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Abstract
In the reaction between peroxidase and hydrogen peroxide, hydrogen peroxide is broken down to become water and oxygen. The function purpose of the experiment tested was to see if there was peroxidase in the substrate, and to identify the rate at which it reacted in various temperatures and pHs. Without an enzyme, the reactants used a high amount of activation energy. When an enzyme was involved, much less activation energy is used when making the same amount of product as without an enzyme.	Comment by Alexander Aitken: You may want to add a sentence before this to try to captivate the reader instead of diving into this type of reaction jargon. 	Comment by Alexander Aitken: You need to include some results from your experiment to strengthen your abstract. 
Introduction	Comment by Alexander Aitken: I didn’t go through the intro and methods again, look at the hard copy I gave you earlier
Enzymes speed up chemical reactions by lowering the activation energy. All known enzymes are proteins which are principally composed of chains of amino acids linked together by peptide bonds. They are also a biological catalyst. A catalyst being a substance that increases the rate of a chemical reaction without itself undergoing any permanent chemical change.
 Activation energy describes the minimum amount of energy which must be available to a chemical system with potential reactants to result in a chemical reaction. This can be shown as: [image: https://upload.wikimedia.org/wikipedia/commons/thumb/f/fe/Carbonic_anhydrase_reaction_in_tissue.svg/504px-Carbonic_anhydrase_reaction_in_tissue.svg.png]An ES-Complex, otherwise known as the enzyme substrate complex, is an intermediate substance formed from the enzyme and the substrate. The reaction can be represented as: [image: http://www.worthington-biochem.com/introbiochem/images/ie04.gif]
Some factors that affect enzymes are, but not limited to, correct environmental conditions, proper substrates, and, often, particular cofactors associated with an enzyme. With saying that, there are specific, optimal conditions for an enzyme which can be deduced by the organism from which the enzyme is derived, the part of the organism in which the enzyme functions, and the environmental conditions in which that organism lives. 
For this experiment, the enzyme and acting catalyst used was peroxidase, which in this case is found in liver. Two molecules of hydrogen peroxide, which is harmful to cells, are broken down into two molecules of water and a molecule of oxygen gas. This can be represented by: 2H2O2[image: ]2H2O + O2(g)  The presence of peroxidase allows the cells to break down hydrogen peroxide fast enough so that the cells do not become tainted. This reaction occurs within two seconds to contact of peroxidase and hydrogen peroxide. Therefore, if hydrogen peroxide comes in contact with the enzyme peroxidase, then the hydrogen peroxide will be broken down into two part water, one part oxygen.
Methods
Experiment 1: The Effect of Temperature on Catalase Activity
I put a piece of liver into the bottom of a clean test tube and covered it with a small amount of water. I then placed this test tube in a boiling water bath. After 5 minutes, I removed the test tube from the boiling water bath, allowed it to air cool and then poured the water out. After that, I pipeted 2 milliliters of hydrogen peroxide into the test tube, allowing it to react with the now boiled liver. 
I then put equal quantities of liver into 2 clean test tubes, and 1 milliliter of  hydrogen peroxide into 2 other test tubes. I put one of the test tubes of liver and one of the test tubes of hydrogen peroxide into an ice bath. The other set of liver and hydrogen peroxide was placed into a warm, room temperature, water bath. After 3 minutes, I poured each tube of hydrogen peroxide into the corresponding test tube of liver and observed the reaction.
Experiment 2: The Effect of pH on Catalase Activity
In 6 test tubes, I placed 2 milliliters of hydrogen peroxide to each of 5 clean test tubes. The following substances were added into their specific containers: Test Tube 1: 4 drops of acetic acid, Test Tube 3: 4 drops of sodium bicarbonate, Test Tube 4: 4 drops of lemon juice, Test Tube 5: 4 drops of bleach, and Test Tube 6: 3 drops of water. I added liver to each of the test tubes and quantitated their rates of reaction.
Results
Experiment 1:
The reaction rate for the boiled liver and peroxide was quantitated as a one  1. The rate for cold liver/peroxide was 2, where the rate for the warm liver/peroxide was a three (as shown in Table 1)3.	Comment by Alexander Aitken: Be sure to end sentences with written numbers instead of the numerical value.	Comment by Alexander Aitken: 
Table 1
	           Table 1	Comment by Alexander Aitken: Data?
	Boiling
	Room Temperature
	Cold

	5
	
	
	

	4
	
	
	

	3
	
	
	

	2
	
	
	

	1
	
	
	



*These results were quantitated on a scale of 1 – 5, 1 being the least reactive and 5 being the most reactive.

Experiment 2:
After adding the various substances to hydrogen peroxide, I determined the pH of the solutions. Acetic acid went to 4.2, sodium bicarbonate to 7.2, lemon juice to 4, bleach to 9, and water to 4.5
With the addition of liver to the solutions, I quantitated these reactions. Vinegar being 3, NaOH being 4, lemon juice being 1, bleach being 1, and water being 5.
In general, the category with the optimal enzymatic range for peroxidase to work was of a neutral.	Comment by Alexander Aitken: Range implies specific limits and since you only stated a neutral that means the enzyme only worked in a neutral pH solely. What you probably should is the optimal tested pH for peroxidase was at a neutral pH (seven). 

	Table 2	Comment by Alexander Aitken: May want to add the pH’s of all the substrates to make it more obvious to reader that pH affects enzymatic rate.
	Effect of pH

	Substrate
	Reaction Rate

	Vinegar
	3

	NaOH
	4

	Lemon Juice
	1

	Bleach
	1	

	Water
	5


*These results were quantitated on a scale of 1 – 5, 1 being the least reactive and 5 being the most reactive.
Discussion
Bubbles occurred in NaOH, but not HCL because the NaOH had a more neutral pH when added with hydrogen peroxide. This means that the optimal pH range for peroxidase to react is in a neutral range. The pH affects the enzymatic rate because it not only changes the shape of an enzyme, but also the charge properties of the substrate so that either the substrate cannot undergo catalysis or it cannot bind to the active site. 	Comment by Alexander Aitken: We didn’t use HCL, we used concentrated lemon juice	Comment by Alexander Aitken: What? NaOH has a pH of 13 which is very basic. Something else is going on here so dig a little deeper as to what you think may be happening in a basic solution opposed to an acidic one.	Comment by Alexander Aitken: See comment above about range
Temperature also affects the rate of reaction. As the temperature increases, so does the rate of reaction because it speeds up the activity. Despite this, there is a point where the temperature can become too high and it begins to denature the enzymes.	Comment by Alexander Aitken: Give evidence from your results. “According to the results, when the liver was boiled the relative reaction rate was scored as a one. Thus supporting the idea that peptide bonds near the active site became denatured and failed to act upon the hydrogen peroxide at the same efficiency of liver at left at room temperature.”
Based on what I knew about enzymes, I did not expect the reactions to go the way that they did. I was surprised that as the pH got more neutral, the higher the reaction rate became. I had predicted that the higher the pH, the higher the rate. I also hypothesized that the higher the temperature, the higher the reaction rate. This was confirmed by the datae in which the reaction taking place in the boiling water had a faster rate of reaction when compared to the room temperature water and the cold water.	Comment by Alexander Aitken: You may need to be more specific here, you boiled liver and you heated the hydrogen peroxide so specify which test.	Comment by Alexander Aitken: 
My original hypothesis that if hydrogen peroxide comes in contact with the enzyme peroxidase, then the hydrogen peroxide will be broken down into two part water, one part oxygen was confirmed by the data and failed to be rejected. 	Comment by Alexander Aitken: Good job at reinstating the hypothesis to help the reader remember your original thought process
Some possible sources of error could be in the way the relative reaction rate was quantitated.  rate quantitative system. For future experiments,  I would could take a ruler to the bubbles formed and measure it in centimeters, and have that measurement be the system instead. To test the pH, I could have used pH paper to detect the exact value. For temperature, I could have had a thermometer in various temperatures of water and rate the reactions based on that.	Comment by Alexander Aitken: Probably best to use mm since it is more precise than cm	Comment by Alexander Aitken: Other errors, did some unexpected results happen? Did you contaminate the dropper bottle? What about standardizing the size of the liver pieces used?
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