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	Students should learn:
That active transport is the absorption of substances against a concentration gradient (HT only)
That active transport enables cells to take up ions from very dilute solutions (HT only)

That sugar and ions can pass through cell membranes (HT only)
	Use simulation B3 1.1 ‘Active transport’ from the GCSE Biology CD ROM. Give students a work sheet with questions and allow time for completion
If easily available, show some animations on active transport. Note: it is very difficult to explain how active transport works without referring to carrier proteins and pumps in the membranes.

Active transport in plants – show a PowerPoint presentation on the need for certain mineral ions for healthy growth, the presence of these ions in the soil solution and the cell sap, and the way in which plants accumulate ions against the concentration gradient

A useful example of the need for energy in respiration is to describe a hydroponics system, where solutions are aerated to provide oxygen for the respiration of the roots.
Salt glands in marine birds and reptiles – Show photographs of marine vertebrates and discuss the problems of the slat in their diets and how they get rid of it. There is some information on the Internet, especially form the RSPB web site, valuable is on the far side (students to decide what it is!), then it is worthwhile keeping on giving the door a good hard shove, even if you have got plenty inside already. See www.rsob.org.uk

	Most students should be able to:
Describe how active transport differs from diffusion and osmosis (HT only)

Describe examples of active transport in plants and animals (HT only)

Some students should also be able to:
Explain the importance of active transport to plants and animals (HT only)
Explain how active transport across a cell membrane takes place (HT only)
Explain the action of cyanide (HT only)
Key points

The important points are that active transport is active; diffusion and osmosis are passive. A link with the word ‘activity’ should suggest the use of energy and respiration


	
	
	Cystic fibrosis and membrane structure – students should investigate the cause of cystic fibrosis, finding out about the mutation that involves a protein involved in active transport.
Energy needed – discuss the energy requirements of active transport. Link to respiration, and discuss the rate of uptake of ions linked to the rate of respiration using the graph in the students’ book.

Lots of mitochondria! – get students to suggest cells and tissues that are ‘active’ and contain many mitochondria. (Liver, kidney, muscle cells are examples and can be linked with active uptake. Link this with the plenary ‘Where is the body?’) 
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	Looking at blood vessels – students to get a partner to pull down their lower lip as far as they comfortable can (care with body fluids). They then have a close look at the blood vessels. Ask: ‘Can you see two different colours? Which and why?’ They can then reciprocate with the partner.
(Safety: wash hands before and after) (5 minutes)

Blood samples –Ask: ‘Has any one in the class had a blood sample taken? What colour is it in the syringe?’ Show some images of blood in bags from the transfusion service. If you spilled it on the floor, what colour would it go? (5-10 minutes)

Spare ribs! – as a sequel to the exercise above, show the students some (uncooked) spare ribs – a rack of ribs if possible. Observe the muscles and the cartilage and link with how they are arranged in the thorax. This introduces the idea that there are muscles controlling the movements of the ribcage.
	Use a digital teaching tool such as Multi Media Science School to display and interact with simulations of gas exchange at the alveoli (10 minutes)
O2 in CO2 out – give students cards to hold that represent the parts of the respiratory system. Let one student represent ‘oxygen’ and get them to pass down the system and eventually into the blood and to the cells. Where they are join with a student labelled ‘carbon’. They both come back up and out as ‘CO2. Get the students involved so that they describe what is happening at each stage.


	
	
	Get the students to think about how you can breathe for someone who is unconscious and not breathing. Link with PSHE. Show clips from Casualty or a similar programme

	Safety: Wash hands. Use a cycle pump or foot pump to inflate the lungs. Keep the lungs in a plastic bag to contain aerosols. CLEAPSS leaflet P52.
Safety: Eye protection. Lime water CLEAPSS Hazcard 18.
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	Students should learn:
That the villi increase the surface area of the small intestine.

That the villi have an extensive network of capillaries to absorb the products of digestion

That the products of digestion are absorbed by diffusion and active transport


	Use Simulation B3 1.3 ‘Exchange in the gut’ from the GCSE Biology CD ROM
There are some good scanning electron micrographs, but other prepared sections may be difficult to interpret unless accompanied by a diagram.

If students are provided with a work sheet they can make their own sketches and notes as the presentation proceeds. It is possible to present the small intestine as having two important functions: it provides a large surface area for the completion of digestion as well as for the absorption of the products of digestion.

Allow time for student to view sections of small intestine for themselves and to note the capillary network.

Provide diagrams or use the students’ book to help the students identify the structures in both the ileum and the villi.

Endoscopy – there are several web sites were it is possible to download endoscope pictures of the small intestine. A video sequence could be shown to student separately. Search the internet for ‘video endoscopy’

Small molecules – the importance of the digestion of large, insoluble molecules into smaller, soluble ones can be demonstrated by using visking, or dialysis tubing to model the gut.

These experiments have already been described in B2.4.4 ‘Enzymes in digestion’. A number of different experiments were described and it would be appropriate here to set up some that were not done.

Alternatively – students could be asked to design an experiment to show the need for the digestion of large molecules,  such as starch, into smaller insoluble sugars that could pass though the gut wall. They could use their previous knowledge to help them.

	Describe the adaptations of the small intestine that increase the efficiency of absorption
Describe the structure of a villus

Some students should also be able to:

Explain how exchange surfaces are adapted to maximise efficiency

Explain how food is moved from the gut into the blood by active  transport as well as diffusion

Key points

The key points of this spread can be summarised by a series of drawings of a section of small intestine, a diagram of a villus and a close-up of an epithelial cell. Each diagram should be fully annotated with the appropriate adaptations


	
	
	Describe the fate of a bacon sandwich from eating it to the defecation of the remains. Draw out what happens to all the parts, the bread, the butter and the bacon. Use writing frames and support material if needed. Discuss and start in class and students to finish off for homework
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	Students should learn:
That the gas and solute exchange surfaces of many organisms are adapted to be as effective as possible
That the gills of fish and amphibians are adapted for gas exchange in water

system of insects is adapted for gas exchange in air

That the respiratory system of adult amphibians is often adapted for gas exchange in air and water 
	Investigation of the gills of a fish – for this exercise it would be good for the students to work in groups and you will need one whole fish per group. Herrings or mackerel would be suitable, but sprats could be substituted.  The fish should be as fresh as possible. Students can be provided with a worksheet on which they can record observations about the external appearance of the fish, the location of the gills, the connection between the mouth and the gills and the appearance of the gills. The operculum (gill cover) can be cut away and the gills observed in situ. Small pieces of gill tissue can then be removed and observed with a hand lens or under the low power of a microscope

Alternatively, the exercise can be done as a demonstration. The observations of the gill structures can be projected on to a screen.

Frogs and tadpoles – show a video of the life cycle of the frog. There are several available: try the BBC website, Science & Nature: Animals. Ask students to write down how gas exchange occurs at each stage of the life cycle. Discuss the problems of animals, such as amphibians, that spend some stage of their life cycle in water and some on land

A plague of locusts – show the students some live locusts (obtainable from suppliers). They will need to be kept in a special vivarium and provide with light and food (privet leaves, grass etc) These insects are large enough for the spiracles to be visible on the thorax and the abdomen. It is possible to set up a demonstration of the action of the thoracic and abdominal spiracles by fixing a live locust to a cork mat and using a binocular microscope.

The students could be given a locust in a beaker (with a lid on to prevent escape) or a large boiling tube, and a hand lens. They could make observations of the opening and closing of the spiracles. It is possible to count the movements and to work out the rate of breathing. If the temperature increases slightly, does the rate change?
Link the previous exercise with a large diagram of the tracheal system of an insect such as the locust

	Describe the respiratory systems of a fish, an amphibian and an insect
List the main adaptations of a successful respiratory surface

Some students should also be able to:

Describe how a fish gill works and explain why it is ineffective in air

Explain the differences between the respiratory adaptations of larval and adult amphibians

Relate the respiratory adaptations of insects to general principles of gas exchange organs

Key points

The key point reinforced by the Quick Quiz plenary. The students should be able to explain why each of the features of exchange surfaces is necessary for maximum efficiency


	
	
	Make a list of all the soft-bodied creatures that are found in gardens (such as earthworms, slugs, snails, spiders, millipedes etc) and find out how exchange of gases occurs in each group. Do they have gills? Are they restricted in their habitats? How fast do they move?
Cockles and mussels! – investigate the exchange surfaces of marine molluscs. Where are their gills? What other functions do their gills have in addition to exchange of gases?

A marine aquarium – set up a seawater aquarium in the laboratory. A visit to the seashore will enable you to stock it with anemones, molluscs and other marine invertebrates, which can then be observed in their natural habitat
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	That carbon dioxide enters the leaf cells by diffusion through stomata
That water and mineral ions are absorbed by root hair cells

That the root hairs increase the surface area of the roots and the flattened shape and internal air spaces increase the surface area of the leaves


	Gas exchange in plants – give each student as leaf (could be the one they will use to make a nail varnish peel) and project a transverse section through a leaf showing all the cells. Safety: Nail varnish is flammable and the vapour is harmful. You will need a good section that shows a distinct palisade layer and a definitely spongy mesophyll with large air spaces. Get the students to write down all the features that they think are adaptations enabling efficient gaseous exchange, both externally and internally. Gather the information together and make a list on the board.

Looking at stomata – use fresh leaves (privet is good)

Investigating root systems – use binocular microscopes to observe the root hairs on young cress seedlings. If cress seeds are sown on damp filter paper in Petri dishes, they will germinate and the roots will grow in a few days.
Provided that the atmosphere in the dish is kept moist  it should be possible to see the root hairs with a microscope.
Use prepared slides of longitudinal sections through young roots to show root hairs and, if possible, carry out measurements. Find out how far the root region extends. Ask: ‘Can you see young root hairs developing or older root hairs breaking down?’

Use simulation B3 1.5 ‘Exchange in plants’


	Most students should be able to:
Describe how leaves are adapted for gaseous exchange.

Describe how roots are adapted for the efficient uptake of water and mineral ions.

Some students should also be able to:

Explain why plants do not need carbon dioxide form the air under any circumstances

Apply the principles of exchange surfaces to exchange mechanisms in plants

Key points

The emphasis here is on surface area available for the exchange of gases and the uptake of water and mineral ions. Both of these processes have strong links to photosynthesis and respiration in plants, so there is the opportunity to make cross-links in the specification

 
	
	
	Looking at stomata – equipment and materials required – fresh privet leaves, clear nail varnish, paintbrushes, forceps, microscope slides and cover slips, microscopes. Having made ‘peels’ of the lower epidermis of the leaf, the student could investigate the upper epidermis, comparing the numbers of stomata on each side. Ask: ‘are they the same? Which surface has the greater number?’ The density of the stomata can be determined. The area of the leaf can be found by drawing around it on graph paper and counting the number of squares.  Using a calibrated eye piece graticule in the eyepiece of the microscope, the number of stomata in a field of view of known area can be counted and hence the total number of stomata on the leaf can be calculated or the number per cm2
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	Students should learn:
That transpiration is the loss of water vapour through the stomata on the leaves of the plant.

That the rate of transpiration is more rapid in hot, dry and windy conditions

That when plants lose water faster than it is replaced, the stomata can close to prevent further wilting


	Modelling transpiration – place a wick through a drinking straw and clip the wick to a small piece of card with blotting paper attached to it to imitate a leaf. Place the imitation leaf into a boiling tube containing dyed water. The water will travel up the wick and evaporate from the blotting paper
To cover investigate aspects of ‘How Science Works’, the variables, such as leaf size, temperature and wind speed, can be altered and the rate of transpiration can be ascertained by weight loss under these different conditions

This exercise lends itself to group work. One group could investigate leaf size, other effects of temperature and so on. They need to report back at the end of the practical session.

Using potometers – potometers measure the rate of water uptake, which is linked with the rate at which water evaporates from the leaf surface. The best plant material to use is a woody twig, which can be firmly attached to the tubing. It is important that there are no bubbles in the system and that the whole apparatus is watertight.

Once set up, it needs to be left to allow the plant to settle down after the handling. Introduction of an air bubble enables measurements of the water uptake to be made. Either the distance travelled by the bubble in a set time or the time taken for the bubble to travel a set distance can be measured.

Discuss reliability and precision of measurements (‘How Science Works’) Repetitions are necessary to calculate a mean rate under each set of conditions

This exercise can be used to develop other ‘How Science Works’ concepts: predictions can be made, hypotheses formulated, measurements taken and the results plotted


	Explain why transpiration occurs.
Describe the effect of environmental conditions on transpiration

Explain how water loss may be controlled

Some students should be able to:

Explain how tom compromise between the need for carbon dioxide and water loss

Key points

Students need to be sure that they understand that transpiration is a consequence of gaseous exchange in land plants. The conditions which cause a rapid rate of transpiration are those which favour the evaporation of water, i.e. increase in temperature, decrease in humidity and increase in air movements

Students might find it helpful to consider the diffusion  gradients involved.
	
	
	Homework. Give students graphs of water uptake (absorption) and water loss (transpiration) over a 24-hour period. (The peaks for transpiration and absorption are at different times) They are to interpret these
	Graph interpretation – give students a graph of the transpiration rate of a plant over 24 hours. Break it into sections labelled with letters. The students have to explain why the rate changes at different times of day. There could be different explanations for some sections. Combine thoughts at the end of the session
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	Students should use their skills, knowledge and understanding of How Science Works:
To explain how gas and solute exchange surfaces in humans and other organisms are adapted to maximise effectiveness


	Black Lung! In order to find out more, students could be encouraged to search the Internet. There are a number of sites that are good starting points (Wellcome library, Miner;’s advice, US department of Labor) and the causes and symptoms of the disease are easily available. Most of these sites give references and so further searches can be made.
Looking at lungs – it would be useful to show students pictures of lung tissue affected by CPW and have pictures of normal lung tissue as a comparison. Diagrams or prepared slides of the alveoli of both normal and diseased lungs could also be shown.

Health & Safety regulations – the fall in the number of deaths, as shown by the graph, is due to several factors. It could be useful to check Health & Safety regulations in the UK to find out what is required when working in dusty situations.

Beating osmosis – as an introduction, use a clip from a  video showing sea creatures (‘Finding Nemo’, ‘Sponge Bob Square Pants’ or similar) Ask: ‘What problems would the creatures face due to osmosis?’
This could be a group discussion with the leaders reporting back.
Show a picture of a life-raft adrift at sea or a clip from the Tom Hanks film Castaway (search the Internet for ‘Castaway movie trailer’) Read the ‘Water, water everywhere not any drop to drink’ bit from Coleridge’s Rime of the Ancient Mariner. Ask: ‘What would happen to you if you drank seawater?’ Discuss. Try to find out what is recommended in such situations, Ask: ‘ Should one drink one’s own urine? Or is a seawater enema the answer?’ You could mention the ‘Survival’ programme where a family was adrift for days in a small boat and were kept alive by means of seawater enemas.
No contest! – Discuss the situation in marine invertebrates. Students should be clear that there is movement of water in to and out of the organisms, but no net movement in either direction. Contrast this with the situation in freshwater invertebrates, where there is a net movement of water into the organisms. These organisms have evolved mechanisms to get rid of excess water [no need for details, but it could be interesting to introduce students to the idea of putting a freshwater organism like Amoeba into increasing concentrations of seawater and noting how the regulating mechanism is affected].

The freshwater organisms have to expend energy in order to get rid of excess water.

Copy cats! – Project images of different beetles and other insects with obvious tough outer layers. If possible allow students close-up views of live locusts where it is possible to see the spiracles and the ventilation movements. Draw parallels between leaves in dry situations (thick cuticle, protected stomata, etc.) and the insects’ tough outer layers.

Other strategies on land – Consider how other land animals, both invertebrates and vertebrates, cope with the drying conditions on land and the evaporation of water from the surface of the body. Get students to think about soft-bodied animals such as earthworms, slugs and snails, and to compare them with the beetles and vertebrates.

Flooding in – The text in the Student Book is self-explanatory. Animals living in freshwater do have to get rid of excess water. Fish have scales on their bodies which does prevent water uptake over the external body surface, but the gills are exposed to the water. They have a different problem in that they need to take up ions (particularly chloride ions) against a concentration gradient. To help students understand this, it could be useful to make a diagram of a freshwater fish and annotate it for the uptake and loss of water and ions with the relevant arrows to indicate direction.

The big ones – Students could research the physiology of marine vertebrates, such as the whales. Ask: ‘Do they have special mechanisms for getting rid of the excess salts that they ingest with the seawater?’


	
	
	
	Students should use their skills, knowledge and understanding of How Science Works:
To explain how gas and solute exchange surfaces in humans and other organisms are adapted to maximise effectiveness.
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	Students should learn:
That there is a double circulation: one circulation carrying blood to the lungs and back to the heart, the other carrying blood body and to the rest of the back to the heart.

That the heart pumps blood into the arteries, which carry blood to the organs; the blood returns to the heart in veins and in the organs, the blood flows through capillaries.

That substances needed by the cells in the body tissues pass out of the blood, and substances produced by the cells pass into the blood through the walls of the capillaries.


	Examining a sheep’s heart and blood vessels – Obtain complete sheep’s hearts (or pigs’) from a butcher (you will need to order these as they are usually trimmed before being sold). Ideally, have one heart per group of students and provide the students with a work sheet, listing things to look for and suggesting that they make sketches of the different valves. It could be useful to include on the work sheet a drawing of the external appearance of the heart, to help the students locate the different blood vessels as real hearts look very different from the diagrams in the Student Book.

If it is possible to have at least one heart with associated lungs, students can see the links with the lungs and trace the pulmonary circulation. It can also be used in the plenary later to feel the vessels.

It is also useful to have a model heart (the sort that comes apart to expose the internal structure) available for reference.

Blood vessels –Link structure to function and emphasise the links between the blood vessels: arteries ( arterioles ( capillaries ( venules ( veins. Refer to Simulation B3 2.1 ‘Circulatory system’.

You could link the above with ‘What goes where?’ and describe what is taken up from the plasma at the capillary level. There are videos that show exchange of materials at the capillaries.

Blood flow – Working in pairs, students can find each other’s pulse at the wrist (radial pulse) and on the side of the neck (carotid pulse). Ask: ‘Is it easy to find? Why is the middle finger of the hand used on the wrist and not the thumb?’
Discuss what is happening and why the pulse can be felt. Students could be told of the other points (front ankle, posterior-tibial and femoral) and possibly try out the ankle ones. Ask: ‘What information does the pulse give?’
 Interactive heart animation – If the animation was not used as a starter, you can use it as part of the main lesson. There is much information on the animation and it could be beneficial to students to spend more time on it.


	Most students should be able to: Explain what is meant by ‘a double circulation’.

Describe the action of the heart and the functions of the different blood vessels.

State that substances enter and leave the blood in the capillaries.

Some students should also be able to:
Describe a double circulation.

Explain how substances enter and leave the blood in the capillaries.

Key points

The key points state the basic facts about the components of the circulatory system. These are easily summarised on a simple diagram. Students could expand the statements with annotations of their own in order to make a good revision resource.

	
	
	Homework.  There are some good opportunities here for students to make a set of Revision cards about the blood vessels and circulatory system.

Efficiency of the double circulation – A useful comparison can be made between the single circulation in a fish (mentioned in the previous chapter) and the double circulation in mammals. This can be illustrated with simple diagrams. Students can discuss the advantages of keeping oxygenated and deoxygenated blood separate, the differences in pressure of blood going to lungs and that needed to pump blood to the rest of the body.

‘Artificial’ blood – Students can research blood substitutes. There has been on-going research in this field for some time. Ask: ‘Does it seem a good idea? When could artificial blood be used?’

What is in the plasma? – The plasma of the blood carries a large number of solutes, some of which are needed by cells and others that are waste products. Build up a list of these solutes and, using a large diagram of the human body with the major organs drawn in, consider what is removed and added to the plasma as it passes through the various organs.

Foul fact illustration – For the blood-thirsty students, use the Black Knight sketch from the film Monty Python and the The Holy Grail, to illustrate the spurting blood.
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	Students should learn:
That red blood cells contain a red pigment called haemoglobin, which transports oxygen from the

lungs to the body organs.

That in the lungs, oxygen combines with haemoglobin to form oxyhaemoglobin.

That in the other body organs, the oxyhaemoglobin splits into oxygen and haemoglobin.

That the blood plasma transports useful substances, such as glucose, to the cells and

removes waste products, such as carbon dioxide, as the blood passes through the capillaries of the organs.

	Microscopic examination of blood – Using prepared slides of blood films, get students to identify the cells. They could be provided with a work sheet showing the different types of cell and then asked to find and draw as many as they can find on their slides. 

It could be interesting for each student, or group of students, to do a count of the numbers of the different cells in a field of view. Individual counts could be collated and some idea of the relative numbers/proportions of the different types could be achieved.

If calibrated eyepiece graticules are available, students could measure the diameter of the different cells. (This relates to: ‘How Science Works’: making measurements.)

Link the measurements with the diameter of capillaries and review the structure of lung tissue, to highlight the close proximity of the red blood cells to the alveoli in the lungs for gas exchange.

Oxygenating the blood – Obtain some pig’s blood from an abattoir and use sodium citrate, or other anti-coagulant, to prevent clotting.

Bubble some oxygen through this blood. Observe the colour changes and ask students to explain what is happening.

Link this with a video clip of blood entering and leaving a heart/lung machine during open-heart surgery. Again, discuss the colour changes.

Discuss the affinity of haemoglobin for oxygen. Remind students of what happens when they cut themselves [the blood is always bright red].


	Most students should be able to:
Describe the structure of red blood cells and their role in the blood.

Describe how oxygen is transported from the lungs to the other body organs by haemoglobin.

Some students should also be able to:
Explain how red blood cells are adapted to carry out their function.

Describe the reversible reaction between haemoglobin and oxygen.
Key points

These summarise the main points made in this spread and their understanding can be tested using the in-text and summary questions as a plenary, or playing the loop game or ‘ten questions’ plenaries.


	
	
	Students could write a short paragraph about the uses of artificial blood, bringing in a discussion about people refusing to allow blood transfusions. Encourage students not to be judgemental about this issue. If necessary, they could also carry out some research to find out what the religious objections are.

Blood clotting – Video yourself pricking a finger and then running a sterile needle through the drop of blood until the fibres of fibrin start to be drawn out. This shows the role of the platelets. Do not carry this out in front of the class. Mention self-sealing tanks on fighter aircraft and racing cars.

Other vertebrate blood – Mammal blood is different from other vertebrate blood. Show slides of bird, fish, amphibian and reptile blood and get students to list the differences. Get them to think about how bloodstains may be identified and the forensic implications of this.

Effects of smoking – This could be a good opportunity to review the effects of smoking on the carriage of oxygen in the blood and carbon monoxide poisoning.
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	Students should learn:
That muscles need energy from respiration in order to contract.

That, during exercise, there is an increase in the blood flow to the muscles so more sugar and oxygen is supplied and carbon dioxide removed.

That glycogen provides a store of energy in the muscles.


	Effect of exercise on heart rate – This investigation is best carried out in pairs so that students can record each other’s pulse rates. Before starting, the students should decide on the level and period of exercise. The simplest investigation could concentrate on one level of exercise, such as walking on the spot for a set time.

The resting pulse rate in beats per minute should be determined. Ideally, this should be done three times and a mean taken. The student then undertakes the exercise and the pulse rate recorded immediately and at set intervals, such as every minute afterwards, until the rate returns to normal.

A graph can be plotted of heart/pulse rate against time. The students exchange roles.

There are many variations on this investigation that can be carried out:

–  The intensity of the exercise can be varied.

–  The increase in breathing rate (number of breaths per minutes) can be investigated either separately from the pulse rate or in conjunction with it.

–  In addition to the performance of individuals, comparisons could be made between members of the class who exercise regularly and those who do not.

This investigation can be used for teaching/assessing ‘How Science Works’: hypotheses can be formulated and predictions made, measurements taken and results tabulated, fulfilling many of the investigative requirements.

Digital pulse monitors can be used and it is possible to use data loggers and get live read-out graphs that can be displayed through a projector.

The practicals suggested in this spread do not require complex apparatus. The pulse and breathing rate investigations simply require stopwatches or stop-clocks. If a spirometer is used, then follow the instructions supplied with it
Glycogen and its importance – Introduce the structure of glycogen and its importance as a storage carbohydrate in the liver and the muscles. Link with its role in the maintenance of a steady level of glucose in the blood. Students can be reminded of the conversion of glucose to glycogen, stimulated by the release of insulin and the conversion of glycogen to glucose when the glucose levels in the blood decrease.

Changes in depth and rate of breathing – If a spirometer is available, then it could be used to demonstrate changes in depth and rate of breathing after exercise. The resting rates should be measured followed by a period of exercise and then more measurements taken. If the apparatus is not available, show students’ video clips of the apparatus in use and project spirometer traces for the students to interpret. It is possible to calculate depth and rate of breathing from the spirometer tracings.

Can I improve my fitness? – Encourage students to write a weekly exercise chart for themselves. They could suggest improvements and try to improve their fitness over a period of time.

	Most students should be able to:
Describe how the body responds to the demands of exercise.

Describe how glycogen is used in the body.

Some students should also be able to:
Interpret data on the use of oxygen/heart rate increase during exercise.

Relate the responses of the body to exercise and the ability of the muscles to contract efficiently.

Key points

Testing fitness

The need for an increased supply of glucose and oxygen and the more rapid removal of carbon dioxide should be linked to respiration.
	
	
	Students could be given question 3 of the summary questions to do. Some class discussion beforehand would be of benefit, in ensuring the validity and reliability of any data that they might think of collecting.

	Safety: Lime water: wear eye protection – CLEAPSS Hazcard 18. Avoid prolonged skin contact with cobalt chloride paper. Wash hands
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	Students should learn:
That during long periods of vigorous activity, muscles respire anaerobically in order to obtain energy.

That less energy is released by anaerobic respiration than aerobic respiration. (HT only)

That during anaerobic respiration, incomplete breakdown of glucose results in the formation of lactic acid and the building up of an oxygen debt. (HT only)

	Build up of lactic acid in the muscles – Students to work in pairs and devise a simple repetitive action, such as stepping up and down on to a low bench, lifting a book from the bench to shoulder height or raising one arm and clenching and unclenching the fist twice a second. One student to perform the action as many times as they can before tiring, while the other student keeps a record of the number of actions and the time.

A period of recovery time is allowed – the student to decide when they are ready to resume the activity, but record the time. Ask: ‘Can they do the same number of actions before tiring again? Are they performing the action at the same speed as before? Why does the student slow down?’

There are variations on this investigation that can be discussed and students could be asked to design a standard test that everyone could do, and that could be used to determine whether muscle fatigue varied from person to person. For example, the same action could be carried out for a set time and a set recovery time allowed. Students could find out if they could continue longer doing that, than carrying out the investigation as first suggested.

Breathing rates – If the variation in breathing rate with activity was not used in the previous spread, it could be investigated here. (This relates to ‘How Science Works’.)

Again, it would be sensible for students to work in pairs, so that the record keeping is done by the partner, and then the roles can be reversed. In this case, it could be appropriate to vary the intensity of the exercise, starting with walking on the spot, then running on the spot and so on. Carry out the exercise for a set time and record breathing rates until they return to normal, before starting on a more vigorous exercise.

Making lactic acid
No specialised apparatus is required to carry out the suggested practical activity, apart from stopwatches or stop-clocks. If a spirometer is used, follow the instructions given. CLEAPSS Handbook CD-ROM 1436 and section 11.8.2.

Note: no student should feel under pressure to take part in any of the activities, particularly if they have any medical condition.


	Most students Should be able to:
Explain why muscles respire anaerobically during vigorous exercise.

Explain why less energy is released by anaerobic respiration. (HT only)

Describe the oxygen debt and how it is repaid. (HT only)

Some students should also be able to:
Interpret data relating to the effects of exercise on the human body. (HT only)

Explain the principle of oxygen debt and why speed of recovery from exercise is a measure of physical fitness. (HT only)

Key points

Some of the definitions asked for in question 1 of the summary questions could be used to reinforce the key points of this topic. This could be a good time to review aerobic and anaerobic respiration, drawing up a table of differences between them.

	
	
	.  Students could design a training programme to prepare themselves for competing in the London Marathon. This should include reference to diet as well as exercise regimes.
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	Students should learn:
That urine, containing urea, excess mineral ions and water, is removed from the body by the kidneys.

That sugar, mineral ions and water needed by the body are reabsorbed into the blood as it passes through the kidneys
	Kidney function – Use Simulation B3 2.5 ‘Human kidney’. Include some statistics of the volume of blood filtered each day, the reabsorption of glucose and amino acids and the way in which the kidney controls the water and ion content of the blood.

Kidney dissection – Obtain some fresh lamb’s or pig’s kidneys with the fat and vessels attached. Students to work in pairs or small groups and either provide a work sheet or talk them through the observations and dissection.

It is worth looking at the outside to see the blood vessels and to point out that the fat surrounding the kidney is all the protection they have. Using a scalpel, the kidney should be sliced horizontally, so that the cortex, medulla and the ureters can be seen.

Students to identify the renal artery, the renal vein, the ureter and the collecting area (pelvis) for the urine. The cortex and the medulla can be distinguished by their difference in colour. Ask: ‘Why is the outer part (the cortex) darker red than the inner part (the medulla)?’

The effect of drinking on urine production – This investigation can either be presented to the students as collected data, or they could carry it out themselves at home. The idea is to find out what effect drinking a large volume of water has on the

volume and colour of the urine.

The person carrying out the investigation should empty their bladder as completely as possible. After 15 minutes, they should urinate again into a measuring cylinder, record the volume produced and retain a small sample in a sealed specimen tube. A litre of water should then be drunk.

After 15 minutes, the person should urinate, record the volume produced and retain a further sample in a specimen tube. The volume of urine produced at 15 minute intervals should be recorded and a sample taken for as long as possible. 

No extra liquid should be drunk during the experiment. The volume of urine produced can be plotted against time and the colour recorded at the different intervals.

A slight variation of the above could be to suggest to the students that they design an experiment to investigate the effect of drinking a large quantity of water on the production of urine. They could then be given some figures to plot and colours to

comment on. (This relates to: ‘How Science Works’: relationships between variables.) Ask: ‘How could the samples be tested to see if there were any glucose or amino acids present?’

Take care with sharp scalpels. Wash hands after the experiment. Students should wash and control their own glassware. Urine should be disposed of in the toilet, and contaminated equipment should be placed in a container of disinfectant (fresh sodium chlorate(I) solution). Wear eye protection.
The effect of different activities on the volume and content of the urine – Predict and explain how each of the following activities might alter the volume and the composition of the urine: eating a Mars bar, running a marathon, drinking two pints of lager, having a bath, eating two packets of crisps.

Where does urea come from?
– Show a flow chart with the formation of urea from excess amino acids from protein in the diet in the liver, and its removal from the blood by the kidneys and elimination in the urine. This could be the basis of a very useful revision aid.


	Most students should be able to:
Describe how the kidneys produce urine.

Explain the importance of the kidneys in the removal of urea and the regulation of the water content of the body.

Some students should also be able to:
Explain the role of the kidney in homeostasis through different scenarios of water loading and water stress.

Explain that sugar and dissolved ions may be actively absorbed against a concentration gradient in the kidney tubules (HT only)

Key points

The functions of the kidney in regulating the water and ion content of the body and the removal of urea are important areas for the students to understand. The difference between urea and urine should be emphasised. A simple diagram of a kidney tubule could be annotated to show where filtration and reabsorption of substances takes place.
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	Students should learn:
That kidney failure can be treated by dialysis.

That dialysis removes the urea from the blood.

That dialysis restores the concentrations of dissolved substances in the blood to normal levels.


	Practical work on dialysis – If students have not done any practical work using dialysis tubing, then it could be helpful to set up a demonstration or allow them to carry out some simple experiments to show that small molecules, such as glucose,

pass through the tubing while larger molecules do not. Experiments such as the model gut (see lesson 1.3 ‘Exchange in the gut’) or the use of tubing to show water uptake and loss in cells could be used.

Dialysis and kidney machines – Use the Animation B3 2.6 ‘Dialysis’ on the GCSE Biology CD ROM. There is some good information on the School Science web site and the Nephron Information Centre. The information on both these web sites is comprehensive and includes images, animations and questions.

Student worksheets would help to focus on the issues and provide the students with the facts. This is a good opportunity to point out the differences between dialysis and the normal functioning of the kidney.

Visiting speaker – A brief talk from a nurse experienced in dialysis, or from a person who undergoes regular dialysis, followed by a question and answer session, could be of benefit.

There are links here with the question of transplants and also some careers information. You could combine a talk on dialysis with some discussion of transplants (see next spread).

Role play – Students to write a monologue or script for a video diary presentation of what it feels like to be a kidney patient and have to undergo dialysis on a regular basis. This could be set as a homework exercise and then some selected to be read out in class.

What should I eat? – Patients undergoing dialysis have to be careful about their diet. Ask: ‘What recommendations would you make to a patient? Why does the quantity of protein eaten need to be controlled? And why should salt and fluid intake make a difference? Suppose you were diagnosed with renal failure, what foods would you miss most?’

What stays in and what comes out? – It could be helpful in understanding the way in which haemo-dialysis works to build up a diagram of the concentrations of substances either side of the dialysing membrane. The concentration gradients in the dialysate are adjusted so that they are the same as in blood. Students can then consider the differences in concentration and be very clear about what comes out and what stays.

	Most students should be able to:
Describe how dialysis is used to treat kidney failure.

Explain why dialysis needs to be carried out at regular intervals.

Describe what happens during kidney dialysis.

List some of the advantages and disadvantages of kidney dialysis.

Some students should also be able to:
Give a detailed explanation of kidney dialysis in terms of diffusion and concentration gradients.

Evaluate the pros and cons of dialysis treatment.

Key points

A clear understanding of diffusion and concentration gradients is needed to understand and explain the basis of kidney dialysis. Simple diagrams help. Students should be aware of the differences between dialysis and the normal working of the kidney. There is no active transport involved in dialysis.
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	Students should learn:
That a kidney transplant involves the replacement of a diseased kidney by a healthy one from a donor.

That precautions need to be taken to prevent the rejection of the transplanted kidney by the immune system.

List the advantages and disadvantages of kidney transplants.

	Kidney transplants – Refer to Electronic Resource ‘Transplant v. dialysis’. Pictures and more detailed information are available from web sites. The Nephron Information Centre has information that could be helpful. Students could be given a work sheet and encouraged to keep a tally of pros and cons as the presentation proceeds.

Video of surgery – Show a video of a kidney transplant operation (Search the Internet for ‘Video kidney transplant.).

Pros and cons – Draw up a table of the pros and cons of kidney transplants. Expand this to compare transplants with dialysis.

Using the information given in the Student Book about the relative costs of the two procedures, students could work out the difference in cost to the NHS of a patient on dialysis for 20 years and a patient who has two kidney transplants in 20 years. (This relates to: ‘How Science Works’: making decisions.)

Kidneys for sale – Debate whether or not people should be able to sell their kidneys if they want to. Students could research the scale of this and the legal issues involved. The Sunday Mirror web site has some good material on this, and there are sites where information can be gathered.

Organ donation – Organise a debate on the topic of organ donation: ‘Should organ donation be assumed unless you actively opt out?’ The preparation for this could be a homework task, to write a speech in favour of the motion and one against the motion. [Note: this activity has been suggested for the ‘Issues’ spread at the end of the chapter.]

Finding kidney donors – Draw up a list of sources of kidneys for transplantation. Ask: ‘Why is there such a shortage? How would you set about campaigning for more donors?’ This exercise could draw together some of the issues raised in other suggested activities.

Thank you letter – Students could write an imaginary letter to the relative of the person from whom they received a kidney. In their letter, they could describe what it has meant in their life and what they can now do that was not possible before. Alternatively, they could write a letter to a close relative who has donated one of their kidneys to them.


	Most students should be able to:
Describe how a diseased kidney is replaced by a healthy one.

Explain the problems of rejection by the immune system.

List the ways in which rejection is prevented.

List the advantages and disadvantages of having a kidney transplant.

Some students should also be able to:
Evaluate the advantages and disadvantages of treating kidney failure by dialysis or kidney transplant.

Explain the issues of rejection and the advantages of close tissue matches for success.

Key points

The key points of this spread are clear and covered well by the material. The importance of the immuno-suppressant drugs should be emphasised. Students should be aware that they are expected to be able to evaluate the advantages and disadvantages of transplants in treating kidney failure
	
	
	The poster and ‘Thank you’ letter activities could be used for homework tasks.

In addition, homework time could be used for the preparation of the speeches for the debate on organ donation.
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	Understanding the circulatory system – a complicated story!
This section of the spread concentrates on the historical aspects. If it is not proposed to set the students the activity, then a review of the ideas of the various scientists provides an interesting opportunity to explore scientific ideas.

Students could divide into groups, each group taking one of the scientists and working out how to explain their theories to the rest of the class. They should be prepared to answer questions and defend their ideas. (This relates to: ‘How Science Works’: how scientific knowledge develops and changes.)

Students could produce a newspaper headline for each belief or theory. They could try to think of a really catchy title (one for a tabloid and one for a broadsheet) followed by a short paragraph explaining the ideas in non- scientific terms.

Students could prepare a three-line conversation based on one of the characters in the spread. Their peers are to guess who they are and then reciprocate. This could be repeated several times with different characters, if time allows.

Consider the findings of all the scientists. Ask: ‘How would they find out about circulation of the blood? How many of them used animals? How many references are there to vivisection?’ Students to debate how far our knowledge would have progressed without using animals.

Did William Harvey find out all there was to know about the circulation of the blood? Students could investigate whether any other scientist since his time has made any significant discoveries.

William Harvey was a court physician. Students could find out the difference between a physician and a surgeon. Ask: ‘Why might a surgeon be more likely to have a knowledge of blood circulation than a physician?’

More information about each of the scientists, their life and times, can be found on the Internet. Recommended web sites are those of the BBC History web site, www.timelinescience.org, and Medicina Antiqua, a UCL web site (for Galen and Harvey particularly).

Refer to Electronic Resource B3 2.8 ‘Blood circulation’ on the GCSE Biology CD ROM.

Transplant surgery – points of view
Some aspects of this topic have already been covered in previous spreads, so this could provide an opportunity to take the debate further.

Points which come from the pictures in the Student Book could be discussed in class. The pros and cons of selling kidneys is a big issue. Use role play to highlight the problems of selling kidneys. One aspect that could be expanded is the reasons for buying a kidney. Ask: ‘What are your thoughts about it? Is it fair? If people are willing to sell kidneys, there must be some people willing to accept them. How much is it worth?’ There is some information about this on some of the newspaper web sites.

Consider the statistics – it could be interesting to do some research on the numbers of people who suffer renal failure, the number of people waiting for transplants and the number of people on dialysis. This could be made more general by considering all transplants, leading to a discussion on donor cards.

Religious and ethical aspects – As shown in the Student Book, the leaders of some of the major faiths do not appear to consider that organ donation is wrong. Ask: ‘ Is there any religion which has objections? What are the ethical considerations? Is it right to take a kidney from a dead person but not to take one from a living person?’

Growing new organs – Students could investigate the research being done on the growth of human organs on other animals (xeno transplants). Ask: ‘Is this the way to go in the future?’

Understanding the circulatory system
Activity 1, the timeline – This could be a class project to be displayed in the laboratory. For each of the ideas, a brief description is required. It could also be interesting to show how long certain ideas persisted. For example, Galen’s teachings and influence on theories of the circulation persisted from around 200 AD until Harvey’s time. Some method of indicating this could be devised. The brief descriptions could be in the form of diagrams or cartoon representations.

Activity 2 – Each student should choose a scientist; time will be needed for research, using web sites or books. Some sources of information have been given in the ‘Teaching suggestions’, but if the exhibit is to be interesting some personal details could be included. It is interesting to know what the people looked like. Ask: ‘Were they married? Where did they live? Are there any pages of their notebooks or research findings still in existence? What sort of conditions did they do their research in? Did they work in a laboratory?’ PowerPoint® presentations are useful ways of showing information and can include animations or models.

Transplant surgery – points of view The activities outlined here have already been referred to in the previous spread.

Speeches – It is suggested that the students write two short speeches about organ donation, one in favour and one against. As suggested earlier, this could then form the basis of a class debate on organ donation.

The donor card issue – The design of a poster or a leaflet can be discussed. As has been suggested previously for such an activity as this, the simpler and more direct the message, the more likely it is to get across to people. Students could consider campaigns that have used TV advertising, such as the anti- smoking campaign and the appeal for more blood donors. If facilities are available, a group of students could consider making a video to appeal for more people to carry donor cards. (A work sheet is available.)

Lobby your MP – Ask: ‘Does it need a change in the legislation to have to opt out of being an organ donor? If so, then where do you start?’ Students could write a letter to their MP in support of a change in the law. Aspiring politicians could try drafting a Bill to change the law!
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	Students should learn:
That microorganisms can be cultured in the laboratory in a medium containing the nutrients they require.

That the sterilisation of apparatus and media is essential when making uncontaminated cultures.

That the risk of growing dangerous pathogens is reduced by incubating the cultures at temperatures below 25°C.


	Demonstration of aseptic techniques – The students could observe the process of setting up a sterile culture. This should include swabbing down the bench, the use of sterile dishes, the pouring of agar plates and inoculating them from a culture of bacteria. Show the use of a special inoculating needle or loop which is sterilised both before and after the inoculation process. The correct method of just raising the lid of the dish and then sealing after inoculation should also be shown. Labelling the dishes is also important.

Have a go yourself – Following the demonstration, students could set up some cultures of their own. It is easier if they are provided with sterile agar plates already poured and set. A culture of a harmless bacterium, such as Bacillus subtilis, could be used.

The students could be shown how to make streak plates and spread plates (using sterile glass spreaders) of bacteria. The lids on Petri dishes should be secured with sticky tape and then incubated at 25°C for two days before inspection.

Growth in broth – Microorganisms can be grown in nutrient broth. Get some students to inoculate small flasks of nutrient broth as well as making the plates.

Discuss the advantages and disadvantages of using agar plates or nutrient broth in which to grow the microorganisms.
 Microbes everywhere! – Expose some sterile plates very briefly in different situations, such as in the laboratory and outside in the open air. On to the surface of sterile agar plates, put a small quantity of dust from the floor, a drop of tap water and place a finger gently on the surface. Seal with tape, label clearly on the bottom of the dish and incubate. Observe after a couple of days.

Growing microbes safely Equipment and materials required
Sterile Petri dishes, sterile nutrient agar, inoculating loop, Bunsen burner, culture of Bacillus subtilis or other suitable bacterium, Chinagraph pencil or marker pen, sealing tape, incubator at 25°C. 

Recipes for agar and more general information can be obtained from standard microbiology textbooks and from the National Centre for Biotechnology Education (NCBE) publications. They have a useful web site.

Prepare sterile bench tops with disinfectant or alcohol well before the experiment. No naked flames during this procedure.

Preventing the growth of microbes – Ask the students to write down a list of things you can do at home to prevent the growth of microorganisms. 

Growth rates – It is difficult to measure the growth rate of a bacterium grown on a solid agar medium. However, it is possible to show the growth rate of a microorganism by inoculating agar plates in the centre with a mould such as Mucor hiemalis (bread mould). This fungus will grow in the lab and does not need incubating. The growth rate can be determined by measuring the diameter at set intervals of time. The results can be plotted as increase in diameter of colony against time.


	Most students should be able to:
Describe the conditions needed for microorganisms to grow well in culture.

Describe the safe procedure for the production of uncontaminated cultures of microorganisms.

Explain why incubation temperatures in the laboratory should be kept below 25°C.

Some students should also be able to:
Explain how pathogens might arise on plates inoculated by harmless bacteria.

Explain the exponential growth of bacteria in ideal conditions and how we try to provide those in a culture.

Key points

The key points of this topic are well demonstrated by the practical work. Students should be recommended to include safety precautions when writing up the accounts of their investigations.
	
	
	
	See ‘Main’ section in lesson structure and Student Book, page 257.


	

	17
	Students should learn:
That yeast is a single-celled organism used in making bread and alcoholic drinks.

That yeast can respire aerobically (producing carbon dioxide and water) and anaerobically (producing carbon dioxide and alcohol in a process called fermentation).

That in brewing beer, the yeast uses the sugars produced by germinating barley grains but in wine-making, the yeast uses the natural sugars in the grapes..
	Is yeast needed to make bread dough rise? – The change in height of the dough can be plotted against time.

The effect of temperature on the rising of bread dough – Dough in measuring cylinders can be placed in water baths at different temperatures and changes in the volume determined by measuring the height/volume of the dough. The changes in volume should be expressed as percentage changes.

This is another investigative opportunity to cover aspects of ‘How Science Works’, as students can formulate hypotheses, take measurements and draw conclusions. There are a number of variables that need to be controlled and precautions taken to ensure reliability and comparability of results.

Using yeast to make bread 
A suspension of yeast mixed with sugar and a little water, flour, beakers and suitable containers.

It is not usually feasible to bake bread in the laboratory, but the rising of the dough can be observed. If the effect of temperature is to be investigated, then suitable water baths will be needed.

Get students to make small quantities of dough using 50 g of flour mixed with a little water (not too much). Divide the dough in half and add some yeast suspension made with a little yeast, water and 10 g of sugar to one half. Grease the insides of two small measuring cylinders and roll each portion of dough out into a sausage shape, so that it will fit into the measuring cylinders. Measure the height of the dough in each measuring cylinder at the start and then at set times through the lesson. It may be necessary to put the cylinders into a warm water bath or to use a yeast suspension that is active in order to get results during the lesson time.

Making ginger beer – Ginger beer is easy to make from simple ingredients. If it is carried out in the laboratory, then it cannot be consumed. If this activity is to be undertaken, then try negotiating use of the Food technology room, but the method can be discussed in class and the recipe tried out at home. There are many recipes available. Try The Foody web site, BBC Woman’s Hour web site; or to order a Ginger Beer ‘plant’, try The Hamstead Brewing Centre (they have other brewing kits as well).

Visit a brewery – Many local breweries encourage visits and often have interesting displays. Local vineyards can also be visited. If there is not an opportunity to do this as a class activity, then encourage students to visit such establishments on family trips or holidays. They could report back to the class.

Low alcohol beers – Find out how low alcohol beers are made. Ask: ‘What does the ‘lite’ mean? How much alcohol do they contain?’ Link this with the drink/driving problem and review work done on alcohol abuse earlier in the course.


	Most students should be able to: Describe the structure of yeast.

Explain how the respiratory activities of yeast are linked to its use in making bread and alcoholic drinks.

Describe how yeast is involved in the processes of making bread and alcoholic drinks.

Some students should also be able to:
Explain the role of aerobic and anaerobic respiration in the way we use yeasts.

Key points

The key points are reinforced by the practical work, which covers all the aspects of the uses of yeast. Students should know about the necessity for yeast to respire anaerobically when alcoholic drinks are produced.

	
	
	There are lots of opportunities here for projects to carry out at home.

Students could expand their concept maps into useful revision resources.

They could also research and write an account of the structure of yeast cells and how they reproduce.


	A suspension of yeast mixed with sugar and a little water, flour, beakers and suitable containers.

It is not usually feasible to bake bread in the laboratory, but the rising of the dough can be observed. If the effect of temperature is to be investigated, then suitable water baths will be needed.
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	Students should learn:
That bacteria are used in the production of yoghurt and cheese from milk.

That both yoghurt and cheese require starter cultures of lactic acid bacteria.

That in yoghurt production all the milk is used, but in cheese manufacture the curds are separated from the liquid whey.


	yoghurt – Natural live yoghurt is used as the starter culture in this experiment. See ‘Practical support’ for details.

There are several further investigations that can be carried out using this method of making yoghurt, many of which introduce the concepts of ‘How Science Works’. For example, the effect of temperature can be investigated, using a range of temperatures between 20°C and 50°C. The quality of the final product can be judged by its viscosity. The relative viscosity of different samples can be measured by the time it takes for a known volume to pass through a filter funnel.

Using different milk – Investigate how different types of milk affect the quality of the yoghurt. Use skimmed, semi-skimmed and whole milk for a comparison. Also try making yoghurt with milk from sheep or goats (available in many of the larger supermarkets). The pH can be monitored as before, or the viscosity measured as described.

Cheese-making – Search the Internet for pictures of cheese-making. There are several web sites with pictures and details of cheese manufacture. The students need to know the role of bacteria in the process, but the other steps could be included as well. Refer to electronic resource B3 3.3 ‘Bacteria’ on the GCSE Biology CD ROM
Making yoghurt
UHT milk (or other milk which will need to be heat-treated), natural live yoghurt to use as a starter culture, boiling tubes,

measuring cylinders, cling film, pH meter, narrow range pH test papers or probe and data logger, water bath at 43°C.

These are the basic requirements and if some of the suggested variations are used, then different types of milk and water baths at different temperatures will be needed.

Place 10 cm3 UHT milk in a boiling tube and add 1 cm3 of natural live yoghurt. Mix the two together, record the pH, cover the tube with cling film and incubate in a water bath at 43°C. Record the pH and changes in the appearance of the yogurt at intervals of 30 minutes for up to 5 hours. If UHT milk is not used, then the milk should be heated to about 90°C for 15 minutes to kill the bacteria present in the milk. The pH can be measured using a pH meter, pH papers or using a probe and a data logger.

Different names for yoghurt-type preparations – All over the world, milk is used to make different types of yoghurt. Students can find out where the following are made and what type of milk is involved: kumiss, lassi, raita, filmjolk, kefir and amaas. They can add others to the list if they find them. One research method is to investigate the uses of different types of milk, i.e. sheep, goat, buffalo, camel, etc.

Make your own flow charts – Students to design their own flow charts of the processes of cheese manufacture and yoghurt production. These can be used as revision aids. They should highlight where bacteria are involved and include the names of the bacteria.

Low fat’ yoghurt and others – If not done earlier, students could carry out a survey of the different types of yoghurt available. Ask: ‘Do the ‘low fat’ ones have significantly lower fat content than others? How could this be arranged during manufacture?


	Most students should be able to:
Describe how bacteria are involved in the production of yoghurt.

Describe which steps in cheese manufacture require the action of bacteria.

Some students should also be able to:
Compare and contrast the processes of cheese and yoghurt production.

	
	
	Students could research the cost difference between making yoghurt at home, using live yoghurt as a starter, and buying yoghurt from the supermarket. They could consider the variety you can achieve at home, by adding your own flavours and fruit. Ask: ‘What are the advantages and disadvantages?’


	Making yoghurt
UHT milk (or other milk which will need to be heat-treated), natural live yoghurt to use as a starter culture, boiling tubes,

measuring cylinders, cling film, pH meter, narrow range pH test papers or probe and data logger, water bath at 43°C.

These are the basic requirements and if some of the suggested variations are used, then different types of milk and water baths at different temperatures will be needed.
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	Students should learn:
That large-scale culture of microorganisms takes place in vessels called fermenters.

That fermenters provide the conditions needed to ensure optimum growth.
 That the fungus Fusarium is used to produce a protein-rich food called mycoprotein.


	Fermenters – Use Photo PLUS B3 3.4 ‘Yoghurt’ from the GCSE Biology CD ROM.

Discuss a diagram of an industrial fermenter, with all the inlets and outlets labelled, to include: the air supply, the cooling jacket and the probes which monitor pH and temperature.

A simple fermenter – Having described large fermenters, it would be appropriate to show students a simple fermenter that can be used in the laboratory and to set it up to grow an organism, such as yeast, under controlled conditions. Simple fermenters are available from the NCBE (www.ncbe.reading.ac.uk), together with the instructions on how to set up and use them.

The progress of the growth of the yeast can be shown by taking samples at regular intervals and counting the number of cells. In this way, a growth curve could be plotted. (This relates to ‘How Science Works’: relationships between variables.) If enough fermenters are available, students can work in groups and set up their own.

The production of mycoprotein – There is a web site, Mycoprotein Education (www.mycoproteineducation.com), which gives a great deal of information about the production of Quorn. There are diagrams and flow charts showing the steps in production, together with information about the nutritional content.

Students could be provided with a work sheet, so that they can build up a resource for themselves, which encompasses the manufacturing process and the nutritional benefits.

Batch culture or continuous culture? – Find out what can be produced by batch culture and what is produced using continuous culture.

Can you tell the difference? – Using meat sausages and Quorn sausages on cocktail sticks, students could carry out a survey amongst the students of a different year group to determine whether they can distinguish between the meat and the Quorn. Announce the results on posters around the school.

Single cell protein (SCP) – Quorn is not the only example of a food stuff produced by microorganisms. Other examples include ‘Pruteen’, ‘Pekilo’, Spirulina and ‘Toprina G’. Students could research one of these products and find out the organism used, the substrates it grows on, the product and what it is used for. Ask: ‘What are the major disadvantages of single cell protein? Why is it not more widely used?’

No more animals to be eaten! – Students could consider the consequences of a government decision that the eating of animals should be banned and that the nation should eat more protein from microorganisms. Ask: ‘What would it mean to the farming industry? How much would it cost? What would be the long term consequences?’


	Most students should be able to:
Describe how microorganisms can be cultured on a large scale in fermenters.

Explain how conditions are controlled in fermenters for optimum growth of the microorganisms.

Describe the production of mycoprotein.

Some students should also be able to:
Explain why conditions in a fermenter need to be controlled.

Key Points

Students should have a good understanding of the conditions for the optimum working of large-scale fermenters. Labelled and annotated diagrams of fermenters would be appropriate revision aids. The summary questions could be used to test students’ understanding of this lesson.
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	Students should learn:
That the antibiotic penicillin can be produced on a large scale in a fermenter, by growing the mould Penicillium on a medium containing sugar and other nutrients.

That the penicillin is produced by the fungus when most of the nutrients needed for growth have been used up.


	Production of antibiotics – Use PhotoPLUS B3 3.5 ‘Penicillin’. Expand the ideas to include other antibiotics. Students to have worksheets to complete and make their own notes. This presentation should focus on the production of antibiotics in general.

The story of penicillin – Students can research the discovery of penicillin and the involvement of Fleming, Florey and Chain. For this approach, they need to be told to find out as much as they can about the discovery of penicillin and about the contributions made by these three scientists. This could be a homework exercise. With contributions from the students, build up a flow chart of events in the discovery of penicillin, annotating the stages with extra information.

Sir Alexander Fleming – Build up a biography of Sir Alexander Fleming. There is a great deal of information available about his life from web sites, such as timelinescience and the Wellcome Museum. There is a museum at St Mary’s Hospital devoted to the discovery of penicillin.

Effect of antibiotics on bacteria – It is possible to set up agar plates inoculated with a bacterium, such as Bacillus subtilis, and place discs impregnated with different antibiotics (Oxoid Multodiscs) on to the agar. The effect of the antibiotic on the bacterium can be judged by the diameter of the clear zone around each disc, but this will depend on the concentration of each antibiotic on the disc so it is better not to compare the sizes of the zones for each antibiotic. A variety of different bacteria can be used, but check for safety of use. For more information, refer to NCBE (www.ncbe.reading.ac.uk) or a microbiology text. Safety: Follow aseptic techniques described previously.

Secondary metabolites – Penicillin and other antibiotics are anti-microbial compounds produced by living organisms. These substances are made by the organism late in its cycle of growth. Project a graph showing the yield of fungal mycelium and penicillin production against time during a batch fermentation. Mark in various key points, such as the time when the nutrients are beginning to run out. Ask: ‘Why do you think the organisms produce these substances?’ Discuss what is happening and how this affects the way in which the antibiotic is extracted from the process.

Other antibiotics – Patients are not prescribed ‘penicillin’ as such. Get the students to say what they have been prescribed. Ask: ‘Did they have injections, capsules or was it in syrup?’ Discuss the different forms of penicillin and why these have been produced. List reasons for slightly altering the structure of an antibiotic.

Other uses of antibiotics – Antibiotics are not just used in the treatment of human diseases. List the other ways in which they are used [in agriculture, animal feeds, household products etc.]. Ask: ‘How does this affect their use in treating human diseases?’

Why are antibiotics so effective? – Get students to recall what a good medicine should do, from work done in a previous unit. Then discuss how antibiotics fit into this ideal. Introduce the idea that antibiotics are toxic to bacterial cells but not to human cells. Remind students of the structure of a bacterium and then outline how the antibiotics affect the bacterial cells.

	Most students should be able to:
Explain the circumstances in which penicillin is produced.

Describe the conditions needed for the production of penicillin.

Some students should also be able to:
Explain the requirement for a source of nitrogen in the fermentation broth.

Explain why penicillin is not produced for the first 40 hours of the process.

Key points

The key points in this spread are concerned with the discovery and production of penicillin and other antibiotics. Students should be careful to distinguish between the antibiotic penicillin and the fungus Penicillium. This could be emphasised by showing them a picture of the fungus, or better still a culture of it on an agar plate.

	
	
	Several suggestions for homework activities have already been made (research on the discovery of penicillin and completion of the acrostic).

Students could write an imaginary letter to Alexander Fleming thanking him for his discovery and telling him how it had saved their life.
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	Students should learn:
That biogas, mainly consisting of methane, can be produced by the anaerobic fermentation of waste materials containing carbohydrates.

That when biogas is burnt it can provide energy for domestic and industrial use.

That different designs of biogas generators are suitable for different circumstances.


	A biogas generator – Project a diagram of a biogas generator on to the board and describe the parts. Use PhotoPLUS B3 3.6 ‘Biogas’ from the GCSE Biology CD ROM.

The fixed-dome biogas generator and the domestic generator are fairly simple, but the biogas plant designed for use on farms can be used to power an engine that generates electricity. A flow chart would help students to understand the two stages of the process.

Discuss the types of material that can be used and what happens to them.

Additional information from alternative technology web sites could be researched.

Biogas – The composition of biogas is given in the Student Book on page 266, ask: ‘but where do the components come from?’ List the materials that can be used, such as plant material and faeces, and what they are made up of. Most of the material contains carbohydrate.

Give the students a simplified version (flow chart) of the stages so that they can see how the breakdown occurs.

The first stage of the breakdown is the breakdown of the carbohydrates, lipids and proteins into simple sugars, amino acids, fatty acids and glycerol by aerobic bacteria.

The second stage involves bacteria that convert the sugars and other compounds into acetic and other acids, with some carbon dioxide and hydrogen produced. This stage occurs as the oxygen levels are decreasing.

The third stage occurs only in anaerobic conditions and bacteria convert the acids to methane.

Annotate the flow chart to give the temperature conditions needed.

Use of biogas in the UK – Students to do some Internet research. Set up a scavenger hunt style trail of URLs for the students to follow and give them a Word framework to fill in. Investigate landfill sites and the use of the gases.
No more fossil fuels! – Get students to imagine a time in the relatively near future when all the fossil fuels are used up. Discuss how biogas could replace fossil fuels. Students could compose a leaflet from their local council to householders, telling them about the organic refuse collection service and how to exchange your full waste containers for bottles of compressed methane. Ask: ‘What modifications would need to be made in the home.


	Most students should be able to:
Describe the nature of biogas.

Explain how biogas is produced in a generator.

Some students should also be able to:
Evaluate the advantages and disadvantages of given designs of biogas generator.

Key points

The key points can be covered by ensuring that students have a clear understanding of the processes involved in the production of biogas. This can be achieved by means of a simple annotated flow chart.
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	Students should learn:
That sugar cane juices and glucose from maize starch can be fermented anaerobically to produce fuels.

That the ethanol is distilled from the products of fermentation and can be used in motor vehicle fuels.

	Exposition – Remind students of the process of the alcoholic fermentation of glucose by yeasts and write up the equation.

List the sources of the sugars (sugar cane juice, bagasse and molasses in warmer countries; sugar beet; maize) and the processes involved.

Discuss gasohol and what it consists of. Ask: ‘Is gasohol more environmentally friendly?’ Draw out from the students the economic implications of producing alcohol for fuel. Link with their knowledge of the countries involved. Ask: ‘Why is gasohol successful in Brazil? Why has it not been produced in the UK?’

Biofuels – Prepare a PowerPoint® presentation on biofuels, to include reference to fermentation processes, production of gasohol and the use of vegetable oils, such as coconut oil, palm and castor oil, sunflower oil and rape-seed oil.

Present the students with a series of questions. Ask: ‘Would the design of cars need to change? What sort of quantities would need to be produced to satisfy demands? Would agriculture need to change? How much do you think it would cost? Would it be the same for all countries?’

How green are biofuels? – Lead a discussion on the environmental considerations. Put this into the context of carbon emissions and compare with the combustion of fossil fuels.

If students have access to computers, they could research this aspect and present their findings. For the contrasting points of view, there are several web sites you and they could try, such as World Land Trust, Power Plants and West Wales Eco centre.

Use gasohol! – In groups, write a TV advert for gasohol. Make sure the environmental benefits are flagged up, as well as some ‘science’. If facilities are available, take the best script, get the students to perform it, record it digitally and show the rest of the class.

The carbon-neutral car? – As a variation on the suggestion above, students to script a presentation about ethanol-based fuel on a Top Gear programme. This could take the form of a contest between using ethanol-based fuel and conventional petrol or diesel. Use the format of the programme to generate some interest as well as presenting the facts.

Digesting cellulose – There are microorganisms that can digest cellulose present in soil and in the ruminant gut (the cud chewers). It is possible to set up a demonstration to show the presence of some of these moulds in soil. Add some finely shredded filter paper to liquid agar and pour into Petri dishes. Obtain a sample of fresh soil, divide it in half and sterilise one half by baking it. Place fresh soil and sterilised soil in separate bottles with some sterile water. Shake it up thoroughly and then inoculate the plates with 1 cm3 samples from the sterile soil and from the fresh soil. Tape up the plates and incubate. Make observations at intervals and record the differences between the two sets of plates. If desired, a separate set of plates can be set up that have been inoculated with a cellulose solution. This experiment can be carried out using a solution of cellulose and the results judged by changes in viscosity of the cellulose with time.

Debate the issue – Students could hold a debate on the subject of whether the government should fund the development of engines that run on ethanol-based fuels. Each student could write a short speech in favour of the proposal and one arguing the case against it. (This relates to: ‘How Science Works’: societal issues.)


	Most students should be able to:
Describe how ethanol-based fuels are produced by the fermentation of sugars.

Some students should also be able to:
Interpret economic and environmental data relating to the production of fuels by fermentation and their uses.
Key Points

The key points of this topic extend the knowledge of the uses of microorganisms and fermentations. The students would benefit from practice in answering questions which ask for the interpretation of data relating to the use of fuels produced by fermentations.
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	This spread has four themes: historical, safety in handling microorganisms, a new type of micro-food and biogas.

An historical perspective on microbes Some of the aspects of this historical approach have been raised before, particularly with respect to the work of Pasteur, but Spallanzani and Schwann are less well-known.

Spontaneous generation – Students could research spontaneous generation and write a short paragraph about it, explaining what people believed and for how long the ideas persisted. This would be important background to any further work on the scientists, as it is just as well to know what they were trying to disprove. Ask: ‘Could the theories account for some of the experiments they tried to do?’

‘The genesis tub’ – Show the students a clip from The Simpsons (Treehouse of Horror, VII 4F02), where Lisa dissolves her tooth in a cup of soda and it spontaneously gives rise to an evolving ecosystem of microscopic creatures, eventually finishing up with a mini-race who think she is God. Link with the theories of spontaneous generation.

Schwann and Schulze – Further information on the work of Schwann and Schulze, whose experiments were carried out about two decades before Pasteur, who showed that yeast was responsible for fermentations, could also be useful in setting the scene for the work of Pasteur.
 Pasteur – Review the work already done on Pasteur and use different sources to find out more about him. If not covered previously, remind the students about pasteurisation, how it is done and what happens in the milk. Also review Pasteur’s broth experiment. If not carried out previously, then a demonstration could be set up (see page 256).

Grow your own!
The activity suggested depends on getting across the safety rules of working with microorganisms in a school or college laboratory.

Suggest to students that they write down all the rules they can remember about handling microorganisms. Discuss the list. Ask: ‘Are there any that could be added? Are there some more important than others? Could you put them into an order of importance, the top ten rules, for example?’

Give the students a banner headline along the lines ‘School student in hospital after science lesson’. Ask them to write the article, stating the cause, the student’s story, the mother’s reaction and a ‘spokesperson’ from the school.

Students need to find out: ‘What kind of microorganism? Is it a fungus or a bacterium? Does this make a difference?’ They also need to refer to the work on mycoprotein.

A food which can be given both sweet and savoury flavours could be difficult to market, so students might need to

consider how the product might be used: ‘Is there more demand for sweet foods? Or is it more likely that the new food could be used as a meat substitute like mycoprotein?’

Fuel for school?
This topic has been covered extensively in the previous spread, so students should have plenty of information about biogas generators of different types.

Students need to think about:

The different types of waste: not all the waste is suitable for use in a generator.

Who will sort it? Is it in the job description of the school caretaker? Will the caretaker need to be paid extra? Or will someone else have to be employed?

What happens to the material that is not suitable?

What size of generator? A web search will indicate types and sizes, which the authorities will need to be made aware of if they are to be persuaded.

Where will it go? Would planning permission be needed?

How much will it cost to install? Will there be enough fuel generated?

Some research on the web indicates that there are schools and other institutions, such as prisons, where biogas generators have been installed and used to provide fuel. Perhaps the students could use an example, already installed and working, as part of their presentations.

Special needs
Many of the suggested activities can be modified for the students. The leaflet and poster activities can be adapted, and detailed writing frames with suggestion sheets and prompts can be supplied.

A microbe miracle?

This ‘food from sewage’ idea is an open-ended activity and provides a great deal of scope for imaginative students. Again, it is probably a group activity rather than a project for an individual.

Some ideas which could be worth following up are given below:

Students could research into the composition of sewage. The activity suggested in the spread is based on a microorganism which grows on human sewage. A large proportion

of the sewage which reaches treatment works is made up of detergents and industrial wastes, so it needs to be made clear whether or not these need to be removed before the food is grown, or whether human sewage is to be kept separate from the waste from domestic appliances, industrial waste and water from the roads.

Students could research into the organisms present in human sewage. Human sewage can contain pathogenic organisms, such as Salmonella and Escherichia coli. Students need to consider how these organisms can be removed.

Research into the organisms involved and treatment of sewage in different areas, such as septic tanks and sewage lagoons.
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