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1 Biological molecules
8 Monomers and polymers
9 Carbohydrates
13 Lipids
15 General properties of proteins
18 Many proteins are enzymes
22 Nucleic acids are important information-carrying molecules
25 ATP
27 Water
28 Inorganic ions

2 Cells
30 Cell structure
37 All cells arise from other cells
40 Transport across cell membranes
46 Cell recognition and the immune system

3 Organisms exchange substances with their environment
54 Surface area to volume ratio
56 Gas exchange
63 Digestion and absorption
67 Mass transport in animals
79 Mass transport in plants

4 Genetic information, variation and relationships
between organisms
87 DNA, genes and chromosomes
90 DNA and protein synthesis
95 Genetic diversity can arise as a result of mutation or
during meiosis
98 Genetic diversity and adaptation
100 Species and taxonomy
102 Biodiversity within a community
105 Investigating diversity
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Energy transfers in and between organisms
109 Photosynthesis

110 The light-dependent reaction

110 The light-independent reaction

111 Limiting factors

112 Respiration

113 Aerobic respiration

116 Anaerobic respiration

116 Measuring respiration

Energy and ecosystems

119 Net productivity of producers
120 Net productivity of consumers
121 Nutrient cycles

Stimulus and response
126 Survival and response
129 Receptors

132 Control of heart rate

Nervous coordination

137 Nerve impulses

141 Synaptic transmission
143 Skeletal muscles

Homeostasis

149 Principles of homeostasis and negative feedback
150 Control of blood glucose concentration

153 Control of blood water potential

Inheritance

161 Monohybrid crosses

165 Dihybrid inheritance

167 Linkage

168 Epistasis

169 Use of the chi-squared (%) test in genetics exams
170 Population genetics

172 Evolution

174 Speciation
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11 Populations in ecosystems
176 Biotic and abiotic factors
177 Investigating populations
179 How ecosystems develop

12 The control of gene expression

182 Mutation: alteration of the sequence of bases in
DNA can alter the structure of proteins

184 Gene expression is controlled by a number of features
187 Regulation of transcription and translation
190 Gene expression and cancer

13 DNA technology
193 Recombinant DNA technology
198 Gene therapy
198 Medical diagnosis
200 Genetic fingerprinting

203 Now test yourself answers
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7 Stimulus and response

Survival and response

All organisms have the same aim in life: to try to get food and to avoid
being food for something else until they have had a chance to reproduce
and pass on their alleles. It is vital that organisms are able to detect and
respond to changing environmental conditions. You may remember that
sensitivity is one of the seven signs of life.

A stimulus is a change in the environment that can be detected. A receptor
is a specialised cell that can detect a particular stimulus. Large, complicated
organisms such as humans have many difterent receptors for lots of difterent
stimuli. With single-celled organisms, the whole organism is the receptor.

Name five different stimuli that humans can detect.

Tropisms

EE

Plants have no nerves or muscles, so they cannot respond as fast as
animals. However, they are sensitive to the environment and can respond
by growing in a particular direction. Growth responses to directional
stimuli in plants are called tropisms and are achieved by changes in

cell division and enlargement. In flowering plants, tropisms and other
responses are controlled by specific growth factors — sometimes
inaccurately called plant hormones. Generally, growth factors are made
in the growing points — meristems — and move to other areas of the
plant where they control mitosis.and cell enlargement/specialisation.

There are many tropisms, such as:

® phototropism — the response to light. Stems are usually positively
phototropic and grow towards the light, whereas roots are generally
negatively phototropic and grow away from the light.

® geotropism or gravitropism — both names for the response to
gravity. Roots are usually positively geotropic and grown down into
the soil, whereas stems are generally negatively geotropic and grow
upwards. This allows seeds, which fall at random into soil, to grow in
the right direction even in the absence of light.

® hydrotropism — the response to water

® chemotropism — the response to chemicals

@ thigmotropism — the response to touch

A tropism is a growth
response made by a plant
in response to an external
stimulus.

Explain the term tropism.
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The specific example of a growth factor you have to know is the
control of phototropism and gravitropism by different concentrations of
indoleacetic acid (IAA). Figure 7.1 explains the phototropic response.

2

Movement
of auxin Light
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Figure 7.1 The mechanism of phototropism

—

Light illuminates the plant from one side.

2 The growing tip of the plant makes IAA, which is actively transported
to the shaded side.

The IAA diffuses down the shaded side.

The TAA stimulates cell division and elongation.

The increased growth on the shaded side causes the stem to bend
towards the light.

g1~ W

In gravitropism (Figure 7.2), the roots must grow downwards and the
shoots must grow upwards. Imagine a root that 1s lying horizontally in
the soil:

1 Cells near the root tip contain small organelles called amyloplasts,
which are similar to chloroplasts but densely packed with starch.

2 Due to their density, the'amyloplasts accumulate on the lower
side of the cells and this allows the cells to detect the direction of
gravity.

3 TAA seems to be actively transported to the area where the amyloplasts
are. In roots, higher levels of [AA inhibit cell elongation (the opposite
of the response in shoots).

4 As a consequence, the roots grow more quickly on the upper side,
resulting in downward growth.

Amyloplast

Figure 7.2 The mechanism of gravitropism in roots

IAA belongs to a class of
plant growth factors called
auxins.

AQA A-level Biology

(0]
0
c
(@]
o
n
(4]
[
©
c
Q0]
0
3
>
=
)
o~

127




Q
n
c
o
o
0
()
(.
i)
c
(]
0
>
—
>
-
9p]
o~

128

Taxis and kinesis

At their most basic level, responses consist of detecting particular stimuli
and then moving or growing towards or away from them. For organisms
that can move, such as bacteria, algae and most animals, taxis and
kinesis are common responses.

A taxis is a directional response that results from an organism being
able to tell the direction of a stimulus. If an organism moves towards a
stimulus, it is a positive taxis. For example, some bacteria are positively
aerotactic because they move towards oxygen.

In contrast, a kinesis is a non-directional response. This is an effective
way of finding favourable conditions even when they cannot detect which
direction to go. Woodlice, for example, prefer dark, damp conditions.
When in light, dry conditions they move quickly, making many turns.

In this way they explore their environment. When, by chance, they find
the conditions they prefer, they slow down and turn more tightly, in an
attempt to find the very best spot. Eventually, they stop.

The apparatus shown in Figure 7.3 is suitable for studying taxis and
kinesis in small invertebrates such as woodlice and maggots.

Hole in top

Light-proof
black cloth

Figure 7.3 A simple choice chamber to investigate taxes or kineses in
response to light

-
Explain the terms taxis:and kinesis.

When observing an organism’s‘behaviour in the choice chamber shown in Figure 7.3, explain how a

taxis would differ from a kinesis.

Some single-celled algae have flagella so they can move, and are said to be positively phototactic.

Explainwhat positively phototactic means.
Explain the advantage of this characteristic to the algae.

Suggest the advantage to woodlice of seeking out damp, dark conditions.

Reflex arcs

e

Vertebrates have a complex nervous system that consists of a central

nervous system (CNS) — the brain and spinal cord — along with

many peripheral nerves. The basic organisation is as follows:

® Receptors are cells that gather information by detecting stimuli from
within the body and the external environment.

® Sensory information passes into the CNS via impulses along sensory
nerves.

® The CNS processes the information and coordinates a response.

® Impulses pass to effectors along motor nerves.

® The effectors — muscles or glands — bring about the response.
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The simplest response we can study is the reflex arc (Figure 7.4), which
involves three neurones:

® i sensory neurone

® a relay neurone inside the spinal cord

@ a motor neurone (see page 138)

Neurones are nerve cells
that transmit an action
potential.

Spinal cord

Relay neurone
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Motor
neurone Synapse

Sensory neurone

end plate

Skeletal
muscle
(effector)

Hot plate

)

Heat receptor

Figure 7.4 A reflex arc, showing the three basic neurones

In a reflex arc, you do not need to know about dorsal and ventral roots
and ganglions. Lots of diagrams contain them.

Reflex arcs are simple for/good reason: it makes them as fast as possible.
Generally, reflexes are fixed, which means that a particular stimulus
always produces the same response. This is because they do not involve
the conscious parts of the brain. The two main functions of reflex arcs
are to minimise damage to the body and to maintain posture by making
constant minute adjustments to muscle tone so that we remain balanced.
An example of a three-neurone reflex is the knee-jerk reflex, which is
important in helping to maintain posture.

Revision activity

Draw a flow diagram of the withdrawal-from-heat reflex arc. Start
with ‘finger touches hot plate’ and end with ‘hand is snatched away'.

Receptors

The Pacinian corpuscle w:

The Pacinian corpuscle is one example of the different receptors found
in mammalian skin. Its function is to detect heavy pressure and vibration
(Figure 7.5).
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