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GRADE 11A: Biology 8 

Microbiology and biotechnology 

Previous learning 
To meet the expectations of this unit, students should already know that 
species are clustered into groups. They should know about the hierarchy of 
classification and the key features of the kingdoms and main phyla of animals 
and plants. They should know the roles of micro-organisms in recycling and 
how they function in the carbon and nitrogen cycles. They should know that 
the nitrogen-fixing micro-organisms in root nodules have a mutualistic 
relationship with the host plant. They should know about the body’s defence 
systems. They should know the function of antibiotics and vaccination. 
 

Expectations 
By the end of the unit, students recognise the main features of viruses, 
bacteria and fungi. They know how micro-organisms and cells can be 
cultured. They understand the basic principles of genetic engineering. They 
know how micro-organisms are used in the food industry and in the 
treatment of wastewater. They know that the body produces antibodies 
against antigens, and understand the causes and transmission of HIV/AIDS, 
its global significance and problems of control. 

Students who progress further understand how biosensors are used to 
monitor blood glucose levels in diabetes and how diabetes can be treated 
with genetically produced insulin. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP), whiteboard 
• microscope, slides of specimens, models of specimens 
• video camera attached to microscope and monitor 
• sterile swabs, inoculating loops, immersion oil 
• autoclave, strong disinfectant 
• computer, datalogger, sensors (light, oxygen, pH and temperature) 
• fermenter, magnetic stirrer, air pump 
• video clips of genetic engineering and treatment of wastewater 
• newspaper cuttings of genetic engineering 
• ‘Restriction digestion and analysis of lambda DNA kit’ 
• children’s modelling clay, push-fit beads, coloured card 
• gene cloning card set 
• flour, yeast , milk, rennet 
• yoghurt culture, lactase enzyme, calcium alginate beads 
• government health statistics on HIV/AIDS 
• teaching kit for antibody–antigen reaction 
• Internet access  

 

Key vocabulary and technical terms 

About this unit 
This unit is the eighth 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. 

 

Students should understand, use and spell correctly: 
• cyanobacteria, bacteriophages 
• autotrophic, chemosynthetic, heterotrophic, saprobiont 
• facultative anaerobe, obligate aerobe, obligate anaerobe 
• aseptic technique, cross-contamination 
• capsid, coccus, bacillus, hyphae, mycelium 
• batch fermentation, continuous fermentation 
• genetic engineering, gene cloning, recombinant DNA 
• restriction enzymes, restriction endonucleases, DNA ligase 
• plasmids, vectors, bacteriophage, lambda DNA 
• micropipetting 
 

 
• transgenic 
• single cell protein 
• immobilised enzyme 
• human immunodeficiency virus (HIV) 
• acquired immune deficiency 

syndrome (AIDS) 
• retrovirus 
• RNA reverse transcriptase 
• antigen–antibody reaction 
• immuno-suppressive drugs 

UNIT 11AB.8 
9 hours 
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Objectives for the unit 

9 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

9.12.2 Know that antibiotics are effective 
against bacterial illness and explain 
why vaccination can protect against 
viral illness. 

11A.12.1 Explain the causes and transmission mechanisms of HIV/AIDS, how its 
spread may be controlled and the significance of the pandemic. 

 

9.12.3 Know that antibodies help protect the 
body from the effects of microbial 
infection. 

11A.12.2 Explain the action of antibodies against antigens in the human immune 
system. 

12A.11.1 Explain the production and action of 
human antibodies against antigens and 
distinguish between the actions of 
B lymphocytes and T lymphocytes. 

 11A.17.1 Know the basic distinguishing features of viruses and types of bacteria and 
microbial fungi. 

 

 11A.17.2 Know methods for the laboratory and bulk culture of micro-organisms and 
cell lines. 

 

12A.17.1 Explain how genetically engineered 
human insulin was developed and is now 
manufactured for use by diabetics. 

 11A.17.3 Explain the principles of gene cloning and the roles of restriction enzymes, 
recombinant DNA, plasmids and bacteriophages. 

12A.17.2 Explain what is meant by a biosensor. 
Know about the use of glucose oxidase 
as a bio-recognition substance in 
biosensors used for monitoring the blood 
glucose levels of diabetics. 

 11A.17.4 Explain some of the potential advantages of, and ethical and moral 
concerns about, genetic engineering. 

 

 11A.17.5 Explain some uses of micro-organisms in food production.  

2 hours 

Micro-organisms: 
form and culture 
 

1 hour 

Principles of 
gene cloning 
 

1 hour 

Genetic 
engineering: for 
and against 
 

1 hour 

Micro-organisms 
and food 
production 
 

1 hour 

Micro-organisms 
and wastewater 
treatment 
 

2 hours 

HIV/AIDS: causes, 
transmission 
mechanisms and 
control 
 

1 hour 

Introduction to 
antibodies and 
antigens 
 

 11A.17.6 Explain how micro-organisms are used in the treatment of wastewater.  

Unit 11AB.8 
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Activities 

Objectives Possible teaching activities Notes School resources 

Set students the task of using their textbook, the library or the Internet to find out the main 
distinguishing features of viruses. Consolidate the exercising by discussing their findings in 
class and making sure everyone agrees on the main features. 

Emphasise the unique characteristics of viruses. 
• Viruses are the ultimate parasites, being extremely small infectious agents that can only 

reproduce inside a specific host cell. 
• The basic viral particle consists of nucleic acid (either DNA or RNA) surrounded by a protein 

coat called the capsid. Some viruses can be crystallised 
• Viruses exhibit a range of forms, from simple rods through icosahedrons to complex 

symmetry. 
• Viruses can be considered to be on the border between living and non-living. (This is the 

reason they do not figure into the five kingdom classification system). 

Because of their extremely small size (20 nm to 300 nm), viruses can only be seen with electron 
microscopes. Provide students with electromicrographs of viruses. If a scale or magnification is 
given, get students to measure the size of individual virus particles. 

Viruses called bacteriophages (viruses that attack bacteria) are well researched because they 
are relatively easy to study and pose no risk to people. Show students photographs of 
bacteriophages. Tell them to find out about bacteriophages (using their textbook, the library or 
the Internet) and draw and explain their lifecycle. 

ICT opportunity: Use of the Internet. 
 
 

 
 

 
 

 
 

 
 

 

 
 
 

ICT opportunity: Use of the Internet. 

 

 

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

 

 

Bacteria, together with the cyanobacteria (blue-green bacteria), comprise the Prokaryotae and 
are the only living prokaryotic organisms. Reinforce previous knowledge of prokaryotic cells 
from an earlier unit (Unit 10AB.2) by giving students a quiz. 

Bacteria are a very diverse group. They are the smallest cellular organisms and the most 
abundant. Set students the task of collecting information from their textbooks, the library or the 
Internet about the main distinguishing features of bacteria and then writing an account of the 
different types of bacteria. 

Discuss the classification of bacteria, which tend to be categorised by both structural and 
metabolic features. Include the features described in the following sections (shape, staining 
reaction, method of nutrition, method of respiration) in the discussion. 

 
 
 

ICT opportunity: Use of the Internet. 

 

 

2 hours 

Micro-organisms: form 
and culture 
Know the basic distinguishing 
features of viruses and types 
of bacteria and microbial 
fungi. 

Know methods for the 
laboratory and bulk culture of 
micro-organisms and cell 
lines. 

 

Shape 
Bacteria fall into two types based on shape, these are:  
• spherical bacteria, called cocci (singular coccus); cocci may stick together in chains 

(streptococci) or in clusters (staphylococci – e.g. Staphylococcus aureus); 
• rod-shaped bacteria, called bacilli (singular bacillus) (e.g. Escherichia coli); bacilli may also 

be single or in chains; they may also be curved or spiral. 

Let students examine bacteria under the microscope to identify a range of different shapes. For 
greater resolution, use the oil immersion technique, if oil immersion lenses are available. 

 
Provide microscopes and slides of a variety of 
bacteria. A video camera attached to the 
microscope and displayed on a monitor would 
be a useful teaching aid. 

 

 

 

 

Unit 11AB.8 
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Objectives Possible teaching activities Notes School resources 

Staining reaction 
Bacteria can be divided into two categories by the Gram stain 
• bacteria that stain purple are Gram positive 
• bacteria that stain red are Gram negative. 

Let students examine bacteria under the microscope to identify whether they are Gram positive 
or Gram negative. 

 

Provide microscope slides of Gram positive and 
Gram negative bacteria. 

 

 

 

 

Method of nutrition 
Ask students to research the library or Internet and write an account on the nutrition of bacteria. 

Let students investigate the presence of bacteria in their classroom. They can do this by 
sampling the classroom environment with sterile swabs, using the swabs to streak sterile agar 
plates, sealing the plates with tape and incubating them at room temperature. View the plates 
after 24 and 48 hours to see the appearance of colonies. When they have finished, autoclave 
the plates (Petri dishes). Discuss the results as a class. 

Bacteria display a wide range of nutritional types including: 
• autotrophic nutrition, including both photosynthetic bacteria (e.g. sulfur bacteria) and 

chemosynthetic bacteria (e.g. nitrifying bacteria); 
• heterotrophic nutrition, including some bacteria that are parasitic. The majority of bacteria are 

saprobionts, feeding on the widest possible range of organic compounds. Only a few 
compounds are non-biodegradable. 

 
ICT opportunity: Use of the Internet. 

Safety: Follow guidelines for safe handling and 
disposal of micro-organisms. 

 

 

 

 

 

I 

 

 

 

Method of respiration 
Ask students to research the library or the Internet and write an account to distinguish between 
bacteria which are aerobes, obligate aerobes, anaerobes, obligate anaerobes and facultative 
anaerobes. 

Bacteria display a wide range of respiration methods including: 
• aerobes, which require oxygen for respiration; 
• anaerobes, which respire without oxygen. 

Set students the task of finding out the main distinguishing features of microbial fungi, using 
their textbook, the library or the Internet. Consolidate the exercise by discussing students’ 
findings in class and making sure everyone agrees on the main features. 

Reinforce previous knowledge from the classification of fungi earlier in this unit. 

Ensure students appreciate the following main distinguishing features of microbial fungi: 
• they are eukaryotic organisms; 
• the majority are multicellular, although yeasts are unicellular; 
• they are organised into a network (mycelium) of thread-like, multinucleate hyphae which may 

be divided by cross-walls called septa; 
• they have cell walls mainly of chitin; 
• they are all heterotrophic – most are saprobiont, others are parasitic; 
• a number of fungi, called mycorrhizae, have a special relationship with plant roots, and are 

important in forestry. 

 
ICT opportunity: Use of the Internet. 
 
 

 
 
 

ICT opportunity: Use of the Internet. 
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Objectives Possible teaching activities Notes School resources 

Let students examine fungi under the microscope to identify the structure of hyphae and 
possible spore-bearing structures.  

Let students examine a culture of yeast under the microscope to identify the structure of the 
cells. 

Provide microscopes and slides of a variety of 
fungi. A video camera attached to the 
microscope and displayed on a monitor would 
be a useful teaching aid. 

 

 

 

Laboratory and bulk culture of micro-organisms and cell lines 
The following basic principles apply when culturing micro-organisms in the laboratory. 
• Microbiologists need to practise the aseptic, or sterile, technique at all times. This technique 

is essential for the safety of everybody who works in or uses the laboratory. It also reduces 
the risk of cross-contamination, which ensures that the cultures are kept pure and prevents 
the escape of micro-organisms from the culture. 

• Micro-organisms are normally cultured or grown in artificial culture media. (Viruses cannot be 
grown in artificial media unless cultured in bacteria as bacteriophages.) 

• Micro-organisms are grown under controlled conditions. In particular, the culture is incubated 
at a known temperature and the pH of the medium is often controlled by buffers. 

• Micro-organisms are normally grown in pure culture (i.e. in populations consisting of only one 
species). 

Micro-organisms are normally grown in either solid or liquid media, depending on the purpose of 
the investigation. Producing the media is a time-consuming process. Nutrient agar is the normal 
solid medium of choice. Nutrient broth is the normal liquid medium of choice. 

 

Safety: Follow guidelines for safe handling and 
disposal of micro-organisms. 

Practical microbiology requires sterile 
equipment. The preferred method of sterilisation 
is autoclaving. Working surfaces should be 
sterilised by wiping with strong disinfectant 
before and after practical procedures. 

 

 

 

 

 

 

 

 

 

 

Show students the aseptic technique for a solid medium and use it to inoculate a sterile Petri dish 
of nutrient agar (a plate) and an agar slope with a pure culture of a micro-organism. Secure the 
lid of the Petri dish by two strips of tape crossed over (Don’t completely seal the lid as this would 
encourage the growth of anaerobic pathogens.) Label the dish clearly with a wax pencil on the 
base of the dish. Incubate at around 30 °C (this avoids favouring the growth of any contaminating 
human pathogens). Examine the cultures and then sterilise by autoclave before disposal. 

Colonies of bacteria or fungi can be cultured on solid media. These colonies each originate from 
one cell and so can be used as a method to isolate micro-organisms from mixed cultures and 
also in the identification of species of micro-organisms. The nutrient content of the medium and 
its pH can be adjusted to favour the growth of the particular organism being studied. Media like 
this are called selective media: they could be based on meat extract, blood, milk, yeast extract 
or other nutrients. 

Liquid cultures of micro-organisms can be grown in nutrient broth in an assortment of sterile 
plugged glassware or plastic containers. 

Show students the aseptic technique for a liquid medium and use it to inoculate a sterile flask of 
nutrient broth with a specific bacteria or yeast. 

If a colorimeter is available, incorporate it into a demonstration measuring the relative growth 
rate of the micro-organism in the flask by taking samples and determining the light absorption 
change over the period of incubation. 

Obtain specimens of micro-organisms for use in 
the practical from an accredited educational 
supplier. 

Prepare sterile nutrient agar Petri dishes and 
agar slopes in McCartney bottles. Supply 
inoculating loops. 

Enquiry skill 11A.4.1 
 
 
 
 
 
 
 

Enquiry skill 11A.4.1 
 

Provide a colorimeter to measure growth of 
micro-organisms. 

 

 If a computer and datalogging equipment are available, incorporate them into a demonstration 
measuring the relative growth rate of the micro-organism in the flask by using a light sensor and 
determining the light absorption change over the period of incubation. 

ICT opportunity: Use of a computer/datalogger 
to measure growth of micro-organisms. 
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Objectives Possible teaching activities Notes School resources 

 Batch culture and continuous culture 
A fermenter can be used in the school laboratory to carry out a demonstration of the batch 
culture of micro-organisms. Batch culture is also used by industry for larger-scale production of 
micro-organisms so that their metabolites can be harvested at the end of their growth period. 

A simple fermenter for use in school can be made from a large flask or bottle with an air supply 
pumped through it (a typical fish aquarium air pump would be suitable). Use a magnetic stirrer 
to keep the culture contents evenly mixed. Fit syringes for several purposes: inoculating the 
medium with micro-organisms, adding materials during the growth of the culture, taking 
samples for analysis or population estimation.  

If a computer and datalogging equipment are available, incorporated them into a demonstration 
monitoring the conditions in the fermenter and measuring the relative growth rate of the micro-
organism by using a light sensor and determining the light absorption change over the period of 
incubation. Use other sensors (e.g. pH, temperature and oxygen sensors) to indicate the 
changing growth conditions in the fermenter and give a permanent record for analysis later. 
Print out a growth curve pattern from the light sensor data and compare it with data from other 
sensors for discussion. 

Give students a copy of the graph produced from the fermenter demonstration and ask them to 
analyse the graph and explain its shape. 

Continuous fermentation is used by industry to harvest metabolites produced when the micro-
organisms are growing at their fastest rate in the fermenter. Nutrients are fed into the fermenter 
at exactly the same rate that the product is removed. The conditions in the fermenter (e.g. pH 
and oxygen levels) are constantly monitored and adjusted to maintain the environment and 
maintain the micro-organisms in the exponential phase of growth. 

Set students the task of determining how micro-organisms are grown in bulk and providing 
examples of the products involved, using their textbook, the library or the Internet. 

Encourage them to produce a flow chart to display the stages in the process of industrial 
fermentation. 
 

 
 
 
 

 
 
 
 
 

ICT opportunity: Use of a computer/datalogger 
to measure growth of micro-organisms and 
sensors for light, pH, oxygen, and temperature. 

Enquiry skills 11A.3.2, 11A.3.3 
 
 
 
 
 

 
 
 
 
 

ICT opportunity: Use of the Internet. 

 

 

1 hour 

Principles of gene cloning 
Explain the principles of gene 
cloning and the roles of 
restriction enzymes, 
recombinant DNA, plasmids 
and bacteriophages. 

 

 

 

 

Introduce the topic by showing students a video of genetic engineering. Discuss the video 
content with the class. 

Sometime before studying this topic, ask students to make a collection of newspaper cuttings 
about reports of genetic engineering. Discuss these with students as examples of how 
important (and controversial – see next section) genetic engineering is becoming in the world. 

Show students an OHT illustrating the stages of the process of gene cloning by a series of 
overlays. Explain the process.  

Ensure students appreciate that the process of genetic engineering became possible with the 
discovery of two enzymes: the restriction enzymes and DNA ligase. 

Provide a handout explaining gene cloning with gaps in the text and also supply a list of key 
words. Ask students to use the key words to complete the text. Examples of key words include: 
restriction enzymes / restriction endonucleases; ‘sticky ends’; DNA ligase; recombinant DNA; 
plasmids; vectors; viruses / bacteriophages; gene cloning. 

 
 

Make a collection of newspaper cuttings about 
reports of genetic engineering. 
 

Prepare OHTs illustrating the stages of the 
process of gene cloning. 

 
 

Prepare suitable handouts on gene cloning. 

Enquiry skills 11A.3.2, 11A.3.3, 11A.4.1 
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Objectives Possible teaching activities Notes School resources 

 Ask students to use the ‘Restriction digestion and analysis of lambda DNA kit’ to investigate the 
effects of three restriction enzymes on lambda DNA. The lambda genome has approximately 
48 000 base pairs, and each restriction enzyme will cut the DNA several times, generating 
restriction fragments of different sizes. Students will learn electrophoresis, micropipetting, graph 
analysis, and general lab skills and safety procedures. 

A biotechnology catalogue and the ‘Restriction 
digestion and analysis of lambda DNA kit’ are 
available from Bio-Rad Laboratories Ltd at 
www.bio-rad.com. 

 

 

Get students to make models of bacteria, such as E. coli, containing a plasmid. They should 
use string, coloured children’s modelling clay or push-fit beads. 

Ask students, working in pairs or small groups, to simulate the process of gene cloning using 
the bacteria models. 

Get students to produce a poster of the process of gene cloning of a specific product. 

Ask students to produce a flow chart of the stages in gene cloning. 

Give students a set of cards with the stages of gene cloning in a deliberately muddled order and 
ask them to arrange the cards in the correct sequence. 
 

Students will need: modelling materials such as 
string, coloured children’s modeling clay or 
push-fit beads. 

Enquiry skill 11A.3.4 

 

 

Produce a set of cards showing the stages of 
gene cloning. 

 

1 hour 

Genetic engineering: for 
and against 
Explain some of the potential 
advantages of, and ethical 
and moral concerns about, 
genetic engineering. 

Tell students to use the Internet to find out about the advantages of genetic engineering and the 
ethical and moral concerns it raises. 

Organise students into two teams to debate the pros and cons of genetic engineering. 

Give each student copies of the same, possibly controversial, newspaper articles or reports on 
genetic engineering. Tell them to examine the reports and then hold a class discussion on the 
correctness of the science in each of them (e.g. is it factual or is it designed to sensationalise 
the subject or display the bias of the editor/reporter?). 

Get students to make two lists: one showing the advantages of genetic engineering and another 
showing the ethical and moral concerns about the process. 

Encourage students to write magazine articles about genetic engineering. Suggest that they 
write one article about the potential of genetic engineering to produce useful organisms and 
products, and that later they write a second article arguing why genetic engineering should not 
be used. 

Ask students to survey members of the local community to find out what the adults’ attitudes are 
to genetic engineering. Suggest that they try to establish why people have either positive or 
negative attitudes towards this subject. Let students suggest the questions they will ask people, 
but discuss the suitability of each question and its wording with students so that it is not 
ambiguous or biased. 

ICT opportunity: Use of the Internet. 

Enquiry skill 11A.2.2 
 

Select and copy newspaper reports about 
genetic engineering. 

 

 

 

 

 

Ask students how ethical it is to carry out genetic engineering experiments on humans. 
Alternatively, ask students how ethical is it to carry out genetic engineering experiments on 
animals purely for human benefit (e.g. a transgenic mouse that has been genetically engineered 
for cancer research). 
 

Enquiry skill 11A.2.2  
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Objectives Possible teaching activities Notes School resources 

Sometime before studying this topic, ask students to make a collection of containers of foods 
made by micro-organisms. Discuss the variety of the collection with students. 

Ask students to survey food shops for foods made by micro-organisms. Tell students to input 
the data into a spreadsheet and analyse the results. Collate the results in class and get 
students to draw bar charts or pie charts and write a brief report  

 
 

ICT opportunity: Use of a spreadsheet. 
 
 

 

Bread-making is one of the oldest examples of biotechnology, dating back to Ancient Egypt 
around 6000 years ago. Let students, working in pairs, carry out a range of different, entirely 
safe, investigations on bread-making using yeast, the rapidly reproducing micro-organism that 
causes the bread dough to rise. For example, ask students to follow the instructions below. 
• Mix 1 g of dried yeast in 50 cm3 water.  
• Add 75 g of flour and mix well.  
• Roll the dough to a sausage shape and place it in a 100 cm3 measuring cylinder.  
• Record the height of the dough every 10 minutes over a 1 hour period.  
• Repeat this process with other sets of apparatus for dough at different temperatures. 

Let the pairs carry out other experiments investigating the effects of adding of other ingredients (e.g. 
ascorbic acid or salt) in varying quantities to establish the quickest or highest rising of the dough.  

Details of many biotechnology experiments, 
including those referred to here, can be found on 
the National Centre for Biotechnology Education 
(NCBE) website: www.ncbe.reading.ac.uk 

Provide bread-making materials: dried yeast, 
water, strong flour, additional ingredients as 
desired (e.g. ascorbic acid or salt). 

Enquiry skill 11A.1.3 
 

 

 

1 hour 

Micro-organisms and food 
production 

Explain some uses of micro-
organisms in food 
production. 

Cheese production, another old example of biotechnology, has for thousands of years relied on 
the action of enzymes that coagulate the proteins in milk, forming solid curds (from which the 
cheese is made) and liquid whey. There are several sources of the enzyme rennet available 
today: animal, naturally occurring fungi and genetically engineered yeast. 

Ask students, working in pairs, to investigate the effect of rennet as follows. Add 10 cm3 of 
pasteurised milk to a series of test-tubes. Add 1 cm3 of rennet enzyme. Record the time taken 
for the milk to coagulate.  

Let the pairs try different controlled experiments using the same apparatus (e.g. place the tubes 
in different temperatures, use different pH values, use different enzymes). 

 
 
 

 
 
 

 
 

 

 Ask students, working in pairs, to make yoghurt by following this simple procedure. 
• Pour 10 cm3 of sterilised milk into each of two boiling tubes.  
• Add 1 cm3 of yoghurt starter culture to one of the tubes.  
• Seal the tubes with self-sealing film.  
• Incubate the tubes in a water bath at 43 °C for several hours.  
• Observe any changes in the tubes. 

Let the pairs try different controlled experiments using the same apparatus (e.g. place the tubes in 
different temperatures, use different milks (goats’, sheep’s, cows’), use different starting cultures). 

The above experiments could be adapted by adding a sensor attached to a datalogger or 
computer. For example, a pH meter could be used to monitor the gradual change in pH by real-
time online monitoring. 

 
 
 
 
 
 

 
 

ICT opportunity: Use of computer, sensor and 
datalogger for real-time online monitoring. 

 

 Tell students how to make low lactose milk and then let them try the procedure. This technique 
involves treating pasteurised milk with the enzyme lactase. This hydrolyses lactose to glucose 
and galactose to produce a milk that is more readily digestible (an estimated 75% of the world’s 
population are intolerant of lactose in adulthood). 
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Objectives Possible teaching activities Notes School resources 

Tell students to carry out an immobilised enzyme experiment. Follow a procedure to immobilise the 
enzyme lactase in calcium alginate beads held within a small column, over which milk is passed. 

 
 

 

Ask students to use their textbook, the library or the Internet to find the information they need to 
produce flow charts and/or posters for the commercial / industrial production of, for example, 
single cell protein (SCP), beer, wine, vinegar, bread, cheese, or yoghurt. 

Ask students to match lists of micro-organisms to the products they produce (e.g. single cell 
protein (SCP), beer, wine, vinegar, bread, cheese, yoghurt). 
 

ICT opportunity: Use of the Internet.  

1 hour 

Micro-organisms and 
wastewater treatment 

Explain how micro-
organisms are used in the 
treatment of wastewater. 

Show students a video explaining how micro-organisms are used in the treatment of 
wastewater. 

Take students on a visit to a wastewater treatment plant and ask them to write a report, 
explaining the stages of the process. 

Explain to students how micro-organisms are used in the treatment of wastewater using OHTs 
and the whiteboard. 

Ask students to explain the role of micro-organisms in two stages of the wastewater treatment 
process: 
• the aerobic stage by biological fitration; 
• the anaerobic stage of fermentation. 

Give students a diagram or flow chart of the process and ask them to explain the process using 
information they gather from the library or Internet. 

Ask students to draw a flow chart of the process emphasising how micro-organisms are used 
in the treatment of wastewater. 
 

 
 

Visit opportunity: Visit a wastewater treatment 
plant. 

 
 

 
 
 
 

ICT opportunity: Use of the Internet. 

 

2 hours 

HIV/AIDS: causes, 
transmission mechanisms 
and control 
Explain the causes and 
transmission mechanisms of 
HIV/AIDS, how its spread 
may be controlled and the 
significance of the pandemic. 

Introduce this topic by asking students whether they know what HIV/AIDS stands for and the 
origin of the term. Explain this to them, if necessary.  

Show students statistics displaying the world data on HIV/AIDS. Get them to produce graphs, 
bar charts or diagrams from data selected from the statistics. 

Prepare questions for students to answer about the known mechanisms for the transmission of 
HIV/AIDS. For example:  
• What are the known mechanisms for the transmission of HIV/AIDS? 
• How can each transmission route for HIV/AIDS be controlled? 
• Which particular groups of people are most at risk of catching HIV/AIDS and why? 

Prepare questions for students to answer on the myths and realities of the transmission of 
HIV/AIDS. For example: 
• Can you catch HIV/AIDS from someone with the virus by everyday contact? 
• Can you catch HIV/AIDS from someone with the virus by using the same toilet seat? 
• Can you be cured of HIV/AIDS by having intercourse with a virgin? 

Ask students to use the library or the Internet to find out how the spread of HIV/AIDS is 
controlled. 

Get students to create a PowerPoint presentation about the spread and control of HIV/AIDS. 

 
 

 
 

 
 
 
 
 

 
 
 
 
 

ICT opportunity: Use of the Internet and 
PowerPoint. 

Enquiry skill 11A.3.4 
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 Get students to draw a flow chart or a spider diagram to show the effect of HIV/AIDS on the 
economy of a country and on the lifestyle of its people. 

Tell students to find data on the number of people living with HIV/AIDS in different countries and 
present these as percentages of population and as numbers per unit area of the country. 

Tell students to work in pairs to suggest reasons for the increase in HIV/AIDS in certain 
countries of the world. Then hold a class discussion and get them to write a report summarising 
the reasons. 

Provide students with data, or ask them to find the data themselves, from the government’s 
health ministry about the prevalence of HIV/AIDS in Qatar. 

Get students to compare Qatar’s statistics with those of other Middle Eastern states. Then ask 
them to write a report and draw bar charts, pie charts and any other appropriate graphs to 
display the data. Tell them to look for any trends or patterns which are developing. 

Organise students into small groups and ask them to make one list of the ways in which 
science can help stem the HIV/AIDS pandemic and a second list of problems associated with 
HIV/AIDS that science cannot resolve. Tell each group to elect a spokesperson to present 
their list to the class. Then ask each student to write an individual report after class 
discussion. 

 
 

Enquiry skill 11A.3.2 
 

 
 
 

 
 

 
 
 

Enquiry skill 11A.2.3 

 

 Tell students to find information about the life cycle of the HIV-1 virus in the library and to use 
the information to produce a large labelled diagram. Make sure they understand the role of 
the retrovirus enzyme RNA reverse transcriptase. 

You can find such a diagram as an example in 
M. Rowland (1992) Biology, University of Bath 
Science 16–19, Nelson Thornes. 
Enquiry skill 11A.3.4 
 

 

Explain the action of antibodies against antigens in the human immune system. 

Ask students to draw a flow chart or a diagram to show the action of antibodies against 
antigens. 

Ask students to make physical or diagrammatic models of an antibody–antigen reaction. 

Select two students to show the antibody–antigen reaction on the OHP using cut-out OHT 
template shapes. 

 

Enquiry skill 11A.3.4 

 
Provide simple model-making resources (e.g. 
coloured card or OHT templates, scissors). 

 

Use a teaching kit to demonstrate the antibody–antigen reaction. 

Ask students, in pairs, to investigate the antibody–antigen reaction using a teaching kit. 

Teaching kits for the antibody–antigen reaction 
are available from educational suppliers. 

 

Survey the class to determine how many students suffer from hayfever. Tell students to find 
out and write a report on what happens in the body when individuals suffer from hayfever 

  

2 hours 

Introduction to antibodies 
and antigens 
Explain the action of 
antibodies against antigens in 
the human immune system. 

Present students with some possible scenarios concerning transplant surgery and ask them to 
explain them in terms of antibody–antigen reaction. For example: 
• the possible outcome for a child currently surviving on renal dialysis whose father offers one 

of his kidneys for transplant; 
• the possible outcomes for a man on immuno-suppresive drugs after a heart transplant from a 

non-relative. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Describe how bacteria are classified according to features such as: 

a. shape; 

b. nutritional requirements; 

c. respiratory demands. 

  

a. Draw a diagram of a virus and label it. 

b. What are the distinguishing features of viruses? 

  

Write a brief account of how micro-organisms are grown in bulk.   

Use the following key words to construct an explanation of gene cloning:  

 restriction enzymes / restriction endonucleases  ‘sticky ends’  DNA ligase  
recombinant DNA  plasmids  vectors  viruses / bacteriophages   
gene cloning 

  

Make two lists: one showing the advantages of the process of genetic engineering and another 
showing the ethical and moral concerns about genetic engineering. 

  

Produce a flow chart for the commercial/industrial production of single cell protein (SCP).   

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. 

Explain the role of micro-organisms in the wastewater treatment process under the following 
two sub-headings: 

a. aerobic stage by biological fitration; 

b. anaerobic stage of fermentation. 

  

 Explain the causes and transmission mechanisms of HIV/AIDS.   

 Explain how the spread of HIV/AIDS may be controlled.   

 Draw a diagram of the life cycle of the HIV-1 virus and explain the stages shown.   

 Hayfever is a problem for many people. Explain what happens in the body when someone is 
suffering from hayfever. 

  

 Explain what the possible outcomes are for a man after a heart transplant from a non-relative.   

 Make one list of the ways in which science can help stem the HIV/AIDS pandemic and a 
second list of problems associated with HIV/AIDS that science cannot resolve. 
 

  

 

 

Unit 11AB.8 
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