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The study of the peroxidase enzyme in the breakdown of hydrogen peroxide into water and oxygen gas and the effects of concentration of enzyme and substrate on the rate of reaction.  
Introduction

Enzymes catalyze many biological processes and they are essential to metabolism in cells.  Enzymes are selective in choosing substrates to catalyze.  There are many factors that affect the function of enzymes; those include temperature, concentration of a solution, and pH. 

Peroxidase is an enzyme found in plants that catalyze the reaction of H2O2 into H2O and O2.  Peroxidase is also a key ingredient in controlling the growth of plants. The peroxidase enzyme helps construct the cell walls and helps in lignification of the cell wall. (Sakharov, 2004).  Veitch (2004) describes peroxidase as a heme-containing enzyme that uses hydrogen peroxide to help oxidize organic and inorganic compounds. Peroxidase is found in horseradish roots and the enzyme is produced on a large scale for the use in the commercial setting (Veitch, 2004). The ability of peroxidase to oxidize compounds is important because it allows pollutants to be taken out of industrial wastewaters and peroxidase helps vegetables fight off bacteria, causing spoilage.  This information has led to many studies about the usefulness of the peroxidase enzyme. One recent study utilized peroxidase to remove phenolic compounds from industrial wastewaters (Bratkovskaja et. al., 2004).  Peroxidase can form insoluble polymers which then inhibit the enzyme and cause it to be inactive. These insoluble polymers are formed when the substrate is oxidized by the peroxidase enzyme. These polymers can be phenolic compounds (Bratkovskaja et. al., 2004).  One study measured the susceptibility of potatoes to soft rot. The study found that the peroxidase, which is found naturally in potatoes, helped to counteract the bacterium that causes soft rot (Lojkowska and Holubowska, 1992).  Peroxidase is also found to be beneficial to help plants fight off pathogenic microorganisms.  The peroxidase enzyme was activated in order to protect the potato from ring rot (Graskova et. al., 2004). These studies showed that the peroxidase enzyme does have an impact on the rate of the breakdown of hydrogen peroxide into water and oxygen gas. 

The present study was carried out in order to see if the enzyme, peroxidase, had a direct effect on the rate of the breakdown of the hydrogen peroxide into water and oxygen gas.  The study was done under one condition: enzyme concentration. This condition was tested in a lab setting.  The purpose of our study was to determine if the enzyme had an effect on the rate of the breakdown of hydrogen peroxide into water and oxygen gas. It is hypothesized that the increase of the enzyme concentration would have a greater effect on the rate of the breakdown of hydrogen peroxide into water and oxygen gas.  Another hypothesis is that the less enzyme concentration that was added would reduce the rate of the breakdown of hydrogen peroxide into water and oxygen gas. The null hypothesis is that enzyme activity is unaffected by changes in concentration.

We tested the effects of concentration on enzyme activity by varying the amounts of substrate and enzyme concentrations in a specific amount of substrate or enzyme. 
Materials and Methods

The first lab was designed to introduce the class to the enzyme peroxidase.  One condition was tested and it was enzyme concentration. The rate of enzyme activity was measured from the production of oxygen gas, which is a product of the breakdown of hydrogen peroxide. The oxygen gas was measured using LoggerPro software and the Vernier gas pressure sensor. 100 mg of potato was processed using an electric juicer and placed in a 250 mL beaker and chilled on ice to preserve the potato extract.  The potato extract was the source of the peroxidase for the experiment.  Since we were collecting data on the rate of enzyme activity, we had to conduct the experiment three times using three different amounts of potato extract.  For the experiment, we put 3 mL of water in a 50 mL flask.  We then added 3 mL of 3% hydrogen peroxide to the flask.  A stirring bar was added so that the solution was stirred at a low constant speed.  Using the Vernier gas pressure sensor and the LoggerPro computer program, we were able to collect data on the production of oxygen gas.  Data was collected for approximately 5 seconds and then 1 mL of the potato extract solution was added.  We collected data for approximately three minutes as the hydrogen peroxide broke down into water and oxygen gas. The same steps were followed for testing the potato extract solution at .5 mL and .25 mL.  We placed all the collected data in a Microsoft Excel spread sheet. Using Microsoft excel we calculated the slopes of each trial and graphed our results. The slopes of each trial were placed in a table for data analysis.  The graphs contained one line for each trial and the standard deviations for each trial on the appropriate line. 

The second lab was designed specifically to test the effect of various independent variables on the function of enzymes.  The three major factors that affect the function of the enzyme are pH, temperature, and concentration of the enzyme.  Each lab group was assigned a different variable to test. We were assigned the variable of concentration of the enzyme.  We designed an experiment that tested different amounts of substrate and the affect it had on the enzyme.  The same methods were followed from Enzyme I lab. Additional changes were required to do this lab. One change to this lab was 1 mL of peroxidase was used as our control.  In our first trial we used 4 mL of water and 4 mL of hydrogen peroxide, a total of 8 mL of substrate, to test the enzyme reaction rate.  We tested these amounts of water and hydrogen peroxide three times. Our second trial we used 2 mL of water and 2 mL of hydrogen peroxide giving us a total of 4 mL of substrate. This was also carried out three times.  Our third trial we used 1 mL of water and 1 mL hydrogen peroxide, a total of 2 mL of substrate, and it was carried out three times. The pressure of the oxygen gas was measured using the Vernier gas pressure sensor. We collected our data on the LoggerPro computer program for each trial and then transferred the data to a Microsoft Excel spread sheet.  We then found the slops of each trial and graphed each trial only once. The lines contained the standard deviations of the data.  The slopes of each trial were placed in a table for data analysis. 
 The third lab was done to compare the potato extract to different types of plant tissues. Each lab group picked the vegetable matter that they wanted to use. We chose the sweet potato as our vegetable matter. We used the same methods as Enzyme I lab. The enzyme concentrations were 1 mL, .5 mL, and .25 mL.  The substrate included 3 mL of water and 3 mL of 3% hydrogen peroxide. Then the peroxidase, sweet potato extract, was added to the flask. The pressure of the oxygen gas was measured using the Vernier gas pressure sensor. Each trial was done three times to ensure accurate results. As in Enzyme I lab, we placed our data onto a Microsoft Excel spreadsheet. We then graphed our results showing only one line for the three trials.  The graphs included the standard deviations of the lines. The slopes of each trial were taken and placed in a table for data analysis. 
Results: 


Production of oxygen gas by the peroxidase enzyme was found to be the greatest with 1 mL of enzyme as seen in figures 1 and 3.  Figure 1 shows the different amounts of concentration of the regular potato peroxidase enzyme added to the substrate.  It is clear from figure 1 that the 1 mL of the peroxidase was the most effective in breaking down the hydrogen peroxide into water and oxygen gas. The 0.5 mL of peroxidase was half as effective as the 1 mL peroxidase. The 0.25 mL of peroxidase was also half as effective as the 0.5 mL of peroxidase. Table 1 gives the slops of the lines in Figure 1. 

Figure 2 shows the different amounts of substrate with the 1 mL of peroxidase added to them. It is clear that the different amounts of substrate do have an effect on the reactivity of the peroxidase enzyme, but the pressures are much lower than the pressures in Figure 1.  
Figure 3 shows the different amounts of sweet potato concentration. It is clear from this figure that the sweet potato peroxidase was much more effective in breaking down hydrogen peroxide.  It was so effective that the gas pressure sensor popped off the flask because of the pressure build up.  As soon as the sweet potato peroxidase was added the pressure began to increase very fast. In trail #1 the gas pressure sensor popped off just under 1 minute. In trail #2 the gas pressure sensor popped of at 1 minute and 30 seconds. Trial #3 was the only trial that did not produce enough oxygen gas to pop the gas pressure sensor off during the allotted time limit. It did eventually pop off after the time limit. Table 3 shows the slopes of the lines for Figure 3.
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Figure 1.  Change in pressure (kPa) of oxygen gas produced in the breakdown of hydrogen peroxide over three minutes.  The enzyme peroxidase was added to a substrate mixture consisting of 3.0ml of deionized water and 3.0ml of 3% hydrogen peroxide.  Three separate trials were run in triplicate using 1.0ml, 0.5ml, and 0.25ml of peroxidase (liquefied potato).  The graph represents the average of the triplicates and their standard deviations.
Table 1.  The rate of the reaction (kPa/minute) based on the initial slopes of the lines produced from the average of the triplicate runs.

	 
	Rate of Reaction (kPa/minute)

	TRIAL A (1.0ml)
	3.5037

	TRIAL B (0.5ml)
	1.6922

	TRIAL C (0.25ml)
	0.6528
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Figure 2.  Change in pressure (kPa) of oxygen gas produced in the breakdown of hydrogen peroxide over three minutes.  1.0 ml of the enzyme peroxidase was added to three different substrate mixtures.  The substrates were composed of a 1:1 ratio of 3% hydrogen peroxide to deionized water.  The total volumes were 8.0ml, 4.0ml, and 2.0ml (4.0ml of water and 4.0ml of hydrogen peroxide, 2.0ml of water and 2.0ml of hydrogen peroxide, and 1.0ml of water and 1.0ml of hydrogen peroxide).  The graph represents the average of the triplicates and their standard deviations.
Table 2.  The rate of the reaction (kPa/minute) based on the initial slopes of the lines produced from the average of the triplicate runs.

	 
	Rate of Reaction (kPa/minute)

	TRIAL A (8ml)
	     1.9432

	TRIAL B (4ml)
	     1.6496

	TRIAL C (2ml)
	1.2103
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Figure 3.  Change in pressure (kPa) of oxygen gas produced in the breakdown of hydrogen peroxide over three minutes.  The enzyme peroxidase (liquefied sweet potato) was added to a substrate mixture composed of 3.0ml of deionized water and 3.0ml of 3% hydrogen peroxide.  Three separate trials were run in triplicate using 1.0ml, 0.5ml, and 0.25ml of the peroxidase from the liquefied sweet potato.  The graph represents the average of the triplicate runs and their standard deviations.
Table 3.  The rate of reaction (kPa/minute) based on the initial slopes of the lines produced from the average of the triplicate runs.

	 
	Rate of Reaction (kPa/minute)

	TRIAL A (1.0ml)
	22.752

	TRIAL B (0.5ml)
	17.317

	TRIAL C (0.25ml)
	11.994


Discussion:

Enzyme concentration does have an effect on the rate of reaction between the hydrogen peroxide and peroxidase (see figures 1, 2, and 3). Figures 1 and 3 provide the evidence that 1 mL of enzyme is the most efficient at breaking down the hydrogen peroxide. In tables 1 and 3 the rate of reaction that is the largest is of the 1 mL of enzyme.  These results support our original hypothesis that the enzyme concentration does affect the production of oxygen gas.  The effect on oxygen production is clearly dependent on the amount of substrate to enzyme concentration. However, there is one thing that did affect the production of oxygen gas and that is using a different source of peroxidase enzyme. The sweet potato enzyme was much more effective in breaking down the hydrogen peroxide because in table 1, the 1 mL of the regular potato peroxidase produced 3.5 kPa of oxygen gas per minute and in table 3, the 1 mL of the sweet potato peroxidase produced 22.7 kPa of oxygen gas per minute. 
The results show that the different amount of substrate does affect the ability of the peroxidase to breakdown hydrogen peroxide (Fig 2). The more substrate that was added increased the activity of the peroxidase, but not in a significant amount.  This happens because the peroxidase has to breakdown more substrate than it can in the allotted time. The less substrate that was added to the peroxidase the less effective the enzyme was at breaking down the hydrogen peroxide. This happens because the peroxidase bonds with all of the substrate particles and the enzyme becomes saturated. The sweet potato enzyme was much more effective at breaking down hydrogen peroxide that the gas pressure sensor popped of the flask. The reason the sweet potato enzyme was much more affective is because the concentration of the peroxidase enzyme is much greater than in the regular potato. The peel of the sweet potato contains the most peroxidase enzyme of the entire potato (Castillo, et.at, 2002).  One study states that the smaller amount of enzyme added to a specific amount of substrate does have an affect on the breakdown of hydrogen peroxide; even it does not have a significant impact on the pressure of the oxygen gas (Peskin, et.al, 2007).  The smaller amount of sweet potato enzyme that was added to the substrate was still much more affective at breaking down the hydrogen peroxide than the regular potato enzyme at that same amount. The slopes of each trial are significantly different as shown in tables 1 and 3. 
 We could have improved on the original design of the lab by increasing the time of the reaction between the peroxidase enzyme and the hydrogen peroxide. This would allow all of the peroxidase to breakdown the hydrogen peroxide. We could then see if a longer time period would allow the peroxidase to be more effective.  Human error could be one possible source of error because one person could have measured out the wrong amount of enzyme or substrate. This larger or smaller amount of enzyme or substrate could have changed the results drastically. A way to improve human error would be to have the same person do all of the measuring. This would allow the results to be more accurate.  A follow-up experiment that could extend the results of our experiment could be putting the enzyme in different pH values along with using different amounts of substrate. This could provide information on whether or not the enzyme functions better in a particular pH and what amount of substrate would be the ideal before the solution is saturated.  

From this experiment it has been learned that the peroxidase enzyme is very effective at breaking down hydrogen peroxide into water and oxygen gas and providing protection for plants from bacteria and helping them grow. The peroxidase enzyme is the most functional, from this experiment, at 1 mL. The different amounts of substrate affected the production of oxygen gas by reducing the amount that is produced, even when more of the substrate is added. 

The peroxidase enzyme is used in the signaling pathways of potatoes and this pathway signals when the potato needs to induce resistance genes to help protect it from infections (Graskova et. al, 2004).  Finding a way to increase the amount of peroxidase in potatoes should be a priority of potato farmers all over the world. The increased amount of peroxidase would help those potatoes fight off infection and become more disease resistant. Becoming more disease resistant would allow higher yields and more food for the entire world. 
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