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Simple carbohydrates

Types of carbohydrate

. single monosaccharide unit
(* n= usually 3 to 6)

carbohydrates

disaccharides

polysaccharides

Types of carbohydrate

® Carbohydrates are chemical

compounds thar contain carbon and

the clements of water: hydrogen and

oxygen. A few also contain nitrogen or

sulfur.

® There are two main groups of
carbohydrates: sugars and starches.

® Sugars are small, water soluble
molecules thar taste sweet. Starches
are very large, Insoluble molecules.

e Carbohydrates may be
monosaccharides, disaccharides, or
polysaccharides.




Monosaccharides

e Simple sugars all have the same
general formula C,(H,0), The
simplest common sugar found In
animals Is glucose (CgH20g). Glucose

Molecular structure of glucose has two molecular forms: a straight

chain and a ring. About 98 percent of

the sugar molecules In a solutlon are

In ring form.

Disaccharides

e Disaccharides (see page 9) are sugars
made by linking together two
monosaccharide rings by a
condensation reaction. An OH group
from each monosaccharide unit reacts
together 1o make water (H;0) and
form an oxygen bridge between the
sugar rings.

e Maltose (Cy2H2,0y) Is a disaccharide
that Is a product of starch digesuon
and is also found In some germinatng
sceds. It Is formed by two glucose
molecules joined together by a
glycosidic (C-0-C) bond.

@ OH groups ar the end of a disaccharide
molecule can link with more rings o
make longer chalns. However, most
sugars have three rings or fewer.

carbon




Complex carbohydrates

Complex carbohydrates
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Polysaccharides
e Carbohydrates with large numbers of
rings In their molecules are called
H e Polysaccharides are used In living
| things for energy storage and to bulld
structures (see page 10).




Monosaccharides and disaccharides

The simplest carbohydrates are monosaccharides. These are sugars. They include
glucose, fructose and galactose. These three monosaccharides each have six carbon
atoms, so they are also known as hexose sugars. Their molecular formula is CgH, ,04.

B-glucose
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Structural formulae of a-glucose and f-glucose molecules



Two monosaccharides can link together to form a disaccharide. For example, two
glucose molecules can link to produce maltose. The bond that joins them together
is called a glycosidic bond. As the two monosaccharides react and the glycosidic
bond forms, a molecule of water is released. This type of reaction is known as a
condensation reaction. Different disaccharides can be formed by linking different

monosaccharides.
Disaccharide Monosaccharides
Maltose Glucose + Glucose
Lactose Glucose + Galactose
Sucrose Glucose + Fructose




Glycosidic bond
Formation of maltose by a condensation reaction



Storage polysaccharides

In animals and fungi, the storage polysaccharide is glycogen. It is made of a-glucose
molecules linked together by glycosidic bonds. Most of the glycosidic bonds are
between carbon 1 on one glucose, and carbon 4 on the next, so they are called
1-4 links. There are also some 1-6 links, which form branches in the chain. When
needed, the glycosidic bonds can be hydrolysed by carbohydrase enzymes to form
monosaccharides, which can be used in respiration. The branches mean there are
many ‘ends’, which increases the rate at which carbohydrases can hydrolyse the
molecules.

A small part of a glycogen molecule



Important
polysaccharides

Polysaccharides in animals

# In animals pofyssccharides are mainly
used for cnerygy stomge. In humans up
to 10 percent of the weight of the liver
c=n be glycogpen —an insant sore of
encrEy that is caser to mobilisc than
fat, which is used for long-term encngy

storage.

@ A typical ghrogen molecuke may
contain 300 to 400 plucose units in a
beanching mokecule.

& Glycogen also ocours in yoasts and
bacreria

» Chitin i= madc of aconylgucosamine. (oo ool e
glucosc units with an amino group
asached It i= common in shellfich
{the odible crab can be 70 poroem
chitin) where it is an important part of
the shell.

@ Chizin is also found in the emdbolaion
of insocts.

® Chitin is a structural polyssccharnide
and is not weod a5 AN CNCTRY store.

Polysaccharides in plants

® Plants store starch 2= granules insidc
their cefls. Roots such us potatecs and
carroes arc often rich in starch, which
provides the encrgy necded for the
next generation to develop before it

photomymthesis,

@ Colluloss s a structural
and gves the cell wall its serengh.
Animals cannot digea ocllulose, and

it pamcs through the g largcly
:mﬂml-m

@ o ghotose
O pPucose
O acetylgucosamine
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chains of a 1-4 [ I !
linked glucose 5C—o0 C—0 5C—0

The glucose molecules '!'_g"' T o OH Hooon

in a chain all have the « 1-4 glycosidic bond
same orientation

1-4 link

Hydrogen bond — many of these
hold the amylose in a spiral shape

A small part of an amylose molecule
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Amino acids

Generalized amino
acid structure
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Natural amino acids
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Protein structure

o All proteins are made of small amino
acid molecules linked by peptide
bonds In long chains resembling a
string of beads.

e ‘The number and order of amino acids
in the chain decides how the protein
will behave.

@ Some proteins have more than one

chain of amino acids and some have

extra groups of atoms added. For

transports oxygen from the lungs o

cells throughout the body, Is a protein

with four amino acid chains wrapped
around a central group containing
fron.




The chain of amino acids often folds or curls up on itself. For example, many
polypeptide chains coil into a regular 3D shape called an alpha helix. This is held
in shape by hydrogen bonds between amino acids at different places in the chain.
This regular shape is an example of secondary structure of a protein. Another
example is the beta-pleated strand.

An alpha helix A hotn-pluud

Hydrogen bond
between amino

acids

Hydrogen
bonds hold the
helix in shape
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Examples of secondary structure



Types of protein

® There are two main groups of (e myosin
‘@ The difference between the wo
groups depends on the way the

Classification of proteins

‘

transpart protective
(€.g.. hemoglobin) (eg.. antibodies)









Fatty acids and glycerol

Stearic acid (saturated): model




Triglycerides
A triglyceride molecule is made of a ‘backbone’ of glycerol, to which three fatty acids
are attached by ester bonds.

Fatty acid molecule Glycerol molecule Ester bond
H H H H H Condensation H H H H
Each of the fatty acids is joined 1!
to the glycerol by an ester bond. i bocd H
A trigyceride has three fatty
acids with three ester bonds.

The formation of a triglyceride molecule









Phospholipids
A phospholipid molecule is like a triglyceride in which one of the fatty acids is replaced

by a phosphate group.
Two fatty acid chains

Hydrophobic tails Hydrophilic head

(facty acid chains) M (phosphate group)

Phospholipid molecules

The fatty acid chains have no electrical charge and so are not attracted to the dipoles
of water molecules (see page 45). They are said to be hydrophobic.

The phosphate group has an electrical charge and is attracted to water molecules.
It is hydrophilic.



In water, a group of phospholipid molecules therefore arranges itself into a bilayer,
with the hydrophilic heads facing outwards into the water and the hydrophobic tails
facing inwards, therefore avoiding contact with water.
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A phospholipid bilayer
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