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GRADE 11A: Biology 1 

Relating cell structures to function 

About this unit 
This unit is the first of eight units on biology for 
Grade 11 advanced. 

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 Grade 12A and 
Grade 10A. 

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, students describe the structural features of 
mitochondria and chloroplasts and how these relate to the chemical 
processes of respiration and photosynthesis, respectively. 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 and photosynthesis. They outline the reaction steps in the 
glycolysis, Krebs cycle and oxidative phosphorylation stages of respiration. 
They outline the reaction steps in the light-dependent and light-independent 
stages of photosynthesis. They relate the structure of a plant leaf to its 
function in photosynthesis and understand the factors limiting the rate of 
photosynthesis. 

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. They know the reactions in the two stages of 
photosynthesis and the importance of the Calvin cycle. They know about 
cyclic and non-cyclic photophosphorylation and the use of ATP in the light-
independent stage of photosynthesis. They know how carbon-14 has been 
used to investigate photosynthesis. They understand the absorption 
spectrum of chlorophyll and know that the pigments of chlorophyll can be 
separated by chromatography. 
 

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 
• simple photosynthometers 
• datalogger, with light, oxygen and temperature sensors 
• 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 
• photosynthesis 
• light-dependent reactions, light-independent reactions, the Calvin cycle 
• dicotyledonous leaf 
• chloroplast stroma, grana, thylakoids 
• limiting factors 

UNIT 11AB.1 
7 hours 
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Standards for the unit 

7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

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

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

 

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

11A.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. 

11A.5.3 Describe the structure of a dicotyledonous leaf and a palisade 
cell and relate their structures to their roles in photosynthesis. 

 

 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. 

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. 

11A.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.5.3 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. 

1 hour 

Mitochondria and 
chloroplasts, and 
role of ATP 
 

1 hour 

The structure 
and function of 
the cell 
membrane 
 

1 hour 

Relating leaf 
structure to 
photosynthesis 
 

1 hour 

Biochemistry of 
aerobic 
respiration 
 

1 hour 

Biochemistry of 
photosynthesis 
 

2 hours 

Limiting factors 

 

  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). 
 

Unit 11AB.1 
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7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

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. 

12A.6.1 Explain that energy is transferred by the 
photoactivation of chlorophyll resulting in the 
splitting of water molecules and the transfer of 
energy to ATP and NADPH; that this involves 
cyclic and non-cyclic photophosphorylation; that 
this generates hydrogen for the light-independent 
stage of the process; that gaseous oxygen is 
produced. 

12A.6.2 Explain that the Calvin cycle involves the light-
independent fixation of carbon dioxide by 
combination with RuBP (5C) to form two 
molecules of GP (3C), that ATP and NADP are 
required for the reduction of GP to carbohydrate, 
and that RuDP is regenerated. 

12A.6.3 Describe how carbon-14 has been used to 
establish the biochemistry of photosynthesis. 

  11A.6.3 Describe the reaction steps in the light-dependent and light-
independent stages of photosynthesis, including the role of 
ATP. 

12A.6.4 Know that chlorophyll reflects green light and 
absorbs in the red and blue areas of the 
spectrum, and that the pigments of chlorophyll 
can be separated by chromatography. 

  11A.7.1 Explain how carbon dioxide concentration, light intensity and 
temperature are interdependent limiting factors for 
photosynthesis. 
 

 



212  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AB.1  |  Biology 1 © Education Institute 2005 

Activities 

Objectives Possible teaching activities Notes School resources 

Introduce this component by linking the mitochondria and chloroplasts to energy; ask students 
to recall earlier work from Grade 9 to see what they understand by the terms respiration and 
photosynthesis. 

 

Recall Standards 9.8.1 on aerobic respiration 
and 9.11.1 on photosynthesis. 

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

Start by asking students to recall earlier work from Unit 10AB.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. 

Provide each student with an electron micrograph of a chloroplast with numbered arrows and a 
size scale and ask them to label the chloroplast (grana, stroma, thylakoid membranes, outer 
membrane and inner membrane), describe the features (e.g. presence of pigments) and identify 
the functions of the parts (sites of light-dependent and light-independent reactions). 

 

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

Prepare a suitable diagram. 

 

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. 

 

Ask students to draw a large diagram of a mitochondrion or chloroplast 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 or 
photosynthesis occur (e.g. the Krebs cycle in the matrix, diffusion of oxygen through the outer 
membrane). 

Colour always enhances diagrams.  

As an interesting activity, ask students ‘What is the most important reaction on the planet?’ 
Discussion should lead them to decide that the answer is photosynthesis. If anyone is 
undecided, ask them ‘Where does all the food and oxygen on the planet come from?’ 

  

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

Recall Standard 10A.5.1.  

 

1 hour 

Mitochondria and 
chloroplasts, and the role 
of ATP 
Describe the structure of 
mitochondria and 
chloroplasts and link their 
structures to the biochemical 
and photochemical reactions 
of respiration and 
photosynthesis. 

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

 

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. 
 

 

 

 
   

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

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. 
 
 

 

  

 

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.  

 

1 hour 

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. 

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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Objectives Possible teaching activities Notes School resources 

1 hour 

Relating leaf structure to 
photosynthesis 
Describe the structure of a 
dicotyledonous leaf and a 
palisade cell and relate their 
structures to their roles in 
photosynthesis. 

Ask students to work individually to observe prepared slides of cross-sections of leaf cells under 
a microscope. 

Ask them to count the number of chloroplasts in palisade cells and spongy mesophyll cells to 
find out which contain most chloroplasts and what variation exists. 

Ask students, working individually, to cut cross-sections of leaves, prepare slides, study them 
with a microscope and draw selected views. 

Suggest that they draw the morphology of a range of different plant leaves. 

Ask students to use graph paper to find the total surface area of some plant leaves by drawing 
around each leaf and calculating the total area of each leaf. The total surface area of all the 
leaves of the plant can be estimated from this data. 

Ask students to draw a table to show a list of the features of a leaf in one column and to explain 
how each feature is adapted to assist photosynthesis in the next column (e.g. ‘large flat surface’ 
and ‘intercepts Sun’s light energy’). 
 

Students will need: microscopes, selected 
microscope slides, microtome. 

Enquiry skill 3.1 
 

A microtome cuts excellent sections. 
Alternatively, use a carrot split in half to make a 
suitable support for a leaf while sectioning by 
hand using a safety razor blade. 

 

 

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

Then link to Unit 10AB.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). 

 

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. 

 

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

1 hour 

Biochemistry of aerobic 
respiration 
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. 

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 11A.2.3 
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Objectives Possible teaching activities Notes School resources 

Ask students to find out on the Internet about the work of Robert Hill at Cambridge on 
chloroplasts. 

Ask students what happens to water in the light-dependent reaction. The answer is that 
chloroplasts split water molecules using light energy (photolysis) and so the simple equation for 
photosynthesis that suggests carbon dioxide as the source of oxygen needs to be rewritten. 

To describe the reaction steps, use an OHT or whiteboard to develop and illustrate how the 
absorption of light by the photosynthetic pigments, especially chlorophyll, in the thylakoid 
membranes of the chloroplast causes electrons from the chlorophyll photosystem to be raised 
to a higher energy level. The electrons are then passed along an electron transport chain during 
which energy is released and used to synthesise ATP from ADP and inorganic phosphate: a 
process known as photophosphorylation. The chlorophyll‘s lost electrons are replaced by those 
from the splitting of water (photolysis) resulting in the release of oxygen gas and hydrogen ions. 
The electrons that have passed along the electron transport chain are used together with the 
hydrogen ions to reduce NADP. 

ICT opportunity: Use of the Internet.  1 hour 

Biochemistry of 
photosynthesis 

Describe the reaction steps in 
the light-dependent and light-
independent stages of 
photosynthesis, including the 
role of ATP. 

Use an OHT or whiteboard to outline the light-independent reactions that take place in the 
stroma of the chloroplasts, where carbon dioxide from the atmosphere is fixed using ATP and 
reduced NADP from the light-dependent reaction to reduce carbon dioxide to carbohydrate. 

  

 Ask students to use the Internet to investigate how Melvin Calvin contributed to our 
understanding of photosynthesis. Use the following activities to improve their understanding. 
• Prepare sets of cards displaying the events and components of the Calvin cycle. Each card 

should describe a single reaction or give the name of a single chemical intermediate or 
enzyme (e.g. ribulose bisphosphate carboxylase – the commonest enzyme in the world). Ask 
students to work in pairs to arrange a set of these cards in the correct sequence. Begin by 
using a simple set of cards showing just the number of carbon atoms in each compound 
rather than names of compounds. Add more detailed cards for more advanced students as 
required. 

• Use a set of cutout OHT shapes showing the events of the Calvin cycle, as described above, 
and build the cycle up sequentially with a logical progression and explanation. 

• Provide students with a template of the Calvin cycle with empty boxes in which they can write 
the names of the intermediates. Either ask students to complete the exercise from their own 
research or use the template in conjunction with the card activity above. 

Ask students to identify the way that the light-dependent reaction helps the light-independent 
reaction (via ATP and reduced NADP). 

ICT opportunity: Use of the Internet. 
 
Write out sets of suitable cards: a simple set and 
a more complex set. 
Unit 12AB.1 develops the understanding of the 
Calvin cycle. 
 
 
 
Prepare OHT cutout shapes of Calvin cycle 
components. 
Prepare Calvin cycle template. 
 

 

  

 

  

2 hours 

Limiting factors 
Explain how carbon dioxide 
concentration, light intensity 
and temperature are 

Demonstrate the rate of photosynthesis of a culture of algae using a datalogging technique with 
sensors for light, oxygen and temperature determination. 

The opportunity is presented here for students to conduct one or more practical investigations 
on how the rate of photosynthesis is affected by a change in an environmental factor. Students 
can work individually but, unless they are being assessed, working in pairs is recommended for 
ease and use of equipment in the following investigations. 

ICT opportunity: Use of dataloggers and 
sensors. 
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Objectives Possible teaching activities Notes School resources 
interdependent limiting 
factors for photosynthesis. 

Get students to use a simple photosynthometer to investigate the effect on the rate of 
photosynthesis of an aquatic plant (e.g. algae or Elodea) of changing one factor while keeping 
all other factors constant. Aquatic plants release bubbles of oxygen as photosynthesis occurs 
and students can obtain quantitative results by collecting these bubbles over a period of time 
and measuring the volume of gas produced. They can also get useful results simply by counting 
the number of bubbles released over a given period of time. However, because of variations in 
bubble size, this method is at best semi-quantitative and will not yield precise results. Suitable 
factors to investigate include: 
• light intensity: move a light source to measured distances from the apparatus in an otherwise 

darkened room; 
• the wavelength of light: use coloured filters in a darkened room; 
• carbon dioxide concentration: vary the concentration of hydrogen carbonate ions in the 

solution; 

• temperature: use water baths at set temperatures to hold the apparatus. 

Simple photosynthometers can be made from 
syringes and capillary tubing. 

Enquiry skills 11A.1.3, 11A.3.1–11A.3.3, 
11A.4.1, 11A.4.2 
 
 
 
A light meter can produce more accurate 
measurements of light intensity for plotting 
graphs. Alternatively, intensity can be 
determined from the inverse square law; for 
example, if the distance of the light source is 
doubled then the light intensity falls to a quarter 
of its previous value. 

 

 Ask students to explain the results of experiments (such as those above) in which light intensity, 
carbon dioxide or temperature have been varied. 

Use the OHP to show students graphs comparing the effects of light intensity on the rate of 
photosynthesis of a plant exposed to (e.g. four) different treatments, such as the following: 
(a) 0.03% CO2 at 20 °C; 
(b) 0.03% CO2 at 30 °C; 
(c) 0.13% CO2 at 20 °C; 
(d) 0.13% CO2 at 30 °C. 

Ask students to use the Internet to investigate the work of F.F. Blackman, who formulated the 
principle of limiting factors: ‘At any given moment, the rate of a physiological process is limited 
by the one factor which is in shortest supply.’ 

Ask students to explain the shape of the graphs by reference to limiting factors. A typical 
answer might be: ‘In all the graphs (a, b, c and d) the rate of photosynthesis will increase with 
light intensity up to a point and then tail off. At this point some other factor, such as the 
concentration of carbon dioxide, is in short supply and so limits the rate. An increase in the 
carbon dioxide concentration again increases the amount of photosynthesis until some further 
factor, such as temperature, limits the process.’ 
 

 
 

Prepare suitable OHTs. 
 

 
 
 
 
ICT opportunity: Use of the Internet. 

Enquiry skill 11A.2.3 
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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. 

  

Label the following cross-section of a dicotyledonous leaf and write an account to describe how 
the leaf ‘s structure is related to its function in photosynthesis 

Give students a suitable diagram with numbered 
arrows. 

 

Explain why ATP is regarded as the universal energy currency in all living organisms   

Describe the reaction steps in the light-dependent stage of photosynthesis   

Describe the reaction steps in the light-independent stage of photosynthesis   

Explain how carbon dioxide, light and temperature affect the rate of photosynthesis by 
reference to the accompanying graph. 

Give students a suitable graph showing carbon 
dioxide, light and temperature as limiting factors 

 

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. 

Why might a glasshouse grower be interested in limiting factors? 
 

  
 

 

Unit 11AB.1 
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