Chemistry department/ third class Dr. Falah and Dr. Hassanain Biochemistry/ Carbohydrates

Sucrose:

Sucrose (table sugar, 10% tons of sucrose are produced annually for
consumption) is the most abundant disaccharide in the biological world. It is found
in fruits, nectar, sugar cane, and sugar beets; maple syrup contains about 65%
sucrose, with glucose and fructose present as well. Caramel is the solid residue
formed from heating sucrose. A flavoring agent called invert sugar is produced by
the hydrolysis of sucrose under acidic conditions, which breaks it apart into
glucose and fructose; invert sugar is sweeter than sucrose because of the
fructose. Some of the sugar found in honey is formed in this fashion; invert sugar

is also produced in jams and jellies prepared from acid-containing fruits.

In sucrose, carbon 1 of a-D-glucopyranose bonds to carbon 2 of D-
fructofuranose by an a-1,2-glycosidic bond. Because the anomeric carbons of
both the glucopyranose and fructofuranose units are involved in formation of the
glycosidic bond, neither monosaccharide unit is in equilibrium with its open-chain

form. Thus sucrose is a non-reducing sugar.
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Polysaccharides:

Polysaccharides consist of large numbers of monosaccharide units bonded
together by glycosidic bonds. The polysaccharides found in nature either serve a
structural function (structural polysaccharides) or play a role as a stored form of
energy (storage polysaccharides). They are not reducing sugars, since the
anomeric carbons are connected through glycosidic linkages. Three important
polysaccharides, all made up of glucose units, are starch, glycogen, and

cellulose.
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Starches (plants):
Amylose — unbranched,
Amylopectin — branched
Glycogen (animals):
highly branched

Biochemistry/ Carbohydrates

Starch (Amylose and Amylopectin):

Starch is used for energy storage in plants. It is found in all plant seeds and
tubers and is the form in which glucose is stored for later use. Starch can be
separated into two principal polysaccharides: amylose and amylopectin. Although
the starch from each plant is unique, most starches contain 20 to 25% amylose

and 75 to 80% amylopectin.

Complete hydrolysis of both amylose and amylopectin yields only D-glucose.
Amylose is composed of continuous, unbranched chains of as many as 4000 D-
glucose units joined by a-1,4-glycosidic bonds. Amylopectin contains chains of as
many as 10,000 D-glucose units also joined by a-1,4-glycosidic bonds. In
addition, considerable branching from this linear network occurs. New chains of

24 to 30 units are started at branch points by a-1,6-glycosidic bonds (Fig. 1.14).
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Figure (1.14): Amylopectin is a branched polymer of approximately 10,000 D-
glucose units joined by a-1,4-glycosidic bonds. Branches consist of 24-30 D-

glucose units started by a-1,6-glycosidic bonds.

Glycogen:

Glycogen acts as the energy-reserve carbohydrate for animals. Like
amylopectin, it is a branched polysaccharide containing approximately 108
glucose units joined by a-1,4- and a-1,6-glycosidic bonds. The total amount of
glycogen in the body of a well-nourished adult human is about 350 g, divided

almost equally between liver and muscle.
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Cellulose:

Cellulose, the most widely distributed plant skeletal polysaccharide, constitutes
almost half of the cell-wall material of wood. Cotton is almost pure cellulose.
Cellulose is a linear polysaccharide of D-glucose units joined by (-1,4- glycosidic
bonds (Fig. 1.15). It has an average molecular weight of 400,000 g/mol,

corresponding to approximately 2200 glucose units per molecule.
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Figure (1.15): Cellulose is a linear polysaccharide containing as many as 3000

units of D-glucose joined by -1,4-glycosidic bonds.

Cellulose molecules act much like stiff rods, a characteristic that enables them
to align themselves side by side into well-organized, water-insoluble fibers in
which the OH groups form numerous intermolecular hydrogen bonds. This
arrangement of parallel chains in bundles gives cellulose fibers their high
mechanical strength. It also explains why cellulose is insoluble in water. When a
piece of cellulose-containing material is placed in water, there are not enough OH
groups on the surface of the fiber to pull individual cellulose molecules away from

the strongly hydrogen-bonded fiber.

Humans and other animals cannot use cellulose as food because our digestive
systems do not contain B-glucosidases, enzymes that catalyze the hydrolysis of
B-glucosidic bonds. Instead, we have only a-glucosidases; hence, we use the
polysaccharides starch and glycogen as sources of glucose. In contrast, many
bacteria and microorganisms do contain f-glucosidases and so can digest
cellulose. Termites (much to our regret) have such bacteria in their intestines and
can use wood as their principal food. Ruminants (such as cows and sheep) and
horses can also digest grasses and hay because B-glucosidase-containing

microorganisms are present in their alimentary systems.
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