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Introduction  

1 This booklet contains a concept-driven scheme of work and some suggested activities for 

the Edexcel GCSE in Additional Science Unit B2 Topic 1: Inside Living Cells. 

2 Two schemes of work are available for each topic in separate booklets. One of these 

booklets contains a scheme of work that is concept-driven ie scientific ideas are presented 

before their applications are explored. The other booklet contains a scheme of work that is 

context-driven ie applications of science are presented before the scientific principles used 

in these applications are explored.  

3 Booklets for each GCSE in Additional Science topic are provided free of charge to centres 

who are offering the Edexcel GCSE suite of Science qualifications via the secure area of the 

Edexcel website (www.edexcel.org.uk). 

4 Although Edexcel owns the copyright for the booklets, they are provided in Word format so 

that Edexcel centres may customise the schemes if required. 

5 Each lesson is designed to last for 50 minutes although the total teaching time is not stated 

in the specification; teachers may adjust the schemes of work to accommodate the time 

available in individual centres.  

6 Centres are responsible for the overall risk assessment of experimental work undertaken by 

students. 

7 Attention is drawn to the need for safe practice when students carry out laboratory 

experiments or observe demonstrations. Particular attention is drawn to the possible hazards 

associated with electrical equipment, the handling of micro-organisms and ionising 

radiation. Strict aseptic conditions should be used when undertaking practical work. 

Reference must be made to COSHH regulations and any specific local education authority 

restrictions. 

Relevant advice can be obtained from the following publications: 

 CLEAPSS Laboratory Handbook (available from CLEAPSS School Science Service, 

website www.cleapss.org.uk) 

 Control of Substances Hazardous to Health Regulations (HSE, 2005) ISBN 0717629813 

 Hazcards (2004 update available from CLEAPSS School Science Service) 

 Topics in Safety, Third Edition (ASE, January 2001) ISBN 0863573169. 
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LESSON 1: DNA 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.1 

B2 1.2 

7A Cells. Recognise the 

structure of DNA 

and understand 

DNAôs role in 

protein synthesis. 

Where is the Genetic Code? 

Discuss the role of the nucleus in 

the cell before going on to 

Activity Sheet 1.1: DNA 

structure. 

Activity 1.1: DNA structure. 

A double helix can also be 

modelled by twisting pipe 

cleaners.  

Discuss studentsô DNA structure 

sheets and go on to look at how 

DNA codes for proteins ï notes 

are included. 

Activity sheet 1.1: DNA 

structure. 

Internet access. 

Pipe cleaners. 

Describe a DNA molecule as 

two strands coiled to form a 

double helix, the strands 

linked by a series of paired 

bases (adenine with thymine 

and cytosine with guanine). 

Explain that DNA controls 

the joining together of amino 

acids to make a specific 

protein in a cell and that the 

order of bases in a section of 

DNA decides the order of 

amino acids in the protein. 

C: 

2.1 

2.3 

 

Homework: 

1 More-able students ï research and describe transcription using diagrams and bullet-point notes. 

2 Outline what the Human Genome Project is and its overall achievements to date. 

3 Learn more about the discovery of the structure of DNA. Write a report or prepare a presentation to include the two possible approaches as taken by Crick and 

Watson, and Rosalind Franklin. 



Scheme of work for  Topic 1: Inside Living Cells  

Support material: Inside Living Cells (Concept approach) ï Edexcel GCSE in Additional Science  

ï Issue 1 ï August 2006 © Edexcel Limited 2006 
3 

 

LESSONS 2 and 3: Making insulin  

Spec. 

code 

Li nks and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.3 

B2 1.4 

B 1.5 

B2 1.6 

7A Cells. DNA sections can 

be transferred to 

microbes in order 

to make certain 

products such as 

insulin. 

These microbes 

require specific 

conditions. 

Sections of DNA can be transferred to 

microorganisms. 

Case Study ï Insulin. Activity 1.2.1: DNA 

technology ï making insulin. 

Growing microbes to make the insulin. 

Activity 1.2.2: Using modified 

microorganisms to produce insulin. 

Review questions and discuss how the 

fermenter works. (developed in more detail 

in Unit B3). 

Use animation on the GCSE bitesize website 

and summarises insulin production.  

Click óVariation and Inheritanceô. 

Click óCloningô. 

Click óApplications of genetic engineeringô. 

Group discussion ï What are the advantages 

of using microorganisms in food 

production?  

 Students to consider: 

 rapid population growth 

 ease of manipulation 

 production independent of climate 

 use of waste products as food sources 

for microorganisms. 

(Developed in more detail in Unit B3). 

Activity sheet 

1.2.1: DNA 

technology ï 

making insulin. 

Activity sheet 

1.2.2: Using 

modified 

microorganisms 

to produce 

insulin. 

internet access. 

www.bbc.co.uk

/schools/gcsebit

esize/biology. 

Explain that sections of 

DNA coding for specific 

proteins can be 

transferred into 

microorganisms which 

are then cultivated in 

fermenters to produce 

useful substances, 

including human insulin. 

Explain that 

microorganisms use an 

external food source to 

obtain energy, changing 

some substances in the 

medium and recall that 

this process is 

fermentation. 

Describe a fermenter as a 

vessel used to cultivate 

microorganisms and 

explain the need to supply 

suitable conditions in 

fermenters, including 

aseptic precautions, 

nutrients, optimum 

temperature and pH, 

oxygenation and 

agitation. 

C: 

2.1 

Sensitivity 

to the 

issue of 

diabetes. 
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LESSONS 2 and 3: Making insulin (continued) 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

     Explain the advantages of 

using microorganisms for 

food production: 

rapid population growth; 

ease of manipulation 

production independent of 

climate 

use of waste products 

from other industrial 

processes. 

  

Homework:  

Gene splicing interactive at BioAus (www.biotechnologyonline.gov.au). 

Click onô resourcesô and then óinteractivesô. 

Extension work: 

Research into one of the following: 

 ethics of insulin production on a large scale 

 a case study into another product produced in this way, ie human growth hormone, blood-clotting factors needed to treat haemophilia, and erythropoietin which is 

used to treat anaemia. 
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LESSONS 4 and 5: DNA and protein synthesis 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.7 

B2 1.8 

7A Cells. The detailed role of 

DNA in protein 

synthesis. 

Describe and model the 

coding by triplets of bases to 

produce RNA. 

Activity 1.4.1: Producing 

RNA from DNA. 

Activity 1.4.2: The role of 

RNA in making polypeptides. 

The terms ótranscriptionô and 

ótranslationô could be 

introduced to the students at 

this point. 

Activity sheet 1.4.1: 

Producing RNA from 

DNA. 

Reference books so 

students can look up 

ótranscriptionô. 

Internet access. 

Activity sheet 1.4.2: The 

role of RNA in making 

polypeptides. 

Internet access. 

Codon information sheet 

1.4. 

Describe organelles in 

the cell that are involved 

with making protein. 

Describe the stages of 

protein synthesis: 

 the coding by triplets 

of bases to produce 

RNA 

 the linking of RNA 

to ribosomes 

 the linking of amino 

acids to form 

polypeptides. 

WO: 

2.2 

 

Homework: Activity: 1.4.3: Learning review. 
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LESSON 6: Aerobic respiration 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.9 

B2 1.10 

B2 1.12  

8B Respiration.  Aerobic respiration 

provides energy. 

Review the aerobic respiration 

equation. Discuss where the 

glucose and oxygen comes from 

and what happens to the carbon 

dioxide, water and energy that are 

produced. Ensure students know 

where this process happens and 

that it is different from breathing. 

Diffusion plays a critical role. 

Demonstration 

Potassium permanganate diffusion 

in cold water and create definition 

for diffusion. 

Activity 1. 6.1: Background notes. 

Go through the background notes 

and add examples where spaces 

have been left. 

Plenary 

Students in pairs to complete 

Activity 1.6.3: Respiration rewrite. 

Discuss statements and changes 

made with students. 

Whiteboard. 

Potassium 

permanganate,  

beaker, cold water, 

thistle funnel. 

Activity sheet 1.6.1: 

Background notes. 

Recall that aerobic 

respiration provides 

energy for work. 

Explain how glucose and 

oxygen diffuse from 

capillaries into respiring 

cells, and how carbon 

dioxide diffuses from 

respiring cells into 

capillaries. 

Explain why respiration is 

increased in exercising 

muscles and why 

diffusion of oxygen and 

carbon dioxide at the lung 

surface and muscles is 

increased. 

C: 

2.1 

 

Homework: Activity 1.6.2: Diffusion and respiration. 



Scheme of work for  Topic 1: Inside Living Cells  

Support material: Inside Living Cells (Concept approach) ï Edexcel GCSE in Additional Science  

ï Issue 1 ï August 2006 © Edexcel Limited 2006 
7 

 

LESSONS 7 and 8: Exercise affects breathing rate 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.11 

B2 1.14 

8B Respiration. 

9B Fit and healthy. 

Heart rate and 

breathing rate 

increase during 

exercise. 

Some methods and 

apparatus/equipment 

provide greater 

reliability of results. 

Experiment 1.7. Students plan and 

carry out an investigation to measure 

the effects of exercise on an 

individualôs breathing and heart rate. 

The actual experiment will depend 

on available equipment. This 

investigation might form a joint 

project with the PE department. 

Students produce a results table and 

relevant graphs. 

Students should reach a conclusion 

from the results and analyse both the 

method and apparatus used. 

One or several groups of students 

should present their findings and 

scientific interpretation to the class. 

Students to complete to Activity 1.7: 

Interpreting data in pairs. 

Timers. 

Heart rate monitors. 

Tape measure. 

Graph paper. 

Activity sheet 1.7 

Interpreting data. 

Experiment sheet 

1.7: Investigation to 

measure the effects 

of exercise on an 

individualôs 

breathing and heart 

rate. 

Explain why heart 

rate and breathing 

rate increase with 

exercise and interpret 

data on these 

measurements. 

Demonstrate an 

understanding of 

how digital 

thermometers, and 

breathing rate and 

heart rate monitors, 

can provide more 

reliable data than 

traditional methods. 

C: 

2.1 

N: 

2.1 

2.3 

WO: 

2.1 

2.2 

2.3 

Consider 

student 

health and 

appropriate 

space 

needed for 

the activity. 

Homework: Complete practical write-up; complete Activity 1.7: Interpreting data. 
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LESSON 9: Anaerobic respiration and exercise 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 1.13 

B2 1.15 

B2 1.16 

8B Respiration.  

9B Fit and healthy. 

If not enough oxygen 

is available cells can 

switch to anaerobic 

respiration, but this is 

a limited function with 

drawbacks. 

Write down the reaction for anaerobic 

respiration and discuss where the 

materials come from. Explain why 

lactic acid is produced. Also consider 

when this happens and how it feels ï 

getting a stitch, cramp, etc. 

Watch a short video clip of a running 

race. Get students to write down the 

physical changes they can see in the 

athletes at the end of the race.  

Why are they red in the face?  

Why are they breathing more?  

Why are they holding their sides? Why 

does it hurt? etc 

Students create a mind map/spider 

diagram of the topic. The example 

outline mind map could be given as a 

start point and further detail added. 

Video clip of 

running race 

with finish. 

A3 paper. 

Example mind 

map. 

Explain why during 

vigorous exercise, muscle 

cells may not receive 

sufficient oxygen for their 

energy requirements. 

Describe that glucose is 

changed to lactic acid and 

energy is released, during 

anaerobic respiration. 

Explain why extra oxygen 

is needed to remove the 

lactic acid that causes 

cramp (oxygen debt). 

C: 

2.1 

2.2 

2.3 

 

Homework: Complete mind map. 
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LESSON 10: Which diet? How much exercise? 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 

1.17 

8A Food and 

digestion. 

9B Fit and healthy. 

Does advice on diets 

and exercise change 

over time based on 

science or fashion? 

In pairs, students research a number of 

different areas to do with fitness and diet 

advice ï advice in the 1900s, Second 

World War, 1970s, 2000s. 

Students report back to the class with 

main findings. 

Group discussion ï what is this advice 

based on? Culture? Fashion? Science? 

Acceptability? etc. 

Can we believe the validity of some of 

these commercial websites?  

Complete Glossary sheet for Topic 1: 

Inside living cells. 

Internet access. 

Reference books. 

Useful resources 

sheet. 

Glossary sheet for 

Topic 1: Inside 

living cells. 

Discuss why official 

advice on diet and 

exercise change over 

time and consider the 

scientific basis of 

current fashionable diets 

and advice. 

C: 

2.1 

 

Homework: Complete glossary sheet for inside living cells. Review and revise learning. 
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What you will learn from this activity  

By the end of this activity you will be able to: 

 describe the structure of DNA 

 match base pairs 

 state how DNA is involved in making proteins. 

What you will do  

1 You are going to create a diagram that looks at the nucleus in detail ï titled óDNA 

structureô. 

First learn about DNA using the following website: www.biotechnologyonline.gov.au 

You need to find the óDNA Zoomô activity. 

 Select óresourcesô from the menu bar. 

 Click for a list of interactives and worksheets.  

 Select óDNA Zoomô and work through the interactive. 

 Also look at ótranscriptionô. 

Now complete the template that zooms in on DNA on the next page. 

2 Answer these questions in full sentences. 

a) Where is DNA found in living cells? 

b) What three parts make up the DNA molecule? 

c) Which base matches up to adenine? 

d) Which base matches to cytosine? 

e) How many bases code for one amino acid? 

f) What is this set of bases called? 

g) What is the name given to the molecule made up of lots of amino acids joined together? 
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1 Cell and nucleus. 

2 Chromosomes. 

3 DNA structure to include backbone and base pairs. 

5 How does the order of the base pairs code for 

polypeptides? 

4 Base pairs in detail (untwist the helix to show the 

órungs of the ladderô). 
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DNA structure ð teacher õs notes 

1 Cell and nucleus. 

 

 Nucleus 

 

2 Chromosomes. 

 

 

 

3 DNA structure to include backbone 

and base pairs. 

 

                  

 

 

5 How does the order of the base pairs code for 

polypeptides? 

Three bases code for one amino acid. The 

sequence of three bases is called the triplet 

code. Each amino acid has its own triplet 

code (some have more than one code). 

Different polypeptides have a different order 

of amino acids joined together. 

4 Base pairs in detail (untwist the helix to show 

the órungs of the ladderô). 
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Answers to questions on Activity Sheet 1.1  

a) Nucleus. 

b) Phosphate backbone, sugar, base. 

c) Thymine (T). 

d) Guanine (G). 

e) 3. 

f) Triplet code or codon. 

g) Protein. 
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How does the nucleus control the cell? 

 DNA is made up of a backbone of phosphate, sugar molecules and a base. 

 The bases form the rungs of the ladder. 

 Adenine matches only to thymine and cytosine matches only to guanine. 

 You can read down one side of the ladder to get a sequence of bases: 

 Each sequence of three bases is called a triplet code or codon. 

 The next codon in the sequence will be the code for another amino acid. 

 A triplet code gives 64 different combinations. So many amino acids have more then one 

codon coding for them. 

 DNA in the cell codes for amino acids by using this coding system. 

 The order of the base pairs is critical in DNA, as it is this that determines the order of the 

amino acids in the protein. 

 

The first three base pairs are: 

CAG  

CAG codes for the amino acid 

glutamine. 
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What you will learn from this activity  

 To describe how DNA technology can be used to make insulin. 

What you do  

1 Take five minutes to study the diagram showing gene splicing. 

Image courtesy of University of Technology, Sydney 

 

2 Make a list of the scientific words that are new to you and/or are integral parts of the 

diagram. 

3 Using the diagram, try to write a brief definition for these words. For example if you picked 

óligaseô you might have remembered that things ending in ó-aseô are generally enzymes. 

From the diagram ligase seems to be an enzyme that joins pieces of DNA together. 

4 Now consider the following with your group. 

a) What is insulin used for in the body? 

b) Where did medical insulin (needed to treat diabetes) come from before bacteria were 

used to produce it? 

c) Why was that particular section of DNA chosen to do this job? 

d) What role do the bacteria play in insulin production? 

Note to students ï Know that sections of DNA that can code for specific proteins can be 

transferred into microorganisms. These can then be grown to produce useful substances, such 

as human insulin. 
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Answers 

Skills, knowledge and understanding  

 Describe how DNA technology can be used to make insulin. 

What you do  

1 Take five minutes to study the diagram showing gene splicing. 

Image courtesy of University of Technology, Sydney 

 

2 Make a list of the scientific words that are new to you and/or are integral parts of the 

diagram. 

3 Using the diagram try to write a brief definition for these words. For example if you picked 

óligaseô you might have remembered that things ending in ó-aseô are generally enzymes. 

From the diagram ligase seems to be an enzyme that joins pieces of DNA together. 

 Restriction enzyme ï enzyme used to cut a piece of DNA. 

 Insulin ï protein. 

 Splice ï connected into. 
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4 Now consider the following with your group. 

a) What is insulin used for in the body? 

Insulin is a particular type of protein called a hormone made in the pancreas but acts on 

the liver, fat and muscle tissues. Excess sugar (glucose) is converted to glucagon which 

is stored as an energy reserve in the muscles and liver. 

b) Where did medical insulin (needed to treat diabetes) come from before bacteria were 

used to produce it? 

Most insulin would have been taken from the pancreas of slaughtered animals, mainly 

pigs. 

c) Why was that particular section of DNA chosen to do this job? 

This section of DNA contains the code for making insulin. From lesson 1 students will 

recall that this will be made up of a sequence of base pairs formed into codons ï each 

codon coding for a specific amino acid that is part of the protein insulin. 

5 What role do the bacteria play in insulin production?  

The bacteria contain the manipulated DNA, which now contains the insulin-producing gene. 

Bacteria will multiply quickly and produce insulin in the process. This insulin can be 

collected and refined for use as a medical product. 

Note to students ï Know that sections of DNA that can code for specific proteins can be 

transferred into microorganisms which can then be grown to produce useful substances, such as 

human insulin. 
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What you will learn from this activity  

By the end of this activity you should be able to: 

 recall how microbes ferment 

 describe how a fermenter cultivates microorganisms, such as the modified bacteria used to 

produce insulin. 

What you do  

Study the diagram of the fermenter and answer the questions. 

A fermenter is a vessel used to grow microorganisms under specific conditions. 

Use the diagram and other resources to help you to answer the following questions. 

1 What is the function of the:  

i cooling jacket 

ii  motor turning paddle wheel 

iii  air pump 

2 Why is it important to control the pH of the mixture in the fermenter? 

3 Are there other factors that should be considered when growing microorganisms in a 

fermenter vessel? 

4 What procedures must be used to prevent contamination of the fermenter? 




















































