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Examples of activities and questions to help develop the ideas associated with cells and cell functions

All living things are made of cells and cell structure relates to its function in tissues, organs and organ systems

· Examine a range of cell types under microscopes and look at photographs of cells from different tissues and organs in context of studies of the organ systems of animals and plants.

· Observe how cells, tissues, organs and organ systems are built up and relate the structure of the components to their function.

Plant and animal cells

· Plant cells are easily examined by tearing a thin piece of onion skin, or rhubarb or taking very thin cross and transverse sections of plant stems to make microscope slides. 

· Animal cells are best examined as photographs or prepared slides. Scrapings of cheek cells obtained from cotton buds can be easily prepared, but this may be banned because of health and safety risks. However, pre-prepared slides can be set up for observations. Plant cells can be stained with iodine and animal cells with methylene blue solution to highlight their features. Yeast cells as single celled fungi, are easily seen under a microscope.

· Identify differences between plant and animal cells and relate this to their function.

Chemicals of cells

· Identify the essential chemicals for life and describe their properties. What chemical changes occur in plants that do not take place in animals? How does this affect relationships between animals and plants?

· Chew bread for a long time until it starts to go sweet. This is due to the enzyme amylase breaking down the starch to sugar.

· Testing an enzyme from living cells: Add hydrogen peroxide to ground liver to activate the enzyme catalase in the liver to break down the hydrogen peroxide into oxygen and water. Test the gas with a glowing splint.

· Testing the effect of temperature on enzyme action: Add amylase to starch and iodine and keep in a water bath at about 0ºC (ice and water), 20ºC (cold water tap), 35ºC (hot and cold water), and 55 º C (hot water). Which temperature is best for breaking down starch? Why?

· Testing the effect of pH on enzyme action: Set up 3 tubes with starch solution and add alkali (sodium bicarbonate) or acid (ethanonoic acid), leaving one neutral. Test the solutions with pH paper (a range of pH values can also be prepared). Add iodine and amylase and note which pH is effective for converting the starch to glucose. 

· Apples go brown due to an enzyme affecting the tissues when it is exposed to air. Dip a peeled apple in boiling water and another in lemon juice. Why do they not go brown?

· Set up wheat seedlings in water cultures with complete range of minerals, no nitrates, no phosphates, no calcium and distilled water. Explain why the last four conditions produced poorer growth than the first. 

Movement of materials in and out of cells

· Diffusion: pour coloured hot water poured into cold water and note the colour spreads out evenly over time. Explain this in terms of a diffusion gradient.

· Osmosis: Cut a pot plant near its base and observing sap being pushed up the stem (by root pressure arising through osmosis of water moving into the roots). 

· Place flowers in dyed water to show movement up to the leaves in the transpiration flow (white carnations are good for this), but if placed in salt water there is no transport to the leaves and they wilt because osmosis is reversed and water moves out. 

· Cut a potato in half, scoop a hollow in the centre, fill with salt and put it in shallow water; the hollow fills up because water moves by osmosis through the potato. Cut a potato into chips and put in salt solution or water; the chips will decrease or increase in weight respectively because of osmosis in or out of the cell. 

· Dialysis tubing with starch in water with iodine is a good model of the cell – the starch goes blue black because iodine moves into the tube, which models the osmosis. Place dialysis tubing with starch in water with iodine in water and another in salt. Explain the difference. 

· Cut up fresh raw beetroot and place in water; the red colour does not leak out into the water for some minutes. Repeat with boiled beetroot and the colour leaches out immediately. Explain. (If the pieces of fresh cut beetroot are left in cold water for some minutes the cells absorb water by osmosis and some of them burst, releasing their colour into the liquid. The boiling process breaks open the cells straight away)

· Active transport: Consider examples where cells actively take up substances against such a gradient, e.g. absorption of minerals in dilute solution in soils by plant roots.

· Surface area: Cut cubes of prepared clear agar of different sizes, e.g. 1, 2 and 3cm cubed, place them in coloured water and measure how far the coloured water penetrates after a few minutes. Measure the surface area and volume for each and calculate the surface area / volume ratio. What is the effect on diffusion into the ‘cell’ with increasing surface area to volume ratio? How does this explain why cells are small?

Growth and respiration 

· Bakers’ yeast cells with sugar and warm water can be easily seen under the microscope and a balloon placed over the mouth of a test tube will expand with carbon dioxide release from respiration (turns lime water milky). 

· Set up flasks of dead and living seeds damp seeds and note the increase in temperature associated with respiration in the live seeds. The gas given off can be collected in a plastic syringe and tested with lime water. 

· Germinating seeds are a good medium for examining the processes and conditions for respiration; no water (dry), reduced temperature (kept in fridge), and no oxygen (kept under boiled, cooled water) will inhibit germination. 

· Measure pulse and breathing rate before during and after exercise. Explain the changes in terms of breathing, gas exchange in the lungs and respiration in cells.

· What is anaerobic respiration? It can be demonstrated by mixing glucose with yeast under liquid paraffin to exclude oxygen and testing the carbon dioxide given off. 

· Bacterial culture on agar shows how cells grow, as the contaminated areas increase in size in time. This is also easily shown by using damp bread (sealed in a plastic bag for hygiene reasons). It is possible to show how growth can be inhibited by keeping the bacterial cultures on the bread in different conditions compared to the control; dry bread, covered in salt, soaked in vinegar or kept cold to simulate how food can be preserved by inhibiting bacterial growth.

Photosynthesis 

· Chloroplasts can be seen in moss leaves under microscope slides. 

· Photosynthesis is easily demonstrated by using pond weed Elodea in water under a funnel and test tube and observing rising bubbles of oxygen – these can be collected and tested by relighting a glowing splint. 

· Conditions for photosynthesis can be investigated by increasing the light levels through moving a lamp towards or away from the plant, by changing the temperature of the water or by increasing the carbon dioxide level through addition of small amount s of bicarbonate of soda. Rate of photosynthesis is indicated by counting the number of bubbles per minute.

· Alternatively, leaves of a deciduous plant can be exposed to light (use a cut out shape to screen out the light) and tested for starch (to leave a starch imprint of the cut out shape). Dip in boiling water to kill, soak in boiling alcohol in a water bath to remove chlorophyll, then add iodine to test for starch*. 

· Test* variegated leaves to show that chlorophyll is needed for photosynthesis. 

· Keep a pot plant in a sealed plastic bag with soda lime to remove the carbon dioxide to show that carbon dioxide is needed for photosynthesis by testing a leaf for starch*.

· Look at leaf specimens, microscope slides and diagrams of leaves and explain how leaves are adapted for photosynthesis.

· Why do leaves photosynthesise poorly in green light? Note that green light is reflected, so we see it. The red and blue ends of the spectrum are absorbed by leaves because these wavelengths are most suitable for photosynthesis.

* Warning: this experiment is very popular, but can be very confusing for pupils even at KS4. It involves too many steps and the pupils get confused with what it is all for. To simplify, get the pupils to set up the plants in light/dark conditions, let the teacher do the cell opening (boiling water) and removal of chlorophyll (hot alcohol) then give the leaves (and some potatoes) back to the pupils to test for starch with iodine. In this way the pupils will see immediately that the leaves they left in the light/that were green/that were not starved of carbon dioxide have produced the stuff (food) that is in potatoes.

Cell division

· What happens to cells during growth division (mitosis)? 

· What happens to cells during reduction division (meiosis)? Where are the sex cells produced in mammals; in flowering plants? Why is the chromosome number in sex cells half of the number in body cells? What happens in mammals or in flowering plants leading up to fertilisation? What happens at fertilisation to the sex cells? Why are animals and plants so different in their methods of sexual reproduction?

· Why is sexual reproduction so common in living things? What are the advantages and disadvantages of sexual and asexual reproduction? Give examples of organisms that carry out sexual and asexual reproduction. 
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