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Glycosaminoglycans

Ailatiall pe Sl Clase (e dalla Dad Agadiag e e b Al gh Judla &
(Heteropolysaccharides): 3,85 jSu &l 5aa g (e WIS (13855 5:
aleisal S — aan S

> Are long, negatively charged, unbranched,
heteropolysaccharide chains generally composed of a
repeating disaccharide unit [acidiC sugar-amino sugar]n

> The amino sugar is either D-glucosamine or D-
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«= galactosamine in which the amino group is usually
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e . acetylated, thus eliminating its positive charge
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> The amino sugar may also be sulfated on carbon 4 or 6

or on a nonacetylated nitrogen. z+sieee
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> The acidic sugar is either D-glucuronic acid or its carbon-
5(epimer, L-iduronic acid. /——-\_,/ o
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Glycosamlnoglycans (GAG)
M«; dpo ) 2 e \sm@f”"ﬁ ,

These compounds bind Iarge amounts of water, thereby producing
the“gel-like matrix that forms the basis of the body’s ground
substance. oo s |3 s
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The viscous, Iubrlcatlng properties of mucous secretlons are also
caused by the presence of glycosamlnoglycans which led to the
original naming of these compounds as mucopolysaccharides.

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

:GAGSs ) ¢ Lo 15 ::
There are six major classes of glycosaminoglycans, including:
chondroitin 4- and 6-sulfates ..

dermatan sulfate -
Heparin -~

heparan sulfate----
hyaluronic acid.....
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All of the GAGs, 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
attached
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Proteoglycan aggregates (OSA8 5355 sl Cilaand)

> The proteoglycan monomers associate with a molecule of
hyaluronic acid to form proteoglycan aggregates.
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.proteoglycan monomer = yxigy + GAG blJ,l.
hyaluronic acid gc monomers go=x+
= proteoglycan aggregates
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CHONDROITIN 4- AND
&-SULFATES

* Disaccharide unit:
N-acetylgalactosamine with
sulate on either Cdor C6
and glucuronic acid

¢ Most sbundant GAGs in the body

ligaments, and aorta

* Form proteoglycan aggregates,
ofien aggregating noncovalently
with hyaluronic acid

* In cartilage, bind collagen
and hold fibers in a tight, strong
network

KERATAN SULFATES (KS) l and Il

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

such as L-fucose,
neuraminic acid, and
mannose

* KS1found in corneas; KS I
found in loose connective

tissue proteoglycan aggregates
with chondroitin sullate

HYALURONIC ACID
(HYALURONATE)
* Disaccharide unit:
N-acetylglucosamine and
glucuronic acid

* Different from other GAGs:
unsulated, not covalently
attached 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 joints,
vitreous humor of the eye, the

umbikical cord, loose connective,
tissue, and cartilage

* Found In cartilage, tendons, o0

055y UL GalNAC s

* Disaccharide unit:
N-acetylgalactosamine and
Liduronic acld (with variable
amounts of glucuronic acid)

* Found in skin, blood vessels,

Dermatan Sulfate
100 0S5 ) A B
«N-acetylgalactosamine
*L-iduronic acid
(Glucuronic acid o iie Sbas 4535 &4)
i e
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Gl ino and gl !
or Iduronlc acld; most
glucosamine residues are
bound In sultamide lnkages;
sultate also found on € 3
or C 6 of glucosamine and
C2ot acld (an average
of 2.5(5) per disaccharide
unit)
* g-Linkage joins the sugars
* Unlike other GAGs that are
'™ P "y '..‘1_ = ol eal:
of mast cells that

line arteries, especially in
liver, lungs, and skin

* Serves as an anticoagulant

Heparin TR
*Glucosamine
“Iduronic acid

(highly sulfated) &l GAGs ) Jisi e

(Anticoagulant) 53l s b slae S Janse
ypasl) cillal (3 iage

HEPARAN SULFATE

* Extracellular GAG found In
basement membrane and as a

ublquitous component of cell
surfaces

Heparan Sulfate -
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“Glucosamine
“Glucuronic acid
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Keratan Sulfates (KS I and KS IT) R
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6-SULFATES
o Disaccharide unit:
N-acetylgalactosamine with
® on either carbon (C)d4 or C
6 and glucuronic acid
* Most abundant GAG In the body
o Found in cartilage, tendons,
ligaments, and aorta
o Form proteoglycan aggregates,
through noncovalent association
with hyaluronic acid

¢ In cartilage, bind collagen

and hold fibers in a tight, strong
network

KERATAN SULFATES (KS) land Il 1 ‘

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

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

® KS|found in corneas; KS Il
found in loose connective
tissue proteoglycan aggregates
with chondroitin sulfate
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GIcUA: glucouronic acid
GalNAc: N-acetyl galactosamine
GlcNAc: N-acetyl glucosamine
Gal: galactose

GlcN: glucosamine

HYALURONIC ACID

¢ Disaccharide unit:
N-acetylglucosamine and
glucuronic acid
* Different from other GAG:
not sulfated, not covalently
attached to protein, and
not limited to animal tissue
but also found in bacteria

® Serves as a lubricant and shock
absorber

* Found in synovial fluid of joints,
vitreous humor of the eye, the
umbilical cord, loose ve
m. .ﬂd “ﬂ"‘” (B1,3%1) GICUA-B1,3-GIcNAC &
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DERMATAN SULFATE

* Disaccharide unit:
alactosamine and
L-iduronic acid (with variable
amounts of glucuronic acid)

® Found in skin, blood vessels,

- GICUA-a14-GIeN 4 o

© S sle NH (salibes) — Jitos ly 23 frang il
* S sle CH,0 (C-6 5+ GIcN)

* S ke C2 gyl paaall e
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and heart valves
GlcUA: glucouronic acid
GalNAc: N-acetyl galactosamine
GlIcNAc: N-acetyl glucosamine
Gal: galactose

GIcN: glucosamine

[ HEPARIN

® Disaccharide unit:
Glucosamine and glucuronic
or iduronic acid; most
glucosamine residues are
bound in sulfamide linkages;
sulfate also foundon C 3
or C 6 of glucosamine and
C 2 of uronic acid (an average
of 2.5 @ per disaccharide
unit)
® g-Linkage joins the sugars
® Unlike other GAG 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

HEPARAN SULFATE

® Extracellular GAG found in
basement membrane and as a
ubiquitous 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-
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3*-phosphoadenosyl-5*-phosphosulfate (PAPS)
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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.
i?;\f Glutamine Glutamate UTP

UDP-
GLUCOSAMINE

Glucosamine Glucosamine

Glucose
6-phosphate ey e -phosphate

3 Fructose
6-phosphate 6-phosphate

Aminotransferase
k ADP Acetyl-CoA i A JL
Vs B
ATP CoA Glycosaminoglycans
Glucose K \ : i
Sialic acid, _ CMP UDP-N-
gangliosides, <——— N ANI-\ ACETYLGLUCOSAMINE ——" :
glycoproteins _Glyc?s‘a:gnlp:tgeli)rl;ans,
UDP-N- glycop

ACETYLGALACTOSAMINE ~ |




PAP-S : 3’- phosphoadenosyl-5’-phosphosulfate




Mucopolysaccharidosis
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Glycosaminoglycans are degraded by lysosomal hydrolases. They
are first broken down to oligosaccharides, which are degraded
sequentially from the non-reducing end of each chain
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.(Mucopolysaccharidosis) 4hidal) 3 Sadl Glaie 13 Egan ) 5o lay 51 020 2] ali ¢
A deficiency of one of the hydrolases results in a mucopoly-
saccharidosis. ) i 50550 4 55 0 g

sia Ll e aS) 3 138 Gusse
alinl) gl b el pie
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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
2488 (el o2 ALiaf (ya
Hartrsyniromy Aot o5

Examples of these genetlc diseases include Hunter and Hurler
syndromes

Hurter syndrome
yyyyyyyyyyyyyyyyy
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Glycoproteins are proteins to which oligosaccharides are covalently
attached.

100 (b UL 45 g ) 08 i g 2 gAY Calidse
(Gl Jghi @58 By Ay S @lan g 10 (N 2 (o Bae) Lnead jpaad L 450 jd 50 81 Albualaad) J ghae

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)

The carbohydrates of glycoproteins do not have serial repeats as
do glycosaminoglycans. e ssmscms

(GAGS) S gisal 5 5880 (8 Jlall s Las Alualidia

1908 LM @
« Glycoprotein = short + irregular sugars

« Proteoglycan = long + repeating GAGs
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Function of glycoproteins
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Membrane-bound glycoproteins participate in a broad range of
cellular phenomena, including:
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Cell surface recognition (by other cells, hormones, viruses)

Aa)) e Agadaioal) el GA)
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Cell surface antigenicity (such as the blood group antigens) ™

As components of the extracellular matrix and of the mucins of
the gastrointestinal and urogenital tracts, where they actas -

GlisSaS Jande

protective biologic lubricants. TR
A sl s adagl Sl B iz alle
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Almost all of the globular proteins present in human plasma are
glyCOpProteins. s aim i b s s s
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Synthesis of Glycoproteins
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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.
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O-linked glycoproteins are synthesized by the sequential transfer of
sugars from their nucleotide carriers to the protein

N-link = &gl jal) Cilis g 5 sS081)
.(Mannose) jsitall (sa b, faia il o g giatie
gl ) Dolichol s4aud (ALiE 83 Jala (o e 437380 il S Aleals JB3 (33 5 (6 Wgasiaal e
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

They also require dolichol, an intermediate carrier of the growing

oligosaccharide chain. e i e 25 o]
S3aladl Al Jii o Uis O-linked 5 N-linked o &1

sl g4 Asparagine (Asn):l] « N-linked:
Uigno 3ol Sl

Sasly dnbs i
AsnJ| -
dolichol zl

+ O-linked:
Basly Basly WLaD Skl -
SerfThr ) -
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specific order, without using a template as is required for DNA,
RNA, and protein synthesis (see Unit VI of this text), but rather by
recognizing the actual structure of the growing oligosaccharide as
the appropriate substrate.

N-link — A ) s s gt

815 Nk i i i e 0 SYNEhesis of the N-linked glycosides
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Dolichol s (43¢

Dolichol pyrophosphate : sl 4kidase
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“Mannose
“Glucose
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2Mannose
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The synthesis of N-linked glycosides also occurs in the lumen of the

ER and in the Golgi. However, these structures undergo additional

processing steps, and require the participation of a lipid (dolichol) and

its phosphorylated derivative, dolichol pyrophosphate (Figure 14.16).

58l gally Jassi yal) 3y LSl Jut8

1 Synthesis of dolichol-linked oligosaccharide: First, as with the O-
linked glycosides, protein is synthesized on the RER and enters
its lumen. The protein itself does not become glycosylated with
individual sugars at this stage of glycoprotein synthesis, but rather
a lipid-linked oligosaccharide is first constructed. This consists of
dolichol (an ER membrane lipid 80 to 100 carbons long) attached
through a pyrophosphate linkage to an oligosaccharide containing
N-acetylglucosamine, mannose, and glucose. The sugars to be
added to the dolichol by the membrane-bound glycosyitrans-
ferases are first N-acetylglucosamine, followed by mannose and
glucose (see Figure 14.16). The oligosaccharide is transferred
from the dolichol to an asparagine side group of the protein by a
protein-oligosaccharide transferase present in the endoplasmic
reticulum.

2. Final processing of N-linked oligosaccharides: After incorpora-

tion into the protein, the N-linked oligosaccharide is processed by
the removal of specific mannosyl and glucosyl residues as the

N-link ¢ Sl 334l B0 Al Al
10 ) Sl G g sy

ks

® RER is series of interconnected
membrane-bound sacs.

® Ribosomes are bound to the cytosolic
side of the membrane.

Vesicles bud off
from the Golgi
and their contents.
are targeted to the
cell membrane,
the extracellular
environment, or
the lysosomes.

Q
Secretory
vesicle

GOLGI
APPARATUS

Gih 0P il pie
30l e Basma il g A e

Lysosome o,

Secretory ¥ -
vesicle

Protein

1) s (0 L 5 55,080
Jals e A8 Al g A
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Glycoproteins that are to be

secreted from the cell remain free in
the lumen. They are released when the
vesicle fuses with cell membrane.
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INTRACELLULAR SPACE

UL A
EXTRACELLULAR SPACE

T ———
Carbohydrate

Carbohydrate

Secretory
vesicle

Cell

NI

Glycoprotens that are to
become components of the
cell membrane are integrated
into the membrane of the
secretory vesicles that bud
from the Golgi and fuse with
the cell membrane.
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Synthesis of N-linked glycoproteins.

Ribosomes

Ve N

5-end —

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

plasmic reticulum (ER).

=

Growing peptide
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The oligosaccharide is o,
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Dolichol pyrophosphate.

A branched oligosaccharide
is synthesized bound to

growing polypeptide chain.

Trimming of the carbohydrate
chain begins as the protein

dolichol pyrophosphate. moves through the ER.

ENDOPLASMIC RETICULUM

GOLGI APPARATUS

In the Golgi, further
trimming and/or addition of |
i monosaccharides occurs.

High-mannos}
glycoprotein

Complex
glycoprotein
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Synthesis of N-linked glycoproteins \L
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endoplasmic reticulum (ER)

protein synthesis starts in ER dgbs Joi
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Lysosomal degradation of glycoproteins
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A deficiency in the phosphorylation of mannose residues in N-
Iig%ked glycoprotein pre-enzymes destined for the lysosomes results

- 80”‘

in1-cell disease /.«
DAY 095 el 233D < WGP whL o g i Sy el 412 5 1550 () S
r‘g (Acid hydrolases) dxaes Allas Clay 3

v\\)

Glycoproteins are degraded in lysosomes tA;y 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 i gt Sk s i
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CYTOSOL

Phosphorylated
mannose

CIS GOLGI

N-linked

oligosaccharide TRANS GOLGI

Mannose 6-P

Prelysosomal
enzyme

LYSOSOME

( I-CELL DISEASE

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

TRANSPORT
VESICLE

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

@ Death usually occurs by age
eight years.
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- skeletal abnormalities
- restricted joint movement
- coarse facial features
- severe psychomotor impairment
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