 


Investigating Membrane Permeability in Beetroot

Analysis & Evaluation

Aims:
· To measure the rate of diffusion of the purple pigment out of beetroot cells following heat treatment at a range of different temperatures.
· To try to identify the “thermal death point” of beetroot cells. This is the point where the plasma membrane starts to leak. The heat causes the integral membrane proteins to denature. When these protein ‘unravel’ within the plasma membrane they leave holes which allow the purple coloured cytoplasm to escape more quickly than through diffusion alone.

Note: The red pigment in the cells of beetroot is an anthocyanin, called betanin. It is related to the pigments found in the petals of many flowers.

· Outline Discs of beetroot are immersed in water at temperatures of 40, 50, 60, 70 and 80C to see how much red pigment subsequently escapes.

· Prior knowledge Plant cell walls contain cellulose. Cytoplasm contains proteins. High temperatures denature protein. 

Advance preparation and materials

Beetroot. Buy fresh, uncooked beetroot.  500g (about 1lb) is enough for 18 groups if they collect their cylinders from one point. If the material is to be given out, allow about ¼ beetroot per group.

If time is short, the discs can be prepared beforehand, washed overnight and the experiment started from (c).

The tubes can be left for 24 hours while the pigment escapes but longer periods lead to decomposition of the discs and escape of the pigment from all samples.





















The colour of Beetroot is due to the presence of a red pigment in the cell sap.

 Materials:
	 beetroot
 cork borer
 white tile
 scalpel
 2 x 250 ml beakers
 glass-marking pen
 graduated pipette (10 ml)
	 thermometer
 6 x test tubes and rack
 mounted needle
 stopwatch
 Bunsen burner, tripod and gauze
 colorimeter with blue filter










Method:
1. Using the cork borer, cut 3 or 4 cylinders from your beetroot. Place these cylinders on the tile and use a scalpel to cut them into discs about 3 mm thick. You will need 36 discs.

2. Place the discs in a beaker and wash them in cold water for at least 5 minutes. Either leave them under a running tap or fill and empty the beaker about 5 times during the washing process.

3. Label 6 test tubes, each with one of the following: 30, 40, 50, 60, 70, and 80. Using the graduated pipette place 6 ml of cold tap water in each one.

4. When the beetroot discs have been washed, impale 6 of them on a mounted needle with a space between each disc.

5. Prepare a water bath by half-filling a beaker with water at 30C.

6. Using a stopwatch, place the mounted needle with the discs in the water bath for exactly 1 minute. At the end of this time, take the discs off the needle and drop them into the tube labelled 30.

7. Heat the water bath to 40C. Impale 6 more discs, immerse them in the water bath for 1 minute and then transfer them to the tube labelled 40.

8. Repeat the procedure for temperatures 50, 60, 70 and 80C, and leave all the test tubes for 20 minutes or more.

Colorimeter Readings
When more pigment has diffused out of the beetroot cells the diffusion solution will be a darker purple color. We can measure the color intensity using a colorimeter

9. Fill a clean cuvette with tap water – this will be your blank. Select the blue filter on the colorimeter, and use the blank to zero the colorimeter.

10. Fill the cuvette Two thirds full with the diffusion solution.

11.  (
cuvette
)Shake the tubes to ensure that any pigment is evenly distributed through the water. For each tube, fill a cuvette with the water/pigment mixture, and read the absorbancy of the mixture with the colorimeter.


12. Check that you are measuring the amount of light absorbed by the beetroot pigment. (measuring the amount of light passing through your solution, % Transmission) 
13. Repeat with all the other solutions and record your results in a table of your own. 
14. Note the uncertainty, i.e. the precision of your colorimeter. 


Uncertainties
· Look carefully at the scales on the ruler, thermometer, stopwatch and the colorimeter. What is the size of the smallest unit of accuracy for each?
· What is the precision of each measurement?
· Does the experimental method have any impact on each measurement?

Results and Conclusion (See skills sheets for Analysis and Evaluation) 
· Present your colorimeter readings for each heat treatment in a clear table of raw data. 
· Include the uncertainties for each measurement. 
· Include your qualitative observations. 
· Process your experiment results to show the effect of the heat treatment on the diffusion of the purple pigment. Identify the thermal death point (the point when integral proteins in the membrane denature), if you can. 
· Write a conclusion, which refers to the aims of the experiment, explains what you have found out, and includes some of the biology behind it. 
· Find something in a text book which either supports or disagrees with your conclusion. 
· Evaluate the limitations of the experiment and your data and suggest specific ways to improve the experiment. 





























Analysis Rubric
This criterion assesses the extent to which the student’s report provides evidence that the student has selected, recorded, processed and interpreted the data in ways that are relevant to the research question and can support a conclusion.


  














Evaluation Rubric
[bookmark: _GoBack]This criterion assesses the extent to which the student’s report provides evidence of evaluation of the investigation and the results with regard to the research question and the accepted scientific context.​
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