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My revision planner
Module 1 Development of practical skills in biology

1 Practical skills
9	 Practical	skills	assessed	in	a	written	examination	

Module 2 Foundations in biology

2 Cell structure
16	 Microscopes	and	images	

17	 Cells	

3 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	

4 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	

5 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	

6 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	

7 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	

Module 3 Exchange and transport

8 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	

9 Transport in animals
71	 The	need	for	transport	systems	in	multicellular	animals	

71	 Different	types	of	circulatory	systems	
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72	 The	structure	and	functions	of	blood	vessels	 	 	

73	 Blood,	tissue	fluid	and	lymph	 	 	

76	 The	mammalian	heart	 	 	

79	 The	role	of	haemoglobin	in	transporting	oxygen	and	carbon	dioxide	 	 	

10	 Transport	in	plants
82	 The	need	for	transport	systems	in	multicellular	plants	 	 	

82	 The	structure	and	function	of	the	vascular	system	 	 	

84	 The	process	of	transpiration	 	 	

85	 The	transport	of	water	 	 	

87	 Adaptations	of	plants	to	the	availability	of	water	 	 	

88	 The	mechanism	of	translocation	 	 	

Module	4	Biodiversity,	evolution	and	disease

11	 Communicable	diseases,	disease	prevention	and	the	immune	system
90	 Pathogens	and	their	transmission	 	 	

95	 Primary	and	secondary	immune	responses	 	 	

95	 The	structure	and	general	functions	of	antibodies	 	 	

96	 Types	of	immunity	 	 	

96	 Autoimmune	diseases	 	 	

96	 The	principles	of	vaccination	 	 	

97	 Possible	sources	of	medicines	 	 	

97	 Benefits	and	risks	of	antibiotics	 	 	

12	 Biodiversity
99	 The	levels	of	biodiversity	 	 	

100	 Species	richness	and	species	evenness	 	 	

101	 Simpson’s	Index	of	Diversity	 	 	

102	 Genetic	biodiversity	 	 	

103	 Maintaining	biodiversity	 	 	

13	 Classification	and	evolution
107	 Biological	classification	 	 	

107	 The	binomial	system	 	 	

107	 The	features	used	to	classify	organisms	 	 	

109	 The	relationship	between	classification	and	phylogeny	 	 	

109	 The	evidence	for	the	theory	of	evolution	by	natural	selection	 	 	

110	 Different	types	of	variation	 	 	

111	 Adaptations	of	organisms	 	 	

112	 How	natural	selection	can	affect	the	characteristics	of	a	population	 	 	

112	 The	implications	of	evolution	 	 	

Module	5	Communication,	homeostasis	and	energy

14	 Communication	and	homeostasis
114	 The	need	for	communication	 	 	

114	 Cell	signalling	 	 	

115	 The	principles	of	homeostasis	 	 	

116	 Maintaining	body	temperature		 	 	

15	 Excretion	as	an	example	of	homeostatic	control
118	 Excretion	 	 	

119	 The	role	of	the	liver	 	 	
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121	 The	kidney	 	 	

125	 The	control	of	water	potential	in	the	blood	 	 	

126	 Kidney	failure	 	 	

126	 Urine	tests	 	 	

16	 Nerves
128	 Sensory	receptors		 	 	

128	 Neurones			 	 	

129	 Resting	potentials	 	 	

129	 Action	potentials	 	 	

131	 Myelinated	and	unmyelinated	neurones	 	 	

131	 Nervous	communication	 	 	

131	 The	structure	of	a	synapse	 	 	

132	 Transmission	across	the	synapse	 	 	

133	 The	role	of	synapses	in	the	nervous	system	 	 	

17	 Hormonal	communication
134	 The	endocrine	system	 	 	

135	 The	adrenal	glands	 	 	

136	 The	pancreas	 	 	

136	 Regulation	of	blood	glucose	concentration	 	 	

138	 Diabetes	 	 	

138	 Potential	treatments	for	diabetes	 	 	

18	 Plant	and	animal	responses
140	 The	types	of	plant	response	 	 	

141	 Plant	hormones	 	 	

141	 Experimental	evidence	 	 	

142	 Commercial	uses	of	plant	hormones	 	 	

143	 Animal	responses	 	 	

143	 Organisation	of	the	nervous	system	 	 	

145	 The	structure	and	functions	of	the	brain	 	 	

145	 Reflex	actions	 	 	

147	 Coordinated	responses	 	 	

147	 Control	of	heart	rate	 	 	

148	 Muscle	types	 	 	

148	 Skeletal	muscle	 	 	

19	 Energy	for	biological	processes:	photosynthesis
152	 Photosynthesis	and	respiration	 	 	

152	 Chloroplasts	 	 	

153	 Photosynthetic	pigments	 	 	

154	 Light	absorption	 	 	

154	 The	light-dependent	stage	 	 	

156	 The	light-independent	stage	—	the	Calvin	cycle	 	 	

157	 Limiting	factors	 	 	

20	 Energy	for	biological	processes:	respiration
160	 The	need	for	respiration	 	 	

160	 Mitochondrial	structure	 	 	

160	 The	biochemistry	of	respiration	 	 	

164	 Anaerobic	respiration	 	 	

165	 Respiratory	substrates	 	 	

166	 Measuring	the	rate	of	respiration	 	 	
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Module 6 Genetics, evolution and ecosystems

21 Cellular control
168	 Types	of	gene	mutation	 	 	
168	 The	effects	of	gene	mutation	 	 	
169	 Regulating	gene	expression	 	 	
171	 Development	of	body	plans	 	 	
171	 Mitosis	and	apoptosis

22 Patterns of inheritance
173	 Causes	of	phenotypic	variation	 	 	
174	 Using	genetic	diagrams	 	 	
181	 Chi-squared	testing	 	 	
181	 Variation	 	 	
182	 Factors	that	affect	evolution	 	 	
183	 The	Hardy-Weinberg	principle	 	 	
184	 Isolating	mechanisms	 	 	
184	 Natural	and	artificial	selection	 	 	

23 Manipulating genomes
187	 Sequencing	genomes	 	 	
189	 DNA	profiling	 	 	
189	 The	polymerase	chain	reaction	(PCR)	 	 	
190	 Electrophoresis	 	 	
190	 Genetic	engineering	 	 	
194	 Gene	therapy	 	 	

24 Cloning and biotechnology
196	 Reproductive	and	non-reproductive	cloning	 	 	
196	 Cloning	plants	 	 	
198	 Cloning	animals	 	 	
200	 Biotechnology	and	microorganisms	 	 	
200	 Why	microorganisms?	 	 	
200	 Using	microorganisms	to	manufacture	food	 	 	
202	 Other	biotechnology	processes	 	 	
202	 Culturing	microorganisms	 	 	
203	 Using	fermenters	 	 	
206	 Immobilised	enzymes	 	 	

25 Ecosystems
208	 What	is	an	ecosystem?	 	 	
208	 Organisation	of	ecosystems	 	 	
209	 Ecosystems	as	dynamic	systems	 	 	
211	 Recycling	within	ecosystems	 	 	
213	 Succession	 	 	
214	 Measuring	distribution	and	abundance	of	organisms	 	 	

26 Populations and sustainability
215	 Factors	that	affect	the	size	of	a	population	 	 	

215	 Interactions	between	populations	 	 	

217	 Conservation	and	preservation	 	 	

218	 Sustainable	management	of	ecosystems	 	 	

219	 The	effects	of	human	activities	 	 	

Now test yourself answers

Exam practice answers and quick quizzes at  
www.hoddereducation.co.uk/myrevisionnotes
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Now test yourself
4	 Suggest	why	the	flight-

or-fight	response	is	
coordinated	by	both	
nervous	and	endocrine	
systems.

Answer on  
p. 228

Coordinated responses
Many responses are actually coordinated by both the nervous system and 
the endocrine system. One example is the ‘f light-or-fight’ response seen 
in mammals. In a dangerous or stressful situation the body is prepared for 
activity:
l The sensory receptors detect the environmental changes.
l Sensory neurones carry action potentials to the CNS.
l Spinal or cranial ref lex actions may bring about very rapid responses.
l Impulses are also conducted to the cerebrum, which uses the 

association centres to make decisions about how to respond.
l Impulses are sent down the somatic motor neurones to the skeletal 

muscles to bring about coordinated voluntary movement.
l The hypothalamus is stimulated and sends impulses down the 

sympathetic part of the autonomic nervous system via the medulla 
oblongata to bring about a range of changes:

 The cardiac accelerator nerve carries impulses to the heart, which 
increase the heart rate and stroke volume.

 Blood pressure is increased.
 The breathing rate and depth may rise.
 Blood vessels to the gut and skin constrict.
 Blood vessels to the muscles dilate.
 The adrenal glands are stimulated to release adrenaline, which 
stimulates the liver to release glucose and maintains the other effects 
of the sympathetic nervous system. The mechanism of adrenaline 
action on the cells of its target organs via the release of a second 
messenger (cAMP) is described in on page 135.

Control of heart rate
Heart rate is controlled by both nervous mechanisms and by hormonal 
mechanisms (Figure 18.4). The heart muscle is myogenic, which means 
that it can generate its own rhythm. However, this rhythm is overridden 
by the sinoatrial node (SAN). The SAN initiates waves of excitation that 
cause the heart to beat.

Brain

Cardiac
accelerator
centre

Sinoatrial
node (SAN)

Spinal cord

Cardiac inhibitory centre

Decelerator nerve (inhibitory)

Accelerator nerve
(stimulatory)

Atrioventricular
node (AVN)

Figure 18.4 The control of heart rate
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 The rate at which the SAN initiates contractions is affected by two nerves 
from the cardiovascular centre in the medulla of the brain: 
l      The decelerator nerve (vagus nerve) releases acetylcholine, which 

reduces the heart rate. 
l    The accelerator nerve releases noradrenaline, which is similar to 

adrenaline and increases the heart rate. 

 The heart also responds to hormones in the blood, particularly to 
adrenaline. 

 Muscle types 
 There are three types of muscle in the body. Each is different in structure 
and function (Table 18.3). 

  Table 18.3  

Voluntary muscle Involuntary muscle Cardiac muscle

Striated,	multinucleate,	organised	
in	parallel	bundles	of	myofibrils

Fibres	all	parallel

Smooth	muscle,	consisting	of	
individual	cells

Organised	as	single	cells	joined	by	
intercalated	discs

Parallel	myofibrils	similar	to	
striated	muscle

Cross	bridges	present	between	fibres

Skeletal	muscle	attached	to	bones	
by	tendons

Found	in	walls	of	blood	vessels,	
digestive	system	and	airways

Contracts	slowly

Only	found	in	the	heart

Supplied	by	nerves	from	the	
peripheral	somatic	nervous	system

Supplied	by	nerves	from	the	
autonomic	nervous	system

Supplied	by	nerves	from	the	
autonomic	nervous	system

Now test yourself
5	 Suggest	why	cardiac	muscle	has	cross	bridges	between	the	fibres.

Answer on p. 228

 Skeletal muscle 
 Movement requires the coordinated action of voluntary muscles (skeletal 
muscle). Skeletal muscle can contract (get shorter) but cannot elongate 
again without the action of an  antagonistic  muscle. Therefore, skeletal 
muscles work in antagonistic pairs. Movement is achieved by coordinated 
action of the antagonistic muscles — when one muscle contracts to get 
shorter the other relaxes and is pulled out or extended. 

 The muscles are stimulated by motor neurones leading from the motor 
area of the brain. One motor neurone is attached to one or more muscle 
fibres — called a motor unit. The neurone is attached to the muscle fibre 
by a motor end plate or neuromuscular junction. This works just like a 
synapse to stimulate the muscle fibre membrane: 
l Activated by action potentials
l Releases acetylcholine by exocytosis into cleft
l Diffusion of transmitter across cleft
l Receptor sites on the post junction membrane open sodium channels 

to produce an action potential in the membrane
l Muscle contracts

		Antagonistic		refers	to	pairs	
of	muscles	that	oppose	each	
other.		

Exam tip

When	asked	to	compare	or	
contrast	in	an	exam	question	
you	can	draw	a	table	in	the	
answer	space	—	a	table	is	a	
quick	and	easy	way	to	make	
comparisons.
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 Skeletal muscle is banded or striated, so it is often called striated muscle. 
The  striations  are produced by the organisation of the actin and myosin 
protein filaments inside the muscle fibres (Figure 18.5). Each fibre contains 
many nuclei — it is known as multinucleate. The fibres are surrounded by 
a membrane known as the sarcolemma, which is equivalent to the plasma 
membrane of cells. The cytoplasm is specialised and is called sarcoplasm. 
It contains many mitochondria to supply energy to the contraction 
process. The endoplasmic reticulum is also specialised to form sarcoplasmic 
reticulum, which is involved in controlling contractions. 

		Striations		are	banding	
patterns	created	by	the	
protein	filaments	in	the	
fibre.	

Now test yourself
6	 Explain	why	muscles	are	always	found	in	antagonistic	pairs.

Answer on p. 229

 Striations and contraction 
 The striations are caused by the arrangement of protein filaments in the 
fibre. The dark band (A band) is made up of thicker myosin filaments, 
which are held together by the M line. The lighter band (I band) is made 
up of thinner actin filaments, which are held together by the Z line. The 
distance between two Z lines is called a sarcomere and this is the active 
unit of a muscle. The actin and myosin filaments overlap. 

 Contraction is brought about by the actin and myosin filaments sliding 
past one another. This moves the Z lines closer together so that the 
sarcomeres get shorter, as does the whole fibre. During contraction the 
banding pattern changes: 
l    The I band gets narrower. 
l      The H zone (the region of the A band where there is no overlap with 

the actin) gets narrower. 

Now test yourself
7	 Explain	why	the	I	band	

and	H	zone	get	narrower	
during	contraction.

Answer on 
p. 229

Sarcomere

A

H I

Z disc
Thin filament

Thick filament

Axon of somatic motor neurone

Myelin

Sarcolemma

Transverse
system tubule Nucleus

Peripheral
sarcoplasm

Sarcoplasmic
reticulum

Myofibril

Z disc

Glycogen
granule

Neuromuscular
junction

Figure 18.5 The structure of striated muscle
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 The mechanism of contraction 
 The myosin filaments have specialised regions called heads. The  myosin 
heads  can bridge the gap between the actin and the myosin. When a 
myosin head attaches to a special binding site on the actin it changes 
shape pulling the actin past the myosin — making the filaments slide. 
The activity of myosin is controlled by calcium ions. 

 When the muscle is stimulated calcium is released from the sarcoplasmic 
reticulum. The calcium binds to a protein (troponin), which is associated 
with the actin filament. The troponin changes shape to move another 
protein (tropomyosin), exposing the myosin binding sites on the actin. 

 Energy for contraction 
 The myosin head is an ATPase. When the actin and myosin are locked 
together ATP joins the myosin head. It is broken down, releasing energy 
that separates the actin and myosin and moves the myosin head back to 
its starting position. When the myosin rebinds to the actin and slides the 
actin forward the ADP and P 

i
  are released (Figure 18.6). 

	The		myosin head		is	the	part	
of	the	myosin	filament	that	
can	move	and	attach	to	the	
actin	filament.	

ATP

ADP

P i P i
+ +

ADP

Myosin 

Tropomyosin Ca2+

Troponin

Actin

A C DB

Calcium ions bind to 
troponin and cause 
tropomyosin to move, 
unblocking binding 
sites on actin

ATP is hydrolysed to 
ADP and Pi; these are 
displaced as myosin binds 
to actin

Myosin head moves and 
pulls actin filament with it; 
myosin head detaches and 
will bind to another binding 
site further along the actin 
filament

Resting — 
tropomyosin blocks 
binding sites on actin

Figure 18.6 The role of ATP during contraction

Typical mistake

The	energy	released	when	ATP	is	broken	down	is	used	for	the	
recovery	stroke,	not	for	the	power	stroke. Revision activity

Write	a	list	of	all	the	key	
terms	used	in	this	chapter.	
Write	the	meaning	of	the	key	
term	next	to	each	one.

 ATP supplies are maintained by a reaction involving creatine phosphate 
(CP). Muscle tissue contains CP, which can transfer phosphate to ADP 
to make ATP. Muscle tissue also contains glycogen, which can be used 
anaerobically or aerobically in respiration. 

Exam practice
1 (a)	 Complete	the	table	describing	the	functions	of	parts	of	the	human	brain.	 [4]

Area of brain Function

Cerebrum

Control	of	heart	rate

Thermoregulation

Cerebellum

(b)	 Discuss	the	role	of	the	autonomic	nervous	system	in	controlling	heart	rate.	 [4]
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