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My revision planner
Module 1 Development of practical skills in biology
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Practical skills
7
What are practical skills?
8
Practical skills assessed in a written examination

Module 2 Foundations in biology
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Cell structure
16 Microscopes and images
17 Cells
Biological molecules
23 Water
24 Monomers and polymers
25 The chemical elements that make up biological molecules
32 The key inorganic ions involved in biological processes
33 Testing for the presence of biological molecules
Nucleotides and nucleic acids
36 The structure of nucleotides and nucleic acids
38 The replication of DNA
38 The nature of the genetic code
39 The synthesis of polypeptides
Enzymes
42 The role of enzymes
42 The mechanism of enzyme action
44 Effects of conditions on enzymes
45 Practical investigations
46 Enzyme-controlled reactions
Biological membranes
49 Roles of membranes in cells
51 Membrane structure and permeability
51 The movement of molecules across membranes
53 Water potential and osmosis
Cell division, cell diversity and cellular organisation
55 The cell cycle
55 Mitosis
56 Meiosis
59 Cell specialisation in multicellular organisms
60 Tissues, organs and organ systems
61 The features and differentiation of stem cells
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Module 3 Exchange and transport
8

4

Exchange surfaces
64 The need for specialised exchange surfaces
65 Efficient exchange surfaces
66 Ventilation and gaseous exchange in mammals
69 Ventilation and gaseous exchange in bony fish and insects
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Transport in animals
72 The need for transport systems in multicellular animals
72 Different types of circulatory systems
73 The structure and functions of blood vessels
74 Blood, tissue fluid and lymph
76 The mammalian heart
80 The role of haemoglobin in transporting oxygen and carbon dioxide
Transport in plants
83 The need for transport systems in multicellular plants
83 The structure and function of the vascular system
85 The process of transpiration
86 The transport of water
88 Adaptations of plants to the availability of water
89 The mechanism of translocation
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Communicable diseases, disease prevention and the immune system
91 Pathogens and their transmission
96 Primary and secondary immune responses
96 The structure and general functions of antibodies
97 Types of immunity
97 Autoimmune diseases
97 The principles of vaccination
98 Possible sources of medicines
98 Benefits and risks of antibiotics
Biodiversity
100 The levels of biodiversity
101 Species richness and species evenness
102 Simpson’s Index of Diversity
103 Genetic biodiversity
104 Maintaining biodiversity
Classification and evolution
108 Biological classification
108 The binomial system
108 The features used to classify organisms
110 The relationship between classification and phylogeny
110 The evidence for the theory of evolution by natural selection
111 Different types of variation
113 Adaptations of organisms to their environment
114 How natural selection can affect the characteristics of a population
114 The implications of evolution for humans
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Module 4 Biodiversity, evolution and disease
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Phospholipids are similar to triglycerides, but one of the fatty acid chains

is replaced by a phosphate group (Figure 3.9). The two remaining fatty
acid ‘tails’ are insoluble in water and are called hydrophobic.
Hydrophilic head

Hydrophobic tail

A phospholipid is a
molecule containing
one glycerol molecule, a
phosphate group and two
fatty acid chains.
Hydrophobic means waterhating, repelled by water.

Ch

Two fatty acid ‘tails’

P

P = Phosphate

Glycerol

3 Biological molecules

Phospholipids

Ch = Choline

Figure 3.9 A phospholipid has two fatty acid chains and a phosphate group
Hydrophilic means waterloving, attracted to water.
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The phosphate group is complex and includes choline, which is water
soluble. This alters the characteristics of the molecule. This group
makes the ‘head’ end of the phospholipid able to mix with water — it is
hydrophilic. Phospholipids form bilayers with the hydrophobic ‘tails’ in
the centre and the hydrophilic ‘heads’ pointing outwards to interact with
the surrounding aqueous solution. This is the basis of all cell membranes.

Write an exam-style
question worth about 10
marks about the roles of
lipids in living things. Ensure
that at least 5 marks test
assessment objective 2 (use
of your knowledge in an
unfamiliar context). Write
out a mark scheme.

pl

Now test yourself

Revision activity

6 Explain why phospholipids are used in membranes.

Answer on p. 116
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Amino acids and proteins
Amino acids

sa

Proteins are made up of long chains of amino acids. There are 20
different amino acids used in proteins, but all have the same basic
structure (Figure 3.10). The residual R group is the only part that differs
between different amino acids.
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Figure 3.10 The generalised structure of an amino acid

A peptide bond is the bond
between two amino acids.

Proteins

Condensation is a reaction
that involves the release of
water molecules.

All proteins consist of long, unbranched chains of amino acids, which
are held together by peptide bonds. These bonds are formed by
condensation and occur between the amino group of one amino acid
and the carboxylic acid group of another. A peptide bond is formed by
condensation.
Two amino acids together make a dipeptide (Figure 3.11). Many amino
acids in a chain form a polypeptide.

A dipeptide is formed when
two amino acids are joined
together by a peptide bond.
A polypeptide is a chain of
many amino acids joined
together by peptide bonds.
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Figure 3.11 The condensation reaction to form a dipeptide

There are four levels of protein structure (Figure 3.12).

Now test yourself
7 Explain why proteins are
unbranched chains.

e

Answer on
p. 116

Primary structure

Secondary structure

pl

Tertiary structure

Quaternary structure

m

Figure 3.12 The four levels of structure in a protein

A primary structure is a chain of amino acids, held together by
peptide bonds.
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A secondary structure is formed when the chain of amino acids
becomes folded and coiled. Two shapes are formed:
l alpha (α) helix — shaped like a coil spring
l beta (β) sheets — pleated like a folded sheet of paper
Hydrogen bonds hold the folds and coils in place.

A tertiary structure is formed when the coiled and pleated chains
can be folded further to produce the final three-dimensional shape of
the molecule. These final folds and coils are caused by the interactions
between the R groups on the amino acids, which interact to form a range
of bonds that hold the three-dimensional shape. These bonds include:
l hydrogen bonds between polar R groups
l ionic bonds between R groups with opposite charges
l covalent disulfide bonds between two sulfur-containing R groups
Additionally, some R groups are hydrophobic and twist away from
water into the centre of the molecule. Others are hydrophilic and twist
outwards so that they are on the outside of the molecule.

Typical mistake
Some candidates suggest
that a protein shows just one
of the levels of structure or
that the labelling applies
to the nutritional value of
the protein. This is not the
case — all proteins show a
primary, a secondary and a
tertiary level of structure,
and some show a quaternary
level of structure.

Exam tip
A typical question might ask
you to relate the structure
of a protein to its properties
— this could be answered in
the form of a table.

Many proteins are just one polypeptide chain that has been coiled and
folded. However, some proteins consist of more than one polypeptide
chain — e.g. haemoglobin has four polypeptide chains and collagen has
three. These multi subunit proteins make up the quaternary structure.
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Now test yourself

Globular proteins are proteins that are highly folded to form a
globular shape. These proteins are more water soluble. They are active
in metabolism and their activity relies on their three-dimensional shape.
Their shape and activity are sensitive to temperature changes: higher
temperatures can cause distortion of their shape.

8 Explain the difference
between a polypeptide and
a protein.

Answer on
p. 116

Haemoglobin
Haemoglobin is a conjugated protein. It is used to transport oxygen in
the form of oxyhaemoglobin. Haemoglobin contains four polypeptide
chains called subunits — two alpha (α) chains and two beta (β) chains.
Haemoglobin is a conjugated protein as each subunit has a non-protein
prosthetic group attached, called a haem group, which contains a single
iron ion (Fe2+). One oxygen molecule can attach to each haem group, so a
haemoglobin molecule can carry four oxygen molecules.
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Enzymes

A conjugated protein is
a globular protein with a
prosthetic group.

3 Biological molecules

Globular proteins
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An example of an enzyme is amylase, which hydrolyses the bonds
between glucose subunits in amylose. The molecule has regions that are
coiled in an alpha (α) helix and other regions that are folded into beta
(β) sheets. The compact globular shape contains an active site that has a
specific shape that is complementary to the shape of the substrate (in this
case, amylose). The active site holds at least one calcium ion that acts as a
cofactor — it is essential for the correct action of the enzyme.

Hormones

m

An example of a hormone is insulin, which is used to stimulate removal
of excess glucose from the blood. There are two polypeptides held
together by disulfide bridges. One polypeptide is 21 amino acids and the
second is 30 amino acids. The molecule has a specific three-dimensional
shape that is complementary to the shape of a glycoprotein receptor on
the surface of cells in the liver.
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Fibrous proteins

Fibrous proteins tend to have a regular sequence of amino acids that
is repeated many times. They are less soluble in water (usually totally
insoluble). They tend to form fibres that have structural functions and
examples include collagen, keratin and elastin.

Collagen

Collagen has three polypeptide chains wound around one another.
It is not easily stretched. It provides strength in the walls of arteries to
withstand the high blood pressure. It is found in tendons, which hold
muscle to bone, and in bone, where it is hardened by calcium phosphate.

Revision activity

Keratin
Keratin has two polypeptide chains coiled together. It is strong and is used
for protecting delicate parts of the body. Examples include finger nails,
claws, hooves, horns, scales, hair and feathers. The cells in the outer layer of
skin also contain keratin, which makes them impermeable to water.

Make a model (or draw a
diagram) of a protein using
coiled wire or a slinky spring
and folded paper. Label and
annotate the model to show
examples of the different
types of bonding.
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3 Biological molecules

Elastin
Elastin is produced by linking many tropoelastin fibres together.
Tropoelastin is coiled like a spring and can stretch and recoil. It is used
wherever stretching and recoil is required, such as in the walls of the
arteries and airways, alveoli, skin and the wall of the bladder.

Now test yourself
9 Explain why proteins that are metabolically active such as enzymes or hormones are globular proteins.
10 Explain why globular proteins are more affected by temperature change than fibrous proteins.

Answers on p. 116
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The key inorganic ions involved in
biological processes
Inorganic ions
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Inorganic ions are charged particles that have a number of important
roles. These roles range from creating skeletal structures to nervous
conduction and activating enzymes. Cations are positively charged and
anions are negatively charged. Table 3.1 summarises these roles.
Table 3.1 The roles of inorganic ions

Role in biological systems

m

Ion

Ammonium (NH4+)

A component of amino acids, proteins and nucleic acids
Involved in the:
l nitrogen cycle
l maintenance of pH

Increases the hardness of bones, teeth and the exoskeletons of crustaceans. It is
also found in the middle lamella between plant cells
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Calcium (Ca2+)

A factor in blood clotting
Involved in the control of muscle contraction and synaptic action
Activates enzymes such as amylase and lipase
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Chloride (Cl–)

Involved in the:
l reabsorption of water in the kidney
l regulation of water potentials in cells and body fluids
l transport of carbon dioxide in the blood
l production of hydrochloric acid in the stomach

Hydrogen (H+)

Involved in:
l oxidative phosphorylation in respiration
l photophosphorylation in photosynthesis
l the transport of carbon dioxide in the blood
l the regulation of blood pH
l reduction reactions in metabolism

Hydrogencarbonate
(HCO3–)

Involved in the:
l regulation of blood pH
l transport of carbon dioxide in the blood
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