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Objectives

To understand:

1- The structure of carbohydrates of physiological
significance.

2- The main role of carbohydrates in providing and storing of
energy.

3- The structure and function of glycosaminoglycans.



OVERVIEW

Carbohydrates “hydrates of carbon”

* The most abundant organic molecules in nature.
* Provide important part of energy in diet.
 structural component of cell membranes.

« Act as the storage form of energy in the body.

* The empiric formula is (CH20)n .

Some carbohydrate metabolism disorders:

Diabetes mellitus: a chronic disease associated with abnormally high levels of the sugar glucose in the blood.
Galactosemia: condition in which the body cannot process or 'metabolise' the sugar galactose. Which means High

galactose level in the blood.

Glycogen storage disease: is the result of defects in the processing of glycogen synthesis or breakdown within

muscles, liver, and other cell types.

Lactose intolerance: is the inability of adults and children to digest lactose.



Classification

2 monosaccharide
Simple sugar
units
/" N

)

3-10 monosaccharide more than 10 sugar
units units

—/




Monosaccharide

| Further classified based on: |

No. of carbon atoms Functional sugar group

Aldehyde group Keto group
( ) ( )
Generic names Examples
3 carbons: trioses Glyceraldehyde
4 carbons: tetroses Erythrose Aldehyde group Keto group
5 carbons: pentoses Ribose
6 carbons: hexoses Glucose
7 carbons: heptoses Sedoheptulose o
9 carbons: nonoses Neuraminic acid H-C-OH
s (I3H20H
T Glyceraldehyde Dihydroxyacetone

Triose Glyceraldehyde (The smallest aldose) Dihydroxyacetone

Pentose Ribose Ribulose

Hexose Glucose Fructose Cay ety &Y e 1,8, *



s Isomers: Compounds having the same chemical formula but
different structural formula

Example : Glucose & Fructose are isomers

s Epimers: CHO the differ in configuration around only one
specific carbon atom

Example :

Glucose & Mannose (C2)  .ayabia) W 5 SN L3 Gl o a3y
Glucose & galactose (C4) ) )

*Epimers are isomers but with different in one location

Galactose and mannose are not epimers
because they differ in more than one carbon atom

CHO
HCOH
HOCH
HO-CH <——
HCOH
CH,OH

Galactose

C-4 epimers

'CHO

> H-'C-OH } 7

HO-'C-H

H-C-OH <«
H-C-OH
“CH,OH

Glucose

C-2 epimers

CHO
\_) HO-éH Isomers
HOCH
HCOH
HCOH
CH,OH

Mannose

CH,OH
35
Fructose HO-C-H
H-(.)-OH
H-C -OH
CH,OH




You don’t have to memorize the structures

Isomers cont.

»*Aldose-ketose Isomers.

* both have the same chemical formula but one is an aldose sugar
and the other is a ketose sugar

Example: Glucose & fructose

“*Enantiomers. Structures that are mirror images of each other, and
they are designated as D- and L- sugars based on the position of —OH
group on these conditions:

1- an asymmetric carbon group.

Glucose

Galactose i

Isomers

2- the farthest carbon from the carbonyl carbon.
Majority of sugars in humans are D-sugars
D: OH group on the Right. L: OH group on the Left

* EXTRA:

D- and L- sugars are MIRROR IMAGES of each other (OH group in each carbon
are on the opposite side of the enantiomer) but based on the position of -OH
group on the asymmetric carbon farthest from the carbonyl carbon

We can recognize whether itis D or L



CHO

Isomers cont. 1t

HO_30 —H  D-glucose

* o-and -Forms H—&—on (linear form)

|
H—C—OH
|

CH,OH
6

Cyclization of Monosaccharides
Monosaccharides with 5 or more carbon are predominantly
found in the ring form

- The aldehyde or ketone grp reacts A o ) o
with the —OH grp on the same sugar -glucose —glucose

- Cyclization creates an anomeric carbon (former carbonyl \CH20H
carbon) generating the a and 3 configurations ,C=0

D-fructose (linear) @D—fructofuranose

You don’t have to memorize the structures



Sugar Ilsomers

| . Same : formula
* Different : functional Group

e Same : formula

| e Different : configuration around a *single* carbon atom

"4+ Same : molecular formula
 Different : position of OH group on the *asymmetric carbon* farthest from carbonyl

group

Same : molecular formula

:‘ifeﬁ; Different : position of OH around anomeric carbon (a-Down) (B-up(

A 4




* |In solution, the cyclic a and 3 anomers of a sugar "
are in equilibrium with each other, and can be
interconverted spontaneously

Mutarotation

H
OH HO. ./

H H—C-0 ¢
| = P
H_?_OH H rlz OH H clz OH
HO—C—H HO-C—H Hz_i_:H
C—OH - . HEoH H_&_ .
t— o H—(|:—0H —¢
¢Hy-OH CH,-OH CH,OH
D-glucose
aD-glucose (straight chain BD-glucose

formula)
+1120 +52.5° +9°

Sl i g Lavie o<1y alal) JSEI 38 Ly Aahl) ASlla 8 Sl ; jlaialy *

B oYL Gty g Jissdly Ula) enaid il

0

HO. H I
‘C x?'" “\C'O_H'
HCOH HCOH HCOH
HOC H O*HOC H "’HOC HO

HCOH I-H"JOH H?OH

H- 9— H-?-OH H-(} —
H-(':-OH IH':-OH H-(.;-OH
H H H
f-0-Gluco-  0-Glucose  «-p-Gluco-
pyranose pyranose

f-0-Gluco-
pyranose

HOCH, HOCH,
H
H H
Moo o, yH N
HO OH H H HO OH H
H OH H OH
0-Glucose w=0-Gluco-
pyranose

gaasill ) gad

https://youtu.be/
CyvpoSRMp c

436 NOTES:

converting from beta to alpha
does not required any energy or
enzymes

*You don’t have to memorize structures


https://youtu.be/CyvpoSRMp_c
https://youtu.be/CyvpoSRMp_c

HOC‘.H

Disaccharides H/@@W

- Joining of 2 monosaccharides: by O-glycosidic bond . ¢ L
ucrose
/ (the main chain) ?érrf;irrzztt?noosxiizrs HOCH HOCHE
1-Maltose(a-1, 4)= glucose + glucose  :on & on
/ \ (I / \_r\OH
(Oigpowh (the branch) LaCtose |
2- Sucrose (a-1,2)= glucose + fructose
/ OH
3- Lactose (B-1,4)= glucose + galactose I

OH
Glucose Glucose

I\/Ialtose

Carbon 1 of Carbon 4 of
galactose glucose

HOH

Lactose: galactosyl-B(1—4)-glucose



Polysaccharides

[ Homopolysaccharides ]

Homo: same type of suger

|
| |

Branched Unbranched

\

y CH,OH
HO 2
HOH,C s o
~o
m Ho

HO /O Branched chain
CH,
o

HO

:

HO

HO

on O

(e} (o]
=50 OH
CH,0OH (b) Cellulose
o

(a) Starch

Example: Example:
Glycogen and starch Cellulose

(a-glycosidic polymer)  (B-glycosidicpolymer)

[ Heteropolysaccharides ]

Hetero: different type of suger

Example:
Glycos glycans (GAGS)




Reducing Sugars ...

* If the O on the anomeric C of a sugar is
not attached to any other structure (Free)
that sugar can act as a reducing agent

Maltose

Lactose

When it
happens?

Sucrose is non-reducing, Why?

agents like Benedict’s reagent or Fehling’s
solution to give a colored precipitate

where it
happens?

Sucrose is the combination of Glucose and
Fructose (each of them combine with
the other in the carbonyl group) and
therefore none of them have a free

* Urine is tested for the presence of aldehyde or ketone group. (the
reducing sugars using these colorimetric gncmenaesattacies)
tests

* Reducing sugars reduce chromogenic }




Complex Carbohydrates

« Carbohydrates attached to non-

carbohydrate structures by

° . , pp .
glyCOSldlC bonds (l- Or N-type)° : Prote; Glycoproteins; proteins that have some

sugar attached to it.

Attachment happens

at an Oxygen atom Attachment happens pi 8 Proteoglycans:carbohydrate having

at a Nitrogen atom v S some protein attached to it.

Glycolipids: lipids that have some sugar attached to it

Glycosidic Bond



Glycosidic Bonds

N-Glycosidic =

Sugar attach to —> NH2 group

O-Glycosidic =

Sugar attach to —> OH group

A Glycosidic Bond is a bond that joins a carbohydrate (sugar) molecule to another
molecule, which may or may not be a carbohydrate

-
oH *
Sugar As

Dehydration {
Y. B0 NN group Polypeptid
attach

hain
-
N — cnz%
N—Glycosldlc bond

< A

Sugar Serine

- Polypeptid:
Denyaraton Ha0) hain

H
o —cuz

-Gl cosidic bond




Glycosaminoglycans (GAGs) =

Former name:Mucopolysaccharides

mar
Sulfate groups
are large complexes of negatively associated with a small amount of bind with large amounts of water,

charged heteropolysaccharide chains protein. producing the gel- like matrix that
forms body's ground substance

.

\ﬂ? Ground substances are the non-fibrous portion of our

linear polymers of repeating proteoglycans= s perohpoh o ueorrinh ey
disaccharide units  Gags are acids 95% carbohydrate

s . 5% protei
Formula:[acidic sugar-amino sugar]n protem

Usually sutfates ¢
D-glucuronic acid or D-glucosamine or Examples of GAGs:
L-iduronic acid D-galactosamine - N/

N-Acetylated Chondroitin sulfates Keratan sulfates
Acidic sugar amino sugar Most abundant GAG Most heterogeneous GAGS

-~ -

\ \.
- COOH CH,OH . NG
Hyaluronic acid Heparin

on Compared to other GAGs, it is unsulfated and is intracellular “unlike other GAGs" and

HO not covalently attached to protein serves as an anticoagulant (prevents clots)

NH o J

w{ c=0
group | CH, which led to the original naming of
They have viscous; lubricating properties ; they cause the these compounds as

properties of mucous secretion mucopolysaccharides




~

N\ »Extralnfo:

Sulfate and carboxyl “proton donator” groups tend to be negatively charged at
physiological pH. Thereby having a net negative charged for GAGs.

o
N

A Covalent bond is a bond that involves the sharing of electrons between two atoms,
can be either polar or non-polar depending on the difference in electronegativity.

An anti-coagulant, is a chemical agent that prevents blood from clotting, it is useful to
prevent a blood vessel blockage by a clot which leads to depriving cells of nutrients. So
it helps in establishing the flow of the blood and nutrients.




Resilience «...of GAGs

2. cavity
b Ay Arviculr
Burso —— : : : cartlage

Chain iS extended: jont capate

with synoval
They repel each other. slippery consistency of g

+ Mucous [, =+ secretions | “"*"
and synovial fluid

Epiptyyseal
bone

Enthesis

Chain brought together:
Slip past each other

&

VITREOUS
HUMOUR

vitreous humor:

N
f GAGs is compressed:

GAGs forced to occupy a
smaller volume

. /Contriutes resilience of synovial fluid
s A\ and the vitreous humor of
compression is released the eye
the GAGs spring back to their

original, hydrated volume
because of the repulsion of their
LIKe a sponge negative charges




» Extra Info:

Since GAGs are atoms comprising larger molecules, they are bound by
electromagnetic forces that force them to repel since they possess the same negative
charge.

The principal function of synovial fluid is to prevent friction between the articular
cartilage, as a result, it allows for smooth movement to occur more easily. It is
considered a Transcellular Fluid.




Monosaccharides
Can be classified according to:

]
NO.Of C atoms Functional gr.
[

Aldoses Ketoses

Glyceraldehyde «—Trios —  Dihydroxyaceto
"3C"
Ribose <« Pentos Ribulose
"5C"
glucose _ Hexos fructose

"6C"

Disaccharide

\

"2 Mono units" |
Bond: O-glycosidic Homopolysaccharide

*Sucrose= glucose+fructose
* Maltose= glucose+glucose

*Lactose= glucose+galactose

*consists of repeated disaccharide units

N

Amino sugar (sulfated) Acidic sugar

D-glucosamine D-glucuronic acid

Or D-galactosamine L-iduronic acid

|

Oligosaccharide Polysaccharide
(3-10) monosaccharide (more than 10)

*glycogen *cellulose
*starch

Heteropolysaccharide
e.g: (GAG)
*it has a negative charge
*Linear
*forms Proteoglycan, it has 95% carbohydrates

*forms a Gel-like matrix
*forms viscous and lubricating the mucos (mucopolysaccharide)




MCQs

Q1-The empiric formula\
S:

A. (CH20)n:
B. (CHO2)n
C. (CH20)n
D. (CHO2)n2

\_ /

/(13-we can call the GAGS\

as anions

A- True B- False

GZ-Which of the following is \

an aldo-keto Isomer?

A- (glucose+fructose)
B- (glucose+galactose)
C- (mannose+galactose)

N |

\D- (Fructose+ga|actose)/

/(14-Majority of sugars in\

humans are?

A- (D-sugars)
B- (L-sugars)

N /

Answer key:




A- Why do GAG molecules tend to repel each other, and for why is this considered an advantage for
mucous secretions and the synovial fluid?

B- To which group of polysaccharides does Heparin belong, and with respect to the cell, where does it
reside in the body and what does it serve as inside the body?

C- Enantiomers are divided into L-sugars and D-sugars depending on what ?



» Special thanks to:

Our logo designer:

Reem AlMazyad

m swereem@hotmail.com

)iochemistryTeam 'j:g*&g‘f‘

BIOT -AM Biochemistry team 436

m teambiochem437@gmail.com




< Girls team:
> dsd Jl sl

> skl oa gl

P Jasual a3

p o Audadl 3 ea

> (il 2

> Aol 3 )l

> Aadldl ol

L 1R

(etindl (o
)MAJ\
G ol cu.:i:
oavanll L]
> Sl s
g sosals s

(aanll o g
> sl el

”~

< Boys team:

> 5l A

F o odan e

> Cagal g

“«Contact



mailto:Biochemistryteam438@gmail.com
mailto:Biochemistryteam438@gmail.com

