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> Are long, negatively charged, unbranched,
_heteropolysaccharide chains generally composed ofa < giycosamine
~+- repeating disaccharide unit [acidic sugar-amino sugar]n / n

J
» The amino sugar is either D-glucosamine or D- }/;H—O
galactosamine in which the amino group is usually ) HON /OH
acetylated, thus eliminating its positive charge /i) 1
D-Glucuronic acid

» The amino sugar may also be sulfated on carbon 4 or 6 or ‘
on a nonacetylated nitrogen. ~ COOHY
HO | OH

OH
The acidic sugar is either D- glucuronlc acid or its carbon-  L.iduronic acid
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Glycosaminoglycans (GAG)

» These compounds bind-largeramounts 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




Classes of GAGs

» There are six major classes of glycosaminoglycans, including:
» chondroitin 4- and 6-sulfates
» keratan sulfate

» dermatan sulfate ol r“W‘JP\D J9

» Heparin /IS’qchm/e geg

> heparan sulfate W Ss calise )

> hyaluronic acid. germe)\ Zaw o J1 7o
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> All of the GAGs, excepth@IU,rC)DLCMi) are found covalently
attached to proteln forming proteoglycan monomers, which consist
of a core protein to which the linear GAG chains are covalently
attached

» The proteoglycan monomers associate with a molecule of
hyaluronic acid to form proteoglycan aggregates.



HONDROITING) AND 2
BISULFATES (Asfe) £ K

Disaccharide unit: 4 sl
N-acetylgalactosamine with
sulfate on either C4 or C 6
and glucuronic acid

ost abundant GAGs in the body

ound in cartilage, tendons,

igaments, and aorta

Form proteoglycan aggregates,

often aggregating noncovalently

with hyaluronic acid

n cartilage, bind collagen

and hold fibers in a tight, strong
etwork
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ERATAN SULFATES (KS) I and I

Disaccharide unit:
N-acetylglucosamine and
galactose (no uronic acid);
variable sulfate content may
be present on C 6 of either
sugar

Most heterogeneous GAGs
because they contain
additional monosaccharides
such as L-fucose, N-acetyl-
neuraminic acid, and
mannose

KS | found in corpeas; KS Il
found in loose connective

tissue proteoglycan_aggregates
with chondroitin sulfate

HYALURONIC ACID
(HYALURONATE)

Disaccharide unit:
N-acetylglucosamine and
glucuronic acid

Different from other GAGs:

unsulfated, not covalently

attached to protein, and only

GAG not limited to animal

tissue, but also found in X.

bacteria plant

Serves as a lubricant and shock
absorber
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Found in synovial fluid of joints,
vitreous humor of the eye, the ]

umbilical cord, loose connective
tissue, and cartilage
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DERMATAN SULFATE

¢ Disaccharide unit:
N-acetylgalactosamine and
L-iduronic acid (with variable
mounts of glucuronic acid)

¢ Found in gkin, blood vessels,
_and heart valves ™

AG I o _upgl) 436
[ HEPA@—?LLD L v ald) Jals

e Disaccharide unit: \w .
} (VL@) ceo

Glucosamine and glucuronic
Ttcacelulare— 1L U

or iduronic acid; most
glucosamine residues are
bound in sulfamide linkages;
sulfate also found on C 3

or C 6 of glucosamine and

C 2 of uronic acid (an average
of 2.5(S) per disaccharide
unit)

* a-Linkage joins the sugars

* Unlike other GAGs that are
extracellular compounds,
heparin is an intracellular
component of mast cells that

line arteries, especially in
liver, lungs, and skin

* Serves as an anticoagulant
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HEPARAN SULFATE \./g/-p T
* Disaccharide unit: L\ e Fﬂ i

Same as heparin except
some glucosamines are
acetylated, and there are
fewer sulfate groups

lLip .. G)s

hi Extracellular GAG found i in

basement membrane and as a

ubiquitous component
of
surfaces 58
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/V Synthesis of Glycosaminoglycans
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» GAGs are synthesized in the endoplasmic reticulum and the GolgiﬁL>

» The polysaccharide chains are elongated by the sequential addition
of alternating acidic and amino sugars, donated by their UDP- J

| -ciuc*”derivatives 2wy N activatio|sw o | R PRas
N T -

[sowmer ) Zation
> -\'he last step in synthesis is sulfation of some of the amino sugars.
“The source of the sulfate is 3- phosphoadenosyl -5’-phosphosulfate.
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[/ Glucose Fructose PGlucosamine Glucosamlne UDP
| 6-phosphate ) &phosphate

b-clul

phosphate GLUCOSAMINE

6)}phosphate
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| ate -1 Q8™ ¢ Ay Glycosaminoglycans
| Glucose a"&g}‘:ﬂ s 2 \A,CEM’I'\WL =
sialic acid, e s
@ gangliosides, “—— '\ 4 ACETYLGLUCOSAMINE
glycoproteins \ Glycosaminoglycans,
UDP-N- ~ glycoproteins

ACETYLGALACTOSAMINE
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Extraceflularly

> Glycosamlnoglycans are degraded by lysosomal hydrolases They are
first broken down to oligosaccharides, which are degraded
sequentially from the non-reducing end of each chain

» A deficiency of one of

e hydro Iases results inaj mucopoly
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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 iHunterq \d r
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syndromes
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Glycoproteins

> Glycoprotelns are protelns to\ WhICh ollgosaccharldes are covalently
attach ed PPN

> They dn‘fer from the| proTeeegcans In that the| Ienqth of the)
‘glycoprotein’s carbohydrate chain is relatively short (usuaIIy two
‘to ten sugar reS|dues Iong aIthough they can be longer) |

» The carbohydrates of glycoproteins \do not have serlal repeatst as
do glycosamlnoglycans




Function of (gly\eeproteins

» Membrane-bound glycoproteins participate in a broad range of
cellular phenomena mcludmg

» Cell surface recognition (by otherﬁeells,hqrmones, (virqees)
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. > /,Qell ,s;/furfaﬁee a*n;’gi_‘genicity (such as the blood group antigegs)

>Ascomponents of the extracellular matrix and of the mucins of
the gastrointestinal and urogenital tracts, where they act as
protectlve b|olog|c lubrlcants

» Almost all of the globular protelns present in human plasma are
glyCODI’Otelns ——
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» Glycoproteins are syntheS|zed In the endoplasmlc reticulum and the
Goilgi.

» The precursors of the carbohydrate components of glycoproteins are
sugar nucleotides.
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» O-linked glycoproteins are synthesized by the sequential transfer of

sugars from their nucleotide carriers to the protein
Qequamd\ cirts Lol w g ) gk

2 v
» N-linked glycoproteins contain varying amounts of mannose. They
are synthesized by the transfer of a pre-formed oligosaccharide from
its membrane I|p| carrier, dollchol to the protein
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» They also require dolichol| {an intermediate carrier of the growing
oligosaccharide chain.
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ROUGH ENDOPLASMIC RETICULUM (RER
| @ RER is series of Interconnected
membrane-bound sacs

| ® Ribosomes are bound 1o the cytosolic
side of the membrane.

are targeted to the
cell membrane,
the extracellular
environment, or

" @

( Glycoproteins that aro to be
secreted from the cell remain free in
the lumen, They are reloasod when the
vesicle fuses with cell membrane.
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Synthesis of N-linked glycoproteins.
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Protein synthesis begins
and the polypeptide chain is
extruded into the endo-
plasmuc reticulum (ER)

Ribosomes

& N
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Asn
Growing peptide . J ]
. NH;
N + = Asn |-0-C |
» Dolichol ' Jezbs ;
Jf’l Dz )5 '
S aeieie M A/J; NH, ey Protein Asn|-0-o0-of p-o |
) o gJ] The oligosaccharide is - = i
P-P-0-0-0,_p-0 transferred lrom_mm)?l to / |
. . ; an asparagine residue o NH, |
A branched oligosaccharide |_ Growing polyjeptide chain Trimming of the carbohydrate |
is synthesized bound to chain beglns as the protein \
dolichol pyrophosphate. moves through the ER.

ENDOPLASMIC RETICULUM Sf,cfrﬂ'o

Complex
glycoprotein

o-m-<
o-m-<

o-m

GOLGI APPARATUS

In the Golgl, —

trimming and/or addition of
monosaccharides occurs.

h-mannose
glycoprotein




Lysosomal @&gradation of glycoproteins
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glycopioteinspre=enzymes destined for the lysosomes results in‘dj

» Glycoproteins are degraded in lysosomes by acid hydrolases
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Protein N-linked \ ykosonSss 1.,
oligosaccharide Mannose 6-P

receptor

Receptor
recycled
LYSOSOME

TRANSPORT

® Caused by a deficiency of the ability VEICLE

to phosphorylate mannose.

® Characterized by skeletal
abnormalmes,




