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Meeting Key Competencies

BIOZONE encourages the development of an 
independent learner profile using the 5 Es model

The Five Es
Engage:	 make connections between past and 

present learning experiences. 

Explore:	 become actively involved in the activity.

Explain:	 communicate the learning experience.

Elaborate:	 expand on the concepts learned.

Evaluate:	 assess understanding of the concepts.

We want today's biology students to be self-motivated, lifelong learners, 
to develop a sound grasp of biological knowledge, to plan and evaluate 
their work, and to think critically and independently. In developing CIE 
Biology 1, we have utilised the 5Es instructional model as a basis for 
developing materials to specifically address the CIE Biology syllabus. 
By successfully completing the activities, which make up the bulk of the 
student workbook, students can demonstrate competence in skills and 
knowledge. BIOZONE's workbooks and associated products provide a 
varied and interesting suite of resources which, if used effectively, can 
help your students achieve key competencies in all areas of biology. 

ENGAGE:
Highly visual activities

Use activities in class to engage a student when introducing a topic, or to consolidate 
student understanding and summarize the material covered by other methods. Using 
activities in class provides valuable opportunities for peer-to-peer learning.

ENGAGE:
A connected plan of 
study

The check-box format of the contents pages and the chapter introductions provides a 
focus for planning achievement.

EXPLORE: 
Independent, self 
directed study

Activities are self-contained so students are encouraged to be independent learners and 
seek the answers to questions posed by the activity. Capable students can work quickly 
and independently through the material and can use the time for extension. Less able 
students can review or finish activities at home. Most activities are supported by web-
based resources in the form of animations and video clips.

EXPLAIN:
Communicating is the 
key to consolidation

All activities first engage the student with a key idea and a visually inviting delivery of 
content. Student engagement with this material leads them to the questions in which they 
must communicate their understanding of the content. Students are encouraged to use 
appropriate biological terms as referenced in the chapter introduction (key terms).

ELABORATE:
Building up

Most introductory activities are supported by activities in which students apply their 
understanding of ideas to a new situation. These 'follow-on' activities often involve data 
analysis, and support science practices.

EVALUATE:
Easy assessment

Encourage self assessment with chapter reviews (these can be graded if desired) or use 
specific activities to evaluate a student's skills and understanding or ideas.

WHAT ABOUT 
HOMEWORK?

Assign activities as homework to review a completed topic, explore a related concept, or 
introduce a topic prior to in-class practical work.
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The contents pages are not merely a list of the activities in the workbook. They serve as a planning tool for the programme 
of work to be completed. Students can identify the activities they are to complete and then tick them off when completed. 
The teacher can also see at glance how quickly the student is progressing through the assigned material.
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4. Describe the structure and purpose of the gas exchange membrane:  

5. The diagram below shows the different types of cells and their positions and occurrence in the lungs. Use it to answer 
the following questions:

 (a) Why does the epithelium become very thin in the respiratory zone?  

 (b) Why would elastic fibres be present in the respiratory zone, while hyaline cartilage is not?  
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The gas exchange membrane is the layered junction between 
the alveolar epithelial cells, the endothelial cells of the 
capillary, and their associated basement membranes (thin 
connective tissue layers under the epithelia). Gases move 
freely across this membrane.

The diagram above illustrates the physical arrangement of 
the alveoli to the capillaries through which the blood moves. 
The alveolus is lined with alveolar epithelial cells called 
pneumocytes. Phagocytes (monocytes and macrophages) 
are also present to protect the lung tissue. Elastic connective 
tissue gives the alveoli their ability to expand and recoil.
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9.2 Smoking Activity 
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Learning outcomes

c 6 Recognise smoking as one the major controllable risk factors in chronic life-
threatening diseases affecting the gas exchange and circulatory systems. 

162

c 7 Describe the effects of tar and carcinogens in tobacco smoke on the gas 
exchange system with reference to lung cancer and chronic obstructive 
pulmonary disease (COPD).

163

c 8 Describe the short term effects of nicotine and carbon monoxide on the 
cardiovascular system. 

163

istock DPC

Key terms
alveoli

breathing

bronchi

bronchioles

carbon dioxide

carbon monoxide

carcinogen

cartilage

cellular respiration

ciliated epithelium

COPD

diaphragm

expiration (exhalation)

gas exchange

gas exchange 
membrane

goblet cells

inspiration (inhalation)

lung cancer

lungs

mucous glands

nicotine

oxygen

pneumocytes

respiratory gas

smooth muscle

squamous epithelium

surfactant

tar

trachea

9.1 Principles of gas exchange Activity 
number

Learning outcomes

c 1 Distinguish between cellular respiration and gas exchange and explain why 
organisms must exchange respiratory gases with their environment and why 
they need specialised gas exchange surfaces.

159  

c 2 Describe the gross structure of the human gas exchange system, explaining 
how the cells, tissues, and organs function together to exchange respiratory 
gases between the blood and the environment.    

160

c 3  PRAC  Observe and draw plan diagrams of the structure of the respiratory tract 
(trachea, bronchi, bronchioles, and alveoli) to show the distribution of 
cartilage, ciliated epithelium, goblet cells, smooth muscle, squamous 
epithelium, and blood vessels.

160

c 4 Describe the functions of cartilage, cilia, goblet cells, mucous glands, smooth 
muscle, and elastic fibres, and recognise these cells and tissues in prepared 
slides, photomicrographs, and electron micrographs of the gas exchange system.

  160

c 5 Describe how gases are exchanged between air in the alveoli and the blood 
across the gas exchange membrane. Include the role of breathing and how it is 
achieved, with reference to changes in pressure and volume in the thorax as a 
result of the muscular activity of the intercostal muscles and diaphragm.

160  161

Topic 9

This identifies the 
part of the course 
to which this 
chapter applies.  

The list of key terms 
can be used to create 
a glossary for revision 
and encourages 
appropriate use of the 
correct terms when 
answering questions. 

Activities that cover 
practical skills are 
identified. 

The activities in the workbook 
with the activities pertaining to 
these learning outcomes.

For students:

Key knowledge and skills are 
drawn from the CIE Biology 
syllabus. They are purposefully 
brief, with enough information 
to provide a framework, but 
not so much that students are 
overwhelmed. 
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1. Name three types of cells in the respiratory system and their function: 

 (a)   

 (b)   

 (c)    

2. Which cells form the alveoli?  

3. What is the purpose of the hyaline cartilage in the respiratory system?  

4. Where does gas exchange take place in the lungs?  

The Gas Exchange System159
Key Idea: The respiratory system is made up of specialised 
cells and tissues, which work together to enable the exchange 
of gases between the body's cells and the environment.
The respiratory (or gas exchange) system consists of the 
passages in the mouth and nose, the tubes and epithelial 

tissues of the lungs, and the muscles of the diaphragm and 
ribcage. Each of these regions is specialised to perform a 
particular role in the organ system's overall function, which is 
to exchange respiratory gases (oxygen and carbon dioxide) 
between the body's cells and the environment. 

The number of mucous 
glands and goblet cells 
decreases as the airways 
become smaller. Bronchi 
(left) contain goblet cells, 
but bronchioles do not. The 
epithelium of the larger 
bronchioles is ciliated but the 
smallest bronchioles are non-
cilliated. 

Alveolar 
duct

B
ronchiole

Alveolus

The lungs contain air spaces 
surrounded by alveolar 
epithelial cells, forming 
alveoli (air sacs), where 
gas exchange takes place. 
The alveoli receive air from 
tubes, called bronchioles. 
Bronchioles form a network of 
small tubes to transport gases 
to and from the alveoli. 

Rings of translucent hyaline 
cartilage provide support 
for the trachea, bronchi, 
and the larger bronchioles. 
The amount of cartilage 
decreases and the amount 
of smooth muscle increases 
as the size of the airway 
decreases. Bronchioles 
contain no cartilage.

Bronchiole

Cartilage

Rib

Trachea

Diaphragm

WEB

159
LINK

160

Goblet cells in the nasal cavity 
produce mucus, which traps 
dust and microorganisms. 
Ciliated epithelial cells sweep 
the mucus towards the throat 
where it is swallowed. The 
trachea is also lined with 
goblet cells and ciliated 
epithelium.

Columnar, ciliated 
epithelium

Cilia

Goblet cells

Gas exchange 
provides oxygen 
for cellular 
respiration in the 
mitochondria of 
cells and expels 
its waste product, 
carbon dioxide.
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The right lung is slightly 
larger than the left. It 
takes up 55-60% of the 
total lung volume.

The "cardiac notch" 
in the left lung makes 
space for the heart.

The trachea transfers air to the 
lungs. It is strengthened with 
C-shaped bands of cartilage.

The trachea divides into two 
bronchi. These are also 
supported by cartilage bands. Bronchioles branch from the 

bronchi and divide into progressively 
smaller branches. The cartilage is 
gradually lost as the bronchioles 
decrease in diameter.

The Lungs160
Key Idea: Lungs are internal sac-like organs connected to 
the outside by a system of airways. The smallest airways end 
in thin-walled alveoli, where gas exchange occurs.
The respiratory system includes all the structures associated 

with exchanging respiratory gases with the environment. 
In mammals, the gas exchange organs are paired lungs 
connected to the outside air by way of a system of tubular 
passageways: the trachea, bronchi, and bronchioles. 

Oxygen enters the 
blood from air in 
the alveoli. Carbon 
dioxide leaves blood 
and is breathed out.

Right 
lung

Left 
lung

CO2

O2

The alveoli are the site of gas exchange. They provide a 
large surface area (70 m2) for the exchange of respiratory 
gases by diffusion between the air in the lungs and the 
blood in the capillaries. The alveoli deflate after each 
breath out. A phospholipid surfactant helps to prevent 
collapse of the alveoli by decreasing surface tension.

The smallest respiratory 
bronchioles subdivide into 
the alveolar ducts from 
which arise the alveoli.

The walls of the 
smallest bronchioles 
lack cartilage but 
have a large amount 
of smooth muscle.

The diaphragm is a dome 
shaped muscle that is the 
body's main breathing 
muscle. When it contracts, 
it moves down, and air is 
drawn into the lungs.

1. What is the purpose of the trachea, bronchi, and bronchioles?  

2. What is the purpose of the diaphragm?  

3. (a) Explain how the basic structure of the human gas exchange system provides such a large area for gas exchange:

 (b) Identify the general region of the lung where exchange of gases takes place:  

Alveolar cross section 
at top of next page

WEB

160
LINK

159
LINK

161

Follow with an activity expanding 
on that concept

Introduce the concept with a 
grounding activity

Mark the check boxes of 
the objectives to complete 
and tick off when finished.

✓

Introducing CIE Biology 1 Content
Each chapter in CIE Biology 1 is prefaced with a one page introduction, providing students with an overview of the chapter 
content and organisation. Each of the numbered learning outcomes pertains to a point of key knowledge or a skill, and is 
matched to one or more activities. A list of key terms for the chapter is also included. The comprehensive, but accessible, list 
of learning outcomes encourages students to approach each topic confidently. Familiarity with the scientific terms used in 
each topic is implicit in this.
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THE ACTIVITY CODING SYSTEM

Main focus of the activity is:

COMP 	 = comprehension of text

DATA 	 = data handling and interpretation

KNOW 	 = content you need to know

PRAC 	 = a paper practical or a practical focus 

REFER 	= reference - use this for information

REVISE = review the material in the section

SKILL	 = a specific skill to be demonstrated

TEST 	 = test your understanding

Finding Your Way Around
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1. Name three types of cells in the respiratory system and their function: 

 (a)   

 (b)   

 (c)    

2. Which cells form the alveoli?  

3. What is the purpose of the hyaline cartilage in the respiratory system?  

4. Where does gas exchange take place in the lungs?  

The Gas Exchange System159
Key Idea: The respiratory system is made up of specialised 
cells and tissues, which work together to enable the exchange 
of gases between the body's cells and the environment.
The respiratory (or gas exchange) system consists of the 
passages in the mouth and nose, the tubes and epithelial 

tissues of the lungs, and the muscles of the diaphragm and 
ribcage. Each of these regions is specialised to perform a 
particular role in the organ system's overall function, which is 
to exchange respiratory gases (oxygen and carbon dioxide) 
between the body's cells and the environment. 
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Weblinks
This grey tab indicates a weblink. 
Bookmark the weblinks page:

www.biozone.co.uk/weblink/CIE-1-9315

Access the external URL for the activity by 
clicking the link next to its number.

Links
These blue tabs indicate activities that 
provide content that is related to or 
builds on the content on the page. 

The content of the CIE Biology 1 is organised into 12 chapters, each one beginning with an introduction and concluding with 
a student's self-test of understanding and vocabulary. Inviting, concept-based activities make up the bulk of each chapter, 
with each activity focussing on the student developing an understanding of a concept, applying that understanding to 
another scenario, and/or developing an essential skill, such as graphing, data analysis, or biological drawing. An important 
feature of each activity is the key idea, which encapsulates the main focus of the content provided. Clear annotated 
diagrams and photographs are a major part of almost all activities and the student's understanding of the information is 
tested through a series of questions and/or data handling and interpretation tasks. The tabs for each activity identify the 
nature of the activity, and identify related material and external weblinks, which provide support for the activity. 
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1. Name three types of cells in the respiratory system and their function: 

 (a)   

 (b)   

 (c)    

2. Which cells form the alveoli?  

3. What is the purpose of the hyaline cartilage in the respiratory system?  

4. Where does gas exchange take place in the lungs?  

The Gas Exchange System159
Key Idea: The respiratory system is made up of specialised 
cells and tissues, which work together to enable the exchange 
of gases between the body's cells and the environment.
The respiratory (or gas exchange) system consists of the 
passages in the mouth and nose, the tubes and epithelial 

tissues of the lungs, and the muscles of the diaphragm and 
ribcage. Each of these regions is specialised to perform a 
particular role in the organ system's overall function, which is 
to exchange respiratory gases (oxygen and carbon dioxide) 
between the body's cells and the environment. 

The number of mucous 
glands and goblet cells 
decreases as the airways 
become smaller. Bronchi 
(left) contain goblet cells, 
but bronchioles do not. The 
epithelium of the larger 
bronchioles is ciliated but the 
smallest bronchioles are non-
cilliated. 

Alveolar 
duct

B
ronchiole

Alveolus

The lungs contain air spaces 
surrounded by alveolar 
epithelial cells, forming 
alveoli (air sacs), where 
gas exchange takes place. 
The alveoli receive air from 
tubes, called bronchioles. 
Bronchioles form a network of 
small tubes to transport gases 
to and from the alveoli. 

Rings of translucent hyaline 
cartilage provide support 
for the trachea, bronchi, 
and the larger bronchioles. 
The amount of cartilage 
decreases and the amount 
of smooth muscle increases 
as the size of the airway 
decreases. Bronchioles 
contain no cartilage.

Bronchiole

Cartilage

Rib

Trachea

Diaphragm

WEB

159
LINK

160

Goblet cells in the nasal cavity 
produce mucus, which traps 
dust and microorganisms. 
Ciliated epithelial cells sweep 
the mucus towards the throat 
where it is swallowed. The 
trachea is also lined with 
goblet cells and ciliated 
epithelium.

Columnar, ciliated 
epithelium

Cilia

Goblet cells

Gas exchange 
provides oxygen 
for cellular 
respiration in the 
mitochondria of 
cells and expels 
its waste product, 
carbon dioxide.

O2

CO2

E
II

E
II

E
II

The key idea provides a focus for each activity. It 
summarises the focus of the activity and provides a 
clear take-home message for the student.
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Annotated diagrams, sometimes including photo panels, 
explain the content of the page, providing the information 
necessary to complete the activity. 

Understanding of content is tested through questions, 
data handling, analysis, prediction, or summary. Students 
are often required to apply their understanding to a 
new scenario or make connections to related content. 
Students must interact with the information on the page 
in order to complete the activity. It is this interaction 
that provides the valuable learning experience and 
reinforcement and explanation of the key idea.

Related content is identified through the tab system. This 
activity also has a weblink assigned to it (see below).
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Drawing Line Graphs

1. The results (shown right) were collected in a study investigating 
the effect of temperature on the activity of an enzyme.

 (a) Using the results provided (right), plot a line graph on the grid 
below:

 (b) Estimate the rate of reaction at 15°C:

Lab Notebook
An enzyme’s activity at 
different temperatures

Temperature / °C Rate of reaction 
(mg of product 

formed per minute)

10
20
30
35
40
45
50
60

1.0
2.1
3.2
3.7
4.1
3.7
2.7
0

Guidelines for line graphs
Line graphs are used when one variable (the independent 
variable) affects another, the dependent variable. Line graphs can 
be drawn without a measure of spread (top figure, right) or with 
some calculated measure of data variability (bottom figure, right). 
Important features of line graphs include: 

•  The data must be continuous for both variables.

•  The dependent variable is usually the biological response.

•  The independent variable is often time or experimental 
treatment.

•  In cases where there is an implied trend (e.g. one variable 
increases with the other), a line of best fit is usually plotted 
through the data points to show the relationship.  

•  If fluctuations in the data are likely to be important (e.g. with 
climate and other environmental data) the data points are 
usually connected directly (point to point).

•  Line graphs may be drawn with measure of error. The data are 
presented as points (which are the calculated means), with 
bars above and below, indicating a measure of variability or 
spread in the data (e.g. standard error, standard deviation, or 
95% confidence intervals).

•  Where no error value has been calculated, the scatter can be 
shown by plotting the individual data points vertically above 
and below the mean. By convention, bars are not used to 
indicate the range of raw values in a data set.
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Key Idea: Line graphs are used to plot continuous data in 
which one variable (the independent variable) directly affects 

the other (dependent) variable. They are appropriate for data 
in which the independent variable is manipulated.

LINK

73
LINK

72
LINK

90
LINK

137

Key terms
accuracy

assumption

bar graph

control

controlled variable

dependent variable

fair test

histogram

hypothesis

independent variable

line graph

mean

median

mode

observation

percentage error

precision

prediction

quantitative data

qualitative data

sample

scatter graph

variable

Experimental and 
investigative skills

Practical and investigative skills Activity 
number

Learning outcomes supported as indicated and throughout CIE 1&2

c 1 Demonstrate an understanding of science as inquiry. 1  2  

c 2 Demonstrate an understanding of experimental design including identification of 
dependent, independent, and controlled variables, choice of a control and range 
of the independent variable, and awareness of assumptions in your design.

2  3  4  5

c 3 Use laboratory glassware for a range of techniques, including serial dilution. 5  11  90

c 4 Use a range of apparatus, materials, and techniques correctly, including use of a 
light microscope with eyepiece graticule and stage micrometer.

  11  28  29  
30  32  137    

c 5 Demonstrate an ability to use appropriate units for measurement and record 
your data systematically and accurately, e.g. in tables or spreadsheets.

6  12  

c 6 Use graphs and tables appropriately to present observations and data. 13  15-19

c 7 Process, analyse, and interpret qualitative and quantitative experimental data. 4  5  24  25

c 8 Evaluate results and draw valid conclusions based on evidence. Identify and 
explain anomalies in experimental measurements.

24  25

c 9 Identify limitations in experimental procedures and suggest how these could be 
overcome through improvements to design, apparatus, or technique.

5  24  25

c 10 Recognise and evaluate the precision and accuracy of collected data, including 
margins of error, percentage errors and uncertainties in apparatus.

6  11

Mathematical skills Activity 
number

Learning outcomes supported as indicated and throughout CIE 1&2

c 1 Recognise and use appropriate units in calculations and experimental work. 6  7  

c 2 Use an appropriate number of significant figures in reporting calculations. 6

c 3 Manipulate equations to calculate size and magnification of objects in drawings 
and photomicrographs or viewed with a light microscope.

33

c 4 Carry out calculations involving fractions, percentages, and ratios. 8  10  

c 5 Use a calculator to find and use power, exponential, and logarithmic functions.       9

c 6 Estimate results to assess if calculated values are appropriate. 7

c 7 Find arithmetic means for data. Understand use of mean, median, and mode. 21

c 8 Select an appropriate format to plot two variables from experimental or other data 
(including histograms, bar graphs, pie graphs, line graphs, and scatter graphs).

14

c 9 Predict or sketch the shape of a graph with a linear relationship (y =  mx + c). 20

c 10 Determine the intercept of a graph. 20

c 11 Calculate rate of change from a graph showing a linear relationship. Draw and 
use the slope of a tangent to a curve as a measure of rate of change.

74

c 12 Make annotated scientific drawings from observations. 22  23

PASCO
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1. Use the raw data on the previous page to complete the table below: 

2. Plot the mean number of leaves per day for each concentration on the grid below:

3. (a) What is the sample size for each treatment in this experiment?  

 (b) Describe the results:  

 (c) Do the results support the hypothesis?  

 (d) What relevance might the result have to survival of Lemna in different environments?  

Mean number of leaves

Concentration of 
urea / mol L-1 Day 1 Day 5 Day 8 Day 9 Day 12 Day 15 Day 18 Day 21

3 x 10-2

3 x 10-3

3 x 10-4

3 x 10-5

32
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7. The students recorded the wet mass of the root (the root still containing water) in their table. What mass should they 
have actually recorded to get a better representation of the effect of the fertiliser on root mass?

8. Why would measuring just root mass not be a totally accurate way of measuring the effect of fertiliser on radish growth?

3. (a) Identify the control fertiliser concentration:  

 (b) What is the purpose of the control?  

4. One of the radishes recorded in Table 1 did not grow as expected and produced an extreme value. Record the outlying 
value here and decide whether or not you should include it in future calculations:

5. Complete the table on the previous page by calculating the total mass and mean mass of the radish roots:

6. Use the grid below to draw a line graph of the experimental results. Use your calculated means and remember to 
include a title and correctly labelled axes.

TEST 

29
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Key Idea: A fair test is when only one variable is changed and 
all other variables are kept constant. Conclusions based on 
results are more likely to be valid when the test is fair.

The experiment below describes a fair test for analysing the 
effect of urea on duckweed growth. Use this activity to test 
your knowledge about how to analyse and interpret results.

100 mL

Duckweed 
plants

Dilute urea 
solution

Day 
5

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 10 20 17 19

2 8 18 13 15

3 10 15 17 17

Day 
8

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 8 28 24 24

2 8 23 17 17

3 10 20 22 20

Day 
9

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 10 21 25 21

2 10 24 18 20

3 12 31 25 28

Day 
12

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 10 20 37 22

2 8 28 19 23

3 10 34 29 31

Day 
15

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 10 23 28 22

2 7 23 21 23

3 7 32 28 31

Day 
18

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 7 36 30 34

2 7 27 22 26

3 8 25 29 22

Day 
21

No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

1 6 38 30 34

2 7 26 21 29

3 6 25 31 25

Day 1 No. of leaves

3 x10-2 3 x10-3 3 x10-4 3 x10-5

Data provided by F. Hicks

Roots

Leaves

Lemna minor (common duckweed)

Image: Kjetil Lenes

Ten plants, each with one 
leaf, in each beaker

Investigating Factors Affecting Plant Growth24

Experimental method
Solutions of urea were made up to concentrations of 
3 x 10-2, 3 x 10-3, 3 x 10-4, and 3 x 10-5 mol L-1. For 
each urea concentration, 80 mL of the appropriate 
solution was pipetted into three separate beakers. 
Ten duckweed plants, each with one leaf, were 
placed in each beaker. The beakers were arranged 
randomly and placed together in direct sunlight. The 
number of plants in each beaker was counted and 
recorded eight times over the next three weeks.

The aim
To investigate the effect of urea concentration 
on the growth of duckweed (Lemna minor).

Hypothesis
If plants need nitrogen to grow, growth rate of Lemna 
will increase with increasing nitrogen concentration.

Background
Lemna minor (duckweed) is is a small plant 
commonly found floating in the water of drains and 
pond edges. It is a small (1-3 mm), free-floating plant 
with 2-4 leaves held flat against the water's surface 
and a single root. Lemna minor grows very rapidly. 
In ideal conditions doubling time is as little as 3 days.

WEB
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To investigate the effect of nitrogen on plant 
growth, a group of students set up an experiment 
using different concentrations of nitrogen 
fertiliser. Radish seeds were planted into a 
standard soil mixture and divided into six groups, 
each with five sample plants (30 plants in total). 

The aim
To investigate the effect of a nitrogen fertiliser 
on the growth of radish plants.

Background
Inorganic fertilisers revolutionised crop farming 
when they were introduced  during the late 19th 
and early 20th century. Crop yields soared and 
today it is estimated around 50% of crop yield 
is attributable to the use of fertiliser. Nitrogen is 
a very important element for plant growth and 
several types of purely nitrogen fertiliser are 
manufactured to supply it, e.g. urea.

Experimental method
This experiment was designed to test the effect of nitrogen fertiliser 
on plant growth. Radish seeds were planted in separate identical pots 
(5 cm x 5 cm wide x 10 cm deep) and grown together in normal room 
temperature  (22°C) conditions. 

The radishes were watered every day at 10 am and 3 pm with 
1.25 L per treatment. Water soluble fertiliser was mixed and added 
with the first watering on the 1st, 11th and 21st  days. The fertiliser 
concentrations used were: 0.00, 0.06, 0.12, 0.18, 0.24, and 
0.30 g dm-3 with each treatment receiving a different concentration. 
The plants were grown for 30 days before being removed, washed, 
and the root (radish) weighed. Results were tabulated below:

Radishes

4

Mass of radish root / g†

Fertiliser 
concentration / 

g dm-3

Sample  / n Total 
mass

Mean 
mass1 2 3 4 5

0 80.1 83.2 82.0 79.1 84.1 408.5 81.7

0.06 109.2 110.3 108.2 107.9 110.7

0.12 117.9 118.9 118.3 119.1 117.2

0.18 128.3 127.3 127.7 126.8 DNG*

0.24 23.6 140.3 139.6 137.9 141.1

0.30 122.3 121.1 122.6 121.3 123.1

Table 1: Mass (g) of radish plant roots under six different 
fertiliser concentrations (data given to 1 dp).

* DNG: Did not germinate† Based on data from M S Jilani, et al Journal Agricultural Research

Key Idea: Systematic recording and analysis of results can 
help identify trends and draw conclusions about a biological 
response in an experiment. 

Using the information below, analyse results and draw 
conclusions about the effect of a nitrogen fertiliser on the 
growth of radish plants.

Test Your Understanding25

1. Identify the independent variable for the experiment and its range:  

2. What is the sample size for each concentration of fertiliser?  

Hypothesis
If plants need nitrogen to grow, radish growth will 
increase with increasing nitrogen concentration.

LINK

18
LINK

5
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Interpreting Line Graphs20
Key Idea: The equation for a straight line is y = mx + c. A line 
may have a positive, negative, or zero slope.
The equation for a linear (straight) line on a graph is y = mx + 
c. The equation can be used to calculate the gradient (slope) 

of a straight line and tells us about the relationship between x 
and y (how fast y is changing relative to x). For a straight line, 
the rate of change of y relative to x is always constant. A line 
may have a positive, negative, or zero slope. 

For the example above:

c = 1 

m =  0.45 (5 ÷11)

Once c and m have been determined you can choose any 
value for x and find the corresponding value for y.

For example, when x = 9, the equation would be:

y = 9 x 0.45 + 1

y = 5.05

Measuring gradients and intercepts

Determining "m" and "c"
To find "c" just find where the line crosses the y-axis.

To find m:

1.  Choose any two points on the line.

2.  Draw a right-angled triangle between the two points on 
the line.

3.  Use the scale on each axis to find the triangle's vertical 
length and horizontal length.

4.  Calculate the gradient of the line using the following 
equation:

The equation for a straight line is written as:

y = mx + c

Where :

y = the y-axis value

m = the slope (or gradient)

x = the x-axis value

c = the y intercept (where the line cross the y-axis).

change in y

change in x

y

x1 2 3 4 5 6 7 8 9 1110

2

3

4

5

6

1

The intercept (c) on a 
graph is where the line 
crosses the y-axis.

11

5

Positive gradients:  the line slopes 
upward to the right (y is increasing as 
x increases).

Negative gradients: the line slopes 
downward to the right (y is decreasing 
as x increases).

Zero gradients: the line is horizontal 
(y does not change as x increases).

0 1 2 3 4 5 0 1 2 3 4 5
0

1

2

3

4

5

0

1
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3

4

5

0 1 2 3 4 5
0

1

2

3

4

5

Interpreting gradients

1. State the gradient for graphs a, b, and c (above):  (a) (b) (c)

2. For a straight line y = 3x + 2, 
 
 (a) Identify the value of c:  (b) Determine y if x = 4: 
 

1

1 2 3

2

3

3. For the graph (right):

 (a) Identify the value of c:

 (b) Calculate the value of m:  

 (c) Determine y if x = 2: 

 
 (d) Describe the slope of the line: 

a b c

A laboratory setting where 
conditions can be controlled 
is suited to performance of 
a fair test.

Students can use raw data 
from laboratory studies to 
interpret results and draw 
conclusions.

Students can gain 
experience in drawing 
graphs and determining the 
intercept of a line graph.

The basic techniques and skills required for practical work and mathematical 
skills are addressed in the introductory chapter (Experimental and investigative 
skills) and in context throughout the workbook. Activities that support practical 
investigations are identified in the introduction of the relevant chapters. 
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www.biozone.co.uk/weblink/CIE-1-9315

Hyperlink to the 
external website page.

Bookmark weblinks by typing in the address: it is not accessible directly from BIOZONE's website
Corrections and clarifications to current editions are always posted on the weblinks page 

This WEBLINKS page provides links to external web sites with supporting information for the activities. Almost 
exclusively, they are narrowly focussed animations and video clips relevant to the activity on which they are cited. 
They offer great support to aid student understanding of basic concepts, especially for visual learners.

Making Use of Weblinks
The tab system at the base of each activity identifies if there is a 
weblink available to support the activity's content. The weblinks are 
distinct from the general Biolinks area of BIOZONE's website. They 
are coded with the activity number and are only accessible through a 
specific url (below), so bookmark the address at the beginning of your 
teaching year and always have them on hand. The weblinks comprise 
short video clips or animations aimed specifically at the activity 
content. These are external sites from a wide range of reputable 
sources and are invaluable as support to explain content or view an 
animation of a process such as diffusion or active transport. It's easy 
and we've done the hard work for you. Just click and view.
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Prokaryotic Cells45

WEB

45
LINK

174

1. Describe three features distinguishing prokaryotic cells from eukaryotic cells:

 (a)    

 (b)   
 

 (c)   

2. (a) Describe the function of flagella in bacteria:  

 (b) Explain how fimbriae differ structurally and functionally from flagella:  

3. Describe the location and general composition of the bacterial cell wall:  

4. What is the purpose of binary fission in prokaryotes:  

Key Idea: Prokaryotic cells lack many of the features of 
eukaryotic cells, including membrane-bound organelles.
Bacterial (prokaryotic) cells are much smaller than eukaryotic 
cells and lack many eukaryotic features, such as a distinct 

nucleus and membrane-bound cellular organelles. The cell 
wall is an important feature. It is a complex, multi-layered 
structure and has a role in the organism's ability to cause 
disease. A generalised prokaryote, E. coli, is shown below. 

A spiral shape is one of four bacterial 
shapes (the others being rods, 
commas, and spheres). These 
Campylobacter cells also have flagella.

Flagellum

Helicobacter pylori, is a comma-
shaped vibrio bacterium that causes 
stomach ulcers in humans. It moves 
by means of polar flagella.

Flagellum

Escherichia coli is a rod-shaped 
bacterium, common in the human gut. 
The fimbriae surrounding the cell are 
used to adhere to the intestinal wall.

Fimbriae

E
II

E
II

Bacteria usually divide by binary 
fission. During this process, DNA is 
copied and the cell splits into two 
cells, as in these round cells (cocci).

Fimbriae (or attachment pili) are hairlike structures. 
They are shorter, straighter, and thinner than flagella 
and used for attachment to surfaces and to other cells, 
but not for movement. 

Plasma (cell surface) 
membrane is similar in 
composition to eukaryotic 
membranes, although less rigid.

In pathogenic (disease-causing) bacteria, 
including E. coli, the polysaccharide 
capsule outside the cell wall contributes to 
its ability to cause disease (virulence). 

The cell wall lies outside the plasma membrane. It 
gives the cell shape, prevents rupture, and serves as 
an anchorage point for flagella. It is composed of a 
carbohydrate macromolecule called peptidoglycan, with 
variable amounts of lipopolysaccharide and lipoprotein.

Flagella (sing. flagellum) are used 
for locomotion. They are anchored 
in the plasma membrane. There 
may be one or more flagella.

Nucleoid region (pale)

Cytoplasm

70S ribosomes are 
free in the cytoplasm.

The circular chromosome occurs 
within a region called the nucleoid. 
It is not enclosed in a membrane. 
The DNA is 'naked' meaning it is 
not associated with proteins.

Prokaryotes may have small accessory 
chromosomes called plasmids. These often 
carry genes for antibiotic resistance and may 
be exchanged with other bacterial cells.

E. coli structure

Cytoplasmic inclusions include aggregations of storage 
compounds, e.g. glycogen, fatty acids, sulfur, or phosphorus. 

Chapter in the 
workbook

Activity in the 
workbook

Weblinks exist for most of the activities in the 
workbook, from cells to evolution.
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Key terms
apoplast

cohesion-tension 
hypothesis

hydrophyte

phloem

potomter

pressure-flow 
hypothesis

root

sink

solute

source

stem

symplast

translocation

transpiration

transpiration rate

transpiration stream

vascular tissue

water potential

xerophyte

xylem

Transport in plants

7.1 Structure of plant transport tissues Activity 
number

Learning outcomes

c 1 With reference to size and growth form, explain why multicellular plants require 
a transport system. Describe the general structure of the plant body, identifying 
the relationship between the support and transport tissues.

129

c 2 Describe the structure and function of the vascular system in the roots, stems, 
and leaves of herbaceous dicotyledonous plants. Describe the composition, 
arrangement, and role of phloem and xylem tissue.

129-131

c 3 PRAC  Using prepared slides, draw and label plan diagrams of transverse 
sections of stems, roots, and leaves of herbaceous dicot plants. Use an 
eyepiece graticule to show the tissues in the correct proportions.

130-134

c 4 PRAC Using prepared slides, draw and label the cells in TS and LS sections of 
roots, stems, and leaves of herbaceous dicot plants.

130-134  

c 5 PRAC Using prepared slides, draw and label the structure of xylem vessel 
elements and phloem sieve tube elements and companion cells. 
Recognise these cells when viewed with a light microscope.

130  131

c 6 Relate the structure of xylem vessel elements, and phloem sieve tube elements 
and companion cells to their functions.

130  131

7.2 Transport mechanisms Activity 
number

Learning outcomes

c 7 Explain the movement of water between plant cells, and between them and their 
environment in terms of water potential.

135  136

c 8 Explain the role of hydrogen bonding of water molecules in the transport of 
water in the xylem.  Define transpiration and explain the transpiration stream 
in terms of osmosis, gradients in water potential (transpiration pull), cohesion-
tension, and capillary action (adhesion to cellulose cell walls).

136

c 9 Describe and explain how water and mineral ions are transported from the soil 
to the xylem and from the roots to the leaves. Include reference to the apoplastic 
and symplastic pathways and the role of the Casparian strip. 

135

c 10 Explain why transpiration is a consequence of gas exchange. 136

c 11 PRAC Using a simple potometer and grids to determine leaf surface area,  
investigate and explain factors affecting transpiration rate. 

137

c 12 Explain and make annotated drawings to show how the leaves of xerophytes are 
adapted to reduce water loss by transpiration.

138

c 13 State that assimilates, e.g. sucrose and amino acids, move between sources 
and sinks in phloem sieve tubes.

139  

c 14 Explain translocation in plants as an energy requiring process. Explain how 
sucrose is transported in the phloem, including reference to the pressure-flow 
hypothesis and the active loading of sucrose at sources and unloading at sinks.

139
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Uptake at the Root135

1. (a) What two mechanisms do plants use to 
absorb nutrients?

 (b) Describe the two main pathways by 
which water moves through a plant:

2. Plants take up water constantly to 
compensate for losses due to transpiration. 
Describe a benefit of a large water uptake:

3. (a) How does the Casparian strip affect the 
route water takes into the stele?

 (b) Why might this feature be an advantage 
in terms of selective mineral uptake?

Key Idea: Water uptake by the root is a passive process. 
Mineral uptake can be passive or active.
Plants need to take up water and minerals constantly. They 
must compensate for the continuous loss of water from the 
leaves and provide the materials the plant needs to make 

food. The uptake of water and minerals is mostly restricted to 
the younger, most recently formed cells of the roots and the 
root hairs. Water uptake occurs by osmosis, whereas mineral 
ions enter the root by diffusion and active transport. Pathways 
for water movements through the plant are outlined below.

Paths for water movement through the plant

The uptake of water through the roots occurs by osmosis, i.e. the diffusion of 
water from a higher (less negative) to a lower (more negative) water potential. 
Most water travels through the apoplast, i.e. the spaces within the cellulose 
cell walls, the water-filled spaces of dead cells, and the hollow tubes of xylem 
vessels. A smaller amount moves through the symplast (the cytoplasm of 
cells). A very small amount travels through the plant vacuoles.

Some dissolved mineral ions enter the root passively with water. Minerals that 
are in very low concentration in the soil are taken up by active transport. At 
the waterproof Casparian strip, water and dissolved minerals must pass into 
the symplast, so the flow of materials into the stele can be regulated.

Lower water potential
May be due to less turgid 
cells, lower wall pressure, 
or higher concentration of 
dissolved substances

Higher water potential
May be due to fully turgid 
cells, higher wall pressure, 
or lower concentration of 
dissolved substances

Xylem
Epidermis EndodermisCortex Pericycle

Casparian strip

Plasma membranePlasmodesmata

Apoplast
Symplast

Water and mineral uptake by roots

The endodermis is the central, 
innermost layer of the cortex. It is a 
single layer of cells with a waterproof 
band of suberin, called the Casparian 
strip, which encircles each cell.

Root hairs are extensions of the root 
epidermal cells and provide a large surface 
area for absorbing water and nutrients. 

Root hair

Water  moves 
by osmosis

Epidermal cell

Cortex cells 
of root

Xylem

Schematic cross-section 
through a dicot root

Stele (vascular cylinder). 
The outer layer of the 
stele, the pericycle, is 
next to the endodermis.

Root hairs have 
a thin cuticle, 
so water enters 
the root easily
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Engage, Explore, Explain, Elaborate, and Evaluate
In developing CIE Biology 1, we have focussed on the learning outcomes and skills requirements identified in the CIE 
Biology syllabus. The activities in CIE Biology 1 have been specifically written to address this content. Our focus is 
student engagement through the use of a concept-based, highly visual design and opportunity to demonstrate skills and 
understanding. 

Engage, explain, elaborate, and evaluate: Activities are nested. An 
introductory activity introduces and builds understanding of a specific core 
idea, and a subsequent activity involves applying that understanding to a new 
situation, e.g. analysing data, finding a solution, or interpreting new information.

The introduction to each chapter provides 
a summary of the learning outcomes 
and appropriate practicals, presented as 
a series of short student learning aims. 
The students achieve understanding 
of each statement by completing its 
corresponding activity.

Activities are written and presented so 
that students progressively extend and 
deepen their understanding, using what 
they have learned in earlier activities to 
complete later related activities and to 
solve new problems. 

Key terms
apoplast

cohesion-tension 
hypothesis

hydrophyte

phloem

potomter

pressure-flow 
hypothesis

root

sink

solute

source

stem

symplast

translocation

transpiration

transpiration rate

transpiration stream

vascular tissue

water potential

xerophyte

xylem

Transport in plants

7.1 Structure of plant transport tissues Activity 
number

Learning outcomes

c 1 With reference to size and growth form, explain why multicellular plants require 
a transport system. Describe the general structure of the plant body, identifying 
the relationship between the support and transport tissues.

129

c 2 Describe the structure and function of the vascular system in the roots, stems, 
and leaves of herbaceous dicotyledonous plants. Describe the composition, 
arrangement, and role of phloem and xylem tissue.

129-131

c 3 PRAC  Using prepared slides, draw and label plan diagrams of transverse 
sections of stems, roots, and leaves of herbaceous dicot plants. Use an 
eyepiece graticule to show the tissues in the correct proportions.

130-134

c 4 PRAC Using prepared slides, draw and label the cells in TS and LS sections of 
roots, stems, and leaves of herbaceous dicot plants.

130-134  

c 5 PRAC Using prepared slides, draw and label the structure of xylem vessel 
elements and phloem sieve tube elements and companion cells. 
Recognise these cells when viewed with a light microscope.

130  131

c 6 Relate the structure of xylem vessel elements, and phloem sieve tube elements 
and companion cells to their functions.

130  131

7.2 Transport mechanisms Activity 
number

Learning outcomes

c 7 Explain the movement of water between plant cells, and between them and their 
environment in terms of water potential.

135  136

c 8 Explain the role of hydrogen bonding of water molecules in the transport of 
water in the xylem.  Define transpiration and explain the transpiration stream 
in terms of osmosis, gradients in water potential (transpiration pull), cohesion-
tension, and capillary action (adhesion to cellulose cell walls).

136

c 9 Describe and explain how water and mineral ions are transported from the soil 
to the xylem and from the roots to the leaves. Include reference to the apoplastic 
and symplastic pathways and the role of the Casparian strip. 

135

c 10 Explain why transpiration is a consequence of gas exchange. 136

c 11 PRAC Using a simple potometer and grids to determine leaf surface area,  
investigate and explain factors affecting transpiration rate. 

137

c 12 Explain and make annotated drawings to show how the leaves of xerophytes are 
adapted to reduce water loss by transpiration.

138

c 13 State that assimilates, e.g. sucrose and amino acids, move between sources 
and sinks in phloem sieve tubes.

139  

c 14 Explain translocation in plants as an energy requiring process. Explain how 
sucrose is transported in the phloem, including reference to the pressure-flow 
hypothesis and the active loading of sucrose at sources and unloading at sinks.

139
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92

1. What is active transport?  

2. Where does the energy for active transport come from?  

3. What is the difference between primary active transport and secondary active transport?  

ATP binds to a 
transport protein.

A molecule or ion to be 
transported binds to the 
transport protein.

ATP is hydrolysed and the 
energy released is used to 
transport the molecule or 
ion across the membrane.

The molecule or ion is 
released and the transport 
protein reverts to its 
previous state.

H2O

Transport 
protein

Molecule to be 
transported

Low molecule 
concentration

High molecule 
concentration

H

OH

1 2 3 4

ATP ATP

Active transport

ADP

P

Active

Active

Passive

A ball falling is a passive process (it 
requires no energy input). Replacing 
the ball requires active energy input.

It requires energy to actively 
move an object across a 
physical barrier.

Sometimes the energy of a passively 
moving object can be used to 
actively move another. For example, 
a falling ball can be used to catapult 
another (left).

 The energy for active transport comes from ATP 
(adenosine triphosphate). Energy is released when 
ATP is hydrolysed (water is added) forming ADP 
(adenosine diphosphate) and inorganic phosphate (Pi). 

 Transport (carrier) proteins in the membrane are used 
to actively transport molecules from one side of the 
membrane to the other (below).

 Active transport can be used to move molecules into 
and out of a cell.

 Active transport can be either primary or secondary. 
Primary active transport directly uses ATP for the 
energy to transport molecules. In secondary active 
transport, energy is stored in a concentration gradient. 
The transport of one molecule is coupled to the 
movement of another down its concentration gradient, 
ATP is not directly involved in the transport process.

Key Idea: Active transport uses energy to transport 
molecules against their concentration gradient across a 
partially permeable membrane.
Active transport is the movement of molecules (or ions) from 

regions of low concentration to regions of high concentration 
across a cellular membrane by a transport protein. Active 
transport needs energy to proceed because molecules are 
being moved against their concentration gradient. 

Active Transport
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1. Why is ATP required for membrane pump systems to operate?

2. (a) Explain what is meant by cotransport:

 

 (b) How is cotransport used to move glucose into the intestinal epithelial cells?

 (c) What happens to the glucose that is transported into the intestinal epithelial cells?

3. Describe two consequences of the extracellular accumulation of sodium ions:

Ion Pumps

Proton pumps
ATP driven proton pumps use energy to 
remove hydrogen ions (H+) from inside 
the cell to the outside. This creates a large 
difference in the proton concentration either 
side of the membrane, with the inside of 
the plasma membrane being negatively 
charged. This potential difference can be 
coupled to the transport of other molecules.

Sodium-potassium pump
The sodium-potassium pump is a specific 
protein in the membrane that uses energy 
in the form of ATP to exchange sodium ions 
(Na+) for potassium ions (K+) across the 
membrane. The unequal balance of Na+ 

and K+ across the membrane creates large 
concentration gradients that can be used 
to drive transport of other substances (e.g. 
cotransport of glucose). 

Cotransport (coupled transport)
A gradient in sodium ions drives the active 
transport of glucose in intestinal epithelial 
cells. The specific transport protein couples 
the return of Na+ down its concentration 
gradient to the transport of glucose into the 
intestinal epithelial cell. A low intracellular 
concentration of Na+ (and therefore the 
concentration gradient) is maintained by a 
sodium-potassium pump.

Plasma membrane

– – – – –

+ + + + +

Cell cytoplasm

Sodium-potassium pump
(the Na+/K+ ATPase)

Proton pump Cotransport
(the sodium-glucose symport)

K+

K+

Na+

Na+

Na+

Na+

binding
site

K+

binding
site

Na+

K+

ATP

Glucose

Diffusion of
sodium ions

H+

H+H+

H+

H+
ATP

Carrier
protein

Na+

Na+

Na+

Na+

Na+

Carrier
protein

Extracellular fluid 
or lumen

3 Na+ are 
pumped out of 
the cell for every 
2 K+ pumped in

Key Idea: Ion pumps are transmembrane proteins that use 
energy to move ions and molecules across a membrane 
against their concentration gradient.
Sometimes molecules or ions are needed in concentrations 
that diffusion alone cannot supply to the cell, or they cannot 
diffuse through the plasma membrane. In this case ion 

pumps move ions (and some molecules) across the plasma 
membrane. The sodium-potassium pump (below) is found in 
almost all animal cells and is common in plant cells also. The 
concentration gradient created by ion pumps is often coupled 
to the transport of other molecules such as glucose across 
the membrane.
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1. Why is ATP required for membrane pump systems to operate?

2. (a) Explain what is meant by cotransport:

 

 (b) How is cotransport used to move glucose into the intestinal epithelial cells?

 (c) What happens to the glucose that is transported into the intestinal epithelial cells?

3. Describe two consequences of the extracellular accumulation of sodium ions:

Ion Pumps

Proton pumps
ATP driven proton pumps use energy to 
remove hydrogen ions (H+) from inside 
the cell to the outside. This creates a large 
difference in the proton concentration either 
side of the membrane, with the inside of 
the plasma membrane being negatively 
charged. This potential difference can be 
coupled to the transport of other molecules.

Sodium-potassium pump
The sodium-potassium pump is a specific 
protein in the membrane that uses energy 
in the form of ATP to exchange sodium ions 
(Na+) for potassium ions (K+) across the 
membrane. The unequal balance of Na+ 

and K+ across the membrane creates large 
concentration gradients that can be used 
to drive transport of other substances (e.g. 
cotransport of glucose). 

Cotransport (coupled transport)
A gradient in sodium ions drives the active 
transport of glucose in intestinal epithelial 
cells. The specific transport protein couples 
the return of Na+ down its concentration 
gradient to the transport of glucose into the 
intestinal epithelial cell. A low intracellular 
concentration of Na+ (and therefore the 
concentration gradient) is maintained by a 
sodium-potassium pump.

Plasma membrane

– – – – –

+ + + + +

Cell cytoplasm

Sodium-potassium pump
(the Na+/K+ ATPase)

Proton pump Cotransport
(the sodium-glucose symport)

K+

K+

Na+

Na+

Na+

Na+

binding
site

K+

binding
site

Na+

K+

ATP

Glucose

Diffusion of
sodium ions

H+

H+H+

H+

H+
ATP

Carrier
protein

Na+

Na+

Na+

Na+

Na+

Carrier
protein

Extracellular fluid 
or lumen

3 Na+ are 
pumped out of 
the cell for every 
2 K+ pumped in

Key Idea: Ion pumps are transmembrane proteins that use 
energy to move ions and molecules across a membrane 
against their concentration gradient.
Sometimes molecules or ions are needed in concentrations 
that diffusion alone cannot supply to the cell, or they cannot 
diffuse through the plasma membrane. In this case ion 

pumps move ions (and some molecules) across the plasma 
membrane. The sodium-potassium pump (below) is found in 
almost all animal cells and is common in plant cells also. The 
concentration gradient created by ion pumps is often coupled 
to the transport of other molecules such as glucose across 
the membrane.
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The KEY IDEA provides a focus for 
each activity. The key ideas through a 
chapter provide a concise summary 
of the chapter content. 

Students become actively involved 
in the learning activity by interacting 
with the material, answering the 
question and completing the set 
tasks. Many activities are suitable 
as assessment tasks. 

Engage, explore and explain Elaborate
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Regulation of the Cell Cycle

1. What is the general purpose of cell cycle checkpoints?  

2. (a) What is the purpose of the metaphase checkpoint?  

 (b)  Why is this checkpoint important?  

3. What would happen if the cell cycle was not regulated?  

Checkpoints during the cell cycle
There are three checkpoints during 
the cell cycle. A checkpoint is a critical 
regulatory point in the cell cycle. At 
each checkpoint, a set of conditions 
determines whether or not the cell 
will continue into the next phase. For 
example, cell size is important in 
regulating whether or not the cell can 
pass through the G1 checkpoint.

G1

S

G2

M

C

The cell cycle

G2 checkpoint:
Pass this checkpoint if:
	Cell size is large enough.
	Replication of chromosomes has 

been successfully completed.
	Proteins required for mitosis have 

been synthesised.

Metaphase checkpoint
Pass this checkpoint if:
	All chromosomes are attached 

to the mitotic spindle.

G1 checkpoint
Pass this checkpoint if:
	Cell size is large enough.
	Sufficient nutrients are available.
	Signals from other cells have 

been received.

Key Idea: The cell cycle is regulated by checkpoints, which 
ensure the cell has met certain conditions before it continues 
to the next phase of the cell cycle.
The cell cycle is an orderly sequence of events, but its 
duration varies enormously between cells of different species 
and between cell types in one organism. For example, human 
intestinal cells normally divide around twice a day, whereas 

cells in the liver typically divide once a year. However, if 
these tissues are damaged, cell division increases to repair 
the damage. Some cells, such as neurones in the central 
nervous system, are unable to divide, and cannot be repaired 
if damaged. Progression through the cell cycle is controlled 
by regulatory checkpoints, which ensure the cell has met the 
conditions required to successfully complete the next phase.

108

The G1 checkpoint is the critical regulatory 
point in cells. At this checkpoint, the cell 
decides whether to commit to the cell 
cycle or to enter an arrested phase called 
G0. Once sufficient nutrients or cell size is 
reached and the checkpoint is passed the 
cell is committed to replication of the nuclear 
material. Most cells that pass G1 complete 
the cell cycle.

The metaphase checkpoint, or spindle 
checkpoint, checks that all the chromatids 
are attached to the spindle fibres and under 
the correct tension. At this point, cyclin B is 
degraded, ultimately resulting in the sister 
chromatids separating and the cell entering 
anaphase, pulling the chromatids apart. The 
cell then begins cytokinesis and produces 
two new daughter cells.

The G2 checkpoint determines if DNA 
synthesis was completed correctly, that the 
necessary proteins for mitosis have been 
synthesised, and that the cell has reached a 
size suitable for cell division. Damage to the 
DNA prevents entry to M phase. The entry 
into M phase is controlled by a protein called 
cyclin B, which reaches a concentration 
peak at the G2-M phase boundary.

E
II

E
II

These yeast cells must reach a 
certain size before committing 
to replication of their DNA

Chromosome actively transcribing 
genes to make proteins

WEB

108
LINK

100
LINK

109
© 2015 BIOZONE International
 ISBN: 978-1-927309-31-5
 Photocopying Prohibited KNOW 

133

Cancer cells ignore density-dependent 
inhibition and continue to multiply even 
after contacting one another, piling up 
until the nutrient supply becomes limiting.

Benign tumour cells
Mutations cause the 
formation of a benign 
(harmless) tumour. The 
formation of new cells is 
matched by cell death. 
These cells do not spread.

Malignant tumour cells
More mutations may cause 
the cells to become malignant 
(harmful) forming a primary 
tumour. Changes to the cell 
chemistry encourage capillary 
formation. New capillaries grow 
into the tumour, providing it with 
nutrients so it can grow rapidly.

Metastasis
The new capillaries provide a 
route for the malignant cells 
to break away (metastasise) 
from the primary (original) 
tumour and travel to other 
parts of the body where 
they start new cancers 
(secondary tumours).

Cancer: Cells out of Control109
Key Idea: Cancerous cells have lost their normal cellular 
control mechanisms, and grow uncontrollably.
Cells that become damaged beyond repair will normally 
undergo a programmed cell death (apoptosis), which is 
part of the cell's normal control system. Some cells evade 
the control system and become immortal, continuing to 

divide without any regulation. Such cells are called cancer 
cells. They form tissue masses called tumours, and spread 
through blood and lymph to invade other tissues, eventually 
causing damage to the affected tissue. Any one of a number 
of cancer-causing factors (including defective genes) may 
interact to disrupt the cell cycle and result in cancer. 

1. (a) What distinguishes a cancerous cell from a normal cell?  

 

  

 (b) Why can cancer cells grow rapidly?  

2. In a general way, explain how a tumour typically forms?   

How cancer cells form

Changes to DNA (mutations) can be caused by external 
agents called mutagens. Carcinogens are mutagens 
that cause cancer. Cancerous cells form when the 
genes controlling cell growth and multiplication are 
changed by carcinogens into oncogenes (genes that 
can cause cancer). Damaged cells usually fail to meet 
the checkpoints required for cell division to continue and 
are destroyed. However, cancerous cells evade the cell 
cycle checkpoints and divide rapidly, forming a tumour. 
A cancerous cell no longer carries out its designated 
role and instead takes on a parasitic 'lifestyle', taking 
from the body what it needs in the way of nutrients and 
contributing nothing in return. The rate of cell division is 
greater than in normal cells in the same tissue because 
there is no resting phase between divisions.

The photo above shows a large tumour in the breast of 
a patient with breast cancer. The breast was surgically 
removed as part of treatment. Changes to the cell 
chemistry of cancerous cells encourage capillary 
formation. New capillaries grow into the tumour, 
providing it with nutrients so it can grow rapidly. Note 
how the cancerous tissue has grown rapidly compared 
to the normal breast tissue surrounding it.
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The Cell Cycle in Eukaryotes
Key Idea: The cell cycle of eukaryotes has four main 
phases. There are also three checkpoints that regulate the 
progression to the next phase of the cell cycle.
The cell cycle can be divided into interphase and M phase. 
The cell spends 90% of its time in interphase. Interphase 
is the time between cell divisions when the cell is not in 

M-phase. It can be further divided into three phases: G1, 
S-phase, and G2. M-phase includes mitosis (nuclear division 
involving the separation of replicated DNA) and cytokinesis 
(the division of the cell into two new cells). The duration of the 
cell cycle varies between organisms and between cell types 
and is fastest in the cells of early embryos.

The cell cycle
Interphase
Cells spend most of their time in interphase. 
Interphase is divided into three stages (right): 

 The first gap phase.
 The S-phase. 
 The second gap phase. 

During interphase the cell grows, carries out 
its normal activities, and replicates its DNA in 
preparation for cell division. 
Interphase is not a stage in mitosis. 

Mitosis and cytokinesis (M-phase)
Mitosis and cytokinesis occur during M-phase. 
During mitosis, the cell nucleus (containing 
the replicated DNA) divides in two equal parts.  
Cytokinesis occurs at the end of M-phase. During 
cytokinesis the cell cytoplasm divides, and two 
new daughter cells are produced.

100

1. Briefly outline what occurs during the following phases of the cell cycle:

 (a) Interphase:  

 (b) Mitosis:  

 (c) Cytokinesis:  
 

During interphase, the cell grows and 
acquires the materials needed to undergo 
mitosis. It also prepares the nuclear material 
for separation by replicating it.

During mitosis the chromosomes are 
separated. Mitosis is a highly organised 
process and the cell must pass "checkpoints" 
before it proceeds to the next phase.

During interphase the nuclear material 
is unwound. As mitosis approaches, the 
nuclear material begins to reorganise in 
readiness for nuclear division.

S phase: Chromosome 
replication (DNA synthesis).

Mitosis:
Nuclear 
 division

First gap phase:
Cell growth and 
development.

Cytokinesis: The cytoplasm 
divides and the two cells separate. 
Cytokinesis is part of M phase but 
distinct from nuclear division.

Second gap phase:
Rapid cell growth and 
protein synthesis. Cell 
prepares for mitosis.

G1

S

G2

M

C
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Key Idea: The plasma (cell surface) membrane is composed 
of a lipid bilayer with proteins moving freely within it.
All cells have a cell surface (or plasma) membrane, which 
forms the outer limit of the cell and regulates the passage of 
materials into and out of the cell. A cell wall, if present, lies 
outside this, and it is distinct from it. Membranes are also found 
inside eukaryotic cells as part of membranous organelles. 
The original model of membrane structure was as a lipid 

bilayer coated with protein. This model was modified after the 
discovery that the protein molecules were embedded within 
the bilayer rather than coating the outside. The now-accepted 
fluid-mosaic model of membrane structure (below) satisfies 
the observed properties of membranes. The self-orientating 
properties of the phospholipids allows cellular membranes to 
reseal themselves when disrupted. The double layer of lipids 
is also quite fluid, and proteins move quite freely within it. 

1. Identify the component(s) of the plasma membrane involved in:

 (a) Facilitated diffusion: (c) Cell signalling:

 (b) Active transport:  (d) Regulating membrane fluidity: 

2. How do the properties of phospholipids contribute to their role in forming the structural framework of membranes?

3. (a) Describe the modern fluid mosaic model of membrane structure:

80 The Structure of Membranes
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Carrier proteins permit 
the passage of specific 
molecules by facilitated 
diffusion or active transport.

Water molecules pass 
between the phospholipid 
molecules by osmosis.

Lipid soluble molecules, 
e.g. gases and steroids, can 
move through the membrane 
by diffusion, down their 
concentration gradient.

Glycoproteins are proteins with 
attached carbohydrate. They are 
important in membrane stability, as 
antigens in cell-cell recognition, and in 
cell signalling, acting as receptors for 
hormones and neurotransmitters. 

Glycolipids in membranes 
are phospholipids with 
attached carbohydrate. Like 
glycoproteins, they are involved 
in cell signalling and cell-cell 
recognition. They also help to 
stabilise membrane structure.

Phospholipids 
naturally form 
a bilayer. 

Channel proteins form a pore 
through the hydrophobic interior 
of the membrane to enable 
water soluble molecules to pass 
by facilitated diffusion.

Some integral proteins do 
not span the lipid bilayer.

Cholesterol is a 
packing molecule 
and interacts with 
the phospholipids to 
regulate membrane 
consistency, keeping it 
firm but fluid.

a-helical 
transmembrane 
glycoprotein

Phospholipid

Attached 
carbohydrate

CO2

Phosphate head 
is hydrophilic

Fatty acid tail 
is hydrophobic

The fluid mosaic model of 
membrane structure
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A molecule's solubility, size, and charge 
affects how it is transported across a 
plasma membrane. In general, the smaller 
the molecule and the more hydrophobic it 
is, the more rapidly it will diffuse. Charged 
molecules, such as ions, are unable to 
diffuse through a phospholipid bilayer 
regardless of size. They must cross the 
lipid bilayer via membrane proteins. Intracellular environment
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82 Factors Altering Membrane Permeability
Key Idea: Temperature and solvents can disrupt the structure 
of cellular membranes and alter their permeability.  
Membrane permeability can be disrupted if membranes are 
subjected to high temperatures or solvents. At temperatures 
above the optimum, the membrane proteins become 

denatured. Alcohols, e.g. ethanol, can also denature proteins. 
In both instances, the denatured proteins no longer function 
properly and the membrane loses its selective permeability 
and becomes leaky. In addition, the combination of alcohol 
and high temperature can also dissolve lipids.

Beetroot 
cubes

Absorbance of beetroot samples at varying temperatures

Temperature /
°C

 Absorbance at 530 nm
Mean

Observation Sample 1 Sample 2 Sample 3

0 No colour 0 0.007 0.004

20 Very pale pink 0.027 0.022 0.018

40 Very pale pink 0.096 0.114 0.114

60 Pink 0.580 0.524 0.509

90 Red 3 3 3

The aim and hypothesis
To investigate the effect of temperature 
on membrane permeability. The students 
hypothesised that the amount of pigment 
leaking from the beetroot cubes would 
increase with increasing temperature. 

Background
Plant cells often contain a large central 
vacuole surrounded by a membrane called 
a tonoplast. In beetroot plants, the vacuole 
contains a water-soluble red pigment called 
betacyanin, which gives beetroot its colour. 
If the tonoplast is damaged, the red pigment 
leaks out into the surrounding environment. 
The amount of leaked pigment relates to the 
amount of damage to the tonoplast.

Experimental method
Raw beetroot was cut into uniform cubes using a cork borer with a 4 mm 
internal diameter. The cubes were trimmed to 20 mm lengths and placed in a 
beaker of distilled water for 30 minutes. 
Five cm3 of distilled water was added to 15 clean test tubes. Three were 
placed into a beaker containing ice. These were the 0°C samples. Three test 
tubes were placed into water baths at 20, 40, 60, or 90°C and equilibrated 
for 30 minutes. Once the tubes were at temperature, the beetroot cubes 
were removed from the distilled water and blotted dry on a paper towel. One 
beetroot cube was added to each of the test tubes. After 30 minutes, they 
were removed. The colour of the solution in each test tube was observed 
by eye and then the absorbance of each sample was measured at 530 nm. 
Results are given in the table below.

1. Why is it important to wash the beetroot cubes in distilled water prior to carrying out the experiment?  

2.  (a) Complete the table above by calculating the mean absorbance for each temperature:

 (b) Based on the results in the table above, describe the effect of temperature on membrane permeability:  

 (c) Explain why this effect occurs:  

LINK
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Interpretive tasks require 
students to apply their 

basic understanding to a 
new problem

Students then explore in more detail the 
structure of a membrane and look at the 
role of its components.

Students analyse and interpret 
second hand data from an experiment 
investigating the effect of temperature 
and ethanol on membrane permeability.
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Containment of 
DNA in the nucleus

Synthesis of proteins for export 
in the rough ER. Modification 
of proteins in the Golgi.

ATP production in 
the mitochondria

Lipid synthesis in 
the smooth ER

Break down of unwanted 
material in lysosomes

LINK
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The Role of the Cell Surface Membrane

1. Summarise the role of different membrane proteins in the transport of different substances into and out of the cell:
 

2. Summarise the role of the cell surface membrane in the following processes, identifying the components involved:

 (a) Cell communication:  

 (b) Recognition of self and non-self:  

79
Key Idea: Many of the functions of the cell surface membrane, 
including transport, communication, and cell recognition are 
a function of the membrane's integral proteins.

The cell surface (or plasma) membrane encloses the cell's 
contents and regulates many of the cell's activities. Within the 
cell, membranes enable reactions to be compartmentalised.
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Cell recognition
Cell surface antigens, such as the MHC 
antigens, allow the body to distinguish 
between self (its own tissues) and non-self 
(foreign tissues). 

Roles of the cell surface membrane Roles of internal membranes

Transport by carriers 
Carrier proteins are integral trans-membrane  
proteins involved in the transport of ions, 
small molecules, or macromolecules (such as 
sugars and proteins) across the membrane by 
facilitated diffusion or by active transport.    

Animal cell

Transport through pores
Channel proteins are pore-forming 
membrane proteins present in 
all cells. They enable the rapid 
movement of ions across the 
membrane and are important in 
nerve impulse transmission and in 
regulating cell volume.

Cell communication
Integral membrane proteins 
act as receptors for signal 
molecules such as hormones 
(e.g. adrenaline, dopamine).

The internal membranes within cells create 
compartments enabling specific metabolic 
reactions to occur in discrete locations. This 
creates greater efficiency of function. 

Lipid bilayer

Aquaporins are a special type 
of channel protein that speed up 
the passage of water molecules 
across the membrane. Their tertiary 
structure creates a pore through 
the centre of the protein through 
which molecules can pass.

G-protein coupled receptors are 
proteins involved in signalling 
pathways. A signal molecule binds 
to the receptor protein outside the 
cell to trigger a reaction involving 
intracellular G protein. The receptor 
in this example binds to adrenaline.

Cell surface antigens provide a 
recognisable cell signature so that 
the body can distinguish between 
its own cells and foreign molecules. 
They are often glycoproteins. 
The image above shows how the 
antigens project from the membrane.

The GLUT1 glucose transporter is 
a carrier protein that facilitates the 
transport of glucose across the cell 
surface membranes of mammalian 
cells. It speeds up the transport of 
glucose into cells by 50 000 times 
over unaided transport.

The tertiary structure of membrane proteins enables them to perform their particular function in transport, cell signalling, and cell recognition. The 
proteins are integral to the membrane, and often have parts of their structure projecting from both internal and external sides of the membrane. 

What do proteins in the cell surface membrane really look like?
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Extracellular

Intracellular

The receptor 
(darker) is 
bound to 
intracellular G 
protein (lighter).

Engage the student with 
what is familiar to them

Explore 
and explain

This activity begins by engaging the 
student with something familiar, the role 
of the cell surface membrane. 
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Key Idea: The xylem and phloem form the vascular tissue 
that moves fluids and minerals about the plant.
The vascular tissues (xylem and phloem) link all parts of 
the plant so that water, minerals, and manufactured food 
can be transported between all regions of the plant. The 
xylem and phloem are found together in vascular bundles. 

In dicotyledonous plants (below) the vascular bundles are 
located in a ring towards the outer edge of the stem. 
In monocotyledonous plants, the bundles are scattered 
randomly throughout the stem. The xylem transports water 
and minerals from the roots to the leaves, while the phloem 
transports sugars through the plant to where they are needed.

Vascular Tissues in Plants129

1. What is the solvent for all materials transported around the plant?  

2. Identify what each of the following tissues carries and the mechanism by which materials enter the following tissues:

 (a) The xylem:  

 (b) The phloem:  

3. Why must a plant carefully regulate when and for how long it keeps its stomata open?  
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The vascular tissues or plant "veins" are the 
phloem and xylem. These tissues are continuous 
throughout the plant, from the roots to the shoots. 

Water (and minerals) are transported 
around the plant in the xylem. Water 
enters the xylem at the roots by osmosis, 
which requires no energy.

Water and minerals are absorbed from 
the soil by the root system. A large water 
uptake enables the plant to take up the 
minerals it needs, as these are often in low 
concentration in the soil. Some minerals 
enter the root passively by diffusion and 
some are taken up by active transport.

Sugar (in sap) is transported in the phloem. It 
moves from the leaves where it is made, to where 
it is needed (e.g. the flowers and roots).

 Sugars are loaded into the 
phloem by active transport, 
which requires energy.

Loss of water vapour (H2O) through 
the stomata is a consequence of gas 
exchange. The plant can reduce water 
loss by closing the stomata but this 
also stops photosynthesis because the 
carbon dioxide (CO2) cannot enter the 
leaf. If the plant cannot replace the 
water it loses it will wilt and die.

Leaf cross section

Stem cross section

Root cross section

Vascular bundles

H2O

Xylem

Phloem
Vascular 
cylinder
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Xylem
Key Idea: The xylem is involved in water and mineral 
transport in vascular plants.
Xylem is the principal water conducting tissue in vascular 
plants. It is also involved in conducting dissolved minerals, 
in food storage, and in supporting the plant body. As in 
animals, tissues in plants are groupings of different cell types 
that work together for a common function. In angiosperms, 

it is composed of five cell types: tracheids, vessels, xylem 
parenchyma, sclereids (short sclerenchyma cells), and fibres. 
The tracheids and vessel elements form the bulk of the 
tissue. They are heavily strengthened and are the conducting 
cells of the xylem. Parenchyma cells are involved in storage, 
while fibres and sclereids provide support. When mature, 
xylem is dead.

130

1. (a) What cells conduct the water in xylem?  

 (b) What other cells are present in xylem tissue 
and what are their roles? 

2. (a) How does water pass between vessels?  

 

 (b) How does water pass between tracheids:  

 (c) Which cell type do you think provides the 
most rapid transport of water and why?  

 

 (d) Why do you think the tracheids and vessel 
elements have/need secondary thickening?

3. How can xylem vessels and tracheids be dead 
when mature and functional?  

As shown in these SEM and light micrographs of xylem, the 
tracheids and vessel elements form the bulk of the xylem tissue. 
They are heavily strengthened and are involved in moving water 
through the plant. The transporting elements are supported by 
parenchyma (packing and storage cells) and sclerenchyma cells 
(fibres and sclereids), which provide mechanical support to the xylem.
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Water moves through 
the continuous tubes 
made by the vessel 
elements of the xylem.

Smaller tracheids 
are connected by 
pits in the walls but 
do not have end wall 
perforations

Xylem is dead when 
mature. Note how 
the cells have lost 
their cytoplasm.

Vessels

SEM

LM

Vessel element

Secondary walls of 
cellulose are laid 
down after the cell 
has elongated or 
enlarged and lignin 
is deposited to add 
strength. This 
thickening is a 
feature of tracheids 
and vessels. 

Vessels connect end 
to end. The end walls 
of the vessels are 
perforated to allow 
rapid water transport.

Tracheids are 
longer and thinner 
than vessels.

No cytoplasm 
or nucleus in 
mature cell.

Pits and 
bordered pits 
allow transfer of 
water between 
cells but there 
are no end wall 
perforations.

Tip of tracheid

Vessel elements and tracheids are the two water conducting cell 
types in the xylem of flowering plants. Tracheids are long, tapering 
hollow cells. Water passes from one tracheid to another through thin 
regions in the wall called pits. Vessel elements are much larger cells 
with secondary thickening in different patterns (e.g. spirals). Vessel 
end walls are perforated to allow efficient conduction of water.

Diameter up to 500 µm Diameter ~80 µm
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The xylem cells form 
continuous tubes 
through which water is 
conducted.

R
C
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Spiral thickening of 
lignin around the 
walls of the vessel 
elements give extra 
strength and rigidity.
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Uptake at the Root135

1. (a) What two mechanisms do plants use to 
absorb nutrients?

 (b) Describe the two main pathways by 
which water moves through a plant:

2. Plants take up water constantly to 
compensate for losses due to transpiration. 
Describe a benefit of a large water uptake:

3. (a) How does the Casparian strip affect the 
route water takes into the stele?

 (b) Why might this feature be an advantage 
in terms of selective mineral uptake?

Key Idea: Water uptake by the root is a passive process. 
Mineral uptake can be passive or active.
Plants need to take up water and minerals constantly. They 
must compensate for the continuous loss of water from the 
leaves and provide the materials the plant needs to make 

food. The uptake of water and minerals is mostly restricted to 
the younger, most recently formed cells of the roots and the 
root hairs. Water uptake occurs by osmosis, whereas mineral 
ions enter the root by diffusion and active transport. Pathways 
for water movements through the plant are outlined below.

Paths for water movement through the plant

The uptake of water through the roots occurs by osmosis, i.e. the diffusion of 
water from a higher (less negative) to a lower (more negative) water potential. 
Most water travels through the apoplast, i.e. the spaces within the cellulose 
cell walls, the water-filled spaces of dead cells, and the hollow tubes of xylem 
vessels. A smaller amount moves through the symplast (the cytoplasm of 
cells). A very small amount travels through the plant vacuoles.

Some dissolved mineral ions enter the root passively with water. Minerals that 
are in very low concentration in the soil are taken up by active transport. At 
the waterproof Casparian strip, water and dissolved minerals must pass into 
the symplast, so the flow of materials into the stele can be regulated.

Lower water potential
May be due to less turgid 
cells, lower wall pressure, 
or higher concentration of 
dissolved substances

Higher water potential
May be due to fully turgid 
cells, higher wall pressure, 
or lower concentration of 
dissolved substances

Xylem
Epidermis EndodermisCortex Pericycle

Casparian strip

Plasma membranePlasmodesmata

Apoplast
Symplast

Water and mineral uptake by roots

The endodermis is the central, 
innermost layer of the cortex. It is a 
single layer of cells with a waterproof 
band of suberin, called the Casparian 
strip, which encircles each cell.

Root hairs are extensions of the root 
epidermal cells and provide a large surface 
area for absorbing water and nutrients. 

Root hair

Water  moves 
by osmosis

Epidermal cell

Cortex cells 
of root

Xylem

Schematic cross-section 
through a dicot root

Stele (vascular cylinder). 
The outer layer of the 
stele, the pericycle, is 
next to the endodermis.

Root hairs have 
a thin cuticle, 
so water enters 
the root easily
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Transpiration136

1. (a) What is transpiration?  

 (b) Describe one benefit of the transpiration stream for a plant:  

2. Why is transpiration an inevitable consequence of gas exchange?  

Key Idea: Water moves through the xylem primarily as a 
result of evaporation from the leaves and the cohesive and 
adhesive properties of water molecules.
Plants lose water all the time through their stomata as a 
consequence of gas exchange. Approximately 99% of the 
water a plant absorbs from the soil is lost by evaporation from 
the leaves and stem. This loss is called transpiration and 
the flow of water through the plant is called the transpiration 

stream. Plants rely on a gradient in water potential (ψ) from 
the roots to the air to move water through their cells. Water 
flows passively from soil to air along a gradient of decreasing 
water potential. The gradient is the driving force for the 
movement of water up a plant. Transpiration has benefits 
to the plant because evaporative water loss is cooling and 
the transpiration stream helps the plant to take up minerals. 
Factors contributing to water movement are described below.

Water

Solute particle

Xylem

Water

Water

Soil
Highest free water concentration
Lowest solute concentration
ψ = –10 kPa

Leaves
Highest solute concentration
Lowest free water concentration
ψ = –1200 kPa

Air
Evaporative loss of water from 
the leaves as water vapour
ψ = –30 000 kPa

Water flows passively from a 
high water potential to areas 
where there is a lower (more 
negative) water potential. This 
gradient is the driving force in 
the transport of water up a plant.

The continuous flow of water 
is called the transpiration 
stream. It is primarily 
responsible for water moving 
up the plant.

The role of stomata
Water loss occurs mainly through stomata 
(pores in the leaf). The rate of water loss 
can be regulated by specialised guard 
cells (G) each side of the stoma (S), 
which open or close the pore.

  Stomata open: gas exchange and 
transpiration rate increase.

  Stomata closed: gas exchange and 
transpiration rates decrease.
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Key Idea: The relationship between the rate of transpiration 
and the environment can be investigated using a potometer. 
This activity describes a typical experiment to investigate the 

effect of different environmental conditions on transpiration 
rate using a potometer. You will present and analyse the 
results provided.

A class was divided into four groups to 
study how four different environmental 
conditions (ambient, wind, bright light, 
and high humidity) affected transpiration 
rate. A potometer was used to measure 
transpiration rate (water loss per unit time). 
A basic potometer, such as the one shown 
left, can easily be moved around so that 
transpiration rate can be measured under 
different environmental conditions.

The aim

To investigate the effect of environmental 
conditions on the transpiration rate of plants.

Hypothesis

All the plants will lose water, but the greatest 
losses will be in hot or windy conditions. 

The apparatus

This experiment investigated the influence of environmental conditions on 
plant transpiration rate. The experiment examined four conditions: room 
conditions (ambient), wind, bright light, and high humidity. After setting up 
the potometer, the apparatus was equilibrated for 10 minutes, and then 
the position of the air bubble in the pipette was recorded. This is the time 0 
reading. The plant was then exposed to one of the environmental conditions. 
Students recorded the location of the air bubble every three minutes over a 
30 minute period. The potometer readings for each environmental condition 
are presented in Table 1 (next page).

Rubber bung

1 cm3 pipette

Sealed with 
petroleum jelly

The progress of an 
air bubble along the 
pipette is measured 
at 3 minute intervals.

Fresh, 
leafy shoot

Clamp stand

Flask filled 
with water

Background

Plants lose water all the time by evaporation 
from the leaves and stem. This loss, mostly 
through pores in the leaf surfaces, is called 
transpiration. Despite the adaptations 
of plants to reduce water loss (e.g. waxy 
leaf cuticle), 99% of the water a plant 
absorbs from the soil is lost by evaporation. 
Environmental conditions affect transpiration 
rate by increasing or decreasing the gradient 
for diffusion of water molecules between the 
plant and its external environment.

The potometer
A potometer is a simple instrument for investigating transpiration rate 
(water loss per unit time). The equipment is simple to use and easy 
to obtain. A basic potometer, such as the one shown right, can easily 
be moved around so that transpiration rate can be measured under 
different environmental conditions.

Some physical conditions investigated are:

•	 Humidity	or	vapour	pressure	(high	or	low)

•	 Temperature	(high	or	low)

•	 Air	movement	(still	or	windy)

•	 Light	level	(high	or	low)

•	 Water	supply

It is also possible to compare the transpiration rates of plants with 
different adaptations e.g. comparing transpiration rates in plants 
with rolled leaves vs rates in plants with broad leaves. If possible, 
experiments like these should be conducted simultaneously using 
replicate equipment. If conducted sequentially, care should be taken to 
keep the environmental conditions the same for all plants used.

Investigating Plant Transpiration
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Engage

Explore

Elaborate and 
evaluate

Groups of activities build knowledge 
and understanding by giving students 
the chance to learn and apply their 
knowledge in a series of linked activities.

Engage:	 visualise the concept of 
hierarchical organisation

Explore:	 relate structure to function

Elaborate:	 present supporting evidence

Evaluate:	 explain trends in light of 
understanding 
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Prokaryotic Cells45
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1. Describe three features distinguishing prokaryotic cells from eukaryotic cells:

 (a)    

 (b)   
 

 (c)   

2. (a) Describe the function of flagella in bacteria:  

 (b) Explain how fimbriae differ structurally and functionally from flagella:  

3. Describe the location and general composition of the bacterial cell wall:  

4. What is the purpose of binary fission in prokaryotes:  

Key Idea: Prokaryotic cells lack many of the features of 
eukaryotic cells, including membrane-bound organelles.
Bacterial (prokaryotic) cells are much smaller than eukaryotic 
cells and lack many eukaryotic features, such as a distinct 

nucleus and membrane-bound cellular organelles. The cell 
wall is an important feature. It is a complex, multi-layered 
structure and has a role in the organism's ability to cause 
disease. A generalised prokaryote, E. coli, is shown below. 

A spiral shape is one of four bacterial 
shapes (the others being rods, 
commas, and spheres). These 
Campylobacter cells also have flagella.

Flagellum

Helicobacter pylori, is a comma-
shaped vibrio bacterium that causes 
stomach ulcers in humans. It moves 
by means of polar flagella.

Flagellum

Escherichia coli is a rod-shaped 
bacterium, common in the human gut. 
The fimbriae surrounding the cell are 
used to adhere to the intestinal wall.

Fimbriae

E
II

E
II

Bacteria usually divide by binary 
fission. During this process, DNA is 
copied and the cell splits into two 
cells, as in these round cells (cocci).

Fimbriae (or attachment pili) are hairlike structures. 
They are shorter, straighter, and thinner than flagella 
and used for attachment to surfaces and to other cells, 
but not for movement. 

Plasma (cell surface) 
membrane is similar in 
composition to eukaryotic 
membranes, although less rigid.

In pathogenic (disease-causing) bacteria, 
including E. coli, the polysaccharide 
capsule outside the cell wall contributes to 
its ability to cause disease (virulence). 

The cell wall lies outside the plasma membrane. It 
gives the cell shape, prevents rupture, and serves as 
an anchorage point for flagella. It is composed of a 
carbohydrate macromolecule called peptidoglycan, with 
variable amounts of lipopolysaccharide and lipoprotein.

Flagella (sing. flagellum) are used 
for locomotion. They are anchored 
in the plasma membrane. There 
may be one or more flagella.

Nucleoid region (pale)

Cytoplasm

70S ribosomes are 
free in the cytoplasm.

The circular chromosome occurs 
within a region called the nucleoid. 
It is not enclosed in a membrane. 
The DNA is 'naked' meaning it is 
not associated with proteins.

Prokaryotes may have small accessory 
chromosomes called plasmids. These often 
carry genes for antibiotic resistance and may 
be exchanged with other bacterial cells.

E. coli structure

Cytoplasmic inclusions include aggregations of storage 
compounds, e.g. glycogen, fatty acids, sulfur, or phosphorus. 
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Calculating Linear Magnification 34
Key Idea: All living organisms are composed of cells. Cells 
are broadly classified as prokaryotic or eukaryotic. 
The cell theory is a fundamental idea of biology. This idea, 

that all living things are composed of cells, developed over 
many years and is strongly linked to the invention and 
refinement of the microscope in the 1600s. 

The Cell is the Unit of Life

The cell theory
The idea that cells are fundamental units of life is part of the cell 
theory. The basic principles of the theory are:

 ► All living things are composed of cells and cell products.

 ► New cells are formed only by the division of pre-existing cells.

 ► The cell contains inherited information (genes) that are used 
as instructions for growth, functioning, and development.

 ► The cell is the functioning unit of life; all chemical reactions of 
life take place within cells.

1. What are the characteristic features of a prokaryotic cell?  
 

2. What are the characteristic features of a eukaryotic cell?  

3. Why are viruses considered to be non-cellular (non-living)?  

Cells

Amoeba cellWhite blood cellGeneralised plant cell Yeast cell

Fungal cells
•	Rarely	exist	as	discrete	cells,	

except for some unicellular 
forms (e.g. yeasts) 

•	Plant-like,	but	lack	chlorophyll.

•	Rigid	cell	walls	containing	chitin.

•	Heterotrophic.

Protoctist cells
•	Mainly	single-celled	or	exist	

as cell colonies.

•	Some	are	autotrophic	and	
carry out  photosynthesis.

•	Some	are	heterotrophic.

Animal cells
•	Exist	as	part	of	multicellular	

organism with specialisation 
of cells into many types.

•	Lack	cell	walls.

•	Heterotrophic	(rely	on	other	
organisms for food).

Plant cells
•	Exist	as	part	of	multicellular	

organism with specialisation of 
cells into many types.

•	Autotrophic	(make	their	own	
food): photosynthetic cells with 
chloroplasts.

•	Cell	walls	of	cellulose.

Eukaryotic cells
•	Cells	30-150	µm		•		Membrane-bound	nucleus	and	membrane-bound	organelles		•		Linear	chromosomes

 

•	Non-cellular.
•	Typical	size	range:	20-300	nm.	
•	Contain	no	cytoplasm	or	organelles.
•	No	chromosome,	just	RNA	or	DNA	strands.
•	Enclosed	in	a	protein	coat.
•	Depend	on	cells	for	metabolism	and	

reproduction (replication).

Viruses are non-cellular

Influenzavirus

All cells show the functions of life

Prokaryotic (bacterial) cells

•	Autotrophic	or	heterotrophic
•	Single	celled
•	Lack	a	membrane-bound	nucleus	

and membrane-bound organelles
•	Cells	0.5-10	µm
•	DNA	a	single,	circular	chromosome.	

There may be small accessory 
chromosomes called plasmids.

•	Cell	walls	containing	peptidoglycan.

Living things

Cells use food (e.g. glucose) to maintain a stable 
internal environment, grow, reproduce, and produce 
wastes. The sum total of all the chemical reactions 
that sustain life is called metabolism.

Movement
Respiration
Sensitivity
Growth
Reproduction
Excretion
Nutrition 
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Identifying Structures in a Plant Cell
Key Idea: Animal cells are eukaryotic cells. They have many 
features in common with plant cells, but also have  a number 
of unique features.
Animal cells, unlike plant cells, do not have a regular shape. 
In fact, some animal cells (such as phagocytes) are able 
to alter their shape for various purposes (e.g. engulfing 

foreign material). The diagram below shows the structure 
and organelles of a liver  cell. It contains organelles common 
to most relatively unspecialised human cells. Note the 
differences between this cell and the generalised plant cell. 
The plant cells activity provides further information on the 
organelles listed here but not described.

Nucleus

Generalised animal cell

Golgi apparatus: A series of 
flattened, disc-shaped sacs, 
stacked one on top of the other and 
connected with the ER. The Golgi 
stores, modifies, and packages 
proteins. It ‘tags’ proteins so that 
they go to their correct destination.

Nucleolus: A dense, solid 
structure composed of 
crystalline protein and nucleic 
acid. They are involved in 
ribosome synthesis.

Ribosomes: These small 
structures may be free in the 
cytoplasm or associated with 
the endoplasmic reticulum (ER). 
Ribosomes in animal cells are 
80S ribosomes

Rough endoplasmic
reticulum: A site of protein 
synthesis.The rough ER also 
synthesises new membranes, 
growing in place by adding 
proteins and phospholipids.

Smooth endoplasmic reticulum: 
ER without ribosomes. It is a site for 
lipid and carbohydrate metabolism, 
including hormone synthesis.

Vacuoles: Smaller than 
those found in plant cells.

Lysosome: A sac bounded by a single 
membrane. They are pinched off from the 
Golgi apparatus and contain and transport 
enzymes that break down food and 
foreign matter. Lysosomes show little 
internal structure but often contain 
fragments of material being broken down. 
Specialised lysosomes are generally 
absent from plant cells. 

Centrioles: Structures associated 
with nuclear division. They are 
composed of microtubules, but 
appear as small, featureless 
particles, 0.25 µm diameter, under a 
light microscope. They are absent in 
higher plant cells and some protists.

Nuclear pore: A hole in the nuclear 
membrane allowing the nucleus to 
communicate with the rest of the cell.

Tight junctions: Join cells together 
in the formation of tissues.

Mitochondrion (pl. mitochondria): An 
organelle bounded by a double 
membrane system. The number in a 
cell depends on its metabolic activity.

Nuclear membrane: Double layered

Cytoplasm

Plasma (cell surface) membrane

1. The two photomicrographs (left) show several types of animal cells. 
Identify the features indicated by the letters A-C:

 A:

 B: 

 C:
  
2. White blood cells are mobile, phagocytic cells, whereas red blood cells 

are smaller than white blood cells and, in humans, lack a nucleus.

 (a) In the photomicrograph (lower, left), circle a white blood cell and a 
red blood cell:

 (b) With respect to the features that you can see, explain how you 
made your decision.

3. Name one structure or organelle present in generalised animal cells but absent from plant cells and describe its function:

Neurones (nerve cells) in the spinal cord

White blood cells and red blood cells (blood smear)
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B
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Types of cells
Understand that cells are 
the basic unit of life and 
that there are differences 
between different cell types.

EXAMPLE

LINKS - Making Connections

EXAMPLE
The heart
An understanding of the 
structure of the mammalian 
heart is studied through 
diagrams and a dissection 
diagrammatic before moving 
on to study the stages in the 
cardiac cycle.
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The Human Heart

1. In the schematic diagram of the heart, below, label the four chambers and the main vessels entering and leaving them. 
The arrows indicate the direction of blood flow. Use large coloured circles to mark the position of each of the four valves.

Tricuspid (right atrio-
ventricular valve)

Semi-lunar
valve of aorta

Bicuspid (left atrio-
ventricular valve)

valvSemi-lunar e of
pulmonary artery

Top view of a heart in section to show valves

Anterior view of heart to show coronary arteries

Superior vena cava

Key to abbreviations

Right atrium: receives deoxygenated blood via the vena cavae

Right ventricle: pumps deoxygenated blood to the lungs via the pulmonary artery

Left atrium: receives blood from the lungs via the pulmonary veins

Left ventricle: pumps oxygenated blood to the head and body via the aorta

RA

RV

LV

LA

Pulmonary artery

RV LV

Human heart   structure
(sectioned, anterior view)

Bicuspid
valvePulmonary artery

carries deoxygenated
blood to the lungs

Semi-lunar valve prevents the
blood flow back into ventricle.

e non-Chordae tendina
elastic strands supporting
the valve flaps

Vena cava receives
deoxygenated blood from
the head and body

Aorta carries oxygenated
blood to the head and body

Septum separates
the ventricles

Tricuspid valve
prevents backflow of
blood into right atrium

RA

RV

LV

LA

The heart is not a symmetrical organ. Although the quantity of 
blood pumped by each side of the heart is the same, the walls of 
the left ventricle are thicker and more muscular than those of the 
right ventricle. The difference affects the shape of the ventricular 
cavities, so the right ventricle is twisted over the left.

Right
cardiac vein

Aorta

Inferior vena cava

Right coronary artery
Pulmonary
veins

Descending aorta

Left coronary
artery

Left cardiac vein

The high oxygen demands of the heart muscle are met by a 
dense capillary network branching from the coronary 
arteries. The coronary arteries (left and right) arise from the 
aorta and spread over the surface of the heart supplying the 
cardiac muscle with oxygenated blood. The left carries 70% 
of the coronary blood supply and the right the remaining 
30%. Deoxygenated blood is collected by the cardiac veins 
and returned to the right atrium via a large coronary sinus.

Pulmonary
veins

(b)

(c)

(d)

(e)

(h)

(a)

(g)

(f)
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Key Idea: Humans have a four chambered heart divided into 
left and right halves. It acts as a double pump.
The heart is the centre of the human cardiovascular system. 
It is a hollow, muscular organ made up of four chambers 
(two atria and two ventricles) that alternately fill and empty 
of blood, acting as a double pump. The left side (systemic 

circuit) pumps blood to the body tissues and the right side 
(pulmonary circuit) pumps blood to the lungs. The heart lies 
between the lungs, to the left of the midline, and is surrounded 
by a double layered pericardium of connective tissue, which 
prevents over distension of the heart and anchors it within the 
central compartment of the thoracic cavity.
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1. On the ECG trace above:
 
 (a) When is the aortic pressure highest?

 (b) Which electrical event immediately precedes the increase in ventricular pressure?
 
 (c) What is happening when the pressure of the left ventricle is lowest?

2. Suggest the physiological reason for the period of electrical recovery experienced each cycle (the T wave):

3. Using the letters indicated, mark the points on trace above corresponding to each of the following:

 (a) E: Ejection of blood from the ventricle (c) FV: Filling of the ventricle

 (b) BVC: Closing of the bicuspid valve (d) BVO: Opening of the bicuspid valve

The Cardiac Cycle

SLVSLV

The pulse results from the 
rhythmic expansion of the arteries 
as the blood spurts from the left 
ventricle. Pulse rate therefore 
corresponds to heart rate. 

Stage 1: Atrial contraction
and ventricular filling
The ventricles relax and blood 
flows into them from the atria. 
Note that 70% of the blood from 
the atria flows passively into the 
ventricles. It is during the last third 
of ventricular filling that the atria 
contract.

Stage 2: Ventricular contraction
The atria relax, the ventricles contract, 
and blood is pumped from the ventricles 
into the aorta and the pulmonary artery. 
The start of ventricular contraction 
coincides with the first heart sound.

Stage 3:  (not shown) There is a short 
period of atrial and ventricular 
relaxation. Semilunar valves (SLV) 
close to prevent backflow into the 
ventricles (see diagram, left). The cycle 
begins again. For a heart beating at 75 
beats per minute, one cardiac cycle 
lasts about 0.8 seconds.

SLVSLV

Heart during ventricular filling Heart during ventricular contraction

Atrio-ventricular 
valves closed
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Cardiac Cycle Events 

Left ventricular pressure
Left atrial pressure

Aortic pressure

Left ventricular volume

The QRS complex: This 
corresponds to the spread of 
the impulse through the 
ventricles, which contract.

The P wave: This represents 
the spread of the impulse from 
the pacemaker through the 
atria, which then contract.

The T wave: This 
signals recovery of the 
electrical activity of the 
ventricles, which are 
relaxed.ECG

A summary trace showing the changes in pressure, 
volume and electrical activity recorded in the heart 
during two complete cardiac cycles. 

The cardiac cycle

Cardiac cycle events and the electrocardiogram (ECG)
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Key Idea:  The cardiac cycle refers to the sequence of events 
of a heartbeat and involves three main stages: atrial systole, 
ventricular systole, and complete cardiac diastole.
The heart pumps with alternate contractions (systole) and 
relaxations (diastole). Heartbeat occurs in a cycle involving 
three stages: atrial systole, ventricular systole, and complete 

cardiac diastole. Pressure changes in the heart's chambers 
generated by the cycle of contraction and relaxation are 
responsible for blood movement and cause the heart valves 
to open and close, preventing backflow of blood. The 
heartbeat occurs in response to electrical impulses, which 
can be recorded as a trace called an electrocardiogram. 
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Dissecting a Mammalian Heart

Lobe of 
left lung

Lobe of right lung

Cut flap of pericardium

Thymus (large in 
young animals)

Right ventricle of 
heart (dorsal)

Gross anatomy of a sheep's pluck (the 
thoracic organs) to show a dorsal view 
of the heart.

Right auricle is a muscular 
pouch connected to the right 
atrium. It is also called the 
right atrial appendage.

The heart and the roots of the great 
vessels (vena cavae, pulmonary 
artery and aorta) are contained 
within a double-walled sac called the 
pericardium. It is filled with fluid and 
protects the heart in its central position 
in the body cavity.

1

Did you know?
The term auricle is Latin for ear and it describes 
the ear-like look of the small muscular pouches 
(one left and one right) that lead to the atria.

Key Idea: Dissecting a sheep's heart allows hands-on 
exploration of a mammalian heart. 
The dissection of a sheep's heart is a common practical 
activity and allows hands-on exploration of the appearance 

and structure of a mammalian heart. A diagram of a heart is 
an idealised representation of an organ that may look quite 
different in reality. You must learn to transfer what you know 
from a diagram to the interpretation of the real organ.

3 External dorsal view of heart

Note the main surface features of an isolated heart. The narrow 
pointed end forms the apex of the heart, while the wider end, where 
the blood vessels enter is the base. The ventral surface of the heart 
(above) is identified by a groove, the interventricular sulcus, which 
marks the division between the left and right ventricles.

1. Use coloured lines to indicate the interventricular sulcus 
and the base of the heart. Label the coronary arteries.

On the dorsal surface of the heart, above, locate the large thin-walled 
vena cavae and pulmonary veins. You may be able to distinguish 
between the anterior and posterior vessels. On the right side of the 
dorsal surface (as you look at the heart) at the base of the heart is 
the right atrium, with the right ventricle below it. 

2. On this photograph, label the vessel indicated by the 
probe.

Apex

Left ventricle

Right ventricle

Left auricle 

Pulmonary trunk (artery)
Brachiocephalic 
artery (cut)

Aorta

2 External ventral view of heart

Left ventricle

Right ventricle

Pulmonary veins

Right auricle

Probe
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EXAMPLE
Membranes and diffusion
The principle of diffusion is 
reinforced by an experiment 
investigating the factors 
affecting diffusion. Finally,  
the constraints of cell size 
on diffusion are studied.
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1. What is diffusion?  

2. What do the three types of diffusion described above all have in common?  

3. How does facilitated diffusion differ from simple diffusion?  

What is diffusion?
Diffusion is the movement of particles from regions of 
high concentration to regions of low concentration (down 
a concentration gradient). Diffusion is a passive process, 
meaning it needs no input of energy to occur. During diffusion, 
molecules move randomly about, becoming evenly dispersed. 

Diffusion84

Factors affecting the rate of diffusion

Concentration 
gradient

The rate of diffusion is higher when there is a 
greater difference between the concentrations of 
two regions.

The distance 
moved

Diffusion over shorter distance occurs at a greater 
rate than over a larger distance.

The surface 
area involved

The larger the area across which diffusion occurs, 
the greater the rate of diffusion.

Barriers to 
diffusion

Thick barriers have a slower rate of diffusion than 
thin barriers.

Temperature
Particles at a high temperature diffuse at a greater 
rate than at a low temperature.

Key Idea: Diffusion is the movement of molecules from 
higher concentration to a lower concentration (i.e. down a 
concentration gradient).  
The molecules that make up substances are constantly 
moving about in a random way. This random motion causes 

molecules to disperse from areas of high to low concentration. 
This dispersal is called diffusion and it requires no energy. 
Each type of molecule moves down its own concentration 
gradient. Diffusion is important in allowing exchanges with 
the environment and in the regulation of cell water content.  

Simple diffusion
Molecules move directly through 
the membrane without assistance. 
Example: O2 diffuses into the 
blood and CO2 diffuses out.

Carrier-mediated facilitated diffusion
Carrier proteins allow large lipid-insoluble 
molecules that cannot cross the membrane by 
simple diffusion to be transported into the cell. 
Example: the transport of glucose into red 
blood cells. 

Channel-mediated facilitated diffusion
Channels (hydrophilic pores) in the 
membrane allow inorganic ions to pass 
through the membrane. 
Example: K+ ions exiting nerve cells to 
restore resting potential.

Glucose
Lipid soluble 
solutes

Carrier protein

Inorganic 
ion

Channel protein

High concentration Low concentration

If molecules can move freely, they move from high to low
concentration (down a concentration gradient) until evenly dispersed.

Concentration gradient
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Key Idea: Diffusion is less efficient in cells with a small 
surface area relative to their volume than in cells with a large 
surface area relative to their volume.
When an object (e.g. a cell) is small it has a large surface 
area in comparison to its volume. Diffusion is an effective way 
to transport materials (e.g. gases) into the cell. As an object 

becomes larger, its surface area compared to its volume is 
smaller. Diffusion is no longer an effective way to transport 
materials to the inside. This places a physical limit on the size 
a cell can grow, with the effectiveness of diffusion being the 
controlling factor. Larger organisms overcome this constraint 
by becoming multicellular.

DATA

Diffusion and Cell Size

1. Calculate the volume, surface area and the ratio of surface area to volume for each of the four cubes above (the first has 
been done for you). When completing the table below, show your calculations.

2 cm cube 3 cm cube 4 cm cube 5 cm cube

The diagram below shows four hypothetical cells of 
different sizes. They range from a small 2 cm cube 
to a 5 cm cube. This exercise investigates the effect 
of cell size on the efficiency of diffusion.

Cube size Surface area Volume Surface area to volume ratio

2 cm cube 2  x  2  x  6  =  24 cm2

(2 cm x 2 cm x 6 sides)
2  x  2  x  2  =  8 cm3

(height x width x depth)
24 to 8 = 3:1

3 cm cube

4 cm cube

5 cm cube

87

Single-celled organisms
Single-celled organisms (e.g. Amoeba), are small and have 
a large surface area relative to the cell’s volume. The cell's 
requirements can be met by the diffusion or active transport 
of materials into and out of the cell (below). 

The plasma membrane, which surrounds every cell, regulates 
movements of substances into and out of the cell. For each 
square micrometre of membrane, only so much of a particular 
substance can cross per second. 

Food

Oxygen Carbon 
dioxide

Wastes

Multicellular organisms
Multicellular organisms (e.g. plants and animals) are often quite 
large and large organisms have a small surface area compared 
to their volume. They require specialised systems to transport the 
materials they need to and from the cells and tissues in their body.

In a multicellular organism, such 
as an elephant, the body's need 
for respiratory gases 
cannot be met by 
diffusion through  
the skin.

A specialised gas exchange 
surface (lungs) and circulatory 
(blood) system are required 
to  transport substances to the 
body's cells.

Properties of Geometric Shapes
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1. Why was it important to wash the dialysis tubing before placing it into the beaker of distilled water?  

2. What part of a cell does the dialysis tubing represent?

3. The results for the experiment are presented in the table on 
the right. 

 (a) In the spaces provided (below, right) draw the 
distribution of starch and glucose at the start and at the 
end of the experiment. Use the symbols shown under 
the table to represent starch and glucose:

 (b) Describe why glucose has moved across the partially 
permeable membrane during the experiment:

 (c) Why was there no starch present in the beaker at the end 
of the experiment?

Key Idea: Dialysis tubing can be used to model the diffusion 
of glucose down its concentration gradient.  
Diffusion through a partially permeable membrane can be 
modelled using dialysis tubing. The pores of the dialysis 

tubing determine the size of the molecules that can pass 
through. The experiment described below demonstrates how 
glucose will diffuse down its concentration gradient from a 
high glucose concentration to a low glucose concentration.

Investigating Diffusion85

Method
Dialysis tubing was filled with 5 cm3 each of a 1% starch solution and 
a 10% glucose solution. A 1 cm3 sample was removed and tested for 
the presence of starch using Lugol's indicator, and glucose using a 
glucose dipstick.

The dialysis tubing was tied, and the outside of the tubing washed 
with distilled water to remove any starch or glucose that spilled on to 
the outer surface during filling. The tubing was placed into a beaker of 
distilled water. 

After 30 minutes, the solution inside the dialysis tubing and the distilled 
water were tested for the presence of starch and glucose. 

Dialysis tubing 
(partially-permeable 
membrane)

Distilled 
water

Solution containing 
starch and glucose

Background
Dialysis tubing acts as a partially (or selectively) 
permeable membrane. It comes in many pore 
sizes, and only allows molecules smaller than 
the size of the pore to pass through. 

Lugol's indicator contains iodine, and turns blue/
black in the presence of starch. 

The presence of  glucose can be tested using a 
glucose dipstick test. If glucose is present, the 
indicator window will change colour. The colour 
change can be compared against a reference to 
determine the level of glucose present.

The aim
To demonstrate diffusion through a 
semipermeable membrane. 

Hypothesis
If there is no glucose outside the dialysis tubing, 
then glucose will diffuse down its concentration 
gradient from the dialysis tubing into the distilled 
water until the glucose concentrations are equal.

Dialysis 
tubing  start

Beaker 
start

Dialysis 
tubing end

Beaker 
end

Starch ++ - ++  -

Glucose ++ - + +

Dialysis tubing
end

Beaker
end

Dialysis tubing
start

Beaker
start
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Starch GlucoseGS

The LINK tabs help students to connect ideas between different topics in the CIE Biology syllabus. Connections may 
be made to activities that build on or develop an idea, utilise the same core principles in another biological context, or 
examine the evidence for a biological process. The connections help students to appreciate that the same core principles 
underlie many biological phenomena and there is evidence to support them. Understanding these core principles brings 
understanding to a wide range of contexts and situations, even if they are unfamiliar.
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Achieving effective differential instruction in classes is a teaching challenge. Students naturally have mixed abilities, varying 
backgrounds in the subject, and different language skills. Used effectively, BIOZONE's workbooks and supporting products 
can make teaching a mixed ability class easier. Here, we offer three approaches for differential instruction. 

Efficient Differential Instruction
•	 Use peer-to-peer learning for more challenging activities 

where the level of content is more difficult and the questions 
require students to draw on several areas of their knowledge 
to synthesise an answer.

•	 Stronger peers can assist weaker students and both groups 
benefit from verbalising their thoughts and presenting them 
to a group. ESL students can ask their peers to explain 
unfamiliar terms (both scientific and English) and this 
benefits both parties. Paper practicals (e.g. Modelling DNA 
Replication) are another ideal vehicle for this kind of peer-to-
peer learning.

MAKING A START
Regardless of which activity you might be attempting in class, a 5-10 minute 
introduction to the task by the teacher is useful orientation for all students. 
For collaborative work, the teacher can then divide the class into appropriate 
groups, each with a balance of able and less able students. 

1
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Tear out this page along the perforation and separate each of the 24 nucleotides

by cutting along the columns and rows (see arrows indicating the cutting points).
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Constructing a DNA Model

1. Cut around the nucleotides on page 143 and separate each of the 24 nucleotides by cutting along the columns and rows 

(see arrows indicating two such cutting points). Although drawn as geometric shapes, these symbols represent chemical 

structures.

2. Place one of each of the four kinds of nucleotide on their correct spaces below:

 

 

 

3. Identify and label each of the following features on the adenine nucleotide immediately above:

  phosphate,  sugar,  base,  hydrogen bonds

4. Create one strand of the DNA molecule by placing the 9 correct 'cut out' nucleotides in the labelled spaces on the following 

page (DNA molecule). Make sure these are the right way up (with the P on the left) and are aligned with the left hand edge 

of each box. Begin with thymine and end with guanine.

5. Create the complementary strand of DNA by using the base pairing rule above. Note that the nucleotides have to be 

arranged upside down.

6. Under normal circumstances, it is not possible for adenine to pair up with guanine or cytosine, nor for any other mismatches 

to occur. Describe the two factors that prevent a mismatch from occurring:

 Factor 1:

 Factor 2:

7. Once you have checked that the arrangement is correct, you may glue, paste or tape these nucleotides in place.

  NOTE: There may be some value in keeping these pieces loose in order to practise the base pairing rule. 

    For this purpose, removable tape would be best.

Adenine is always attracted to Thymine A T

Thymine is always attracted to Adenine T A

Cytosine is always attracted to Guanine C G

Guanine is always attracted to Cytosine G C

DNA base pairing rule

Thymine
Cytosine

Guanine
Adenine

Place a cut-out symbol 

for thymine here

Place a cut-out symbol 

for adenine here

Place a cut-out symbol 

for cytosine here

Place a cut-out symbol 

for guanine here

115
Key Idea: Nucleotides pair together in a specific way called 

the base pairing rule. In DNA, adenine always pairs with 

thymine, and cytosine always pairs with guanine. 

DNA molecules are double stranded. Each strand is made up 

of nucleotides. The chemical properties of each nucleotide 

mean it can only bind with one other type of nucleotide. This 

is called the base pairing rule and is explained in the table 

below. This exercise will help you to learn this rule.

In "Constructing a DNA 
Model", students can 
collaborate in pairs 
to construct a DNA 
molecule and practise 
the base pairing rule. 
This consolidates 
understanding by putting 
theory into practice.

Differential Instruction with BIOZONE



12

©2016 BIOZONE International

2 		 Interactive revision of tasks in class
•	 Use the workbook PDFs with HIDE/SHOW answers on 

the Teacher's Digital Edition to review activities in class 
using a data projector or interactive whiteboard.

•	 Students benefit from the feedback in class, where 
questions can be addressed, and teachers benefit by 
having students self-mark their work and receive helpful 
feedback on their responses.

•	 This approach is particularly suited to activities with 
questions requiring a discussion, as students will be 
able to clarify some aspects of their responses. Stronger 
students can benefit by contributing to the explanatory 
feedback and class discussion.

Gaining Confidence
•	 The questions in BIOZONE's workbook activities have 

generally been written in a direct questioning style,  
e.g. "What are the differences between A and B", or 
"Why are A and B different?". This makes it easier for 
the students to understand what is required to answer 
the question. 

•	 Questions are also arranged so that simpler questions 
(describe, what, identify, name) are generally asked 
first, followed by questions demanding an explanation 
(explain, how, why, account for). This allows students 
to gain confidence from answering the simpler 
questions first before attempting the questions that 
require more comprehensive answers.

•	 This arrangement also allows teachers to direct 
students appropriately so that some may attempt only 
the simpler questions themselves and work with peers 
to attempt the more challenging questions.

Students A and B will work through 
simpler questions themselves but 
may require assistance with the more 
challenging questions in this activity.

Student C is capable. 
She completes all of this 
activity including the more 
challenging questions.

3

A

B

C

D

Student D (above) is capable and completes 
the set work quickly. She can assist her peers 
and demonstrate her understanding in the 
relevant section of the review sheets.
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Malaria
Key Idea: Malaria is caused by parasitic protozoa. The 
protozoa are carried by the Anopheles mosquito and are 
transmitted to humans when they are bitten by the mosquito.
Malaria is a disease caused by protozoan parasites of the 
genus Plasmodium. The plasmodia have a life cycle involving 
two hosts, Anopheles mosquitoes and humans. Humans 
become infected when bitten by mosquitoes infected with 
the protozoans. In their human host, the plasmodia infect red 

blood cells (RBCs) and multiply inside the cells by asexual 
reproduction. Four Plasmodium species can cause malaria, 
ranging in severity from relatively mild to fatal. Falciparum 
malaria is the most severe because it affects all ages of red 
blood cells. Destruction of the RBCs results in a condition 
called haemolytic anaemia (loss of RBCs through lysis). 
The infected blood cells also become sticky and block blood 
vessels to vital organs such as the kidneys and the brain.

171

Transmission and effects of malaria

Social and economic factors have a 
significant role in the spread of malaria. 
People living in poor rural populations 
often cannot afford the bed nets that 
would protect them from mosquitoes. 
The governments of malaria-endemic 
countries often lack financial resources 
and do not have adequate equipment, 
medicine, or trained staff to treat malaria. 

Larvae of the Anopheles mosquito can 
breed in diverse habitats, many of which 
are created as a result of human activity. 
For example, small pools of water in 
ditches, water troughs, containers, or rice 
fields are all potential breeding sites for 
mosquitoes. Mosquito numbers can be 
reduced by eliminating as many potential 
breeding sites as possible. 

An integrated approach is used to control 
and prevent the spread of malaria. 
These include physical methods such 
using insecticide treated nets to stop 
mosquitoes biting a person while they 
are sleeping, drug treatments, especially 
for pregnant women and infants, and 
residual pesticide spraying (indoors and 
outdoors) to kill mosquitoes.
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Control and prevention of malaria

A mosquito infected 
with Plasmodium bites 
a human. The parasite 
completes the sexual 
part of its life cycle in 
the mosquito before 
being transferred to 
the human host. 

The parasite travels 
through the blood to the 
liver where it reproduces 
rapidly within the liver cells.

Some parasites remain 
dormant for years in the liver.  

Others infect red blood cells 
and continue to multiply.

Infected red blood 
cells burst, and the 
parasite can infect 
other red blood cells.

Malaria has a 7 day incubation period and 
infection is accompanied by many general 
symptoms such as fever, headache, chills and 
vomiting. As these symptoms are common to 
other illnesses, a malaria diagnosis is sometimes 
overlooked, allowing the disease to progress to a 
severe infection. For the Falciparum form, death 
can occur if it is not treated within 24 hours of the 
onset of clinical symptoms.

Malaria can result in anaemia (a 
deficiency of red blood cells). If too many 
red blood cells are destroyed, Insufficient 
oxygen is available to tissues and people 
become severely fatigued.
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Malaria occurs in tropical and subtropical areas (left), 
where temperature, humidity, and rainfall levels are 
suitable for the Anopheles mosquitoes to survive and 
multiply, and where the malaria parasites can complete 
their life cycle. The highest transmission is found in Africa 
(south of the Sahara) and in parts of Oceania such as 
Papua New Guinea.

Malaria is a leading cause of death and disease in many 
developing countries, where young children and pregnant 
women are most affected. In 2015, 214 million people 
contracted malaria and around 438 000 people died. The 
economic cost of malaria is US$12 billion per year.

Global distribution and control of malaria

Why is malaria difficult to eradicate?
Several factors make malaria a very difficult disease to 
control. The Plasmodium parasite has two different hosts 
and a complex life cycle, making it very difficult to target 
with drugs. The parasite has also developed resistance 
to anti-malarial drugs, allowing it to continue to spread 
and, in some cases, re-emerge in areas where it had 
previously been eradicated. Likewise, mosquitoes are 
developing insecticide resistance and their numbers are 
remaining high, allowing a greater transmission of the 
Plasmodium parasite. 

1. (a) Name the malaria pathogen:  

 (b) State what type of pathogen it is:  

2. How do humans become infected with malaria?  

3. What aspects of the biology of this pathogen make it difficult to control?  

4. (a) What biological factors are important in the global occurrence of malaria?  

 (b) What measures could be most cost effective in controlling the number of new malaria infections?  

5.  Why has malaria been so difficult to treat and eradicate with drugs?  

6. What effect do you think global warming will have on the geographical range of malaria?  

Until recently chloroquine the most 
widely used anti-malarial drug. However 
the emergence of drug-resistant 
Plasmodium strains is rapidly decreasing 
its effectiveness. It is now used in 
combination with other antimalarial drugs 
(left) to extend its effective useage. 

Malaria occurrence

REVISE 
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Chapter Review178
Pathogens and disease:
HINT: Describe causes, transmission, and control of 
cholera, malaria, TB, HIV/AIDS, smallpox, and measles. 

Antibiotics:
HINT: How does penicillin act on 
bacteria? How does antibiotic 
resistance arise and spread?  

Types of disease:
HINT: What is disease? How do infectious and 
non-infectious diseases differ?

Summarise what you know about this topic under the 
headings provided. You can draw diagrams or mind 
maps, or write short notes to organise your thoughts. Use 
the images and hints to help you and refer back to the 
introduction to check the points covered: 
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1. Summarise the role of each of the following cell components:

 (a) Carbohydrates:  

 (b) Lipids:  

 (c) Proteins:  

 
 (d) Nucleic acids:  

 (e) Inorganic ions:  

 (f) Water:  

Carbohydrates form the structural 

components of cells, e.g. cellulose cell 

walls (arrowed). They are important in 

energy storage and they are involved 

in cellular recognition.

Proteins have an enormous number of 

structural and functional roles in plants and 

animals, e.g. as enzymes, structural materials 

(such as collagen), in transport, and 

movement (e.g. cytoskeleton and centrioles). 

Inorganic ions: Dissolved ions participate 

in metabolic reactions and are components 

of larger organic molecules, e.g. Mg2+ 

is a component of the green chlorophyll 

pigment in the chloroplasts of green plants.

Chromosome

Centrioles

Plant 

cell wall

Chloroplasts 

in plant cells

Chloroplast 

membranes

Plant epidermis

Lipids provide a concentrated source 

of energy. Phospholipids are a major 

component of cellular membranes, 

including the membranes of organelles 

such as chloroplasts and mitochondria.

Nucleotides and nucleic acids

Nucleic acids encode information for 

the construction and functioning of an 

organism. ATP, a nucleotide derivative, 

is the energy carrier of the cell.

The Biochemical Nature of Cells

Key Idea: The main components of a cell are water and 

compounds of carbon, hydrogen, nitrogen, and oxygen.

Water is the main component of cells and organisms, providing 

an aqueous environment in which metabolic reactions can 

occur. Apart from water, most other substances in cells are 

compounds of carbon, hydrogen, oxygen, and nitrogen. 

Carbon can combine with many other elements to form a 

large number of carbon-based (or organic) molecules. The 

organic molecules that make up living things can be grouped 

into four broad classes: carbohydrates, lipids, proteins, and 

nucleic acids. In addition, a small number of inorganic ions 

are also components of larger molecules.50

Water is a major component of cells: 

many substances dissolve in it and 

metabolic reactions occur in it. In plant 

cells, fluid pressure against the cell wall 

provides turgor, which supports the cell.

Animal cell

Plant cell

LINK

53

Many of the workbook activities are ideal for homework or as vehicles for a quick synoptic assessment. Review activities 
are ideal as homework. They provide a way to review a topic that has recently been completed, while at the same time 
facilitating consolidation by presenting the material in a slightly different way. The information for review activities can be 
found within the chapter, although stronger students may not need to refer back to source material to complete the set work. 
Generally, homework activities should revise completed topics or provide a basic entry-level introduction.
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Types of Disease167
Key Idea: Infectious diseases are caused by pathogens and can be spread (transmitted) from one person to another. Non-infectious diseases are caused by environmental or genetic factors and are not transmitted between people.The term disease refers to an abnormal condition affecting some aspect of an organism's physiology and functioning. Many factors can cause disease, and each disease usually 

has a characteristic set of signs and symptoms. Disease can be subdivided into two broad categories, infectious and non-infectious diseases. Infectious diseases are caused by a pathogen, i.e. a disease causing agent and can be transmitted (passed on) to other people. Non-infectious diseases are not caused by pathogens and cannot be transmitted to other people.

Infectious disease Non-infectious disease
Infectious diseases are caused by pathogenic microorganisms, such as bacteria, viruses, protoctistan parasites, or fungi. Infectious diseases spread from one person to another, either directly or indirectly. Those that are easily spread, such as measles, are said to be highly contagious. Such diseases are a threat to public health and must be notified to health authorities. Many of the serious contagious bacterial and viral diseases of the past are now controlled through vaccination programmes. 

Non-infectious diseases, such as chronic lung disease and sickle cell disease, are not spread between people and pose a much lower risk to public health than infectious disease. Non-infectious diseases can be caused by lifestyle and environmental factors (e.g. poor diet, smoking, pollution, or too much sun exposure). They can also be caused by genetic (inherited) factors.

Sickle cell disease is an 
inherited non-infectious 
disease affecting red blood 
cells. A mutation (change 
in DNA) produces a faulty 
haemoglobin protein. This 
in turn produces red blood 
cells with a deformed sickle 
appearance and a reduced 
capacity to carry oxygen. The 
deformed cells adhere to the 
walls of blood vessels, slowing 
or stopping the flow of blood. 
When this happens, oxygen 
cannot adequately supply the 
tissues. There is no cure.

Human cities can contain 
millions of people, often 
living very closely together. In 
these congested conditions, 
infectious diseases can 
spread rapidly, especially 
if sanitation or personal 
hygiene is poor, or if seasonal 
weather produces conditions 
favourable to spread of 
the pathogen. High speed 
transport, e.g. by air, can 
spread a pathogen around a 
region very quickly.

The mode of transmission 
affects how quickly a 
pathogen spreads. Direct  
person to person contact 
(i.e. touching) is a slower 
method of transmission, 
whereas spreading via 
mucus droplets coughed 
into the air (left) or by 
animal vectors can help a 
pathogen spread widely, 
very quickly (e.g. malaria).
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Lung cancer (uncontrolled cell 
growth in the lungs) is a non-
infectious disease primarily 
caused by lifestyle factors. 
Cigarette smoking (right) is the 
major cause of lung cancer. 
People with lung cancer may 
have difficulty breathing, and 
oxygen supply to the body 
becomes limited as lung function 
is increasingly impaired by tumour 
growth. Although lung cancer can 
be treated, it is most often fatal 
because it is often not detected 
until it is quite advanced and has 
spread to other areas of the body.

1. Explain the difference between an infectious and a non-infectious disease:  

2.  Using examples, describe the factors that contribute to a non-infectious disease?  

3. What causes sickle cell disease and what are its effects? 
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1. (a) Use your knowledge to list the unique features of prokaryotic and eukaryotic cells in the space below.

 (b) Under common features, list the features that both prokaryotic and eukaryotic cells have in common. 

2. Study the photos below and determine if they are prokaryotic or eukaryotic cells:

3. (a) Identify the regions indicated by A and B on the diagrams (right):

 A:    
 

 B:   

 (b) Compare and contrast the structure and location of genetic 

material in a prokaryote and eukaryote cell:

Key Idea: Cells are classified as either prokaryotic or 

eukaryotic and are distinguished on the basis of their size, 

internal organisation, and complexity.

Cells are divided into two broad groups based on their size 

and organisation. Prokaryotic cells are small, single cells 

with a simple internal structure. Eukaryotic cells are larger, 

more complex cells. All multicellular and some unicellular 

organisms are eukaryotic. 

Prokaryotic and Eukaryotic Cell Summary
46
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Eukaryotic 

features

Common 
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(a) 

(b) 
(c) 

A human white 

blood cell

B

Escherichia coli 

bacterium

A

Tailor your programme so that 
simpler activities are most often set 
as homework exercises, especially 
for less able students who may be 
easily discouraged.

Summary activities are ideal as 
homework because they involve 
reviewing completed work. This 
activity reviews the student's 
understanding of mitosis and tests 
their competency in making basic 
calculations. Such activities can also 
be used for synoptic, in-class tests.

Most students will have access to the 
internet. If they are having trouble 
understanding a subject or visualising 
a process, encourage them to visit 
the assigned weblinks where these 
are provided.  

Choosing Activities for Home Study
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Within all areas of science, scientific literacy is an important area of focus. With it, communication in the topic is more 
effective, more concise, and less cumbersome. BIOZONE's literacy and comprehension activities provide a vehicle for  
increasing the student's familiarity with the use of scientific terms in various contexts. Beginning with the list of KEY TERMS 
in the introduction to each chapter, students can create their own glossary of commonly used terms. They can learn to use 
these key terms appropriately by encountering them in context within the activities, and reinforce their understanding of the 
term by completing the literacy activities throughout the workbook. These take several forms:

Focus on Literacy

Comprehension activities require 
the students to read a short section 
of text, e.g. a mock article, and then 
answer some questions based on 
understanding and correctly interpreting 
the information provided. The aim is to 
provide high-interest material in a way 
that encourages engagement and focus. 

TEST
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KEY TERMS AND IDEAS: Did You Get It?166

Lumen LumenLumen

Cartilage

A B C

Smooth muscle Mucous glands

1. The diagrams below show sections through the respiratory tract at three different locations.
 (a) Identify the part of the respiratory tract represented by each of the three cross sections: 

 A:    

 B:    

 C:    

 (b) With reference to the amount and distribution of cartilage, smooth muscle, and mucus glands, explain how you 
identified each section: 

2. Based on the graph, right, what evidence is there to link 
COPD and smoking:

3. What causes restrictive lung disease and how does it 
affect the lungs?

4. (a) What is the function of the goblet cells?  

 (b) What is the function of the ciliated epithelium in the respiratory tract?  

 

 (c) What is the purpose of cartilage around the trachea? 
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KEY TERMS AND IDEAS: Did You Get It?128
1. Test your vocabulary by matching each term to its correct definition, as identified by its preceding letter code.  

2. An original DNA sequence is shown right: GCG TGA TTT GTA GGC GCT CTG

 For each of the following DNA mutations, state the type of mutation that has occurred:

 (a) GCG TGT TTG TAG GCG CTC TG  

 (b) GCG TGA TTT GTA AGG CGC TCT G  
 
 (c) GCG TGA TTT GGA GGC GCT CTG  

3. For the following DNA sequence, give the mRNA sequence and then Identify the amino acids that are encoded. For this 
question you may consult the mRNA-amino acid table earlier in the chapter.

 DNA:  G A A A C C C T T A C A T A T C G T G C T

 mRNA:  

 Amino acids:  
 
4. Complete the following paragraph by deleting one of the words in the bracketed () pairs below:

 In eukaryotes, gene expression begins with (transcription/translation) which occurs in the (cytoplasm/nucleus). 

(Transcription/Translation) is the copying of the DNA code into (mRNA/tRNA). The (mRNA/tRNA) is then transported to 

the (cytoplasm/nucleus) where (transcription/translation) occurs. Ribosomes attach to the (mRNA/tRNA) and help match 

the codons on (mRNA/tRNA) with the anticodons on (mRNA/tRNA). The (mRNA/tRNA) transports the animo acids to the 

ribosome where they are added to the growing (polypeptide/carbohydrate) chain.

A Single stranded nucleic acid that consists of nucleotides containing ribose sugar.

B Macromolecule consisting of many millions of units containing a phosphate group, sugar 
and a base (A,T, C or G). Stores the genetic information of the cell.

C The process of creating an equivalent mRNA copy of a sequence of DNA.

D The structural units of nucleic acids, DNA and RNA.

E The stage of gene expression in which mRNA is decoded to produce a polypeptide..

F The DNA strand with the same base sequence as the mRNA transcript produced 
(although with thymine replaced by uracil in mRNA).

G The sequence of DNA that is read during the synthesis of mRNA.

H A single-ringed organic base that forms uracil, cytosine, or thymine in nucleic acids.

I The rule governing the pairing of complementary bases in DNA

J A section of DNA that codes for a protein or other functional mRNA product. 

K Universally found macromolecules composed of chains of nucleotides. These molecules 
carry genetic information within cells.

L A change in the DNA sequence.

M A set of rules by which information encoded in DNA or mRNA is translated into proteins

N The shape of DNA. 

O A two-ringed organic base that forms adenine and guanine in nucleic acids.

base-pairing rule

coding strand

DNA

double helix

gene

genetic code

mutation

nucleic acids 

nucleotides

purine

pyrimidine

RNA

template strand 

transcription

translation
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Living With Chronic Lung Disease162
The impact of COPD in the UK
Chronic obstructive pulmonary disease (or COPD) includes chronic bronchitis 
and emphysema, which often occur together. COPD affects about one million 
people in the UK. Most of those affected are over the age 40 and smoking is the 
cause in the vast majority of cases. This relationship is clear; people who have 
never smoked rarely develop COPD. The symptoms of COPD and asthma are 
similar, but COPD causes permanent damage to the airways, and so symptoms are 
chronic (persistent) and treatment is limited.

COPD severely limits the capacity of sufferers to carry out even a normal daily level 
of activity. A survey by the American Lung Association of hundreds of people living 
with COPD found that nearly half became short of breath while washing, dressing, 
or doing light housework (left). Over 25% reported difficulty in breathing while sitting 
or lying still. Lack of oxygen also places those with COPD at high risk of heart 
failure. As the disease becomes more severe, sufferers usually require long-term 
oxygen therapy, in which they are more or less permanently attached to an oxygen 
supply.

In the UK, COPD accounts for more time off work than any other illness. The 
indirect costs of this chronic condition have been estimated at 24 million lost 
working days per annum. A 'flare-up' of COPD, during which the symptoms worsen, 
is one of the commonest reasons for admission to hospital and the disease places 
a substantial burden on health services. The number of primary care consultations 
for COPD is four times higher than for angina, and 30% of those admitted to 
hospital with COPD for the first time will be readmitted within 3 months (NHS-UK). 
At least 25,000 people die each year in the UK from the end stages of COPD, but 
the actual number may be higher as COPD is often present in patients who die 
from heart failure and stroke. Many of these people have several years of ill health 
before they die. Being able to breathe is something we don't often think about. What 
must it be like to struggle for each breath, every minute of every day for years?

1. Describe the economic impact of smoking-related diseases, such as emphysema and chronic bronchitis:  

2. Discuss the personal costs of a smoking-related disease and comment on the value of personal testimonials such as 
those from Deborah's mother:
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A personal story
Deborah Ripley's message from her mother Jenny (used with permission).
"Fear, anxiety, depression, and carbon monoxide are ruining whatever life my mother 
has left. I posted this portrait of my Mum on the photo website Flickr because she 
wants to send a warning to anyone who's still smoking. I've just returned from visiting 
her in a nursing home where she's virtually shackled to the bed. Getting up to go to the 
bathroom practically kills her. She was admitted to hospital after a bout of pneumonia, 
which required intensive antibiotic therapy and left her hardly able to breathe. She has 
moderate dementia caused by a series of mini-strokes, which is aggravated by the 
pneumonia. She has no recollection of who has visited her or when, so consequently 
thinks she's alone most of the time, which is upsetting and disturbing for her.
This is all caused by damage to her brain and lungs as a result of 65 years of smoking. 
In those moments when she is lucid, she asks me who she can warn that this could 
happen to them. She said 'if people could see me lying here like this it would put them 
off...' None of her other known blood relatives suffered this sort of decline in their old 
age and, as far as I know, none of them smoked". 

Thankfully, Jenny's pneumonia subsequently subsided and her COPD is well managed. 
However, constant vigilance is important because flare-ups are common with COPD 
and recovery from lung infections is difficult when breathing is already compromised. 

Cognitive, physical, social and activity-
related limitations are more common 
among people with chronic obstructive 
pulmonary disease.

Activity limitation in people 
with and without COPD

School, 
housework, 

or other work

Social

Physical 
functioning

Cognitive 
functioning

Percentage

50403020100

With COPD
Without COPD
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Literacy activities use a range of question types 
to test vocabulary and understanding of basic 
principles. Questions include annotation or 
completion of drawings or photographs, mix 
and match definitions, data analysis, vocabulary 
builders, and multiple choice. 

Mix and match activities ask 
students to match each key term 
to its best definition. Finding the 
correct definition increases retention 
of the terms and their meanings.
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The Teacher's Digital Edition
The Teacher's Digital Edition is aimed primarily 
at extending the pedagogical tools at a teacher's 
disposal. Many of the features of this resource 
have been developed in response to requests 
from teachers themselves. 

A digital (PDF) version 
of the workbook (non-
printable). Use the 
interactive buttons to HIDE 
or SHOW the answers. 

This Classroom Guide is 
provided as a printable PDF. 

Link to Excel® 
spreadsheets for 
all activities with a 
graphing or data analysis 
component.

Access the Weblinks 
directly from this link for 
a range of animations 
and video clips to 
support the activities.

The answer provided in 
the electronic answer is 
the minimum expected 
answer. Sometimes, further 
explanatory details is included 
in the Model Answers booklet. 

Many activities with data 
handling are supported by 
working spreadsheets, which 
include all data and comments 
on graphical analysis.

Use the interactive buttons to 
reveal the answers as you work 
through the activity on-screen.

A BONUS sample 
from the Cell Biology 
and Biochemistry 
Presentation Media.

Digital copy of the Model 
Answers (non-printable). 
Suggested answers are 
provided to all activities. 
Some include explanatory 
detail.
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BIOZONE's web site should be the first stop for biologists. As well as providing all our product information (including 
shipping dates) and updates, www.biozone.co.uk provides quick access to the latest RSS newsfeeds and podcasts from 
around the world. You can also quickly link to the websites of publishers of references cited in the workbooks. Perhaps of 
greatest value to students and teachers is the BIOLINKS area of BIOZONE's website. The BIOLINKS pages are distinct 
from WebLinks (which are specific to each workbook edition) and provide a database of well organised hyperlinks pertaining 
to topics of interest in biology and environmental science. The database is updated regularly, so that outdated, not 
operational, or no longer relevant sites are removed and new sites are added as they appear.

Click on the link to access the 
named site. The brief description 
tells you how the site may be of 
interest, as well as any country 
specific bias, if this is relevant.

Click on each topic to see a list 
of all related biology links. Each 
topic has relevant subtopics to 
make searching easier and each 
link has a brief description.

Using BIOZONE's Website
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