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Meeting Key Competencies

Encouraging independent learning and 
collaboration 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.

The three skill sets underpinning senior syllabuses in Queensland 
(literacy, numeracy, and 21st century skills) are well supported in 
Biology for QCE. We have utilised the 5Es instructional model as a 
basis for developing materials for this series. The 5E sequence is not 
a linear one, but an iterative spiral in which student explanation leads 
to further exploration and so on. In this manner, related activities build 
connections and deepen understanding. By successfully completing 
the activities students can demonstrate competence in key skills and 
knowledge, learn to plan and evaluate their work, think critically and 
independently, and respect the view and values of others. 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 summarise 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 encourage students to be independent learners and seek the answers to 
questions posed by the activity. They do this through creating their own models, analysing 
their own or second-hand data, or interpreting diagrams. 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 visual delivery of content. 
Student engagement with this material leads them to the questions that require them 
to 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

Many activities contain moments for student evaluation and formative assessment, but 
each unit also concludes with a more comprehensive synoptic activity, which may be used 
as a formative or summative assessment to evaluate a student's understanding of key 
skills and knowledge.  

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 a glance how quickly the student is progressing through the assigned material.
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Activities supporting mandatory 
practicals are shown in RED.
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NADPH

NADP+

ADP

By-products

Main product

(a) (c)

Light dependent phase

(f) What is happening?

(g) Where does it occur?

Light independent phase

(h) What is happening?

(i) Where does it occur?

ATP

(e)

(b) (d)

Raw 
materials

Solar 
energy

6. In two experiments, radioactively-labelled oxygen (shown in blue) was used to follow oxygen through the photosynthetic 
process.  The results of the experiment are shown below:

 Experiment A:  6CO2 + 12H2O + sunlight energy C6H12O6 + 6O2 + 6H2O 

 Experiment B:  6CO2 + 12H2O + sunlight energy C6H12O6 + 6O2 + 6H2O 

 From these results, what would you conclude about the source of the oxygen in:

 (a) The carbohydrate produced?  

 (b) The oxygen released?  

7. Name the products that triose phosphate is converted into:  

8. Describe what happens during:

 (a) The light dependent phase of photosynthesis:  

 (b)  The light independent phase of photosynthesis:  

9. What is the function of each of the following in photosynthesis:

 (a) ATP:  

 (b) NADPH:  

 (c) Light:  

 (d) Chlorophyll:  

 (e) Carbon dioxide:  

 (f) Water:  

5. Use the information on the previous page to fill in the diagram below. Fill in the raw material (inputs), products (outputs), 
and state what is happening at each phase and where the phase takes place (occurs).

91

Energy and MetabolismUNIT 1
Topic 1

Key terms
aerobic 

alcoholic fermentation

anaerobic

ATP

autotrophic

Calvin cycle

carbohydrate

cellular respiration

chlorophyll

chloroplast

cristae

electron transport chain

ethanol

fermentation

glycolysis

grana

heterotrophic

Krebs cycle

lactic acid fermentation

light dependent reactions

light independent reactions

matrix

mitochondrion

photosynthesis

stroma

thylakoids 

Cellular respiration
Key skills and knowledge

c 8 Explain why organisms need to respire, recalling the universal role of ATP in 
metabolism. Recognise that organisms can respire aerobically and anaerobically. 

77

c 9 Recognise that cellular respiration is an enzyme-controlled series of chemical 
reactions and that aerobic respiration requires oxygen.

79

c 10 Recall the structure of a mitochondrion and its role in cellular respiration. Identify 
the main steps in the complete oxidation of glucose by aerobic cellular respiration: 
glycolysis, Krebs cycle, and electron transport chain.

79

c 11 Summarise the reactions of aerobic respiration in a word equation and in a 
chemical equation, including the ATP yield. Teacher's note: The actual ATP yield is 
lower than the theoretical maximum yield of 36-38 ATP because of factors (such as 
membrane leakiness) that dissipate the proton gradient and reduce efficiency.

79

c 12 Describe anaerobic (without oxygen) pathways for ATP generation in eukaryotes: 
lactic acid fermentation in mammalian muscle and alcoholic fermentation in yeast 
and plant roots. Compare the energy yield from aerobic and anaerobic pathways. 
Teacher's note: Fermentation is not the same as anaerobic respiration, which, by 
definition, involves an electron transport chain with an electron acceptor other than 
oxygen, e.g. nitrate, sulfate, or elemental sulfur. Fermentation utilises substrate-level 
phosphorylation and not an electrochemical gradient to generate ATP.

81

c 13 PRAC Measure oxygen consumption in respiring organisms using a respirometer. 78

c 14 PRAC Measure the outputs of fermentation in yeast grown on different substrates. 82

Photosynthesis
Key skills and knowledge

c 3 Describe the ecological role and importance of plants as producers. Recall that 
photosynthesis is an enzyme-controlled series of chemical reactions occurring in 
the chloroplasts of plant cells and it uses light energy to synthesis glucose.  

72

c 4 Summarise photosynthesis in both a word equation and a balanced chemical 
equation, identifying raw materials and end products. Identify the form in which the 
food is produced and what it is used for. Summarise photosynthesis in terms of the 
light dependent reactions and the light independent reactions (the Calvin cycle).

74

c 5 Describe features of chloroplasts that are related to their role in photosynthesis. 73

c 6 PRAC Investigate the effect of light on the outputs of photosynthesis. 75

c 7  SHE  Describe how enhancing photosynthesis could improve production of food 
and fuel, reduce dependence on fossil fuels, and improve sustainability.

76

Activity 
number

Obtaining energy for life
Key skills and knowledge

c 1 Explain the role of ATP (adenosine triphosphate) as an energy carrier in cells. 
Recall that organisms obtain the energy they need to recycle ATP from glucose 
molecules through the process of cellular respiration. Contrast the source of this 
glucose in autotrophs and heterotrophs. 

71  77

c 2 Compare cellular respiration and photosynthesis as energy transformation 
processes. Include reference to the relationship between the raw materials and 
products of the processes. Analyse diagrams and schematics of energy transfer.

71  79 - 81

Dartmouth CollegeKristian Peters

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. 

The activities in the workbook 
pertaining to these key 
knowledge outcomes

For students:

Key knowledge and skills 
are drawn from the syllabus. 
They are purposefully brief, 
with enough information to 
provide a framework, but not 
so much that students are 
overwhelmed. 
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Energy Transformations in Cells71

1. How does ATP act as a supplier of energy to power metabolic reactions?  

2. (a) Identify the ultimate source of energy for most autotrophs:  
 

 (b) Identify a group of autotrophic organisms that do not use this source of energy:  
 

3. Identify the ultimate source of energy for most heterotrophs:  
 

4. In what way are the processes pictured above (photosynthesis and cellular respiration) connected?  

It takes energy to break bonds, so how does the hydrolysis 
of ATP provide energy for metabolic reactions? 
The hydrolysis of ATP is linked to the formation of a reactive 
intermediate, which can be used to do work. The reactions that 
make the energy in ATP available occur virtually simultaneously, 
so the reaction is simplified to omit the intermediates:

A + B

ATP

AB + heat 
         energy

ADP + Pi

Key Idea: The energy from sunlight is captured and stored as 
glucose, which powers the production of ATP in the process 
of cellular respiration. Hydrolysis of ATP provides the energy 
for the chemical reactions in living systems. 

Energy flow in the cell of an autotroph (a plant) is shown 
below. Note that ATP has a central role in acting as an energy 
carrier to power metabolic reactions. Some of the energy is 
lost as heat during these reactions.

Photosynthesis

Respiration

Glucose * Other uses
of glucose

OxygenLight energy

Carbon dioxide

Carbon
dioxide

+
water

Water

Heat energy

ADP
+ Pi

ATP

Fuel Oxygen

Note: Heterotrophs depend on
organic molecules (food) to provide
the glucose for cellular respiration.

Pi

Photosynthesis is a 
chemical process that 
captures light energy and 
transforms it to the 
chemical energy in 
carbohydrate (glucose).

Cellular respiration is a 
chemical process in 
which the step-wise 
breakdown of glucose 
provides the energy to 
for high energy ATP 
from ADP and inorganic 
phosphate (Pi).

The hydrolysis of ATP provides the 
energy for metabolic reactions. 
Each mole of ATP hydrolysed 
releases 30.7 kJ of energy. Some 
energy is stored in chemical bonds, 
while some is lost as heat. 

A photosynthetic plant cell

30.7 
kJ per 
mole
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Photosynthesis: Inputs and Outputs

1. Explain how the light-dependent reaction and the light independent reaction are linked:  

 

2. Write a word equation for photosynthesis:  

3. What is Rubisco and what is its role?   

4. State the fate of the following molecules involved in photosynthesis:

 (a) Carbon dioxide:  
 
 (b) Oxygen:  

 (c) Hydrogen:  

74
Key Idea: Photosynthesis is the process by which light energy 
is used to convert CO2 and water into glucose and oxygen.
Photosynthesis is of fundamental importance to living things 
because it transforms sunlight energy into chemical energy 
stored in molecules, releases free oxygen gas, and absorbs 
carbon dioxide (a waste product of cellular metabolism). 
Photosynthesis has two phases, the light dependent phase 
and the light independent phase. In the reactions of the light 

dependent phase, light energy is converted to chemical 
energy (ATP and NADPH). This phase occurs in the thylakoid 
membranes of the chloroplasts. In the reactions of the light 
independent phase, the chemical energy is used to synthesise 
carbohydrate. This phase occurs in the stroma of chloroplasts. 
In photosynthesis, water is split and electrons are transferred 
together with hydrogen ions from water to CO2, reducing it to 
triose phosphates (then converted to sugars). 

The general equation for photosynthesis

6CO2 + 6H2O C6H12O6 + 6O2

Light

Chlorophyll

Rubisco (left) is the central 
enzyme in the LIP of 
photosynthesis (carbon 
fixation) catalysing the first 
step in the Calvin cycle. 

Diagrammatic 
representation 
of a chloroplast

Light dependent phase (LDP):
In the first phase of photosynthesis, chlorophyll 
captures light energy, which is used to split water, 
producing O2 gas (waste). Electrons and H+ ions 
are transferred to the molecule NADPH. ATP is also 
produced. The light dependent phase occurs in the 
thylakoid membranes of the grana.

Light independent phase (LIP):
The second phase of photosynthesis occurs in 
the stroma and uses the NADPH and the ATP to 
drive a series of enzyme-controlled reactions (the 
Calvin cycle) that fix carbon dioxide to produce 
triose phosphate. This process, called carbon 
fixation, does not need light to proceed. 

Chloroplast
outer membrane

NADPH CO2

O2

CO2 from the air 
provides raw materials 
for glucose production.

Monosaccharides (e.g. glucose) 
and other carbohydrates, lipids, 
and amino acids.

ATP

C
onverted to 

H2O 
(waste)

Sunlight

LDP

LDP

LIP

Triose phosphate
(C3H7O6P)

Grana

Thylakoid

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 the Biology for QCE Content
Each chapter in Biology for QCE Units 1 & 2 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, 
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.

Coloured flags 
identify points related 
to "Science as a 
Human Endeavour" 
(SHE), manipulative 
skills (SKILL), and 
mandatory (red) and 
suggested (blue) 
practicals (PRAC)  
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Finding Your Way Around
The content of the Biology for QCE Units 1 & 2 is organised into 17 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 interpretation, 
or biological drawing. An important feature of each activity is the key idea, which encapsulates the activity's main focus. 
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. 

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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33

1. (a) What is transpiration?  

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

2. How does the plant regulate the amount of water lost from the leaves?  

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. Approximately 99% of the 
water a plant absorbs from the soil is lost by evaporation 
from the leaves and stem. This loss, mostly through stomata, 
is called transpiration and the flow of water through the 
plant is called the transpiration stream. Plants rely on a 

gradient in solute concentration that increases from the 
roots to the air to move water through their cells. Water flows 
passively from soil to air along this gradient of increasing 
solute concentration. The gradient is the driving force for the 
movement of water up a plant. Transpiration has benefits to 
the plant because evaporative water loss cools the plant and 
the transpiration stream helps the plant to take up minerals. 
Factors contributing to water movement are described below.

Soil
Highest water concentration
Lowest solute concentration

Leaves
Highest solute concentration
Lowest water concentration

Air
Evaporative loss of water from 
the leaves as water vapour

Water flows passively from a low 
solute concentration (high water 
concentration) to a high solute 
concentration (lower water 
concentration). 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 each side of the 
stoma, which open or close the pore.

 ` Stomata open: gas exchange and 
transpiration rate increase.

 ` Stomata closed: gas exchange and 
transpiration rates decrease.

G

G
S

Transpiration118

Water

Solute 
particle

Xylem

Water

Water

EII

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, reinforcing 
and explaining the key idea. Students are 
frequently asked to work in small groups to 
discuss ideas and formulate responses.

Related content is identified through the tab system. This 
activity also has a weblink assigned to it. See the next 
page for more information on the tab system.

166

©2018 BIOZONE International
ISBN: 978-1-927309-83-4
Photocopying Prohibited

33

1. (a) What is transpiration?  

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

2. How does the plant regulate the amount of water lost from the leaves?  

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. Approximately 99% of the 
water a plant absorbs from the soil is lost by evaporation 
from the leaves and stem. This loss, mostly through stomata, 
is called transpiration and the flow of water through the 
plant is called the transpiration stream. Plants rely on a 

gradient in solute concentration that increases from the 
roots to the air to move water through their cells. Water flows 
passively from soil to air along this gradient of increasing 
solute concentration. The gradient is the driving force for the 
movement of water up a plant. Transpiration has benefits to 
the plant because evaporative water loss cools the plant and 
the transpiration stream helps the plant to take up minerals. 
Factors contributing to water movement are described below.

Soil
Highest water concentration
Lowest solute concentration

Leaves
Highest solute concentration
Lowest water concentration

Air
Evaporative loss of water from 
the leaves as water vapour

Water flows passively from a low 
solute concentration (high water 
concentration) to a high solute 
concentration (lower water 
concentration). 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 each side of the 
stoma, which open or close the pore.

 ` Stomata open: gas exchange and 
transpiration rate increase.

 ` Stomata closed: gas exchange and 
transpiration rates decrease.

G

G
S

Transpiration118

Water

Solute 
particle

Xylem

Water

Water

EII



6

© 2018 BIOZONE International

Using the Tab System
The tab system is a useful way to identify important parts of the QCE Biology syllabus. The colour coded page tabs show 
where science inquiry skills, practicals, or "Science as a Human Endeavour" material has been incorporated into an activity.  
The tabs also allow you to see at a glance if online support is provided and if there are content links with other activities. 

16

Red tabs indicate that the activity 
contains the following (L → R):

• Mandatory practical

• Manipulative skill

• Science as a human endeavour

Blue tabs indicate the activity contains the  following (L → R):

• Suggested practical

• Data analysis and interpretation

• Tasks involving mathematical or numeracy skills

• Modelling

Weblinks
This tab indicates the activity is supported with online content. 
Bookmark the weblinks page: 
www.biozone.com.au/weblink/QCE1-9834
Access the external URL for the activity by clicking the link

Link
Connections are made between activities 
in different sections of the syllabus. These 
activities may contain related concepts or 
they may provide background information.

30

Cell MembraneUNIT 1
Topic 1

Key terms
active transport

carrier protein

channel protein

concentration gradient

diffusion

endocytosis

exocytosis

facilitated diffusion

hydrophilic

hydrophobic

hypertonic

hypotonic

ion

ion pump

isotonic

non-polar

osmolarity

osmosis

partially permeable (= 
selectively-permeable)

passive transport

phospholipid

plasma membrane

polar

plasmolysis

surface area: volume ratio

turgor

Active transport across cell membranes
Key skills and knowledge

c 11 Distinguish between passive transport and active transport, identifying the 
involvement of membrane proteins and energy in active transport processes. 
Explain how the cell membrane maintains relatively stable internal conditions by 
active transport of a named substance against a concentration gradient.

36 - 38  41

c 12 Describe active transport across membrane using ion pumps, e.g. the sodium-
potassium cotransporter (symport). 

37  41

c 13 Distinguish between endocytosis and exocytosis, recognising both as active 
transport processes. Recognise the role of exocytosis in the export of materials 
from the cell, e.g. secretion of proteins (including enzymes) and signal molecules. 

39  41 

c 14 Distinguish between endocytosis of fluids (pinocytosis) and solids (phagocytosis). 
Describe examples of when substances are moved across the plasma membrane 
by these mechanisms.

40  41

Passive transport across cell membranes
Key skills and knowledge

c 5 Describe the movement of molecules across membranes by diffusion and 
facilitated diffusion, identifying these as passive transport processes. Identify and 
explain factors affecting diffusion rates across membranes.

28 - 30  41

c 6 PRAC Construct or use a model to show the selectively permeable nature of the 
membrane.

29  33  38

c 7 Analyse data to predict the direction of movement of materials across cell 
membranes based on factors such as concentration and the physical and chemical 
nature of the materials involved.

29  33 
34  38

c 8 Explain the importance of surface area to volume ratio in limiting cell size. 
Describe the effect of decreasing SA:V ratio on how efficiently diffusion can deliver 
materials to the interior of cells.

30  32

c 9 PRAC  Investigate the effect of surface area to volume ratio on cell size. 31

c 10 Explain the movement of water across membranes by osmosis. Understand the 
terms hypotonic, isotonic, and hypertonic. Explain the effects that solutions of 
different solute concentration can have on plant and animal cells.

33  35  41

Activity 
number

The structure and role of the cell membrane
Key skills and knowledge

c 1 Describe the structure of the plasma membrane, including the phospholipid bilayer 
and the presence and general role of membrane proteins. Recognise that the 
membranes of membranous organelles have the same basic structure. 

23 - 25

c 2 Describe the evidence for Singer and Nicolson's fluid mosaic model of membrane 
structure. How was their understanding assisted by advancements in technology?

26  

c 3 SHE  Describe the ongoing research to refine the fluid mosaic model, including 
research into the structure of membrane proteins, e.g. channel proteins. 

27

c 4 Describe the role of the plasma membrane as a partially permeable boundary 
between the internal and external environments of the cell. Understand that it 
regulates the movement of substances into and out of the cell by both active and 
passive transport processes (see below) and know that these processes allow the 
cell to control its volume and obtain the materials it needs to survive.

23 - 25   
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Prokaryotic and 
Eukaryotic Cells

UNIT 1
Topic 1

Key terms
biological molecule

cell wall

centrioles

chloroplast

cilia

cytoplasm

electron micrograph

electron microscope

endoplasmic reticulum (ER)

eukaryotic cell

flagella

Golgi

light (=optical) microscope 

lysosome

magnification

mitochondrion

nucleolus

nucleus

organelles

pigment

plasma membrane

prokaryotic cell 

resolution

ribosome

rough ER (rER)

smooth ER (sER)

stain

vacuole

Studying eukaryotic cells
Key skills and knowledge

c 11 Understand the structure and basic principles of light (optical) microscopes. 
Contrast light and electron microscopy in terms of magnification and resolution.

55

c 12 SKILL  Construct a wet mount for viewing with a light microscope. Use a light 
microscope to locate prepared material and focus images.

55  56  57

c 13 PRAC  Prepare wet mounts and use a light microscope to observe cells and 
identify structures and organelles in microorganisms, plants, and animals 
(cytoplasm, cell wall, cell membrane, chloroplasts, nucleus). Calculate 
magnification and field of view.

53 - 59 

c 14 PRAC Use electron micrographs to identify organelles in cells. 50  52

Eukaryotic cells have specialised organelles
Key skills and knowledge

c 7 Understand that eukaryotic cells have specialised organelles and describe the role 
of these in the functioning of the cell and the organism, including:
• chloroplasts and plastids other than chloroplasts 
• mitochondria 
• rough and smooth endoplasmic reticulum (rER and sER) 
• Golgi 
• lysosomes

49  51

c 8 Identify which of the above organelles are present in plant cells, animal cells, or 
both plant and animal cells.

49  51

c 9 Identify chloroplasts, mitochondria, rough endoplasmic reticulum, and lysosomes 
in electron micrographs.

50  52

c 10 Use drawings and electron micrographs to compare and contrast the structure of 
prokaryotic cells and eukaryotic cells.

46  50 
52  54

Activity 
number

Cells are the unit of life
Key skills and knowledge

c 1 Recognise cells as the basic unit of life on Earth and outline the basic principles of 
the cell theory. 

43

c 2 SHE  Link the history of the cell theory to the development of microscopes. 43

c 3 Recognise the requirements of all cells for survival, including sources of energy, 
gases, and nutrients, and removal of wastes. 

44  45  

c 4 Recognise the features that prokaryotic and eukaryotic cells have in common. 
Explain how these commonalities are the result of their shared ancestry.

46   47   

c 5 Describe the range of cell sizes. Express cell sizes in different units of 
measurement (mm, µm, nm).

48

c 6 Recall the distinguishing features of prokaryotic cells, including small size (relative 
to eukaryotic cells), lack of a nucleus and membrane-bound organelles, and the 
presence of a single, circular chromosome. Prokaryotes usually exist as single 
cells but may be colonial, with some specialisation of function.  

  46
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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 tabulated 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 coloured 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.

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 concentration of glucose present.

The aim
To demonstrate diffusion through a selectively 
permeable 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

Starch Glucose

Investigating Diffusion29
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Investigating the Effect of Cell Size31
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 and out of the cell. As 
an object becomes larger, its surface area compared to its 

volume is smaller and diffusion is no longer an effective way 
to transport materials to and from the inside. In this activity 
you will design an experiment to demonstrate the effect of 
surface area: volume ratios on diffusion in model cells. Think 
about how you will plan your investigation and analyse your 
data to obtain meaningful results. This will help you to make 
valid conclusions about your findings. 

Background information

Equipment list 

Oxygen, water, cellular waste, and many nutrients are transported 
into and out of cells by diffusion. However, at a certain surface area 
to volume ratio, diffusion becomes inefficient. In this activity you will 
create model cells of varying sizes from agar and use them to test 
the relationship between cell size and rate or efficiency of diffusion. 

`` The diffusion of molecules into a cell can be modelled by using 
agar cubes infused with phenolphthalein indicator and soaked in 
sodium hydroxide (NaOH). 

`` Phenolphthalein is an acid/base indicator and turns pink in the 
presence of a base. 

`` As the NaOH diffuses into the agar, the phenolphthalein changes 
to a pink colour and thus indicates how far into the agar block the 
NaOH has diffused (right). 

`` By cutting an agar block into cubes of various sizes, it is possible 
to investigate the effect of cell size on diffusion. 

A phenolphthalein-infused agar cube after exposure 
to NaOH.

Region of no 
colour change

Region of 
colour change

TimerPaper towel

Glass beaker

Scalpel

Laboratory tongs

Ruler

Sodium hydroxide 
(NaOH) solution

Agar blocks infused with 
phenolphthalein
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Staining a Slide57

Stain or water Specimen Coverslip
Filter paper

Vital (viable) stains do not immediately harm 
living cells. Trypan blue is a vital stain that 
stains dead cells blue but is excluded by live 
cells. It is also used to study fungal hyphae.
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Some commonly used stains

Stain Final colour Used for

Iodine solution blue-black Starch

Crystal violet purple Gram staining

Aniline sulfate yellow lignin

Methylene blue blue Nuclei

Hematoxylin and 
eosin (H&E)

H=dark blue/violet
E=red/pink

H=Nuclei
E=Proteins

Iodine stains starch-containing organelles, 
such as potato amyloplasts, blue-black.

1.  What is the main purpose of using a stain?  

2.  What is the difference between a viable and non-viable stain?  

 

3. Identify a stain that would be appropriate for distinguishing each of the following:

 (a) Live vs dead cells:   (c) Lignin in a plant root section:  

 (b) Red blood cells in a tissue preparation:   (d) Nuclei in cheek cells:  

If a specimen is already mounted, a drop of stain can be 
placed at one end of the coverslip and drawn through 
using filter paper (below). Water can be drawn through in 
the same way to remove excess stain.

How to apply a simple stain 1 2

The light micrographs 1 and 2 (above) illustrate how the use of a stain 
can enhance certain structures. The left image (1) is unstained and only 
the cell wall is easily visible. Adding iodine (2) makes the cell wall and 
nuclei stand out.

Key Idea: Staining material to be viewed under a microscope 
can make it easier to distinguish particular cell structures.
Stains and dyes can be used to highlight specific components 
or structures. Most stains are non-viable, and are used on 
dead specimens, but harmless viable stains can be applied 

to living material. Stains contain chemicals that interact 
with molecules in the cell. Some stains bind to a particular 
molecule making it easier to see where those molecules are. 
Others cause a change in a target molecule, which changes 
their colour, making them more visible. 

Iodine stain

H&E stain is one of the most common stains 
for animal tissues. Nuclei stain dark blue, 
whereas proteins, extracellular material, and 
red blood cells stain pink or red.
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Methylene blue is a common temporary stain 
for animal cells, such as these cheek cells. It 
stains DNA and so makes the nuclei  
more visible. 

Blood cells

Nuclei

P
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S Lung tissue
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Extracellular 
material

The QCE Biology Syllabus requires students to develop 
their practical skills. Activities to support practical skills are 
identified in the workbook via the practical tabs. 

A red practical tab indicates a mandatory practical.

A blue practical tab indicates a suggested practical.

Students need to develop specific manipulative skills in 
order to be able to complete practical components of the 
syllabus. These skills are identified on the page with a red 
manipulative skills tab.

Identifying practicals Identifying manipulative skills
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Mathematical skills and numeracy

1

Basic Skills for QCE

Key terms
accuracy

bias

chi-squared test

control

controlled variable

dependent variable

estimate

experiment

graph

hypothesis

independent variable

mean

median

model (scientific)

observation

percentage

precision

prediction

proportion

qualitative data

quantitative data

rate

ratio

reliability (of data)

scientific method

significant figures

statistical test

table

trend

variable

Quantitative skills
Key skills and knowledge [points also covered throughout QCE1&2]

Quantitative reasoning is an essential part of inquiry in biology

c 6 Demonstrate ability to use basic mathematical skills to collect data. These include 
making counts and measurements. Distinguish between accuracy and precision 
(reliability) and understand their importance when collecting quantitative data.

3  4  5

c 7 Demonstrate competence in use of ratios and proportions, scientific notation, and 
significant figures. Use estimation and calculation to analyse data.

6  7

c 8 Demonstrate appropriate application of mathematical routines to data, e.g. 
calculating rates and percentages. Interpret and manipulate mathematical 
relationships in order to calculate and predict values.

6  7

c 9 Use descriptive statistics (e.g. mean and standard deviation) and apply 
appropriate mathematical tools to analyse data and/or test hypotheses, e.g. linear 
regression, 95% confidence intervals, and some simple statistical tests such as 
Student's t and chi-squared. 

14 - 21

c 10 Use tables or spreadsheets to organise different types of data, including any 
calculated values (e.g. means and standard deviation).

14 - 16  19

c 11 Construct graphs for different types of data, including logarithmic data and data 
collected during your investigations. Plot error in calculated values as appropriate 
(e.g. 95% confidence limits) and understand the value in doing this (in terms of 
confidence in the data).

11 - 13  16

Communication
Key skills and knowledge [points also covered throughout QCE1&2]

The results of investigations must be communicated to peers to have value

c 4 Demonstrate an ability to communicate the findings of your investigations through 
oral and written presentations, including lab reports, and through graphs and/or 
contributions to online resources.

4  11

c 5 Use a lab notebook or portfolio to organise your work and provide a record of 
ideas, methods, results, further questions, and references.

4  11

Activity 
number

Inquiry is the basis of science
Key skills and knowledge [points also covered throughout QCE1&2]

Inquiry begins with observation

c 1 Describe the role of inquiry-based investigations in science. Show, through your 
work, your understanding of science as a non-linear process. 

1

c 2 Use a variety of methods to answer questions you raise as a result of observation. 
These include field and laboratory-based investigations, simulations and models, 
and data analysis. 

4  

c 3 Use scientific models to illustrate biological processes and concepts, communicate 
information, make predictions, and describe systems.

2   

ALL UNITS
Skills

11
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Fractions, Percentages, and Ratios7
Key Idea: Percentages and ratios are alternative ways to 
express fractions. All forms are commonly used in biology.
The data collected in the field or laboratory are called raw 
data. Data are often expressed in ways that make them easy 

to understand, visualise, and work with.  Fractions, ratios, and 
percentages are widely used in biology and are often used to 
provide a meaningful comparison of sample data where the 
sample sizes are different.

2. Simplify the following fractions:  

  (a) 3/9:   (b) 84/90:   (c) 11/121: 

3. In the fraction example pictured above 5/20 
students had blue eyes. In another class, 5/12 
students had blue eyes. What fraction of students 
had blue eyes in both classes combined?

4. The total body mass and lean body mass for 
women with different body types is presented in 
the table (right). Complete the table by calculating 
the % lean body mass column. 

1. (a) A student prepared a slide of the cells of an onion root tip and counted the 
cells at various stages in the cell cycle. The results are presented in the 
table (right). Calculate the ratio of cells in each stage (show your working):

 

 (b) Assuming the same ratio applies in all the slides examined in the class, 
calculate the number of cells in each phase for a cell total count of 4800.

Example: Calculating phenotype 
ratios in Mendelian genetics

Ratios
• Ratios give the relative amount of 

two or more quantities, and provide 
an easy way to identify patterns. 

• Ratios do not require units. 

• Ratios are expressed as a : b. 

• Ratios are calculated by dividing all 
the values by the smallest number.

Cell cycle 
stage

No. of cells 
counted

No. of cells 
calculated

Interphase 140

Prophase 70

Telophase 15

Metaphase 10

Anaphase 5

Total 240 4800

Women Body mass
(kg)

Lean body 
mass (kg)

% lean 
body mass

Athlete 50 38

Lean 56 41

Normal weight 65 46

Overweight 80 48

Obese 95 52

Fractions
• Fractions express how many parts of 

a whole are present 

• Fractions are expressed as two 
numbers separated by a solidus (/) 
(e.g. 1/2) 

• The top number is the numerator. The 
bottom number is the denominator.  
The denominator can not be zero. 

• Fractions are often written in their 
simplest form (the top and bottom 
numbers cannot be any smaller, while 
still being whole numbers). Simplifying 
makes working with fractions easier.

In a class of 20 students, five had blue 
eyes. This fraction is 5/20. To simplify 
this fraction, divide the numerator 
and denominator by a common factor 
(a number which both are divisible 
by). In this instance the lowest 
common factor is five (1/4). To add 
fractions with different denominators, 
obtain a common denominator, add 
numerators, then simplify.

Example: Producing standards for a 
calibration curve.

Percentages
• Percentages are expressed as a fraction of 

100 (e.g. 20/100 = 20%). 

• Percentages provide a clear expression 
of what proportion of data fall into any 
particular category, e.g. for pie graphs. 

• Allows meaningful comparison between 
different samples. 

• Useful to monitor change (e.g. % increase 
from one year to the next).

Volume of food 
coloring (cm3)

Volume of 
water (cm3)

Concentration 
of solution ( %)

10 0 100

8 2 80

6 4 60

4 6 40

2 8 20

0 10 0

Pea seed shape and color:
Ratio = 9  :  2.8  :  2.9  : 1

55
wrinkled green

495
round yellow

152 
wrinkled yellow

 158 
round green

Pea pod shape:
Ratio = 2.95 : 1

882 
inflated

299 
constricted
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Guidelines for line graphs
WHEN TO USE: Use a line graph when both variables are 
continuous and one variable (the independent variable) affects 
another, the dependent variable. Important features include:

`` The data must be continuous for both variables. The 
independent variable is often time or experimental 
treatment. The dependent variable is generally the 
biological response.

`` The relationship between two variables can be 
represented as a continuum and the data points are 
plotted accurately and connected directly (point to point). 

`` Line graphs may be drawn with measure of error (right). 
The data are presented as points (which are calculated 
means), with error bars above and below, indicating the 
variability in the data (e.g. standard deviation). Temperature (°C)
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Growth rate in peas at different temperatures
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Bars indicate the 
scatter of data either 
side of the mean.

Body length vs brood size in Daphnia

N
um

be
r 

of
 e

gg
s 

in
 b

ro
od

40

20

10

0

30

0 1 2 3 4

Body length (mm)

Line of best fit

Outlier

Interpolation: For both line and scatter graphs, the 
fitted line can be used to find an unknown value inside 
the set of data points. This is called interpolation.

Drawing Graphs11

Plotting multiple data sets

A single figure (graph) can be used to show two or more data 
sets, i.e. more than one curve can be plotted per set of axes. This 
type of presentation is useful when comparing the trends for two 
or more treatments, or the response of one species against the 
response of another. Important points regarding this format are:  

`` If the two data sets use the same measurement units and a 
similar range of values for the dependent variable, one scale 
on the y axis is used.

`` If the two data sets use different units and/or have a very 
different range of values for the dependent variable, two 
scales for the y axis are used (see right). The scales can 
be adjusted if necessary to avoid overlapping plots

`` The two curves are distinguished with a key.
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peas at different relative humidity
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Guidelines for scatter graphs
WHEN TO USE: Use a scatter graph to display continuous 
data where there are two interdependent variables.
 
`` The data must be continuous for both variables.

`` There is no independent variable, but the variables are 
often correlated, i.e. they vary together in a predictable way.

`` Useful to determine the relationship between two variables.

`` The points on the graph are not connected, but a line 
of best fit is often drawn through the points to show the 
relationship between the variables (this may be computer 
generated with a value assigned to the goodness of the fit).

`` Obvious outliers (points that lie well outside most of the 
scatter) are usually disregarded from analyses.

Key Idea: Graphs are useful for visually displaying numerical 
data, trends, and relationships between variables.
Graphs are an excellent way to summarise trends in data or 
relationships between different variables. Presenting graphs 
properly requires attention to a few basic details, including 
correct orientation and labelling of the axes, and accurate 

plotting of points. Before representing data graphically, it is 
important to identify the kind of data you have. Common 
graphs include scatter plots and line graphs (for continuous 
data), and bar charts (for categorical data). For continuous 
data with calculated means, points can be connected. On 
scatter plots, a line of best fit is often drawn.

22
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Reliability of the Mean16
Key Idea: 95% confidence limits help to evaluate the reliability 
of the sample mean as an estimate of the population mean.
You have already seen how to use the standard deviation 
(s) to quantify the spread or dispersion in your data. Usually, 
you will also want to know how good your sample mean (x̄) 

is as an estimate of the true population mean (µ). You can do 
this by calculating the 95% confidence interval (95% CI). The 
mean ± the 95% CI gives the 95% confidence limits. On 
average, 95 times out of 100, the true population mean will 
lie within the confidence limits.

Step 1: Calculate standard error (SE)
The standard error (SE) is simple to calculate and 
is usually a small value. Standard error is given by 
the standard deviation divided by the square root 
of n, where n is the sample size.

Step 2: Use SE to calculate the 95% confidence interval
SE is required to calculate the 95% confidence interval (CI) of the 
mean. This is simple: just multiply SE by the value of t at P = 0.05 
(from a t table) for the appropriate degrees of freedom (df) for your 
sample (n – 1). Part of the t table is provided for you below. 
 

Step 3: Plotting your confidence intervals
Once you have calculated the 95% CI for the means in your data, you 
can plot them as error bars on your graph. Note that the 95% confidence 
limits are given by the value of the mean ± 95%CI. A 95% confidence limit 
(i.e. P = 0.05) tells you that, on average, 95 times out of 100, the limits 
will contain the true population mean. Note that each of the plotted points 
represents a mean of 10 values.

SE =

n

s
95% CI = SE x t P(n-1)

Critical values of Student’s
t distribution at P = 0.05

Pdf

0.05

6
7
8
9

10

2.447
2.365
2.306
2.262
2.228

1
2
3
4
5

12.71
4.303
3.182
2.776
2.571

20 2.086
30 2.042
40 2.021
60 2.000

120 1.980
1.960>120

Value of t at
n – 1 = 5

Maximum value of t
at this level of P

Reliability of the sample mean
`` When we take measurements from samples of a larger 

population, we are using those samples as indicators 
of the trends in the whole population. Therefore, when 
we calculate a sample mean (the statistic), it is useful 
to know how close that value is to the true population 
mean (µ) for that attribute (the parameter).

`` If you can determine the reliability of the sample mean, 
it will enable you to make inferences about the aspect 
of the population in which you are interested. Statistics 
based on samples and used to estimate population 
parameters are called inferential statistics.

`` Example: If we calculated the mean number of spots 
from a sample of six ladybird beetles, how reliable 
is this statistic as an indicator of the mean number 
of spots in the whole population? We can find out by 
calculating the 95% confidence interval.

Sample

Critical values of Student's t at P = 0.05
Use this table to calculate 95% confidence interval

As the sample becomes 
very large, the value of 
t becomes smaller. For 
very large samples, t is 
fixed at 1.96, so the 95% 
CI is slightly less than 
twice the SE.

Large 95% CI

Mean

Relationship of Y against X
(± 95%confidence intervals, n = 10)
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Range of the independent variable

Small 95% CI

Confidence limits
are given by the
mean ± 95% CI

Trendline

All these statistics, including a plot of the data with Y error bars, 
can be calculated using a programme such as Microsoft Excel®. 

`` Skills in this chapter (and 
throughout the book) help 
prepare students for the 
data test in Unit 3.

`` Expressing data in ways 
that make them easy to 
understand, visualise, 
and work with.

`` Graphing skills, including 
knowing which graph to 
choose and how to format 
it correctly.

`` Determine the reliability 
of data by plotting 
confidence intervals.

Identifying science as a human endeavour Identifying skills

255

Immune Response

Specific immunity
Key skills and knowledge

c 6 Explain the specific immune response in vertebrates (e.g. humans), including the 
role of specificity and memory in the response to antigens. Describe cell-mediated 
immunity and humoral (antibody-mediated) immunity, identifying the specific white 
blood cells involved in each case.  

180 - 182  
184

c 7 Describe clonal selection and the basis of immunological memory. Explain how the 
immune system is able to respond to the large range of potential antigens.

183

c 8 Explain antibody production, including how B cells bring about humoral (antibody-
mediated) immunity to specific antigens.

184

c 9 Analyse  the similarities and differences between passive immunity and active 
immunity for both naturally acquired and artificially acquired immunity.

185

c 10 SHE  Compare individual and population immunities of different geographical 
and demographical populations.

185

c 11 Explain the principles of vaccination, including reference to the primary and 
secondary response to infection and the role of these. Explain the role of herd 
immunity and its relationship to vaccination rate.

186

c 12 Interpret long term immune response data. 187

c 13 SHE  Analyse longitudinal health programmes for the prevention and eradication 
of infectious diseases such as smallpox and influenza.

c  14 SHE  Examine short and long term patterns of immunity within the context of 
vaccination practices and controversies.

188

Activity 
number

The body's layers of defence
Key skills and knowledge

c 1 Understand how bacterial and viral pathogens can stimulate the immune system 
of a host by acting as antigens. Include reference to pathogen surfaces and 
production of toxins. Explain how the body distinguishes self from non-self, 
including the role of the major histocompatibility complex (MHC).  

175

c 2 SHE  Discuss the factors influencing organ donor suitability, organ transplant, 
immunosuppression, and rejection.

110  175

c 3 Describe the range of physical and chemical defences in animals. Recognise that 
all plants and animals have innate immune responses (general and non-specific) 
and that vertebrates also have adaptive (specific) immune responses.

176  

c 4 Describe non-specific (innate) defences in humans, describing the nature and role 
of each of the following in protecting against pathogens:
(a) Skin (including sweat and sebum production) and mucous membranes.
(b) Body secretions (tears, urine, saliva, gastric juice).
(c) Natural anti-bacterial and anti-viral proteins, e.g. interferon.
(d) The inflammatory response (prostaglandins, phagocytosis, and vasodilation) 

and the role of the complement system. 

177 - 179

c 5 Describe passive and active defences in plants, including reference to physical 
and chemical barriers, cellular defences, and cell death (necrosis).

176

UNIT 2
Topic 2

Key terms
acquired immunity

active immunity

allergic reaction

antibody (=immunoglobulin)

antigen

B cell (=B lymphocyte)

cell-mediated immunity

clonal selection

complement system

histamine

humoral immunity

immunity

immunological memory

infection

inflammation

interferon

leucocyte

lymphocyte

lysozyme

macrophage

MHC

non-specific  defences 
(=innate immunity)

passive immunity

phagocytosis

primary response

prostaglandins

secondary response

self vs non-self

specific (=adaptive) immune 
response

T cell (=T lymphocyte)

thymus

vaccination (=immunisation)
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Acquired Immunity

1. (a) What is meant by passive immunity?  

 (b) Distinguish between naturally and artificially acquired passive immunity and give an example of each:  

2. (a) Why does a newborn baby need to have received a supply of maternal antibodies prior to birth?  

 (b) Why is this supply supplemented by antibodies in breast milk?  

3. (a) What is active immunity?  

Active
Antigens enter the 
body naturally, as in 
cases where:
• Microbes cause the 

person to actually 
catch the disease

• Sub-clinical 
infections (those that 
produce no evident 
symptoms).

• The body produces 
antibodies and 
specialised 
lymphocytes.

Passive
Antibodies pass from 
the mother to the fetus 
via the placenta during 
pregnancy, or to her 
infant through her milk.
The infant's body 
does not produce any 
antibodies of its own.

Active
Antigens (non-infectious 
parts of microbes) are 
introduced in vaccines 
(a process called 
vaccination). The body 
produces antibodies and 
specialised lymphocytes 
and becomes immunised.

Passive
Pre-formed antibodies 
in an immune serum 
are introduced into the 
body by injection (e.g. 
antivenom used to 
treat snake bites).
The body does not 
produce antibodies.

Acquired
immunity

Naturally
acquired

Artificially
acquired

185
Key Idea: Acquired immunity is a resistance to specific 
pathogens acquired over the life-time of an organism.
We are born with natural or innate resistance which 
provides non-specific immunity to certain illnesses. In 
contrast, acquired immunity is protection developed over 
time to specific antigens. Active immunity develops after 

the immune system responds to being exposed to microbes 
or foreign substances. Passive immunity is acquired from 
gaining preformed antibodies without exposure to the antigen. 
Immunity can be naturally acquired, through natural exposure 
to microbes, or artificially acquired as a result of medical 
treatment (below).

183
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The Nature of Antigens175
Key Idea: Antigens are substances capable of producing 
an immune response. It is important that the body can 
distinguish its own tissues from foreign material so that it 
does not attack itself.
An antigen is any substance that produces an immune 
response. Most antigens are non-self antigens, i.e. they are 
foreign and originate from outside the organism (e.g. bacteria 
or viruses). Sometimes an organism will react to its own cells 

and tissues. Antigens that originate from within the body are 
called self-antigens. Normally, because of the development 
of self-tolerance, the body recognises and does not attack 
its own tissues. In some instances, the immune system 
may mistakenly destroy its own tissues. Such a response is 
called an autoimmune disorder. Allergens are a specific type 
of antigen, they produce a vigorous hypersensitive allergic 
response.

Distinguishing self from non-self
`` Every type of cell has unique protein markers (antigens) 

on its surface. The type of antigen varies greatly between 
cells and between species. The immune system uses 
these markers to identify its own cells (self) from foreign 
cells (non-self). If the immune system recognises the 
antigen markers, it will not attack the cell. If the antigen 
markers are unknown, the cell is attacked and destroyed.

`` In humans, the system responsible for this property is 
the major histocompatibility complex (MHC). The MHC 
is a cluster of tightly linked genes on chromosome 6. 
These genes code for protein molecules (MHC antigens) 
that are attached to the surface of body cells. The main 
role of MHC antigens is to bind to antigenic fragments 
and display them on the cell surface so that they can be 
recognised by the cells of the immune system.

`` Class I MHC antigens are found on the surfaces of 
almost all human cells. Class II MHC antigens occur only 
on macrophages and B-cells of the immune system.  

Tolerance towards foreign bodies
`` The human body has a very 

large population of resident 
microbes. Under normal 
conditions, E.coli in the 
gut form a protective layer 
preventing the colonisation 
of pathogenic bacteria. The 
microbial cells have foreign 
antigens but they are not 
attacked by the immune 
system because tolerance 
(the prevention of an 
immune response) has developed. 

`` During pregnancy, specific features of the self recognition 
system are suppressed to allow the mother to tolerate a 
nine month relationship with a foreign body (the fetus).

Intolerance to tissue transplants
The MHC is responsible for the rejection of tissue grafts 
and organ transplants. Foreign MHC molecules on the 
transplanted tissue are viewed as antigenic, causing the 
immune system to respond and the tissue to be rejected.  
To minimise rejection, attempts are made to match the 
MHC of the organ donor to that of the recipient as closely 
as possible. Immunosuppressant drugs are also used to 
minimise the immune response.

Chromosome 6 

MHC surface proteins 
(antigens) provide a chemical 
signature that allows the 
immune system to recognise 
the body’s own cells

Genes for 
producing the 
MHC 
antigens

Class I MHC 

Class II MHC 

1. (a) What is an antigen?  

 (b) Distinguish between non-self antigens and self antigens:  

 (c) Why is it important that the body detects foreign antigens?  

Kidney transplant

E.coli

110

Through "Science as a Human Endeavour" contexts, students 
develop an appreciation about the nature and development of 
science, how science is used, and how it influences society.  

QCE Biology provides students with ample opportunity to 
practise the skills necessary for scientific inquiry. These skills 
are identified on the relevant activity pages.
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Log transformations

`` A log transformation makes very large numbers easier to 
work with. The log of a number is the exponent to which 
a fixed value (the base) is raised to get that number. So 
log10 (1000) = 3 because 103 = 1000.

`` Both log10 (common logs) and loge (natural logs or ln) are 
commonly used.

`` Log transformations are useful for data where there is an 
exponential increase or decrease in numbers. In this case, 
the transformation will produce a straight line plot.

`` To find the log10 of a number, e.g. 32, using a calculator, 
key in log  32   = .  The answer should be 1.51.  

`` Alternatively, the untransformed data can be plotted 
directly on a log-linear scale (as below). This is not 
difficult. You just need to remember that the log axis runs 
in exponential cycles.  The paper makes the log for you.

1. Why is it useful to plot exponential growth using semi-log paper?  

2. What would you do to show yeast exponential growth (left plot above) as a straight line plot on normal graph paper?

 

3. Log transformations are often used when a value of interest ranges over several orders of magnitude. Can you think of 
other examples of data from the natural world where the data collected might show this behavior?

Exponential function
`` Exponential growth occurs at an increasingly rapid 

rate in proportion to the growing total number or 
size.

`` In an exponential function, the base number is fixed 
(constant) and the exponent is variable.

`` The equation for an exponential function is y = cx.

`` Exponential growth and decay (reduction) are 
possible.

`` Exponential changes in numbers are easy to identify 
because the curve has a J-shape appearance due 
to its increasing steepness over time. 

`` An example of exponential growth is the growth of a 
microbial population in an unlimiting, optimal growth 
environment.

Dealing with Large Numbers8

Example: Cell growth in a yeast culture where growth 
is not limited by lack of nutrients or build up of toxins.

Example: The same yeast cell growth plotted on a log-
linear scale. The y axis present 6 exponential cycles
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Further increase is not 
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Smaller numbers can't 
be read off the graph

Key Idea: Exponential functions are common in biology and 
may involve very large numbers. Exponential changes in 
numbers are defined by a function, which is simply a rule that 
allows us to calculate an output for any given input. 
In biology, numerical data indicating scale can often decrease 
or increase exponentially.  Examples include the exponential 

growth of populations, exponential decay of radioisotopes, 
and the pH scale. Exponential changes are defined by a 
function that allows us to calculate an output for any input. 
The numbers associated with exponential growth can be very 
large and are often log transformed. Log transformations of 
exponential numbers can make them easier to handle.

15
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Guidelines for line graphs
WHEN TO USE: Use a line graph when both variables are 
continuous and one variable (the independent variable) affects 
another, the dependent variable. Important features include:

`` The data must be continuous for both variables. The 
independent variable is often time or experimental 
treatment. The dependent variable is generally the 
biological response.

`` The relationship between two variables can be 
represented as a continuum and the data points are 
plotted accurately and connected directly (point to point). 

`` Line graphs may be drawn with measure of error (right). 
The data are presented as points (which are calculated 
means), with error bars above and below, indicating the 
variability in the data (e.g. standard deviation). Temperature (°C)
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Growth rate in peas at different temperatures
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scatter of data either 
side of the mean.

Body length vs brood size in Daphnia
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Interpolation: For both line and scatter graphs, the 
fitted line can be used to find an unknown value inside 
the set of data points. This is called interpolation.

Drawing Graphs11

Plotting multiple data sets

A single figure (graph) can be used to show two or more data 
sets, i.e. more than one curve can be plotted per set of axes. This 
type of presentation is useful when comparing the trends for two 
or more treatments, or the response of one species against the 
response of another. Important points regarding this format are:  

`` If the two data sets use the same measurement units and a 
similar range of values for the dependent variable, one scale 
on the y axis is used.

`` If the two data sets use different units and/or have a very 
different range of values for the dependent variable, two 
scales for the y axis are used (see right). The scales can 
be adjusted if necessary to avoid overlapping plots

`` The two curves are distinguished with a key.
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Guidelines for scatter graphs
WHEN TO USE: Use a scatter graph to display continuous 
data where there are two interdependent variables.
 
`` The data must be continuous for both variables.

`` There is no independent variable, but the variables are 
often correlated, i.e. they vary together in a predictable way.

`` Useful to determine the relationship between two variables.

`` The points on the graph are not connected, but a line 
of best fit is often drawn through the points to show the 
relationship between the variables (this may be computer 
generated with a value assigned to the goodness of the fit).

`` Obvious outliers (points that lie well outside most of the 
scatter) are usually disregarded from analyses.

Key Idea: Graphs are useful for visually displaying numerical 
data, trends, and relationships between variables.
Graphs are an excellent way to summarise trends in data or 
relationships between different variables. Presenting graphs 
properly requires attention to a few basic details, including 
correct orientation and labelling of the axes, and accurate 

plotting of points. Before representing data graphically, it is 
important to identify the kind of data you have. Common 
graphs include scatter plots and line graphs (for continuous 
data), and bar charts (for categorical data). For continuous 
data with calculated means, points can be connected. On 
scatter plots, a line of best fit is often drawn.

104
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Key Idea: Modelling photosynthesis and cellular respiration using paper cut outs will help you better understand the chemical 
processes going on.
During photosynthesis and cellular respiration, molecules are broken down and recombined to form new molecules. In this 
activity you will model the inputs and outputs of each of these processes using the atoms (carbon, hydrogen, and oxygen) on 
the next page. We have placed the atoms in boxes to make it easier to cut them out. At the end of this activity you will be able 
to see how the reactants (starting molecules) are recombined to form the final products. 

Note: You can either work by yourself or team up with a partner. If you have beads or 
molecular models you could use these instead of the shapes on the next page. 

2. Write the equation for photosynthesis here:  

 (a) State the starting reactants in photosynthesis:  
 

 (b) State the total number of atoms of each type needed to make the starting reactants: 

  Carbon:  Hydrogen:  Oxygen:

 (c) Use the atoms you have cut out to make the starting reactants in photosynthesis.

 (d) State the end products of photosynthesis:  

 (e) State the total number atoms of each type needed to make the end products of photosynthesis: 

  Carbon:  Hydrogen:  Oxygen:

 (f) Use the atoms you have cut out to make the end products of photosynthesis.

 (g) What do you notice about the number of C, H, and O atoms on each side of the photosynthesis equation?  

 (h) Name the energy source for this process and add it to the model you have made:  

3. Write the equation for cellular respiration here:  

 (a) State the starting reactants in cellular respiration:  
 

 (b) State the total number of atoms of each type needed to make the starting reactants: 

  Carbon:  Hydrogen:  Oxygen:

 (c) Use the atoms you have cut out to make the starting reactants in cellular respiration.

 (d) State the end products of cellular respiration:  

 (e) State the total number of atoms of each type needed to make the end products of cellular respiration: 

  Carbon:  Hydrogen:  Oxygen:

 (f) Use the atoms you have cut out to make the end products of cellular respiration.

 (g) Name the end products of cellular respiration that are utilised in photosynthesis:   

1. Cut out the atoms and shapes on the following page. They are colour coded as 
follows:

Carbon Hydrogen Oxygen

Modelling Photosynthesis and Cell Respiration80

Glucose

Carbon 
dioxide

Water

2

QCE Biology supports students in developing the mathematical skills needed for scientific enquiry. Fundamental skills are 
covered in the introductory chapter and are supported throughout the book in a variety of ways, e.g. making and recording 
observations, evaluating error, graphing, and interpreting and analysing data (including statistical analysis). 
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www.biozone.com.au/weblink/QCE1-9834

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 

In addition to links to external web sites, the WEBLINKS page also provides access to BIOZONEs collection of 
annotated 3-D models, organised into three broad categories. Explore the models relevant to you.

Making Use of Weblinks
The weblinks tab identifies if there is online content supporting the 
activity's content. Weblinks 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. For the most part, 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.

59
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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 (all Bacteria and 
Archaea) 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 cells
`` Prokaryotic cells lack a membrane-bound nucleus or 

any membrane-bound organelles.

`` Prokaryotic cells are often also called bacterial 
cells. Examples of bacterial cells include E. coli and 
Staphylococcus aureus.

`` They are small (generally 0.5-10 µm) single cells 
(unicellular).

`` They are relatively unstructured and have little cellular 
organisation (their DNA, ribosomes, and enzymes are 
free floating within the cell cytoplasm). 

`` Single, circular chromosome of naked DNA. 

`` Prokaryotes have cell walls, but it is different to the cell 
walls that some eukaryotes have.

Eukaryotic cells
`` Eukaryotic cells have a membrane-bound nucleus, and 

other membrane-bound organelles.

`` Plant cells, animal cells, fungal cells, and protists are all 
eukaryotic cells.

`` Eukaryotic cells are large (30-150 µm). They may exist 
as single cells or as part of a multicellular organism.

`` Multiple linear chromosomes consisting of DNA and 
associated proteins.

`` They are more complex than prokaryotic cells, with 
more structure and internal organisation.

1. List three features of a prokaryotic cell: 

 (a)    

 (b)    

 (c)    

 (d) Name an example of a prokaryote:   

2. List three features of a eukaryotic cell:

 (a)    

 (b)    

 (c)    

 (d) Name examples of eukaryotic cells:   

Prokaryotic vs Eukaryotic Cells46

Nuclear membrane 
present

Chromosomes 
contained in nucleus

Complex cell 
structure (high 
degree of 
organisation)

Presence of membrane-
bound organelles

A human white blood cell (above) is an 
example of an animal cell

Nuclear membrane absent. 
Single, naked chromosome 
is free in cytoplasm within a 
nucleoid region.

Membrane-bound 
organelles are absent

Peptidoglycan 
cell wall

Nucleoid region (pale)

The image above shows a 
bacterium called Escherichia coli

Simple cell structure 
(limited organisation)

Chapter in the 
workbook

Collections of 
annotated 3D 

models

Activity in the 
workbook

Weblinks exist for most of the activities in the workbook.
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141

Exchange of Nutrients 
and Wastes

Excretion of nitrogenous wastes
Key skills and knowledge

c 7 Recognise the different types of nitrogenous wastes produced by the breakdown 
of proteins. Relate the form of the nitrogenous waste excreted by different animal 
taxa to life history and environment.

106

c 8 Describe the overall structure of the urinary system including kidneys, ureters, 
bladder, and urethra. Outline the structure and function of the mammalian kidney 
including the nephron and its associated capillary network.

107  108

c 9 In more detail than above, explain the function of each of the regions of the 
nephron in the production of urine. Include reference to the glomerulus, Bowman's 
capsule, proximal convoluted tubule, loop of Henle, distal convoluted tubule, and 
collecting duct. 

109

c 10 Explain urine formation and excretion of wastes by glomerular filtration 
(ultrafiltration) and selective reabsorption and secretion across the nephron 
membranes. Explain how the urine is concentrated.

109

c 11 SHE  Discuss how the increased demand for organs for transplant has led to 
illegal trafficking of organs and tissue, forced donation, and transplant 
tourism. What ethical concerns are associated with these practices?

110

Activity 
number

Digestion and absorption
Key skills and knowledge

c 1 Describe the basic structure and organisation of the digestive tract in a mammal, 
e.g. human, including the cells and tissues making up the different regions. 
Distinguish regions for ingestion, digestion, absorption, and elimination.

101 - 104

c 2 Identify the characteristics of the absorptive surfaces within the digestive system, 
e.g. the small intestine. How are these characteristics related to the structure and 
function of the villi? 

101 - 104  

c 3 Describe the role of enzymes in the extracellular chemical digestion of ingested 
food. Describe the source, substrate, products, and optimum pH for one amylase, 
protease, and lipase enzyme involved in digestion.

102  103

c 4 Describe how the different breakdown products of digestion are absorbed across 
the epithelium of the small intestine. Describe how the intestinal villi and the 
structure of the intestinal epithelial cells themselves increase the surface area for 
the digestion and absorption of nutrients.

103

c 5 PRAC  Investigate the effect of temperature on the rate of reaction of an enzyme, 
e.g. salivary amylase.

105   

c 6 PRAC Investigate the effect of pH on the rate of reaction of an enzyme, e.g. 
salivary amylase, catalase or lipase. 

UNIT 1
Topic 2

Key terms
absorption

ammonia

amylase

Bowman's capsule

collecting duct

digestion

distal convoluted tubule

enzyme

excretion

glomerulus

intestinal villi

kidney

large intestine

lipase

Loop of Henle

microvilli

nephron

organ trafficking

organ transplant

protease

proximal convoluted tubule

small intestine

stomach

urea

uric acid

urine

E
II
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The Digestive System101

1. Name three cell types of the digestive system and state their function:  

2. How are villi formed?   

3. What is the purpose of the smooth muscle surrounding the intestine?  

Key Idea: The digestive tract is specialised to maximise the 
digestion of food, absorption of nutrients, and elimination of 
undigested material. 
The human digestive system (gut) is a tubular tract, which 
is regionally specialised into a complex series of organs and 
glands that work in sequence to maximise the efficiency 
with which food is processed. Collectively, the organs of the 

digestive tract carry out the physical and chemical breakdown 
(digestion) of food, absorption of nutrients, and elimination 
of undigested material. The gut is a hollow, open-ended, 
muscular tube, and the food within it is essentially outside 
the body, having contact only with the cells lining the tract. 
External to the digestive tract are several accessory organs 
and glands, which add enzymes to the food to aid digestion.

Cells lining the walls on the 
small intestine (the intestinal 
epithelium) have microscopic 
extensions of the plasma 
membrane called microvilli. 
These form a brush border that 
increases the surface area for 
absorption of food molecules. 
Under lower power microscopy, 
it appears as a fuzzy edge.

In the stomach, gastric glands 
contain parietal cells, which 
produce hydrochloric acid, 
and chief cells, which produce 
enzymes to break down protein.

The intestinal epithelium 
is supported by underlying 
connective tissue. Two layers 
of smooth muscle (SM), one 
running lengthwise and one 
running around the gut, encircle 
the tube, contracting in waves to 
move food through the intestine.

In the small intestine, the 
intestinal epithelial cells 
(E) and mucus-producing 
goblet cells (G) make up the 
epithelium lining the gut wall. 
The wall is folded into finger 
like projections called villi 
(sing. villus). These further 
increase the surface area of 
the intestine.

Salivary 
glands

Oesophagus

Liver

Pancreas

Small 
intestine

Gall 
bladder
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Lumen
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Building Understanding
Biology for QCE Units 1 & 2 focusses on the key knowledge and skills requirements identified in the QCE Biology Senior 
Syllabus, and activities have been provided specifically to address its content. Our focus is student engagement through the 
use of a concept-based, highly visual approach that provides opportunity to demonstrate skills and understanding. 

Engage, explore, explain, elaborate, and evaluate: An introductory activity 
introduces and builds understanding of a specific core idea. Subsequent 
activities allow exploration of the topic, and provide opportunities for the student 
to explain and elaborate on what they have learned. Tasks involving evaluation 
are towards the end of the chapter or unit.

The introduction to each chapter provides 
a summary of the learning outcomes. 
Activities supporting practicals, SHE, and 
manipulative skills are also identified here 
and 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. 
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Exchange of Nutrients 
and Wastes

Excretion of nitrogenous wastes
Key skills and knowledge

c 7 Recognise the different types of nitrogenous wastes produced by the breakdown 
of proteins. Relate the form of the nitrogenous waste excreted by different animal 
taxa to life history and environment.

106

c 8 Describe the overall structure of the urinary system including kidneys, ureters, 
bladder, and urethra. Outline the structure and function of the mammalian kidney 
including the nephron and its associated capillary network.

107  108

c 9 In more detail than above, explain the function of each of the regions of the 
nephron in the production of urine. Include reference to the glomerulus, Bowman's 
capsule, proximal convoluted tubule, loop of Henle, distal convoluted tubule, and 
collecting duct. 

109

c 10 Explain urine formation and excretion of wastes by glomerular filtration 
(ultrafiltration) and selective reabsorption and secretion across the nephron 
membranes. Explain how the urine is concentrated.

109

c 11 SHE  Discuss how the increased demand for organs for transplant has led to 
illegal trafficking of organs and tissue, forced donation, and transplant 
tourism. What ethical concerns are associated with these practices?

110

Activity 
number

Digestion and absorption
Key skills and knowledge

c 1 Describe the basic structure and organisation of the digestive tract in a mammal, 
e.g. human, including the cells and tissues making up the different regions. 
Distinguish regions for ingestion, digestion, absorption, and elimination.

101 - 104

c 2 Identify the characteristics of the absorptive surfaces within the digestive system, 
e.g. the small intestine. How are these characteristics related to the structure and 
function of the villi? 

101 - 104  

c 3 Describe the role of enzymes in the extracellular chemical digestion of ingested 
food. Describe the source, substrate, products, and optimum pH for one amylase, 
protease, and lipase enzyme involved in digestion.

102  103

c 4 Describe how the different breakdown products of digestion are absorbed across 
the epithelium of the small intestine. Describe how the intestinal villi and the 
structure of the intestinal epithelial cells themselves increase the surface area for 
the digestion and absorption of nutrients.

103

c 5 PRAC  Investigate the effect of temperature on the rate of reaction of an enzyme, 
e.g. salivary amylase.

105   

c 6 PRAC Investigate the effect of pH on the rate of reaction of an enzyme, e.g. 
salivary amylase, catalase or lipase. 

UNIT 1
Topic 2

Key terms
absorption

ammonia

amylase

Bowman's capsule

collecting duct

digestion

distal convoluted tubule

enzyme

excretion

glomerulus

intestinal villi

kidney

large intestine

lipase

Loop of Henle

microvilli

nephron

organ trafficking

organ transplant

protease

proximal convoluted tubule

small intestine

stomach

urea

uric acid

urine
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36

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?  

Active

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

H2O

Transport 
protein

H

OH

1 2 3 4

ATP ATP

ADP

P

ATP binds to a 
transport protein.

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

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

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

High molecule 
concentration

Low molecule 
concentration

Molecule to be 
transported

Active transport

Active

Passive
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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. (a) The sodium-potassium pump uses primary/secondary (delete one) active transport.

 (b) The sodium-glucose symport uses primary/secondary (delete one) active transport.

 (c) Describe one consequence of the extracellular accumulation of sodium ions:  

Ion Pumps and Cotransport

Sodium-potassium (Na+/K+) pump
The Na+/K+ pump is a 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). The Na+/
K+ pump also helps to maintain the right balance of ions 
and so helps regulate the cell's water balance.

Cotransport (coupled transport)
A gradient in sodium ions drives the active transport of glucose into 
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 across the cell membrane 
in contact with the gut lumen. Glucose diffuses from the epithelial 
cells across the opposite surface and is transported away in the 
blood. A low intracellular concentration of Na+ (and therefore the 
concentration gradient) is maintained by a sodium-potassium pump. 

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 across the plasma membrane. In this case ion 

pumps move ions (and some molecules) across the plasma 
membrane. The sodium-potassium pump (below, left) is 
found in almost all animal cells and is also common in plant 
cells. The concentration gradient created by ion pumps is 
often coupled to the transport of other molecules such as 
glucose across the membrane (below right).
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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. (a) The sodium-potassium pump uses primary/secondary (delete one) active transport.

 (b) The sodium-glucose symport uses primary/secondary (delete one) active transport.

 (c) Describe one consequence of the extracellular accumulation of sodium ions:  

Ion Pumps and Cotransport

Sodium-potassium (Na+/K+) pump
The Na+/K+ pump is a 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). The Na+/
K+ pump also helps to maintain the right balance of ions 
and so helps regulate the cell's water balance.

Cotransport (coupled transport)
A gradient in sodium ions drives the active transport of glucose into 
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 across the cell membrane 
in contact with the gut lumen. Glucose diffuses from the epithelial 
cells across the opposite surface and is transported away in the 
blood. A low intracellular concentration of Na+ (and therefore the 
concentration gradient) is maintained by a sodium-potassium pump. 

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 across the plasma membrane. In this case ion 

pumps move ions (and some molecules) across the plasma 
membrane. The sodium-potassium pump (below, left) is 
found in almost all animal cells and is also common in plant 
cells. The concentration gradient created by ion pumps is 
often coupled to the transport of other molecules such as 
glucose across the membrane (below right).
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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 
questions and completing the set 
tasks. Many activities are suitable 
as assessment tasks. 
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1. Given the components of cells above, predict some substances they need to remain functioning and the importance of 
those substance:

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 (DNA and RNA). 
ATP, a nucleotide derivative, is the 
energy carrier of the cell.

What Are Cells Made Of?
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.

44

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

Louisa Hayward Kristian Peters
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Staining a Slide57

Stain or water Specimen Coverslip
Filter paper

Vital (viable) stains do not immediately harm 
living cells. Trypan blue is a vital stain that 
stains dead cells blue but is excluded by live 
cells. It is also used to study fungal hyphae.
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Some commonly used stains

Stain Final colour Used for

Iodine solution blue-black Starch

Crystal violet purple Gram staining

Aniline sulfate yellow lignin

Methylene blue blue Nuclei

Hematoxylin and 
eosin (H&E)

H=dark blue/violet
E=red/pink

H=Nuclei
E=Proteins

Iodine stains starch-containing organelles, 
such as potato amyloplasts, blue-black.

1.  What is the main purpose of using a stain?  

2.  What is the difference between a viable and non-viable stain?  

 

3. Identify a stain that would be appropriate for distinguishing each of the following:

 (a) Live vs dead cells:   (c) Lignin in a plant root section:  

 (b) Red blood cells in a tissue preparation:   (d) Nuclei in cheek cells:  

If a specimen is already mounted, a drop of stain can be 
placed at one end of the coverslip and drawn through 
using filter paper (below). Water can be drawn through in 
the same way to remove excess stain.

How to apply a simple stain 1 2

The light micrographs 1 and 2 (above) illustrate how the use of a stain 
can enhance certain structures. The left image (1) is unstained and only 
the cell wall is easily visible. Adding iodine (2) makes the cell wall and 
nuclei stand out.

Key Idea: Staining material to be viewed under a microscope 
can make it easier to distinguish particular cell structures.
Stains and dyes can be used to highlight specific components 
or structures. Most stains are non-viable, and are used on 
dead specimens, but harmless viable stains can be applied 

to living material. Stains contain chemicals that interact 
with molecules in the cell. Some stains bind to a particular 
molecule making it easier to see where those molecules are. 
Others cause a change in a target molecule, which changes 
their colour, making them more visible. 

Iodine stain

H&E stain is one of the most common stains 
for animal tissues. Nuclei stain dark blue, 
whereas proteins, extracellular material, and 
red blood cells stain pink or red.

M
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Methylene blue is a common temporary stain 
for animal cells, such as these cheek cells. It 
stains DNA and so makes the nuclei  
more visible. 

Blood cells

Nuclei
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Observing and Recording Using a Microscope60

Above: Light micrograph 
Transverse section (TS) 
through a Ranunculus root. 

Right: A biological drawing of 
the same section. 

Above: Use relaxed viewing when drawing at 
the microscope. Use one eye (the left for right 
handers) to view and the right eye to look at 
your drawing.

Key Idea: Attention to detail is vital when making accurate 
and useful biological drawings.

In this activity, you will practise the skills required to translate 
what is viewed into a good biological drawing.

Root transverse section 
from Ranunculus

Root hairs

Epidermal 
cell

Parenchyma 
cell

Xylem

PhloemScale
0.05 mm

1.  During your course, you will study the features 
of cells and also make an investigation related 
to survival or an organism or species. 
You may need to identify and draw features 
of plant or animal tissues with a light 
microscope. Generally, only large organelles 
such as the nucleus and chloroplasts are 
easily seen at the magnifications typical of 
school microscopes (x 400).

 In the space right, make a biological drawing 
of your own specimen or slide, or practise 
your drawing by making a plan diagram of the 
image below.

 Below: A light micrograph of a leaf from the 
beach grass Ammophila below. The leaf is 
rolled inwards to reduce water loss.
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Plant Cells
Key Idea: Plant cells are eukaryotic cells. They have features 
in common with animal cells, but also several unique features.
Eukaryotic cells have a similar basic structure, although they 
may vary tremendously in size, shape, and function. Certain 
features are common to almost all eukaryotic cells, including 
their three main regions: a nucleus, surrounded by a watery 

cytoplasm, which is itself enclosed by the plasma membrane. 
Plant cells are enclosed in a cellulose cell wall, which gives 
them a regular, uniform appearance. The cell wall protects 
the cell, maintains its shape, and prevents excessive water 
uptake. It provides rigidity to plant structures but permits the 
free passage of materials into and out of the cell. 

1. (a) What are the functions of the cell wall in plants?  

 (b) Why is the middle lamella of the cell wall important?  

2. What distinguishes the tonoplast and the plasma membrane?  

3. (a) What structure takes up the majority of space in the plant cell?  

 (b) What are its roles?  

4. Identify two structures in the diagram that are not found in animal cells:  

49

Starch granule: Carbohydrate 
stored in amyloplasts 
(specialised storage organelles).

Chloroplast: Specialised 
organelles, 2 µm x 5 µm, 
containing the green pigment 
chlorophyll. Chloroplasts contain 
dense stacks of membranes 
within a fluid which is much like 
cytosol. They are the sites for 
photosynthesis and are found 
mainly in leaves. Chloroplasts 
are one of a group of double 
membraned organelles called 
plastids, which include 
amyloplasts (see above).

Cell wall: A semi-rigid 
structure outside the plasma 
membrane, 0.1 µm to several 
µm thick. It is composed 
mainly of cellulose. It supports 
the cell and limits its volume.

The vacuole is 
surrounded by a 
special membrane 
called the 
tonoplast.

Mitochondrion: 1.5 µm X 2–8 
µm. They are the cell's energy 
transformers, converting chemical 
energy into ATP. 

Nuclear pore: 100 nm 
diameter

Nuclear membrane: a 
double layered structure.

Nucleus: A conspicuous 
organelle 5 µm diameter.

Nucleolus

Golgi apparatus

Cytoplasm: A watery solution 
containing dissolved substances, 
enzymes, and the cell organelles 
and structures.

Middle lamella (seen here between adjacent cells 
left): The first layer of the cell wall formed during cell 
division. It contains pectin and protein, and provides 
stability. It allows the cells to form plasmodesmata 
(P), special channels that allow communication and 
transport to occur between cells.

Endoplasmic reticulum 
(ER): A network of tubes 
and flattened sacs. ER 
is continuous with the 
nuclear membrane and 
may be smooth or have 
attached ribosomes  
(rough ER).

Plasma membrane: 
Located inside the cell wall 
in plants, 3 to 10 nm thick.

Ribosomes: These 
small (20 nm) structures 
manufacture proteins. 
They may be free in the 
cytoplasm or associated 
with the surface of the 
endoplasmic reticulum.

Large central vacuole: 
usually filled with an aqueous 
solution of ions. Vacuoles 
are prominent in plants and 
function in storage, waste 
disposal, and growth.

Generalised plant cell
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Identifying Organelles

1. (a) Name the circled organelle:  

 (b) Which kind of cell(s) would this organelle be found in?

 (c) Describe the function of this organelle:  

2. (a) Name this organelle (arrowed):  

 (b) State which kind of cell(s) this organelle would be found in:

 (c) Describe the function of this organelle:  

3. (a) Name the large, circular organelle:  

 (b) State which kind of cell(s) this organelle would be found in:

 (c) Describe the function of this organelle:  

 (d) Label two regions that can be seen inside this organelle.

4. (a) Name and label the ribbon-like organelle in this photograph (arrowed):

 (b) State which kind of cell(s) this organelle is found in:                                

 (c) Describe the function of this organelle:  

 (d) Name the dark ‘blobs’ attached to the organelle you have labelled:

5. (a) Name this large circular organelle (arrowed):  

 (b) State which kind of cell(s) this organelle would be found in:

 (c) Describe the function of this organelle:  

 (d) Label three features relating to this organelle in the photograph.

54
Key Idea: Cellular organelles can be identified in electron 
micrographs by their specific features.
Electron microscopes produce a magnified image at high 

resolution (distinguish between close together but separate 
objects). The transmission electron microscope (TEM) 
images below show the ultrastructure of some organelles. 
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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.

 

The Cell is the Unit of Life43
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 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.

Protist 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

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 

C
D

C

In this sequence students are introduced to an already familiar concept; that the cell is the unit of life. They then learn more 
detail about cells (e.g. what cells are made of) and explore the features of eukaryotic cells through diagrams and scientific 
images. Students have an opportunity to explore the features of cells for themselves as they firstly learn how to prepare 
samples for observation, and then study their samples under a microscope to observe their features first hand.
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The Hierarchy of Life88
Key Idea: Structural organisation in multicellular organisms is 
hierarchical, with new properties arising at each level.
Multicellular organisms are organised according to a hierarchy 
of structural levels, where each level builds on the one below 
it. At each level, new properties, absent at the simpler level, 
emerge. Hierarchical organisation allows specialised cells 

to group together into tissues and organs to perform a 
specific function or set of related functions. This improves 
efficiency in the organism. Organisation and the emergence 
of new properties in complex systems are two of the defining 
features of living organisms. The diagrams following explain 
this hierarchical organisation for a human and a plant.

The organelle level
Molecules associate together to 
form the organelles and structural 
components of cells, e.g. the 
nucleus (above).

The cellular level
Cells are the basic structural and 
functional units of organisms. Cells are 
specialised to carry out specific functions, 
e.g. contraction of cardiac muscle cells.

The tissue level
Groups of cells with related functions 
form tissues, e.g. cardiac (heart) 
muscle (above). The cells of a tissue 
often have a similar origin.

The organism
The cooperating organ 
systems make up the 
organism, e.g. a human.

The chemical level
All the chemicals essential for 
maintaining life, e.g. water, ions, 
fats, carbohydrates, amino acids, 
proteins, and nucleic acids.

1 2

4

The organ level
An organ is made up of two or more types of 
tissues to carry out a particular function. Organs 
have a definite form and structure, e.g. heart (left).

5The organ system level
Groups of organs with a common 
function form an organ system, 
e.g. cardiovascular system (left).

6

7

DNA

Atoms and 
molecules

3

Cardiac muscle 
cells contract

There are many types of 
blood cell, each with a 

specific task.

Muscle cells are able to contract 
(shorten) to bring about the 

movement of limbs and organs.

Thin, flat epithelial cells line the 
walls of blood vessels (arrow). 

Large fat cells store lipid. 

Nerve cells conduct impulses 
around the body enabling 

responses to the environment.

Specialised cells make up tissues and organs
Specialised cells often have modifications or exaggerations to a normal cell feature to help them perform a particular task. They may 
have more (or fewer) of a particular organelle in order to perform their role most efficiently.
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The Digestive System101

1. Name three cell types of the digestive system and state their function:  

2. How are villi formed?   

3. What is the purpose of the smooth muscle surrounding the intestine?  

Key Idea: The digestive tract is specialised to maximise the 
digestion of food, absorption of nutrients, and elimination of 
undigested material. 
The human digestive system (gut) is a tubular tract, which 
is regionally specialised into a complex series of organs and 
glands that work in sequence to maximise the efficiency 
with which food is processed. Collectively, the organs of the 

digestive tract carry out the physical and chemical breakdown 
(digestion) of food, absorption of nutrients, and elimination 
of undigested material. The gut is a hollow, open-ended, 
muscular tube, and the food within it is essentially outside 
the body, having contact only with the cells lining the tract. 
External to the digestive tract are several accessory organs 
and glands, which add enzymes to the food to aid digestion.

Cells lining the walls on the 
small intestine (the intestinal 
epithelium) have microscopic 
extensions of the plasma 
membrane called microvilli. 
These form a brush border that 
increases the surface area for 
absorption of food molecules. 
Under lower power microscopy, 
it appears as a fuzzy edge.

In the stomach, gastric glands 
contain parietal cells, which 
produce hydrochloric acid, 
and chief cells, which produce 
enzymes to break down protein.

The intestinal epithelium 
is supported by underlying 
connective tissue. Two layers 
of smooth muscle (SM), one 
running lengthwise and one 
running around the gut, encircle 
the tube, contracting in waves to 
move food through the intestine.

In the small intestine, the 
intestinal epithelial cells 
(E) and mucus-producing 
goblet cells (G) make up the 
epithelium lining the gut wall. 
The wall is folded into finger 
like projections called villi 
(sing. villus). These further 
increase the surface area of 
the intestine.

Salivary 
glands

Oesophagus

Liver

Pancreas

Small 
intestine

Gall 
bladder

Microvilli

Villus

SM

Lumen

Villus

G

E
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Large intestine

Gastric gland
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Digestion, Absorption, and Transport103
Key Idea: Food must be digested into components small 
enough to be absorbed by the body's cells and assimilated. 
Nutrient absorption involves both active and passive transport.
Digestion breaks down food molecules into small molecules 
that can pass through the intestinal lining into the underlying 
blood and lymph vessels. For example, starch is broken 
down first into maltose and short chain carbohydrates such 
as dextrose, before being hydrolysed to the simple sugar 

glucose (below). Breakdown products of other foodstuffs 
include amino acids (from proteins), and fatty acids, glycerol, 
and acylglycerols (from fats). The passage of these molecules 
from the gut into the blood or lymph is called absorption. 
Nutrients are then transported directly or indirectly to the liver 
for storage or processing. After they have been absorbed 
nutrients can be assimilated, i.e incorporated into the 
substance of the body itself.

Digestion of starch

Food such as bread 
contains carbohydrates 
in the form of starch.

Starch digestion begins in the 
mouth. The teeth grind the solid 
mass, which increases its surface 
area and mixes in the amylase, 
produced by the salivary glands.

Starch is hydrolyzed into smaller 
components. Amylase acts on the  
a-1,4 glycosidic bonds to produce 
short chain carbohydrates and the 
disaccharide maltose.

Amylase is inactivated in the acid 
environment of the stomach.

Amylase is also produced by the pancreas 
and secreted into the duodenum. Once 
the  stomach contents (called chyme) pass 
into the small intestine, the hydrolysis of 
carbohydrate begins again.

Starch

Amylase 
(enzyme)

Maltose

Glucose

Maltose is hydrolysed into glucose by 
the enzyme maltase, produced by the 
intestinal epithelial cells. Glucose can 
then be absorbed into the bloodstream.

1. Explain the roles of amylase and maltase in starch digestion:   

2.  Salivary and pancreatic secretions contain amylase. Why do two digestive organs produce the same enzyme? 

3. Based on the diagram opposite, predict what would happen to nutrient absorption if the villi were damaged. Explain:  

28 6437 88 89
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Lacteal Artery Vein

Short chain
fatty acids

Diffusion
Diffusion

DiffusionDiffusion

Active transportActive transport
(Na+ cotransport)(Na+ cotransport)

Amino acids

Active transportActive transport
(proton pump)(proton pump)

Dipeptides

Tripeptides

Fructose
Facilitated diffusionFacilitated diffusion

Gut lumen

Long chain
fatty acids

Monoglycerides

Fat soluble
vitamins

Glucose and 
galactose

Active transportActive transport

(Na+ cotransport)(Na+ cotransport)

Intestinal epithelial cell

Monoglycerides and fatty acids associate with 
bile salts to form lipid spheres called micelles. 
Micelles hold the poorly soluble fatty acids 
and monoglycerides in suspension and 
transport them to the surface of the epithelial 
cells where they can be absorbed. The 
micelles themselves are not absorbed.

Glucose and amino acids are actively 
transported by cotransport proteins 
along with sodium (sodium symport). 
This maintains a sodium gradient which 
helps with the absorption of water.

Active transport of di- and tripeptides 
is coupled to the downhill movement 
of H+ across the plasma membrane of 
the intestinal epithelial cells.

Once the monoglycerides and fatty 
acids are absorbed, triglycerides are 
re-formed and transported to the liver 
as protein-coated aggregations in the 
lacteals of the lymphatic system.

4. Describe how each of the following nutrients are absorbed by the intestinal villi:

 (a) Glucose:  

 (b) Fructose:  

 (c) Amino acids:  
 

 (d) Di- and tripeptides:  
 

5. Describe the two purposes of the sodium symport in the intestinal epithelium: 

6. What is the role of micelles in the absorption of lipids?  

7. How are concentration gradients maintained for the absorption of nutrients by diffusion?  

Cross section through a villus, 
showing how the products of digestion 
are absorbed across the intestinal 
epithelium into the capillaries or into 
the lacteals of the lymphatic system. 
The nutrients are delivered to the liver.

Nutrient absorption by intestinal villi
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Investigating Amylase Activity105

Aim 
To determine the optimum pH for salivary amylase.

Hypothesis 
If the normal pH for saliva is 6.5-7.5, then the optimum pH for 
salivary amylase should be approximately pH 7.

Background
Iodine solution (I2/KI) is a yellow/orange colour, but in the presence 
of starch, it turns a blue/black colour. When the iodine solution 
no longer changes colour after the sample is added (i.e. remains 
yellow), all the starch has been hydrolysed.

Method 
The experiment was performed at room temperature. A single drop 
of 0.1 M iodine solution was placed into the wells of spotting plates. 
2 cm3 of 1% amylase solution and 1 cm3 of a buffered solution, pH 4, 
were added to the test tube. The solutions were mixed and 2 cm3 of a 
1% starch solution was added. A timer was immediately started. After 
10 seconds a plastic pipette was used to remove a small amount 
of solution. A single drop was added to the first well of the spotting 
plate (right) and the remaining solution inside the pipette returned to 
the test tube. This action was repeated at 10 second intervals, adding 
a drop of the reaction solution into a new well until the iodine solution 
no longer changed colour (remained yellow/orange). The experiment 
was repeated using buffer solutions of pH 5, 6, 7, and 8.

Results 
The table below shows how many drops it took until there was no 
colour change (the iodine solution remained yellow).

pH
Number of drops 
until no colour 

change occurred 

Number of 
seconds until no 
colour change 

occurred

Reaction rate
 (s -1)

4 19 190

5 12 120

6 10 100

7 6 60

8 29 290

Key Idea: Salivary amylase works optimally at the pH and 
temperature conditions of the human body. Enzyme activity 
outside these conditions decreases.
Amylase is a digestive enzyme that hydrolyses (breaks down) 
starch into the sugars maltose (a disaccharide) and glucose 

(a monosaccharide). In mammals, amylase is secreted by 
the salivary gland into the saliva and by the pancreas into the 
small intestine. Like all enzymes, amylase works best under 
certain conditions. In the experiments below, students looked 
at how pH and temperature affected amylase activity.

Spotting plate: each well contains a single drop of 
0.1 M iodine solution (iodine dissolved in a solution of 
potassium iodide). Multiple spotting plates were set up 
to accommodate the number of tests required.

pH 5 pH 6 pH 7 pH 8pH 4

1. Why was it important to add the buffer and 
enzyme together before adding the starch?

2. Complete the table (left) by calculating the 
reaction rate for each pH (1 ÷ seconds):

3.  (a) Graph the reaction rate vs pH on the grid.

 (b) Identify the pH where amylase activity was 
the highest:

 

 (c) Is this what you had expected? Explain:

4. The students repeated the experiment at pH 1. 
Each sample turned blue/black when added to 
the iodine even after five minutes of sampling. 
Explain what has happened here:

4665

Groups of activities build knowledge 
and understanding by giving students 
the chance to learn and apply their 
knowledge in a series of linked activities 
incorporating the 5 Es. For the example 
right, students: 

Engage: visualise the concept of 
hierarchal structure

Explore:  the relationship between 
structure and function 

Explain & the processes involved
Elaborate based on understanding of 

structure and function

Explore  through experimentation
& Evaluate and  observation and 

explain trends in light of 
understanding. 
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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.

 

The Cell is the Unit of Life43
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 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.

Protist 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

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 

C
D

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

2. 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. 

Diffusion28

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

Concentration gradient

42

©2018 BIOZONE International
ISBN: 978-1-927309-83-4
Photocopying Prohibited

r

Overcoming Limitations to Cell Size32
Key Idea: Larger cells can maintain high surface area to 
volume ratios by having a non-spherical shape and membrane 
extensions. Organelles also increase functional efficiency.
We have seen that cells must exchange materials with the 
extracellular environment in order to survive. The efficiency 
of these exchanges, which must occur across the plasma 

membrane, is limited by the cell's surface area to volume 
ratio. Larger cells can maintain higher SA:V ratios by having a 
non-spherical shape and extensions of the membrane. Within 
the cell, the presence of organelles specialised to perform 
particular functions creates cellular compartments, which also 
improve functional efficiency in a larger cell.

Cell size and functional efficiency
Cells have a wide range of sizes. Large 
eukaryotic cells may reach 100 mm in diameter, 
whereas bacteria typically only reach a tenth 
of that. Eukaryotic cells can remain efficient 
at larger sizes in part because they contain 
organelles, which concentrate associated 
materials (such as the reactants and 
enzymes in a metabolic pathway) into specific 
regions for specific purposes. These cellular 
compartments enable efficiency of function.

Animal cells, such as this B cell (a type of 
white blood cell), often have extensions of 
the cell membrane providing a high surface 
area for transfer of materials.

Cellular respiration occurs within the mitochondria, 
which has regions in which different reactions occur.

Tissues are organised to increase surface 
area. Here, the intestinal wall is folded into 
projections called villi. Column-shaped 
intestinal cells line the surface of the villi.  

The cell membrane of each intestinal cell is 
folded into numerous microvilli. These increase 
the surface area for absorbing nutrient and 
binding digestive enzymes.

Solving the size problem
One way of increasing a cell's surface area while retaining the same 
volume is to elongate the cell. An elongated sphere (an ellipsoid, e.g. a 
rod shaped cell) has a greater surface area than a sphere of the same 
volume. In this way, a cell can grow larger while still gaining the materials 
it needs. The cells of multicellular organisms are often highly specialised 
to maximise SA: V. The three images below are all to scale.

By flattening the ellipsoid along one axis and stretching it along the other two 
to form a disc, surface area increases while the volume remains the same.

Sphere
V = 2 cm3

SA= 7.65 cm2

White blood cell Skeletal muscle cells Red blood cell

Microvilli

Intestinal cell

Villus

Ellipsoid
V = 2 cm3

SA= 8.8 cm2

Disc shaped ellipsoid
V = 2 cm3

SA= 14.98 cm2

1. Use the formula 4πr2 (where π = 3.14) to calculate the surface area of a spherical cell with a radius (r) of:  

 (a) 2 µm:   (c) 10 µm:  

 (b) 5 µm:   (d) 30 µm:  

2. (a) What happens to the SA:V ratio of a spherical cell as its volume increases?  

 (b) How can eukaryotic cells overcome the restrictions of reduced SA:V as they become larger:  
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The Digestive System101

1. Name three cell types of the digestive system and state their function:  

2. How are villi formed?   

3. What is the purpose of the smooth muscle surrounding the intestine?  

Key Idea: The digestive tract is specialised to maximise the 
digestion of food, absorption of nutrients, and elimination of 
undigested material. 
The human digestive system (gut) is a tubular tract, which 
is regionally specialised into a complex series of organs and 
glands that work in sequence to maximise the efficiency 
with which food is processed. Collectively, the organs of the 

digestive tract carry out the physical and chemical breakdown 
(digestion) of food, absorption of nutrients, and elimination 
of undigested material. The gut is a hollow, open-ended, 
muscular tube, and the food within it is essentially outside 
the body, having contact only with the cells lining the tract. 
External to the digestive tract are several accessory organs 
and glands, which add enzymes to the food to aid digestion.

Cells lining the walls on the 
small intestine (the intestinal 
epithelium) have microscopic 
extensions of the plasma 
membrane called microvilli. 
These form a brush border that 
increases the surface area for 
absorption of food molecules. 
Under lower power microscopy, 
it appears as a fuzzy edge.

In the stomach, gastric glands 
contain parietal cells, which 
produce hydrochloric acid, 
and chief cells, which produce 
enzymes to break down protein.

The intestinal epithelium 
is supported by underlying 
connective tissue. Two layers 
of smooth muscle (SM), one 
running lengthwise and one 
running around the gut, encircle 
the tube, contracting in waves to 
move food through the intestine.

In the small intestine, the 
intestinal epithelial cells 
(E) and mucus-producing 
goblet cells (G) make up the 
epithelium lining the gut wall. 
The wall is folded into finger 
like projections called villi 
(sing. villus). These further 
increase the surface area of 
the intestine.

Salivary 
glands

Oesophagus

Liver

Pancreas

Small 
intestine

Gall 
bladder

Microvilli

Villus

SM

Lumen

Villus

G

E
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Large intestine

Gastric gland
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32

Key Idea: Increasing the surface area for enzyme attachment 
increases the number of enzymes that can be present and so 
also increases the rate of biochemical reactions.
Chemical reactions in organisms must occur at a relatively 
fast rate. Too slow and the products produced will never be 
available in the quantities needed to maintain life. One way 

to increase reaction rate is to concentrate certain enzymes 
in areas where their substrates are also concentrated.  
Another way is to increase the surface area for attachment 
of enzymes so that the number of reactions occurring over 
any amount of time can be increased. This occurs in many 
membranous organelles and also in the gut microvilli.

1. How do cells increase cellular membrane surface area?  

2. (a) How does increasing surface area of cellular membranes help to increase reaction rates in cells?

  (b) Why is increasing the reaction rate important in cells?  

Enzymes and Membranes69

Chloroplasts have internal membranes (thylakoid membranes) 
organised into stacks called grana. Embedded into the membranes 
are the protein complexes that capture light and catalyse the light 
dependent reactions of photosynthesis. The large surface area 
provided by the thylakoid membranes increases the membrane area 
for protein attachment and thus the amount of light captured. It also 
increases the area for associated enzymes that use the captured 
light to move protons across the membrane and generate ATP.

Intestinal epithelial cells are found lining the villi of the intestinal 
wall. The cell surface projecting out to the intestinal lumen (space) 
is covered with microvilli (projections of the plasma membrane). 
These increase the surface area for absorbing molecules from 
food in the lumen and increase the surface area for attachment of 
enzymes that carry out the final stages of carbohydrate digestion. 
There are also transporter proteins embedded in the membrane. 
These transport the products of this digestion into the cell.

The enzymes of the electron transport chain in cellular respiration 
are embedded in the internal membranes of the mitochondria. The 
internal membrane is folded into structures called cristae. These 
increase the surface area for enzyme attachment and allow a much 
greater reaction rate.

The endoplasmic reticulum is a large region of folded membrane 
that is attached to the nuclear membrane. Numerous types of 
enzymes are embedded in the membranes of this organelle,  
including ribosomes, which catalyse protein synthesis (on the 
rough endoplasmic reticulum).
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Increasing surface area 
Student's initially learn 
how cells overcome 
limitations to cell size. 
This knowledge is then 
applied to specific 
examples in subsequent 
activities (e.g. increasing 
surface area for 
digestion).

EXAMPLE

LINKS - Making Connections

EXAMPLE
Bacterial disease
When students learn how 
vaccines can be used 
to eliminate bacterial 
diseases, they are applying 
knowledge gained from 
previous activities. In 
this instance they are 
recalling that bacteria 
are prokaryotic cells and 
that bacteria can cause 
many types of disease in 
humans. 
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Vaccines Can Eliminate Infectious Disease187
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Key Idea: Vaccination programmes have been successful in 
the global eradication of smallpox, but other diseases (such 
as influenza) are more difficult to eradicate.
To date, the only infectious disease globally eradicated 
has been smallpox. Several factors lead to this success. 
Smallpox is easily identifiable by its characteristic rash 
making surveillance and containment of infected patients 

easier. It has no other natural carriers so once immunisation 
rates reached a critical level, its spread through the population 
was limited. Other diseases can be more difficult to eradicate. 
This is especially true for diseases that have a long period 
between infection and the symptoms showing (e.g. TB) or 
diseases caused by pathogens with high rates of mutation 
(e.g. influenzavirus or HIV).

Measles is a highly contagious disease, one infected person 
can infect 12-18 people during their infectious period. In 2014, 
the World Health Organisation (WHO) announced measles 
had been eliminated from Australia. High vaccination rates 
contributed to its elimination. However, measles still occurs in 
other countries so it could be reintroduced if an infected traveller 
entered Australia. Maintaining high levels of vaccination is 
important in preventing its reintroduction. 

1. The graph above provides long term immunity data for measles in Victoria. Use this data to provide evidence for the role 
of vaccination programmes in eliminating measles from Australia: 

2. What could happen if vaccination rates for measles fell too low?  

3. (a) Why could the change to a new vaccine have affected the rates of whooping cough in Australia:  

 (b) Why do you think a new vaccine was introduced? 

The challenges of eradicating disease

Whooping cough (above) is a respiratory disease 
caused by the bacterium Bordetella pertussis. Despite 
high vaccination rates, whooping cough is increasing in 
Australia. Several factors may be contributing to this.

Measles elimination in Australia

The graph above shows the role of vaccination in reducing 
measles hospitalisations in the state of Victoria.  
MMR is the introduction of the measles/mumps/rubella vaccine. 
MCC (measles control campaign) was an extensive mass 
vaccination and monitoring campaign. 
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`` Until 1997, a whole vaccine was used. It contained 
hundreds of different antigens and provided protection 
against many strains of the pertussis pathogen. In 1999, 
an acellular vaccine, which does not contain the whole 
pathogen, was introduced  (inset above). It only contains 
five antigens and so provides less protection. 

`` New strains of B. pertussis are evolving, and the new 
vaccine is not effective against them. 

`` More adults who were vaccinated against whooping cough 
in childhood are contracting the disease. This suggests the 
effectiveness of the vaccine declines over time. 
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Body tissue

Bacterium

Bacterial Diseases166

1. Describe the specific adaptations of bacteria that contribute to their ability to cause disease:

2. What are the most common ways in which bacteria area spread?  

Key Idea: Pathogenic bacteria are responsible for some of 
the world's most devastating diseases of plants and animals.
Relatively few of the world's bacterial species cause disease. 
Those that do (the pathogenic bacteria), have a range of 
adaptations that enable them to penetrate the defences of 
a host and cause infection (below). Bacterial diseases are 

commonly transmitted through food, water, air, or by direct 
contact. The natural source of infection of a disease varies 
from species to species, ranging from humans and other 
organisms, to sewage or contaminated water. Much of our 
control of bacterial disease is achieved through identifying 
reservoirs of infection and limiting the routes of transmission.

Toxins:  Bacterial toxins 
can act locally to promote 
bacterial invasion (e.g. 
the enzymes that degrade 
collagen), or they may have 
cytotoxic activity and destroy 
cells directly.

Fibrin:  Fibrous threads of 
protein are deposited when 
blood clots. This action by 
the host effectively limits the 
movement of pathogens in 
infected areas.

Enzymes are released that 
break down fibrin, allowing 
the bacteria greater freedom 
of movement.

The bacteria can release 
products that destroy 
phagocytic cells.

Phagocyte: These white 
blood cells are very 
effective in identifying and 
destroying foreign cells 
such as pathogens.

Fimbriae are fine, 
threadlike extensions 
from the bacterial cell. 
The bacteria use them  
to attach to the mucous 
membranes and directly 
attack the host tissues.

The bacterium releases 
enzymes that degrade 
the connective tissue of 
the host, allowing the 
spread of infection.

Methods of bacterial transmission

Airborne bacterial diseases
Airborne pathogens are transmitted on dust 
particles or droplets when people cough, 
sneeze, or exhale. Vaccination against certain 
airborne bacteria has been highly successful. 
Whooping cough (above) is a potentially fatal 
respiratory disease caused by the bacterial 
pertussis toxin. The prevalence of this 
disease has declined dramatically following 
the introduction of immunisation programmes.

C
D

C

Waterborne bacterial diseases
Waterborne bacterial pathogens are 
responsible for a number of serious diarrhoeal 
illnesses, including typhoid and cholera. 
Transmission of these diseases is usually 
through faecal contamination of drinking 
water. The fever and diarrhoea associated 
with such diseases is responsible for 
hundreds of thousands of deaths annually in 
countries with poor sanitation.

N
IH Salmonella typhi

Foodborne bacterial diseases
Bacterial foodborne illnesses are caused by 
consuming food or beverages contaminated 
with bacteria or their toxins. Examples 
include Salmonella food poisoning and 
Campylobacter infection. Symptoms of 
bacterial food poisoning include fever, 
abdominal cramps, and diarrhoea. Some 
are associated with consuming raw or 
undercooked poultry.

C
D

CCampylobacter jejuni

How bacteria invade a host's tissue

EXAMPLE
Maintaining 
physiological systems  
The properties of 
diffusion can be applied 
to physiological contexts, 
such as countercurrent 
gas exchange in the gills 
of fish. Students also 
see that the principles 
of countercurrent 
exchange can be used in 
thermoregulation.
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Physiological Mechanisms for Thermoregulation151

Countercurrent heat exchange systems occur in both aquatic 
and terrestrial animals as an adaptation to maintaining a stable 
core temperature. In the flippers and fins of whales and dolphins, 
and the legs of aquatic birds, they minimise heat loss. For example 
many birds are able to stand on ice or swim in ice cold water with 
no negative cooling effects. In some terrestrial animals adapted to 
hot climates (e.g. gazelles), heat exchangers work in the opposite 
way to prevent the brain from overheating. Before it flows to the 
brain, the arterial blood passes (in small arteries) through a 
pool of cooler venous blood draining from the nasal area where 
evaporative cooling occurs.Artery

Capillary bed

Warm blood 
in artery.

Blood flow 
toward cold tail, 
flipper, or foot

Blood flow 
from cold tail, 
flipper, or foot

On reaching capillary bed 
the now cooler arterial 
blood has less heat to 
lose to the environment.

Warm blood 
in vein.

Heat transfer

➠ ➠
➠ ➠

➠
➠ ➠
➠ ➠

Blood flow

Blood flows through 
capillaries beneath the 
blubber to retain heat.

Fur lies outside the skin surface and its 
insulating effect cannot be dramatically 
changed. Furred animals therefore tend 
to lose heat from areas with thinner fur. 

Blood flow

Skin 
surface

Blubber

Fur or 
hair

The insulation 
provided by 
blubber can be 
bypassed when 
heat must be lost.

Key Idea: Temperature can be regulated and maintained by 
internal mechanisms that control energy use and blood flow.
Physiological mechanisms are internal mechanisms that 
affect how the body operates. Mechanisms of physiological 

thermoregulation include the use of energy resources 
(e.g. metabolising fat), changing aspects of metabolism 
(redirecting chemical reactions), and changing aspects of 
blood flow (vasoconstriction and countercurrent flows). 

To regulate heat loss or gain from the skin, the blood vessels 
beneath the skin's surface constrict (vasoconstriction) to 
reduce blood flow or dilate (vasodilation) to increase blood 
flow. When blood vessels are fully constricted, there may be 
as much as a 10oC temperature gradient from the outer to 
inner layers of the skin. Extremities such the hands and feet 
have additional vascular controls, which can reduce blood 
flow to them in times of severe cooling. These controls are 
mediated through the vasomotor centre in the hindbrain and 
are autonomic (occur without conscious thought). 

Constriction of a the capillaries (vasoconstriction) restricts 
blood flow. Vasodilation allows blood to flow through the 
capillaries and transport heat from the body to the skin.

Regulating blood flow to the skin
The blubber in marine mammals provides good insulation against heat loss but presents a problem in warmer waters or during 
exertion when a lot of metabolic heat is generated. In these situations, blood flows through the blubber to the skin surface where 
excess heat is dissipated. Cold adapted land mammals have insulation outside the skin and have thinly covered areas on the face 
and feet, where heat can be lost during exertion.

Countercurrent heat exchangers
Countercurrent systems are found in many homeostatic systems including in the gills of fish and the kidneys and peripheral 
circulation of mammals. The operation of these systems depends on the animal's environment. Mammals in cold environments use 
countercurrent exchange to reduce heat losses to the environment. Those in hot environments may use countercurrent exchange to 
cool arterial blood supply to the brain during intense activity.

Vasoconstriction Vasodilation

Heat 
loss

1. Explain why cold adapted terrestrial mammals have regions of the body with thinner fur:  

Vein

13°C

18°C

12°C

➠
19°C

37°C

31°C

25°C

36°C

30°C

24°C
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Blood vessels

Bony bar
(branchial arch)

Gill lamella
Water flow

Direction of
blood flow in
gill lamellae

Blood flow

Detail of gill filament

Breathing in bony fish
INSPIRATION

(mouth open)
EXPIRATION
(mouth closed)

Gill cover
is open

Mouth cavity
expands, taking
in water through
the open mouth.

Dorsal view of 
a fish head

Oral valve
opens

Oral valve
shuts

Source: C.J. Clegg & D.G. McKean (1994)

Water flows in opposite direction 
to blood flow in the gill lamellae 
(countercurrent flow).

Gill cover is closed 
and moved 
outwards to assist 
water intake.

Mouth cavity 
contracts to force 
water across the 
gills.

Deoxygenated blood
Oxygenated blood

1. Describe three features of a fish gas exchange system (gills and related structures) that facilitate gas exchange:

 (a)    
 
 (b)   

 (c)    

2. Describe how fish achieve adequate ventilation of the gills through:

 (a) Pumping (mouth and operculum):  

Gas Exchange in Fish

Fish gills
The gills of fish are very thin, filamentous 
structures, with individual filaments 
supported and kept apart from each 
other by the water. This gives them a high 
surface area for gas exchange. The outer 
surface of the gill is in contact with the 
water, and blood flows in vessels inside 
the gill. Gas exchange occurs by diffusion 
between the water and blood across 
the gill membrane and capillaries. The 
operculum (gill cover) permits exit of water 
and acts as a pump, drawing water past 
the gill filaments. The gills of fish are very 
efficient and achieve an 80% extraction 
rate of oxygen from water; over three 
times the rate of human lungs from air.

Ventilation of the gills
Most bony fish ventilate the gills by opening 
and closing the mouth in concert with 
opening and closing the operculum. The 
mouth opens, increasing the volume of 
the buccal (mouth) cavity, causing water to 
enter. The operculum bulges slightly, moving 
water into the opercular cavity. The mouth 
closes and the operculum opens and water 
flows out over the gills. These pumping 
movements keep oxygenated water flowing 
over the gills, maintaining the concentration 
gradient for diffusion. Other fish (e.g. sharks 
and tuna) must swim continuously to 
achieve the same gill ventilation. 

Operculum 
(gill cover)

94
Key Idea: Fish gills are thin, vascular structures just behind 
the head. Countercurrent flow enables efficient exchange of 
gases between the water and the blood in the gill capillaries.
Fish obtain the oxygen they need from the water using gills, 
which are membranous structures supported by cartilaginous 
or bony struts. As water flows over the gill surface, respiratory 

gases are exchanged between the blood and the water. 
In fish, high oxygen extraction rates are achieved using 
countercurrent exchange and by pumping water across the 
gill surface (most bony fish) or swimming continuously with 
the mouth open (called ram ventilation, seen in sharks, rays, 
and some bony fish, e.g. tuna).

28 151

The LINK tabs help students to connect ideas between different topics in the QCE 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 
Photosynthesis and Cell Respiration) 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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Key Idea: Modelling photosynthesis and cellular respiration using paper cut outs will help you better understand the chemical 

processes going on.

During photosynthesis and cellular respiration, molecules are broken down and recombined to form new molecules. In this 

activity you will model the inputs and outputs of each of these processes using the atoms (carbon, hydrogen, and oxygen) on 

the next page. We have placed the atoms in boxes to make it easier to cut them out. At the end of this activity you will be able 

to see how the reactants (starting molecules) are recombined to form the final products. 

Note: You can either work by yourself or team up with a partner. If you have beads or 

molecular models you could use these instead of the shapes on the next page. 

2. Write the equation for photosynthesis here:  

 (a) State the starting reactants in photosynthesis:  

 
 (b) State the total number of atoms of each type needed to make the starting reactants: 

  Carbon:  
Hydrogen:  

Oxygen:

 (c) Use the atoms you have cut out to make the starting reactants in photosynthesis.

 (d) State the end products of photosynthesis:  

 (e) State the total number atoms of each type needed to make the end products of photosynthesis: 

  Carbon:  
Hydrogen:  

Oxygen:

 (f) Use the atoms you have cut out to make the end products of photosynthesis.

 (g) What do you notice about the number of C, H, and O atoms on each side of the photosynthesis equation?  

 (h) Name the energy source for this process and add it to the model you have made:  

3. Write the equation for cellular respiration here:  

 (a) State the starting reactants in cellular respiration:  

 
 (b) State the total number of atoms of each type needed to make the starting reactants: 

  Carbon:  
Hydrogen:  

Oxygen:

 (c) Use the atoms you have cut out to make the starting reactants in cellular respiration.

 (d) State the end products of cellular respiration:  

 (e) State the total number of atoms of each type needed to make the end products of cellular respiration: 

  Carbon:  
Hydrogen:  

Oxygen:

 (f) Use the atoms you have cut out to make the end products of cellular respiration.

 (g) Name the end products of cellular respiration that are utilised in photosynthesis:   

1. Cut out the atoms and shapes on the following page. They are colour coded as 

follows:

Carbon Hydrogen Oxygen

Modelling Photosynthesis and Cell Respiration
80

Glucose

Carbon 
dioxide

Water

2

Differential Instruction with BIOZONE

Students can use the 
element cutouts to show how 
matter moves through the 
system, and how products 
and by-products form.

In Modelling Photosynthesis 
and Cell Respiration, 
students can collaborate 
to model the reactions 
involved in photosynthesis 
and respiration.
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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.
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Synoptic Question: Unit 1 Topic 2122
1. Stem cells have the potential to be an important medical tool for the replacement of damaged or diseased tissue or 

organs. Explain why stem cells are potentially useful and describe some of the ethical issues associated with their use:

2. Tobacco smoking is a major risk factor in the occurrence 
of emphysema, chronic bronchitis, and cancers of the 
respiratory tract. Smoking causes the lung tissue to 
lose its elasticity and tar from the tobacco smoke clogs 
the airways and damages the alveoli (right). Use the 
diagram to help you to explain why smoking reduces the 
gas exchange capacity of the lung tissue:

3. People with iron-deficient anaemia lack of haemoglobin in the blood. The graph below shows the oxygen-haemoglobin 
dissociation curves for a person with iron deficient anaemia compared to a person with normal haemoglobin levels. 

 (a) What does an oxygen-haemoglobin dissociation 
curve show?

 (b) What has happened to the oxygen-haemoglobin 
dissociation curve in the anaemic person and why?

Normal
alveoli

Non-smoker

Smoker

Smoke particles indirectly destroy 
the walls of the lung’s alveoli. Cancerous cell

Extra 
mucus 
produced

Coalesced 
alveoli

Thin layer 
of mucus

Smoke particles

Cells lining airways

Cilia
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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.

  Moving on to Synoptic Questions
• BIOZONE's Biology for QCE Units 1 & 2 contains synoptic 

questions that bring together related content of the workbook. 
These require students to draw on the knowledge gained in a 
range of activities to answer the questions.

• The synoptic questions are written in a similar way to the 
questions in an exam. Students are given introductory 
information and asked to discuss certain aspects of the topic 
relating to the information. The examples used in the questions 
may not directly relate to examples in the workbook, but the 
ideas and concepts required to answer the question will have 
been covered in the preceding activities. This makes the synoptic 
questions suitable for formative assessment.

• Sometimes students will need to interpret the information given 
in the question's introduction and integrate their interpretation 
into their answer.

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.

Student D (above) is capable and needs 
extension. She works quickly, completing her set 
work. She can demonstrate her understanding in 
the synoptic question.

3

A

B

C

D
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Sense organ 

(e.g. eye)

Brain and 

spinal cord

Muscles and 

glands

Effector

Responds to the 

output from the 

control centre.

Control centre

Receives the message and 

coordinates a response. Sends an 

output message to an effector.

Receptor

Detects change and 

sends a message to the 

control centre.

Key Idea: Homeostasis refers to the (relatively) constant physiological state of 

the body despite fluctuations in the environment.

Organisms maintain a relatively constant physiological state, called 

homeostasis, despite changes in their environment. Any change in the 

environment to which an organism responds is called a stimulus and, 

because environmental stimuli are not static, organisms must also adjust their 

behaviour and physiology constantly to maintain homeostasis.  This requires 

the coordinated activity of the body's organ systems. Homeostatic mechanisms 

prevent deviations from the steady state and keep the body's internal conditions 

within strict limits. Deviations from these limits can be harmful (e.g. by impairing 

enzyme activity and therefore metabolic pathways).

For example, during exercise (right) body temperature must remain relatively 

constant at about 37.0°C despite the extra heat generated by activity. You must 

regulate blood sugar levels and blood pH, water and electrolyte balance, and 

blood pressure. Your body's organ systems carry out these tasks.

To maintain homeostasis, the body must detect stimuli through receptors, 

process this sensory information, and respond to it appropriately via effectors. If 

the effector is a muscle, it results in muscle contraction. If the effector is a gland, 

it produces a secretion. The responses provide new feedback to the receptor. 

These three components are illustrated below. 

Homeostasis
123

1. What is homeostasis?  

2. What is the role of the following components in maintaining homeostasis:

 (a) Receptor:  

 (b) Control centre:  

 (c) Effector:  

How homeostasis is maintained 

The analogy of a thermostat on a heater is a good 

way to understand how homeostasis is maintained. 

A heater has sensors (a receptor) to monitor room 

temperature. It also has a control centre to receive 

and process the data from the sensors. Depending 

on the data it receives, the control centre activates 

the effector (heating unit), switching it on or off. When 

the room is too cold, the heater switches on. When 

it is too hot, the heater switches off. This maintains a 

constant temperature.

Many of the workbook activities are ideal for homework or as vehicles for a quick formative 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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Cellular Differentiation87
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The zygote (fertilised egg) is 
totipotent. It has all the information 
stored in the chromosomes to make a 
new individual. Eary divisions of the 
zygote give rise to three germ layers.

Germline cells (cells that 
produce gametes) are set 
aside early in development.

As stem cells differentiate, 
different genes are 
switched on and off and 
the cell becomes more and 
more committed to its fate.

Expression of neurone- 
specific gene  nerve cell

Expression of retinal
specific gene  retinal cell

Blood and
immune cells

Kidney

Circulatory system

Key Idea: A zygote divides and produces all the cell types in the body by cellular differentiation. Specific patterns of gene switching determine what cell type develops.As described, multicellular organisms consist of many different cell types, each specialised to carry out a particular role. A zygote and its first few divisions are totipotent and can differentiate to form any cell type in the body. During development, these cells divide and follow different 

developmental pathways, giving rise to the three germ layers and the specialised cells that make up the tissues and organs of the body. This process by which more specialised cells develop from more generalised ones is called cellular differentiation and it is achieved through switching genes on and off in particular sequences. As a cell proceeds along its developmental pathway, its 'choices' become more limited. Once fully differentiated, it can not turn into another cell type. 

1. Multicellular organisms consist of many different cell types. Explain how it is possible for these all to arise from a single 
fertilised egg (zygote):

2. The zygote produces cells the differentiate in three cell lineages (germ layers). What types of cells/tissues do each of 
these lineages produce? 

 (a) Endoderm:  

 (b) Mesoderm:  

 (c) Ectoderm:  

3. Why can't a blood cell turn into a nerve cell?  
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KEY TERMS AND IDEAS: Did You Get It?
188

3. In 1998, Dr Andrew Wakefield and his 

colleagues published a paper linking the 

measles, mumps, and rubella vaccine (MMR) 

to an increase in autism rates. As a result, the 

uptake of the MMR vaccine in the UK dropped, 

and several measles outbreaks occurred. Dr 

Wakefield's paper has since been retracted 

by the journal in which it was published as 

it was found to be fraudulent and flawed in 

several aspects, e.g. sample size of only 12, 

with no control group.

 Since the publication of Wakefield's paper, 20 

large scale epidemiologic studies into MMR 

and autism have been carried out in several 

countries. All have shown that the MMR vaccine 

does not cause autism. However, the damage 

has been done, and health authorities must now 

convince the public that the vaccine is safe.
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 The graph above shows the number of measles cases in the UK, together with percentage vaccination, 1994-2008.

 (a) What happened to MMR vaccination rates after the publication of Wakefield's study? 

 (b) What is the trend in measles cases in the UK since 2006?  

 (c) Give a likely explanation for this trend:  

 

2. The photograph on the right shows the effect of a pathogen infecting a human. 

 (a) Name the defensive response occurring:   

 (b) What is happening to the blood vessels at this location?  

 (c) Name the substance responsible for the change in the blood vessels:

 

 (d) What type of cell is the substance released from?  

 (e) During this response, the number of white blood cells increases/decreases 

(delete one).

 (f) The process occurring here is an example of innate immunity / adaptive 

immunity (delete one).

1. Contrast the innate and the adaptive immune responses with reference to the basic action and the cells involved:  

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. In 
this activity, students apply their 
knowledge of bacterial disease and 
vaccination to complete the activity. 
Such activities can also be used for 
formative assessments.

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 as homework.  

Choosing Activities for Home Study



15

© 2018 BIOZONE International

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:

Literacy and Comprehension

Comprehension activities require the 
students to read a short section of 
text 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. 
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KEY TERMS AND IDEAS: Did You Get It?147
1. (a) The molecules labelled A-C are signalling molecules. 

Identify the signal molecule that will bind to the 
receptor shown:

 

 (b) What prevents the other two signal molecules from 
binding to this receptor?

 (c) Why is it important that not all cells react to every signal molecule?  

2. In the space below, label the sequence (1-4) in the correct order and briefly describe what is happening at each stage:

A B C

Receptor

5. Match each term to its definition, as identified by its preceding letter code. 

extracellular receptor

hormone

intracellular receptor

signal molecule

signal transduction

target cell

A A chemical molecule that binds to a cellular receptor and brings about a change 
within the cell.

B A cell that responds in a particular way to a specific signal molecule.

C A receptor located within a cell.

D A receptor that spans the plasma membrane.

E The transmission of molecular signals from the exterior to the interior of the cell.

F A blood-borne chemical signal released from endocrine glands.

3. Choose the correct answer from the choices below: 

 Hormones are relatively long lived signals, which travel 
through the blood. This type of signalling is called:

 (a) Autocrine signalling
 (b) Cell-to-cell communication
 (c) Local regulation
 (d) Endocrine signalling
 (e) Pheromone signalling

4. Choose the correct answer from the choices below: 

 What type of signal molecule is used in synaptic 
signalling? 

 (a) Hormones
 (b) Neurotransmitters
 (c) Pheromones
 (d) Cytokines 

Cellular 
response
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KEY TERMS AND IDEAS: Did You Get It?92

multipotent

pluripotent

self renewal

stem cell

potency

zygote

A  A type of cell that possesses the qualities of self renewal and potency.

B Ability to divide many times while maintaining an undifferentiated state.

C  Able to give rise to any cells of the body, except extra-embryonic cells.

D  The initial cell formed from the union of two gametes. 

E  Able to give rise a limited number of cell types, related to their tissue of origin.

F  Ability to differentiate into specialised cell types.

2. Give an example of each of the following stem cell types:

 (a) Multipotent:   
 
 (b) Pluripotent:   

 (c) Totipotent:   

3. Study the diagram of cellular differentiation below and answer the questions following as true or false:  

1. Test your vocabulary by matching each term to its definition, as identified by its preceding letter code. 

B lymphocyte

Neutrophil

Basophil

Eosinophil

Red blood cells

Platelets

Monocytes and 
macrophages

Megakaryocyte

Lymphoid 
precursor cell

Multipotent
stem cell

Myeloid 
precursor cell

Matures in thymus

Red bone 
marrow

T lymphocyte

Natural killer 
lymphocyte

 (a) T lymphocytes can differentiate from a haematopoietic multipotent stem cell:  

 (b) Lymphoid precursor cells can produce red blood cells:  

 (c) Neutrophils mature from myeloid precursor cells:  

4. (a) What is the link between cells, tissues, and organs?  

 (b) How do tissues improve functional efficiency?  

35

©2018 BIOZONE International
ISBN: 978-1-927309-83-4
Photocopying Prohibited

1. Explain how freeze-fracture studies provided evidence for our current model of membrane structure:  

2. The Davson and Danielli model of membrane structure was the unit membrane; a phospholipid bilayer with a protein 
coat. Explain how the freeze-fracture studies showed this model to be flawed:

Key Idea: The freeze-fracture technique for preparing and viewing cellular membranes has provided evidence to support the 
fluid mosaic model of the plasma membrane.
Cellular membranes play many extremely important roles in cells and understanding their structure is central to understanding cellular 
function. Moreover, understanding the structure and function of membrane proteins is essential to understanding cellular transport 
processes, and cell recognition and signalling. Cellular membranes are far too small to be seen clearly using light microscopy, and 
certainly any detail is impossible to resolve. Since early last century, scientists have known that membranes were composed of a lipid 
bilayer with associated proteins. The original model of membrane structure, proposed by Davson and Danielli, was the unit membrane 
(a lipid bilayer coated with protein). This model was later modified by Singer and Nicolson after the discovery that the protein molecules 
were embedded within the bilayer rather than coating the outside. 
But how did they find out just how these molecules were organised?

The answers were provided with electron microscopy, and one 
technique in particular – freeze fracture. As the name implies, 
freeze fracture, at its very simplest level, is the freezing of a cell and 
then fracturing it so the inner surface of the membrane can be seen 
using electron microscopy. Membranes are composed of two layers 
of phospholipids held together by weak intermolecular bonds. These 
split apart during fracture.

The procedure involves several steps:

`` Cells are immersed in chemicals that alter the strength of the 
internal and external regions of the plasma membrane and 
immobilise any mobile macromolecules.

`` The cells are passed through a series of glycerol solutions of 
increasing concentration. This protects the cells from bursting 
when they are frozen.

`` The cells are mounted on gold supports and frozen using liquid 
propane.  

`` The cells are fractured in a helium-vented vacuum at -150. A 
razor blade cooled to -170°C acts as both a cold trap for water 
and the fracturing instrument.

`` The surface of the fractured cells may be evaporated a little to 
produce some relief on the surface (known as etching) so that a 
three-dimensional effect occurs.

`` For viewing under an electron microscope (EM), a replica of the 
cells is made by coating them with gold or platinum to ~3 nm 
thick. A layer of carbon around 30 nm thick is used to provide 
contrast and stability for the replica. 

`` The samples are then raised to room temperature and placed 
into distilled water or digestive enzymes, which separates the 
replica from the sample. The replica is then rinsed in distilled 
water before it is ready for viewing.  

The freeze fracture technique provided the necessary supporting 
evidence for the current fluid mosaic model of membrane structure. 
When cleaved, proteins in the membrane left impressions that showed 
they were embedded into the membrane and not a continuous layer 
on the outside as earlier models proposed.

How Do We Know? Membrane Structure

 

Proteins leave bumps and 
holes in the membrane 

when it is cleaved

Razor blade

50 nm

Cleaving the membrane

Photo: Louisa Howard and Chuck Daghlian, Dartmouth College
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Literacy activities use a range of question 
types to test vocabulary and understanding of 
basic principles. Questions include analysis or 
completion of flow charts, drawings or photographs, 
mix and match definitions, vocab 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. 

Model Answers
	The Model Answers booklet 
provides suggested answers for 
the activities in the book. Model 
Answers are also provided as 
‘show/hide’ in the PDF of the 
workbook.

Classroom Guide
	A comprehensive guide to 
effective use of BIOZONE’s QCE 
Biology Units 1&2. It provides 
strategies for use with students of 
different abilities and for a variety of 
tasks, including assessment.

Presentation Media
	Sample from Cell Biology and 
Biochemistry: Presentation
Media provide high quality colour
Powerpoint/Keynote slides for
your presentations. All slides are 
fully editable:

 > Add or delete slides 
 > Change the order of slides 
 > Edit the wording

FREE
SAMPLE

Weblinks
	Many activity pages make 
reference to websites (usually 
animations or short video clips) 
that have particular relevance to 
the activity. 

	Show and hide answers on-screen using the  
digital versions of the workbooks. Reveal single 
and multiple-part answers with the click of a 
button Provided with Zoom in/out capabilities 
to show detail.

Teacher’s Digital Edition

Spreadsheets  
and Statistics
	Microsoft® Excel® Spreadsheets 
directly support activities involving 
computational modeling, or 
data handling and analysis. 
Some additional data handling & 
statistical activities are also included

Click here to view the  ICT activities 
available. 

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.
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Negative Feedback

A stressor, e.g. exercise, 

takes the internal 

environment away from 

optimum.

Stress is detected by 

receptors and corrective 

mechanisms (e.g. sweating 

or shivering) are activated.

Corrective mechanisms 

act to restore optimum 

conditions.

The diagram (left) shows how 

temperature is regulated by 

negative feedback mechanisms. 
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Key Idea: Negative feedback mechanisms detect departures 

from a desired set point and act to restore the steady state.

Negative feedback is a regulatory mechanism that maintains 

the body's homeostasis by detecting deviations from a certain 

set point and acting to restore those set point conditions. 

Negative feedback mechanisms act to dampen variations and 

so have a stabilising effect on biological systems. Most body 

systems achieve homeostasis through negative feedback. 

Body temperature, blood glucose levels, and blood pressure 

are all controlled by negative feedback mechanisms.

Negative feedback in stomach emptying 

1. How do negative feedback mechanisms maintain homeostasis in a variable environment? 

2. On the diagram of stomach emptying:

 (a) State the stimulus at A:  
 State the response at B:  

 (b) Name the effector in this system:  

 
 (c) What is the steady state for this example? 

Stretch receptors are activated

B

Empty stomach. Stomach wall is relaxed.

A

Negative feedback in temperature regulation

B

Empty stomach. Stomach wall is relaxed.

Food enters the 

stomach, stretching 

the stomach wall.

Smooth muscle in the 

stomach wall contracts. 

Food is mixed and emptied 

from the stomach.

Food is 

eaten

Stretch receptors are deactivated

A

A stressor, e.g. exercise, 

takes the internal 

environment away from 

optimum.

Stress is detected by 

receptors and corrective 

mechanisms (e.g. sweating 

or shivering) are activated.

Corrective mechanisms 

act to restore optimum 

conditions.

The diagram (left) shows how 

temperature is regulated by 

negative feedback mechanisms. +

–

Stress, e.g. 

exercise generates 

excessive body 

heat

Corrective mechanisms 

activated, e.g. sweating

Stress, e.g. 

cold weather 

causes  

excessive 

heat loss

Return to 

optimum

Corrective 

mechanisms activated, 

e.g. shivering

Normal body 

temperature

Negative feedback in blood pH

Regulation of ventilation rate helps to maintain blood pH 

between 7.35 and 7.45. Low blood pH stimulates increased 

breathing rate, which reduces H+ via exhalation. This reduces 

sensory input to the medulla and breathing returns to normal.

More CO2 is exhaled, 

reducing H2CO3 in the blood 

and therefore reducing H+.

H+ level in 

blood falls

Chemoreceptors in the 

hindbrain detect changes in H+ 

and send impulses to the lungs.

Lung ventilation 

rate increases.

+–

High H+ (low 

pH) in blood

+

—

+

Food entering the stomach.                                           
Emptying of stomach contents.

+

—

Negative feedback mechanisms are self-correcting so that fluctuations are reduced. This stabilises 

physiological systems against excessive change and maintains a steady state.
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Pearson's Linear Correlation

2
Key Idea: Pearson's linear correlation measures the 

correlation of two normally distributed variables.

Pearson's linear correlation or Pearson's product-moment 

correlation coefficient is a measure of the linear correlation 

between two variables, each of which has a normal 

distribution. It ranges from +1 to -1 inclusive. +1 represents 

the strongest positive correlation, while -1 represents the 

strongest negative correlation. 0 indicates no correlation. 

Pearson's correlation coefficient (r) is calculated using the  

formula below and the correlation is easily done using a 

spreadsheet programme such as Excel.

In a study of perch, a freshwater fish, length weight data 

were collected from a sample of 44 fish. Length and weight 

in fish vary together in a predictable way. The strength 

of this relationship can be tested using Pearson's linear 

correlation. One of the requirements of this test is that 

a scatter plot of the data (x against y) plot in a straight 

line. If they do not, then the data need to be transformed, 

usually by log transformation. The data (including log 

transformations) are given right.

r =  Sxy - nxy

nsxsy

Perch length 
(mm)

ln perch length (mm)
Perch weight (y) (g)

ln perch weight (y) (g)

87
4.47

7.42
2.00

89
4.49

8.11
2.09

89
4.49

8.45
2.13

91
4.51

8.28
2.11

92
4.52

9.29
2.23

92
4.52

10.05
2.31

92
4.52

8.62
2.15

92
4.52

9.79
2.28

130
4.87

28.16
3.34

131
4.88

27.58
3.32

132
4.88

27.63
3.32

136
4.91

27.48
3.31

139
4.93

28.95
3.37

140
4.94

33.19
3.50

143
4.96

34.83
3.55

161
5.08

50.32
3.92

162
5.09

53.83
3.99

163
5.09

53.75
3.98

183
5.21

59.71
4.09

187
5.23

68.70
4.23

187
5.23

73.01
4.29

187
5.23

88.90
4.49

189
5.24

95.34
4.56

190
5.25

94.39
4.55

192
5.26

90.47
4.51

193
5.26

89.57
4.50

195
5.27

87.73
4.47

196
5.28

92.27
4.52

197
5.28

76.24
4.33

198
5.29

85.77
4.45

202
5.31

106.96
4.67

204
5.32

91.25
4.51

211
5.35

118.51
4.77

216
5.38

114.53
4.74

217
5.38

141.56
4.95

218
5.38

133.17
4.89

223
5.41

140.28
4.94

223
5.41

137.53
4.92

229
5.43

141.91
4.96

230
5.44

153.71
5.04

276
5.62

285.05
5.65

380
5.94

1171.60
7.07

388
5.96

1064.20
6.97

338
5.82

655.30
6.49

s =  ∑(x – x̄)2

n

Calculation of r uses  the population standard deviation for sx and sy:1. First plot the raw data as an xy scatter, either on a 

separate sheet or using Excel. Attach the plot here. 

Is it a straight line?

2. Why have the data been log transformed?

3. (a) Using the spreadsheet provided on the 
Teacher's Digital Edition, make a plot of the log 

transformed data by selecting the data columns 

(ln length and ln weight) and >Insert Chart > 

XY scatter. What is the shape of the plot now? 

Attach a printout to this page if you wish.

 (b) Follow the calculation of the correlation 
coefficient (r) using the log transformed data. 

Under the Formulas tab, click "Show Formulas" 

to switch between showing and hiding the values.
 (c) What is the value of the correlation coefficient, r?

 (d) What is the relationship between fish length and 

fish weight and how strong is this relationship?

To make the data plot linear and meet the requirements of the test

— No, it's curvilinear

—

+ +

+

+

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

The working spreadsheets 
support those activities in the 
book or on the TDE with a 
strong data analysis component. 
They include all data and 
comments on 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.

The TDE includes a small number of extra 
statistical activities that offer appropriate 
analyses for some types of data (as 
outlined in activity 18 of the book). These 
are provided with supporting spreadsheets.


