Biology Coursework

Haleema Darr


An Experiment to investigate how temperature affects the rate of reaction between Catalase and hydrogen peroxide

Aim: 

This experiment is designed to see how temperature affects the breakdown of hydrogen peroxide by the enzyme catalase. 

Scientific Knowledge:

Enzymes are biological catalysts. They are produced in all living organisms and control all the chemical reactions that occur. 

Most of the chemical reactions that occur in living organisms would occur too slowly without enzymes. Increased temperatures would speed up reactions but using enzymes means that the reactions are fast enough at body temperature. 

Enzymes are protein molecules that have a particular shape. They have a slot or a groove into which the substrate fits. The reaction then takes place and the products leave the enzyme. 

This explains why enzymes are specific. Each enzyme is designed to fit only one substrate. 

Catalase is a very fast reacting enzyme; it is found in many living cells, it breaks down hydrogen peroxide to water and oxygen. One molecule of it can break down 6million molecules of hydrogen peroxide in 1 minute. Hydrogen peroxide needs to be broken down into harmless substances to protect the body from it as it is toxic.

Hydrogen peroxide is a problem for all living cells as it is a by product of a number of chemical reactions that take place in each cell.
Catalase is present in nearly all aerobic cells. It serves to protect the cell from the toxic effects of hydrogen peroxide. This is done by enabling the decomposition of hydrogen peroxide into its molecular oxygen and water constituents without, the production of free radicals. The effects of the experiment are illustrated below:

Hydrogen peroxide                    water + oxygen

2H2O (aq)                                      2H2O (l) + O2 (g)

If the decomposition process free radicals, i.e. an atom or group of atoms with an unpaired electron, were produced this may be harmful to the cell. This is because radicals are unusually reactive and are capable of causing a wide range of biological damage.

In this experiment the effects of temperature speed up the action of the enzyme catalase in breaking down hydrogen peroxide. 

Apparatus:
 The following pieces of equipment will be used to carry out my experiment:

· A potato – this is the source of the enzyme catalase.

· Hydrogen peroxide – this is compound that is to be decomposed during the experiment. 

· A cork borer - this is to extract the potato.

· A ruler and a knife– this will be used to measure and cut consistent quantities of potato.

· Two boiling tubes - this will be used to carry out the experiment which breaks down the hydrogen peroxide

· A Measuring cylinder - to collect the oxygen which forms once the hydrogen peroxide has decomposed. 

· Water bath – this is a thermostatically controlled bath which enables the experiment to be carried out at precise temperatures.  

· A bung with plastic tubing – this is used to connect the first boiling tube to the collecting bath. 
· A stopwatch – this is to enable the experiment to be accurately timed 
The collision theory is based on the principle that for a reaction to occur the reacting molecules must collide with each other with enough energy to react. The higher the temperature the more energy the molecules will have and the faster they will move, increasing the number of collisions and the chance that the collisions will lead to a reaction.

In terms of enzymes, we are trying to get the substrate to collide with the enzyme and for the enzyme-catalysed reaction to take place. Again, the higher the temperature the more likely there will be effective collisions. 

Using the lock and key theory, enzymes have a part of their surface called an active site which has a specific shape so it can join only with specific substrates (like a key in a lock). In extremes of temperature the shape of the active site changes and we say the enzyme is denatured. If the shape of the active site has changed then the substrate molecule won’t fit and the reaction won’t take place. So as the temperature increases above the optimum more enzymes become denatured slowing the rate of reaction until all of the enzymes are denatured and the reaction cannot take place.

Diagram:




[image: image1]
Method:

The equipment will be set up as shown in the diagram above. 

A core will be extracted from the potato using the corer. This will be chopped into pieces with lengths of 5cm to ensure that a consistent amount of potato, and therefore catalase, is used in the experiment. The potato will be placed in a boiling tube, 20ml of hydrogen peroxide will be added to the boiling tube and the bung and tubing will be attached to the tube in order to collect, the oxygen that is produced as the hydrogen peroxide decomposes. 

A second boiling tube will be filled with water and this will be placed in a collecting bath. The tubing will be put under the boiling tube such that any oxygen that is produce can be captured, through the displacement of the water contained in the tube. 

The experiment will be carried out at a number of different temperatures. The first experiment will be carried out at room temperature and then subsequent experiments will be carried out at increasing temperature levels. In order to insure the consistent temperature is achieved a thermostatically controlled water bath will be used. To obtain the most accurate results I will repeat the tests three times and from that I will find the mean results. 

In order to ensure that the only variable that is being altered is temperature, the experiment will be carried out for 5minutes – this will be timed on a stopwatch.   




          

Fair test:


When carrying out this experiment there are a number of factors that could be varied. For example, a different amount of potato (catalase) could be used as the catalyst, a different amount of hydrogen peroxide could be poured into a boiling tubes or the experiment could be allowed to run for a different length of time. This experiment is designed to examine how temperature affects the rate of reaction between Catalase and hydrogen peroxide and it is therefore important that these factors are held constant. This will be done by using measured amounts of potato and hydrogen peroxide and for running the experiment for a amount of time. These will be the dependant variables, i.e. the factors that will remain the same. The independent variable, i.e. the factor that will change, will be the temperature. 

Preliminary Tests: 

As noted above, before the experiment could be carried out, a number of preliminary tests were performed. The purposes of theses tests were:

· To see how much potato to use.

· To find out how much hydrogen peroxide would be suitable to use. 

The results of the preliminary tests indicated that:

· 5cm is the best amount of potato to use because when 3cm was tried, there was not enough catalase to react so therefore a suitable conclusion could not be made. Any bigger than 5cm then 20ml of hydrogen peroxide would not be ale to cover the potato. 

· The best amount of hydrogen peroxide to use would be 20ml because it can fully cover the amount of potato in the boiling tube. 

When doing these preliminary tests others could also have been run to find out the ideal time to carry out the experiment and by how much to increase the temperature between tests. Due to time constraints it was not possible to do this and it was decided to run experiment for 5 minutes and to increase the temperature by 10 degrees Celsius (10°C) at a time.

Prediction:

It is expected that the experiment will work best at around 30°C and 40°C as this is around body temperature (37°C). At 50°C and 60°C the experiment will get denatured as it is too hot for the catalase to react. 

Results:

The reaction times for when catalase reacts with hydrogen peroxide at increasing temperatures are shown below: 

	Amount of
	Temperature
	1st attempt
	2nd attempt
	3rd attempt
	Mean

	Hydrogen
	(Degrees
	(volume of oxygen
	(volume of oxygen
	(volume of oxygen
	(volume of oxygen

	Peroxide (ml)
	Celsius)
	produced cm3)
	produced cm3)
	produced cm3)
	produced cm3)

	
	
	
	
	
	

	20 
	20 (Room)
	3.6
	4.8
	4.2
	4.2

	20 
	30
	5.2
	7.0
	6.8
	6.9

	20 
	40
	5.4
	5.4
	5.6
	5.5

	20 
	50
	4.0
	3.4
	2.8
	3.1

	20 
	60
	1.6
	1.0
	1.6
	1.4


The data in the yellow squares is anomalous and was not used in calculating the mean time mls of oxygen produced
GRAPH

Graphically this can be presented as follows:
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Analysis of Graph:

My graphs shows exactly what was  predicted – the optimum temperature is around body temperature and that is the highest point of my graph. It is a really steep curve which is also what I expected as I didn’t think anything would happen when the enzyme got denatured. 

In addition the graph is very ‘spiky’ and it is not possible to identify the true relationship between the temperature and the rate at which the hydrogen peroxide decomposes. This may have been possible had the experiment been run at temperatures which varied by less than 10 degrees Celsius. 

Conclusion: 

A review of the actual results confirms that the experiment works best at around 30°C. After this the amount of oxygen produced tails off and this is likely to be because of the denaturing of the catalase resulting from the increase in temperature.

Any experiment of this type has an inherent weakness in that the concentration of the catalyst weakens as the experiment progresses. The experiment could be improved if a method could be found to keep the catalase at a consistent concentration. This experiment assumes that the catalase is used up at a consistent rate in each experiment. 

My prediction stated that:

‘It is expected that the experiment will work best at around 30°C and 40°C as this is around body temperature (37°C). At 50°C and 60°C the experiment will get denatured as it is too hot for the catalase to react.’

I managed to prove that this did happen due to the collision theory. In terms of enzymes, we are trying to get the substrate to collide with the enzyme and for the enzyme-catalysed reaction to take place. Again, the higher the temperature the more likely there will be effective collisions. 

 Finally, the results showed a number of anomalies and the effects of these could have been minimised by performing the experiment more times. 

Evaluation:

I think that my investigation has been a success. I have conducted the experiments and collected an accurate set of results, which prove my prediction to be true.co

Although my results fitted in with my prediction, there are some factors that could have been changed to improve my experiment and make the results more accurate. For example, a syringe could have been used to inject the hydrogen peroxide through the bung so as not to let any oxygen out before the bung was inserted. I did get some anomalies throughout the test and I think that this was simply because it was so difficult to ensure that it was done accurately. I did however manage well throughout the experiment. 

ag

My results were reliable and I made sure that the experiment was at all times a fair test. I ensured that this was true by controlling the volume, making sure it was equalled the same amount each time.

To improve and extend my experiment I could use different concentrations of hydrogen peroxide or use different masses of potatoes. 
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Diagram to show set up of equipment used in the experiment to show the effect of Catalase on Hydrogen Peroxide
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