Introduction:

Enzymes are biological catalysts. A catalyst is a substance that increases the rate of a reaction without being consumed. Enzymes are made up of proteins that facilitate chemical reactions without affecting the chemical equilibrium. Enzymes simply speed up, or slow down catabolic, and anabolic, (synthesis of complex molecules), processes by lowering the activation energy for the reaction. “Enzymes exert their catalytic activity by bringing reactant molecules together, holding them in the orientation necessary for reaction, and providing any necessary acidic or basic sites to catalyze specific steps” (McMurry 2003).
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	Figure A (Silberberg 2003). – Showing a comparison between a reaction with or without the enzyme, showing that the enzyme decreases the activation energy, making the reaction happen faster, but with or without the enzyme (catalyst), the reactant molecules yielded the same amount of product. 


Enzymes provide an active site for its substrates, thereby increasing the rate of collisions per second between molecules, thus facilitating the reaction and increasing the rate at which the reaction occurs. It does this by bringing the substrates together so their collisions are not just random, but facilitated/assisted. Enzymes are also substrate specific, for example the enzyme amylase found in the human’s digestive system, catalyzes the hydrolysis of starch to yield glucose and cellulose but other polysaccharides are untouched by amylase (McMurry 2003). Some chemical reactions would require millions of years to occur without enzymes, but with enzymes they occur within seconds, making enzymes essential to all living organisms. The effects of “Temperature and pH” on enzyme activity varies between different enzymes. Different enzymes have different “optimal” temperature and PH conditions in which their activity increases to the maximum level. The enzyme analyzed throughout this experiment is amylase derived from species Aspergillus oryzae, a type of fungus. This enzyme amylase is of interest as it is present as a digestive enzyme in mammals including humans, as mentioned above. 

The Aim of this experiment is to find the optimum level of varying temperatures and pH conditions that amylase catabolizes starch to yield glucose and cellulose.

It can be shown that the relationship between the temperature and enzyme activity is bell-curve shaped, with a peak of activity at a specific temperature. The level of starch catabolized under varying acidic or alkaline conditions, by amylase also increases until an optimum is reached, and after that point enzymatic activity will decline. (Campbell and Reece 2002; Adam ed. 2003)

Materials and methods: refer to practical guide

Adam, P.,ed.(2003). ‘Molecules, Cells and Genes subject guide’, University of NSW: Sydney.

Practical 7 – table 4 has been altered to the following:

	Label Tubes
	G
	H
	I
	J
	K
	L

	pH of buffer
	3
	5
	6
	7
	8
	9

	Reaction Time(min)*
	2
	1
	1
	1
	5
	5

	Starch(ml)**
	4
	4
	4
	4
	4
	4

	Buffer(ml)**
	6
	6
	6
	6
	6
	6


Results:
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All the results were related to this curve. There is an increasing linear relationship between absorbance and concentration of starch. 
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	Table 1 – Absorbance and concentration at different times.

Time - minutes

Absorbance (%)

Starch Concentration 

0

0.84

0.068(mg/ml)

1

0.76

0.062(mg/ml)

2

0.68

0.055(mg/ml)

3

0.585

0.047(mg/ml)

5

0.047

0.032(mg/ml)

10

0.032

0.011(mg/ml)




There is almost a linear declination of starch concentration for the first 4 minutes then an exponential declination.
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	Table 2 – Mean Values of Starch Concentrations

Time (min)

1.0 ml Amylase

2.0 ml Amylase

3.0 ml Amylase

0

0.070

0.068

0.070

1

0.068

0.051

0.056

2

0.062

0.039

0.035

3

0.054

0.033

0.025

5

0.045

0.022

0.014

10

0.025

0.008

0.003
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	Table 3 – Initial enzyme reaction rate

Amylase Volume (ml)

Initial rate of enzyme reaction - (Mg/ml)/min

1.00

0.0053

2.00

0.011

3.00

0.016



	
	


There is a linear relationship between the amount of enzyme present and the initial reaction rate at which the starch becomes catabolic. 

Table 4 – Temperature results


	Tube Labeled
	G
	H
	I
	J
	K
	L

	PH
	3
	5
	6
	7
	8
	9

	Exact time(min)
	2
	1
	1.01
	1
	5
	5

	Absorbance
	0.475
	0.16
	0.21
	0.39
	0.41
	0.64

	Starch Conc.(mg/ml)
	0.038
	0.012
	0.016
	0.031
	0.033
	0.052

	Reaction rate(mg/ml per min)
	0.0055
	0.037
	0.033
	0.018
	0.0032
	-0.0006
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There is a sharp increase in the reaction rate from PH 3 to PH 5.3, where the reaction rate peaks, then this is followed by a sharp decrease from PH 5.3 until PH 8, and the reaction rate decreases less dramatically after PH 8.

Table 5 – pH results

	Tube Labeled
	A
	B
	C
	D
	E
	F

	Exact Incubation Temp degrees Celsius
	1
	14
	26.5
	35
	45.5
	59

	Exact time(min)
	5
	2
	1.03
	1
	1
	5

	Absorbance
	0.32
	0.335
	0.21
	0.17
	0.315
	0.55

	Starch Conc.(mg/ml)
	0.025
	0.027
	0.016
	0.013
	0.025
	0.044

	Reaction rate(mg/ml per min)
	0.005
	0.0115
	0.034
	0.037
	0.025
	0.0012



[image: image6.wmf]Figure 6 - Temperature Vs Reaction Rate

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0

10

20

30

40

50

60

70

Temperature (Degrees Celcius)

Reaction rate (mg/ml per 

minute)


There is a slow increase in the reaction rate from 0(C to 15(C, then there is a sharp increase of the reaction rate from 15(C to 34(C where the reaction reaches its optimum level, then the reaction rate begins to sharply slow down again from 34(C to 60(C. 

Discussion

There are many factors affecting reactions rates. These include:

· The reactivity of the reacting molecules/atoms. This largely depends on the outer shell configuration of electrons. Nobel gases are very un-reactive due to this factor. More relevantly for organic macromolecules such as starch and glucose, their reactivity is mainly based on the functional groups that they contain.

· The concentration of reactant molecules in a lower volume increases the rate of collisions between reacting particles, and thereby increasing the reaction speed.

· Higher temperatures increase the movement of reacting molecules. As a direct result there are higher collision rates between particles and thereby increasing the reaction speed. The higher the temperature, the faster the reaction occurs.

· Finally, enzymes increase the reaction speed by lowering the activation energy. But a biological reaction with enzymes does not keep increasing with increased temperature. The optimum conditions for amylase derived from Aspergillus oryzae will be discussed below. 

Starch is a stable molecule, with extremely high molecular weight, making it un-reactive. Without the enzyme amylase, starch would not hydrolyze to glucose. A reaction with a catalyst does not yield more product, but rather it yields product faster.

Much of the results from this experiment are based on figure 1. To achieve increased result accuracy for the rest of the experiment, an equation for the line of best fit should be derived, and any points later in the experiment, can be worked out from the equation, which minimizes misconception errors. The equation for the line of best fit for the data points including data point (0,0) is A = 12.185 C, where A is Absorbance (%) and C is concentration of starch (mg/ml).

From figure 2, it is shown that the initial rate of the reaction is linear up to 3 minutes then this is followed by an exponential decay. An explanation for this trend is that initially there is a large amount of substrate that amylase can act on, and amylase becomes catabolic as starch at its maximum capacity, for the first 3 minutes. As time progresses, there is lesser amounts of starch molecules available in the same volume, hence there is lower collision rates between amylase and starch. A decrease in concentration, leads to slower reaction rates. The exponential curve signifies that there are no longer enough starch molecules for all the amylase molecules. As more starch is hydrolyzed, the chance of collision between starch and amylase molecules is lowered, hence one expect not to see a linear relationship but a curve. As time passes, there is an initial, maximum speed that this reaction can have, and is directly proportional to the amount of enzyme present. After this point, the reaction rate is related to the probability of particles colliding in the correct orientation.

The next set of results, figure 3, demonstrates that the enzyme is responsible for the hydrolysis of starch. This experiment was repeated many times, and the averages were obtained so that results would be more accurate. But because the experiment was done by different people with different standard curves, made the results both prone to experimental error, human error and interpretational error, including errors reading the experimental instruments and errors reading directly off the different standard curves, instead of a common equation. A way to increase accuracy is having the readings interpreted off the same standard curve and its equation of its line of best fit. These factors led to a disturbing result that initially, after the first minute, 2 ml of amylase yielded more product than 3ml, which is not correct. This is most likely due to one set of results, being way out. Also notably there is a linear relationship between the first 4 points of each graph.

Because of that linear relationship, for the first 3 minutes, the rate at which the starch becomes catabolic per minute, initially, can be best achieved by placing a line of best fit through each of the 4 points in that time period, and getting its gradient, that more simply is its rise divided by run. This is how the results in table 3 were calculated. From figure 4, it is shown that the amount of starch hydrolyzed per minute initially that is for the first 3 minutes is linearly proportional to the amount of enzyme present.

The effect of pH on activity for any particular enzyme depends on the pK of the ionizing groups on the enzyme and the substrate that participates in the reaction (Zubay 1983). 

	Reaction rate:
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(Zubay 1988)
	Figure 7 - Typical reactivity curve showing the effects of pH enzyme activity. The same trend of the graph is noticed as in the results obtained in figure 5.


From figure 5, the optimum pH for amylase is 5.3, which is slightly acidic. The trend between the acidity/alkalinity of the environment and the enzyme activity is dependant on the characteristic of the enzyme. Each enzyme has a different pH optimum where its activity peaks. Under acidic conditions the reaction rate is slow; this reaction rate increases to the optimum pH of 5.3, then decreases again. From table 5, under Ph 9, seeing a negative reaction rate is disturbing, since the reaction is not going in reverse, but the value is only 0.0006, which is scientifically negligible. This experimental error could have arisen from misreading, or misinterpretation of the colorimeter. The general trend for the effects of pH on the enzyme was observed, with the reaction rate increasing up to an optimum then decreasing again. The trend observed in this experiment that is the shape of the graph, is similar to the previous studies made on enzymes. 

Without an enzyme the rate of reaction increases with higher temperature, due to more chance collisions between reactant molecules. But this is not true for enzymes. From figure 6, it is evident that with amylase the reaction rate increased with higher temperatures until the enzyme is no longer stable. At this point the drop of activity is noticed, this drop is irreversible, as high temperature destroys the tertiary three-dimensional structure of the enzyme. Enzymes are made up of proteins, and proteins are made of smaller constituents called amino acids which are held together by hydrophobic interactions and hydrogen bonds, reinforced by the covalent bonds of the disulfide bridges. High temperatures destroy these bonds, denaturing the protein; this process is irreversible in the case of amylase. Once the protein is denatured it no longer functions, hence with increased temperature there is increased reaction rate up to a point, after that points, the high temperature denatures the enzyme, as a direct result, the reaction rate drops irreversibly.  
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	Figure 8 - Previous studies showing the typical reactivity of enzymes with varying temperature, previous studies reinforce the shape of the graph from figure 6.


  (Zubay 1988)

Different enzymes have different optimum temperatures, but the optimum temperature for amylase derived Aspergillus oryzae is 34(C. 
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