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* 1- Homogeneous polysaccharides:
give single type of sugar

on hydrolysis
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* 2-Heterogeneous polysaccharides:
..... different type of

sugars associated with other substances.
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Heteropolysaccharides
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/,: They are polysaccharides formed of
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¢ They include the: aylmucus J! ddn Y
1. Glycosaminoglycans (formerly

e e called the mucopolysaccharides)
(TR o S Az o 2. Glycoproteins (proteins +
i A RN sy S : : -
O Sk il ">, ., .—oligosaccharide chains).
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Glycosaminoglycans (GAGs)
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* They are unbranched, long chain +Viscous
(usually> 50 sugar units)
heteropolysaccharides composed of a
repeating disaccharide unit, usually

made up of:
1. Amino sugar
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2. Uronic acid (sugar acid).
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* A single exception is keratan sulfate, which
contains galactose rather than an acidic sugar.
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Acidic sugar
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N-Acetylated
amino sugar
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Amino sugars (e.g. hexosamines)

amino group < 2C le OH JI replace saic Lo jsSslall 55 gule S

* The hydroxyl group attached to

: . CH,OH
carbon number 2 is replaced by CH,OH
: HO
an amino group (NH2). H JEENC, H
. . /]
 Amino sugars are constituents S
of glycoproteins, glycolipids & -
° & - IS - Y l_] SRS
glycosaminoglycan:=' - == grr;“f;o
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* Examples: glucosamine, Glucosamine Galactosamine

galactosamine & mannosamine.



Sugar acids
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* They are obtained by oxidation of carboxylic group JI Jeas ;Liaet olig Sila
monosaccharides.

* Only the aldehyde carbon (C1) and the O
terminal hydroxyl group at carbon 6 of ‘ |
aldosugars can be oxidized to form

carboxylic group. /C\
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Sugar acids
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& ki glucose amin ;<o amino sugars J!

G chosa m | nogl_yca ns (GAGS) glycocidic linkage agiliy 4/, glucronic acid

* The:aminogroup of the amino sugar (D-glucosamine or-D
galactosamine) is usually-acetylated or sulfateq, eliminating its

.
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positive charge and giving it a negative chargej

acetly group or sulfat group Lelavas Sas oiue¥! Sl a5 @amino group J!
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)j\ g attract water wlaz, <
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* The amino sugar may also be sulfated on C-4.or C-=6, giving it extra
negative charges. AC+6C (de Juas Sas




Deacetylase

OH + H20
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N-acetyl- D-glucosamlne D-glucosamine acetate

Acetyl group




Glycosaminoglycans
(GAGs)

* The uronic acid (D-glucuronic acid
or L-iduronic acid) may be

sulfated. sulfat aglénai, bas <ol
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* L-iduronic acid: the 5 epimer of D-
glucuronic acid.
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Six classes of GAGs are present in our body, namely:
1.

2.
3.
A

U
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Glycosaminoglycans (GAGs)  “oooiuyei oy
(keratan sulfated! <! s2Il uronic acid
L=

X functionsd! s

sulfate group le sins Lo oIl wangll
Hyaluronic acid (the only GAG that does not contain Sulfate)

Chondroitin sulfate
Dermatan sulfate

Keratan sulfate (the only GAG that does not contain uronic acid
and instead has galactose)

Heparin
Heparan sulfate



1. Hyaluronic acid

It is formed of repeating units of N-acetylglucosamine & B-glucuronic
acid.
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D-glucuronic acid N-acetylglucosamine
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 The only GAG that does not contain sulfate.




HYALURONIC ACID
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: GAGs <4
Long chain ...big molecule
Mucus ... viscuos
lubricate <Loa¥ | as.
Negatively charged ... attract water
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Function of hyaluronic acid

* It is present in synovial fluid. So, it acts as a lubricant & facilitates the

joint movement.
[ . ~l| I ~

* It makes cartilage compressible. el 1igd 5yl 3, LA0 ) e
* It makes extracellular@?trix loose because of its ability to attract water. <’
* It permits cell migration during wound repair. Coall Olal
* It permits cell migration during morphogenesis, i.e differentiation of
cells in the form of organs tissues in the early embryo.

It is produced in increased amounts by tumor cells. This facilitates
migration of these cells through the extracellular matrix spread of the
tumor.
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extracellular matrix
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Hyaluronic acid

LS 49 hyaluronic acid J1 e s 33!
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Hyaluronidase enzyme secreted by certain bacteria causes
=+ destruction of hyaluronic acid, helps spread of infection, so it is
called spreading factor.

3%
Also, this enzyme is present in acrosomal cap of sperms, invades the

tissues of the ova causing destruction of hyaluronic acid (zona

pellucida around the ovum) & helps its fertilization by the sperms.
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2. Chondroitin sulfate
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The repeating disaccharide unit is N-acetyl
galactosamine sulfate & glucuronic acid.

- COOH l

. . . Uu-” ‘l-‘-‘,)s 0 N-acatyl{l-galaciosamne-4-sullate
It is found in cartilage, bone, cornea & other St 0 CH,OH
connective tissues. <IN HO.
* The most abundant of the GAG. H o

. .. . (gssone 9oy

* The high content of chondroitin sulfate in HN\I(CHa

cartilage contributes to its compressibility, and I

its amount in cartilage diminishesmwithsage which ~ CRIonGOmT S =

may be related to the development of
osteoarthritis.

Uaa & joints JI JISEa T g
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3. Dermatansulfate
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* It is the major GAG in arterial smooth muscles.

* It is also present in skin, heart valves, cornea & sclera.

H OH NH-20-CH5 |

L-iduronic acid N-Acetyligalactosamine
4-sulfate

Dermatan sulfate




4. Keratan sulfate

* |t does not contain any uronic acid (D-galactose + N-acetyl D-

glucosamine-6-sulfate)
* There are two types of keratan sulfate Gl Lol
1. Keratan sulfate I: found in cornea (to make it transparent)

2. Keratan sulfate Il: found in cartilage and increases in cartilage with

dge.
CH>OH CH>OSOsH olia¥lh gla Jlsw
Ho 1. = 125+ chondroitin sulfate Ji s 54
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H OH H NHCOCH-

D-galactose N-acetylD-glucosamine-6-sulfate



5. Heparin
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It is formed of sulfated glucosamine & sulfated glucuronic acid or

sulfated L-iduronic acid

CH,080;
0 0
COO0
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OH OH 0
0S80, NHSO,

L-lduronic acid D-glucosamine
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e It differs from other GAGs in that it is mostly found in cells (granules
of mast cells and basophils) rather than in connective tissue matrix.

* Its concentration in blood is very low.

Jb ssase G 1 05Ss GAGS JI (8L 85 Ll 5
cell JL ssase 550 connective tissue
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Heparin
“ ¢ Jars o5 @ntithrombin JI 45,25 I
Slalasll sliie ¢ Jors o5 thrombin Jls

1. Itis an anticdagulant by:

~* Activation of antithrombin Il

Antithrombin (a small protein molecule that inactivates several enzymes of the
coagulation system) which inactivates thrombin (serine protease that converts
soluble fibrinogen into insoluble strands of fibrin)
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activation ofislaladl aias aaese g0 o daass gag olaladl aia

coagulation JI dals olea 3y inactivation Jeas (19, < antithrombin
(pall balagy 550l sa9) System

J fibrinogen Js=~ ¢, syl oa € thrombin JI & _ulae thrombin JI as ga
( peaic ixS)fibrin
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* Binding and inactivating factors IX & Xl

2. It releases lipoprotein lipase attached to the luminal surface of endothelial cells
in capillaries & activates it. D

w Lipoprote%é lipase digests plasma lipids leading to clearing of plasma, so heparin
& lipoprotein lipase are called clearing factors.
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lipoprotein
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6. Heparan sulfate

It differs from heparin in the

e Contains more glucuronic acid
* Contains less sulphated glucosamine

It is present in the form of a proteoglycan on the surface of many cells with
the core protein forming an integral protein of the plasma membrane of the

cells.




It is related to cell-cell interaction as well as attachment of the cell to the
surrounding medium.

In vascular endothelium heparan sulfate binds the enzyme lipoprotein
ipase on the outer surface of the cell membrane facing the blood.
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Heparan sulfate

. Some tumor cells have less heparan sulfate
on their surface, which may explain the lack of
adhesiveness of these cells to the surrounding
medium and their ability to metastasize.==



Proteoglycans and glycoproteins

* With the exception of hyaluronic acid,
all GAGs contain a sulfate and are
covalently linked to a core protein,
forming a proteoglycan monomer The
protein forms only about 5% of the
molecule.

* A glycoprotein is a conjugated protein
containing one or more oligosaccharide
chains, lacking a serial repeat units
covalently attached to its polypeptide
chain.
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Proteoglycans and glycoproteins

GlcNAc, N-acetylglucosamine
B GalNAc, N-acetylgalactosamine
© Mannose

@ Galactose

& Glucuronic acid

A\ Sialic acid

A Fucose

X Xylose

@ Amino acids

Glycoprotein and proteoglycan structure

A Glycoprotein B Proteoglycan

No repeating unit
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Proteoglycans

Mainly carbohydrates 85%
with 15 percent protein.

Composed of REPEATING
units —
heteropolysaccharide

Carbohydrates are linear
with more than 50 sugar
units

Glycoproteins

Mainly protein with
minimal carbohydrates

Composed of varying
monosaccharide units.

Carbohydrates are
branched with 3-10 sugar
units.
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