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Determination of Enzyme Activity
Abstract
The research focused on investigating the different factors which influence the rate of reaction. First, the impact of concentration of the enzymes was analyzed showing that the rate of reaction increases with increase in enzyme concentration until saturation is reached. Temperature also was seen to increase the rate of reaction through increased collision of molecules. The basic pH of the reaction buffer influenced the rate of reaction by increasing the reaction. Lastly, boiling of the enzyme peroxidase results in the destruction of the enzyme hence no reaction occurred. 
Introduction 
Enzymes refer to substances produced by living organisms which function as catalysts for speeding up chemical reactions in the body. The aim of the experiment is to investigate the impact of the amount of enzyme, temperature, pH and boiling on the rate of the reactions. In doing so, the hypothesis formulated encompassed various outcomes such as the amount of the enzyme added to the reactions has no effect on the rate of the reaction as the independent variable is the amount of the enzyme added. The rate of reaction increases with increase in temperature due to increase in the rate of collision of molecules. The rate of enzyme activity increases with the alkalinity thus the more basic the reaction is the higher the rate of enzyme activity. The increase in the boiling will result in increase in the enzyme activity
Materials and Methods 
Part 1: Impact of Concentration of Enzyme on The Rate of The Reaction
[bookmark: _Hlk528427654]The materials and reagents used entailed seven test tubes, spectrophotometer, eppendorf pipette, cuvettes, buffer, H2O2, and guaiacol. Seven test tubes were labelled from one to seven. The first test tube was set as the control for spectrophotometer and the pair of tubes two and three and so on were combined for the initiation of the timed enzyme reactions. The amount of each reagent was exactly added to the test tubes as indicated on the table below;
	
	Tube 
	Buffer (pH5)
	H2O2
	Extract 
	Guaiacol 
	Total Volume

	Control 
	1
	5.0
	2.0
	
	1.0
	8.0

	Set 1
	2
	
	2.0
	
	1.0
	3.0

	
	3
	4.5
	
	0.5
	
	5.0

	
	4
	
	2.0
	
	1.0
	3.0

	Set 2
	5
	4.0
	
	1.0
	
	5.0

	
	6
	
	2.0
	
	1.0
	3.0

	Set 3 
	7
	3.0
	
	1.0
	
	5.0



The spectrophotometer was calibrated by making sure the reading was zero with tube one, i.e., the control. The cuvettes were inserted properly ensuring that the device reading is absorbance and not transmission. Moreover, care was taken to ensure that the desired wavelength could be read. Since the instructions were time sensitive, they were read before proceeding with the experiment. The time to the nearest second was noted and the content from tube two and three were mixed through pouring twice, back and forth. The mixing was completed after ten seconds.  The reaction mixture was added to the cuvette wiping the outside for the removal of any kind of drips and then placed on the spectrophotometer. The absorbance was read at twenty seconds intervals from when the mixing started and the data was then recorded. The same tests were repeated for set two and three. 
Part II: The effects of temperature 
The experimented focused on determining the effects of the temperature variation on the rate of enzymatic reactions. Four different levels of temperature were tested including 40C, 230C, 320C and 480C. Nine test tubes were used labeled from one to nine. The volume of each reagent which was added to every test tube was as indicated below;
	Temperature 
	Tube
	Buffer (pH 5)
	H2O2
	Extract 
	Guaiacol 
	Total volume 

	Control 
	1
	5.0
	2.0
	0.0
	1.0
	8.0

	
	2
	
	2.0
	
	1.0
	3.0

	40C
	3
	4.0 x 
	
	1.0 y
	
	5.0

	
	4
	
	2.0
	
	1.0
	3.0

	22.10C
	5
	4.0 x 
	
	1.0 y
	
	5.0

	
	6
	
	2.0
	
	1.0
	3.0

	320C
	7
	4.0 x
	
	1.0 y
	
	5.0

	480C
	8
	
	2.0
	
	1.0
	3.0

	
	9
	4.0 x
	
	1.0y
	
	5.0

	
	
	
	
	
	
	



In the cases where the volume of the extract was higher or less than 1ml, adjustments were made to the volume of the buffer for giving the total volume of 5ml in the right volume. 
All solutions were incubated for ten minutes at the temperature indicated on the table prior to mixing every set hence ensuring that there was temperature equilibrium. The room temperature experiment was conducted as the others were incubated while noting the room temperature. The content of tube one (control) was used in zeroing the spectrophotometer. The other test tubes were mixed one pair at a time followed by measuring and recording the absorbance on the table. 
Part III: Impact of pH On the Rate of Enzyme Activity
 	Nine test tubes were numbered from one to nine and then filled with the correct reagent as indicated in the table below;
	pH
	Tube
	Buffer
	H2O2
	Extract 
	Guaiacol (dye)
	Total Volume

	5
	1
	5.0 (pH 5)
	2.0
	0.0
	1.0
	8.0

	
	2
	
	2.0
	
	1.0
	3.0

	3
	3
	4 x (pH 3)
	
	1.0 y
	
	5.0

	5
	4
	
	2.0
	
	1.0
	3.0

	
	5
	4 x (pH 5)
	
	1.0 y
	
	5.0

	7
	6
	
	2.0
	
	1.0
	3.0

	
	7
	4 x (pH 7)
	
	1.0 y
	
	5.0

	9
	8
	
	2.0
	
	1.0
	3.0

	
	9
	4 x (pH 9)
	
	1.0 y
	
	5.0


 
 The buffer was adjusted to ensure that it resulted in a total of 5ml in case of higher or lower extract. The content on the tube one (control) was used in zeroing the spectrophotometer. The pair of tubes was then mixed one at time and the absorbance measured similar to the previous experiment. Finally, the results were recorded on a table. 
Part IV: Impact of Boiling on the Rate of Peroxidase Activity 
Three milliliters of the extract were added to the test tube and then placed on the boiling water bath for a period of five minutes. As the heating continued, three test tubes were labeled and the reagents added as indicated on table below;
	
	Tube
	Buffer (pH 5)
	H2O2
	Boiled extract
	Guaiacol
	Total Volume

	
	Control
	5.0
	2.0
	
	1.0
	8.0

	Set 1
	2
	
	2.0
	
	1.0
	3.0

	
	3
	4.0
	
	1.0
	
	5.0


Table showing the addition of the reagents
The test tubes were removed after five minutes, allowed to cool in water bath for ten minutes at room temperature and then added to the tree test tubes. The spectrophotometer was blanked using the content on test tube one and the results were recorded. 
Results
	The use of 1ml of enzyme in all the experiments aids in determining the different forms of enzyme activity when subjected to different conditions. 
	Time (sec)
	Set 1 (0.5 mL extract)
	Set 2 (1.0 mL extract)
	Set 3 (2.0 mL extract)

	20
	-0.03
	0.07
	0.22

	40
	0.02
	0.19
	0.38

	60
	0.06
	0.23
	0.52

	80
	0.10
	0.30
	0.64

	100
	0.14
	0.36
	0.75

	120
	0.18
	0.41
	0.85



Table 1: A table indicating the results for the different sets testing the effects of the amount of enzyme on the reaction rates 
	The experiment involved testing the hypothesis that the amount of enzyme does not influence the rate reaction. This holds as long as the reaction found the hypothesis to be untrue. This resulted in the rejection of the hypothesis.

 Figure 1: A graph showing absorbance against time in three different data sets testing the impact of the amount of enzyme to the rate of reaction 
The figure shows that the experiment with the highest amount of the enzyme has the fastest reaction. This is attributed to the nature of the enzyme having active sites. The smaller the concentration of enzymes, the reduced the active site to accelerate the rate of reaction as the enzyme becomes saturated. 
	Time (Sec)
	40C
	22.10C
	320C
	480C

	20
	-0.20
	-0.30
	0.07
	0.16

	40
	-0.07
	-0.21
	0.16
	0.29

	60
	0.03
	-0.13
	0.26
	0.39

	80
	0.13
	-0.05
	0.33
	0.49

	100
	0.19
	0.01
	0.40
	0.56

	120
	0.26
	0.06
	0.45
	0.63



Table 2: Showing the variation in the absorbance of the reaction at different temperatures
	The temperature influences the rate of the reaction. The rate of the reaction increases with the increase in the temperature as there is increased collision of the molecules. Consequently, the hypothesis of the experiment is accepted that the rate of the reaction increases with raise in temperature. 
	

Figure 2: A graph showing the impact of temperature on the rate of the reaction
	Figure 2 shows that the rate of the reaction is highest at the temperature of forty-eight degree centigrade. However, there is an error in the experiment as the rate of the reaction is seen to be higher at the temperature of four degree in comparison to that of room temperature. As the room temperature is 22.10C there should be a higher reaction and lack of this evidence provides proof that there was an error which was made.
	
	Time (Sec)
	pH 3
	pH 5
	pH 7
	pH 9

	20
	-3
	-0.4
	-.01
	0.00

	40
	-3
	0.01
	0.6
	0.01

	60
	-3
	0.11
	0.11
	0.01

	80
	-3
	0.19
	0.15
	0.01

	100
	-3
	0.26
	0.22
	0.02

	120
	-3
	0.32
	0.24
	0.02


Table 3:  Results showing the effect of pH on the enzyme activity 
	The results indicate that the higher amount of enzyme there are more active sites for the substrate to bind and increase the rate of the reaction. Therefore, the rate of the reaction can be increased by an increase in the amount of enzyme. The more linear absorbance is on set three as it has higher concentration of the enzymes and the higher rate of reactions.

Figure 3: Showing the relationship between the variation in pH and the rate of enzyme activity 
In figure three the slope in the linear curve of the line is an indication of the presence of enzyme activity. The variation in pH makes the rate of the reaction to increase or decrease. At a higher pH of the buffer the rate of the reaction increases and the lower pH the rate of the reaction declines. Hence, this result to the acceptance of the hypothesis that the rate of the peroxidase activity increases with the pH of the buffer being more basic.
	Time (Sec)
	Abs (boiled extract)

	20
	-0.02

	40
	-0.02

	60
	-0.02

	80
	-0.01

	100
	-0.01

	120
	-0.01


Table 4: Indicating the results of the impact of boiling on the rate of reaction.
	Boiling of the peroxidase results in the decrease of the peroxidase activity as compared to the rate of reaction at room temperature. By boiling the structure integrity of the peroxidase enzyme is lost and this hinders the ability of catalyzing the reaction. Therefore, there was no need of plotting the graph as there was no reaction and all the figures of absorbance read below zero.
Discussion 
In the first experiment, testing the hypothesis that the amount of the enzyme does not influence the rate if the reaction found the hypothesis to be untrue. Therefore, the hypothesis was rejected. Markedly, this is well indicated in figure one in which the experiment with the highest amount of the enzyme has the fastest reaction. This is attributed to the nature of the enzyme having active sites (Scanlon et al., 2017). The small the concentration of enzymes the reduced the active site to accelerate the rate of the reaction as the enzyme becomes saturated. However, with higher amount of enzyme there are more active sites for the substrate to bind and increase the rate of the reaction. Therefore, the rate of the reaction can be increased by the increase in the amount of enzyme (Campbell et al., 2004).The more linear absorbance is on set three as it has higher concentration of the enzymes and the higher rate of reactions. 
The temperature influences the rate of the reaction. The rate of the reaction increases with the increase in the temperature as there is increased collision of the molecules. Consequently, the hypothesis of the experiment is accepted that the rate of the reaction increases with raise in temperature (Magurran, 2013). Notably, this affirmed in figure 2 as there the rate of the reaction is highest at the temperature of forty-eight degree centigrade. However, there is error in the experiment as the rate of the reaction is seen to be higher at the temperature of four degree in comparison to that of room temperature (Campbell et al., 2004). As the room temperature is 22.10C there should a higher reaction and lack of this evidence proof that there was an error which was made. 
In figure three the slope in the linear curve of the line is an indication of the presence of enzyme activity. The variation in pH makes the rate of the reaction to increase or decrease. At a higher pH of the buffer the rate of the reaction increases and the lower pH the rate of the reaction declines (Campbell et al., 2004). Hence, this results in the acceptance of the hypothesis that the rate of the peroxidase activity increases with the pH of the buffer being more basic. Boiling of the peroxidase results in the decrease of the peroxidase activity as compared to the rate of the reaction at room temperature. By boiling the structure integrity of the peroxidase enzyme is lost and this hinders the ability of catalyzing the reaction. Thus, there was no need of plotting the graph since there was no reaction and all the figures of absorbance read below zero. The limitation regarding the experiment included errors experienced which decrease the chances of realizing the desired outcome (Scanlon et al., 2017). The future experiment could focus on being more cautious as well as investigating other factors which influence the rate of reaction such as the concentration of the substrate and other factors like inhibitors.  
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The impact of amount of enzyme on the rate of the reaction
set 1 (0.5 mL extract)	20	40	60	80	100	120	-0.03	0.02	0.06	0.1	0.14000000000000001	0.18	set 2(1.0 mL extract)	20	40	60	80	100	120	7.0000000000000007E-2	0.19	0.23	0.3	0.36	0.41	set 3(2.0 mL extract)	20	40	60	80	100	120	0.22	0.38	0.52	0.64	0.75	0.85	Time (Sec)

Absorbance




Impact of temperature on the rate of reaction
40C	20	40	60	80	100	120	-0.2	-7.0000000000000007E-2	0.03	0.13	0.19	0.26	22.10C	20	40	60	80	100	120	-0.3	-0.21	-0.13	-0.05	0.01	0.06	320C	20	40	60	80	100	120	7.0000000000000007E-2	0.16	0.26	0.33	0.4	0.45	480C	20	40	60	80	100	120	0.16	0.28999999999999998	0.39	0.49	0.56000000000000005	0.63	Time (Sec)

Absorbance




Changes in the rare of the reaction with the variation in pH
pH 3	20	40	60	80	100	120	-3	-3	-3	-3	-3	-3	pH 5	20	40	60	80	100	120	-0.4	0.01	0.11	0.19	0.26	0.32	pH 7	20	40	60	80	100	120	-0.01	0.6	0.11	0.15	0.22	0.24	time

Absorbance 






