


Introduction. 
  Biological catalysts are substances that are used in small amounts to speed up the rate of a reaction without itself being consumed. One example of biological catalysts are enzymes. Enzymes are proteins that lower the activation energy of chemical reactions, thus allowing the rate of the reaction to proceed at a faster rate. 
Enzymes work by forming a substrate-enzyme complex. The active site of an enzyme has a very specific shape which means that only specific substrates can bind to it. After being formed, the substrate-enzyme complex is converted into product, and since the enzyme itself wasn't used it is free to repeat the process, thus forming more product. The rate at which an enzyme works can be influenced by many factors, two of which are temperature and pH. If enzymes are exposed to a temperature that is higher than their optimum temperature, they become denatured meaning that their internal secondary and tertiary structures are disrupted and this is an irreversible outcome and the enzyme is no longer functional. Enzymes exposed to very low or high pH values experience a similar outcome, the shape of their active site changes, thus substrate can no longer bind to it and form and substrate-enzyme complex, and no product is produced (Reece et al,2015). For this experiment we worked with the alpha-amylase enzyme, which has a number of commercial uses such as food production. The enzyme has an optimum temperature of 37°C and an optimum pH of 9 (Burhan et al). Reaction rates can be measured by the amount of product that is produced in a certain amount of time. Enzymes play a huge role in our every day lives without us even realizing it. Whenever we put food into our mouths and start chewing, enzymes present in our saliva start to break the food down to aid with digestion. This is just one biological process that enzymes are involved in and there are at least one hundred more which is why it is important to understand and study their roles and functions.
  The purpose of this experiment was to test the effect of temperature and pH on product formation, by finding the absorbance values of different solutions.

Methods

6 test tubes were labeled 1-6 at the top using masking tape and a marker and placed in a test tube rack. 15 drops of distilled water were added to test tube 1, 10 drops to tubes 2 and 3 and 5 drops to test tube 4. 5 drops of substrate was added to test tubes 2, 4 and 6 each and 10 drops to test tube 5. The time was taken and 5 drops of the enzyme was added to tubes 3, 4 and 5 and 10 drops to tube 6 as quickly as possible. The test tubes were left to incubate for 10 minutes. After the incubation period 5 drops of DNSA were added to all test tubes as quickly as possible and all test tubes were placed into a hot block which was set at 85°C and left for 5 minutes. After being removed, 5ml of distilled water was pipetted into each of the test tubes, parafilm was placed over the mouth of the test tubes and they were inverted a few times. The spectrophotometer, Spectronic 21, was set to a 540 nm wavelength and zeroed using a blank tube. Each test tube was wiped down with a Kimwipe to remove all dirt and fingerprints before being placed in the spectrophotometer. All absorbance readings were recorded. 

6 test tubes were labeled 1-6 at the top using masking tape and a marker. 15 drops of distilled water were added to tube 1 and 5 drops to tubes 2, 3 and 4 each. 5 drops of 1M HCl were added to test tube 5 and 5 drops of 1M NaOH were added to test tube 6. 5 drops of enzyme were added to test tube 2-6 each. Test tube 3 was placed in an ice bucket and test tube 4 in and 85°C hot block for 5 minutes. All other test tubes were left at room temperature for a 5 minute incubation period. After the incubation period, the time was noted and 5 drops of 2% amylose (substrate) were added to test tubes 2-6 and the reaction was allowed to proceed at room temperature for 10 minutes. After 10 minutes 5 drops of DNSA solution were added to all test tubes and the tubes were heated in an 85°C water bath for 5 minutes. 3 mL of distilled water was pipetted into each of the test tubes and the test tubes were mixed by inversion using a parafilm. The spectrophotometer was set at 540 nm and zeroed using a blank tube. Before each tube was placed into the spectrophotometer it was wiped down with a Kimwipe to remove all dirt and fingerprints. All absorbance readings were recorded. 

Results

When test tube 1, which is our blank test tube since it only has distilled water and DNSA, was placed in the spectrophotometer, of a wavelength of 540 nm, it originally showed a slight reading after which we zeroed it so that it had a point of reference with respect to the DNSA present in the solution. Test tube 2 which only had 10 drop of distilled water, 5 drops of substrate and 5 drops of DNSA, showed an absorbance of 0.04nm. Test tube 3, which contained 10 drops of distilled water, 5 drops of the enzyme and 5 drops of DNSA, showed a slightly less absorbance of 0.02 nm. Test tube 4 which contained, 5 drops of distilled water, 5 drops of substrate, 5 drops of the enzyme and 5 drops of DNSA showed showed an absorbance value of 0.08 nm. Test tubes 5 and 6 had no distilled water in them, however test tube 5 had 10 drops of substrate, 5 drops of the enzyme and 5 drops of DNSA and showed an absorbance reading of 0.1 nm and test tube 6 had 5 drops of substrate, 10 drops of the enzyme and 5 drops of DNSA and showed an absorbance value of 0.14 nm. A clear pattern emerges, as the amount of enzyme increases so does the absorbance value. Taking test tubes 4 and 6 as an examples, the amount of enzyme double and the absorbance value almost did as well.

Table 1: Absorbance values under different amounts of enzyme and substrate.
	Tube Number

	Description
	Distilled water (drops)
	Substrate (drops)
	Enzyme 
(drops)

	DNSA
(drops)
	Absorbance 
(540 nm) 


	1
	blank
	15
	_
	_
	5
	0

	2
	no enzyme
	10
	5
	_
	5
	0.04

	3
	no substrate
	10
	_
	5
	5
	0.02

	4
	1X reactants
	5
	5
	5
	5
	0.08

	5
	2X substrate
	_
	10
	5
	5
	0.1

	6
	2X enzyme 
	_
	5
	10
	5
	0.14



[bookmark: _GoBack]Test tube 1, which contained 15 drops of distilled water and 5 drops of DNSA, was used as our blank test tube, when placed in a spectrophotometer set at 540 nm, it showed a slight reading which was then zeroed. Test tube 2 contained 5 drops of distilled water, 5 drops of enzyme, 5 drops of substrate (2% amylose) and 5 drops of DNSA showed an absorbency reading of 0.13 nm. Test tubes 3 and 4 both contained 5 drops of distilled water, 5 drops of enzyme, 5 drops of substrate and 5 drops of DNSA, however test tube 3 was put into an ice bucket for 5 minutes and showed an absorbency reading of 0.10 nm while test tube 4 was placed into a hot block for 5 minutes and showed an absorbency reading of 0.08 nm. Test tubes 5 and 6 contained 5 drops of distilled water, 5 drops of enzyme, 5 drops of substrate, 5 drops of DNSA and test tube 5 contained 5 drops of 1M HCl and showed a reading of 0 nm, while test tube 6 contained 5 drops of NaOH and showed a reading of 0.08 nm. According to our results, absorbance values tend to be very low when the enzyme substrate complex is treated with a pH that it too low or too high. The absorbance values also tend to be low when the system is put in extreme temperatures such as the ice bath or the hot block. 

Table 2: Effect of temperature and pH on alpha-amylase activity.
	Tube number
	Distilled water (drops)
	Enzyme
(drops)
	Substrate
(drops)
	1M HCl
(drops)
	1M
NaOH
(drops)
	DNSA
(drops)
	Additional
Treatment
	Absorbance
(540nm)

	1
	15
	_
	_
	_
	_
	5
	_
	0

	2
	5
	5
	5
	_
	_
	5
	_
	0.13

	3
	5
	5
	5
	_
	_
	5
	Ice bath
for 5 minutes
	0.10

	4
	5
	5
	5
	_
	_
	5
	Hot block for 5 minutes
	0.08

	5
	5
	5
	5
	5
	
	5
	_
	0

	6
	5
	5
	5
	
	5
	5
	_
	0.08



Discussion.

A spectrophotometer is a device used to measure the absorbency values of different compounds in solutions. When more product is present in a solution, the spectrophotometer shows a higher absorbency value. In part one of this experiment each test tube was exposed to different amounts of enzyme and substrate and they showed different absorbency values. Test tube 1, which was used as our blank test tube since it only contained distilled water showed an absorbency value of 0 nm since no product was formed. Test tube two only had substrate, distilled water and DNSA, without any enzyme. It showed an absorbency value of 0.04 nm. Test tube 3 which contained no substrate, but had distilled water, enzyme, substrate and DNSA showed an absorbency value of 0.02 nm. However, test tubes 2 and 3 should have shown an absorbency value of 0 nm since no product was formed within the solution, underwent experimental error. Test tube 4 had an equal amount of substrate, enzyme, distilled water and DNSA (5 drops each), showed an absorbency value of 0.08 nm. This is because, the substrate and the enzyme formed a substrate-enzyme complex, which after a short while is converted into product. Test tube 5 contained no distilled water but had twice the amount of substrate (10 drops) than enzyme (5 drops) and it showed an absorbency value of 0.1 nm.  This is due to the fact that enzymes are never actually consumed, they are just used to lower the activation levels of reactions, so when it is done making product from the first round of substrate, it just gets recycled and moves on to make product with the second round of substrate. Test tube six contained no distilled water, and had twice the amount of enzyme (10 drops) than substrate (5 drops) and had an absorbency value of 0.14 nm and this is due to the amount of enzymes in the solution, since there are more enzymes present than substrate, the reaction can proceed at a faster rate producing more product. A clear pattern emerges. When comparing test tubes 4, 5 and 6, we can see that when the amount of substrate is doubled, the absorbency value is too, since more product is formed.  Also when the enzyme amount is doubled and more product is formed, the absorbency value is doubled as well since the product can absorb more light. Enzymatic reactions can also be influenced by other factors, as was proven in part II of this experiment. Test tube 2 which was not exposed to any extreme conditions such as high or low pH and temperature values, showed an absorbance value of 0.13 nm. Test tube 3 which was put into an ice bath for 5 minutes and exposed to a very low temperature showed an absorbance value of 0.10 nm and test tube 4 which was exposed a very high temperature by being placed into a hot block for 5 min showed an absorbance value of 0.08 nm. This is because enzymes are very specific and only work best at their optimum temperatures. If enzymes are placed into a system where the temperature is much higher than their optimum, the weak hydrogen bonds and hydrophobic interactions that hold the secondary and tertiary structures together begin to break down, thus denaturing the enzyme and rendering it useless. For this specific experiment, the alpha-amylase enzyme was used, and it has an optimum temperature of 37°C, so when test tube 4 was placed into the hot block, it worked at a temperature that was much higher than its optimum and the enzymes denatured, and so not a lot of product was formed which accounts for the low absorbency value. However, enzymes that are placed in a system with a temperature that is much lower than their optimum will also not work at their full capacity, as proven by the results of test tube 3. Temperature affects the kinetic energy of molecules, a higher temperature means higher kinetic energy which means more collisions, between the substrate and enzyme. So when an enzyme is working in a system where its temperature is below the optimum, in our case below 37°C, not enough energy is given to the molecules, so the amount of collisions decreases, thus less product is formed giving us a lower absorbency value. Enzymes also work best at a certain pH, alpha-amylase for example works best at a pH of around 7, so when it was exposed to a low ph, such as that of the acidic 1 M HCl, or a high one, such as that of 1 M basic NaOH, it showed lower absorbency values and this is because, enzymes which are not working at an optimum pH have their weak ionic bonds and hydrogen bonds disrupted. These bonds are important because they hold the proper conformation of the protein, so once they are disrupted the shape of the active site changes, and substrate can no longer attach to it properly and can no longer form a substrate-enzyme complex which will then be converted into product (Biology Department, 2015). Enzymes are an important study area because the speed up most chemical reactions in the human body, without these enzymes the chemical reactions wouldn't occur at a pace that is necessary to keep us alive. One such enzyme is present in our saliva and pancreas, and is also the enzyme that was used in our experiment, alpha-amylase. Alpha-amylase catalyzes the hydrolysis of glycosidic bonds in starch, thus releasing maltose, which is further broken down into glucose and used as energy for other cellular reactions (Biology Department, 2015).
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