INVESTIGATION A

Extended experimental investigation: effects on membranes of environmental stress

Introduction

For centuries waterways have been used to dispose of household and industrial wastes. Only in about the last 150 years have concerns been raised about the environmental changes this could cause. In about the last 50 years people have carried out detailed research to find out the effects on living things of adding hot water (from industrial cooling systems) and chemical wastes to waterways. Many of these studies have been from an ecological perspective (looking at the changes in the species that are found in an area) or from a health perspective. (Is it safe to swim in the water or eat fish caught there?)

Background

It is not possible to observe membranes directly, so this investigation is an indirect study of the effects of different substances and treatments on living beetroot cells. Beetroot cells have been chosen for this activity because each beetroot cell has a large central vacuole bounded by a membrane (Figure 1). Contained in the vacuole is the red pigment anthocyanin, which gives the beetroot its typical colour. The whole beetroot cell is also surrounded by the cell membrane. If the two membranes remain intact the anthocyanin cannot escape into the surrounding environment. If the membranes are stressed or damaged, the red colour can leak out. The cell wall surrounding plant cells provides a structure to the plant. It does not have a role in controlling the movement of substances into and out of cells.

The cell membrane is the same in both plants and animals, therefore you will be able to apply the knowledge you gain from this investigation to both plants and animals.
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Figure 1 Location of anthocyanin in a plant cell.

Part 1: Effects of temperature 

The aim of this experiment is to investigate the effect of different temperatures on the cell membrane.

Materials

Bunsen burner, tripod and wire gauze

250 mL beaker

thermometer: 100–110ºC

10 mL measuring cylinder

marking pen or sticky labels

dissecting needle

fine forceps 

8 test tubes

test-tube racks or 500 mL beaker to hold eight test tubes

access to freezer and refrigerator

washed beetroot slices: at least 40 in 100 mL beaker of water

Procedure

1
Use forceps to collect at least 40 beetroot slices in a 100 mL beaker of water.

2
Use a marking pen or sticky labels to mark eight test tubes with the temperatures listed in Table 1. Stand the test tubes in either test-tube racks or a 500 mL beaker.

3
Put five beetroot slices in the test tube labelled ‘–5ºC’ and place it in a freezer for 30 min. At the end of this time, add 10 mL of tap water and stand the test tube in the rack.

4
Put five beetroot slices in the test tube labelled ‘5ºC’ and place it in a refrigerator for 30 min. At the end of this time, add 10 mL of tap water and stand the test tube in the rack.

5
Half fill a 250 mL beaker with water and stand it on a tripod. Heat the water gently until it reaches about 25ºC. (Use the thermometer to check.) Turn the burner off and let the temperature rise until it reaches 30ºC. Use more heat if necessary.

6
Put five beetroot slices in a test tube labelled ‘30ºC’ and just cover the slices with water. When the water in the beaker reaches 30ºC, put the test tube with the slices into the beaker for exactly 90 s. Remove the test tube, pour off the warm water, add 10 mL of tap water and stand the test tube to one side.

7
Heat the water in the beaker to about 35ºC, remove the burner and let the temperature rise to 40ºC. Use more heat if necessary.

8
Repeat step 6.

9
Repeat steps 6–8 for temperatures of 50ºC, 60ºC, 70ºC and 80ºC.

10
Copy Table 1 into your workbook.

11
After at least 30 min., shake each tube and hold it against a white background in a well-lit area.

12
In Table 1, record the colour of each of the solutions. Use either coloured pencils or a star scale to show the intensity. 

Table 1 Effect of temperature on beetroot cell membranes

	Temperature (ºC)
	Colour of solution

	
–5
	

	
5
	

	
30
	

	
40
	

	
50
	

	
60
	

	
70
	

	
80
	


Discussion

1
Which temperatures were found to cause damage to the membranes?

2
Do you think the possible mechanism that caused the damage would be the same for the range of temperatures tested? Explain your answer by referring to the effect of heat on the different components of a cell membrane and also to one of the well-known properties of water.
3
Look back at your predictions. How accurate were they? Why were the results not the same?

4
Where in nature could plants be exposed to extremes of temperature? Think of examples other than the one provided in the introduction.

5
Where in nature could animals be exposed to extremes of temperature?

Part 2: Effects on membranes of other environmental stresses 

Your task is to devise a procedure that will provide you with information about the effects of the following substances on the cell membrane: 

•
solutions of pH 2, 4, 6, 8 10

•
ethanol solutions: 1%, 25%, 50% 

•
detergent solution: 1%, 5%

•
boiled distilled water

•
aerated distilled water.

Suggested materials (per group)

12 ( 50 mL beakers

marking pen or small sticky labels

length of paper towel

fine forceps

at least 60 washed beetroot slices that have been held in aerated water

Planning the investigation

Thinking about and answering the following questions may help with your planning. You should record your answers for future reference.

•
Why is it necessary to wash the beetroot slices thoroughly before using them in this activity? 

•
The dependent variable is the factor that changes as a result of the treatment. It is the thing that is described or measured. In this part of the investigation the amount of colour that leaks out of the cells is the dependent variable. What was the independent variable in this part of the activity? (The independent variable is the one that is controlled by you.) 

•
What other variable(s) had to be kept the same (controlled) so that the results had some meaning and could be interpreted? 

•
What will you observe to gain information about the effects of the chemicals? You will probably have qualitative results. What strategy will you use so the effects of the different substances can be compared?

•
How will you record your results? (Develop an appropriate table.)

You should do the following things as part of your investigation plan:

•
Place only a small amount of each liquid in the container. The amount of anthocyanin in the beetroot will be small compared to the volume of the beaker. For most of the samples a petri dish could be used instead of the beaker. However, for the aerated sample the beaker is easier 

•
Include enough detail in your procedure so that other people could carry out the same investigation in the same way. Include sizes of glassware, amounts of liquids and numbers of things like beetroot slices.

Making predictions

Before commencing your investigation, predict answers to the following questions:

•
What parts of the membrane will be affected by the acids and alkalis (different pH)?

•
What kind of solvent is alcohol?

•
What parts of the membrane will alcohol affect?

•
What will happen when the beetroot is placed in the detergent? Why will this happen?

•
What is the major difference between the boiled distilled water and the aerated distilled water?

•
What effect do you think the different types of water could have on the membrane and why? 

•
Will the results change if you leave the beetroot samples in the solutions for increased lengths of time? Why?

•
Will increased lengths of time have the same effect for all solutions?

Discussion

1
Compare the predicted results with the results you collected. If your predictions are supported, move on to the next part of the discussion. If not, undertake some more research to find out why your original predictions were incorrect or why the results you collected were different from the expected results. Was it something to do with the procedure that you devised?

2
Write a paragraph detailing what you have learned about the structure of the membrane.

3
Using the results of either or both parts of this activity, write a statement summarising your findings. Include in the summary a statement of the factors that may cause the breakdown of cell membranes. Identify the part of the membrane each factor affects and explain why it has this effect.

4
Make links between the results of the investigation and environments to which organisms, or the cells and tissues of organisms, could be exposed.
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