characteristics Heparan sulfate Heparin

Soluble in 2 M potassium yes no

acetate (pH 5.7, 4°C)

Size 10-70 kD 7-20 kD

Sulfate/hexosamine ratio 0.8-1.8 1.8-2.6

GICcNSO4 40-60% 280%

lduronic Acid 30-50% =70%

Binding to antithrombin 0-0.3% ~30%

Site of synthesis virtually all cells Heparin is made solely
as serglycin

proteoglycan by
connective-tissue-type
mast cells



Arperar xpsiLLeBOro rnporeornmkKaHa (arrpekaHa) 15
C rmManypoHaHOM 1 CBA3YHOLUNM DenKoM

Glycoproteins



ArperaT XpsfiLLeBoro rnpoTteorsivkaHa (arrpekaHa)
C rmManypoHaHOM 1 CBA3YHOLUNM DenKoM

TMANYPOHOBAA KMCIIOTa
u )
ceasyroun Gemox N-xomH1eB 0¥ rHaTypoHaT -
CBAIYIOLNMI AOMeEH
KepaTaH-
<
cymms dar >
XOMAP OMTHH-
cymsar 1
\
IMMXePHBIA P afoM xopossni bemox

ATPeKada
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KepaTaHcynbdaTbl (cynbhaTupoBaHHble NMOMU- 17
N-aueTunnakro3aMmHbl)
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CuHTe3 KepaTaHcynbdara: 18
ABe pa3fnudHble cynbgoTpaHcgepasbl

804

6 5 6 b
SO 4 804 : SO-‘J,

83 B3 83 B3
SO
8 B1-3GICNACT  pd]  GIcNAC6-O-SulfoT 4 p1-4GalT  p4 Gal 6-0-SuffoT 4 4
F N 1 7 N 7N 7N
R R R

R
2 uoPfll  UDP PAPS PAP PAPS PAP PAPS PAP



MHnumnaumsa OMocuHTe3a
XOoHOpoOUTUHCYNbdaTa u
renapaHcynbdara:
CUHTE3 NIMHKEPHOro
TeTpacaxapuaa

)
& B3OB3OB4 s BSer

\

1} 19

UDP5%
Xyl transferase

UDP
Y BSer
UDP
Gal transferase | K’ ©
B4GalT7 UDP
OB4s BSer
Gal transferase |l UDP'O
3GalT6 UbDP
OB3OB4 v BSer
GlcA transferase | LUDPQ
UDP
&B30B30OB4 ¥y BS[iar
Undefined
sulfotransferases l
and kinases h
+4/6S

mm) SB30BOPK Bier

UDP{] UDP{ll
UDP UDP
%NACH EX&:

+4/6S

[CIR4&B3OB3OB4 v BSer o4 B30B3OB4 vy BSer
oo 2P £2p ||
Chondroitin Heparan
sulfate sulfate



BbuocuHTes ueneun

XOHApPOUTUHCYNb(aTa/gepmaTtaHcynb@arta

14 B3[CIR4ME3[]B4 B3I34S p3[]4E3]4p3 DB“Q&DB“Q%DB“EB3DB¢+OB3OB3OB4& Bsqer

GlcA C5 Epimerase l

mmp S B3OP3OB4 PSer

Chondroitin Synthases:
B3GIcA Transferase

B4GalNAc Transferase K.UDPD

B4GalNAc Transferase | K‘UDPD

UDP

[CIp4&B3OP3OB4 ¥y PSer

UDP-&
Kv UDP
UDP

)

] )

DmobsmmeﬁsmﬁwﬁsDBAQBsDWD{S@@DM@@DB@%D%ﬁsmmeﬂsomoawBsqer

4-O-Sulfotransferases |~ PAPS
6-O-Sulfotransferases ppap

—in

6S 6S 6S as as 4s 4s
B4 B3 []p4B3[]B4M B3 []p4d B3 [Jp4<po3[(Jp4u3[]4o3[]p4& 314 B3[]p4

2-O-Sulfotransferase K’PAPS
PAP

&330B30B4 ¥y li%er

n

6S 6S 6S 4S5 4S 4S 4S5 h
[IB4B3[]p4p3[C]p4p3[]p4&p3 DB“@OBDMZ@S@ DB4%‘13DB40B3 DB‘J&&DBEIQNOMOB“* Bsqef
n

20
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BbunocuHTes ueneu renapaHcynbdarta/renapuHa

mmm)  S30OB3OR4 Hr PSer
EXTL3 K.UDP.

4 GlcNAcTransferase |

uDP
W4 S B30OB30OB4 vy BSer
EXT1/EXT2 LUDPQ I
34 GlcA Transferase UDP

«4 GlcNAcTransferase uorll
= UDP

uonez|swijod
ureyn

A
-(140[‘34.«140[34.udQBA.udQBA.(140[34.(140[}4.(:40[54.“40[34.(1‘1034.(14034.(1%[34 .‘ﬂe[ﬁomo{ﬂt liSqer
5-10 a4

GlcNAc N-Deacetylase/N-Sulfotransferases ool
»PAP

.adQB4.a4QBA.a40B4.a4Q|34.a4064.a40[34.a4QM.u4QB4.u4QB4.a4Q[MIGAEM.}NONOM*Bsqe'
5-10
GicA C5 Epimerase l

Mo @54 s God [llod God [llod Sod [lled &4 ot & Balled Godfiied &34 ol Godijod & B4 IS 4 led@ B3O R3OP4 vy fSer
NS NS NS NS NS NS NS s {

2-O-Sulfotransferase PAES
*PAP

uoREDIPOW
uleyn

W4 & B4 od Sod lod Sod Iled Sod s & B4 .(14QB4.(14 SuAfods B4 .(14 @(14.(140&4.1: 4 o4 B3OBR3OB4 vy fSer
NS 25 NS 25 NS 2S5 NS J15.10 q

6-0-Sulfotransferases PAPS
PAP

6S
[ RER AT .a4 @(14 .(14 @(m .a4@u4 .(14054.(140[54 .(14 @(14.(14 QlM.(xli Q(t4.a4 a4 .(LAE]M.}BSO B3OP4 vy BSer
NS 2S NS
5-1

PAPS
PAP

3-0O-Sulfotransferases

6S 6S
Woa&p4 .ud @ud W4 Sod Posod .adQ[M .(14064.«14 @ud.ud@[% o4 @ud.udeﬁd.u B4 [loHSB3OB30OB4 ¥y BSer
NS 2S5 NS 2S NS gg 2S NS 5-10



Moaundukaumsa ueneu renapaHcynbdarta/renapmHa 22

-GlcNAc-GlcA-GlcNAc-GlcA-GlcNAc-GlcA-GlcNAc-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] -GlcNAc-GlcA-Gal-Gal- Xyl-
GlcNAc N-deacetylase/
N-sulfotransferases 1-4
-GlcNAc-GleA-GlcN-GlcA-GlcN-GlcA-GlcN-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] ,-GlcNAc-GlcA-Gal-Gal-Xyl-

Uronyl C5-epimerase *

-GlcNAc-GlcA-GlcN-IdoA-GlcN-ldoA-GlcN-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] ,-GlcNAc-GlcA-Gal-Gal-Xyl-

HS 2-0O-sulfotransferase *

-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] -GlcNAc-GlcA-Gal-Gal-Xyl-

HS 6-0O-sulfotransferases
1,2,25,3
®
-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] -GlcNAc-GlcA-Gal-Gal-Xyl-
HS 3-0O-sulfotransferases
1,2,3A,3B,4,56

-ldoA-GlcN-GlcA-GlcNAc-GlcA-[GlcNAc-GlcA] -GlcNAc-GlcA-Gal-Gal-Xyl-

650

=

-ldoA-Glc

=

-GlcNAc-GlcA-GlcN-IdoA-Glc

@ @
@ @

o
=
o
=]

A-Glc

=

-GlcNAc-GlcA-GlcN-IdoA-Gl

@
@

@)-%@ @
®

-GlcNAc-GlcA-GlcN-IdoA-G

©es



[JomeHHas CTpyKTypa renapaHcynbgarta/renapumHa: 23
CanTbl CBA3bIBAaHUA C Pa3sNUYHbIMM NUraHaamm

NS Domain NA/NS Domain NA Domain
| | I 1
65
Bt @ paed Sod .1:4@( 4 .(Xd@( 14 .ud@[‘ld .«140[54 .( 4 @ud.« 14834 o4 @14.(140]&4.(14 pd 4 B30OB30OR vy ;’)Ser
NS 25 NS 2S NS NS 2S NS 5-10
FGF-1/FGF-2 Antlthrombm /\
OSO, OS0Oy
NHAc NHSOy NHSO4"
OH 0SSOy
O O O O O
CO0O COO
O O O



[Mpumepbl onurocaxapuaoB, KOTOpble NPeANnOYTUTENbHO 24
y3HatTcs MAl-cBaA3biBaOWMMM Gerkamu

Protein Glycosaminoglycan Oligosaccharide
partner

16S

Antithrombin heparin/heparan sulfate . 0{40 B4 - 0{4@ o4 .

NS3S 2S NS

6S 6S 6S
Fibroblast growth factor 2 heparin/heparan sulfate . 0c4@ o4 . 0L4@ o4 . 0L4@

NS 25 NS 25 NS 2S

Lipoproteinlipase heparin/heparan sulfate Q B4 . 0640]34 . o4 e
NS NS 2S
4S 4S 4S
Heparin cofactor I dermatan sulfate B4$ o3 B4 @ o3 B4 e
2S 2S 23S

Herpes simplex virus heparin/heparan sulfate <}O€4 .(14@ o4 . OL4<} o/B4 .064@ o4 .

Glycoprotein gD NS 2S NS 2S NH»3S

Essentials of Glycobiology
Second Edition Chapter 35, Table 35.3




lNeHTacaxapugHbIU PparMeHT renapuHa — 25
NMONMTHOCTbLI CUHTETUYECKNUUN aHTUKOATryNAHT
NnpPsAMoOro oencTBus

AHTUTPOMOOTNYECKAST aKTUBHOCTb SABMSIETCA pPe3ynbTaTOM CENEKTUBHOIMO YrHETEHUS
dakTtopa Xa, onocpegoBaHHOro aHTUTpombuHom . 3bupaTtenbHO CBSA3bIBAACb C
aHTUTpoMbuHom Ill, dooHoanapuHykc Hatpus noteHuupyet (npumepHo B 300 pa3s)
NCXOAOHYIO HenTpanusauuo dgaktopa Xa aHTuTpomounHom lll. Hentpanusauma daktopa Xa

npepbiBaeT LEMNOYKYy Koarynsauum u UHrmbupyet kKak obpasoBaHMe TpomMbuHa, Tak U
dopmMmupoBaHme TpomMOOoB.

03580
_ O
O3S0 OH
_O SO O O O OCH3
3PV - - COO
COO 0OSO;3 OH HNR‘SOE,
@) 0 O O
OH OH HN _ 0SS0,
RSOS 3
OH O
HN OH

S0,
ToproBasi mapka «Apukctpa» (Arixtra)
aencTeylollee BelecTso — doHaanapuHyke HaTpus (fondaparinux sodium)



Komnrnekc aHTUTpOMOUHA € NeHTacaxapuaHbIM 20
coparmeHTOM renapMHa

IIPOTCOIVIMKAH

Arg129 Asn45 Lys11 Lys125 Lys114 Arg13 Arg46 Arg47 Glu113

OSHN
'OSO L0 BN O

cog ™ o SHN O
NHAC O O o SO

o O 20 oso3
OH 0S0;
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KoHdopmauuum renapmnHoBbix parmeHtoB (AMP

A 6080y éco, o~ ,

N AN - o ~ . A \s"n s 5OH > 0SO5"
o O 0C7| 07 —mm ok ~</-0
oA W HO O 2 -~ 0L 4° OH ~

“JOSHN T oH S o
O O  0soy =2

.

GIcN2S6S, “C, GlcA, *C, IdoA2S, 'C, IdoA2S, %S,




[Tonncaxapuasbl
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lMpuMepbl nonucaxapuaoB MMEKONUTAKOLWUX. 29
[MpocTpaHCcTBEeHHasA CTPYKTypa

A&~ coo
groups
Hydrogen bond
OH2 to OH3
2 Glycosidic
<4— linkage
- 2 1 C1-0-C2 Glycosidic

-
ceo
-

4 linkage
2008
Glycosidic
linkage
C1-0-C4 " /%
Amylose Mannan Polysialic _ _
(Glca1-4), (Mana1-2),, acid Hyaluronic acid

(NeuAco2-8), (GIcNACB1-4GIcAB1-3),



MManypoHaH (rmanypoHoBas KMCIoTa) — caMbliA 30
KPYMNHbLIA nonncaxapua no3BOHOYHbIX

(~3.7 x 10° Oa)

| [ERALR] [ERgikl [IRSdikl [ERGRR] [ZRHik

n = 250-25,000 GIcNAc GlIcA

NHAc

OH
- O O
* m
OH




BbnocuHTe3s rmanypoHoBON KUCIOTbI

Hyaluronan

Plasma

membrane {J4H4YYLY

UDP

31

UDP



NMonucmanoBas Kkucnorta Ha N-rnmKkaHe

32

P4  Poly «2-8 sialyltransferase(s) 4]  Poly «:2-8 sialyttransferase(s)
ST8Sial-ll (STX) ST8Sial-ll (STX)
ST8Sia-IV (PST-1) ST8Sia-V (PST-1)

7 N

CMP4p CMP

20-200 «2-8 linked
sialic acid residues 8




[NekTMHOBbLIE Nonucaxapuabl PaCTeHUMN:
romoranaktypoHaH (HG), paMmHoranaktypoHaH |
(RG-1), pamHoranaktypoHaH |l (RG-I1),
KcunoranaktypoHaH (XGA)

33

RG-I XGA HG RG-II
) 1 ) 1
@,
A ,
0) 2M a
@ ()—Ac
-0 6M  BM 6M
O 6M s 7oMisS» | 6M6EM 6M 6M 6M 6M 6M 6M »
Vs 202 20z 202 20 202G PaPa Ve Ve Pa P Ve P Ve PP P Ve P P P P Ve Ve P Pa P Paha haip
Ac Ac O Ac  Ac Ac Ac < > Ac Ac  Ac Ac Ac Ac  Ac oo
& Ac -0
0@ ,
L4 M
(O o-Galactose Ac  Acetate groups
© L -Galactose A Fucose
. L-Arabinose (I} Galacturonic acid
(O Aceric acid ﬁ Xylose
® ona @ Kdo
@ Apiose Q Glucuronic acid
Bo Borate @ -Rhamnose
M  Methyl groups (ester or ether)
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Monuncaxapuabl KpacHbIX BOAOPOCHEN

Arapo3sa _
OH OH
& w o
Hf
- -n
—3)-p-D-galactose- (1—4)-3,6-anhydro-a-L-galactose- (1—
KapparnHaH

(k) —38)-B-D-galactose-4-sulfate-(1—4)-3,6-anhydro-«-D-galactose-(1—

K—carrageenan



[ MMKaHbI KNeTOYHOWU CTEeHKU
bakTepun

NMenTnaornukaH
Jlunononucaxapuabl

36



[lenTngornmkaH

37



KneTouyHas cTeHKa rpaM-nonoXuTenbHbIX 38
OakTepumn

Gram-positive Cell Wall
LTA

K Peptidoglycan
Proteln

TR SRR RTINS J»hm iw

Phospholipids

NGIELG004444988\ Jegg0g  fmembrans

Cytoplasm
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CTpyKTypa nenTuaornmkKkaHa KfeTo4HOMN CTEHKM

C [MurNACp1-4GIcNAC) 1-4]
OH
OH
I NHAC Hoéﬁ/
[-Lactams HN NHAC

O

I Ea £ = =] ] =] ﬁ)\ L-Ala
L-AB L-Ag L-AB L-Ala
D-Giu D-Glu -Gl D-Gly HOOC
. D-Na |
m-DAP AP m-DAP m-DaR=
D-Ala S~—~p-¥a AL —D-Al D-Asp
DAl mDAR D-Na DA D-AR mDAP D-Aa
D-Glu D-Glu DGy
L-Ala L-Na LAk m-DAP HN 0 COOH 0
3 i) E3 5 ] H
S ) o /\)\ )l\/ N
v ¢ N NS -
Y . =) -
O-A8 M- oA mOAP oAl M0N0 H s
n D-Na § D-Aa D-Na . NH =
m-DAP m-OAP D-As m-DAP m-DAP M e CT O
D-Gu DGlu D-Gu D-Glu -
L-Aa L-Aa L-Ala L-Ala D-Ala D-Ala
— NG CLUVBKU
- L-Ala
Gl D.Gu )
m-DAP m-DAP m-OupP o 2
D-Na DAl D-Ala HOOC “+ D-Ala Vancomycin
D-Na D-Aly

* [-JlakTaMHble aHTUOMOTUKK BITOKMPYIOT COOPKY NeHTanenTuaa
« BaHkoMMUMH BOKMPYET CLUMBKY IMNKAHOBLIX Lienen, KOTOPOou
npeaLwecTBYeT yaaneHne TepMmHanbHoro octatka D-Ala



NenTupornukaH Streptococcus pyogenes ¢ 40
npuBA3aHHON TEUXOEBOWU KNCNOTOMU

Polymer Linkage Unit
r N\ A\
OH
CHQO = ' clezo S i
CHOR CHOH ~
ol | H ‘o\ | I T~o

~CH, 0 ~ CH, o [ N
A " [ Jn>1 I

L-Ala L-Ala L-Ala L-Ala

L-Ala _ L-Ala
D_-Glu Al \ D-Glu D_ Glu L-Ala \ D-Glu
L-Lys L-Lys L-Lys L-Lys
= D-Ala X D-Ala Z D-Ala D-Ala
D-Ala D-Ala D-Ala D-Ala
L-Lys L-Lys b la' L-Lys
D-Glu D-Glu lu D-Glu
L-Ala L-Ala -
L-Ala -
D-Glu D-Glu
L-Lys L-Lys

D-Ala D-Ala
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BUuocuHTe3 nenTuaornMKaHa KrieTo4yHoOu CTeHKMU

Assembly Transport Polymerization

UDP- o-\;;_/o P
PEP 0\7\70

apndedejuad

UDP -l enolpyruvate o\_;Q‘;o ‘
o\_; pentapepﬂde

apndadejuad

reduction ] - / o
@ 1 & 2
n+ B
y pentapephde -g §
UDP {1 5 g - g
L-Ala 5 &
D-Glu 2 2
m-DAP 2 g
! D-Ala PV\W 8 g ® g
::o Bacitracin [y 3
UDP -F -5 §
pentapeptide - § . 5
3 3
i 2 3
Hei! H'PP Moenomycins E 5 E
i g 8
pentapeptlde g / g -
® a
3 3
V) V)
@©
UDP- g g
- 2 & © &
3 2
Lipid I I—E—PPVVW pe”‘apep"de 3- 8
2 2
pentapeptlde O'\_;Co + & ., & .
oc pentapeptide g 1
mn;o PP ' &3 3
Cm{-m) 2 :
O:’/CO - n o &
pentapeptide ®

o0

L | L | L

apndadejuad
1
apndadejuad

Cytoplasm Inner membrane Periplasm



JNlunononucaxapwugbl bakTepumn
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KrneTto4yHas cTeHKa rpamMm-oTpuuaTesibHbIX
OakTepumn

O-antigen
repeat

Outer
core LPS

Outer

{ 40044401\ 44998840 gg|

Lipoproteins —— > ¢

i

A | el

Periplasm{

Und renyl <—MDQ _
o T O LT e
{fs» 85888585851 (58858 $3558

e | 4908\ L g49444gadd | Iag | gedgdageq T
Cytoplasm Protein
MurNAc [JGalNAc [ Kdo o PEtn, PG, or KdoQ-LipidA
BGIcNAc OGal @PPEtn  Succinate Endotoxin

®Glc l Heptose
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CtpoeHue nunononucaxapupga (Jirc)

S-chopma
O—nonucaxapml OJIMrocaxdapma Kopa JIUIIU A A

BHEIITHUH BHYTPEHHUU
KOp KOp

() -moHocaxapun P - pocdarnasn AR R A L
rpynima KHC/I0Ta
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CtpoeHue nunononucaxapupa (Jirc)

S-chopma
O-HOHHC&XEIPH,H OJIMIoCaxapHua Kopa JIUITU I A
P
gﬂgm
n P
\ ) y y
~ Y BHEIITHHI BHYTPCHHHIA
OHOJIOTHYECKOE KOp KOp
MOBTOPSAIOIIEECSA 3BEHO
() -moHocaxapun P - pocharnas ANANANANAN T~ KHPHaS

rpynma KHC/I0TA
45




CtpoeHue nunononucaxapupga (J1rNcC)

S-chopma
O—HOHHC&XEIPHI[ OJIUIrocaxapuia Kopa JIMITHU A
P
&M&Ogﬂgm
n P
\ ) . .
Y BHEIITHHI BHYTPEHHHII
XHMHYECKOe KD KD
MIOBTOPSIOIIEECSA 3BEHO
() -moHoOCaxapun P - pocdarnas AANANAANANAN T KHpHad

rpynmoa KHC/I0Ta
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CrtpoeHue nunononucaxapuaa (J1rncC)
SR-dopma

ICPBOC IMOBTOPAIOMICCCA

oJlurocaxapuji kKopa  JaunuagA
3BeHO O-Tnonucaxapuia

P
O—g—Dg—O—gm
P
BHEIIHUN BHYTPEHHUI
KOP KOp
() -moHocaxapun P - ¢pocharnan AANNANANA, ~ RHPHaAS

rpynna KHCJIOTA
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CtpoeHue nunononucaxapupga (Jirnc)

R-chopma

OJIMrocaxapma Kopa h10%000% 01 QAN

beo0bb

P
BHEIITHUI BHYTPEHHUN
KOp KOP
() -momnocaxapun P - pocdarnas ANAANANAAA - RHPHAS

rpynmna KHC/I0TA
45



Hwnononwcaxapm:l,bl: nmnua A + Yyactb KOopa

HO Q"'H OH
O O OH OH JHAOTOKCUH E. coli
HO HO
OH
0 Q 9
OH
®) O
Ho-f?' o
HO
O NH HO‘- & :
@) || u
O O P O- P OH
! OH OH
; HO
Kdos-Lipid A
(Endotoxin)
14
14 14

12
14 14
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C6opka Kdoz—nunm:l,A B E. coli 50

OH OH oM
HO o (o)
HO HO HO Q
~ . 0 prD LpxH 92 0
5 0-uDe " 0-uop o HaN &.uoe Ho-uop V" NS -B-oH
3-OHC -ACP HO "8
P iy MO 3—0HC ~ACP HO 2 OH
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HO
o
o NH H 0
HO O P OH
OH OH
HO % HoOH PH
a0
i 410 OH OH O Q ooH OH
O HO <
: 0 0 OH 00
o) LpxK
OH OH
0 (o) o) 0
" 1) = (o]
HO-P-0 8
0 NH HO C " HO 0
5 B " (o) NH HOZ NH HO
s o P 8 Lpx LpxL Ho o o KdtA o
- - —— - a— N
¢ o= yHO o O°F-OH ¢ acP ¢, ack HO™\ Ho 5) ("o-B-on HO NH0 P-OH
OH 14 12 L H (2x) CMP-Kdo HO o
HO HO 0 OH
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14 14



NMpumepbl cTpykTyp Kopa JIMNC

GIcN
1
y

Hep Kdo-7-- PEIN
1

!

E. coliR1 Gal-1 --2-GIE-1—:-3-G|0-1--3-H£:p-1-.-3-HEp-1 —=5-Kd0-2-| LipidA

2 3
4 4 4 4
1 1 P P
Gal p-Glc-=| O-PS .
N RS PEIN Y,
Y h'd
outer core inner core
Gal Kdo
1 2
oy
Hduq? PEtN
H1ep 5
]
E. coliR2 |0-ps| —=Glc-1 = 2-Glc-1-= 3-Glc-1-» 3-Hep-1—-3-Hep-1 = 5-Kdo-2—| LipidA
2 6 4 4 p_]
. : A !
Gl ?\IA G:]al P P
E E 1
N o PEtN J
Y Y

outer core inner core
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3 Structure of O-Antigens

Table 3.1 Monosaccharide components of OPSs

43

Pentoses, hexoses, heptoses and their deoxy derivatives

p-arabinose (Ara)

p-, L-xylose (Xyl, LXyl)

p-ribose (Rib)
4-deoxy-p-arabino-hexose (4daraHex)
6-deoxy-L-glucose (L-quinovose, LQui)

6-deoxy- p-, L-galactose (0-, L-fucose; Fuc, LFuc)

6-deoxy-p-, L-mannose (p-, L-thamnose; Rha, LRha)
6-deoxy-L-altrose (L6dAlt)

6-deoxy-p-, L-talose (6dTal, L6dTal)
D-glycero-p-manno-heptose (DbmanHep)
D-glycero-p-galacto-heptose (ppgalHep)

p-glucose (Glc)

p-mannose (Man)

p-galactose (Gal)

6-deoxy-p-gulose (6dGul)
3,6-dideoxy-p-arabino-hexose (tyvelose,
Tyv)

3,6-dideoxy-L-arabino-hexose (ascarylose,
Asc)

3,6-dideoxy-p-ribo-hexose (paratose, Par)
3,6-dideoxy-p-xylo-hexose (abequose,
Abe)

3,6-dideoxy-L-xylo-hexose (colitose, Col)
L-glycero-p-manno-heptose (LbmanHep)
6-deoxy-p-manno-heptose (6dmanHep)

2-Amino-2-deoxyhexoses, amino and diamino 6-deoxyhexoses

p-glucosamine (GlcN)
p-galactosamine (GalN)
p-mannosamine (ManN)

D-, L-quinovosamine (QuiN, LQuiN)
L-rthamnosamine (LRhaN)

D-, L-fucosamine (FucN, LFucN)
6-deoxy-L-talosamine (L6dTalN)

3-amino-3-deoxy-p-, L-quinovose (Qui3N, LQui3N)

Hexuronic acids, amine and diamine hexuronic acids

p-glucuronic (GlcA)
p-mannuronic (ManA)
p-galacturonic (GalA)

L-altruronic (LAItA)
L-iduronic (LIdoA)
3-amino-3-deoxy-p-glucuronic (GIc3NA)

2.3-diamino-2,3-dideoxy-p-mannuronic
(ManN3NA)
2,3-diamino-2,3-dideoxy-L-guluronic (LGuIN3NA)

Keto sugars
D-, L-threo-pent-2-ulose (p-, L-xylulose; Xlu, LXIu)
2-amino-2,6-dideoxy-p-xylo-hexos-4-ulose

3-amino-3-deoxy-p-fucose (Fuc3N)
4-amino-4-deoxy-p-quinovose (Qui4N)
4-amino-4-deoxy-p-, L-thamnose (Rha4N,
LRha4N)

4-amino-4-deoxy-p-fucose (Fuc4N)
2,3-diamino-2,3-dideox y-L-thamnose
(LRhaN3N)

2 4-diamino-2 4-dideoxy-p-quinovose
(QuiN4N)
2,4-diamino-2.4-dideoxy-p-fucose
(FucN4N)

p-glucosaminuronic (GIcNA)
p-mannosaminuronic (ManNA)

D-, L-galactosaminuronic (GalNA,
LGalNA)

L-altrosaminuronic (LAItNA)
L-gulosaminuronic (LGuINA)
2,3-diamino-2,3-dideoxy-p-glucuronic
(GIcN3NA)
2,3-diamino-2,3-dideoxy-p-galacturonic
(GalN3NA)
2,4-diamino-2,4-dideoxyglucuronic
(GIcN4NA)

3-deoxy-p-manno-oct-2-ulosonic acid (ketodeoxyoctonic acid, Kdo)
5-amino-3,5-dideoxy-p-glycero-n-galacto-non-2-ulosonic acid (neuraminic acid, Neu)

(continued)

44 Y.A. Knirel

Table 3.1 (continued)
5,7-diamino-5,7,9-trideoxynon-2-ulosonic acid”

5,7-diamino-3,5,7,9-tetradeoxy-L-glycero-L-manno-non-2-ulosonic (pseudaminic) acid (Pse)
5,7-diamino-3,5,7,9-tetradeox y-p-glycero-n-galacto-non-2-ulosonic (legionaminic) acid (Leg)

5,7-diamino-3,5,7,9-tetradeoxy-p-glycero-n-talo-non-2-ulosonic (4-epilegionaminic) acid
(4eLeg)

5,7-diamino-3,5,7.9-tetradeoxy-L-glycero-np-galacto-non-2-ulosonic (8-epilegionaminic) acid

(8eLeg)

5,7,8-triamino-3.5,7,8,9-pentadeox ynon-2-ulosonic acid”
3-deoxy-p-lyxo-hept-2-ulosaric acid

Branched sugars®

3-C-methyl-p-mannose (Man3CMe)

3-C-methylrhamnose (Rha3CMe)"

3,6-dideoxy-4-C-[(R)-, (§)-1-hydroxyethyl]-p-xylo-hexose (yersiniose A, yersiniose B)
3,6,8-trideoxy-4-C-[(R)-1-hydroxyethyl]-p-gulo-octose (erwiniose)
3,6,10-trideoxy-4-C-[(R)-hydroxyethyl]-p-erythro-p-gulo-decose (caryophillose)
2-amino-4-C-(2-carbamoyl-2,2-dihydroxyethyl)-2,6-dideoxy-n-galactose (shewanellose)
4.,8-cyclo-3,9-dideoxy-L-erythro-p-ido-nonose (caryose)

“The configuration of the monosaccharide remains unknown,

The monosaccharide has the L-glycero-L-manno or p-glycero-L-manno configuration.
“For structures of branched monosaccharides see also review [7].
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mMukonunuabl:
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1pi Glycolipids Glycero-
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Sphingo-
Glycolipids
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[aHrnuosung GM1 (rmmkocduHronmnua)
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MaHrnuosupg GT1b (rmukocdpuHronunupa)
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oH H

OH Lo
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ArnnukKoHbl rmmkocuHronMnuaos
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OcHoBHbIe “cepun” (Kopbl) rMMKocuHronunnaos

Subfamily series Structure

Lacto GleNAcB1-3Galp1-4GlefCer

GalB1-3GIcNAcP1-3Galp1-4GlePCer

Neolacto Galp1-4GIcNAcB1-3Galp1-4GlepCer
Galp1-4GIcNAcP1-3Galf1-4GIeNAcB1-3Galp1-4GlcpCer
Ganglio GalNAcB1-4Galp1-4GlepCer

GalB1-3GalNAcP1-4Galp1-4GlcPCer
Globo Galal1-4GalB1-4GlcepCer
GalNAcp1-3Galal-4GalB1-4GlcpCer
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Abbreviation

LesCer
LeyCer
nl.cyCer
nlLcgCer
GgzCer
GgyCer
Gb3Cer
Gb,Cer



CTpYKTYpbl, TPUBUaribHbIe U CUCTEMATUYECKUe 64
Ha3BaHUA: “0se”’-HOMeHKNnaTypa
(root name)(root size)osylceramide

Structure

Galal—>4Galpf1—-4GlcCer
GalNAcB1-3Galal—4Gal}1—-4GlcCer
Galal—3Galp1—-4GlcCer
GalNAcB1—3Galal—-3Galp1—-4GlcCer

Galp1—4Galpf1-4GlcCer
Galp1—3Galp1—4Galf1—4GlcCer

GlcNAcB1-3Galf1—-4GlcCer
Gaif1-=3GIcNAcB1-3Galf1—4GlcCer
Galp1—=4GIcNAcB1—-3Galf1—4GlcCer

GalNAcB1—-4Galf1—=4GlcCer
Galpf1—3GalNAcB1—=4Galf1—=4GlcCer

Galal—4GalCer
Galal—4Galal—4GalCer

Trivial name

Globotriaosylcecramide
Globotetraosylceramide
[soglobotriaosylceramide
[soglobotetraosylceramide

Mucotriaosylceramide
Mucotetraosylceramide

Lactotriaosylceramide
Lactotetraosylceramide
Neolactotetraosylceramide

Gangliotriaosylceramide
Gangliotetraosylceramide

Galabiosylceramide
Galatriaosylceramide

Symbol

GbOse;Cer
GbOse,Cer
1GbOse;Cer
1GbOse,Cer

McOse;Cer
McOse,Cer

LcOse;Cer
LcOseCer
nLcOse,Cer

GgOse;Cer
GgOse,Cer
GaOse,Cer
GaOse;Cer



«MpoaBuHyTasa» “ose”-HOMeHKNnaTtypa

Abbreviated structure

[I’NeuAc-LacCer
[I’NeuAc-GgOse;Cer
[IPNeuAc-GgOse,Cer
[I3(NeuAc),-LacCer
[I3(NeuAc),-GgOse;Cer
[ViNeuAc,II’'NeuAc-GgOse,Cer
[12(NeuAc),-GgOse Cer
[I}(NeuAc),-GgOse,Cer
[V3(NeuAc),,II'NeuAc-GgOse,Cer
[ViNeuAc,I}(NeuAc),-GgOse,Cer
[1}(NeuAc);-GgOse,Cer
[V3(NeuAc),,II*(NeuAc),-GgOse,
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HomeHknatypa CBeHHepxonbMma
(Anga raHrno3naoB)

Svennerholm  Abbreviated structure

designation

GM3 [I’NeuAc-LacCer

GM?2 [I’NeuAc-GgOse,Cer

GMI [I’NeuAc-GgOse,Cer

GD3 [I3(NeuAc),-LacCer

GD2 [I3(NeuAc),-GgOse;Cer

GDla [V:NeuAc,II’NeuAc-GgOse,Cer
GDI1b [12(NeuAc),-GgOse,Cer

GDlc [I}(NeuAc),-GgOse,Cer

GTla [V} (NeuAc),,II°NeuAc-GgOse,Cer
GT1b [ViNeuAc,II}(NeuAc),-GgOse,Cer
GTlc [1}(NeuAc);-GgOse,Cer

GQlb [V3(NeuAc),,II*(NeuAc),-GgOse,



HomeHknatypa CBeHHepXxonbma
(raHrnmo3unabl GM1, GM2, GM3)
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.
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B-D-Galactose galactogar%ine r GAMS

HO OH HO OH
o o B-D-Galactose
HO 0 0 OH B-D-Glucose
OH o N 0 OH
:< 0 O ©
/ OH HO O
OH

OH -
HO 0, ©
HO"" @]
0 OH
0

N-Acetyl-a-neuraminidate

Sphingosine

Stearic acid
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CocTtas rnukoccpuHronunuaos (FCH): 68
cpaBHeHue ¢ N- n O-uensamu rnukonpoTtenHoB (')

» PASITNYHNA:

» [Npucyrtcteue rmokosbl (Glc):
B [CJ1 noytun Bcerga ectb Glc
B N-uensax I'T1 Glc npucyTcTByeT TONbKO BPEMEHHO
» [NpucyTtcTBne maHHO3bI (Man):
B [ CJ1 HuKorga HeT Man
B N-uenax ['T1 Man ecTb Bceraga
» OparmeHT NeubAca2-8Neu5Aca
B ['CJ1 TnnyHbl onuromepbl NeuSAcC (00 TpuMepa BKNOYUTENBHO)
Ha uenax [T1 MmoXeT npucyTcTBOBaThb NonMcmanoBas Kucnora

» CXOACTBO:

» OYHKUMOHANbHO 3Ha4YMMble TEpPMUHALUK YacTo ObliBatoT
oanHakoBbiMu B CJ1 1 B N- n O-uenax I'T1 (cm. npumepsb)
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CuHTte3 ueneun M n I'N, copepxawmx a2—6-
cBfizaHHYI cuanoByro Kucnoty (Neu5Ac)
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CuHte3 uenen I'M u I'N, coaepxawmx a2—3-
cBfI3aHHYIO cuanoByro Kucnoty (NeubAc)
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OnurocunanoBasi KUCNOTa Ha rMUKonunuaax
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GA3

GM1b R = No modification

GD1a R= L3¢

B3

GTib R= L = R

GQ1C R= a3 08 o8 B
Cer

GD3 Synthase
ST8Sia-|
(ST8Sia-l)

f\ >

CMP4p CMP

ST8Sia-V
(ST8Sia-l)

7 N

CMP4p CMP

/4

o8
o8
GT3 Synthase
ST8Sia-V o3
(ST8Sia-ll)
(ST8Sia-l) B4

CMP4p CMP
GT3

GD1c R = No modification

GTia R= £¢
caib R= LPLe

GPic R= o3 08 08
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NonuncuanoBas kucnota (PolySia) Ha N-rnukaHe

20-200 «2-8 linked
sialic acid residues 8

Poly «:2-8 sialyltransferase(s)
ST8Sial-ll (STX) repeet
ST8Sia-IV (PST-1) 310 >100 times

ST8Sial-ll (STX)
ST8Sia-IV (PST-1)

7 N

CMP4p CMP




bnocuHTtes rmukocuHronmnnaoB
(Ha npumMmepe raHrNMo3naoB)

a8 4 018 & 13
134
‘ p

Cer
GT3

GP1c I

ganghosxd&s
o3
B3 6153
B ol s Al adtaai? o8 g 03 AL?
[i%} 4 4 p4
B B B B
Cer P Cer - Cer P Cer b-Seri
=~ es
o GD3 | Gp2 Go1d catba | OSes
4'%
Cer
sulfatide o3
IB O 33
3, B4 3, o3 4
(3, — [34 [34 B4
i (P B B -l p
P Cer P Cor  mmmm—Pp Cer P Cer
GM4 NG | ame GM1 (GM1a) GD1a GT1ac |a-Series.
T — — gangliosides
(13,
Ceramide
(Cer) 33 B3
34 B4
B4 [34 [34 [4
fi B p 3 [3
Cer == Cer P Cer Cor el Y

GlcCer LacCer GA2

GA1 cisGM1 (GM1b) GD1u
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Moaenu 4yetbipex KopoBbix cpparmeHToB ['CJl

Gg (raHrnuo) | Gb (rno6o)

Lc (nakTo) nLc (HeonakTo)



XonecTtepuH Kak Tpurrep B3aummogeucteua Gb3 /8
¢ Gb3-cBA3biBaroOWmMMU dbenkamm

Optimum Gb, conformation for binding
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KoHdopmauua Gb3, ontumanbHas
ONA cBA3bIBaHUA C OenkKom

Excess cholesterol masks Gb, presentation

N30bITOK XonectepmHa MeHAeT
npeseHtaumto Gb3 —
«MackupoBaHue» Gb3 ans
CBsAi3biBaHUA C 6enKom



mMukoccumHronunuabl opraHusoBaHbl HA MemMbpaHe 70
B Knactepbl (MUKPOAOMEHbDI): nMNuAHbIe padTbl
(nnockue) u KaBeonbl (BOrHyTbIE)

% ﬁ Glycosphingolipids

Sphingomyelin

7 Cholesterol

‘l—(‘ ﬂ Phospholipids E’J.l 8 0 (D)
Caveolin
sre-tamily kinase ’

Raft Caveolae -
o e

gt -g/

= .~ = \

o)

\2)

Detergent-Resistant Membranes (DRMSs)
Detergent-Insoluble Glycolipid-Enriched complexes (GEMs, DIGS)
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MmMukocmHronnnnabl Ha NOBEePXHOCTHU

MeMOpaHbl OpraHM30BaHbl B KracTtepbl




Knactepsbi I'CJl
CUrHanbol

B3auMoOOENCTBYIOT U nepeaaroT 81

- .
Signal
GlycoVWord |
\\ .t *e -‘- A\- ) :»’hPl . /
! T e ettt SIIIS ISR g ottty
X ?};‘t{\‘\‘\\ b e ST e e L
.
SRR S "N

Signal transducer molecules
G l)('()\\ ord



[ mMnkocuHanc: yyactme MMKpoaAOMEHOB MeMbpaHbl 3?2
(nMnunaHble padThl) B Nnepegaye curHana

1 GsL 2

A A \
% WI patch
AN ADS /7
¥ ) 0Cy "
SO AR 2 1o 11 e e Y iizs
e R R R e I e e e ) 23 A R ooy
S, P AR SEER ST sy o S R S T S

itle e e D S Nt )

g, PL/TSP * ;

i

TDa  TDb TDa  TDb

(b) v v
Signal A Signal B



lMepepava curHana B rImMKocuHarce:
yrrneBoa—0enkoBble U yrneBoa-yrneBoAHble
B3aMmMoOencTBus
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HekoTtopble pyHKUMUN FMUKOCUHANCOB

» Cell Activation via Lactosyl Ceramide
» Ganglioside Regulation of Axonal Growth
» Ganglioside Modification of Cell Membrane Receptor
Function
» (a) NGF
» (b) EGF
» (c) Insulin Signaling
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Yrnesoao—yrneBoaHble
B3anMMOOEUNCTBUSA
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ApQresuns KneTok, onocpeanoBaHHasA pa3jfiuiyHbIMUA

B3auMoaeucTBUAMM

Benok — 6enok

YrneBoa—- 6enok
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Yrnesoa- yrneBopf,

PPI {protein-to-protein

interaction )

CPI (chydr-to-protein

interdaction )

CCT (chydr-to-chydr interaction)

Examples

Multivalency of epitope

. 24 -
(Ca™" requirement

Rapidity
Affinity (K, in M)
Variability

Repulsion
Cooperativity or synergism
with PPI

Orientation of
carbohvdrate epitope

Integrin

a3fi1 o LLN5
a501 o FN
a2 to ICAM-1
or [CAM-2

Yes, for manv cases of PPI,
e.g., integrin, cadherin

Slow

~1078%-10""

Low

;69
Yes

[Inclear

SL.e” to E-selectin
Sle® to E-selectin
Sialoglyean to siglec

Galectin to Gal

Yes, for selectin
No, for galectin

Fast
~1078

Low

Not found

Not known

[Unclear

Sponge oligosaccharide
(see Section 3.34.2.2)
Le*to Le®

Gb4 to Gb5 or nl.cy
GM3 to Gg3 or LacCer
LLe'to H

GalCer to sulfande

Yes: essential for all cases

Yes, for essentially all types of CCI

Very fast

Varies: ~107" to 107

Very high; depends on degree of
clustering and orientation of epitopes

Yes

Yes, some cases of CCI are synergistic
with integrin-mediated adhesion "

Yes, for Le*-to-Le* ™
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YrneBopa-yrneBoaHble B3anumoaencrTems (063op)

GilycoVYWerd | -l,’_.alﬁl,dl,’_.lchﬂc[ﬁ] AGal 31 AGI-Cer

4
Galfil 4GleN n:ﬁ1 3Gal P1LAGI-Cer Fueal Le
A’
Fueed Le {-.ulﬁ l,dlf_-lchﬂjc[ﬁ] AGalf1AGLe-Cer
l*un:::l [u-:I:::] Le y
Galfit AGIENACH1,3Gal 1 4Gle-Cer GalfLAGIENACBI AGaIB1AGIe-Cer
l*uml [um::-l ]‘E? [m_m I H T"_I,n"F]EE
{.alm,mz.l.:mcﬁ] a{,:.l[aj,da:,lu.{,er
GalMNA e, 3Galo] dGal Fﬂ S le-Cor
H, Typel
Gh 4 l‘m.fttl
Galil 4GIeNA L 3Gal il 4GIe-Cer

NewAea2, 6GalE L AGIcNA P 3Gal L 3G e -Cer l nLecd
o2, 65PG 1
GalMAcP1AGalf14Gle-Cer
NewA oo, 3Galfil 4GIeNACR13Galf1,36G1c-Cer Gg3Cer
12,35PG Gali1 4GIc-Cer
LacCer
Muetior, 30al 1, 4G k-Cer
GM3(NeuGc) Galfil 3GalNAef 1 AGal[f1.4G1e-Cor
GgdCer
NueAcco2 3Gl 4G1e-Cer GalNAcPL3CGalo ] 4Gal BL4E4G1e-Cer
GM3(NeuAc) Gbd4Cer
5 —— MueGen 2, 3Gl 140G e-Cer
R e— GM3{NeuGc)
M e NueAco23GalB1,4G1e-Cer

WV e GM3{NeuAc)




YrneBoa-yrneBogHble B3aumogeuncTeus (getanm)

GalB4GIcNAcB3Galf4GIcS1Cer
3

LeX/LeYH .
interaction Fucee  Le
_ | GalB4GIcNAcB3Galf4GIcs 1Cer
2 3
Gammmmgﬁaeawmmmc:er Fuca Fuca . =
Fuce L& w
- Galf4GIcNACS3Galf4GIcs 1Cer
’ Fuca H
No
- | Galg4GIcNAcS3Galg4Gics 1Cer
(a) nlLcy
GM3 R ___..SiachGaIﬁ4GIcﬂ1Cer
interaction - GM3
Siag3Galf4GIc1CeT = » GalNAcB4GalB4Glcs1Cer
GM3 ~ Gg3
R\M
~ Galf4Glcf1Cer
M LacCer
(©) " GalNAcS3Galq4Galg4Glcs1Cer

Gg4
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YrneBoa-yrneBogHble B3aumogeuncTeus (getanm)

Gb4 (globoside) Gb4
interaction ND_},-"""""'I GalNAcf3Gala4Galg4Glcf1Cer
‘T Galf3GalNAcj3Gala4Galf4Glcfi1Cer
GalNAcf3Gala4Galf4Glcg1Cer Gb5
Sl iziinid) \Lm' GalB4GIcNACS3Galf4GIcs1 Cer
nLcy
GalNAcf4Galg4Glcf1Cer
Gg3
(b)
Sulfatide
interaction M
Galf1Cer
Gal3Sfi1Cer
“... No

| Glcg1Cer



anuton Le* B amOpuoreHese: KOMnakTusauus 90

Zygote Morula  Compaction Blastocyst 3MOPMOH MbILK

Inner cell
mass LeX +

£ 8or Trivalent [ Trivalent
S eof LeX - LeX
©
o
£ 4of i
3 Trivalent Trivalent
L Ot -.‘_*@ ,_C.>_ L . . 1 .
) — - : = B2z 0125 025 05 1 5 0 2 4 6 8 10
(b) Trival. LeX Trival. Lea Control (c) Concentration (mM) Time (h)
1 LeX = GalpB1-4(Fucal-3)GIcNAC L ex 2 Le2 = GalB1-3(Fucal-4)GIcNAc L ea
Galpt, , Galpi\
GlcNAcB3Galp4GicCH,-NH,-CH GlcNAcp3Gal g4 GlcCH,-NH,-CH
/3 2 275 \ /4 1 \
Fucal @Hz cO Fuca1 (?Hz C{)
o o
Galpt\ P2 CH-coo~  Galf\ P2 CH-COO~
4GIcNAcA3Galf4GIcCH,-NH,-CH, CH iGICNAcﬁSGaIﬁ4GICCHZ-NH2-CH2 &
Fucat3 ik Fuca1” 2
CH, CH,
Galp\, CH, Galpi, CH,

GIcNAcﬁSGaI/MGICCHZ-NH2-(I3H2 GlcNAcp3Galp4GlcCH,-NH,-CH,

Fuca1/3 Fucal”4



MMnoTe3a 06 y3HaBaHuu LeX cneumndmnyecknmm 01
6enkamMmu BTOpPOM KNeTKU He noaTeBepxaaeTcs

MEMBPAHA KNETKW A

LA
4

LeX rnMKOCCDVIHrOﬂVlnM

&HH&, - &

i

CTPYKTYPA,
KOMMNNEMEHTAPHASR LeX MEMBPAHA KNETKW B



Arperauus yrneBoAaHbIX Au-HaHo4acTul: Tpucaxapug Q2
LeX (cneBa), porib aHOMepHOU KOH(purypauum (cnpasa)

OH HO o
HO o X
%O] o O’f\/ L/\S
OH OH NHAC 3
P i e
He/ o /.
HO Au-LeX HsCZ ;O:Z

OH OH
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YrneBopa-yrneBoaHble (LeX) Banmogencteusa: AFM

Cantilever

Tip

0 20 40 60 80 100

X (NM) =P
20 pN
200 (2) LeX—Lactose 20 =
z Lactose—lactose
2 0
S § 8§ § § § S " _ 01
A
—200 1
: —-20 -
0O 20 40 60 80 100 0y 50 100 150
() (b) X (nm) =——p (c) F (pN) =—>



YrneBoa-yrneBoaHble B3aMMoaeNCTBUA:
20MO N 2emepo



YrneBoAa-yrneBsoaHble B3auMogencTBUS: o5
yuc v mpaHc

uuc mpaHcC




YrneBoa-yrneBoaHble B3aMMoaeNCTBUA:

yuc

GFR

()
»

QY
o
QO
1:‘n
-. -
VNN

w

NN,
b ¢
.
5 0
|
) @

(7
O

&
Q
Q
S
x&
>
Q
N
Q

¢ /\

EGFR + GM3

Kak GM3¢x°, Tak u GM3¢"% yHrmbunpytoT

aBTOhOoCopunmpoBaHune peuentopa (TMPO3NH-KNHAa3a)

EGFR = epidermal growth factor receptor

(b)

2 & Y

GD1la + GD1b

Komnnekc GD1la + GD1b nmeet vHble

aHTUreHHble ceoncTBa, Yem GDla nnm GD1b



MmMukonunuabl POPMUPYOT YCTONYUBDLIE 97
komnnekcobl: GDla + GD1b

TLC stained with orcinol TLC-immunostaining e Antibody activity to GD1a,GD1b, and GD1a/GD1b
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YrneBopa-yrneBoaHble B3aMMoOencTBuUA C
yyacTvem nonucaxapuvooB

1. Glycoprotein/polysaccharide

bacteria
+
\_ J
animal cell
2. Polysaccharide/ 3. Polysaccharide/
polysaccharide polysaccharide
(in cell wall) (between yeast cells

AN\
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YrneBopa-yrneBoaHble U yrrneBoa-6enkoBble
B3aumMmogencreus

» crabble (Ha MOHOBANIEHTHOM YPOBHE)
» MYJIibTUBArieHTHbIE

» YacTo AMHaMMYecKkue, NepBuYHbIE B CTYNEHYaToOM
npoLiecce
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