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Classification and Nomenclature

Carbohydrates

Oligosaccharide J Polysaccharide

Functional N‘:g:i;“ ‘ Tri- Tetra-
group R saccharide saccharide | saccharide
- -~ -
Aldoses Trioses Maltose Raffinose  Stachyose
e.g Glucose
Tetroses Lactose
Ketoses Pentoses Sucrose
e.g Fructose ‘
Hexoses

Heptoses

i

-

Homopoly- Hetropoly-
saccharide saccharide
Hyaluronic
Starch acid J
Dextrin Heparin
Chondroitin
Sheogen sulfate
Dermatan
Cellulose Sulfate
il Keratan
Sulfate




* Polysaccharides are classified chemically &
functionally as follows:

* 1- Homogeneous polysaccharides: These are
polysaccharides which give single type of sugar
on hydrolysis as D-glucose units or D- fructose

units. QQJSJ\QAJA\)@}@@U“STLA

* 2-Heterogeneous polysaccharides: These are
polysaccharides which have different type of
sugars associated with other substances. e.g. D-
Glucosamine, D-glucuronic  acid,  N-acetyl

neuraminic acid. etc. iy Sl e g1l Bae isdany o S Ll




Heteropolysaccharides

* They are polysaccharides formed of more than
one type of simple sugar units.
* They include:

'{]

» “glycosaminoglycans”, formerly called the
mucopolysaccharides

* Glycoproteins (proteins+ oligosaccharide
chains) b s Gl Lo i
glycosaminoglycansd! ¢_I carbohydrates sle s siss (e sl (5f Wil
(glycans=carbohydrates) S| &l juls o S A0S e Ll gia) e Jab Lgfheud (e

U yae Lo dliad S jo o (5 ging ailie s gladaYU oan o e
L._\\j.aj\}@_&.glycansckﬁ.qésngﬁagmx\a@_'m:\;\jwum
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NH
Glycosaminoglycans (GAGs)
O o, ale JSG il jals g S carbohydrates
galactose/glucose L AL

 Unbranched, long chain (usually > 50 sugar

units) heteropolysaccharides
\\> o S| W simple sugarsd) (s ¢ 55 e SS) Sudany #

e Composed of a repeating disaccharide unit,

usually made up of an amino sugar and a
uronic acid. Llle § (amy uin 3 Sa disaccharides oe 3 _lke®

A

S E
amino sugar uronic acid




1-Amino sugars (e.g. hexosamines):

The hydroxyl group attached to carbon number 2
is replaced by an amino group (NH2)

Amino sugars are constituents of glycoproteins,
glycolipids & glycosaminoglycan.

Examples: glucosamine, galactosamine &
mannosamine.



D <la lic Cs;é%cw + alpha <ha (lic o oSe €6 s OHJ!

24 (OH «

NH, H | H

a,D-Glucosamine a, D-Galactosamine a, D-Mannosamine

Chondrosamine in chondritin In glycoproteins

Hyaluronic acid, heparin

Some antibiotics e.g. erythromycin
contain amino sugars

6 CH, OH 6 CH, OH
O, (0]
H /15 3 H /15

H H i
4 1 4 1

OH H OH H
OH OH OH OH

3 2 3 2
H NH, H NH-CO-CH,

2-amino-D-glucose N-acetyl-glucosamine
or glucosamine or GluNac




4-Sugar acids

* They are obtained by oxidation of
monosaccharides.

* Only the aldehyde carbon (Cl1l) and the
terminal hydroxyl group at carbon 6 of
aldosugars can be oxidized to form carboxylic

group.
O

C

O H
Carboxyl group




O H O g y23 223 CH

O /5 \ Ia-ie oxidhtionJ!
/ \C/ H—C—OH
H HO (I: H
| —d—on c
wemime RGO = 7 SO
oxidationJ! CHOH

Aldaric: oxidation in both
Aldonic acid: oxidation in Uronic acid: oxidation in groups (e.g. glucaric)

aldehyde group primary group C6
<> S oo

CH20H

CDF <o

Glucon.ic ac.id Glucuronic acid Glucaric acid
(aldonic acid) (uronic acid) (Saccharic acid)




CBLAY) ) Ly ,C5de OHJ) adise oo (3 Al G Labad S Sl (ads (Sl
C5 * epimeric CJ's ,epimers | sz (8 33a 5 C Ao agin

HCO O%C/H
=0 HC—OH
HO—C—H HO—CH
H—C—OH HC—OH
CH—c—on>  CHO—CH >
COOH O¢C\ oH
D-Glucuronic acid L-iduronic acid

¢ L-iduronic acid: the 5 epimer of D-glucuronic acid



* The amino group of the amino sugar (D-
glucosamine or D- galactosamine) is usually
Jacetylated or sulfated, eliminating its positive

charge and giving\it a negative charge. ],

v unbound electrons ags 43Y
Addition of SO3

* The amino sugar may also be sulfated on C-4

) . : : QLS (Saa g
or C-6, giving it extra negative charges. €2 e il

Addition of CO-CH3

6 CH, OH

Acetylation is a reaction that introduces an acetyl

functional group (acetoxy group, CH3CO) into an
organic chemical compound

S pall pailiad 4 ity g dege sla negative charged™




e The uronic acid (D-glucuronic acid or L-
iduronic acid) may be sulfated.

* Only in one GAG, the keratan sulfate, there is
no uronic acid but there is galactose instead.

s L-iduronic acid: the 5 epimer of D-glucuronic acid
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GAGs general properties

Attracts water
* Negatively charged, so attract positive ions,

form hydrogen bonds with water = hydrated
gel:

* Provides mechanical supportin ECM

e Acts as lubricant

* |s compressible: when compressed, water is squeezed
out 2 shockabsorption  Laall 28 _gé Ll sa clall dal 8 Cru s

\ ,CJ:u.u;Y\ O KAy Jalsy e el L";l\ salall e sl ansl lubricantd!
lubricant ¢S 4a 5 3l 53 )38l saie jla slall Gl ol GAG) @3>
jointsd) sy (shliay aal 58 (Sea clia (Lie
leazs (o )l Lal o i Bl dallis gt Wil oo da 3 () 655 Ledl ae b )
(ALED 5 Gy e ()i
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* Six classes of GAGs are present in our body,
namely:

a. Hyaluronic acid > sulfate free GAGs

SO3 4 Le A sl Al LS ale 5 aga (ala & g gl
o il 5 ) s
Sulphate containing GAGS LS s (e aaly (sf iy 4l (55 Al
- iny Le Sie) 1€ iy e
a. Chondroitin sulfate A ) S g le
(keratan sulfated! <! 521 uronic acid
b. Dermatan sulfate 1! functionsd) s&
c. Keratan sulfate (only GAG with no uronic acid)
d. Heparin
e. Heparan sulfate




a. Hyaluronic acid:

* Formed of repeating units of N-acetyl
glucosamine & B-glucuronic acid

Hyaluronic acid

Gucuromca 3 N-acetyl glucosamine

B-13- Gl}COSldlc bond The linkage between them

. ent in cartilage, connective tissue, -
Found in . .
foints , vitreous humor of the eye, embryonic

tissue & in the Jzona pellucida around the ovum
L@—‘ANJ uﬂ\éiﬁﬂ‘@u\ Ly c}u@mw\&w\jﬁd\w\oj\_\m\u&

Ll (o8 Ll ey o) @88 el 0 se g (pial) L8 353 sa 5 wound healingd) & 50 Al ()5S
traumad\mJ‘M 4_\3;_\4“ .Mssqkjjcd;\ﬁw,\bé\mﬁw,ojw\w&

cancerd) DLl & aclud (San ) ol ol (e ol
* The only GAG that does not contain sulfate.




(Ledala i) LA G 2 sa e 0550 Taal g (s L pmead) Critend) 430 U8 (e & SS
$48 iy (ol G L ADIA (e s a3 il Cshon 23] (gl LA daiae 45 S L
e Jemy A s Hyaluronidase enzyme 4wl a3 il (Je (s siny () K5 2 7Y 48 iy (lie
LAl Jaa WG s Hyaluronic acidd) aast jéas -

, LS ) i) (ansy 48 s (Sas oY) ala
by A 58 5 spermsd) Gl 4ua s 25 sa
L lax Hse s ovumd! Jsaall e 5 sl

(b) 3

hyaluronic acidd! g=aibai S lah
negatived L 4323 functionsd) s

lekesy A charge
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de sana (s OS5 hyaluronic acidd) 94 3L Hyaluronidase enzymed) Jaids —asS
IS O dadl 5ol s e Jamy A 3YE | Ll 5 Lein suas disaccharidesd! (s
(4~ disaccharided) 4k ) oS5 W) axia )5 disaccharide

Hyaluronidase disaccharide dlal ala

lucuronic acid

COOH

yl-0-Glucosamine

S pen I adadl I sla
. . ‘d\éj . u . . ] = = °
disaccharide S e >Hya|uromc Acid 2 1Y) W S,



glucosamine J\S hyaluronic aciddJu**

b. Chondroitin sulfate: 'f\
 The repeating disaccharide unit is N- acetyl galactosamine sulfate
& glucuronic acid.

C6 5! C4 A= UsS sulphated)

N-acetyl-
galactosamine

B-13- Glycozidic bond
- . |

It is found in cartilage, bone, cornea & other connective tissues
L; s a8l 2m cartilaged) 8 252 5« GAG US| s chondroitind!
<)Ll Hyaluronicd) 8 As <l sall oa chondroitines cartilaged! (& 2 st SY1 1"
The high content of chondroitin sulfate in cartilage contributes to its

compressibility and its amount in cartilage diminishes with age
which may be related to the development of osteoarthritis.

SI A alaall Aalid o5 e a5 J8 # ) chondroitind! 2 jeally 238l xs




C.Dermatan sulfate: Ol el Clad 8 o0 Caaly 48] iy (s

It is the major GAG in arterial smooth muscles and may play a role
in the development of atherosclerosis. It is also present in skin ,
heart valves, cornea & sclera.

iduronic (e oS [ i
(C5 epimer) <&
U A g xa
glucuronicd!

" 4
N [E] N-acetyl-
| galactosamine

B-13- Clycosidic bond

* With some glucuronic acid

Dermatan sulphate (DS)
D.Keratan sulfate:

It does not contain any uronic acid (D-galactose + N-acetyl-D
glucosamine-6-sulfate)
leliay aal gl il LS 10 5 5l 4 el s sl sla lidany J) o o2 (Sae*
amino group/acetyl group/S0O3 on C6 e Al S jalle ) sty i) s
There are two types of keratan sulfate:
keratan sulfate I: found in cornea (play a role in making it transparent)
**linked with (asparagine) - cartilagedh GAG 3 Le jla cla*

keratan sulfate Il: found in cartilage: chondroitin/Hyaluronic/keratan

Forms complexes with chondroitin sulfate and HA
**linked with (serine)



E. Heparin:

g_\\_da.a..al\uja\_é)m‘_,,ﬂ\uﬁ ULMUY‘HA@LFR_\.\LJ&.MJPJA

L_a\_m\j.\;j\ e u.u.ul\

o\;.x.m\eua_u;a_m\_v\jaﬂ\ua‘\abw\cumjd‘ﬁ\}

1 It is formed of sulfated glucosamine & sulfated
glucuronic acid or sulfated L-iduronic acid

(little GIcUA

residues).

(coagulation/clotting)

-

0

residues
CH,080;

0
COO
OH

0

080y

OH

and many

0

0

NHSO;
L-Iduronic acid D-glucosamine

—

IdUA

dsa sa Liduronicd!

heparmd\ G ylie | u-tSl\

tetrasaccharidesd! (»
(e 9 (gae la 43Y
(disaccharidesd! ¢

141t differs from other GAGs in that it is mostly
found in cells (granules of mast cells and
basophils) rather than in connective tissue

matrix.

(B Lea LA saal ¢8) LIAN JAls aal &5 A GAG) G 2 4l
las Jul8 aall 86 3S 55 Mast cellsdb 25 50 ()5S

14 Its concentration in blood is very low.



It is anticoagulant by:

~ activation of antithrombin Il

'« Antithrombin (AT) is 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), 9 11
- Binding and inactivating factors IX & XI.

It releases lipoprotein lipase “attached to the luminal
surface of endothelial cells in capillaries “ & activates it.
lipoprotein lipase digests plasma lipids leading to
clearing of plasma, so heparin & lipoprotein
lipase are called clearing factors.

lipidsd) =S W 590 A lipoprotein lipased) activate<
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F. Heparan sulfate:

4 It differs from heparin in the amount of uronic acid and the
sulphate attached to glucosamine:

It contains more glucuronic acid
It 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

L It is related to cell-cell interaction as well as attachment of
the cell to the surrounding medium (cancer metastases)

 In the capillaries, its negative charge helps reduce
permeability to negative changed plasma proteins
plasmad) gie e Jany (aled negatively charged U« plasma proteinsd) 43 L
agin L yuay allai oadi le JS SY | capillaryd) o« ol proteins



(dSome 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
Jlasry 52 CRan 48 atill (o | Lgazy LOAT) Ll ) Lsﬁ ga Al heparand\ L
S b sty Rl s LA (0 Y (w5 JSE ity 5 LAY 52 3



| ' e A\
= \‘\l—?:(\ ['aN

i VY
i Q“’*lﬁa}%}m——-&w
‘s\uc.u.(b\'\kk (‘\(::-X _9,5\53 ‘L__>3~\\N.sa @\§W§§®‘5
N s — S Nn® 3§ I AR
el SOV ‘V\g ‘\'-"\V\ \ GQC’J') 5\ )g'\- —\xaé\.\\
A Y & . =N '\‘_;\_’ .' - - S)\) \)§“
Q(ls . ?\Q
‘("35 s - £
g"ﬁ Y
Co\\ (’n}\ . >&\_\ v Soals \‘ /\» C__\\o ans
e v o - ) “s‘:}‘*“ - 2 >3.r\
g : o) G
odtbodhmak S\ S \ ‘;“)wm -hGs \
\ ———

oW s T X m
e c:‘::ua 3 ?(QAQQ':-\\.)\('_A“

Meow sha VoS GiBs M A [ sod oy &
: \"3‘\“\“’“\L Ve

xXTXO

*k el N =
\Qa?'(s\'ﬂ.w\ \\?o.sq_ \ \ 555 .
\-\e DL oo 5\\‘ 3
e Vto‘CQ, N oD 2ol
\“Q e \533‘5®\3 A

v\ T‘&/\ \




%—\/Proteoglyca%and choproteinbfll

gu:tf < — > s s
S —— ? o e Boke oS
corf prgteln - :_:’a_-,a- §3§—- : ) o . conjugated protein
iy Xh | g | ) = L Jaala

JusDlas Ll s —= | 45O oligosaccharide

J === | M & chains
GAG —— — — .

J

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.

Proteoglycans Glycoproteins
Protein content Up to 5% More than 5%
Carbohydrate content 95 % 1-85% <
Type of GAGs Oligosaccharide chain:
Carbohydrate Present - No uronic acids
-No repeating disaccharide units

If carbohydrate content:
s than 10% —> Glycoprotein
)re than 10% > mucoprotein



Hetero-polysaccharides, e.g., glycosaminoglycans (GAGs) are complex molecules formed of
long chains of repeated units of two derived carbohydrate monomers attached to a protein

molecule to constitute protepglycan monomers. The monomers aggregate into complex forms

as shown below.

Glycosaminoglycan
(95%)

Core
Protein
(5%)

Proteoglycan
proteoglycan monomers L complex molecules JS& Je a5t GAG)

Proteoglycan monomer: is composed of a core protein attached to many linear chains of GAGs
(e.g., 100 chains in cartilage proteoglycan) by O-glycoside bonds between the amino-acid
serine on the protein and xylose. Each chain is made of up to 200 di-saccharide units,

extending from the core protein. More realistic depiction is presented on the next two slides.



GAG Chains

=
&
% " Core Protein
SASYINEAS
' Core Protein
Side view Top view

Proteoglycan Monomer (Bottle-brush Model)

GAG Chains are composed of [(sugar acid)-(acetylated £ sulphated amino-sugar)],




Proteoglycan Aggregate Taking a Three-Dimensional Orientation

U

SN _

X F= =
J\_ﬂ —_—~ F-/\" 2
N =X 7 geaia core protein e jua
N proteoglycans 3 4ile

RO

Link protein

_ %
NN s ===
Uronic acid Hexosamine
AN A ' :
N NG S
Proteoglycan —

monomers
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proteoglycand) e (3l dyaus
cartilaged) Jala 2 g sall Agg recan

Proteoglycan present in cartilage

Made of HA, chondroitin sulfate and keratan sulfafe
* GAGs repel each other due to negative charge

* Changes with age (associated with osteoarthritis):
 Amount of chondroitin sulfate is
« Amount of HA and keratin sulfate increases

Ll @ S3 L s 348y 91sa 5 HA/Keratind) o allae d8lia juay (oS (b
LS ARG g8 adlasi g chondroitind! s cartilaged) 2 GAGA! 4wuss el
saad) 238 e jreal juas Leaaa Lt monomersd) 4 allaal) ASlie] S L) (g
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B D fructofuranose

Fructose

HOCH, o CHOH

H
W}H (—’

'Alpha-D-fructofuranose

CH,0H

H p—
H OH

OH
Alpha-D-fructopyranose

H—C—0H
=0
OH—C—H
H—C—0H
H—C—OCH
H—C—O0H

HOCH, _o._ OH
H
<—g CH.OH
H
Beta-D-fructofuranose
O\ OH
— H
HO CH:OH

Beta-D-fructopyranose

o a-p-fructofuranose
HOH,C m?HzOH HOH,C 0 CH,0H
CH,0H HOC=0 _ o HO
HO~t—H OH OH
H——0H H, CH.OH
C-OH\ 7' 0 CH;0H
H=~OH \\\\ ;ON(I;:O — HO
CH,0n Ho =" (i Ho = 0i
p-fructose OH OH
(t-D-fructopyranose






