Biochemistry Lec.3

Carbohydrate

Introduction

e Carbohydrates are group of naturally occurring carbonyl
compounds (aldehydes and ketone) that contain several hydroxyl
groups. The general molecular formula of carbohydrate is Cn(H,O)n.
For example, glucose has the molecular formula CgH1,0s.
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Monosaccharides are molecules having only one sugar group.
(Greek, mono = one; saccharide = sugar). They cannot be further
hydrolysed into smaller units
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Disaccharides are two monosaccharides combined together with
elimination of a water molecule.
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e Trisaccharides are molecules contain three sugar groups.

......

e Oligosaccharides are molecules having more than three but less than
ten sugar groups (Greek, oligo = a few).
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e Polysaccharides are molecules having more than 10 sugar units,
(Greek, poly = many).
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Homopolysaccharides are polysaccharides having only one type of
monosaccharide units
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Heteropolysaccharides are polysaccharides having different
monosaccharide units.
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Aldoses are sugars having aldehyde group.
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Ketoses are sugars with ketone group.
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Functions of Carbohydrates
e P S e S Y

1.Carbohydrates are the main sources of energy in the body. Brain
cells and RBCs are almost wholly dependent on carbohydrates as
the energy source.
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2. Storage form of energy (starch and glycogen).
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3. Excess carbohydrate is converted to fat.
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4. Glycoproteins and glycolipids are components of cell membranes
and receptors.
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5. Structural basis of many organisms: Cellulose of plants;
exoskeleton of insects and cell wall of microorganisms,
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Monosaccharides

Monosaccharides are also called simple sugars. The term sugar is
applied to carbohydrates that are soluble in water and sweet to taste.
They consist of a single polyhydroxy aldehyde or ketone unit, and
thus cannot be hydrolyzed into a simpler form. They may be
subdivided into two groups as follows:

5.5 a5 la g elall & sl AL ol jam g S e S mllacas Gudai oty Adasall Gl Sl Ll e
Sl Oie sana ) Lgandi (Kay Janl IS ) Lellas oS Y il ¢ 5 siS gl galan a1 S5 el dania (g (o oS
(Sl sl

1. Depending upon the number of carbon atoms they possess, e.qg.
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— Trioses — Hexoses
— Tetroses — Heptoses.
— Pentoses

2. Depending upon the functional aldehyde (CHO) or ketone
(C=0) group present:
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— Aldoses
— Ketoses.

3. Classification of monosaccharides based on the number of

Table 2.1: Classification of monosaccharides and their examples

No.of Carbon Empirical formula Type of sugar Aldoses Ketoses
3 C3HsO3 Trioses Glyceraldehyde Dihydroxyacetone
4 C4Hz0, Tetroses Erythrose Erythrulose
5 CsH1005 Pentoses Ribose, Xylose Ribulose, Xylulose
6 CgH1206 Hexoses Glucose, Galactose Fructose

and Mannose
7 C7H140- Heptoses Glucoheptose Sedoheptulose

carbon and the type of functional group present with examples is
given in Table 2.1.
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Structure of glucose

Physiologically and bio-medically, glucose is the most important
monosaccharide. The structure of glucose can be represented in the
following ways (Figure 2.1):

1. The straight chain structural formula (Fisher projection).

2. Cyclic formula (Ring structure or Haworth projection)
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H—C=0
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H—C— OH
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OH—C—H
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H—C— OH
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H—C— OH
6l
CH,O0OH

a-D-Glucopyranose o-D-Glucofuranose
D-Glucose

. ) Ring structure or Haworth projection formula of glucose
Straight chain structure of D-glucose

(Fisher projection formula)
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Isomerism

The compounds possessing identical molecular formula but different
structures are referred to as isomers. The phenomenon of existence of
isomers is called isomerism. (Greek ‘isos’ means equal, ‘meros’

means parts). The important types of isomerism exhibited by sugar
are as follows:
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1. Ketose-aldose isomerism
2. D and L isomerism
Ketose-Aldose isomerism

Glucose and fructose are isomers of each other having the same
chemical (molecular) formula CgH1,0¢, but they differ in structural
formula with respect to their functional groups. There is a keto group
in position two of fructose and an aldehyde group in position one of

glucose (Figure 2.2). This type of isomerism is known as ketose-
aldose isomerism.



Biochemistry Lec.3

535 A8 al

sy« CoH1o06hand dilhesl) dapall (i L) Gandl ledany (o Sges il e sobe H5Sdly 3 sSslall

i ganay 55 ) pasd) & KETO e sene dllin Ll gl Lgile sanad Gy Gblll dipall 3 Calias
5 SN 8 el Fia s 53 5 30 m sl V3 e (V.Y JSAN) S e nl mm e Al E€NYDE

| CHO [«— Aldehyde CH,OH
group
H—C—OH Keto
| group
OH—C—H OH—C—H
I
H—C—OH H—CII—OH
I
H—C—OH H—C—OH
I
CH,0OH CH,CH
Glucose (CgH¢,0g), Fructose (CgH120¢),
(Aldose) (Ketose)

Figure 2.2: Ketose-Aldose isomerism

D and L isomerism

D and L isomerism depends on the orientation of the H and OH
groups around the asymmetric carbon atom adjacent to the terminal
primary alcohol carbon, e.g. carbon atom number 5 in glucose
determines whether the sugar belongs to D or L isomer.

* When OH group on this carbon atom is on the right, it belongs to
D-series, when it is on the left; it is the member of the L-series.
(Figure 2.3).
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CHO | CHO

H —c|:— OH | OH-—CI‘,—H
CH,0OH : CH,0OH
D-Glyceraldehyde Mirror L—Glyceraldehyde
TcHo | TcHo
2 | 2
H—C —OH OH—C——H
3 l 3
OH—C —H | H—C— OH
4 | 4
H—C — OH OH=—C——H
5 l 5
H—C —rOH | OH+—C——H
SCHZOH : CH,OH
D (+) Glucose Mirror L (=) Glucose

Figure 2.3: D and L isomers (enantiomeric pairs)
of glyceraldehyde and glucose

Chemical properties of monosaccharide <iiwl/
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Some of the important chemical properties of monosaccharide are:
1. Action of Strong Acids: Furfural formation

2. Action of Alkalies: Enolization

3. Oxidation: Sugar acid formation

4. Reduction: Sugar alcohol formation

7



Biochemistry Lec.3

5. Action of phenylhydrazine: Osazone formation.
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1. Action of Strong Acids (Furfural Formation)

On heating a sugar with mineral acids (H,SO, or HCI), the sugar
loses water and forms furfural derivatives. These may condense with
a certain chemicals to produce colored complexes. This is the basis
of the Molisch’s test, Seliwanoff’s test and Bial’s test.
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2. Action of Alkalies (Enolization)

On treatment with dilute aqueous alkalies, both aldoses and ketoses
are changed to enediols. Enediol is the enol form of sugar because
two OH groups are attached to the double bonded carbon. Enediols
are good reducing agents and form basis of the Benedict’s test and
Fehling’s test.
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When aldoses oxidize under proper conditions they may form:
Aldonic acid, Saccharic acids or Uronic acid.
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4. Reduction to Form Sugar Alcohol
Both aldoses and ketoses may be reduced by enzymes or non-
enzymatically to the corresponding polyhydroxy alcohols.
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5. Action of Phenylhydrazine

(Osazone Formation) Osazones are yellow or orange crystalline
derivatives of reducing sugars with phenylhydrazine and have a
characteristic crystal structure, which can be used for identification
and characterization of different sugars having closely similar
properties (like maltose and lactose).
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Disaccharides
» Disaccharides consist of two monosaccharide units.
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* They are crystalline, water soluble and sweet to taste.
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» They are subclassified on the basis of the presence or absence of free
reducing (aldehyde or ketone)group (Table 2.5).

1. Reducing disaccharides with free aldehyde or keto group, e.g.
maltose, lactose

2. Non-reducing disaccharides with no free aldehyde or keto group,
e.g. sucrose
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Table 2.5: Classification of disaccharides

Disacclharides

| |
Reducing Non-reducing

(with free aldehyde or ketone group) (absence of free aldehyde or ketone group)
Example Constituent Example Constituent
Maltose Glucose + Glucose Sucrose Glucose + Fructose
Lactose Galactose + Glucose Trehalose Glucose + Glucose
Isomaltose Glucose + Glucose

Maltose

« Maltose contains two glucose residues, and it is a reducing
disaccharide.

Maltose is produced as an intermediate product in the digestion of
starch and glycogen by the action of the enzyme a-amylase.
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Lactose (Milk sugar)
o It is present in milk. Lactose contains one unit of 3-galactose and
one unit of B-glucose that are linked by a B (1 — 4) glycosidic
linkage (Figure 2.Y).
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» The anomeric carbon of the glucose unit is available for oxidation
and thus lactose is a reducing disaccharide.
» Lactose is hydrolyzed to glucose and galactose by lactase enzyme
in human beings.
Sucrose (Common Table Sugar)
 Sucrose is a disaccharide of glucose and fructose. It is formed by
plant but not by human beings. Sucrose is an intermediate product of
photosynthesis. Sucrose is the commonly used table sugar.
o Sucrose is hydrolyzed to fructose and glucose by an enzyme
sucrase which is also called invertase.
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Polysaccharides are polymers consisting of hundreds or thousands of
monosaccharide units. They are also called glycans or complex
carbohydrates. They may be either linear, (e.g. cellulose) or
branched, (e.g. glycogen) in structure. Polysaccharides are of two

types:
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I.  Homopolysaccharides (homoglycans)
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When a polysaccharide is made up of several units of one and the
same type of monosaccharide unit, it is called homopolysaccharide
(e.g. Starch, Dextrin, Glycogen, Inulin, and Cellulose)
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Ii. Heteropolysaccharides (heteroglycans).

They contain two or more different types of monosaccharide units or
their derivatives. Heteropolysaccharide present in human beings is
glycosaminoglycans (mucopolysaccharides), e.g. (e.g. Heparin,
Chondritin sulfate, Hyaluronic acid).
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» Starch st

It is the storage form of glucose in plants. Starch is composed of two

constituents (amylose and amylopectin). Amylose is a linear

polymer of D-glucose units, while Amylopectin is structurally

identical to those of amylose but with branched chains.
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> Glycogen (Animal Starch) (sl st

Glycogen is the major storage form of carbohydrate (glucose) in
animals, found mostly in liver and muscle. It is often called animal
starch.

The structure of glycogen is similar to that of amylopectin, except that
it is more highly branched,
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_ Table 2.3 Structure and functions of glycosaminoglycans (GAGs)

GAG Disaccharide unit Function

Hyaluronic acid N-Acetyl glucosamine -Glucuronic acid Serves as lubricant and shock absorber, facilitates
cell migration in embryogenesis, morphogenesis,
wound healing

Condroitin sulfate N-Acetyl-galactosamine-Glucuronic acid Provides an endoskeletal structure helping to
maintain their shape. Has a role in compressibility
of cartilage in weight bearing

Keratan sulfate N-Acetyl-glucosamine-Galactose Transparency of comea
(no uronic acid)
Dermatan sulfate N-Acetyl-galactosamine-L-lduronic acid Transparency of cornea and maintains the
overall shape of the eye
Heparin Glucosamine-Glucuronic acid or Iduronic acid Serves as an anticoagulant, causes release
of lipoprotein lipase from capillary walls
Heparan sulfate Same as heparin except that some Component of plasma membrane where it
glucosamine are acetylated may act as receptor and may also participate in the

mediation of cell growth, cell-to-cell communication

» Glycosaminoglycans (GAGS)

Examples and function of glycosaminoglycans are listed in table
2.3 (g%
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