STAGE 2 BIOLOGY
ASSESSMENT TYPE 1: Investigations Folio

Practical Investigation: Factors affecting enzyme activity

Abstract:

An investigation was undertaken in order to observe the effect of changes in cell type, temperature and surface area on the activity of the enzyme catalase. Effectively, three "mini experiments" were carried out, testing these hypotheses:

· Animal cells (liver) will have more catalase activity than plant cells (potato)

· Catalase exposed to extreme heat (i.e. boiled) will not be as active as catalase not exposed to extreme heat

· The greater the surface area (i.e. when the liver and potato are ground up to expose cell surfaces), the greater the catalase activity.

Samples of liver and potato were exposed to hydrogen peroxide, and the amount of catalase activity was compared by estimating the amount of oxygen gas produced in each case using the height of the froth as an indicator. From the results it was concluded that all three hypotheses were supported.
Introduction

Enzymes are organic catalysts, made of protein, that speed up the rate of a chemical reaction, without altering the products formed or being themselves chemically altered.

Due to their protein nature, enzymes are highly sensitive and operate most effectively at their optimum temperature, pH, ion concentration, and in the absence of specific inhibitors. Changes in its immediate environment can lead to an enzyme’s structure being altered, potentially leading to the protein being denatured. This results in the loss of the overall three-dimensional and a change the shape of the active site, preventing the enzyme from functioning.

A common enzyme in both animals and plants is catalase, which speeds up the breakdown of hydrogen peroxide. Hydrogen peroxide is a toxic byproduct found in cells that is disruptive to cell activity. When hydrogen peroxide comes into contact with the enzyme catalase, it breaks down into water and oxygen. In this investigation, the rate of breakdown of hydrogen peroxide can be compared by estimating the volume of oxygen produced. This can be done by measuring the height of froth produced in each test-tube.

Hypothesis:

1. Animal cells (liver) will have more catalase activity than plant cells (potato).
2. Catalase exposed to extreme heat (i.e. boiled) will not be as active as catalase not exposed to extreme heat.

3. The greater the surface area (i.e. when the liver and potato are ground up to expose cell surfaces), the greater the catalase activity.

Independent Variable:
Hypothesis 1: Cell type (animal and plant - liver and potato)

Hypothesis 2: Temperature (boiled or not)

Hypothesis 3:  Surface area of tissue exposed to hydrogen peroxide (cube or ground).

Dependent Variable:
In each hypothesis, it is the height of the froth (mm) produced in the reaction, which is a measure of oxygen production, which would be directly proportional to the amount of hydrogen peroxide broken down in the reaction. The greater the froth production, the more the catalase activity.

Factors held Constant:

· volume of hydrogen peroxide solution

· concentration of hydrogen peroxide solution

· amount of material in test tube each

· time lapsed between mixing the reactants and recording observations

Hypothesis 1 will be supported if test tube B, containing fresh liver, produces a greater volume of froth than test tube E, containing fresh potato, and also if test tube C, containing ground liver, produces a greater volume of froth than test tube F, containing the sample of ground potato. 

Hypothesis 2 will be supported if test tube B, containing fresh liver, produces a greater volume of froth than test tube D, containing the boiled liver.
Hypothesis 3 will be supported if test tube C, containing ground liver, produces a greater volume of froth than test tube B, which holds a fresh sample of liver, and also if test tube F, containing the ground potato, produces a greater volume of froth than test tube E, containing the fresh sample of potato.

The hypotheses will not be supported if the results show that plant cells (potato) had a greater amount of catalase activity than the animal cells (liver), if the boiled liver produces a greater volume of froth than the fresh liver, and if the ground potato and liver produce more froth than the fresh samples of these substances. If the results are all the same, the hypotheses will also not be supported.

Materials and Method

Materials:

· H202 solution (35%)

· 7 r.g. sand

· 1 cm3 fresh liver

· 2 r.g. ground liver (liver ground with sand)

· 1 cm3 boiled liver

· 1 cm3 fresh potato

· 2 r.g. ground potato (potato ground with sand)

· 1 small spatula

· 6 small test tubes

· Ruler

· detergent

Method:

4. 6 Test tubes were labeled A, B, C, D, E, F.

5. Materials were placed into the test tubes as shown below.

	Test tube
	Materials

	A
	7 r.g. sand

	B
	1 cm3 fresh liver

	C
	2 r.g. ground liver (liver ground with sand)

	D
	1 cm3 boiled liver

	E
	1 cm3 fresh potato 

	F
	2 r.g. ground potato


6. One drop of detergent was added and then 2cm of H202 was placed in each test tube and the results then recorded by measuring the millimetres of froth produced.

Data Presentation:
	Test tube
	Height of froth (reaction in 1 minute) (mm)

	A (sand)
	0

	B (fresh liver)
	40

	C (ground liver)
	90

	D (boiled liver)
	0

	E (fresh potato)
	5

	F (ground potato)
	2


[Teacher confirms accuracy of results at the end of the series of tests prior to clean up.]
Discussion

The results show that the test tube with the sample of sand alone, which acted as the control for the experiment, produced no catalase activity.  This was an expected result. This shows that sand does not cause the breakdown of hydrogen peroxide.   This means that reaction in test tubes C and F is not because of the sand that is used to grind up the tissue.
Test tube B (40mm) and C (90mm) containing fresh liver produced a greater volume of froth compared to the test tubes containing fresh potato (tubes E, 15mm and F, 2mm). These results support hypothesis 1, that animal cells (liver) produce more catalase activity than plant cells (potato).
The data shows that the boiled liver in test tube D, had no measurable catalase activity (0mm froth produced), and in comparison with test tube B (fresh liver) which had produced 40 mm of froth, it is evidence which supports hypothesis 2, that catalase exposed to extreme heat (i.e. boiled) will not be as active as catalase not exposed to extreme heat.

Hypothesis 3, the greater the surface area (i.e. when the liver and potato are ground up to expose cell surfaces), the greater the catalase activity, is supported. Test tubes B (40mm) and E (2mm) containing the cube of fresh liver potato; and C (90mm) and F (15mm) containing the ground up liver and potato, show that the samples of ground up liver and potato produced a much larger volume of froth than the cubes of fresh liver and potato.
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Discussion

Errors

Random Errors: The investigation was only conducted once with a sample size of 1 and therefore it is not possible to determine scatter unless comparing results with other groups. It is important to increase the sample size so as to decrease the effect of random error. A possible source of random error could have occurred when measuring the volume of froth in the test tubes. The data with Test tube E and F is an example of where there may be effect of random error. It was found that, in comparison with other student results, test tube F (ground potato) generally gave a greater volume of froth than that of test tube E (fresh potato). Another potential source of random error was the way in which the amount of ground up liver and potato was measured, as this was not regulated in any way.  It is not possible to tell whether there was the same amount of material in each test tube.  The cubes of liver and potato should be measured accurately and the some of the cubes should be ground separately and all of the ground liver from one cube should be put into one test tube.  This should also be done for the test tubes with ground potato. If this practical was going to be repeated there should be several sets of each test tube to increase the sample size, which could reduce the effect of random error.
Another potential source of random error could be the size of the drop of detergent added to each of the different in test tubes.  The more detergent there is, the more froth that can be produced.  Also the tubes containing the materials with hydrogen peroxide could have been measured at different times after adding the hydrogen peroxide. That is the reaction may not have been allowed to occur for the same amount of time. This could mean that the reaction was going on for different lengths of time, which could alter the volume of froth produced.

Systematic Errors: It is necessary to repeat experiments so as to highlight systematic error, using different apparatus and fresh hydrogen peroxide. A source of systematic error could have been that the hydrogen peroxide used in this experiment was contaminated and therefore the results produced may not reflect true value. However, as the results tended to follow a trend it is unlikely that the data has been affected by systematic error.

Precision and Accuracy: Precision refers to the amount of scatter while accuracy refers to how close the results were to the true value. As only one sample was used, the precision of the data cannot be determined by this experiment alone. More replicates are required so that an average can be calculated and the reliability of the data improved. The data appear to be accurate, however, the experiment will need to be repeated to determine whether any systematic error was present.

Constant Variables: One variable that was controlled was that the same concentration of hydrogen peroxide solution was used to test the catalase in all 6 test tubes. There was also a control test tube (test tube A), which was used to show that the presence of the sand in the ground up liver and potato was not influencing the reaction in any way.
Improvements to the design of the experiment that could be made:

· measure the volume of the drops of detergent exactly

· measure the height of the froth after a set time

· increase the sample size of the experiment to reduce the effect of random error

· repeat using other animal cells and other plant cells (This would give better evidence for hypothesis 1)

Conclusion:

As explained in the discussion, it was found that the three hypotheses were supported.
Review:

I believe that I contributed to the group in a really positive way. I listened to suggestions and even made some of my own. The group worked well together, making joint decisions and not blaming anyone when errors were accidently made. I learnt that a team works best when someone takes the lead, although this doesn’t always have to be the same person, everyone has strengths. I noticed that I was able to lead in some situations when no one else wanted to do so. I think everyone contributed equally and that the reason we were able to complete the experiment in a timely way was because we worked well as a team.
Safety Assessment:
Overall Hazard Assessment

LOW



MEDIUM



HIGH


	Possible Hazard
	Suggested Safe Operating Procedures

	Chemical Use: Hydrogen peroxide
	Could cause burns. Use gloves and handle carefully when measuring. Wear glasses to protect the eyes.

	Broken Glass
	As glassware is being used, it is feasible that a piece may become broken. Do not handle broken glass with your hands. Tell the teacher.

	Exposure to living organisms
	The liver (and less likely the potato) may carry germs that could cause diseases. Handle with care, wear gloves and do not consume. Dispose of the biological material correctly.

	Injury: cut by a knife
	While cutting the liver and potato into cubes it is possible that a knife injury could occur. Only one person should hold and cut the specimen. All other group members should not enter the cutting area. The person cutting needs to announce they are about to cut, so that all members can remove their hands.

	Spillage
	The use of liquids could result in a spill. If a spill occurs, inform the teacher and do not allow others to walk through the area as a person may slip. Clean up the spill using paper towel, and put up a sign to announce the area is wet.

	Heating the liver
	As the liver needs to be boiled at high temperature there is a chance for a burn. Use heatproof gloves when handling the hot equipment. Leave equipment to cool with a caution sign to announce it is hot.




PErformance standards for Stage 2 Biology

	
	Investigation
	Analysis and Evaluation
	Application
	Knowledge and Understanding

	A
	Designs a logical, coherent, and detailed plan for a biological investigation.

Critically and logically selects and consistently and appropriately acknowledges information about biology and issues in biology from a range of sources.

Manipulates apparatus and technological tools carefully and highly effectively to implement well-organised safe and ethical investigation procedures

Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively.
	Critically and systematically analyses data and their connections with concepts to formulate logical and perceptive conclusions and make relevant predictions.
Logically evaluates procedures and suggests a range of appropriate improvements.


	Applies biological concepts and evidence from investigations to suggest solutions to complex problems in new and familiar contexts.

Uses appropriate biological terms, conventions, formulae, and equations highly effectively.

Demonstrates initiative in applying constructive and focused individual and collaborative work skills.
	Consistently demonstrates a deep and broad knowledge and understanding of a range of biological concepts.

Uses knowledge of biology perceptively and logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of biology coherently and highly effectively.

	B
	Designs a well-considered and clear plan for a biological investigation.

Logically selects and appropriately acknowledges information about biology and issues in biology from different sources.

Manipulates apparatus and technological tools carefully and mostly effectively to implement organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats mostly accurately and effectively.
	Clearly and logically analyses data and their connections with concepts to formulate consistent conclusions and make mostly relevant predictions.

Evaluates procedures and suggests some appropriate improvements. 


	Applies biological concepts and evidence from investigations to suggest solutions to problems in new and familiar contexts.

Uses appropriate biological terms, conventions, formulae, and equations effectively.

Applies mostly constructive and focused individual and collaborative work skills.
	Demonstrates some depth and breadth of knowledge and understanding of a range of biological concepts. 

Uses knowledge of biology logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of biology coherently and effectively.

	C
	Designs a considered and generally clear plan for a biological investigation.

Selects with some focus, and mostly appropriately acknowledges, information about biology and issues in biology from different sources.

Manipulates apparatus and technological tools generally carefully and effectively to implement safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using generally appropriate conventions and formats with some errors but generally accurately and effectively.
	Analyses data and their connections with concepts to formulate generally appropriate conclusions and make simple predictions with some relevance.

Evaluates some procedures in biology and suggests some improvements that are generally appropriate. 


	Applies biological concepts and evidence from investigations to suggest some solutions to basic problems in new or familiar contexts.

Uses generally appropriate biological terms, conventions, formulae, and equations with some general effectiveness. 

Applies generally constructive individual and collaborative work skills.
	Demonstrates knowledge and understanding of a general range of biological concepts. 

Uses knowledge of biology with some logic to understand and explain one or more social or environmental issues.

Uses different formats to communicate knowledge and understanding of biology with some general effectiveness.

	D
	Prepares the outline of a biological investigation.

Selects and may partly acknowledge one or more sources of information about biology or an issue in biology.

Uses apparatus and technological tools with inconsistent care and effectiveness and attempts to implement safe and ethical work practices.

Obtains, records, and displays findings of investigations using conventions and formats inconsistently, with occasional accuracy and effectiveness.
	Describes basic connections between some data and concepts and attempts to formulate a conclusion and make a simple prediction that may be relevant.

For some procedures, identifies improvements that may be made.


	Applies some evidence to describe some basic problems and identify one or more simple solutions, in familiar contexts.

Attempts to use some biological terms, conventions, formulae, and equations that may be appropriate. 

Attempts individual work inconsistently, and contributes superficially to aspects of collaborative work.
	Demonstrates some basic knowledge and partial understanding of biological concepts. 

Identifies and explains some biological information that is relevant to one or more social or environmental issues.

Communicates basic information to others using one or more formats

	E
	Identifies a simple procedure for a biological investigation.

Identifies a source of information about biology or an issue in biology.

Attempts to use apparatus and technological tools with limited effectiveness or attention to safe or ethical work practices.

Attempts to record and display some descriptive information about an investigation, with limited accuracy or effectiveness.
	Attempts to connect data with concepts, formulate a conclusion and make a prediction.

Acknowledges the need for improvements in one or more procedures.


	Identifies a basic problem and attempts to identify a solution in a familiar context.

Uses some biological terms or formulae.

Shows emerging skills in individual and collaborative work.
	Demonstrates some limited recognition and awareness of biological concepts. 

Shows an emerging understanding that some biological information is relevant to social or environmental issues.

Attempts to communicate information about biology.


This is a completion practical with the method provided by the teacher and interpreted by the student.





Analysis and Evaluation 


Logical and relevant predictions (hypotheses).





Investigation Evidence that contributes to being able to implement a biological investigation.





Investigation: Records and displays the data for the investigation using appropriate conventions and formats that are highly effective. 


For example, both the table and graph are accurately presented with titles, units etc.





The effect of cell type, temperature and surface 


area on the activity of the enzyme, catalase
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Investigation


Displays findings of investigations using appropriate conventions and formats accurately and highly effectively.





Analysis and Evaluation Contributes to the evidence of the ability to critically and logically evaluate procedures.





Analysis and Evaluation Suggests a range of appropriate improvements.





Analysis and Evaluation Formulates a logical conclusion.





Application


In conjunction with teacher observation, this review contributes to the evidence that demonstrates initiative when applying constructive collaborative work skills.





Investigation Teacher observation together with this safety assessment contributes to assessment of safe implementation of an investigation.





Additional Comments





Overall, this assessment provides evidence of:


the highly effective use biological terminology (Application).


the use practical report formats as one of a variety of formats to communicate knowledge and understanding in a highly effective manner (Knowledge and Understanding).





Evidence from this investigation contributes to an overall assessment for the Investigations Folio of the:


use of appropriate biological terms and conventions (Application).


communication of knowledge and understanding of biology in different contexts, using different formats  (Knowledge and Understanding).
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