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INTRODUCTION

* Carbohydrates are the most abundant organic molecules in nature. They are primarily
composed of the elements carbon, hydrogen and oxygen.

* The name carbohydrate literally means 'hydrates of carbon'. Some of the carbohydrates
possess the empirical formula (C.H20)n where n< 3.

* Carbohydrates may be defined as polyhydroxyaldehydes or ketones or compound which
produce them on hydrolysis.

The term 'sugar’ is applied to carbohydrates soluble in water and sweet to taste.




FUNCTIONS OF CARBOHYDRATES

1. They are the most abundant dietary source of energy (4Cal/g) for all organisms.

2. Carbohydrates are precursors for many organic compounds (fats, amino acids).

3. Carbohydrates (as glycoproteins and glycolipids) participate in the structure of cell
membrane and cellular functions such as cell growth, adhesion and fertilization.

* 4. They are structural components of many organisms. These include the fiber (cellulose) of
plants, exoskeleton of some insects and the cell wall of microorganisms.

5. Carbohydrates also serve as the storage form of energy (glycogen) to meet the immediate

demands of the body.
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CLASSIFICATION OF CARBOHYDRATES

CARBOHYDRATES

MONOSACCHARIDES OLIGOSACCHARIDES POLYSACCHARIDES




MONOSACCHARIDES

* Monosaccharides (Greek : mono-one) are the simplest group of carbohydrates and are often
referred to as simple sugars. They have the general formula Cn(H20)n, and they cannot be
further hydrolysed.

* The monosaccharides are divided into different categories, based on the functional group and
the number of carbon atoms.

* Aldoses : When the functional group in the monosaccharides is an aldehyde CHO they are
known as aldoses e.g. glyceraldehyde, glucose.

* Ketoses :When the functional group is a keto CO group, they are referred to as ketoses e.g.

dihydroxyacetone, fructose.




* Based on the number of carbon atoms, the monosaccharides are regarded as trioses (3C),
tetroses (4C), pentoses (5C), hexoses (6C) and heptoses (7C).

* These terms along with functional groups are used while naming monosaccharides.

* For instance, glucose is an aldohexose while fructose is a ketohexose.




MONOSACCHARIDE OCCURRENCE BIOCHEMICAL FUNCTION

Trioses
Glyceraldehyde Found in cells as phosphate Glyceraldehyde 3-phosphate is an
intermediate in glycolysis
Dihydroxyacetone Found in cells as phosphate Its 1-phosphate is an intermediate in
glycolysis
Tetroses
D-Erythrose Widespread Its 4-phosphate is an intermediate in
Carbohydrate metabolism.
Pentoses
D-Ribose Widespread as a constituent of For the structure of RNA and nucleotide
RNA and nucleotides coenzymes (ATP, NAD+, NADP+)
D-Deoxyribose As a constituent of DNA For the structure Of DNA
D-Ribulose Produced during metabolism It is an important metabolite in hexose
monophosphate shunt
D-Xylose As a constituent of glycoproteins Involved in the function of glycoproteins.
and gums
L-Xylulose |s an intermediate in uronic acid pathway Excreted in urine in essential pentosuria.

D-Lyxose Heart muscle As a constituent ol lvxoflavin of heart muscle




MONOSACCHARIDE OCCURRENCE BIOCHEMICAL FUNCTION

Hexoses
D-Glucose

D-Galactose
D-Mannose

D-Fructose

Heptoses
D-Sedoheptulose

As a constituent ol polysaccharides
(starch, glycogen, cellulose) and
disaccharides (maltose, lactose,
sucrose). Also found in fruits .

As a constituent of lactose (milk
sugar) Found in plant
polysaccharides and animal
glycoproteins

Fruits and honey, as a constituent
of sucrose and inulin

Found in plants

The 'sugar fuel' of life; excreted in
urine in diabetes. Structural unit of
cellulose in plants

Converted to glucose, failure leads
to

galactosemia

For the structure of polysaccharides
Its phosphates are intermediates of
glycolysis

Its 7-phosphate is an intermediate
in hexose monophosphate shunt,
and in photosynthesis




STRUCTURE OF GLUCOSE
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DISACCHARIDES

* Disaccharide consists of two monosaccharide units (similar or dissimilar) held together by a
glycosidic bond. They are crystalline, water-soluble and sweet to taste. The disaccharides are
of two types:

* 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, trehalose.




MALTOSE

* Maltose is composed of two a-D-glucose units held together by alpha (I - 4) glycosidic bond.

* Maltose can be hydrolysed by dilute acid or the enzyme maltase to liberate two molecules of alpha-D-glucose.

OH OH

Glucose Glucose
Maltose
(c-D-glucosyl (1 — 4) o-D-glucose)




SUCROSE

* Sucrose (cane sugar) is the sugar of commerce, mostly produced by sugar cane and sugar beets.
* Sucrose is made up of alpha-D-glucose and beta -D-fructose.

* The two monosaccharides are held together by a glycosidic bond between C1 of alpha-glucose and C2 of -
fructose.

* The reducing groups of glucose and fructose are involved in glycosidic bond, hence sucrose is a non-reducing
sugar, and it cannot form osazones.

* Sucrose is the major carbohydrate produced in photosynthesis.
* |t is transported into the storage organs of plants (such as roots, tubers and seeds).

e Sucrose is the most abundant among the naturally occurring sugar.




* Sucrose is an important source of dietary carbohydrate.
* |t is sweeter than most other common sugars (except fructose) namely glucose, lactose and maltose.

* Sucrose is employed as a sweetening agent in food industry.

Glucose

Fructose
Sucrose

(o-D-glucosyl (1 — 2) B-D-fructose)




LACTOSE

* Lactose is more commonlv known as milk sugar since it is the disaccharide found in milk.
* Lactose is composed of R-D-galactose and B-D-glucose held together by 8 (1-4) glycosidic bond.

* The anomeric carbon of C1 glucose is free, hence lactose exhibits reducing properties and
forms osazones (powder-puff or hedgehog shape).

* Lactose of milk is the most important carbohydrate in the nutrition of young mammals.

* It is hydrolysed by the intestinal enzyme lactase to glucose and galactose.
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Galactose Glucose

Lactose
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INVERSION OF SUCROSE

* Sucrose, as such is dextrorotatory (+66.50).But, when hydrolysed, sucrose becomes levorotatory (-28.2").

* The process of change in optical rotation from dextrorotatory (+) to levorotatory (-) is referred to as inversion.

* The hydrolysed mixture of sucrose, containing glucose and fructose, is known as invert sugar.




POLYSACCHARIDES

» Polysaccharides (or simply glycans) consist of repeat units of monosaccharides or their
 derivatives, held together by glycosidic bonds.

* They are primarily concerned with two important functions-structural, and storage of energy.

* Polysaccharides are linear as well as branched polymers




POLYSACCHARIDES

HOMOPOLYSACCHARIDES: HETEROPOLYSACCHARIDES:
on hydrolysis yield only a single on hydrolysis yield a mixture of a
type of monosaccharide. few monosaccharides or their

derivatives.




HOMOPOLYSACCHARIDES

STARCH:

Starch is the carbohydrate reserve of plants which is the most important dietary source for higher animals, including

man.
High content of starch is found in cereals, roots, tubers, vegetables etc.
Starch is a homopolymer composed of D-glucose units held by alpha-glycosidic bonds. It is known as glucosan or glucan.

Starch consists of two polysaccharide components-water soluble amylose (15-20 % and a water insoluble amylopectin
(80-85%).

Chemically, amylose is a long unbranched chain with 200-1,000 D-glucose units held by alpha (1 - 4) glycosidic linkages.
Amylopectin, on the other hand, is a branched chain with alpha (1-6) glycosidic bonds at the branching points and alpha

(1- 4) linkages everywhere else.
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GLYCOGEN

* Glycogen is the carbohydrate reserve in animals, hence often referred to as animal starch.
* It is present in high concentration in liver, followed by muscle, brain etc
* The structure of glycogen is similar to that of amylopectin with more number of branches.

* Glucose is the repeating unit in glycogen joined together by alpha(1 -4) glycosidic bonds, and

alpha (1- 6) glycosidic bonds at branching points.




Fig. 2.7T4 : Structure of gfvcoger (A) General structure
(B) Enlarged aft a branch point.




CELLULOSE

Cellulose occurs exclusively in plants and it is the most abundant organic substance in plant
kingdom. It is a predominant constituent of plant cell wall.

Cellulose is totally absent in animal body.

Cellulose is composed of R-D-glucose units linked by 3(1- 4) glycosidic bonds.

Cellulose cannot be digested by mammals including man-due to lack of the enzyme that
cleaves B-glycosidic bond.

Hydrolysis of cellulose yields a disaccharide cellobiose, followed by 5 -Dglucose.
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HETEROPOLYSACCHARIDES

* When the polysaccharides are composed of different types of sugars or their derivatives, they
are referred to as heteropolvsaccharides or heteroglycans.

* MUCOPOLYSACCHARIDES:

* Mucopolysaccharides are heteroglycans made up of repeating units of sugar derivatives,
namely amino sugars and uronic acids.

* These are more commonly known as glycosaminoglycans (GAG).

* Some of the mucopolysaccharides are found in combination with proteins to forrn
mucoproteins or mucoids or proteoglycans.




TYPES OF MUCOPOLYSACCHARIDES

Glycosaminoglycan Tissue distribution | Functions

Hyaluronic aid D-Glucuronic acid, Connective tissue, synovial Serves as a lubricant. and

N-acetylglucosamine fluid, shock absorber. Promotes
vitrous humor wound healing

Chondroitin sulfate D-Glucuronic acid, Cartilage, bone, skin, Helps to maintain the
N-acetylgalactosamine blood vessel wall structure and shapes of
4-sulfate tissue

Heparin D-Glucuronate 2-sulfate, N- Blood, lung, liver, kidney, Acts as an anticoagulant
sulfoglucosamine 6-sulfate spleen

Dermatan sulfate L-Iduronic acid, N- Blood vessel valves, heart  Maintains the shapes of
acetylgalactosamine 4-sulfate valves, tissues

Keratan sulfate D-Galactose, N-acetylglucosamine  Cartilage, cornea, Keeps cornea transparent

6- sulfate connective tissue
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