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CobcTBEHHO NEKTUHBbI

JlekTnHbl — 3710 cneuuduyeckmne 6enkm, obnagatoume CBOMCTBOM M3bupaTernibHO CBS3blBaTb
yrrneBodbl N yrneBogHble KOMMOHEHTbI FMIMKOKOHBIOraToB pasnnyHoOn npupoabl. JIekTuHamm
NPUHATO cuyUTaTb TOMbKO Te YIrMeBoA-CBA3bliBawOWMe 6enku, KoTopble He obnagatoT
cneungunyeckon rMukodpepMeHTaTUBHOM aKTUBHOCTbIO n NMerT HEUMMYHHOE
NPOUCXOXOEHME, T.€. HE ABNSATCA aHTUTENAMM.



CpaBHeHMe ABYX OCHOBHbIX KNnaccoB yrrneBoa-
CBA3bIBalOLWUX Oenkos

Lectins? Glycosaminoglycan-binding proteins®
Shared evolutionary origins yes (within each group) no
Shared structural features yes (within each group) no

Defining AA residues involved in binding

often typical for each group

patch of basic amino acid residues

Type of glycans recognized

N-glycans, O-glycans,
glycosphingo-lipids (a few also
recognize sulfated
glycosaminoglycans)

different types of
sulfated glycosaminoglycans

Location of cognate residues within
glycans

typically in sequences at outer ends
of glycan chains

typically in sequences internal to an
extended sulfated glycosaminoglycan
chain

Specificity for glycans recognized

stereospecificity high for
specific glycan structures

often recognize a range of related
sulfated glycosaminoglycan structures

Single-site binding affinity

often low; high avidity generated by
multivalency

often moderate to high

Valency of binding sites

multivalency common (either within
native structure or by clustering)

often monovalent

Subgroups

C-type lectins, galectins, P-type
lectins, I-type lectins, L-type
lectins, R-type lectins etc.

heparan sulfate—binding

proteins, chondroitin sulfate—binding
proteins, dermatan sulfate— binding
proteins

Types of glycans recognized within each
group

can be similar (e.g., galectins) or
variable (e.g., C-type lectins)

classification itself is based on type of
glycosaminoglycan chain recognized
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NMpumepbl 6enkoB, cBaA3biBaowmxca ¢ N'Al

Growth factors

Cell/matrix Coagulation/ : : :
) ) o ) Lipolysis  Inflammation and
interactions fibrinolysis
morphogens
.. : : lipoprotein  cytokines FGFs and FGF
AT gl e lipase (IL-2, IL-7, IL-8)  receptors
fibronectin heparin cofactor Il hepatlc IS5 ST
lipase factor
tissue factor chemokines
vitronectin athway inhibitor apoE (e.g., MIP-18, VEGF
P y SDF-1, etc.)
thrombospondin apoB TGF-
tenascin thrombin apoA-V BMPs
variots protein C inhibitor TNF-a Hedgehogs
collagens
amyloid proteins tPA and PAI-1 L and P selectins  Wnts
superoxide
dismutase

microbial adhesins




[Mpumepbl onurocaxapmnaoB, KOTOpble Y3HAKTCA
FAl-cBA3bIBalOWMMU Oenkamu

Protein

Glycosaminoglycan
partner

Oligosaccharide
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Fibroblast growth factor 2
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OomeHHas cTpyKTypa renapaHcynbdara/renapuHa: 9
CanTbl CBA3bIBaHUSA C pa3fIM4YHbIMM NUraHgamMmu
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KoMnnekc aHTUTpOMOUMHA C NeHTacaxapuaHbIM 10
cdoparmMmeHTOM renapm—la

MMPOTCOIVIMKAH

Arg129 Asn45 Lys11 Lys125 Lys114 Arg13 Argd6  Argd7 Glu113
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Knaccungpunkauma nekTMHoB
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BapunaHTbl knaccudukaumm nekKTMHoOB

» Knaccudpnkauyms, ocHoBaHHaA Ha NpUpoae rMUKaHoBbIX
nocnenoBaTenbHOCTEN, C KOTOPbIMU NIEKTUH CBA3bIBAETCH
Handonee NPo4HoO

» Hanpumep, B-ranakto3ng-cBa3biBalOLLNE NEKTUHbI = raneKTUHbI.

» Knaccudukaumsa, ocHoBaHHas Ha aHann3e roMosiornm
aMMWHOKUCNOTHbIX NocrieaoBaTenibHOCTEN OEernkoBbIX Lenen u
CXO[ACTBa UX TPETUYHBIX CTPYKTYP.

» Yrnesoa-ceasbiBalowme gomeHsl (CRD) kaxgow rpynnel (Tuna)
NEeKTUHOB coAepKaT KOHCepBaTUBHbLIE MOTUBbI
rnocrnegoBaTtenbHOCTEN aMUHOKUCTIOT.

» ObLas JoOMeHHast apxuTekTypa (MOTUB YKIaaku) Kaxkgoro tmna
NEeKTUHOB CX04Ha Ans npeacraBmuTenen ogHoro Tuna (MMeet
XapaKkTepHbIn «dong») n pasnmyaetcda ana NeKTUHOB pasHbIX
TUNOB.



OcCHOBHbIe TUMbI JIEKTUHOB (Ha OCHOBe aHanu3a 13
nepBUYHOU/TPETUYHON CTPYKTYpPbI Oenka)

C-type
Selectin

Galectins

Hepatic

GL:I lectin

(e

C3
QOutside

NG
. N Inside
; GL\'GL

P-type

CI-MPR

I-type

CD22

YrneBopa-cBs3biBaloLwue
AomeHbl (CRDs):

v Vv Vv Vv Vv v

(CL) C-type lectin CRD;
(GL) S-type lectin CRD;
(MP) P-type lectin CRD;
(IL) I-type lectin CRD.
(EG) EGF-like domain;
(IG2) immunoglobulin C2-
set domain;

(TM) transmembrane
region;

(C3) complement
regulatory repeat.



Pa3HooOpa3ue TUNOB TPETUYHBLIX CTPYKTYP
(«dponpoB») NEKTUHOB: HECKOSTbLKO NPUMEpPOB

(@ 5¢H ®_ (©)
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Fannepeﬂ JIEKTUHOB. BCEe U3BECTHbLIE TUIbI

TPEeTUUYHbIX CTPYKTYP («chbonaoB») NEeKTUHOB
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62. D. Solis, N. V. Bovin, A. P. Davis, J. Jiménez-Barbero, A. Romero, R. Roy, K.
Smetana Jr., H.-J. Gabius. Biochim. Biophys. Acta 2015, 1850, 186-235.

DOI: 10.1016/j.bbagen.2014.03.016.




J1ekTuHbI pacTeHnu

JNNeKTnHbI L- 1 R-TMNoB
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JleKTUHbI pacTeHnn 1/

JIeKTUHBI: YTO 3TO TaKOEe U YeM BpeaHO?

N4 2015

JleKTHaMM Ha3blBalOT O4YeHb pa3HoobpasHoe
CeMeNCTBO yrnesoa-cea3biBatownx 6enkos. B
Npvpoae HaCTOMbKO MHOrO IEKTUHOB, YTO OHU
coaepXaTcs BO BCEX pacTUTESNbHbIX U
XXMBOTHbIX OpraHu3Max. bes npeysenunyeHus
MOXHO CKa3aTb, UTO 6e3 NeKTUHOB HET XXU3HM.

A ecnu Tak, noyemy TorAa U3BecTHo, YTo
NEKTUHbI BpeAHbl, 1 YTO C UX YI'IOTpEGJ'IeHVIeM B
MLy Haao ObITb OYeHb OCTPOXHbIM?




Wcnonb3oBaHMe NeKTUHOB B MMMKOOMONOruum: 18
NEeKTUHbI — UHCTPYMEHTbI nccneaoBaHuUs

Lectin ELISA MEASUREMENTS
or OF GLYCAN CELL SELECTION/
antibody DETERMINANTS MUTATION
PHENOTYPES/
MITOGENESIS/
DEFINING
‘_,,?_ GLYCOSYLATION

gJ STATUS OF CELLS
@ef 3@ m A

BLOOD TYPING/
CELL AGGLUTINATION 3
o ’
2 = HISTOCHEMICAL
= 2 STAINING

- 3
) GLYCOCONJUGATE
PURIFICATION

CELL SORTING Bound

Glycosyl- -
transferase
[‘4 +£ﬂ Not bound

ASSAYING ENZYMES

OO
GDPA GDP
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[ MUuKaHbI, NMPO4YHO CBA3biIBakOWwnecs C NeKtTmHamu

Rici i Jutinin | Inhibitor :
B-linked terminal Gal Oi.ﬁ— R e con(w}r?néjzl_sn e " |C-?u'alor
) . B4 g B Erythrina crista-galli lectin Inhibitor :
B1-4-linked terminal Gal O——r (ECL) Gal
A : 03 ~ P B Griffonia simplicifolia agglutinin |-B4 Inhibitor :
0.1-3-linked terminal Gal O_O__._ R (GSI'B4) raffinose
o/B Wistena floribunda agglutinin Inhibitor :
Terminal GalNAc [(—-r (WFA) GalNAc
Ulex europaeus agglutinin | (UEA-I) Inhibitor :
o2 A (bound tightly) AN Fuc
i Anguilla anguilla agglutiinin (AAA
o1-2-linked Fuc R (bound tightly)
Tetragonolobus purpureas agglutinin | (TPA)
(bound weakly)

Tetragonolobu: lutinin|  Inhibitor :
o-3-linked Fuc o3/4 etragonolo sp(f_l%reas agglutinin n II: ucor

R’ # Sialic Acid R’ p3/4 e B R

Aleuria aurantia lectin Inhibitor :
01-2-,-3-, or 6- 02 0 (AAL) Fuc
linked Fuc Plom B o Bagn B -
+/-
p6
Bi- and triantennary pe 6
complex-type 3 b Lens culinaris agglutinin (LCA) Inhibitor :
N-glycan B4 and o-methyl-Man
(but not alternate Pisum sativum agglutinin (pea lectin)
triantennary or B2 (03

tetraantennary)



[MnKaHbl, y3HaBaeMble FIeKTUHAMM PacTeHUN
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Lycopersicon esculentum agglutinin Inhibitor :
(tomato lectin or LEA) chitotriose (GIcNAc
— P4 B3 ~ P4y B3 ~P4 BS_ R Solanum tuberosum lectin )
(potato lectin)
Datura stramonium agglutinin (DSA)
_L~\B4
6 Phytolacca americana mitogen Inhibitor :
y (pokeweed mitogen) chitotriose (GIcNAc
_0&4.& B4 g B3 B‘i.i R Triticum vulgaris agglutinin )
(wheat germ agglutinin or WGA)
03 ~ P4 g | B R
‘_O—‘.'_ Maackia amurensis Inhibitor :
@ A B leukoagglutinin (MAL) lactose
50, ZON >R
06 ~ |B R
‘_O'_ Sambucus nigra Inhibitor :
5 agglutinin (SNA) lactose
‘ o D i R
Triticum vulgaris agglutinin Inhibitor :
03/6/8 (wheat germ agglutinin or WGA) GlcNAc
R Limax flavus agglutinin (LFA) sialic acid
Triticum vulgaris agglutinin Inhibitor :
.i R (wheat germ agglutinin or WGA) GlcNAc
Griffonia simplicifolia lectin Il (GSL-I1)
(low affinity)
.E‘_ r  Griffonia simplicifolia lectin Il (GSL-I) Inhibitor :
(high affinity) GlcNAc
Vicia villosa agglutinin (VVA) Inhibitor :
D LA Wisteria floribunda agglutinin (WFA) GalNAc
Dolichus biflorus agglutinin (DBA) GalNAc
Artocarpus integrifolia agglutinin (Jacalin lectin)  o-methyl-Gal
QWBO_D_BS o Art integrifolia agglutini Inhibitor :
n ocarpus integrifolia agglutinin nhibitor :
(Jacalin lectin) o-methyl-Gal
Arachis hypogaea agglutinin Inhibitor :
B3— | (peanut agglutinin or PNA) lactose
O—D‘_ R Artocarpus integrifolia agglutinin o-methyl-Gal

(Jacalin lectin)



N-I'muKaHbl, y3HaBaeMble KOHKaHaBanuMHOM A 21
(ConA) ns Canavalia ensiformis

Oligomannose-type

Con A Inhibitor :
N-glycan ASN hound tightly) a-methyl-Man
c-methyl-Glc
06
Hybrid-type e ConA Inhibitor :
N-glycan Asn (bound tightly) a—mettr;])gi-r\ézlan
o-methyl-Glc
B4 g 32 o013

Biantennary
complex-type Con A Inhibitor :
'};gth{fgn%m (bound weakly) o-methyl-Man
tetraantennary a-methyi-Gic

complex-type

N-glycan



AddunHHaa xpomaTtorpadpus: Ha KONMOHKaX 22
MMmMobunusoBaHbl nekTuHbl (ConA, LCA, MAL)

Mixture of glycans
applied to ConA-Sepharose

Glycan amount

a-GlcOMe a-ManOMe
a-ManOMe  : a-ManOMe
Lac Lac

Glycan amount




J1eKTUHbI KNETOK XXUBOTHbIX

CeﬂeKTVIHbI, KOJINIeKTUHbI, d)I/IKOHVIHbI, CUITNeKu,
rasieKTUuHbI
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q)yHKLI,I/II/I JIEKTUHOB KJ1eTOK XXUBOTHbIX

Activity

24

Example of lectin

Recognition of stem region of N-glycans, a signal for ubiguitin conjugaton when accessible
in incorrectly folded glyooproteins

Molecular chaperones with dual specificity for Glc, /Glc,MangGleNAC, and protein part of
nascent ghycoproteins in the ER

Targeting of misfolded glyoproteins with Mang GlcNAC, as carbohydrate ligand to ER-
associated degradation [ ERAD)

Intracellubr routing of glycoproteins and vesicles and apical delivery

Intracellular transport and exracellular assembly
Enamel formation and biomineralization
Inducer of membrane superimposition and zippering ( formation of Birbeck granules)

Cell type-specific endocytosis

Recognition of foreign glyans (31.3-glucans, cell wall peptidoghrcan, LOS™ and LPS™),
mycobacterial glycolipid or host-like epitopes

Recognition of foreign or aberrant glyoosignatures on celk (including endocytosis o
initiation of opsonizaton or complement actvation) and of apopmtic/necrotic cells

(glycans or peptide mot fs)
Targeting of enzymatic activity in multimodul ar proteins

Bridging of molecules
Induction or suppression of effector release (H.04, cytokines etc.)

Alteration of enzymatic activities in modu lar proteins/receptor endocytosis via lattice
formation

Cell growth control, induction of apoptosis/anoikis and axonal regeneration

Cell migraton and routing

Cell-cell interactions

Cell-matrix interactions

Matrix network assembly

F-box proteins Fbsl and Fis2, which comprise the ligand-specific part of SCF® ubiquitin
ligase comp lexes
Malectin/ribophorin [ complex, calnexin, calreticulin

EDEM1,2°Mnl1 (Hmm1) (ledins or glycosidases? ), Yos9p | MRH? domain) in yeast,
erlectin (XTP3-B®) and O5-9 in mammals

Comirin, ERGICS3® and VIP36" (probably also ERGL and VIPL'), galectins-3, -4 and -9,
P-type lectins

Mon-integrin 67 kDa elastin/laminin-binding protein

Amelogenin

Langerin (CD207)

Cysteine-rich domain (B-trefoil) of the dimeric form of mannose recepmr for GalNAc-
4-50,-bearing glycoprotein hormones in hepatic endothelial cells, dendritic cell and
macrophage C-type lectins (mannose receptor family members (tandem-repeat type)
and single-CRC* lectins such as rimeric langerin/CD207 or tetrameric DC-SIGN/CD209),
hepatic and madophage asialoglycoprotein receptors, HARE™, P-type lectins

CR3F (CD11h/CD1 8, Mac-1 antigen), C-type lectins such as collectins, DC-SIGM, dectin-1,
Mincle and Regllly { murine)? or HIF/PAP ( human), ficolins, galectins, immulectins,
intelectins, Limulus coagulation factors C and G, siglecs, tachyilectins

Collectins, C-type macrophage and dendritc cell lectins, CE3 (CD11b/CD18, Mac-1
antigen), o B-defensins, ficolins, galectins, pentraxins [ CRP, limulin), Regllky ( HIP/PAP),
siglecs, mchyledins

Amosin, Limulus coagulation factor C, |aforin, B-trefoil fold ((QxW), domain) of
GalNAc-Ts" imvolved in mucin-type O-glyoosylation, frequent in microbial
ehyoosylhydrolases for plant cell wall polysaccharides, termed carbohydrate- binding
mod ules

Cerebellar soluble lectin, cytokines (eg. [L-2°-[L-2R and CD3 of TCR), galectins

Chitinase-like YKL-40, galectins, [-type lectins (eg. (D33 (siglec-3), siglecs-7 and -9),
selectins and ofther C-type lectins such as CD23, BDCAZ2 and dedtin-1, Toll-like rece ptor 4

Mannan-binding lectin (acing on meprins); galecons

Amphoterin and other he parin-bmdm g proteins, cerebellar sohible lecting, duitinase-like
lectins, C-type lectins, galectins, hyaluronic acid-binding proteins, siglecs (eg. (D22 and
CD33)

Galectins, hyaluronic acid-binding proteins (CD44, hyalectans lecticans, RHAMM'),
I-type lectins, selectins and other C-type lectins

Galectins, gliolectin, I-type lectins [ eg. siglecs, M-CAM", Py or L1), selectins and other
C-type lectins such as DC-SIGN or macrophage mannose receptor

Calreticulin, discoidin [, galectins, heparin- and hyaluronic add-binding lectins induding
hyalecans/lecticans

Galectins (eg. galectin-3/hensin}, non-integrin 67 kDa elastin/bminin-binding protemn,
protecghycan mre proteins (C-type CRD and G1 domain of hyalectans lecticans )




YTO Yy3HAIOT NEKTUHbI MNIEKONMUTAIOLWUX?

» ASGPR (cBoe)

>

>

ranekTuHbl (CBOe U YyxKoe-?)

cuUrneku (CeBoe un vyxoe)

LIUTOKNHbI (CBOE)

KONMEKTUHbI (YyXKoe)

donkonuHel (Yyxoe)

Man-cBs3biBatoLme d6enku C-tuna (4yxoe)

DC-SIGN (uyxoe)
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JlekTnHbl C-TNa

CenekTuHbI, KONNeKTUHbI,
acuanornmkKonpoTeuHOBbIN peuenTop,
peuenTopbl AeHOPUTHbIX KNETOK,
peuenTopbl 3HAOLUTO3A

260



TUunuyHaa TpeTUyHasa CTPYKTypa NIeKTUHOB 27
C-tuna: -caHaBUY

Glca1,4Glca1,4Glc



17 N'pynn nektuHoB C-TUna: AOMEeHHOe CTPOoeHue

Extracellular

a Cytoplasm

| Lectican

Il ASIALOGLYCOPROTEIN &
DC RECEPTORS

V NK-CELL RECEPTORS

111 COLLECTINS
IV SELECTINS

VI MULTI-CTLD ENDOCYTIC
RECEPTORS

VIl REG GROUP

VIII CHONDROLECTIN, LAYILIN
XV BIMLEC
IX TETRANECTIN

X POLYCYSTIN |

XI ATTRACTIN

Xl EOSINOPHIL MAJOR
BASIC PROTEIN (EMBP)

Xl DGCR2 (Di-GEORGE
SYNDROME)

XIV THROMBOMODULIN

XVl SEEC

XVII CBCP/Frem1/QBRICK

RECEPTOR
OLIGOMER

(DIMERS OR
TRIMERS)

Examples: MBL and SP-A

b CRUCIFORM
COLLECTIN

Examples: SP-D, conglutinin, and CL-46

BOUQUET
COLLECTIN

28

N—C POLYPEPTIDE

@ c-TYPE LECTIN DOMAIN
Rhd RICIN (R-TYPE DOMAIN)
@ 1g-LIKE DOMAIN

@ PKD (Ig-LIKE)

@ LINK
@ EGF |
CCP (SUSHI) |

@ cus

{ REJ

== COLLAGEN

MW o-HELIX

@49 FIBRONECTIN TYPE 2
@@ LDLCLASS A

o O-GLYCANS

@ WwWsC
A SCP

«-helices

(DC) Dendritic cell;

(NK cell) natural killer cell;
(MBP) mannose-binding
protein;

(SP-A and SP-D) surfactants;

(CCP) complement control
protein;
(CTLD) C-type lectin domain.

VON WILLIBRAND
4 EACTOR (VWF) TYPE C

I CSPG REPEAT



JlektTnHbl C-TMNA: cuctema BPOXAEHHOro 290
UMMYHUTETa, pacno3HaBaHue NaTtoreHoB n
KJieTO4YHaA agare3uns
= e & oo o Vo o v o o)
ENDOTHELIUM fa DC-SIGN
- DEC-205

PATHOGEN
(e.g., HIV-1, bacteria,
parasites, fungi)

g2% W RECEPTORS

e PSGL-1
"'\ - (e.g., TLR-2,
: /—‘ LI TLR-4)

? DC-SIGNd’oo

n E-Selectm
o

0| E-Selectin
>—J CD34

0

0
—

—SOE0000
0/icAmM-2
—

0

ENDOTHELIUM

=) e oo
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JlekTuHbI C-TUNA Kak peuenTopbl 3HAOLMTO3Aa

‘, Glycosylated ligand

Endocytic .
C-type lectin b
(PH > 5) <
dgz o

’ Clathrin-coated pit}

7

Recycling receptors
(e.g., ASGPR)

/4
‘ Clathrin-coated vesic|5
Transport vesicle R

) A

Nonrecycling
receptors

(e.g. DC-SIGN)

7
Late endosome
(pH < 5)



AcCnanornmkonpoTenHOBLIN
peuenTop

NektnH C-TMNna
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ASGPR — acvanornukonpoTteMHoBbIN peuenTtop: 32
KaK OTKpPbISIU NepBbIU JIEKTUH MJIEKONMUTAKLWMNX

Caeruloplasmin

Asialocaeruloplasmin

% Remaining in circulation

8 - ’ NeuAc
6 - ® Gal
4 - B GIcNAC
—o

O Man

2
1 1 1 1
0 5 10 19 20 29

Minutes after injection



ASGPR — acuanornukonpoteMHoBbIN peuenTtop: 33
KaK OTKpPbISIU NepBbIU JIEKTUH MJIEKONMUTAKLWMNX

dCuasio-arasiakto

Asialocaeruloplasmin

% Remaining in circulation

8 - ’ NeuAc
6 - ® Gal
4 - B GIcNAC
—o

O Man

2
1 1 1 1
0 5 10 19 20 29

Minutes after injection



CBasbiBaHue ¢ ASGPR — nepBbIX 3Tan
peuenTop-onocpeaoBaHHOro aHAOLUTO3a

Geometric Relationship

of ASGR Binding Site Lysosomes

224 Hydrolysis

o
25A

o
15A

Endosomes

Coated vesicle

Y B1,4 branch pit

Dissdgiation T@
(pH\5.5)

C-type
CRDs
Neck/stalk
RARA| | IRRAR B B GIicNAC
S84 | dedd O Man
N ® ® Ga

Tpu cyobeauHnLUbI

Cell surface

34

‘;ﬁ.j |
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TpeboBaHMA K TOYHON CTPYKTYpe rruKaHa

1
GalB1—4 GicNacp1— 6

N\
GalB1—4 GluNacpB1— 2Mana 1—6

GalB1—4 GluNacB1—2Mana 1—3

/

©
Gal B1—4 GluNac B 1—4
A
(r)a 1-3

L-Fuc
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Man 8 1—4 (Glc Nac), - Asn

Structure
A (ASOR)
B
C
D (AsTf)

Affinity (M)
2x10°
5.8 x 10°
150 x 1079
49,000 x 10°°




JlekTnHbI Ha ACHOPUTHDBIX KIETKaXx

J1eKTuHbI C-Tuna, ranekTuHbl, CUTTNeKn
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JlekTnHbI Ha AeHAPUTHBLIX KrneTkax (DC)

» JlekTuHbl C-TUNAa:
» DC-SIGN

» DEC-205

» Mf Gal-peuenTtop

» Man-peuenTop

» [1eKTuH

» ClLec

» L-CenektunH

» [@nekTuHbl: -1, -3, -9
» Curnekn: -3, -7, -9, -10, -15




PYyHKUMUN NeKTUHOB C-TUNa Ha aHTUreH- 38
npe3eHTUPYHOLWUNX KreTKax

Hidden-self Altered-sef
5@“ NOn..
Cell death and cell transformation Self
Pamﬂﬁ&ns

Living cell Tumor cell

Apoptotic cell Mecrotic cell

Dendritic cell ﬁ b
1

Ligand?
SAP1 3[)??

U

DEC205 Mincle CLECSA DC-SIGN

4

Tolerance
Immunity

Phagocyte/dendritic cell



DC-SIGN (Dendritic Cell-Specific Intercellular 39
adhesion molecule-3-Grabbing Non-integrin

JlektuH C-Tnna

DC-SIGN [GaINAcB1-4(Fucal-3)GIcNAc], >LeX-LeX~ Many-GIcNAc, >
4 HTePHaln3auna BMpnoHa Mang-GIcNAC, > LeP= LeY > Led~ Man,-GIcNAc, = GalNAcf1-

HIV-1 (cBa3biBaHne gpl20) 4(Fucal-3)GleNAc ~ Mans-GIcNAC, ~ Le*~ SuLe”

DEC-205 [GIcNACB1-4],> LeY-Le*-LeX = KDNa2-3Galp1-4GIcNAcp =~ Galal-
3Galp1-4Glc = GIcAB1-6Galp = GIcNAcB

Macrophage GalNAcal-3Gal; LacdiNAc; GD2; A (type 2); GalNAcB1-4(Fucal-
Gal-binding  3)GIcNAc; GM2; GIcNAcB1-6GalNAca; GalNAcal-3GalNAca;
lectin (MGL) GalNAca (Tn); 6SuGalNAca; SiaTn

MBP Mannans, branched Man,

DCAL Man-terminated glycans, LacdiNAc, LNnT

Dectin-1 B1-3Glc, (n>6); Chito-OS, su-0OS, GIcNAcB1-3GalNAca, Sia,

ClLec-1 3',6",6 SusLacNAc > Galp1-3GalNAcB1-3GalNAcal-4Lac;
LacNAc2Mana3(Mana6)ManB4GIcNAc4AGIcNAc; Glcp

230-235A Clec-2 su-0S, Sia,, Glcp
Neck

o ClLec-6 Globo-H ~ 3',6',6SusLacNAc > Man,

ClLec-15 Fucal-4GIcNAc

@Fﬁ% ME% | CLec18 Gl NeusAca2-6, Fucal-2Gal

320 4/- 20 A galectins (Galp1-4GIcNAC),




MaHHO3HbIU peuenTop MakpodaroBs

(MMR, CD206)

NektnH C-tMna

Micro-organism
-

s
Complement + N
complement )

1
Mannosereceptor

Phagolysosome

Macrophage
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MaHHO3HbIN peuenTop makpodaroB (MMR), DCun 41
numopounToB: ABa pa3HbIX CauTa CBA3bIBaHUSA

R-type CRD V 34*4‘3

Fibronectin 4-O-cynbpat GalNAc
type Il repeat

[MIMKONPOTENHOBbIX
rOPMOHOB rnunodusa

C-type CRDs Manm

mwwa

SM .
_ anm\
Manm/ 6

2Maﬁ¢1/
e Man1 :

MaHHO3HbIE Lienn MHOMMX
naTOreHHbIX MUKPOPraHM3MOB:
Candida albicans, Pneumocystis
carinii, Leishmania donovani

(N

RRRSRAR MuMuKpust MMKobakTepunn (NPOHUKaKT
HUHUSHHY B Makpodarm n XuByT B HUX):

Mycobacterium tuberculosis n M. leprae
C



CeneKkTuHsbl

NektunHbl C-TNNAa

42



P-, E- u L-CenekTuHsbl

P-selectin
1 NH2

E-selectin
NH2

L-selectin
MNHZ

¥ plasma
Friemmbrana

1 cyioplasm
COOH COOH COOH
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PonnuvHr nemkoumMToB NO KPOBEHOCHbLIM COCyAaM




PonnuHr nenkountoB, onocpeaoBaHHbIN 45
E- n P-cenektuHamm

Selectin-mediated adhesion to leukocyte sialyl-Lewis* is weak, and
allows leukocytes to roll along the vascular endothelial surface

Blood flow —»

basement membrane
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MoOunusauma nemkoumToB K Cauty BocrnarieHus

Normal venule
Neutrophil ~ Endothelial cell :




E-CeneKkTnH aKcnpeccupyeTcs Ha
akmueupoeaHHbIX IHAOTENINarIbHbIX KNeTKax

47

AKTUBUpPOBaHHbIE KIeTKU To e ¢ HeaKTUBUPOBaAHHbLIMU
+ SialL e*-chnyopecueHTHaa yacTuua KrneTkammu



[MpukpenneHne NeMKoOLUMUTOB K aHAOTeNManbHbIM 48
KreTkam u 3KCTpaBa3auusi U3 cocyaa B TKaHb

Rolling adhesion| Tight binding Diapedesis Migration

CXCL8R
(IL-8 receptor)

) LFA-1(ce.:85)

s-LeX——

t o ®

E- @ ©, % \ICAM-1 ¢

Se ec In 3 i ‘ - O\ ¢S ‘e g 3 |

ANV AV oanVran Vo U IANVranVoanVosut f"‘*’.‘\ TaNVIANVIAN IVA\ AN TANN tA\%!M\ ZanVoany 7anVs Bl FANVIARVIAN o Iv\ (TN 1;\.!‘\ J7anVran /oanVs,
(L) [J (L) ° (L) (L)

0
(LI (d
o0, 0,
o0, o0,
o0, o0,
00, (3)
o0, o0,
- Y 00

CD31 @
chemokine

CXCLS (IL-8) N




MoOununsauma nemMKkoumMToB K CanTy BocnaneHusa: 49
aTanbl

Selectin-dependent Integrin-dependent
I I 1 |
1- Tethering 2 - Rolling 3 - Firm adhesion 4 - Extravasation
= - —— = e o~ T~ I~ o & (=3
s S g 2 L-Selectin

Postcapillary venule

| (e.q., neu\trophil) ,-\ ,-\

1 B y - ,
/ qr\ ~ Blood flow
PSGL-1 . 2 - =
g
gL T - ; \ 4
P-Selectin ~“E-Selectin S SN
[~ —— - [ — T —— | < ——

Activated endothelial cells expressing P- and/or E-selectin
_~=____ 5 - Chemotaxis




L-CenekTnH-onocpeaoBaHHbIN PONJINHT:

BO3BpaLieHne B NTMMMpONAHYI0 TKaHb (<XOMUHI»)

iy  HOMING
4 RECEPTOR
(L-SELECTIN)

L

- e

CARBOHYDRATES

—X 7 B Y\ .

).
i Al
@ i
il ; 'J%f
e '@* i
il i
.// ) q W
AL .
VA
7 \

«AQpecCuHbI»:
CD34, GlyCAM-1, MAdCAM-1 v ap.
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[ MuKaHbl — MeanaTopbl CEeNeKTUH- 51
onocpenoBaHHOU aAre3nmn KrneTok

SiaLeX — oowmun nuraHg Bcex cenekTuHoB

SLeX 6-sulfo-SLeX 6’-sulfo-SLe*

03 o o3
‘03 dﬁ: R ‘rzS dﬂg R ‘GS%S)B“t R

gLeX 6-sulfo-SLe*
o3
2 o3 = a3 ~p4 Core 2 O-glycan
6-suifo-SLe 5 6S X6
, o
- Ser/Thr % Ser/Thr 03 Ser/Thr
0 :
‘ﬂ3 ~PaEg B3 Extended 03 s b

core 1 O-glycan MECA-79



Komnnekc E-cenektnHa ¢ SialLex

52

INektTnH C-Tnna

N6 N O C a o
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CenekTuHbI U X peuenTopbl

Leucocyte < Endothelial cell _>
WU:G‘G‘J{\“ . ’rgg?mﬂﬂﬁ %M{“.U, an ﬂﬁﬂﬂﬂ‘éﬂ'ﬂﬂﬂﬂnﬂ ﬂﬂﬂéﬂﬂﬂﬂﬁﬁﬁ@ﬂﬁﬂﬂﬂ@@m

2o |

e '3% i 8‘3‘

E-selectin P-selectin
(Sushl domains)

SRR RRRRRR ARRRRA RRRRARS RARRRRARAR o RRAR
U S B LU UM LURLINS il A

< Endothelial cell _> Leucocyte

G

[ ==




[JJomeHHasn cTpyKkTypa P-, E-, L-cenekTuHoB u

PSGL-1

PSGL-1 |05
5033'\ .
B Tyrosine
e ‘\ sulfates
; : - e o ko
_FP-Selectln E-Selectin L-Selectin *g‘, = _O-Glycans
o 24 o
. = ““f<— Mucin
=) , ?-t%(pe = <8~ repeats
S W ectin o % 2
g ] / domain ?
g ) i EGF-like
b ® N domain
? i [ Consensus
* «— repeats
‘ A (CCP)
T JH=-TM domairy
} \ <« Cytoplasmic
3o oo0" oo domain ;
Expressed on Expressed on  Constitutively Expressed on
activated platelets activated expressed on leukocytes

and endothelial cells endothelial cells  all leukocytes

0 50y
b ' e
= 50,
e SN 53 R
| RN, O e L9 918' $.3 4 1
——C T 3 A SRl Dart st gbsdatddalad sy
N Y
PE SR IN NI RN iy Y Iy
o

© P-Selectin on platelets

and endothelial cells

skt d g Laisa sl 2k g8 AV R
R A AN IS
P =g B23: -
: ; A ~% Lt
e S NN o

ot » ‘ﬁ’ASGL-1 on leukocytes £
: Outside Outside &

o3
o3
C ‘—OE:BB m
L
o 2

Cytoplasm

Ser/Thr

]

Core 2 O-glycan expressing
sialyl Lewis*



B3anmogencreme mexay P-cenekTmHOM U
aMUHO-KOHUOM ero nuraHga — PSGL-1

P-Selectin C-type lectin domain

Subsites within
the CRD

EGF-like C 2-b d
. ore 2-base
domain G Tyrosine- O-glycan with

sulfate sialyl Lewis*

CR

Amino terminus of PSGL-1 _'
E
JGGRC Gk
SOy~ 1 - i
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PonnuHr nenkoumTtoB No KPOBEHOCHbLIM cocyaam

2 Multistep adhesive and signaling events during leukocyte extravasation:
inflammation and lymphocyte homing

Tethering and Rolling  Signaling Firm Adhesion  Extravasation
/—\ (Integrin activation)
Leukocytes
Endothelial
cells
_-1—':I e — oy S
selaﬂtmcarbc-hj,rdmte ligand Chemokines intagrin mediated
interaction Cell-cell contact

. acction: § C " | P- salactin: acti =T i g ]
L-selaction: leukocytes E- and P- selectin: activated-endothelial cells Glycuﬁ'-rrd|



KonnekTuHbl 1 OUKOSNNHbI

S5/



KonnektnHbl n poaCTBEHHblIe HEMEeMOpPaHHbIe 58
6enkun: MBP (MBL) U KOHrMHOTUHUH

CxoaocTtBO ¢ 6enkamMum cuctemMbl KOMMNJIeMeHTa

KonnektuH = Collectin
(collagen-like lectin)

' * 6

Activate

complement
» Via

Lectin Pathway

Serve as Opsonin

%3

MBP
Bacteria
|
p | #
Subunit Structural unit —— rnmt H':IF&
ructural uni J i

polypeptide  (Three polypeptides) 30nm lnffe-:l.:ﬂfinﬂrIIIE

NekTuH C-TUNAa

Conglutinin

1 C-type CRD & Triple coiled-coll neck region  sweswmas Collagen-like triphe halix s Cystaine-rich N-terminal segment
GlycoYWord |



CTpoeHue KONMNeKTMHOB U (PUKOSIMHOB

MEL

I I I
Konnarenonoaobie gomen CRD (carbohydrate-recognition

} domain)
LincrerHoBoraleHHe i T N
PETMOH CRD (carbohydrate-recognition

domain)
MBL
PUKONKWH

KonnareHonoaobHeln  PubpuHOreHnolobHeW
AoMeH nomMeH

!
PUKONMH @1 |

| | 1
KonnarexdononobHsd @wbpuHoreHnogobHeIA

AOomMeH AOMEH
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JleKTMHOBBLIN NYTb aKTUBaALUN KOMMNJIEMEHTA:
AeUCTBUE KOJNNEeKTUHOB U (PUKOSIMHOB

PUBONKUH

MEBL

© }@ ma‘w @5:3—

B

fefefefefotefee e
S0 3o 3u 3o 32 3o 3a 3o Be 3o 5
Prrrrrrrrere

MNonucaxapwaes GakTepuansHoi
obonouku

Monucaxapuibl GakTepuansHo
0GoNo4YKKH

PucyHok 5. Mexanwnam gedctens MBL » ¢oukonnHoB

MpumeyaHne: C — KOMIMOHEH Tkl KoMinemenTa, MAK — memOpaHoarakyoLwuii komnnexc, MASP — MBL-
accolWHpOBaHHLIe CepHHOBLIe NPOTeaskl.
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Escherichia coli lipopolysaccharide

JluraHabl KONMekKTuHOB

Glea1-6Glcat 3
2Rhaoﬂ—3FucNAc-Core—Lipid
GlcNAca1”
Manao1. 6
, 3Mana1-2Mana1-2 Manat
Mano1 6
Mana1\ 2Mana1 N
7
Mana1-2Mana1” 3 Manadl=chtana gManom . Candida albicans mannan

'
manpi=2ieind-ahana =2 iar ®Manad-Core-GIcNACB1-4GIcNACB-Asn

Leishmania donovani lipophosphoglycan

Mana1-2-Mana1-P-[6GalB1-4Mana1-P] -6Gala —6Ga|a1—3GaIfB1—3l\gancx1 —-3Mana1-4GIcN-Lipid

|
Glea1-P

Mana1—2Mana1-5AraB1—2Ara1-(Ara) -Manai. Mycobacterium tuberculosis lipoarabinomannan

6Mana1\

Mano1” gManom\

7 5
Mano gManoﬂ\
: /
Mana 1 gManon .

#
Mano 6Manoﬂ-Core—Lipid



CneKkTp MUKpPOOpPraHN3MoB, pacrno3HaLWUXCS 62
KonnektuHom MBL

Mpynna
MHKpPOOPraHMaMoR MuKpoopraiMamsl
BakTepum Staphylococcus aureus, Sreplococcus pneumoniae, Streptococcus pyogenes, Enterococcus

spp., Listeria monocytogenes, Haemophilus influenzae, Neisseria meningitidis, Neisseria
gonorrhoeae, Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa, Salmonella
montevideo, Salmonelia typhimurium, H.pylori, Chlamydia rachomatis, Chlfamydia pneumonia,
Proprionibacterium acnes, Mycobacterium avium, Mycobacterium tuberculosis, Mycobacterium

leprae, Leishmania chagasi
Bupyckl BKM4Y-1, -2, BMpYC NpOCTOro repneca, BUpyc rpunna A, BUpyc renatuta B, Bupyc renaturta C
MPUOLI Aspergillus fumigatus, Candida albicans, Cryptococcus neoformans, Saccharomyces cerevisiae

MpocTelwwe Plasmodium falciparum, Cryptosporidium parvum, Trypanosoma cruzi




Ccurneku

JlekTuHbI |-TMNA
Siglec (sialic acid—binding, immunoglobulin-like lectin)

63



Tunn4yHaga TpeTUYHasa CTPYKTypa JIEKTUHOB |- 64
TUna: lg-noaoOHbIN dhona

Neu5Aco2,3GalB1,4Glc



Curneku 65
Siglec (sialic acid—binding, immunoglobulin-like lectin)

Human CD33- siigssg Ao
- | -
_ | related Siglecs ?
Sialoadhesin ;
Siglec-1 Siglec-5 , ,
. Siglec-7 __ Siglec-9 |
Siglec-6 Siglec-8
CD33
Siglec-3

Conserved
Siglecs

CD22
Siglec-2

A Mouse CD33- Siglec-G
glec-4 =
related Siglecs
Siglec-F
Siglec-15 Siglec-E

Ig domain, V-set,
slalic acid binding

- Ig domain, C2-set
ITIM - SHP-1/SHP-2

. binding motif

@]

O

O

-

Siglec-H ITIM-like

Grb2 binding motif
Fyn kinase
phosphorylation site

Basic residue in
TM region




KoMmnnekc curneka-7 ¢ cuanoBou KUCIIOTOM

5\

\

-
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bunonornyeckue pyHumun, megumpyembie
curnekom-1 (cnanoagresuH, Sn, CD169)

Sialoadhesin-dependent
internalization of viruses

Sialoadhesin-dependent and pathogens
macrophage interactions
with lymphocytes

v~{» Sialylated virus or

it bacterium
o o Macrophage
- G iy P10 galactose-binding
= “iz Sialoadhesin lectin

p. Migrating
5 &p
: % f leukocyte
Tissue s
saf
Macrophage L
¢ .{;'Tﬁf

6/

Cwurnek-1 Ha
Makpodparax




«MackupoBKa» currneka Bcneacreume yuc-

68

B3aumMmogencTteBuu
(a)
i i i
Ligand Ligand Ligand
expressing expressing expressing
cell cell cell

|
H

Siglec
expressing
cell
Masked Unmasked on Unmasked on
unmasked activation or activation or
exposure to exposure to
slalidase (eg viral sialidase (eg viral
infection) infection)
Ceoll-cell interactions Cell signalling Adhesion/signalling? Reduced
(eg sialoadhesin) (eg CD22) (eg CD22) adhesion/signalling?

== Desialylated glycan

Key: 3}_; Sialic acid containing glycan

Siglecs

[y
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«[lemacku poBaHue» CUrrieka. gecmanumnmpoBaHue

i 3 3B

| Sialylated pathogen

Slaloadhesin
expressing

l

Increased pathogen uptake? Decreased immune cell activation?
Decreased pathogen survival? Increased pathogen survival?




Curnek-2 (CD22) Ha B-numdcounTax:
yuc-e3anmopgencrteme mogynupyet curHan BCR

Wild-type
cells

B Cell il ss&‘s;‘w%ssm T

STeGall ™"

B Cell )l

SRR |

Clathrin-enriched
microdomains

o 2-6-
linked Sia

CD22

m BCR
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Curnek-2 («aemMacKMpoBaHHbINY):
XOMMUHI B-nuMdpounTOB B KOCTHLIA MO3r

A

/1



UHrmbunpoBaHue pocTta akcoHoB curnekom-4 (MAG) 72

Inhibition of axon
outgrowth

T

Active
Rho Kinase
Axon Rho-GDP Rho-GTP

() — ] —

Inactive
Rho Kinase
y-Secretase

o S B R S s e NgR
-
I(im
Be
%»
f)-’

IB8C

.}’

K @ D4
] % >

{
B R AR AR AR R (IJN JERERIRAEAY T § TRER § Mk § ikt

Periaxonal myelin

O_




Curneku 4yenoBeka: aKkcrnpeccus /3
Siglec (sialic acid—binding, immunoglobulin-like lectin)

@ V-set domain O ITAM (activatory motif)
Q ITIM (inhibitory motif)

Sialoadhesin O C2-setdomain @ putative signaling motif
cD22
CD33-related Siglecs
MAG |
AIRM1
OB-BP1

S8 L L KL L L N EL L Ly E.LL. L L Ll Lll 1y EL L LN L2 2 L 8 E L 2 2 J L L L L L LT E L L L]

L1 113 el i3 et ilid Rillie ElllaRTTIO RITT R EICTT O R T I 0 E I R RT3 RO 4 EX 1T}

Macrophages Cligedendrocytes Monocytes MK calla Monocytes Macrophages
Schwann cells Granulocyles Monocyles Granulocytes
B cells Monocytes Placenta Eosinophils Monocytas Lumeanal
Myeloid B cella Eosinophils apithelium

GrlyeaVWord precursors Bcalls




Curnekun yenoBeka: JKCNnpeccunsda Ha TUnax KrneTok

@

. CD33/Siglec-3
Myelo_ld Others?
progenitor

Lymphoid

progenitor

CD33/Siglec-3
O CD33/Siglec-3

. @ -

Siglec-7 CD22/Siglec-2 Siglec-7 CD33/Siglec-3 Siglec-5 Siglec-8 CD22?
Siglec-9 Siglec-5 Siglec-9 Siglec-5 Siglec-9 Siglec-10 (lo) Siglec-8 (lo)
Siglec-6 Siglec-10 Siglec-7
Siglec-9 Siglec-9
Siglec-10 Siglec-10 (lo)

Sn/Siglec-1
Dendriti CD33/Siglec-3 CD33/Siglec-3
cell Siglec-7 Siglec-5

Siglec-11

4



YrneBogHasa cneundpPuUYHOCTb CUITIEKOB

Oligosaccharide| R1 | R2 |R3 ’:Sia O:Gal -=GlcNAc
N-Glycan | + = GalNAc A: Fuc
oo | ¥ . |* [—retative Recognition by Human Siglec

= | 1234|567 [8]9][10[11
006064.5""1 A IR R E IR
QOBIBR| 44| - |+ |+ [++| - | = | + [++]|++] +
Qas@Qa3OBalBR| + [ - |+ |- | - |- [++]| +|+]- [++
Q3OB3BRI[++| - |+ |+ [~ |- |- [+|+]|+]-
‘03OB4.B'R1 + |- |+|-|=-|=-|-~|+|[+]|-]-

a3

A

Qu3OB3[BRYxR3 | + [ = [+ [+ [ - |- |- |-|+]|-]-

’aSOB3q&R2/a-R3 ? |- |-+ |-|+[2]|?
a
o
BRZx-R3| + |+ |+ |- |- |+ |+ |+ |+ |+]| -
ab
O

/5
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With the exception of MAG and CD22, wherein biological roles in glial cells (maintenance of myelin
organization and inhibition of neurite outgrowth) and B cells (dampening the response to BCR
ligation), respectively, are well documented, we do not yet know the physiological functions of any
other Siglec. The fact that Sn and CD33rSiglecs are found predominantly on cells of the innate
Immune system suggest that this is where their primary functions lie. Given the highly conserved
preference of Sn for a2-3-linked Neu5Ac and to a lesser extent for a2-8-linked Neu5Ac, its presence
on tissue macrophages, and the lack of cytosolic signaling motifs, it is reasonable to speculate that
Sn’s primary role may actually lie in recognition and phagocytosis of bacterial pathogens that
express Sias. In keeping with this, a2-3-and a2-8-linked Neu5Ac (and not Neu5Gc) are the
dominant sialylated motifs on bacterial pathogens studied to date. Of course, one cannot rule out an
additional intrinsic role of Sn in interactions with other cell types within the hematopoietic or
lymphoid systems. The CD33rSiglecs stand in striking contrast to Sn, having rapidly evolving Sia-
binding preferences and expression patterns, and inhibitory cytosolic motifs. The best explanation
for the findings to date is that these molecules serve to detect the host “sialome” as “self,” thereby
down-regulating innate immune cell reactivity via their ITIM motifs. In keeping with this notion, a
very recent study using siRNA and other techniques has demonstrated a “constitutive repressor
activity” of CD33 on human monocytes that involves phosphoinositide 3-kinase—mediated
intracellular signaling and requires Sia recognition to function optimally. However, it was also
reported that one CD33-related Siglec could be involved in bacterial uptake.

U3BecTHbIe U npeanonaraemMmblie PYHKLUN CUTTNIEKOB

In further exploring Siglec functions, we must remember that potential ligands could be formed not
only by Sias on the same cell surface (or on the Siglec itself), but also on other cell surfaces or on
soluble glycoproteins. Direct cell-cell interactions could thus potentially occur among Siglec-positive
cells or between Siglec-positive cells and another other cell type. Soluble sialylated glycoprotein
ligands could also interact directly with Siglec-positive cells, bridge between two such cells, or serve
to inhibit cell-cell interactions involving Siglecs.



[[aneKTUHbI

NekTnHbI S-TMNa

[



TUunuyHaa TpeTUYHasa CTPYKTypa rasieKTUHOB: 78
B-caHaBUY

Galp1,4Glc




TpeTuyHasa CTPYyKTypa ranekTuHOB:
ranekTuH-1

a
Sideview Turned 90°
Bound lactose Unbound CRD
in the CRD
C
Human 45 47 49 55 62 69 72 74

galectin-1 -NLCLHFNNPRFNAHGD----- ANTIVCNSKD-GGAWGTEQRE -
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[FaneKTuHbI YenoBekKa 80

a Galectins in humans
Prototypical Chimeric Tandem repeat
Galectin-1 Galectin-3 Galectin-4
Galectin-2 Galectin-8
Galectin-7 Galectin-9
Galectin-10 Galectin-12
Galectin-13
Galectin-14
b Sequence alignments of some human galectins
_ 41 * * * 56 * 66 * 71k *
Galectin-1 ~-NLCLHFNPRFNAHGD- = ==~ - ANTIVCNSKD-GGAWG—TEQRE-
Galectin-2 ~-KLNLHFNPRFS- === == ===~ ESTIVCNSLD-GSNWG~-QEQRE-
Galectin-3 ~-DVAFHFNPRFNENN- - = = = - - RRVIVCNTKL-DNNWG-REERQ-
Galectin-4 ~-DVAFHFNPRFDG = = == = = = = - WDKVVENTLO-GGKWG-SEERK- (N-term)
-DIALHINPRMG == === === = NGTVVRNSLL-NGSWG-SEEKK~- (C-term)

Galectin-7 ~DAATHEFNPRLD === cca=s TSEVVFNSKE-QGSWG-REERG
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Galectin-1 @

involved in Treg cell function and enhances Treg formation
conflicting results on effects on T-cell viability
mediates adhesion of thymocytes to thymic epithelium
induces apoptosis in CD4-CD8* double positive thymocytes
induces shift in Th1 response to Th2 (decreases IFNy;
increases IL-5)
reduces TNFa, IL-1pB, IL-12, IL-2 and IFNy
increases IL-10 production in both naive and activated T cells
inhibits mast cell degranulation
reduces pathology-associated graft-versus-host disease,
Con A-induced hepatitis, experimental allergic
encephalomyelitis, myasthenia gravis and rheumatoid arthritis
reduces acute inflammatory responses
expression in endothelial cells up-regulated by activation
induces apoptosis-independent phosphatidylserine (PS) exposure
(Ca** -dependent) in neutrophils
inhibits chemotaxis of neutrophils
inhibits extravasation of neutrophils
activates NADPH-dependent respiratory burst in neutrophils
induces maturation of dendritic cells

Galectin-2 &

induces T-cell apoptosis under some conditions

decreases IFNy and TNFa while increasing IL-10 and IL-5

involved in the pathogenesis of atheroma formation

induces apoptosis-independent PS exposure (Ca“*-dependent)
of neutrophils

Galectin-4 OEQ

induces IL-6 production in T cells
induces apoptosis-independent PS exposure (Ca**-independent)
of neutrophils

Galectin-7 @

intracellular expression induces apoptosis of tumor cells
extracellularly can inhibit growth of cells

Galectin-8 OFQ

activates Rac-1in T cells
activates NADPH-dependent respiratory burst of neutrophils
modulates integrin-mediated neutrophil adhesion of neutrophils

Galectin-10 @

highly expressed in eosinophils (Charcot-Leyden crystal protein)
involved in Treg function

Buonornyeckme ponu ranekTMHOB: anonTo3, pak,
MMMYHHbIW OTBET U BOcnanuTesibHble NpoLecchl

Galectin-3 c

blocks apoptosis of T cells when overexpressed intracellularly

endogenously involved in T-cell viability

extracellularly induces apoptosis of T cells

promotes adhesion of thymocytes to thymic epithelium

enhances Th2 immune responses

enhances adhesion of naive T cells to DCs

binds TCR, reducing TCR mediated T cell activation

inhibits IL-5 production in eosinophils

induces mast cell degranulation independent of antigen-

mediated IgE stimulation

exacerbates Th2 immune responses (asthma)

expressed on surface of macrophages (also called Mac-2
antigen)

enhances phagocytosis of macrophages

enhances respiratory burst of macrophages

enhances LPS-induced IL-1J secretion of macrophages

inhibits apoptosis (intracellularly)

blocks IL-4-induced survival of activated B cells

favors plasma cell differentiation

exhibits an anti-apoptotic role in B-cell lymphomas

expression induced in dendritic cells by T. cruzi infection

enhances pro-inflammatory cytokine release in endothelial
cells

expression up-regulated in tumor endothelial cells

induces chemotaxis of neutrophils

enhances extravasation of neutrophils

activates NADPH-dependent respiratory burst of neutrophils

induces activation of neutrophils

induces release of IL-8 of neutrophils

mediates interaction of neutrophils with laminin and fibronectin
(both directly and indirectly)

enhances leukocyte adhesion to endothelium

Galectin-9 &:Q

induces apoptosis in thymocytes and T cells

induces selective loss of CD4* Th1 cells

induces selective loss of CD8* T cells

induces eosinophil chemotaxis, activation, superoxide generation
induces moderate degranulation of eosinophil

expression in endothelial cells induced by virus infection

induces maturation of dendritic cells

Galectin-12 &Q

intracellular expression induces apoptosis of tumor cells
can cause cell cycle arrest and growth suppression
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[[aneKkTUHbI B anuTenuarnbHbIX KreTKax

Negat. contrel 4 Gal-1 +

Gal-4d +

Gal-8 +
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BaKTepmaanble TOKCUHDbI
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bakTepuanbHble TOKCUHbI
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Clostridium tetani (tetanus toxin)

GD1b, GT1b

Clostridium botulinum (neurotoxin, type A-F)

GQ1b, GT1b, GD1a

Clostridium perfringens (66 toxin) GM2
Clostridium perfringens (€ toxin) NeuSAc
Vibrio cholera (cholera toxin) GM1

Vibrio mimicus (hemolysin) , GD1a, GT1b
Vibrio parahemolyticus (thermostable direct GT1
hemolysin)

E. coli (heat-labile enterotoxin) GM1

E. coli (heat-stable enterotoxin b) sulfatide

Bordetella pertussis (p ertussis toxin)

GD1a; NeuSAco2-6GalpPl-4GlcNAc

Staphylococcus aureus (a toxin)

NendSAcGalGleNAcGalGle

Staphylococcus aureus (v hemolysin, leucocidin)

GM1
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NeHTacaxapua GM1 n xonepHbl




NeHTacaxapma GM1 n xonepHbIN TOKCUH
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[pyrne nekTnHbl
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LINTOKMHBbI CBA3bIBAKOTCA C yrnesonamum

IPHMepLI yIJIeBOHAS CHeH(pUIHOCTE
IL-1o (NeubAc-Gal-GIcNAc-Man),Man-GIcNAc,
IL-118 GPI saxops, GM4
IL-2 Mans/Mang
1L-4 NeubAc-1,7-JakToHn
IL-7 Neu5Aca2-6GalNAca
TNFao Manz/GIcNACcB1-4GIcNAC

.uereH3VIHbI TOXe CBA3bIBAOTCHA C yrneBoaaMMm...
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MexxkneTodyHaa agresvs,
onocpegoBaHHasa yrnesogamu




Yuncno rmukaH-cBA3bIBalOWMNX peLenTopoB C 103
noTeHUMaribHOM POrSibI0 B aAre3um KrneTok

Number of Receptors with

Receptor family human proposed roles
receptors in cell-cell adhesion

L, E and P-selectin
DC-SIGN

Scavenger receptor C-
type lectin?

C-type lectin 24

Galectins 9 Several possible

Myelin-associated

Siglecs 13 glycoprotein (MAG)




Y3HaBaHue yrneBoAoB KNeTKU-X03siMHa 104
FIeKTUHOM OaKTepuu — NnepBbIU 3Tan agre3vu

P-®Oumbpun — PapG: ranabuosa
®dumbpuum Tuna 1 — FimH: maHHO3a

/Escherichia coli
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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.
A. Bernardi, et al. Multivalent glycoconjugates as anti-pathogenic agents. Chem. Soc. Rev. 2013, 42, 4709.




YrneBoAabl NOBEPXHOCTU KIeTOK — CauThbl
npucoeguHeHMAa OaKTepuanbHbIX NAaTOreHoB
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Organism Target tissue Carbohydrate Structure
E. coli Type 1 Urinary Mana3Mano6Man GP
E. coli P Urinary Galo4Gal GL
E. coli S Neural NeuAc (02-3)Galp3GalNAc GL
E. coli CFA/1 Intestinal NeuAc (02-8) GP
E. coli F1C Urinary GalNAcp4Galp GL
E. coli F17 Urinary GlcNAc GP
E. coli K1 Endothelial GlcNAcp4GlcNAc GP
E. coli K99 Intestinal NeuAc(02-3)Galp4Glc GL
C. jejuni Intestinal Fuco2GalpGlcNAc GP
H. pvlori Stomach NeuAc(02-3)Galp4GlcNAc GP
Fuco2Galp3(Fuco4)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital GalP4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(u2-3)] GL
Galp4GlcNAcP3Galp4GlcNAc
F. aeruginosa Respiratory L-Fuc GP
Respiratory Gal ['iSGlc(NAc}[ﬂ}Gal[MGFc GL
S. typhimurium Intestinal Man GP
S. pneumoniae Respiratory NeuAco2-3Galp1-4GleNAcp1- GL
3GalP1-4Glc
S. suis Respiratory Galo4Galp4Gle GL
GP = glycoprotein, GL = glycolipids
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MexaHun3m yrrnesoa-6erkoBoro
CBSA3bIBaAHUSA




LLlecTb ypoBHeu perynaummn adopmHHOCTHU 108
CBfi3bIBaHUSA NMUKaHa C NIEKTUHOM

» 1. Mono- and disaccharides (including anomeric position and
substitutions)

» 2. Oligosaccharides (including branching and substitutions)

» 3. Spatial parameters of oligosaccharides
» a. Shape of oligosaccharide (differential conformer selection)
» Db. Conformational flexibility differences between isomers

» 4. Spatial parameters of glycans in natural glycoconjugates

» a. Shape of glycan chain (examples: modulation of conformation by substitutions not
acting as lectin ligand, such as core fucosylation or introduction of bisecting GIcNAc in
N-glycans, influence of protein part)

» b. Cluster effect with bi- to pentaantennary N-glycans or branched O-glycans (including
modulation by substitutions, please see a.)
» 5. Cluster effect with different, but neighboring, glycan chains on the
same glycoprotein (e.g. in mucins) or a glycoprotein—glycolipid complex
(e.g. integrin—ganglioside complexes)

» 6. Cluster effect with different glycoconjugates on the cell surface in
spatial vicinity forming microdomains



BnusHne cTpoeHusi Ha cBA3bIBaHUE C FIeKTUHaMW 109

(a) o-D-NeupshAc-(2-3)-B-D-Galp-(1-4)-B-D-GlcpNAc-(1-2)-a-D-Manp-(1-6)+ o-L-Fucp-(1-6)+
I
[-D-GlepMAc-(1-4)-B-D-Manp-(1-4)-B-D-GlecpMAc-(1-4)-B-D-GlcpMAc-(1-4)-Asn
I

o-D-Neup5SMNAc-(2-6)-f-D-Galp-(1-4)-B-D-GlcpNAc-(1-2)-o-D-Manp-(1-3)+ (c) Cell surface staining (SW620)
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[1Ba pa3niM4HbIX MeéXxaHn3ma cBsi3biBaHUSA 110
Tpucaxapuga Le* c peuentopom

GlcNAc
GlcNAc

Gal

DC-SIGN Scavenger receptor C-type lectin



Ctpaternyeckas posnb Ca’* B akTUBHOCTH 111
NeKTUHOB

Function Lectin type

Leguminous lectins homologous to
Structural role in stabilizing the lectin  concanavalin A, lectin chaperones involved
domain or organizing the site for in quality control (calnexin, calreticulin),
ligand binding (no direct contact to animal lectin-type cargo receptors (i.e.
ligand), oligomerization of subunits ERGIC53b and VIP36c), Anguilla anguilla
agglutinin, discoidin |

Structural role and direct contact to

anionic group(s) of ligand or Pentraxins, laminin G-like module, annexin
neutralization of repulsive forces A2, cation-dependent mannose-6-
between anionic charges in ligand phosphate receptor

and lectin

Most C-type lectins, Cucumaria echinata
lectin Il (B-trefoil fold), Pseudomonas
aeruginosa lectin | (two coordination
bonds) and lectin Il (four coordination
bonds)

Direct contact to neutral group(s) of
ligand with/without structural role
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Kak ycTaHOBUTb 0aKT CBA3bIBaHUS
benka c rmmukaHom?




YcTtaHOBNeHne CTPYKTYpPbl NEKTUHOB, (hakTa u
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aetarie KomnrieKkcoobpasoBaHuUs

Box 1. Experimental approaches to determine lectin structure and complex formation®

Atomic force microscopy: measurement of binding strength under
force for surface-presented lectin/ligand pairs indicates lectin poten-
tial to engage in transient or firm contacts.

Biodistribution: determination of clearance from serum and organ
uptake of radiciodinated lectin after i.v. injection.

Chemical mapping: analysis of inhibitory potency of ligand deriva-
tives (mostly deoxy, fluoro or O-methyl) in a binding assay yields
information on hydrogen bonding contribution and steric aspects at
each position.

Circular dichroism: monitoring yields insights into secondary struc-
ture elements; ellipticity changes at distinct wavelengths reflect
involvement of aromatic amino acid residues in ligand binding.
Fluorescence-activated cell scanning (cytofluorometry): binding of
labeled lectin to cell surfaces (measuring mean fluorescence intensity
and percentage of positive cells) characterizes the glycophenotype;
when performed with a panel of lectins (Table 3), this is termed
glycophenotyping.

Fluorescence correlation spectroscopy: monitoring of translational
diffusion of a fluorescent protein in solution indicates shape proper-
ties and detects ligand-induced changes.

Fluorescence titration: quenching of intrinsic protein fluorescence
(from Tyr and especially Trp residues) by ligand presence indicates
alterations in their microenvironment/surface presentation and/or
direct ligand contact.

Gel filtration: elution profile yields information on hydrodynamic
behavior as an indication of quaternary structure and respective
influence of the ligand.

Hemagglutination: erythrocyte agglutination to determine inhibitory
potential by saccharides (classical assay for lectin activity). Note: the
glycomic profile on erythrocytes varies.

Isothermal titration calorimetry: measurement of heat released or
absorbed by ligand binding enables determination of association
constant (K,), stoichiometry (n) and enthalpy of binding (AH®), thereby
facilitating calculation of entropy (AS®).

Lectin cyto- and histochemistry: localization of lectin-reactive sites in
cell preparations and frozenffixed tissue sections.

Saturation transfer difference NMR spectroscopy: magnetization
transfer (spin diffusion) from, in this example, saturated protein to
ligand protons maps spatial vicinity (below 5151].

Small angle neutron/X-ray scattering: spectrum yields information
on quaternary structure and shape and detects ligand-induced
changes.

Surface plasmon resonance: measurement of changes in refractive
index near a planar surface presenting lectin/ligand in resonance units
(RUs; 1000 RUs equal 1 ng of mass per mm?) leads to equilibrium and
kinetic constants.

Transferred nuclear Overhauser effect spectroscopy: signal genera-
tion by through-space dipolar interaction between two ligand
protons, preferably separated by a glycosidic bond, helps to define
bound-state topology.

Ultracentrifugation: relative protein sedimentation reflects average
molecular mass (equilibrium analysis) and hydrodynamic parameters
(velocity analysis).

X-ray crystallography: diffraction pattern yields electron density map;
crystallization might require unphysiological conditions, packing can
cause artifacts and will preclude the separation of static from dynamic
disorder.

#See also Figure 4, where experimental data for these techniques are
presented.
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BbisiBrieHue cBA3biBaHUA OENKOB C rMMKaHamMmum

(i)
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Individual glycans
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CBsA3biBaHue BUPYyCa rpurina A C rmunKkaHamm,
UMMOOUIIN30BaHHbIMM Ha «KFMUKOUYMTIE»
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[ToBepXHOCTHbLIN NJTA3MOHHbLIN pe3oHaHc (SPR)

a Polarized light Reflected light

Sensor chip with
gold film in flow cell

Analyte binding‘ . o
to GBP «_ Flow of analyte *

% [

Analyte or
free glycan

b Removal of analyte
A
Dissociation kinetics
T of analyte
RU

Amount of analyte bound

Add analyte
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