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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 sulfater binding

proteins, chondroitin sulfatei binding
proteins, dermatan sulfatei 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

C JzC
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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
chemokines

: : tissue factor
vitronectin pathway inhibitor apoE (e.g., MIP-1Db VEGF

SDF-1, etc.)
thrombospondin apoB TGF-b
tenascin thrombin apoA-V BMPs
\clilrllggzns protein C inhibitor TNF-U Hedgehogs
amyloid proteins tPA and PAI-1 L and P selectins  Wnts

superoxide

dismutase

microbial adhesins
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Protein Glycosaminoglycan Oligosaccharide
partner
16S
Antithrombin heparin/heparan sulfate . a40 B4 . a4e o4 .
NS3S 2S NS

6S 6S 6S
Fibroblast growth factor 2 heparin/heparan sulfate . 064@ o4 . o4 e o4 . o4 @

NS 25 NS 25 NS 2S

Lipoproteinlipase heparin/heparan sulfate Q B4 . (140[.))4 . o4 e
NS NS 2S
4S5 4S 4S5
Heparin cofactor Il dermatan sulfate B4$ o3 B4 @ o3 B4 @
2S 25 2S5

Herpes simplex virus heparin/heparan sulfate <}0€4 .0646 o4 . Ot4<} o/B4 .0(4@&4 .

Glycoprotein gD NS 2S NS 2SS NH-3S
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NS 25 NS 28 NS NS 25 NS

2S NS
3S 5-10 q
FGF-1/FGF-2 Antithrombin
0S80, coo- OH 0805
o) (9] (o] (8] ()
o ( OH OH 5 £ 0S05 i o £ OH )
o 0 0
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-type
p-type |  CD22
CI-MPR

Galectins

{ A
‘6L
7/

o

( GL“)

C-type

Hepatic
lectin

Outside

(i

Inside

Selectin

LGz offfHY L ' & OB
H 5 d3J dERDS):

e Y N

(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.
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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?
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ELISA MEASUREMENTS
OF GLYCAN
DETERMINANTS

C

S I

BLOOD TYPING/
CELL AGGLUTINATION
. == HISTOCHEMICAL
= :, STAINING

ASSAYING ENZYMES

i o3

O”—“I-[‘—R";sgs:e; pa

GDPA

3

L

GDP
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CELL SELECTION/
MUTATION
PHENOTYPES/
MITOGENESIS/
DEFINING
STATUS OF CELLS

™~
A

GLYCOCONJUGATE
PURIFICATION

Bound

D—?I%f

Not bound
D__O_._O_

o B



Rici i lutinin | Inhibitor :
B-linked terminal Gal Oﬁ.ﬁ— R B co'??é’ﬂ'ﬁ) i " lGalOr
Erythrina crista-galli lectin Inhibitor :
B1-4-linked terminal Gal QB—4.p—- R Lo (ECL)g Gal
AL : 03~ Pl 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 [(F—-r (WFA) GalNAc
Ulex europaeus agglutinin | (UEA-I) Inhibitor :
o2 B4 (bound tightly) AN Fuc
B Anguilla anguilla agglutiinin (AAA
o1-2-linked Fuc R (bound tightly)
Tetragonolobus purpureas agglutinin | (TPA)
(bound weakly)

Tetragonolobu: lutininl  Inhibitor :
o-3-linked Fuc o3/4 etragonolo sp(;_l%reas agglutinin nlI:ucor

R’ # Sialic Acid R’ p3/d g B R

Aleuria aurantia lectin Inhibitor :
01-2-,-3-, or 6- 02 3 (AAL) Fuc
linked Fuc Plom B o p4 asB - R
+/-
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)

dzd C Odzr , ftesydes MoawLrL'r 90Ot h]c?
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Lycopersicon esculentum agglutinin Inhibitgr :
(tomato lectin or LEA) chitotriose (GIcNAc
- P4 B3 ~ 4 g B3 ~ P4 BSF R Solanum tuberosum lectin )
(potato lectin)
Datura stramonium agglutinin (DSA)
_L~\B4
6 Phytolacca americana mitogen Inhibitor :
y (pokeweed mitogen) chitotriose (GIcNAc
OB“. B3~ B4 g B3 34- B r Triticum vulgaris agglutinin )
(wheat germ agglutinin or WGA)
03 ~BimmB -
m— Maackia amurensis Inhibitor :
@ A 8 leukoagglutinin (MAL) lactose
so,—O—lh—R
o6 ~ B R
O—Or 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)
W@ —r Grifoniasimpicifolia lectin Il GSL-1) Inhibitor :
(high affinity) GIcNAc
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
o3 ~\B3— | Art integrifolia agglutini Inhibitor :
’ O_D_._ R 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)
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Oligomannose-type

N-glycan

Hybrid-type
N-glycan

Biantennary
complex-type

N-glycan but

not tri- and
tetraantennary

complex-type
N-glycan

ZI‘

ZL G
(ConA) d LCanavalia ensiformis

B2

(048]

03

B4

z09 O] d3" J

B4

06

Asn

Con A
(bound tightly)

ConA
(bound tightly)

Con A

B Asn  (bound weakly)

A 50

260 d

Inhibitor :

o-methyl-Man
c-methyl-Glc

Inhibitor :
o-methyl-Man
o-methyl-Gilc

Inhibitor :
o-methyl-Man
o-methyl-Glc
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o Mixture of glycans
5 applied to ConA-Sepharose

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

Glycan amount
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Activity

1d's

C dzj st ¢

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

Comitin, ERGICS 3 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 )
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a Cytoplasm

| Lectican

Il ASIALOGLYCOPROTEIN &
DC RECEPTORS

V NK-CELL RECEPTORS

1l COLLECTINS
IV SELECTINS

VI MULTI-CTLD ENDOCYTIC
RECEPTORS

VIl REG GROUP

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

. Extracellular

RECEPTOR

OLIGOMER

(DIMERS OR
TRIMERS)

N-']*HHm—aC A (CTLD) C-type lectin domain.

dzj Chd d®o

b CRUCIFORM
COLLECTIN

BOUQUET
COLLECTIN

Examples: MBL and SP-A

Htsd3] dzdzts | 2%]

N—C POLYPEPTIDE

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

@ PKD (Ig-LIKE)

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

@ LINK
@ EGF |
CCP (SUSHI) |

@ cuBs

¢ REJ

== COLLAGEN

MW a-HELIX
®49 FIBRONECTIN TYPE 2
@@ LDL CLASS A

? O-GLYCANS

@ WwWsC
A SCP

«-helices

A (DC) Dendritic cell;

A (NK cell) natural killer cell;

A (MBP) mannose-binding
protein;

A (SP-A and SP-D) surfactants;

A (CCP) complement control
protein;

VON WILLIBRAND
4 EACTOR (VWF) TYPE C

I CSPG REPEAT
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ENDOTHELIUM .. - DC-SIGN
e DEC-205
R DENDRITIC 47
PATHOGEN

(e.g., HIV-1, bacteria,
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