Glycosaminoglycans
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» The amino sugar is either D-glucosamine or D- =
galactosamine in which the amino group is usually HO\ __1/OH
acetylated, thus eliminating its positive charge OH
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| L6 D-Glucuronic acid
» The amino sugar may also be sulfated on carbon 4 or 6 or
on a nonacetylated nitrogen.
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Glycosaminoglycans (GAG) -

» These compounds bind large amounts of water, thereby producing
the gel-like matrix that forms the basis of the body’s ground
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» The viscous, lubricating properties of mucous secretions are also
caused by the presence of glycosaminoglycans, which led to the
original naming of these compounds as mucopolysaccharides
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» As essential components of cell surfaces, GAGs play an important
role in mediating cell-cell signaling and adhesion
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Classes of GAGs

» There are six major classes of glycosaminoglycans, including:

» chondroitin 4- and 6-sulfates el 6 Loy Sl g0l o5l 0 ey U s i <

» keratan sulfate 65 4 seiarusSll SlayS <
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> dermatan sulfate R

» Heparin o0ledll <
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» heparan sulfate Linsgllogl e <

» hyaluronic acid.

noncovelantly
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» All of the GAGSs, except hyaluronic acid, are found covalently
attached to protein, forming proteoglycan monomers, which consist
of a core protein to which the linear GAG chains are covalently
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» The proteoglycan monomers associate with a molecule of
hyaluronic acid to form proteoglycan aggregates.
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CHONDROITIN 4- AND
6-SULFATES

* Disaccharide unit:
N-acetylgalactosamine with
suliate oneither Cdor C 6
and glucuronic acld

* Most abundant GAGs in the body

* Found In cartilage, tendons,

ligaments, 3nd aorta
* Form proteoglycan aggregates,
oflen aggregating noncovalently
sluronic acld —
¢ In cartilage, bind
and hold fibers in a ight, strong
network =

KERATAN SULFATES (KS) land Il
¢ Disaccharide unit:
N-acetylglucosamine and
galactose (no uronic acid);
variable sultate content may
be present on onC6ol C 6 of either
sugar
* Mos! hetorogeneous GAGS
because they contain

. KSlmndmeormu.l(SI
found in loose connective
tissue proteogiycan sggregates

with chondroitin sullate

83555l S> e aolg eal

HYALURONIC ACID
(HYALUROMNATE)

* Dissccharide unit:
N-acetylglucosamine and
glucuronic acid

* Difterent from other GAGs:

unsuitated, not covalently
attachod to protein, and only
GAG not limited to animal
tissue, but also found in
bacteria

* Serves as a lubricant and shock
absorber -

* Found in synovial fluid of %ﬁlm
vitreous humaor of the eye, the
umbilical cord,
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DERMATAN SULFATE
* Disaccharide unit;
N-acetylgalactosamine and
weiduronic acid (with variable
amounts of glucuronic acid)
* Found in skin, blood vessels,
and heart valves

HEPARIN
= Disaccharide unit:

Glucosamine and glucuronic
or lduroplc acid; most
glucosamine residues are
bound in sulfamide nkages;
suliate also foundon C 3

or C 6 of glucosamine and

C2of acid (an average
of 2.5(5) per disaccharide
unit)
* @wlinkage joins the sugars
n * Unlike other GAGs that are
extraceliular compounds,
heparin is an intracedlular
component of mast cells that
line arteries, especially in
liver, lungs, and skin
* Serves as an anticoagulant

MEPARAN SULFATE
« Disaccharide unit:
Same as heparin except
some glucosamines are
acetylated, and there are

fewer sulfate groups

!xtnccluhrOAG found In
basement membrane and as a

ublguitous component of cell

surfaces
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Synthesis of Glycosaminoglycans
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» GAGs are synthesized in the endoplasmic reticulum and the Golgi
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» The polysaccharide chains are elongated by the sequential addition
of alternating acidic and amino sugars, donated by their UDP-
derivatives —
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» The last step in synthesis is sulfation of some of the amino sugars.
The source of the sulfate is 3’- phosphoadenosyl-5’-phosphosulfate.

Giutamine Glutamate uTpP

b Glucose Fructose N\ 4 » Glucosamine Glucosamine UDP-
| 6-phosphate > 6-phosphate 6-phosphate € > 1-phosphate ‘LT’ GLUCOSAMINE

| Aminotransferase
I PP
, ADP Acetyl-CoA :
’ ATP CoA AT Glycosaminoglycans

Sialic acid, s ¥ N UDP-N- T
gangliosides, “—— \'a\ 8 ACETYLGLUCOSAMINE ——

glycoproteins ~ Glycosaminoglycans,
UDP-N- ~ glycoproteins

ACETYLGALACTOSAMINE
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» Glycosaminoglycans are degraded\bylysosomal hydrolases. They are
first broken down to oligosaccharides, which are degraded
sequentially from the ‘non-reducing end of each chain

» Adeficiency of one of the hydrolases results in a mucopoly-
saccharidosis.
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» These are hereditary disorders in which glycosaminoglycans
accumulate in tissues, causing symptoms such as skeletal and
extracellular matrix deformities, and mental retardation
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» Examples of these genetic diseases include'Hunter and Hurler
syndromes .
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» Glycoproteins are proteins to which oligosaccharides are covalently
attached. —
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» They differ from the proteoglycans in that the length of the

glycoprotein’s carbohydrate chain is relatively short (usually two
to ten sugar residues long, although they can be longer)
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» The carbohydrates of glycoproteins do not have serial repeats as
do glycosaminoglycans.
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Function of glycoproteins
-

» Membrane-bound glycoproteins participate in a broad range of
cellular phenomena, including: 56 sl Eagyall dySall Sligissdl L <

rells 8 lay yglsdl salglill e dnuly degana

»(Cell surface recognition (by other cells, hormones, viruses)
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Cell surface antigenicity (such as the blood group antigens)
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» As components of the extracellular matrix and of the mucins of

the gastrointestinal and urogenital tracts, where they act as
protective biologic lubricants.
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» Almost all of the globular proteins present in human plasma are
glycoproteins.
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most of lysosomes that we mentioned
before they are consist of glycoproteins
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Golgi to secrete them as we

Synthesis of Glycoproteins

» Glycoproteins are synthesized in the endoplasmic reticulum and the
Golgi.
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» The precursors of the carbohydrate components of glycoproteins are

sugar nucleotides. Sl lssdS 55 iyl Sligiandl b Olysgsnsl Glise sk

> O-linked glycoproteins are synthesized by the sequential transfer of
sugars from their nucleotide carriers to the protein
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> N-linked glycoproteins contain varying amounts of mannose. They
are synthesized by the transfer of a pre-formed oligosaccharide from
its membrane lipid carrier, dolichol, to the protein
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» They also require dolichol, an intermediate carrier of the growmg
oligosaccharide chain.
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ROUGH ENDOPLASMIC RETICULUM (RER)]

® RER i3 series of Interconnected
membrane-bound sacs.

® Ribosomes are bound 10 the cytosolic

side of the membrane.
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Secretory
are targeted to the
cell m?mbnm. S
the extracellular

environment, or
the lysosomes.

Glycoproteins that aro te be
sacreted from the cell remain free in

the lumen, They are reloased when the
vesicle fuses with cell membrane.

Glycoprotens that are to
INTRACELLULAR SPACE membrane T bz:ong. com ts of the
L N o T GRS, e 0 1L cell membrane are integrated
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eey Into the membrane of
EXTRACELLULAR SPACE oo e secretory vesicles that bud
o 1 trom the Golgl and fuse with

the cell mem

ne.
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Synthesis

5-end —»

1

Protein synthesis begins
and the polypeptide chain is
extruded into the endo-

of N-linked glycoproteins.

~— 3-end
\mRNA ilucdes 215 @238 oiondl ol s 1
(ER) do3dhgaidl aadl JI al

plasmic reticulum (ER).

A branched oligosaccharide
is synthesized bound to
dolichol pyrophosphate.

£ shall Sl LIB 8155 oy 2

oo Al L8 185 @y 3
el Llay JI JsSdg
gald] gzl Al 3

_

-~
| Asn |-0-0-0] o-o

-2

NH,

The oligosaccharide is
transferred from dolichol to
an asparagine residue of

growing polypeptide chain.
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o-o
o
Asn |-O-0-0_ O-O

NH,

Trimming of the carbohydrate
chain begins as the protein
moves through the ER.
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Complex
glycoprotein
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GOLGI APPARATUS

In the Golgl, further
trimming and/or addition of
monosaccharides occurs.

Hl?h-mannose
glycoprotein
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Lysosomal degradation of glycoproteins

» A deficiency in the phosphorylation of mannose residues in N-linked
glycapratein pre-enzymes destined for the lysosomes results in |-
cell disease
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» Glycoproteins are degraded in lysosomes by acid hydrolases
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» A deficiency of one of these enzymes results in a glycoprotein
storage disease (oligosaccharidosis), resulting in accumulation of
partially degraded structures in the lysosome
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CYTOSOL

N-linked
oligosaccharide

Protein

Prelysosomal
enzyme
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I-CELL DISEASE

® Caused by a deficiency of the ability
to phosphorylate mannose.

® Characterized by skeletal
abnormalities, restricted joint
movement, coarse facial features,
and severe psychomotor impairment. §

® Death usually occurs by age
eight years.




