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Introduction:
	Enzymes are biological catalysts that lower the activation energy and speed up the rate of the overall chemical reaction (Biology Department, 2015). Activation energy is the initial amount of energy needed to cause a reaction to proceed, for many reactions that includes the breaking of bonds of the reactants. The activation energy is typically supplied in the form of thermal energy that is absorbed by the reactants from the surroundings. This absorption causes the reactants to accelerate, creating more collisions, thus the overall molecule becomes agitated and more binds will break. These two actions combined produce a reaction to occur (Reece et al, 2014). Enzymes role in reactions is to decrease the amount of activation energy needed for any reaction to occur. The barrier for the reaction to proceed is often difficult to overcome for a reaction by itself but the enzymes allow the reaction to absorb enough energy to reach the transition state at which the reactants can break their bonds and form products (Reece et al, 2014). The lowered activation energy allows for the reaction to proceed quicker, therefore having a faster reaction rate. Enzymes can decrease the activation energy by binding to the reactants substrate and converting it into an enzyme substrate complex where the reactants are converted to products through a catalytic reaction (Reece et al, 2014). The phenomenon of enzyme’s affects can be calculated by calculating the reaction rate., Based upon the results from the reaction rate it can be determined the increased rate of the reaction. Enzymes are easily affected by factors that can alter the effectiveness of the usefulness of the reaction. The temperature and pH are environmental factors that can positively alter or negatively alter the effectiveness of an enzyme. Increased temperature, up to a certain point will cause the reaction to proceed faster due to increasing the amount of collisions that occur, however increased pH often causes the enzyme to become denatured (Reece et al, 2014).
 Knowing these factors can be a vital aid in ensuring the productivity of enzymes are constantly at a maximum. Enzymes play an essential role in the metabolic pathway and aids in the facilitation of allowing for a sequence of reactions to proceed. In studying enzymes, one can better their understanding of basic cell functions and the role enzymes have within our body, as well as progressing our knowledge of the complex systems within our body.          
Methods: 
	To begin, 15 drops of distilled water was dropped in test tube 1, this was used as the control beaker. 10 drops of distilled water was put in test tubes 2 and 3, while 5 drops of water was put in test tube 4. Test tube 5 and 6 did not contain any water. 5 drops of substrate was then added to test tube 2, 4 and 6 with 10 drops in test tube 5. Once all the necessary test tubes contained water and substrate, the time was recorded and Test tubes 3, 4 and 5, had 5 drops of enzyme added to them while test tube 6, had 10 drops of enzyme added. After the 10-minute incubation period, 5 drops of DNSA solution was added to all 6 test tubes as quickly as possible. The 6 test tubes were then added to a hot block set at 85°C and left for a period of 5 minutes. After the 5 minutes, the test tubes were removed from the hot block and 5ml of distilled water was pipetted using a 5ml pipet, into each of the 6 test tubes. The test tubes were each mixed by individually inverting them, covering the tops with parafilm. Each test tube’s absorbance was then measured with the Spectronic 21 spectrophotometer. Results were recorded in a table. 
	The next part of the lab measures the effect of pH and temperature on the activity of enzymes. First, 15 drops of distilled water was added to test tube 1 while test tubes 2, 3 and 4 contained received 5 drops of distilled water. 5 drops of 1M HCl was then added to tube 5, and 5 drops of 1M NaOH was added to test tube 6. 5 drops of enzyme was added to tubes 2-6. Once all the substances had been added to the test tubes, test tube 3 was placed in the ice bucket and test tube 4 was placed in the hot block for 5 minutes. The remainder of the test tubes were left out in the lab at room temperature for the same 5 minutes. After 5 minutes, test tube 3 and 4 were removed from the ice bucket and hot block and 2% amylose was added to test tubes 2-6. After 10 minutes of the test tubes reacting with the amylose, 5 drops of DNSA was added to all of the test tubes. With the 5ml pipette, 3ml of distilled water was pipetted into each test tube and mixed with the solution through inversion. All the test tubes were then heated in the hot block for 5 minutes. Each test tube’s absorbance was finally tested individually using a spectrophotometer, and the results were recorded.  

Results: 
	The first part of this lab tested for enzyme activity. The trends from the data indicate that the absorbance was nonexistent when there was no enzyme or substrate present.  The enzyme was only active when there was a substrate present. As the amount of enzymes increased the absorbance increased as well in a linear trend. When there was more substrate than enzymes the absorbance was lower than that of more enzyme than substrate. The highest absorbance appeared with the 2X enzymes while the lowest absorbance occurred with no enzymes, no substrate and no enzyme or substrate. The indication of enzyme activity was present by the colour change to red, which appeared in test tubes 4-6. 




	Tube Number
	Description
	Distilled Water(Drops)
	Substrate (Drops)
	Enzyme (drops)
	DNSA(drops)
	Absorbance (540nm)

	1
	Blank
	15
	-
	-
	5
	0

	2
	No enzyme
	10
	5
	-
	5
	0

	3
	No substrate
	10
	-
	5
	5
	0

	4
	1X reactants
	5
	5
	5
	5
	0.44

	5
	2X substrate
	-
	10
	5
	5
	0.61

	6
	2X enzyme
	-
	5
	10
	5
	0.82


Table No.1 Determining Enzyme Activity for the Specific Substrate of α-amylase through 7 various tests using DNSA as an indicator


	The Testing of the effect of pH and temperature on enzyme activity demonstrated a negative trend. Test tube 3 was cooled and measured at an absorbance of 0.54nm, a 0.12nm decrease from the test tube that had no alterations. Test tube 4 was heated, affecting the enzyme activity and decreasing the absorbance significantly from 0.66nm to 0.08nm. Heat had the second most significant effect on the activity of enzymes. Test tubes 5 had an acidic solution added, reducing the absorbance to 0nm. Creating an acidic solution for the enzyme had the most notable effect on the productivity of enzymes. However, the enzymes placed in the basic solution were also effected by the change in pH. The basic solution caused the absorbance to decrease from 0.66nm to 0.25nm.      
	Tube Number
	Distilled Water(Drops)
	Drops 1M NaOH
	Drops Enzyme
	Drops 1M HCl
	Absorbance (540nm)

	1
	15
	-
	-
	-
	0

	2
	5
	-
	5
	-
	0.66

	3
	5
	-
	5
	-
	0.54

	4
	5
	-
	5
	-
	0.08

	5
	5
	-
	5
	5
	0

	6
	5
	5
	5
	-
	0.25


Table No.2 Testing the effect of pH and temperature on enzyme activity by using NaOH and HCl testers and measuring their absorbance.

Discussion: 
	The first part of the lab tested the reactivity of enzymes and substrate by measuring each absorbance in a spectrometer. The increase of absorbance as the amount of enzyme increased, demonstrates the significant positive change in the reactions that occur when the rate of reaction is increased. The absorbance increased due to the increase in the amount of products produced from the reaction. Test tubes 1, 2 and 3 had no absorbance or colour change due to the fact that there was a missing component in each. Test tube 1 was used as a control beaker, test tube 2 had no enzyme to react with the substrate and test tube 3 had no substrate for the enzyme to bind with. Test tube 4 however, contained substrate and enzyme, demonstrating the amount of products that would naturally be produced when α -amylase reacts with substrate. Lastly, Test tube 5 contained double the amount of substrate than enzyme and demonstrated an increase in absorbance but not as significant as 2X the enzyme. Table No.1 demonstrates the increase in absorbance as more substrate or more enzyme was added. This was due to the abilities of the enzymes to react with substrate because there was more enzymes to substrate ratio, allowing for increased reactions to form products. Enzymes can only react at a constant rate, and an increase of substrate with no increase of enzyme does not speed up how fast the enzymes work, but leaves empty substrate. Increasing the amount of enzyme increased the amount of products produced because it allowed for multiple enzymes to work, whereas the increase of substrate did not increase the amount of products because the substrate themselves cannot increase the reaction (Reece et al, 2014). 
	The second part of this lab, measured the effects of pH and temperature change on the enzyme activity. A small change in the environment of the enzyme affects the overall productivity of the enzyme, as demonstrated throughout the lab. The enzyme α-amylase has an optimal pH of 7.2 and an optimal temperature of 30°C (Dutta. T et al, 2005). When these factors were changed the enzyme productivity was altered with it. The change in the enzyme activity from this experiment is reasonable and demonstrates accurate results based on the experiment performed by the University of Nebraska Medical Center. It was found the enzyme was affected by a change in pH and temperature. The University of Nebraska findings concluded that at 80°C activity of the enzymes was “virtually undetectable”, and at a pH lower than 3.5 or above 10.0 enzyme function was non-existent (Dutta. T et al, 2005). The results obtained from this experiment, as demonstrated in Table No.2 indicates no enzyme function at temperatures over 85°C and lower enzyme function than normal in acidic and basic conditions. Therefore supporting the results from the experiment performed in the lab. The functionality of the protein is altered due to the protein becoming denatured. Denaturing of the protein refers to a protein losing its quaternary, tertiary and secondary structure therefore rendering it inactive. The protein becomes denatured because the hydrogen, disulfide, non-polar and/or hydrogen bonds are disrupted. Denaturing is not strong enough to break the peptide bond in a quaternary structure, but the breaking of the previously listed bonds causes the molecule to uncoil into a random shape (Reece et al, 2014).     
	The α-amylase cleaves linkages in the starch molecules to break them down into disaccharides, through the process of hydrolysis. Disaccharides contain two monosaccharides (Simple Sugars) that are bonded in a glycosidic through dehydration synthesis (Reece et al, 2014). In regards to α-amylase, it is composed of monomers of glucose that together form a disaccharide called Maltose. The opposite of dehydration synthesis is Hydrolysis which involves the splitting of bonds through the addition of water (Reece et al, 2014). The addition of water to split the starch molecule causes there to be cleaves in the molecule and the polysaccharide glucose molecule to become a disaccharide molecule containing just two glucose molecules joined in a 1-4 glycosidic linkage. 
Studying the effects of pH and temperature on enzyme activity is important when understanding the regulatory maintenance of enzymes in our body. Enzymes within our body are crucial parts of regulatory metabolism and daily functions. An example of this includes amylose within our saliva that breaks down carbohydrates into glucose for energy for our body. Particular enzymes in our body have specific destinations they reside in due to their capability to withstand acidic and basic conditions, such as pepsin which is capable of withstanding the acidity of the stomach. All together, the study of the function of enzymes is essential to knowing basic biological processes within our body.
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