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9 Control systems
This topic builds on content from Topic 4 (circulation and transport).

Homeostasis

Typical mistake
Students often define
homeostasis in terms
of maintaining constant
conditions in the body. The
internal conditions are
not constant, but they are
relatively stable.
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In biology, homeostasis refers to the ability of organisms to keep
conditions within their bodies relatively stable. They do this by
maintaining a dynamic equilibrium, i.e. corrective mechanisms ensure
that despite large f luctuations in the external environment only small
variations occur in the internal environment.
The three homeostatic mechanisms you studied maintain a relatively stable:
l blood pH — changes in pH affect enzyme activity
l core body temperature — changes in temperature affect enzyme activity
l blood water potential — changes in water potential can cause cell lysis,
cell shrinkage and disruption to hydrolytic metabolic reactions

Homeostasis is the
maintenance of a state of
dynamic equilibrium within
the body of an organism.

Now test yourself

1 Suggest the importance of maintaining a relatively constant concentration of glucose in your blood.

Answer on p. 203

Positive and negative feedback

Homeostatic mechanisms involve positive and negative feedback loops.

Negative feedback systems maintain relative stability
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Negative feedback systems reverse any departure from an ideal condition in
the internal environment. The key steps in negative feedback are as follows:
l A change occurs in the internal environment.
l This change is detected by receptors.
l The receptors lead to activation of a mechanism that reverses the change.
l The conditions return to ‘ideal’ and the corrective mechanism is switched off.
Figure 9.1 shows that changes above and below the ‘ideal’ value can be
corrected. Since the mechanisms that correct increases and decreases from
the ‘ideal’ value are constantly switched on and off, negative feedback
systems maintain a state of dynamic equilibrium.

Negative feedback is a
process that ensures that
any departure from an ideal
state results in a return to
the ideal state.

Corrective mechanism

Negative feedback

Receptors
detect rise

Ideal condition
Receptors
detect fall

Negative feedback
Corrective mechanism

Figure 9.1 Negative feedback corrects changes in either direction from
an ideal condition
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The key steps in positive feedback are as follows:
l A change occurs in the internal environment.
l This change is detected by receptors.
l The receptors lead to activation of a mechanism that continues the
change.

9 Control systems

Positive feedback systems produce change
Positive feedback causes
a departure from a starting
condition to lead to a further
departure from that condition.

Positive feedback can result when negative feedback systems fail, for
example, when suffering hypothermia. They can also occur in a beneficial
way, for example the release of cytokines by activated T helper cells.

Now test yourself
2 Explain why the release of cytokines by activated T helper cells is an example of positive feedback.

Answer on p. 203
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Chemical control in mammals

Chemical control in mammals can involve:
l cytokines — chemicals released by cells in the immune system that
stimulate other cells in the immune system (page 121)
l neurotransmitters — chemicals released at the ends of neurones that
stimulate their target cells (page 164)
l hormones — chemicals released by ductless endocrine glands and
released into the bloodstream, through which they reach their target cells.

In each case, the target cells have receptor proteins on their cell surface
membranes that are complementary to the chemical to which they respond.

Mode of action of hormones

Although hormones are carried by the blood to all body tissues, they only
affect those with receptor proteins on their cell surface membranes that
are complementary to the hormone molecule.
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Hormones affect their target cells in one of two ways.

Peptide hormones and the second messenger mode
of hormone action
Hormones that are peptide molecules do not enter their target cells.
Instead they act as ‘first messengers’, stimulating ‘second messengers’ that
are inside the target cells.

Figure 9.2 shows this second messenger model of action, using the
hormone glucagon as an example.
l A molecule of the hormone attaches to a receptor protein on the cell
surface membrane of its target cell.
l This binding activates an enzyme on the inside of the cell surface
membrane (the G-protein in Figure 9.2 is one such enzyme).
l The activated enzyme hydrolyses ATP, removing two of its phosphate
groups to form a molecule of cyclic adenosine monophosphate (cAMP).
l The cAMP activates further enzymes that cause a cascade of reactions
in the cell. In the example in Figure 9.2, the result is the formation of
glycogen from glucose.

In the second messenger
model of action, the
binding of a hormone to a
specific receptor protein
on the outside of its target
cell activates a ‘second
messenger’ inside the cell.
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9 Control systems

Glucagon
Receptor protein

Outside
of cell

Cell surface
membrane

Inside
of cell

Active
G-protein

Activator
ATP
Cascade system

Cyclic AMP

Inactive enzyme

Active enzyme

Glycogen

Glucose

Figure 9.2 The action of glucagon illustrates the second messenger
model of hormone action
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The peptide hormone adrenaline acts in a similar way but binds to different
receptor molecules and activates different enzymes within the target cell.

Now test yourself

3 Name the type of reaction from which glycogen is made from glucose.
4 Name the type of cell that is the target for the hormone glucagon.

Answers on p. 203

Steroid hormones enter cells and bind to
transcription factors

Hormones that are steroid molecules are able to cross the cell surface
membranes of their target cells. Once inside the cells, they bind to
transcription factors.

Figure 9.3 represents the action of these steroid hormones. The numbered
stages are described on the next page.
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Oestrogen

Plasma membrane

1

Nuclear envelope

2

3

ERα oestrogen receptor
Protein complex

Transcription
factor
4

Gene

5

DNA
Promoter

162

RNA polymerase binds and
begins transcription of gene

Figure 9.3 Steroid hormones,
such as oestrogen, enter their
target cells and stimulate the
transcription of target genes

Exam practice answers and quick quizzes at www.hoddereducation.co.uk/myrevisionnotes

854859_09_MRN_Biology_160-182.indd 162

25/07/16 10:45 am

9 Control systems

1 Oestrogen diffuses through the cell surface membrane of its target cell.
2 Once inside the cell, oestrogen diffuses into the cell’s nucleus.
3 In the nucleus, oestrogen binds to an oestrogen receptor (called ERα)
that is contained within a protein complex.
4 This causes the oestrogen receptor to change shape and leave the
protein complex that was inhibiting its action.
5 The activated oestrogen receptor binds to the promoter region of a
gene and attracts other transcription factors to bind to it. As a result,
RNA polymerase begins to transcribe the target gene.

Now test yourself
5 Steroids are a type of lipid. How does this enable steroid hormones
to cross the cell surface membranes of their target cells?
6 What is a transcription factor?
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Chemical control in plants
Plant growth substances

Chemical control of many plant responses is brought about by plant
growth substances. You need to be familiar with the effects of the three
plant growth substances shown in Table 9.1. Each of these is produced by
cells in the meristems of roots and shoots.
Table 9.1 The major effects of three classes of plant growth substance

Meristems are regions of
actively dividing cells such
as those found at the tips of
roots and shoots.

Effect of named plant growth substance

Process

Cytokinins

Gibberellins

At relatively high
concentrations, promote
cell elongation

Promote cell division

If auxins are also present,
promote cell elongation
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Growth of stem

Auxins

Growth of root

At relatively high
concentrations, inhibit
cell elongation

No effect

No effect

Growth of lateral roots

Promote root formation

No effect

No effect

Suppression of growth
of lateral buds (apical
dominance)

Suppress growth of
lateral buds

Promote growth of
lateral buds

Reinforce effect of auxins
in suppressing growth of
lateral buds

Now test yourself
7 Plant growth substances often interact with one another (are agonistic). Use Table 9.1 to find:
(a) a pair of plant growth substances that have agonistic actions
(b) a pair of plant growth substances that have antagonistic actions
8 Horticulturalists often dip stem cuttings into rooting powder to encourage root growth. Use Table 9.1
to suggest which class of plant growth substance is present in rooting powder.

Answers on p. 203
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