Lecture 14 Carbohydrate recognition
in cell adhesion and sighalling



Learning objects

The classification of sugar-binding proteins based
on structures of carbohydrate-recognition
domains

The roles of mannose-binding protein and other
C-type lectins in innate immunity

How the selectins function as cell-adhesion
molecules

The adhesion and signalling functions of siglecs in
the immune system

How galectins modulate adhesion and signalling
in lymphocytes (#kE=41/) and other cells



Lectins serve as receptors for specific glycans
recognize foreign cell surfaces

mediate or modulate immune responses to
pathogens

bind to endogenous carbohydrates

mediate adhesion or sighalling events at the
cell surface



1 Animal lectins can be classified
according to their structures



Carbohydrate-recognition domains
(CRD)

CRDs are responsible for the recognition functions
of the lectins

Other domains in the lectins mediate subsequent
responses

Different types of CRD have distinct ancestry (% i%)
and different polypeptide folds

The overall folds of CRDs are determined by
conserved residues that are characteristic of each
family of CRDs

These residues form the hydrophobic core and in
some cases disulphide bonds and binding sites for
divalent cations



Type

calnexin

M-type

L-type

P-type

C-type

Galectins

I-type

R-type

Structure Typical ligands Examples of function

B-Sandwich Glc,Man, Protein sorting in the ER
(P35t ™)

a-Helical barrel Mang ER-associated protein
degradation

B-Sandwich Man, 4 Protein sorting in the ER

Unique B-rich structure  Man6-P Protein sorting post-
Golgi

Unique mixed a/f Various Cell adhesion (selectins);

structure

-Sandwich

Immunoglobulin
superfamily

B-Trefoil

B-Galactosides

Sialic acid

Various

glycoprotein clearance;
innate immunity
(collectins)

Glycan cross-linking in
the extracellular matrix

Cell adhesion (siglecs)

Enzyme targeting;
glycoprotein hormone
turnover




2 Mannose-binding protein (MBP) is a
host defence molecule that initiates the
lectin pathway of complement activation

(AMA TR )



innate immune system (k1 6 %4:)

* Distinguished from adaptive immune system
(FRAFE s R 4

* cells of the innate system recognize and
respond to pathogens in a generic way

e provide immediate defense against infection,
and are found in all classes of plant and
animal life



The complement system(#M& & %t) helps
or “complements” the ability of
antibodies and phagocytic cells (%541
ftl) to clear pathogens from an
organism.

It is part of the innate immune system
and does not change over the course of
an individual's lifetime.



MBP

Binds to carbohydrate structure on the
surface of microorganisms

Using the ability to distinguish exogenous
structures from mammalian glycans

To provide a mechanism for identification and
neutralization of pathogen

Circulates constitutively in the blood stream
provides a type of innate immune response



C!assncal pathway C-type

MBP dimer of trimers

Antnbodues

... vy Lectin pathway domain
~ C1gCirCts MBP-MASP Sushi-CUB-

MASP
dimer

C4-C2 Gly-37 »Glu {

C3 —» C3a+C3b

Y N\

C5-C9 Opsonization
Cell lysis (phagocytosis)

tails




| MBP dimer of trimers I

C-type
CRDs

1.Fixed distance between CRD Q
2 .Orientation: face the same Pd“’tea.se
] ; omain
direction MASP
Suitable to the role of MBP in dimer
interacting with surfaces of
microorganisms
Gly-37 ->Glu [¢%4
o _ _ Gly-34 —>Asp % 4
Association with MBP-associated
serine protease (MASP) Collagen
tails

Trimer stabilized by two helical regions

A neck of coiled coil of a-helices
An extended tail forms a collagen-like helix



3 Pathogen recognition by MBP results
from both monosaccharide-binding
specificity and oligomer geometry



The ability of MBP to distinguish between self
and non-self is based on the different
compositions and structures of mammalian

glycoproteins and glycolipids compared with
those on the surfaces of most microorganismes.

Glycans on bacteria, yeast, and fungi differ
widely, but many share a few key characteristics

They usually serve structural roles

Repetitive structures with terminal Glc, GIcNAC
and Man



* Recognition by MBP takes advantages of both
of these features

* MBP shows equal affinity for Glc, Man and
GIcNAc in terminal positions



Escherichia coli lipopolysaccharide
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Man; Gal; innate Four hydrogen bonds

Immune response Man and GlcNAc



MBP interacts only with the terminal sugars, dissociation
constant T mM; same as a monosaccharide

High-affinity binding requires multiple CRD and multiple
terminal Man

Glycans on pathogen surface

\ i
R
"Ji

Trimer of
C-type CRDs

Collagen
tails

arrays of [terminal
sugars found on the
surfaces pf
microorganisms

a-Helical
neck
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Mana1\ 6 {
Ve 1 3Mano1-2Mano-2 sonic s
4T Manais 2Mana1 J
5 1 da albican:
Man o1—2Mana1” 3 NShE ea gManoM ¢ Candida albicans mannan
ManB1—2Manoc1—2Mana1—2Mana1/ 6\ lana1-Core-GIcNAcB1—4GIcNACB1- Asn

D_oes this high-Mannose structure
bind to MBP with high affinity of not?



4 The mannose receptor helps
macrophages to internalize pathogens



Man receptors found on endothelial cells and
Kupffer cells in the liver and on macrophages
in other tissue

Binds sugars such as Man and GIcNAc like
serum MBP

8 C-type lectin-like domains

pH-sensitive, ligands are released from the
receptor in the acidic environment of the
endosomes and directed to the lysosomes for
degradation



Multiple different C-type CRD in a single polypeptide chain

Helping macrophages bind and internalize pathogens

Complement +
complement
receptor

Phagolysosome

Macrophage

Collectin
receptor?

Microorganism

Mannose receptor

W
c C-type CRDs

Manao1
Y
6

Manao1
e

6
Mano1-2Mana1-2Manao1
A
6
Mano1-2Mano1-2Mano.1

/
6

Mana
/
6

Mano1-2Mano1-2Mano.1

@A RR-LD

Mannan

RRASARA
HUUsUHY

C




5 The selectins are cell-adhesion
molecules for white blood cells



Circulating leucocytes (4ii2) must interact with
endothelial cells(iy 241 2) lining blood vessels to
reach the underlying tissues

* T- and B-cell homing (/14:) to peripheral lymph
nodes (# 45 and neutrophil (i Hp: ki 4Hpf)
migration to sites of inflammation both involved
such interactions

* The first step of of leucocyte-endothlium
interaction is carried out by the selectin cell-
adhesion molecules

* Some of the best-understood examples of C-
type lectins




The selectins mediate the initial, weak binding that
leads to rolling of the lymphocytes on the endothelial
surface

Leucocyte in ' Blood
tictaioy Weak adhesion and rolling Strong adhesion

selectin-mediated integrin-mediated

[QIQIQIO ® QIQ & QIO »

Endothelium ‘ Migration through endothelium v

Tissue

withendothetatcetts

)

Steps in leucocyte interaction



Tethering of circulating leukocytes to activated endothelium via

interactions between selectins and their ligands
a

Normal Venule

Neutrophil Endothelial Cell

b

Selectin-Dependent Integrin-Dependent
I I 1 I
1- Tethering 2 - Rolling 3 - Firm Adhesion 4 - Extravasation
[ R R SR AW AR S ——) | ——]
Leukocyte

L-selectin

: 2
(e-g. neutrophil) N / Post-Capillary Venule

;o i
\ : 2. Blood Flow
PSGL-1 : —>
N 3
. e ; \ 4
P-selectin | E-selectin 5 o ﬁ?
Activated Endothelial Cells Expressing P- and/or E-selectin /

| amE— ) t?-:l
__<__ 5-Chemotaxis

Essentials of Glycobiology
Second Edition Chapter 31, Figure 6




Homing of lymphocytes to peripheral
lymph nodes

* |s a continuous process, as lymphocytes are
released circulate and then re-enter the node

* L-Selectin on the surface of lymphocytes binds
carbohydrate-containing counter-receptors on
specialized endothelial cells in the lymph
nodes



P-selectin and E-selectins

They are involved in the migration of
neutrophils into sites of inflammation

They operate on different time scales

P-selectin in endothelial cells is stored in
intracellular vesicles

When tissue damage occurs, these vesicles
rapidly deliver P-selectin to the surface of the
endothelial cells to attract circulating
neutrophiles
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The phenotypes of knockout mice lacking on or more
selectin reflect the roles of these proteins in
leucocyte trafficking

* The rolling process requires a precise balance between

the making and breaking of contacts between the
leucocyte and endothelium

* The rate constants for ligand binding (k,,) and release
(k. ¢) are rapid

* the extended organization of the selectin molecules also
allows them to act as mechanical level arms

* The density and clustering of selectins and their glycan
ligands on microvilli that project from the cell surface

* Intercations of the selectins with the cytoskeleton



6 Specific carbohydrate ligands for the
selectins interact through extended
binding sites on the C-type CRDs



Sialyl-LewisX

Neuo2-3Gaif1- Polylactosamine chain
gGlcNAcB1—3GaIB1—4GIcNAcB1—3GaIB1—4GIcNAcB1—
: Fucal”
Suiphosialyl-Lewis*
. £ . a —
Sialyl-Lewis ?O 3
Fucal., 6 1803
; Neua2-3Galp1
4 GIcNAC1- e
e GIcNACB1-
Neua2-3Galp1’ /3
Fuca1
N-Terminus of PSGL-1 Glycan-bearing
sialyl-Lewis®
SO3 SO3 SO3 structure
| ! |

|

GInAlaThrGluTyrGIuTyrLeuAspTyrAspPheLeuProGIuThrG|uProProG|uMet-

Figure 8.8 Structures of
oligosaccharide and
glycopeptide ligands for the
selectins. Key terminal
structures are highlighted in
blue.



Secondary
subsite



The binding of lowest- or nearly lowest-energy
conformations of oligosaccharides is a general feature
of lectin binding to complex ligand

LewisX trisaccharide

GalB1-_
3GIcNAC
A
Fuca1

van der Waals
packing of planar faces

This conformation remains the same when the ligands
are bound to E- or P-selectin



The molecular interactions between P-selectin and the amino terminus of PSGL-1

P-selectin C-type Lectin Domain

Subsites within
the CRD

Core 2-Based
C8.2+ Tyrosine- O-glycan with
sulfate Sialyl Lewis X

Ca2+

Neu5Ac Fucose PSGL-1

lectin domain

P-selectin_ - N-terminal
polypeptide in peptide
C-type / (pink)
(blue)

Essentials of Glycobiology
Second Edition Chapter 31, Figure 8



/ The selectins are also signal
transduction molecules



8 C-type lectins participate in the
process of antigen presentation (i)
=)



C-type lectins that function as endocytic receptors

Endocytic
C-type Lectin
(PH > 5)

Clathrin-coated Ps
Recycling Receptors

(e.g. Asialoglycoprotein
Receptor)

Clathrin-coated Vesicle

Lysosome

Transport Vesicle

Non-Recycling
Receptors
(e.g. DC-SIGN)

Early Endosome

Late Endosome
(PH < 5)

Essentials of Glycobiology
Second Edition Chapter 31, Figure 4



Two different roles of C-type lectin in
the presentation of antigens to T cells

* The first step in the development of an antibody-
mediated or cytotoxic T-cell-mediated adaptive
Immune response

* Several of the receptors that scavenge (&%, 7
1) for potential foreign substances are members
of the c-type lectin family

* Dendritic cells are resident in peripheral tissues,
such as skin and the lining of the intestine,
capture protein and glycoprotein antigens



* The internalized antigens are digested to
produce peptide fragments and after the
dendritic cells migrate to lymph nodes

* Fragments of the antigens return to the cell
surface in complex with molecules of the major
histocompatibility complex (MHC)

 The sampling process is facilitated by receptors
that bring the surfaces of dendritic cellsand T
cells near to each other



Carbohydrates on intercellular adhesion molecule 3
(ICAM-3) on lymphocytes are bound by the C-type
lectin DC- SIGN (dendrltlc cell-sepcific ICAM-3- grabbmg

nOn--lnteg rln) Potent;al antigen A

- . _ phagocytosxs
Endosomal - ' _' . - -
compartment __L——. - -
\ . Digestion ==
Immunological ~ Peptide binding
~ \_synapse formation ____ toMHC




DC-SIGN

* Atetrameric transmembrane protein containing C-
terminal C-type CRDs that are projected from the cell
surface by an a-helix neck region

* The CRDs bind high-Mannose, N-linked oligosaccharides
and also a variety of glycans that bear branched
terminal structures containing fucose, e.g. the Lewis*
trisaccharide

* |t also functions as one of the scavenging receptors,

binding to clusters of mannose residues on surface of
viruses and fucose-containing glycans on parasitic

nematodes (Z& 1)



Secondary
subsite

Primary subsite

Outer branch Inner

Mana1-2Manat-. KUESiGn

Mana1.
Mana1-2Mano1” gMahm —4GIlcNAcB1-4GIcNAcB1-Asn

_2Mano1” 00 C

@00 OON QcCa2

Mana1-2Mana1



9 DC-SIGN enhances HIV infection of T
cells



The human immunodeficiency virus (HIV) utilizes
DC-SIGN to facilitate infection of T cells, which
initiates AIDS

DC-SIGN binds to gp120, the viral surface
glycoprotein rich in N-linked high-mannose glycans

Dendritic cells that encounter HIV can carry it to
lymph nodes

Then HIV migrates to the surface of T cells

HIV on the surface of dendritic cells can remain
latent for extended periods



Compare DC-SIGN and selectin

Both of them participate in reversible adhesion events
between two cells or between a cell and a virus

These interactions talk place in rather different
contexts, in the presence of shear flow or under static

conditions

The selectins bind to complex glycan ligands expressed
on a limited number of glycoproteins

DC-SIGN binds to relatively common types of glycan



T cell

Dendritic cell

Replication




Glycotherapeutics: drugs and antibodies
that prevent HIV infection mimic
recognition by DC-SIGN



Interaction of DC-SIGN with gp120

 Two unusual properties of the viral glycoprotein

 The close spacing of multiple high-mannose
oligosacchrides on the protein

* The relatively large size of the glycans, mostly
Man-, Mang and Man,,.

* [naccessibility due to close packing; shield
conserved portions from immune system

* Allows the virus to use DC-SIGN as a means of
trafficking to lymph nodes



Cyanovirin-N

* A small protein that binds with high affinity to
Man8- and Man9-type glycans

* |t blocks HIV infection of T cells by preventing
gp120 from binding to the CD4 receptor

* The recognized parts in gp120 is different:



DC-SIGN

Mana1 %
Cyanovirin



Neutralizing antibody, 2G12, binds to high-
mannose oligosacchrides: closely spaced and
rigid conformation

gp120




10 I-type lectins are composed of
immunoglobulin-like domains



* Receptors that bind carbohydrate ligands
through immunoglobulin superfamily domains
are referred to as I-type lectins

* One set of sialic acid-binding domains forms a
particularly closely related group

* Siglecs (sialic acid-binding immunoglobulin-
like lectins)



Ligand binding domains

Sialoadhesin
Siglec-1

CD22
Siglec-2

Myelin-as$ociated
glycoprotein

D33
Siglec-3

Spacer domains



11 Siglecs are adhesion and signalling
receptors on cells in the immune system



NeuAcaZ2

SO,
5 : %
'6Galp1-4GIcNAcp1-N/O-Linked core gGaIB1—4GIcNAc[31 -N/O-Linked core
NeuAca?2 / 3

Fuca1

6’ Sulpho-sialyl LewisX

3Galp ff-4GIcNACP1-N/O-Linked core S04

NeuAco2” 6
3Gal[31—4GIcNAcB1-N/O—Linked core
3

NeuAca2/
3Galp1-3GIcNAcB1-N/O-Linked core Fuca 6 Sulpho-sialyl Lewis*

NeuAca?2 .

57/ 3 Galp1-4Glcp1-Ceramide
GD3

NeuAco2—-8NeuAcao.

NeuAca2 Gal1,3GalNAc1,4GalB1-4GIcB1-Ceramide

6GalNAc{Ser/Thr 3
NeuAcoc2——8NeuAcoc2/ GD1b

Sialyl-Tn antigen

Figure 8.14 Sialic acid-containing ligands for some of the siglecs. Sialoadhesin and CD22 probably
bind common N- and O-linked glycans attached to glycoproteins. Some of the CD33-related siglecs
bind to specific ligands such as 6 sulpho sialyl-Lewis* (human siglec 8), 6 sulpho sialyl-Lewis*
(human siglec 9), and disialyl motifs found in GD3 and GD1b (human siglec 7).
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Biological functions mediated by sialoadhesin

Sialoadhesin-dependent
internalization of viruses

Sialoadhesin-dependent and pathogens

macrophage interactions 348, Sialylated virus or
with lymphocytes - :
d ,. . 7 N fu bacterium Macrophage
L, §33Q galactose-binding
v g lectin

Sialoadhesin

e

]

Migrating
leukocyte

Macrophage

Q,
Vi
0
&y
&

Essentials of Glycobiology

Second Edition Chapter 32, Figure 3




12 Extracellular galectins have roles in
cell adhsion and cell signalling



Galectins

A family of soluble proteins that bind 3-galactosides

Have a wide cell and tissue distirbution and proposed roles
in the nucleus

Reach on cell surface with a process they become enclosed
in membrane vesicles

Mediate or modulate cell-cell interactions, cell-matrix
adhesion, and transmembrane signalling

Phenotype of knockout mice: function in specific
developmental process



Numerous potential ligands for galectins are
found outside cells

* They bind tightly to the polylactosamine
chains

e Cell-surface glycoproteins and matrix include
integrin (#HtEH), fibronectin (2% 5), laminin
(Eh5EEH) and tenascin (A& A)

* They don’t have hydrophobic membrane

anchors, so they mediate adhesive events by
crosslinking two glycans




Different types of galectins in humans

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-GGCGAWG—TEQRE-
Galectin-2 -KLNLHFNPRFS----—-—-—-——— ESTIVCNSLD-GSNWG-QEQRE-
Galectin-3 ~-DVAFHFNPRFNENN----——— RRVIVCNTKL-DNNWG-REERQ-
Galectin-4 -DVAFHFNPRFDG----—---—- WDKVVENTLQ-GGKWG-SEERK- (N-term)
-DIALHINPRMG--—---————~— NGTVVRNSLL-NGSWG-SEEKK- (C-term)

Galectin-7 -DAALHFNPRILD-————————— TSEVVENSKE-OGSWG-REERG

Essentials of Glycobiology
Second Edition Chapter 33, Figure 1
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Two proposed roles of galectins

g
./

vesicles

Galectin

\
'\ :“ S;Ecle /

Subcortical N\ /
o

il

—

Nucleus

Extracellular matrix

RNP: ribonucleoprotein



Binding to lactose/Galp1-4GIcNAC

Asp-54
OO C @@ O N



Two binding sites extend from opposite
ends of the dimer




Structures of galectins

a
b
Bound lactose Unbound CRD
in the CRD
C
Human 45 47 49 55 62 69 7274

galectin-1 -NLCLHFNNPRFNAHGD----- ANTIVCNSKD-GGAWGTEQRE -

Essentials of Glycobiology
Second Edition Chapter 33, Figure 3



13 Galectins modulate activation of T
cells and control cell survival by

¥ A

triggering or inhibiting apoptosis ({#1:)




Suppression of T-cell receptor activation
by galectin 3

GlcNAc-transferase V knockout

o P A
Z)G«
£ R

’ %

Lymphocyte
activation




* Mice lack polylactosamine chain show
increased susceptibility to autoimmune
diseases and have hypersensitive T cells

* Due to enhanced clustering of T-cell receptors

* Asimilar phenotype can be induced in wild
type cells by pretreatment with lactose, but

not other sugars



h TR

Function of galectins in apoptosis (1=

of T cells
Bone Spleen and Skin and
marrow Thymas lymph node mucosa

Maturation
** Antigen
scavenging
Dendritic
cells

O

T
# i \A. o Antigen processing
O

Self recognition

Apoptosis Presentation
Galectins ‘ ' Galectin
1and 9 ' 3(7)

Stem cell

Activated
‘ T lymphocytes

-/ Galectins O
1and 9 »

Apoptosis to
end response




