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GRADE 11F: Biology 1 

Linking cell structures to function 

About this unit 
This unit is the first of six units on biology for 
Grade 11 foundation. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grades 11A and 12A, 
and Grade 10F. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
explain how substances get into and out of cells. They should be able to 
explain and give equations for aerobic and anaerobic respiration and 
fermentation, and know how conditions affect respiration. 
 

Expectations 
By the end of the unit, most students describe the structural features of 
mitochondria and how these relate to the chemical processes of respiration. 
They understand the mechanisms of diffusion, osmosis and active transport, 
and relate these processes to the fluid mosaic model of a cell membrane. 
They know that ATP is the immediate energy source in cellular processes 
and relate this to respiration. They outline the reaction steps in the 
glycolysis, the Krebs cycle and oxidative phosphorylation stages of 
respiration. 

Students who progress further understand the basic biochemistry of 
anaerobic respiration and compare this with aerobic respiration. They know 
the structure of ATP and ADP, the reactions in the three stages of aerobic 
respiration and the role of NAD and ATP. They understand why aerobic and 
anaerobic respiration yield different amounts of energy in the form of ATP. 
They understand respiratory quotient and relate this to energy values of 
respiratory substrates. 
 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• electronmicrographs 
• microscope attached to a video camera and monitor  
• visking tubing 

• simple modelling materials 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• mitochondria 

• glycolysis, the Krebs cycle, oxidative phosphorylation 
• aerobic respiration, anaerobic respiration 
• fluid mosaic model  
• diffusion, osmosis, active transport 

UNIT 11FB.1 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10F.7.2 Recognise and know the function of 
a nucleus, mitochondria, 
chloroplasts, endoplasmic reticulum 
and ribosomes. 

11F.5.1 Describe the structure of mitochondria and relate this to the biochemical 
reactions of respiration. 

11A.5.1 Describe the structure of mitochondria 
and chloroplasts and link their 
structures to the biochemical and 
photochemical reactions of respiration 
and photosynthesis. 

10F.5.1 Describe the composition and 
molecular structure of glucose, 
amino acids, glycerol, fatty acids, 
triglycerides, phospholipids, 
chlorophyll and haemoglobin. 

11F.5.2 Explain the structure and functioning of the fluid mosaic model of the cell 
membrane in relation to the properties of phospholipids and the 
mechanisms of diffusion, osmosis and active transport. 

 

9.7.2 Explain diffusion and osmosis as 
mechanisms for the movement of 
substances into and out of cells. 

  

 11F.6.1 Describe the role of ATP as the universal energy currency in all living 
organisms and relate this to respiration. 

11A.6.1 Describe the role of ATP as the 
universal energy currency in all living 
organisms and relate this to 
respiration and photosynthesis. 

12A.5.1 Explain how the biochemistry, 
products and energy release of 
anaerobic respiration differ from those 
of aerobic respiration and how 
anaerobic respiration builds up an 
oxygen debt. 

12A.5.2 Explain the structure and function of 
ADP and ATP and the synthesis of 
ATP in the electron transport chain on 
the membranes of the mitochondria. 

2 hours 

Mitochondria and 
respiration 
 

1 hour 

The role of ATP 
 

2 hours 

The stages of 
aerobic 
respiration 
 

4 hours 

The structure 
and function of 
the cell 
membrane 

 

9.8.1 Give the word and formula equations 
for aerobic respiration; explain the 
process as a cellular biochemical 
reaction in animals and plants in 
which food acts as a respiratory 
substrate and reacts with oxygen to 
release energy and produce carbon 
dioxide and water. 

11F.6.2 Describe the reaction steps in the three stages of aerobic respiration 
(glycolysis, the Krebs cycle and oxidative phosphorylation), including the 
roles of oxygen and ATP. 

12A.53 Outline glycolysis as the 
phosphorylation of glucose and the 
subsequent splitting of hexose 
phosphate (6C) into two triose 
phosphate molecules, which are 
further oxidised with a small yield of 
ATP and reduced NAD. 

Unit 11FB.1 
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9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

12A.5.4 Explain that when oxygen is available, 
pyruvate is converted into acetyl 
coenzyme A (2C), which then 
combines with oxaloacetate (4C) to 
form citrate (6C). 

12A.5.5 Explain the Krebs cycle as a series of 
decarboxylation and dehydrogenation 
reactions in the matrix of the 
mitochondria that reconvert citrate to 
oxaloacetate; explain the role of NAD. 

12A.5.6 Explain the role of oxygen in the 
process of oxidative phosphorylation. 

  

12A.5.7 Explain respiratory quotient and the 
relative energy values of 
carbohydrates, proteins and lipids as 
respiratory substrates. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Start by asking students to recall earlier work from Unit 10FB.2 on cell ultrastructure. 

Show students a variety of electron micrographs of eukaryotic cells containing images of 
mitochondria among other structures. Ask students to work in pairs to identify, count and 
measure the mitochondria (if a scale or a magnification is given). Discuss their findings with the 
whole class to compare results and explain the variation found. 

 

 
 
Mathematics: Mathematical skills are needed to 
determine sizes from scales or magnifications. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Encourage students to make models of mitochondria from everyday materials found at home. 
Ask them to indicate the scale of the model produced. 

Simple materials such as empty drinks bottles, 
balloons or plastic bags could be used here. 

 

2 hours 

Mitochondria and 
respiration 
Describe the structure of 
mitochondria and relate this 
to the biochemical reactions 
of respiration. 

Ask students to draw a large diagram of a mitochondrion to show its detailed structure and to 
label the individual features. Then get them to annotate the diagram with further information 
identifying where specific events associated with aerobic respiration occur (e.g. the Krebs cycle 
in the matrix, diffusion of oxygen through the outer membrane).  

Colour always enhances diagrams.  

Introduce this component by linking the mitochondria to energy; ask students to recall earlier 
work from Grade 9 to see what they understand by the term respiration and then ask where the 
main location for respiration is in the cell. 

Recall Standard 9.8.1 on aerobic respiration.  

Link the production of ATP to the other organic molecules, such as carbohydrates, lipids and 
proteins discussed in Unit 10FB.1. Ask students how these high-energy respiratory substrates 
are linked to ATP. 

Recall Standard 10F.5.1.  

With students working in pairs, ask them to list what ATP is used for in life. Collate their 
answers on the board or OHP by asking for one item from each pair in turn. If their answers are 
not totally inclusive, widen their answers by prompting them to include all forms of life in their 
lists. Summarise the importance of ATP to all life forms. 

  

1 hour 

The role of ATP 
Describe the role of ATP as 
the universal energy currency 
in all living organisms and 
relate this to respiration. 

Ask students to recall the word and formula equations for aerobic respiration.  

Then link to Unit 10F.3 on enzymes by introducing the idea that aerobic respiration is an 
extremely complex multi-enzyme regulated process that is best described in three stages 
(glycolysis, the Krebs cycle and oxidative phosphorylation). 

Display a diagram of a cell on the OHP and ask students where they think each of the three 
stages occurs. Show them using OHT overlays. 

Recall Standard 9.8.1. 

Prepare an OHT diagram of a cell showing 
mitochondria, nucleus and cytoplasm, with 
overlay(s) showing the three stages identified at 
correct sites (glycolysis in cytoplasm, the Krebs 
cycle in mitochondrial matrix and oxidative 
phosphorylation on cristae). 

 

2 hours 

The stages of aerobic 
respiration 
Describe the reaction steps in 
the three stages of aerobic 
respiration (glycolysis, Krebs 
cycle and oxidative 
phosphorylation), including 
the roles of oxygen and ATP 

Outline the main events in the three reaction stages by showing students an OHT of the 
molecules at the start and end of each stage (e.g. glycolysis begins with a glucose molecule 
being primed with ATP and ends with two molecules of pyruvic acid, the net production of two 
molecules of ATP and two molecules of NADH2). The oxidation of NADH2 and associated 
production of ATP should clearly show students where most ATP is produced after the 
reactions of the Krebs cycle. 

Ask students to identify the site of oxygen consumption and its role in respiration. 

Give pairs of students a set of cards displaying different events in respiration and tell them to 
arrange the cards in the correct order. 

Prepare OHTs with the events of the three 
stages on separate overlays so the stages can 
be shown in sequence. 
 
 
 

 

Prepare sets of cards in which each card shows 
a different respiration event. 

 

Unit 11FB.1 
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Objectives Possible teaching activities Notes School resources 

Ask students to produce a wall chart to illustrate the reactions in aerobic respiration.   

Ask students to use the library and/or the Internet to find out about the work of Hans Krebs. ICT opportunity: Use of the Internet. 

Enquiry skill 11F.2.3 

 

A memorable and enjoyable opening to this topic is to begin by showing students a stream of 
bubbles blown from a child’s bubble mix. Ask students what the bubbles have in common with 
the cell and the topic of the cell membrane is likely to be suggested immediately. 

Use about ten or more phospholipid molecular shapes cut out of OHT sheets and ask students 
how they might be arranged to form a cell membrane. Discussion of a single layer or a double 
layer can be developed to involve the molecules’ properties. Introduce the concepts of 
hydrophobic and hydrophilic in relation to the phospholipids. The stability of the bilayer in water 
will follow logically. 

Tell students that chemical analysis reveals there are other molecules in the membrane: 
proteins. Introduce these varied larger molecular shapes to the model membrane. 

Prepare bubble mix. 
 
 

 

 

 4 hours 

The structure and function 
of the cell membrane 
Explain the structure and 
functioning of the fluid mosaic 
model of the cell membrane 
in relation to the properties of 
phospholipids and the 
mechanisms of diffusion, 
osmosis and active transport. 

Show students diagrams (either on the OHP or from a computer connected to an interactive 
whiteboard) of the fluid mosaic model of membranes to illustrate and aid discussion on both 
structure and function. 

Show students electron micrographs displaying cell membranes of both individual and adjacent 
cells. Consider showing specialised cells with microvilli or the membranes of cells associated 
with the blood–air barrier in the lungs to introduce the adaptation of the cell membrane and to 
link structure to function. 

Give pairs of students replicate sets of such micrographs and ask them to suggest how these 
structures are adapted for their specific function(s). 

ICT opportunity: Use of PowerPoint or the 
Internet with an interactive whiteboard. 

 

 The following activities on osmosis could be demonstrated or carried out by students in pairs. 
• Take three 20 cm lengths of visking tubing, each tied at one end. Add a measured volume of 

water to one, weigh it and place it in a beaker containing 5% glucose solution. Add an equal 
volume of 5% sugar solution to the second and 10% sugar solution to the third and weigh 
them. Place these in beakers containing water. After 1 hour weigh all three again. Compare 
the weight changes and ask students to explain them. 

• Place weighed samples of root vegetable discs in one of a range of salt and sugar solutions. 
Also put one in water for comparison. Reweigh them after 1 hour and compare the weight 
changes. Ask students to draw a graph and to explain the shape found. 

Using visking tubing normally produces very 
reliable results when treatments are set up with 
different solutions and differences in weights at 
the start and end are compared.  

 

 Tell students to carry out microscopic observations of single layers of cells (e.g. red onion 
epidermal cells immersed in water), and compare their appearance with cells in different 
strengths of salt or sugar solutions. Ask them to explain the observed phenomena, such as 
plasmolysis and turgidity, and to suggest how animal cells would behave in similar solutions. 

Present students with graphs and/or data on a process such as the take up of minerals by plant 
roots in different conditions (e.g. aerobic and anaerobic), to compare and contrast active 
transport with passive means such as diffusion. Ask students to explain the results. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Sort cards on which are written statements about aerobic respiration into a logical sequence. Issue students with cards on which are written 
statements about aerobic respiration 
(e.g. ‘produces two molecules of ATP’ or 
‘oxygen is used here’). 

 

Draw up an energy balance sheet for the stages of respiration to show where ATP was 
produced. 

  

Draw graphs from given data on the uptake of substances in different conditions and then 
explain the differences between them. 

Present students with tables of data displaying 
the uptake of substances in different conditions 
(e.g. different sugars taken up from the 
intestines with and without a metabolic poison 
such as cyanide).  

 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 
 

Examine drawings or micrographs of cells in different strengths of sugar solutions and explain 
what has happened to the cells. 

Present students with drawings or micrographs 
of cells in different strengths of sugar solution. 

 

 

 

Unit 11FB.1 
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