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The Effect of Temperature on Reaction Rate of Catalase and Hydrogen Peroxide

Abstract


How does temperature affect how quickly catalase breaks down hydrogen peroxide? To find out, a filled 50 ml beaker of hydrogen peroxide was first warmed to 80° C – varying temperature in decrements of 10°. Upon reaching the temperature a filter disc soaked in a catalase solution was placed in the hydrogen peroxide. As the disc touched the bottom a stopwatch was used to calculate reaction rate, which was determined by the time it touched the hydrogen peroxide until the filter disc sank and floated to the top of the hydrogen peroxide. The first trial (80°) showed no reaction, but as temperature decreased, reaction rate also decreased. The direct relation continued up until the final trial of 20° C, where reaction rate increased. To conclude, 70° C was found most suitable for catalase enzyme to react with the hydrogen peroxide substrate.

Purpose


How does temperature affect the reaction rate at which catalase breaks down hydrogen peroxide? This lab took a look at how temperature could vary how well an enzyme could work upon a specific substrate.

Hypothesis


As was given, a filter disc submerged in a catalase solution was placed in a beaker of hydrogen peroxide to test for reaction rate, being the rate at which the catalase broke down the hydrogen peroxide. This was tested by timing how long it took for the filter disc to float to the top of the beaker – an action caused by one of the byproducts of the result – oxygen. The oxygen being much less dense than the hydrogen peroxide makes the filter disc float to the top.


The created prediction was, that a warmer substrate of H2O2 will react quicker to a catalase enzyme solution, because as mass warms, its molecules move faster, therefore being able to surpass the energy of activation barrier. This was a perfectly reasonable prediction since it is true that as temperature increases so does the speed of molecules (because it is a measure of the average speed of molecules). In addition, movement is kinetic energy, and a certain amount of energy would be needed to start the reaction. Therefore if an increase in temperature provided more energy, then an assumption could be made that the increase in temperature would help the reaction perform quicker.

Materials


The materials used are as stated in the “Enzyme Catalysis” packet for experiment two, except for a bowl of slightly chilled water.

Procedure


The procedure used are the same as stated in the “Enzyme Catalysis” packet for experiment two, except for an addition to step 9. Added was “When the temperature becomes low, near 20°C, you may need to move the beaker containing the hydrogen peroxide into the bowl of water.

Results

Data Table:

The Reaction Rate of Catalase and Hydrogen Peroxide at Varying Temperatures

Temperature (°C)
Time (sec)
Distance (mm)
Reaction Rate (mm/sec)
Class Avg. Reaction Rate (mm/sec)

80
180
35
No Reaction
No Reaction

70
7.82
35
4.48
3.49

60
7.93
35
4.41
4.47

50
9.55
35
3.66
4.48

40
11.01
35
3.18
3.38

30
20.64
35
1.70
2.48

20
14.76
35
2.37
2.67

Graph: (attached)


The most obvious trend in the graph is the direct relation between temperature and reaction rate, meaning, (for the most part) as temperature decreases so does the reaction rate at which catalase breaks down the hydrogen peroxide to oxygen and water. Of course, there were outliers to this statement, being the 20° trial, where reaction rate increased, and the 80° trial where there was no reaction that took place. In addition, the group data represented in the 4th column, was a little off from the class averages, in the way that the average reaction rate starts a little lower and then rises to 4.447 mm/sec and then 4.48 mm/sec before decreasing to a minimum of 2.48 mm/sec and then increasing to 2.67 mm/sec. This is in comparison to group data where there was a steady decrease in reaction rate until the last trial where it increased by about 0.67 mm/sec.

Discussion


As you examine the data the first thing you probably notice is there is no reaction for the 80° C. At certain temperatures proteins, in this case enzymes, denature (enzyme). This is when, due to a change in usually temperature or Ph, an enzyme's shape changes. Of course, being the main theme throughout biology, structure of determines function. Along with the shape change there is a function change, and at certain temperatures the enzyme cannot function properly. All proteins have a “groove” in its molecular structure which determines its function. In the context of enzymes, this “groove” is known as an active site. Each enzyme is made specifically for a substrate, or substance on which an enzyme acts upon, almost like two pieces of a puzzle. The enzyme only fits with its substrate. When a substrate comes into contact with the proper enzyme's active site, the active site changes shape and forms to change the substrate's energy of activation barrier. In other words the enzyme changes the amount of energy needed to perform a certain chemical reaction like breaking down sucrose to fructose and glucose, or in this case, breaking hydrogen peroxide to water and oxygen. At higher temperatures the enzyme denatures, and this active site becomes deformed in a way in which the substrate cannot fit into this groove and now the enzyme can no longer properly function.


But at just before that point of denaturing most enzymes perform best (Introduction). This corresponds directly and supports my hypothesis. As stated in my hypothesis, a warmer substrate of the hydrogen peroxide (H2O2) would give a faster reaction rate when catalase acted upon it, rather than a colder substrate. As you can see, excluding outliers, this does correspond with the collected data. The 70° C trial did perform the quickest, with the 60° trial performing second quickest, and etc. with the reaction rate decreasing as temperature decreased. Overall, my hypothesis was good, but maybe more care might be put into it next time to add in what might be cases for outliers like denaturing.


Although the group's results were quite linear in appearance (see graph), when averaged in with the rest of the class, the data does not posses anything near the same slope. The reaction rate for the class actually rises until at 50° it reaches the same that the group's was at when at 70°. Continuing, after the 50° trial the reaction rate then decreases until the last trial. Most likely this is error due to causes as shown in the following section.


Catalase is used in some organisms to control the amount of hydrogen peroxide inside of them (Goodsell). Oxygen, in our bodies, is very important to helping us live, but is also a danger since it can be converted to other radioactive compounds. Because of oxygen's polarity, two things it can be converted to are superoxide radicals and hydrogen peroxide both of which can damage certain parts of necessary proteins if not controlled (Goodsell). Superoxide is dioxygen with one unpaired electron giving it polarity (chemical). Our bodies control these two substances with superoxide dismutase which converts the superoxide to hydrogen peroxide, and catalase which then changes the hydrogen peroxide to water and oxygen. This is one example of how our body keeps itself in balance and the major role of catalase in the world. Without catalase oxygen would be a very harmful substance to our body.


What is interesting about this lab is that although our body's are generally at 37° C, the enzyme in this lab worked best at 70°. I also wonder if this experiment had been continued, would the reaction rate had continued to rise? Or was the increase in reaction rate in the 20° trial just the outcome of errors made when conducting the experiment? I would have also liked to continue this experiment all the way to 0° in order to find this out and see if the lab worked at the freezing point of water, and I would like to know if the outcome of this lab was true for all enzymes and substrates. Another possible experiment could be conducted with another enzyme and its substrate to then compare and contrast.

Sources of Error


There were many major and minor sources of error though out the lab that could have drastically affected the data. One minor human error is our personal reaction time in order to stop and start the stopwatch. It may be more difficult if the person who dropped in the filter discs with the tweezers started the stopwatch because then they may not be able to release the disc, watch it hit the surface, and start the watch. Another person may have more easily been able to see the disc hit the hydrogen peroxide. On the other hand, it may have also been easier because then as soon as you release the disc, you may have been able to start the stopwatch. Another error would have been when the stopwatch should have been stopped. Many factors apply to this. Some groups complained of the filter disc never touching the bottom of the beaker, also distorting their results. The given procedure called for the timer to be started upon the disc hitting the water and then stopped when floating to the top of the solution. If the experiment were to be redone, one way to improve upon it in my opinion is to stop the timer upon seeing the disc start to float at all, because that signifies the start of the chemical reaction, which is really when you want to stop the timer. Doing this the first time may have also create less distortion on the data because of other factors. The hydrogen peroxide was not changed in between each trial, which may have diluted the experiment causing errors in the results. In addition the tweezers were not cleaned after each trial, which may have cause unnecessary breakdown of the hydrogen peroxide. The paper towels sued to dab off the filter discs were definitely not sterile, which may have brought other substances or chemicals into the experiment. To sum up, these factors may have also affected the way the filter disc moved through the hydrogen-peroxide, and not only the way the catalase acted upon the enzyme. Therefore because of these factors contributing to faults in the data, stopping the stopwatch when the disc just started to rise may have been a good way to conduct this experiment. Another important error was that our solution at times got too cold or was spilled, and needed to be re-warmed, and new hydrogen peroxide had to be poured. This may have cause the break in the trend in the last trial where the reaction rate increased. In conclusion there were many human and non-human errors that contributed to the outliers in the data and faults in the class average trend.

Conclusion


In conclusion, when  a warmer substrate of H2O2 will react quicker to a catalase enzyme solution, because enzymes work best in warmer conditions, right before the point of denaturing. Also, temperature has a direct relation with reaction rate of the catalase and hydrogen peroxide, solving the problem of lab “How does temperature affect how quickly catalase breaks down hydrogen peroxide?”
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