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To investigate the optimum pH of unknown enzyme

Topic: 2.3 & 6.6
Research question: 
What is the optimum pH for the enzyme (amylase) to react?
Independent variable: pH (pH 3, pH 4, pH 7, pH 9, pH10)
Dependant variable: The rate of the enzyme reaction. 
Constant: Volume of starch and enzyme, concentration of starch and enzyme, temperature
Hypothesis: 

In certain pH environment enzymes are inactive. Enzymes are very active at optimum pH.

Apparatus: 2 units of 500 ml beakers, one 10ml measuring cylinder, 5 glass rods, a thermometer, 5 droppers, 

                   5 test tubes, 5 white tiles, 1 stop watch, 5 stickers (labels)

Material: Enzyme A (amylase), substrate B (starch), iodine, distilled water (pH=7), buffer (pH 3, 4, 9, & 10), universal indicator

Method: 

1. 5 ml of enzyme A and 2 ml of distilled water is added into a test tube.

2. Method 1 is being repeated by replacing distilled water with buffer of pH 3, pH 4, pH 9 and pH 10 for four other test tubes respectively. Each test tube is being labeled respectively.

3. The pH of the mediums are tested with universal indicator and recorded.

4. Distilled water is put into beaker and the water temperature was maintained at room temperature.

5. The test tubes are transferred into the water bath and left for 5 minutes. 

6. 5 ml of starch is added into every test tubes simultaneously and being swirled using different glass rods to avoid contamination. 

7. The iodine test is made to all the enzyme-substrate solutions for every 60 seconds on different white tile and the data is recorded in the table.

8. The presence of the starch is determined by observing the colour of iodine under the white mosaic.

9. The rates of enzyme reaction are calculated with the formula: 
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                            Rate of action (1/t) = 


   1





Time taken for the reaction to be complete(s)
10. A graph showing rate of amylase reaction against pH is drawn using the data in the table and calculation.

	Tube 

	Amylase

/ml
	Starch 

/ml
	Solution

2 ml
	Medium

/pH

	A
	5.0
	5.0
	Buffer 
	3

	B
	5.0
	5.0
	Buffer 
	4

	C
	5.0
	5.0
	Distilled water
	7

	D
	5.0
	5.0
	Buffer 
	9

	E
	5.0
	5.0
	Buffer 
	10




Result
Data collection     

	Time (min)

pH
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25

	3
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/

	4
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	X
	X

	7
	/
	/
	/
	/
	/
	/
	/
	/
	/
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	9
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	X
	X
	X
	X
	X
	X

	10
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/


 / - Presence of starch      

 X – Absence of starch 

*The colour of solution turns blue black with the presence of starch.  
Data processing

The action of amylase

Rate of action (1/t) = 


          1




Time taken for the reaction to be complete(s)

Rate of reaction time

a) pH 3

Rate of reaction = 
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b) pH 4

Rate of reaction =
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c) pH 7

Rate of reaction = 
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d) pH 9

Rate of reaction =
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e) pH 10

Rate of reaction = 
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Graph

                             Graph showing reaction rate of enzyme against pH

Discussion:


 From the graph, we could see that the rate of reaction for the amylase enzyme is highest the pH of 6.8.This pH of 6.8 is hence known as the optimum pH. When the pH is altered to any value higher and lower than this value, the rate of reaction for the enzyme will then start to gradually drop. From the graph we could see that this value corresponds to the value above and less than the 6.8 pH value. This is because, as the pH increases or decreases, there will be an increase in the concentration of positive charge ions (H ions) and the negatively charge ions. (OH ions). This condition will disrupt the ionic bonding that is maintaining the shape of the enzyme. In other words, the change of pH will cause the change in the shape of the enzyme, including its active site. However, at extreme pH conditions, the rate of reaction for the amylase enzyme will come to a complete stop. Such pH values from the graph above are the pH 3 value and the pH 10 values. Hence this shows that at extreme pH conditions, pH 3 and pH 10, the enzyme will be denatured. However unlike the effects of temperature, the effect of pH on the enzyme is not of a permanent one and is reversible. This means that, if the pH level were to be restored gradually back to its optimum, it will hence cause a gradual increase in the rate of reaction of the enzyme. 
Evaluation

Weakness Detected In the Experiment.
1) The experiment does not yield specific results. This is because there is difficulty in coordinating the experiment as each tube has to be tested with iodine at each minute interval. 
2) The time estimated for the reaction of the enzyme to occur is inaccurate as it is taken in the minute units.
3) There are difficulties to distinguish between the color light bluish brown and brownish of the iodine. This is because, as the duration of time for the experiment increases, the iodine is gradually oxidized thus changing the color of the iodine used. 
4) It is difficult to maintain a constant temperature level for the experiment (37 ˚C. This will cause another factor outside of the one experimented to affect the experiment.

Methods to Improve the Experiment

1) The time interval for each iodine test on the test tubes is reduced to 10 seconds instead of 60 seconds. A more accurate result of the time reaction will hence be achieved.
2)  Each tube is experimented one by one and not simultaneously. This is to reduce the time errors in the experiment.

3) Since the optimum pH for amylase is known roughly at the 6.8 pH, then the scale of the pH tested should be decreased to 0.5 for pH readings between 6-8 (E.g.: pH 6.5,7.0,7.5 and 8.0). If possible, have it done several times to ensure a more accurate result. 
4) The electronic water bath is used instead of the beaker to maintain a constant temperature for the test tubes. This is to make sure that no other factors are affecting the readings of the experiment.
Conclusion

 In extreme acidic, pH 3 and basic, pH 10 solutions the enzyme will be denaturalized and thus the rate of reaction is 0.The optimum pH for the amylase enzyme is pH 6.8. Any changes to this value will decrease the rate of reaction for the enzyme. Hypothesis is accepted.
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