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Smoking ).

»Coughing and'othéer
respiratory symptoms
improve within weeks of
smoking cessation

» If the proven long-term benefits of smoking cessation are not
enough to motivate young adults to stop smoking, a new study
shows that 18- to 24-year olds who stop smoking for at least two
weeks report substantially fewer respiratory symptoms, especially
coughing. The study findings are detailed in Pediatric Allergy,
Immunology, and Pulmonology, a peer-reviewed journal published
by Mary Ann Liebert, Inc. (3 Feb, 2012)
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About 39 Lectures plus 10 tutorials

CAM 50% + 1x 3 h paper examination 50%
Theory test 1: 27 March, 2014; 08:40 — 10:20 AM
Theory test 2: 08 May, 2014; 08:40 — 10:25 AM

One Practical test: 24 April, 2014; 08:40 - 10:20 AM
Duration: 10 February — 22 May, 2014

Practical: Mondays & Thursdays from 17 Feb, 2014
Practical lecture venue: Block F3, Level 5, Room 024

Class mark distribution: Theory test (25%), Practical report
and test (25%), 3 h exam (50%)

DP requirement: Class mark of 40%, attendance at 80%
tutorials and practicals

Module coordinator — Dr P. Govender, Block F3, Level 4,
Room 031




Module outline contd...

=

Chemistry of carbohydrates — 20 marks

2. Chemistry of Lipids — 20 marks
3. Amino acids and proteins — 20 marks
4. Enzymes, vitamins and cofactors — 20 marks

5. Nucleic acids and protein synthesis — 20 marks
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Practical starts
from next week

Glucose

17 February 2014

Monday: LES Stream
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» General chemical formula of carbohydrate is [C.H,0],

» Carbohydrates are defined chemically as aldehyde (-CHO)
or ketone (=C=0) derivatives of polyhyric (more than one —
OH groups) alcohols such as — Glycraldehyde, Dihydroxy
acetone, Glucose, Fructose etc.




Chemistry of CHOs?

» They have one aldehyde (-CHO) or ketone (=C=0) group
with two or more hydroxyl (-OH) groups in their structures.

H-C=0 I 'CH,OH
. CH,OH : A
H =C~ OH ! . I C=0 Hone 7O\ o
H H - o
HO~-C=-H I T
o K 1L | e e\ foe
H-=C=0H OH C c OH 1 ’
I H—C—O0OH
Lo | | . | . o
2 OH OH : : CHon
D - Glucose ' D-Fructose

» Carobohydrates can stay either in straight chain or in a ring
form as shown above.




|
- CH,0H

D-Fructose




Class of carbohydrates?

» Based on the numbers of monomeric units present in the
carbohydrates, they are classified into four major classes

such as- — ) ™

1. Monosaccharides il
2. Disaccharides - CH,OH
3. Oligosaccharides L -
] 1
4. Polysaccharides D-Glucose D-Fructose )
CH,OH CH,OH m\-/ Stareh _ .
H H ol l1° Polysacchalh *-0-0-0-0-e
HGIc Frc g Cellulose B
ol WO\ O | olige- | e o0-0-000
saccharides ) -
H OH OH H 1 Glycogen ‘®
Sucrose, a disaccharide \_/\_/ °.°Q‘°'°.°.Q.\

NV \



Class of carbohydrates?

1. Monosaccharides:
» Monosaccharides are the basic unit of carbohydrate.

» They are water soluble white crystalline solids that have
sweet taste.

» Every individual monomeric unit of carbohydrate is called
monosaccharide such as- Glucose, Fructose, Galactose,
Ribose ( in RNA), Deoxyribose (in DNA) etc.

» They cannot be hydrolyzed into a simpler form of

carbohydrates as they are already in simplest form

O
HOH,C OH

H CH,OH
C)OHH 3

H OH



Class of carbohydrates?

1. Monosaccharides: (contd....)

» Monosaccharides can be sub-divided into several classes
depending on the number of carbon atoms present in their

structures such as- I"” =5 LN
I. Trioses — 3 carbon monosaccharides | T am e an
ii. Tetroses — 4 carbon monosaccharides e e
iii. Pentoses — 5 carbon monosaccharides elasl s
iv. Hexoses — 6 carbon monosaccharides | ! iiZ it
v. Heptoses — 7 carbon monosaccharides e

O
HOH,C OH
b CH,0H
°\ ot P
OH

H




Class of carbohydrates? |4

1. Monosaccharides: (contd....)

» They can be aldose or ketose upon whether aldehyde or
ketone group present in their structures.

Rl el el
[CH,0],

Trioses C;HO; Glyceraldehyde Dihydroxyacetone
Tetroses Cc,H;0, Erythrose Erythrulose
Pentoses C;H,,05; Ribose Ribulose

Hexoses CsHi,0 Glucose Fructose

Page in
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Class of carbohydrates?

2. Disaccharides:

» The carbohydrates which can be hydrolyzed into 2
molecules of the same or different monosaccharides are
called disaccharide.

» Sucrose is the most abundant disaccharide and synthesized
mainly in the plants such as- sugarcane, sugar beet etc.

» Lactose is the major disaccharide from milk.

CH,OH CHonC s CH,OH CH,OH
CrHI—C] H J—O H
S
H H OH
H OH H CH
Lactose

I\ Glycosidic bond \I




Class of carbohydrates? \ e o

"?En Gslnﬂ'
2. Disaccharides: (Contd...) 1

» Maltose is released from the hydrolysis of starch, a plant
polysaccharide.

» Cellobiose is the repeating disaccharide in cellulose, which
is found only in t he plant world.

» The difference between maltose and cellobiose is only in
the glycosidic link as follows.

CH,OH CH,OH
HO.CH. HO.CH, O OH
(& () C—0 :
o o u  h N\ H !
Fs NG \J I OH
C ‘( C I
N\, // l i H
OHN. oH H / l—o— \_ oH n/ / SH !
N S | Gt 15
H OH OH :
i
Maltose i B (1,4) glycosidic bond Cellobiose




Class of carbohydrates? ( e

l?l? D(Elﬂ"
2. Disaccharides: (Contd...)

» The general formula of disaccharides is: C,, H,,0,, which
comes from C;,H,,0,, — H,0 (dehydration)

» The example of some disaccharides and their hydrolyzed
products are as follows:

Hydrolyzed products

Maltose D-glucose + D-glucose
Sucrose D-glucose + D-fructose
Lactose D-glucose + D-galactose

Cellobiose D-glucose + D-glucose




Class of carbohydrates?

3. Oligosaccharides:

» The carbohydrates which can be hydrolyzed into 3 — 20 of
the same or different monosaccharide units are called
oligosaccharide such as- Fructooligosaccharide (FOS),

Galactooloigosaccharides (GOS).




Class of carbohydrates?

4. Polysaccharides:

» The carbohydrate which can be hydrolyzed into more than

20 monosaccharides units are called polysaccharides such

as — starch, cellulose (plant polysaccharides), glycogen,

chitin (animal polysaccharide).
» The molecular weight of polysaccharides is ranges from

some thousand to 150 000. Starch
00000
Cellulose
oga»'

Glycogen _ 7

CH,OH
H O H

v Mo m Branching
ey & o/occurs here

CH,OH CH,OH CH,OH

Ol H ™ O H H O H H O H
\OHN onu OHN OHH

Polysaccharides




Isomers of carbohydrate

» The molecules that consist of same number and kinds of
atoms but differ in their structure or spatial configurations
are called isomers.

» The isomers of carbohydrates are classified into two
different classes, such as-

I. Structural isomers
ii. Optical isomers or stereo-isomers




Isomers of carbohydrate? *

i. Structural isomers:

» The compounds that have the same molecular formula but
differ in structural formula are called structural isomers.

» The structural isomerism of carbohydrates can be shown
into two different ways, such as-

a) Aldose-Ketose isomerism
b) Pyranose-Furanose Ring isomerism

y
-0 . ! \CH,OH
| i I C—-0 e)
H —c';-oH " (|: o y i " 3|C . HOH,C OH
HO =C = H I I B
I C H C : ol
H—C— OH |\P|1 'i'/| I .H—F—OH HON 6l o
H=t=0H O C|3 <|3 oF 1 H —5?— OH H OH
| 1
CH20H e OB ! + 'CH,0H
|

D - Glucose

D-Fructose
cutogra \I r

W\




Isomers of carbohydrate?&

a) Aldose-ketose isomerism:

» When one aldose sugar and one ketose sugar are same in
molecular formula but differ in structural formula that is
called aldose-ketose isomerism. Couple of examples are

given below:

| (g | CHOH

H\C//O : e H=C-OH | z(lj_o

i i | Ho= = iHo—’c-H
H—(IZ—OH ! (I:=o H-$—0H =.H—4lC—OH
CHOH |  CH,OH i | B _}:_ el
| CHOH | CH,OH

D-Glyceraldehyde ! Dihydroxyacetone O -Glucose 1 o ctose

3 Carbon isomers

6 Carbon isomers




Isomers of carbohydrate?

b) Pvranose-furanose isomerism:

» When a PYRANOSE RING and a FURANOSE RING of
carbohydrates are same in molecular formula but differ in
structural formula that is called pyranose-furanose
isomerism.

» The PYRANOSE and FURANOSE are the ring structure of
ALDOSE and KETOSE sugar, respectively.

» Glucose and fructose are usually stay in straight chain
structure

» However, the predominant form of glucose and fructose in
solution are not open-chain structures.
CH,OH @)

D-Glucose/ é 0 HOHZC OH D-Fructose/
Pyranose H / | H

| H

I

| Furanose

HO

OH H

H




Isomers of carbohydrate?

b) Pyranose-furanose isomerism: (contd....)

» The English chemist WN Haworth showed that the open
chain forms of ALDOHEXOSE and KETOHEXOSE i.e. glucose

and fructose respectively and some other sugars can cycllze
into rings. (

» In other words, they react internally to form cyclic
HEMIACETALs or HEMIKETALS. (Details in next slide)| 1

» So these RING structures of aldose and ketose sugars
also called HAWORTH PROJECTION.

CH,OH @)

| HOH.C OH
D-Glucose 2 D-Fructose
I, oL /

Pyra nose | I | Furanose




Cyclization of carbohydrates

Hemiacetal formation:

» Hemiacetal formation is a characteristics reaction between
aldehyde and alcohols

One step proton transfer

H
Et0><OH

hemiacetal




Cyclization of glucose

Pyranose ring formation: (Hemiacetal formation)

» The aldehyde group (-CHO) at C1 and hydroxyl (-OH) at C5
of a glucose molecule combined together via hemiacetal
formation to synthesize a PYRANOSE ring

”~

]
c

H
i

¢ the X A




Cyclization of carbohydrates

Hemiketal formation:

» Hemiacetal formation is a characteristics reaction between
ketone and alcohols

i H+ H
+ R"OH P — (EYLRN
R OR"

R R’ R
ketone alcohol hemiketal

H/DGH &)
0
EtO 0 H OEt E1QO OH
a—af—\ —"’a ,@cb 0@ R >< g5 — ><
" b

= hemiacetal




Cyclization of carbohydrates

Hemiketal formation: (hemiketal formation)

» The ketone group (=CO) at C2 and hydroxyl (-OH) at C5 of
a fructose molecule combined together via hemiketal
formation to synthesize a FURANOSE ring

1
O CH,0H 6
Ne” non,c\ " HOH € CH,OH
I s g o
HO—3C~—H “3 1 OH fﬂ 2OH H H
= ~ C—
—oid sc | S
H n / \3/(:""‘2( \\O H OH
3| s H OH H
p-Fructose a-p-Fructofuranose
(open-chain form) {a cyclic form of fructose)
s s s




Isomers of carbohydrate?

Ii. Optical or stereo-isomers:

» Compounds that have the same structural formula but
differ in spatial configuration are called optical or stereo-
isomer.

» Stereo-isomer formation occurs due to the presence of
asymmetric/ chiral center/ chiral carbon atoms.

! N
\
O—0—™0 _C=CTC—CH;
e\ chiral center Cl CI'




Asymmetic/ chiral center:

» A carbon atom to which 4 different atoms or groups of
atoms are attached that is called an asymmetric carbon.

» All monosaccharides except dihydroxy-acetone contain 1 or
more asymmetric or chiral carbon atoms

» For example- D- or L-glyceraldehydre each of them have
one asymmetric/ chiral carbon atom.




Isomers of carbohydrate?

Enantiomers:

» When two optical or stereo-isomers are mirror images to

each other they are called enantiomers or enantiomeric
pairs.

» For example- D- and L-glyceraldehyes or D- and L-Alanine
are enantiomers

. - : :
S \ i .;. _.-:'-'"':T A
: ) A ,
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Epimers:

» Isomers that differ as a result of variation in configuration
of the H or OH on a single C atom (2, 3 or 4) of a hexose
molecule are known as epimers

» Biologically the most important epimers of glucose are:
galactose and mannose, formed by epimerization at carbon
number 2 and 4 respectively.

» However, D-Mannose Epimers
! O ¥

34 Epimers

0
and D-galactose vary | . H N 0 M
C C C
at two C atoms(C2 & | S N LCEA ,
C4) hence, they are “‘f‘o“ E.’.‘:-?.:‘?.*f .......... '.".9:?:!"..-5
neigther epimers nor | HO-C - H HO-C - H HO-C—H
- o R — S C— |
enantiomers but they HO-C - Ho G- OH O S~
arecalled = [ it Mwls ot wwo s e |
IASTEREOMERS H-f-OH H-?-OH H-C-0OH
CHQOH CHQOH (I:HQOH
D (+)»Galactoze D (¢ rGlucose D [o)-r

B

R % ‘E ' % | | 5




Isomers of carbohydrate

Anomers:

» When a monosaccharide e.g. glucose, cyclases, an
asymmetric center (carbon) is formed.

» C1 from the straight chain form becomes an
anysymmetric center in the ring form of glucose
» Two different structures are formed based on this

asymmetric carbon (C1), For example- Oy M
ol
a-D-glucose: Hg—-,c—c:u
-OH group is below the plane of the ring H-¢-oH
. H=C—OH
B-D-glucose: Lo
-OH group is above the plane of the ring D-glucose
» These a and B forms of carbohydrate HOGH: 0/ N HOHH, i
(glucose) are called anomers and C1 is OH KOH D
- HO & 2 OH HO 5 2
called the anomeric carbon H OH
D-glucopyranose p-D-glucopyranose
_(64%)




Isomers of carbohydrate?

Anomeric carbon:

» When two oxygen atoms are bonded to a single carbon
atom in a ring structure compound that particular carbon is
ANOMERIC CARBON

» For example, C1 in ring form of glucose is an anomeric
carbon.

Handout§




CHa

Isomers of carbohydrate? y

G
ical i i ivi Ho,c” N
Optical isomers and optical activity: 2 OH

» The presence of asymmetric carbon confers the optical
activity on the compounds

» Optical isomers are also mirror image to each other hence
they are ENANTIOMERS.

» These compounds are seem like the left and right hand

» These compounds have similar properties e.g.
- Same boiling point T ? w
- Same melting point D e ¢ '
- Same solubility and so on . | 3 ‘
but different optical activity N

» These two compounds are simply named as Dextrorotatory
or D and Levorotatory or L. For example- D-Alanine and L-
Alanine.

N\



o-Alanine

COOH))

Isomers of carbohydrate?

Dextrorotatory or D (+):
» When an optically active compound :
rotates the plane of polarized light et CO-H
on clockwise or right direction that I |
is called DEXTROROTATORY or D. 4 C\\y \ - o "/CHS

Levorotatory or L (-):

» When an optically active compound |5 550 L-Lactic
rotates the plane of polarized light acid =
on ant-clockwise or left direction .
that is called LEVOROTATORY or L.

Light \ /

e Unpolarized

S .1, light
e ‘,:f‘ Polarized light Light Scurce

Poianzer (f(“

/
N Optically active sample /- }

acid

Flane of Dextro rotation Levo rotation
Polarzation

Analyzer ["
Viewer




Optical activity of compounds

Specific rotation:

» An optically active compound rotates the plant of polarized
light either RIGHT or LEFT direction.

» A specific amount of angle rotates by the plane of polarize
light for a particular compound that is called its specific or
optical rotation.

» The specific rotation is a standard measure degree of the
compound which is dextrorotatory or leverotatory

» Dextrorotatory compounds have positive (+ve) specific
rotation while levorotatory compounds have negative (-ve)

specific rotation.
CO,H CO,H

H C““"'CI;\ 2 (L"""/CH N\ /
3 :
HO/ H i o

Light Scurce

D'Lactic aCid L-LaCtiC aCid E Flane of Dextro rotation Levo rotation

Polarzation




Optical activity of compounds

Specific rotation: (contd...)
» Two enantiomers have equal and opposite specific rotation.
For example- the specific rotations of:
a-D(+) glucose = +112° LS o guicom
B-D(+)-glucose = +19°

» The specific rotation of:
D-bromobutane = +23.1°
L-bormobutane = -23.1°

: A2 4
T SN AN
Page - in e
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Optical activity of compounds

Mutarotation:

» When a- and B-form of a compound are dissolved in water,
the specific rotation of each form of the compound
gradually changes with time and approach to final
equilibrium value that is called MUTAROTATION.

» In a word, the gradual change of optical rotations of two
compounds, which continues until equilibrium is
established, is known as MUTAROTATION. [ wcouws 0 gucose

» For example, the specific rotation of: Sz

H H £ OH

H
|

|
o

a-D(+) glucose = +112° A" 4
B-D(+)-glucose = +19° h o "

but the mutarotation of their mixture is +53°.
» This value is not the average of their specnflc rotatlon

V’

[(112+19)/2 = 65.5] ” AT T

P T 2
5 e Lo e = 3
ity =
s 8. s -
.y e P



Optical activity of compounds

Significance of mutarotation:

» From the values of specific rotation and mutarotation, the
compositions of the a- and B-form of a given compound in a
mixture can be calculated

» Sometimes these compounds can also be separated
depending on their physical and chemical properties

» For example- a-D-glucose and B-D-glucose are optical
isomer but NOT mirror images

» They are diastereomers and have different |- m——
properties and can be separated by SHa0M
crystalization |

|




Optical activity of compounds

Significance of mutarotation: (contd......)

» For example- if a-D-glucose and B-D-glucose are dissolved
in ethylalcohol and then allowed to crystallize, only the a-D-
glucose will be crystallized

» If a-D-glucose and B-D-glucose are dissolved in acetic acid
and then allowed to crystallize, only the B-D-glucose will be
crystallized

» Hence, these two different forms of glucose have different
physical properties and can be isolated from a solution

w-D-glucose -D-glucose




Optical activity of compounds

Calculation of the a- and B-form of a compound - 7.‘«:‘ z '
dissolved in a solution:
Problem: " >~

A solution of glucose has X ml of B-isomer and Y ml of a
isomer. If the specific rotation of the B- and a-isomers are 19°
and 112°, respectively then calculate the percentage of a- and
B-isomer in the solution.

Calculation:

So, if the total
X+Y=1lorX=1-Y compound is 100%
Then, Xx19° +Yx112° =53¢ Then. Y = 0.365 x 100
s — u

or, (1-Y) x19+Yx112 =53

e )
or,  19-19Y + 112Y =53 = 36.5% and
or, 93Y=53-19 = 34 X =0.635x100
So, Y =34/93 =0.365 = 63.5%

Then X =1-0.365
TR \‘e%‘{w‘i:, y



Class of carbohydrates?

2. Disaccharides:

» Natural carbohydrates usually contain more than one
monosaccharide units.

» Monosaccharides have tendency to reach to hydroxyl
compounds to form stable acetals called GLYCOSIDES.

» These glycosides may be named according to the sugars

from which they are derived from such as- CHOH PR
- Glucoside from glucose ot H
H
- Galacoside from galactose etc. Gt /\ o

» The linkage (-C-O-C-) between two monosaccharide y
are called glycosidic or galactosidic linkage

glycosidic or galactosidic linkage, they are called |
disaccharides. B (1,4) glycosidic bond J

Page in
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Class of carbohydrates? ( e

l?l? D(Elﬂ"
2. Disaccharides: (Contd...)

» All disaccharides have the same molecular formula what is
C,,H,,0,, and hence they are structural isomer to one
another.

» The list of common disaccharides are as follows:

Hydrolyzed products / compositions

Maltose D-glucose + D-glucose
Sucrose D-glucose + D-fructose
Lactose D-glucose + D-galactose

Cellobiose D-glucose + D-glucose




Disaccharides G R A
Cﬁ\\uu H / = o——] \(m H / (311
MALTOSE: I L
» Maltose is formed by the action of enzyme / Maltose
- Diastase in plants and

- Ptyalin in animals

( a (1,4) glycosidic bond

» Hydrolysis of maltose catalyzed by the enzyme MALTASE

and yields glucose units only

» The TWO a-D-glucopyranose components are joined head-
to-tail through C1 of one glucose molecule and C4 of second

glucose molecule.

» The linkage is a-1, 4-GLUCOSIDIC linkage.
» Maltose is a REDUCING sugar.

www. foodssel | com




Disaccharides

LACTOSE . ﬂ B-1,4-Glycosidic bond ‘ Lactose

4

>

Lactose is exclusively associated with animal kingdom

It is also called MILK carbohydrate such as- in human milk:
5-8%0 and Cow milk: 4-6%o.

Lactose can be hydrolyzed by dilute mineral acid or by
enzyme LACTASE to yield equal concentrations of D-glucose
and D-galactose.

The monosaccharides units of lactose are joined by a B-1, 4-
galactosidic linkage.

The a-form of lactose is used to prepare INFANT FOOD and
PENICILLIN.

The equilibrium mixture of the a- and B-form of Iactose has
a specific rotation of +55° S ¢ '




Disaccharides

CELLOBIOSE:
» Cellubiose is a stereoisomer of maltose.

» It is a product of hydrolysis of CELLULOSE polysaccharide.

» Itis also contains TWO glucose units, which are joined by
B-1, 4-glycosidic bond.

» Like maltose cellubiose is a reducing sugar that undergoes
MUTAROTATION.

CH,OH CH,OH
0 OH

OH

B (1,4) glycosidic bond Cellobiose
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SUCROSE:

>
4

>

Sucrose is usually obtained from sugan andsugar beet.
It is the most widely used sweetening agent in the world.
It is synthesized in all photosynthetic plants.

It consists of ONE molecule of a-D-glucopyranose (glucose)
and ONE molecule of B-D-fructofuranose (fructose).

These C1 of a-D-glucose and the —OH group on C2 of 3-D-
fructose are linked by an a-1,2-glycosidic bond to form a
SUCROSE molecule.

This glycosidic bond of sucrose can be hydrolyzed by
mineral acids (e.g. H,SO, or HCI) or by the enzyme

SUCRASE (invertase). CHOH  CHOH et M
CHzo i \ .I' : _. \.“:‘ 5
HGIc Frc SRR .
OH & e, M NG e
a-1,2-Glycosidic bond ) 2 '
% _;Z;Sucrose, a dusaccharlde Eh, . i RN

,,,,,



Disaccharides

Sucrose does not show mutarotation, why?:

» Because of the 1,2-glycosidic bond sucrose cannot eX|st in
the a- or B-configuration or in the OPEN chain form.

» So it does not exhibit mutarotation and exists only in one
form in the solid state or in solution.

CH,OH

CH,OH
OCHO

Frc
H H

OH H




Disaccharides

Sucrose is a_non-reducing sugar, why?:

4

The reason is, the potential aldehyde (-CHO) group of
glucose and potential keto (=C=0) group of fructose are
involved in the 1,2-glycosidic linkage in sucrose.

Hence, sucrose does not undergo reaction characteristic to
aldehydes and ketones so it is called a NON-REDUCING

sugar. CH,OH CH,OH
: CH,0




Polysaccharides?

» Major and bulk carbohydrates in the nature

» General formula: (CgH,,05)n

» Structural function and storage form of energy

» Hydrolyzed by acid or enzymes to yield
monosaccharides

Starch

o0 000e
Cellulose _
o080 ®
Glycogen 2

B0 0@
8

(Polysaccharides)

N \\I//’



Class of polysaccharides?

Polysaccharides

-

Storage
homo-
polysaccharides
e.g. Starch,
glycogen

>

-

A

Structural
homo-
polysaccharides
e.g. Cellulose,
chitin

~

/

Hetero-
polysaccharides

N\

/1' Glycoproteins

2. Glycolipids

3. Peptidoglycans

4. Glycosamino-
glycans

~

\5 . PrOteo-g cha ny :‘;_‘ "




Class of polysaccharides?

- Homopolysaccharides or homoglycans:

» When only 1 type of monosaccharide units are

present in a polysaccharide molecule that is called} ‘
homopolysaccharide or homoglycans such as-

glycogen in animals, starch and cellulose in plants.

Starch
o000 ee
Q_ellulose

095»

Glycogen

CH,OH

H O H
H

No K oH M Branching
k) / occurs here
° H H ° H H O H H ° H
ON H OH H OH H OH H

(Homopolysaccharides)




Class of polysaccharides

- Heteropolysaccharides or heteroglycans:

» When 2 or more different types of monosaccharldes are
present in a polysaccharides that is called
heteropolysaccharides or heteroglyccans such as-
Glycoproteins, Glycolipids, Peptidoglycans,
Glycosaminoglycans, Proteoglycans etc.

protein core .| \

glycosaminoglycan
trisaccharide link

= o-C
g\l_/>'..,.‘_.f:..° O CH; CH

ek aikd

Nacorylsted vagwr

Copyright 2005 MW. King




Homo polysaccharides

- Starch:
» Major food source of carbohydrate

» Available in cereals, potatoes, legumes and vegeables and
called storage polysaccharide

» End product of photosynthesis
» Source of fuel or energy in plant growth and respiration
» Adult human consume about 300 g starch daily
» Major constituents are amylose and amylopectin:
- Amylose (98%)

- A linear polymer of 100-1000 glucose units

- Linked with a (1- 4) glycosidic bonds
- It has non-reducing and reducing end
- Molecular weight vary from few 1000 to 150 000
- It gives blue color W|th |od|ne

cuzon CH,O0H cuzou cnzon
H A H A oA o HA
OH H oh HA o Nov n/l_o Non H o HAL o

H OH H OH H OH H OH

(Starch)




Class of polysaccharides

- Starch: (Contd....)
- Amylopectin (2%)
- Highly branched polymer of glucose

- Branch points are located approximately at every 24
- 30 glucose units

Produce purple to red colour with iodine
Each branch point has an a (1- 6) glycosidic linkage
Helix form interrupt th our formation with iodine




Class of polysaccharides

- Glycogen:

>

>

>

Storage polysaccharide in animals.
Source of fuel or energy in humans and animals.
It is also called animal starch.

It is a highly branched polysaccharides of glucose linked by a (1-
4) and a (1- 6) linkages (like amylopectin).
More highly branched than amylopectin having
branch points in every 8-12 glucose units.

Up to 50 000 glucose units can be present in
one glycogen molecule and non-reducing in nature o

—— | — v — 4 | — 8 —

Depending on the nutritional status glycogen contribute 10%
weight of the liver and 2% weight of the muscle tissues. ,

This storage polysaccharide is particularly important
for middle or long distance athletes.



http://images.google.co.za/imgres?imgurl=http://www.freewebs.com/soaring_sphincter_travel_agency/Liver.jpg&imgrefurl=http://www.freewebs.com/soaring_sphincter_travel_agency/excretorysystem.htm&usg=__XTAVy5MD7PRGKjkfK0sMwToBvWc=&h=395&w=600&sz=69&hl=en&start=15&um=1&tbnid=W87ukFfUC6DoKM:&tbnh=89&tbnw=135&prev=/images?q=liver&hl=en&sa=N&um=1
http://images.google.co.za/imgres?imgurl=http://www.nlm.nih.gov/medlineplus/ency/images/ency/fullsize/19675.jpg&imgrefurl=http://www.nlm.nih.gov/medlineplus/ency/imagepages/19675.htm&usg=__Ol1cs017sW4kWtXmN4MTvQw9v2A=&h=320&w=400&sz=31&hl=en&start=21&um=1&tbnid=1kKZOx-Z7kq_qM:&tbnh=99&tbnw=124&prev=/images?q=muscle&ndsp=18&hl=en&sa=N&start=18&um=1

Class of polysaccharides

Helix formation

of glycogen. A
high number of
branch points in
glycogen make

this helix

Page in
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Class of polysaccharides

- Cellulose:
» Major constituent of plant cell wall and accounts for up to 50% of
the organic biosphere. T s S G TN
» Linear homo-polysaccharides of D-glucose p el _& g y 4 ._'* :
» linked by B (1 — 4) glycosidic bonds R 1S

. NP o I o
0 [ DEYAOHE (.

» Usually consists of 300 — 15 000 glucose units ':ﬁﬂ;mtéé[mf
» Its got a structure of parallel
P g
chains linked by H, bonds—>"° Jfg&
» Several chains lying side by %°;7~ ‘“..W W |

side to form a stable flbrous % y

chains hydrogen bonds' X

» Insoluble in water and used in manufacturing paper, cardboard,
insulating tiles, packaging materials, building materials etc.




Class of polysaccharides

- Cellulose: (contd....)

» In contrast to starch, the 3 (1 — 4) glycosidic bonds of ceIIuIse
are resistant to hydrolysis and are not

hydrolyzed by the amylases.

» Ruminants are in important exception, however,
since the bacteria that reside within the rumen
secrete cellulase, a B-glucosidase, that catalyzes
the hydrolysis of cellulose.

» Termites can also degrade cellulose because Mmﬂ&%{fm
their digestive tract contain a parasite W
(unicellular cilliate) that secretes cellulase. L&ﬁ&é.? : 52

A/ "’ [

,/"'L::te:tine

small

reticulum —ve

\J\/

Page |
Handout ~orm ~ intestine
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Class of polysaccharides

- Chitin:
» Second abundant organic compound on the earth

» Linear homo-polysaacharides of N-Acetyl-D- qucosamlne
residues linked by B (1 — 4) linkages ~

» Chitin also form extended fibres like cellulose
» Indigestible by vertebrate animals

» Itis the principal constituent of the outer shell of
arthrOPOdS, such as- o cuitn CH,OH CH,OH

Vg N-acetyl
~ InseCtS Gluco?amine ﬁlzﬂ-o ;.,r::u;“
CH,OH H Ne=H CH.OH

Crabs s @Q : i

N NG N NHCCH, NHCCH,

Beetles T

Lobsters s _ | |

01 Srnacer Acsociateg, [

Shrimp, prawns and cray fishetc. oo

CHLON H N—H




Heteropolysaccharides

Based on the chemical structure, hetero-
polysaccharides are also classified into

several classes: — — —,
1. Glycoproteins N oI '
_ i oo o H o oM
2. Glycolipids i % i &
3. Peptidoglycans ou g g !
4. Proteoglycans o L
5. Glycosamino-glycans Ke:
protein core . _ : -
p \ Glycolipids Glycero- Sphingo-
Glycolipids Glycolipids
glycosaminoglycan - -
== trisaccharide link 0-C ) -"’ 0 K ,\i i
O DO o A A ’\1’ Ho Mo\
g i N-H 0 o o =8

| b serine Y
e Y = Lipid -
Q Heareyisted yagwr ‘x p 0 (\HQC N H
:\ \ ‘ . A H R

Copyright 2005 MW. King




Heteropolysaccharides

1. Glycoproteins:
» Oligo- or poly-saccharides are
covalently bound with proteins 2
» Carbohydrate chain is varied in N
length from 1 to >30 residues and __-«%-
account for about 80% of the,tatal _,,———"'

mass =" ’_,——" mw-?;g-:m-. MueNAc GleNAc MurNAc
g Ca"bOhydratepalf—ef'glycoprotelns —_—
can co_ntain up to four branches and m"'w]
CH-CH HM

are O-linked to serine or threonine,

™
J M- et gl asa i ne
fl inked 10 asparagine




Glycoprotein reagents...
lailored for discov (‘1\

Heteropolysaccharides AR A4
1. Glycoproteins: (contd...) ﬂ TAUAUAUAN
» Protein part consists of divers group of proteins, such as-
- Enzymes (}l_\copin
- Hormones oo ‘—:‘ N-linked
- Structural proteins _W”‘@m
- Transport proteins T
» Carbohydrate units can be joined by either =
a- or B-glycosidic linkage S Olinked

» Linkage can join between C1 of one sugarand "—'

C2, C3, C4 and C6 of another hexose sugar AN
i ™
" z:o b :':m 5 CH,0m
e =5 ,/“ ..\( \/_5\, i “\( <
= e A ""°“ e X
éooo clu. coo® (lu,
GlicNAc MusNAc GilcNAc MurNAC

Fupenw b W Prnahpius o B Ranmivy .y
AN A e v el -



Hetero-
polysaccharides

2. Glycolipids:

» While oligo- or short chain polysaccharides are covalently
bound with lipids are called Glycolipids.

» These linear polymers are lied side by side in the bacterial
cell wall and in the human plasma membrane (5%). ——

CHOn
cy?w —o0 —onD S 1 Plasma membrane
| M ) RDC-Crt -N ‘(': -CH;CH,(.OO- .
A : ’ OUTSIDE
y 58 mé 1% l"hmpllolipid (75%) f?!)‘«'llpkk (5%)

GHaOH GHaOH l

— () —CN O
%fmm;‘m&x oy (‘.»@‘—c-on
63 "z’:c‘

OH

[0 Redodecy, b n-nmmq«}
\¢ Asheadetyl: d: Heocadecyt:

Integral

Cbulesﬁrul (20%) protein Peripheral protein

INSIDE
Scheme 1.

Page in \
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Heteropolysaccharides

3. Peptidoglycans:
» The polysaccharide link to small peptides
» The rigid component of bacterial cell wall

» Alternating B (1 — 4) linkage between N-Acetyl-Glucose
(GIcNAc) and N-Acetyl-Muramic acid (MurNAc)

» These linear polymers are lied side by side in the cell wall
and cross-linked by short peptides

FPEFTIDOGLYCANS
Ha 06 P CH,OH
BatesalCel Wals '™ O o

GlehiAs o N

o H o,
A iNAO Gletifo ?

NET OT Hy - NKC OC by

o 3
l oMM 1or Goam + backesy:
IT' S deect amide ok Tor Geamn -

1
Page in ztt””ff.’f‘““
Handouts o e
Dol




Heteropolysaccharides

3. Peptidoglycans: (contd...)

» This cross-linked peptidoglycans are degraded by and
enzyme lysozyme, which hydrolyses the glycosidic bond
between monosaccharides and kills bacteria.

» Lysozyme is present in the tears, presumably a defence
against bacterial infection of the eyes.

PEPTIDOGLYCANS
SPIRGpLCRA mow P cuow Predasyctic Cell Structure
Bateal Cel Walke ™ o o
Glehag o

NECOCK, HYE—EHNKC OC K,
(actaby)

cn.oX CHON -4 Dosla
¢ 2 ;
T Gt
MuiNAD o Glifo ?
L
NECOCHy NKC O by

y BNk for Gram + backesa:
'T" S deectambde ek for Geam -



Heteropolysaccharides

4 & 5. Proteoglycans and glycosaminoglycans:

4

The complex of proteins and a class of i — Faseia

polysaccharides called glycosaminoglycans

Muscile

Usually located in the extracellular space of animal tissues,
called extracellular matrix

Acts as a porous pathway for the diffusion of nutrients and
oxygen to the individual cells

Extracellular matrix is composed of a interlocking networks
of heteropolysaccharides and fibrous proteins

This heteropolysaccharides called glycosaminoglycans
which is a family of a linear polymer and composed of

repeating disaccharide units. (contd..) AU SRR * 2T

N s ~ry AL, Chendrobn
protein core i \ w (-GGG S @ Supnan 0%




Heteropolysaccharides @ 7~

Sperm is manufactured %
in the seminiferous \
tubules within the testicle

4 & 5. Proteoglycans and glycosaminoglycans: (contd....

» This is simply called hyaluronic acid or hialuronate and at
physiological pH hyluronic acid contains alternating units of
D-glucoronic acid and N-Acetyl glucosamine. 3

» Molecular weight of hyaluronate is/>1 million
» Hyaluronldase, an enzyme secreted by some
pathogenic bactena, makes tlssue more

susceptible to bacterlal invasion dnd infection. A
» A similar enzyme in sperm, hydrolyses the outer ... o

glycosammoglycanS coat around the ovum of Bk
many organisms aIIqwmg sperm penetration. | "™

Y \V Structure of Sodium hyaluronate

; y
O s O 16 COONa CH20H

o o ™ 0 M
H NS s | (';H - o ""H_H B %
o O H/ \) H
< | Mo b
. I HO

Glucuronic acid N-acetylgluccsamine i H OH = NHCOCH: '
n




Reactions of carbohydrates &

Oxidation of sugars:

» Apart from usual classification, carbohydrate may also
classify as reducing or non-reducing sugars

» All polysaccharides such as- starch, glycogen, cellulose,
chitin are regarded as non-reducing since they have only
one reducing end

» On the other hand, among disaccharides, sucrose is the only
non-reducing sugar and all other mono- and disaccharides
are considered as reducing sugars

» Reducing sugars usually have a potentially active free
aldehyde (-CHO) or free ketone (=C=0) group or free
anomeric carbon in their structures which have reducing
property

» How reducing sugar works/ oxidizes?

Page in
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Reactions of carbohydrates ™

Oxidation of sugars: contd...

» Reducing properties of sugars are usually observed by their
ability to reduce the metal ions such as Cu2+, Ag+, Bi3+ in

alkaline condition

» This properties are used to analyze both qualitative

analyses of sugars.

» Reducing sugars for different endiols in mild alkaline

condition as follows:

lcla
c— H HO—C—H
| - I -
H—C— OH C— OH
I I
HO- C— H HO— C— H
| OH | OH’
H—C-0OH " H—C-0OnH *+*
I I
n—<|:—on H—'CI—OH

CH,OH

Page
Handouts

TRANS-ENDIOL

C H,OH
| .
C=0
I

HO—C— H
| OH
H—C—0H *
I
H—(I:— OH

CH,OH

D-FRUCTOSE

i
HO—IC.rH lC-—H
HO— C HO—C—H
I I
HO—C— H HO—C—H
I OH’ |
H—C— OH —> H—C— OH
I I
H—CI—OH H—(l,— OH

CH,OH CH.OH
C1S-ENDIOL D-MANNOSE




Reactions of carbohydrates &

Oxidation of sugars: contd...

» These endiols forms of sugars are highly reactive
intermediates which are readily oxidized and reduce
oxidizing metal ions such as Cu2+, Ag+, Bi3+

» This properties are used to detect reducing sugars in
biological samples.

» For example, Benedict test is sufficiently sensitive to detect
reducing sugar in diabetic urine or in any sample.

O
|

o
I

c—H HO—C—H C H.OH HO— C—H c— H
| - I - | - I - | -

H—C— OH C— OH c=0 HO— C HO—C— H
I I I I I

HO- C— H HO— C— H HO— C— H HO— C— H HO—C—H
| OH | OH’ | OH | OH |

H—C-0H ** H—Cc-0H ** H—Cc-0H ¥ H—C-0OH **> H—Cc-oOH
| | | | |
H —C— OH H —C— OH H — C— OH H —C— OH H—C— OH

N\ CH,OH CH,OH CH,OH CH,OH CH,OH
Page
Handouts TRANS-ENDIOL D-FRUCTOSE C1S-ENDIOL D-MANNOSE




Reactions of carbohydrates &

Oxidation of sugars: contd...

» These endiols forms of sugars reduce the cupric ion (Cu2+)
to cuprous ion (Cu+) which is less soluble in water and that
iIs why a precipitate of cuprous oxide (Cu20) is formed
which yellow/ orange/ red in colour.

» The reducing sugar is in turn oxidized to the corresponding
carboxylic acid e.g. glucose converted to gluconic acid.

2 Cu™ from
Benedicts Reagent]
SUGAR + ALKALl ™ * MIXTURE OF ENDIOLS ¥ CARBOXYLIC ACID
[eg. Glucose) OH iD-Gluconate or Gluconic
Acid]
Cuz(OH)z
l\r H,0
Cu,0

(red/yellow precipitate)



Reactions of carbohydrates &

Why maltose or lactose is a reducing sugar?

» If any anomeric carbon of the one monosaccharide unit of a
disaccharide is involved in the glycosidic bond then it
cannot be oxidized

» On the other hand, the anomeric carbon of another
monosaccharide is remained free which can easily oxidized
by meta ions, which is the case for maltos and lactose.
Hence, they are reducing sugar.

ﬂ Free anomeric carbon ﬂ

_— N\ G

HO.CH. HO.CH. : CHECJH CHEE}H
C—0 ¢—o0 | ! O
/1 \ / \ : OH—O H H
u// H N H H// H \\H [ H o
< v & ¢ ) oH B oH BA
OHN_  OH H // o] N\, OH l : = A
\C~——C/ N4 : H OH
H OH E Lactose
I
]
I




Reactions of carbohydrates™

Sugar with mineral acids:

» Monosaccharaides are generally stable in dilute mineral
acids even on heating.

» But when aldohexose or aldopentose and ketose sguars are
heated with strong concentrated mineral acids such as
sulfuric acid, all carbohydrates are dehydrated forming
appreciable amount of furfural or its derivatives.

0
llL
F — H
H i:” OH HC® CcH?
HO—CI'—H conc. HaS0s H ‘ 0
4 - 5 : |
H C OH C cC!—C—H
| . N o
H C OH IHL0 HOH,C 0
C*H.0H
Aldohexose Hydroxymethvl Furfural

[ D-Glucose {(CsHizOs) ] (CeHs03)



Reactions of carbohydrates™

Sugar with mineral acids: contd...

» Monosaccharaides are generally stable in dilute mineral
acids even on heating.

» But when aldohexose or aldopentose and ketose sguars are
heated with strong concentrated mineral acids such as
sulfuric acid, all carbohydrates are dehydrated forming
appreciable amount of furfural or its derivatives.

o
1
Fr
H — i:”— OH H cH?
HO— C*— H cone. HaS0. H ‘ 0
|4 - . ) I
H—li:—DH f::x fc — C—H
C'H,0H IHL0 O

Aldopentose

[ D-Kylose (C5H)g05) ]



Reactions of carbohydrates™

Sugar with mineral acids: contd...

» The latter condense with a-napthol and other phenolic
compounds to give highly colored pink to violet complex.

» This reaction is called Molisch Test and is used for the
detection of all kinds of carbohydrates.

» In case of di-, oligo- and polysaccharides, sulfuric acid first
hydrolyzes the glycosidic bonds to produce
monosaccharides then make them dehydrated to form
furfural and its derivatives. Hence, the reaction is slower.

T 0 “'tphml °“. }W_W i

i C —C—H C L —C—
/\ / /N
R 0 H,O R 0

R = Hydroxymethyl furfural Vanous colored condensation products

Page in R = H = Furfural (Pink to violet)
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Reactions of carbohydrates

Chain elongation/ Killian Fisher Reaction:

» The cyanohydrin synthesis or Killian Fisher Reaction is a
process by which the chain length of a an aldose sugar is
increased by one carbon atom and 2 new aldose can be

formed. H-——({21=O ; fl:EN =N
» This is a 3 steps reaction: : Hew i—p—%g & B

1. Cyanohydrin SyntheSiS Aldose sugar o k 2Cva_nonvdnnRs

2' HYdrOIYSiS NHsd@p (Hydrolysis)

3. Reduction

COOH COOH
| r

H— C,——OH HO—C,—H
f

R R
e\l’ Na/Hg Reduction

0 0

I I

CH C— H

I

o TR 'l E
s H-— C,—— OH HO—}C——-H
S |
Page : e R R
\ R isomers
Handout§a 2 Aldoses containing 1 more C atom than




Reactions of carbohydrates™

Chain elongation/ Killian Fisher Reaction: contd...

QAIdehydes react with hydrogen cyanide (HCN) to form
cyanohydrins which forms a new asymmetric centre.

QSsubsequent hydrolysis yields carboxylic acids (aldonic

acid) containing one extra
carbon than the original
sugar.

© Reduction (Na/Hg) yields
a mixture of 2 aldose

sugars containing one
more carbon

Aldose sugar

H— C,=—0 C=N =N
| 7 |
R HCN He— C, —OH OR HO —C—H
= j = =
R R

2 Cyanohydrins

€N
NH, e 2H,0 (Hydrolysis)

COOH COOH
|

|
H— C,——OH HO—C,—H

R R
e\l’ Na/Hg Reduction
0 0
I f
FH C— H
|
H-— C,—— OH HO—}C——-H
|

‘Isomers
Aldoses containing 1 more C atom than




Reactions of carbohydrates &

Chain shortening/ Wohl Reaction:

» Chain shortening is also 3 steps reactions such as-

+ y E
H— C==NO0OH

1. Oxime formation

2. Acetylation !
3. Wohl reaction ’

Aldose Sugar

Page . in \
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g

r
H,0

i

H—"C —0H

}

R
Oxime of Aldose Sugar

(———\bﬂ\cetyiation With Ac,0

C=N
H— zé: —OH
R
Cvanohydrin of Aldose Sugar

/iengmos + NH,
1




Reactions of carbohydrates™

Chain shortening/ Wohl Reaction: contd...

OHydroxyIamine (NH20H) reacts with both aldoses and
ketoses to form oximes.

© If the sugar 5 —
- - H—(C'=—0 z H—'C===NOH
oxime is treated | NH,0H~, |
] ] H— C*— OH > H—"C —O0H
with acetic- | Y Ho |
i R = R
anhydride (Ac20) adose Sugar Oxime of Aldose Sugar
cyanohydrin for e (———\[gAcetyiation with Ac,0
via dehydration ‘=N
- I
9 Treatment with H—7C —oH
AgNO3 and NH3 Fe
results an aldose Cyanohvdrin of Aldose Sugar
with lower carbol 1 /ieﬁxgmos + NH
ohl reaction) | HCN
' R




Reactions of carbohydrates™

Aldol condensation:

» This reaction frequently occurs in carbohydrate
biochemistry.

» One ketose sugar and another aldose sugar are joined

together to form Ilong carbon chain sugar by a

nucleophile/anion (-) and electrophile/cation (+)
formation, respectively.

';CZHZCJH H {?HZOH FHQOH B
C =0 C o _— = c —c=
IEC,Hon H C_é} oH H & oH
3IC Ketose Sugar Enolate ion e Resonance isomear
o \,J
h + _ /"’N
C H H C O
= & OH H (I: OH
|
3C Aldechl_"'.l,r‘?c?eH éHEOH CH,OH
c o
= c oH
H c or
24 H c oH
CH,OH
Hexose sSugar




Reactions of carbohydrates

Periodate oxidation:

» There are 3 analytical methods available for studying the
periodate oxidation of polyhydroxy compounds. These are:

1. Iodometric
2.  Acidimetric
3. Spectrophotometric

» The reactions below deal with the iodometric technique.
Compounds containing hydroxyl groups on adjacent carbon
atoms are qualitatively oxidized at room temperature by an
excess of periodic acid or its salts. Periodic acid (HIO,) is
very useful in carbohydrate analysis.




Reactions of carbohydrates &

Periodate oxidation: contd...

Periodic acid (HIO,) will cleave C—C bonds if both carbons
have hydroxyl groups or if one carbon having a hydroxyl
group is adjacent to another carbon with an amino group or
keto or aldo oxygen. Every cleavage results in an oxidation.
The carbon participating in the cleavage reaction is oxidized
to the next level (e.g. alcohol to aldehyde AND aldehyde to

carboxylic acid).

4

| |
-rT-DH —i.'liHD
-C-OH -C-OH
| |

Aldehyde Group

Alcohol Group

|
—?GDH

—{l}DH

Carbnxvllc Acid




Reactions of carbohydrates

Periodate oxidation: contd...

CH_ OH CH_OH {___I,H‘ CH.OH
]
- O - O
IEI4 rjf’ H
" Heso Yy
CH H-C-0H £-H
o 4 4
Farmic acid
TG-
T4
_ .‘-T—E—DH
Formaldehyde Farmic acid 0
Farmic acid
Heren o CH, OH H HOH.C
—-_ = " - _H —:—
‘><: j:.:m ”1_\ OH OH
- -
- HC =0 -
HC =D 10, 104
P
i
EI:'H (4]
1:-; 2 C=0
é Formic acic

GLUCOSE + 5 107

TOTAL : -

Page in
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Reactions of carbohydrates

Periodate oxidation: contd...

» However if the hemiacetal C is involved in a glycosidic
linkage or is methylated, the sites of possible cleavage are
reduced due to the inability to open-out the ring structure

}_ 5 CLEAVAGE SITES

maltose Lactose

3 CLEAVAGE SITES




fre Cnd
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(Chemical energy
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Tutorial — CHO Chemistry

Section 1: ‘l ‘E t
» Problem 1: Specific rotation of the a and B forms of a co .

are 99° and 17¢, respectively. If the mutarotation of a 100 g
mixture of these compounds is 53°, calculate the percentages and
amounts of a and B forms of this compound in the mixture.

» Q1. Classify carbohydrates with one example from each class.

» Q2. What do you mean by aldose and ketose sugar? Explain with
structural example.

» Q3. Explain with example: i) Asymmetric center or asymmetric
carbon

» i) Epimers

» i) Structural isomers and optical isomers

» iv) Enantiomers

» v) Diastereomers

» vi) Anomers

» vii) Levorotatory (L) and Dextrorotatory (D)
ﬁ,utarotéaﬂtion?




Tutorial — CHO Chemistry
Section 1: contd... LfL

» Q4. With necessary structures and mechanisms show the cycle
formation of an open chain D-Glucose and D-Fructose to their
corresponding pyranose and furanose ring.

» Q5. Tabulate the differences between structural and optical
isomers?

» Q6. With necessary structures show the synthesis and hydrolysis
of following disaccharides:

» Maltose
» Sucrose
» Lactose
» Cellubiose

» Q7. What do you mean by reducing and non-reducing sugar?
Although all monosaccharides and most of the disaccharides are
reducing sugar but sucrose is not a reducing sugar - why? Explain
with necessary reactions and structures.




