ENZYMES

organic catalysts


Support notes

Enzymes: organic catalysts is one of a series of programs about biochemical processes:

· Photosynthesis

· Cell Respiration

· Enzymes: organic catalysts

Each DVD is ‘stand-alone’, so the programs can be shown in any order that suits your course plan.

Enzymes: organic catalysts explores:

· the function of a catalyst 

· enzymes as organic catalysts 

· activation energy 

· enzyme structure 

· enzyme function: lock & key model 

· co-enzymes & cofactors 

· key factors affecting enzyme action:

· temperature 

· pH 

· enzyme concentration 

· a substrate concentration

· enzyme inhibition: 

· competitive 

· non-competitive

Running time:  21 min
Audience level:  Middle Secondary - Tertiary 

   
USING THE DVD

The program is chapterised, with a chapter menu. The DVD can be stopped at any point, for discussion and questions. Alternatively, the entire program can be viewed without break, with questions at the end.

INTRODUCTORY ACTIVITIES

The DVD does not necessarily need an introduction, but here are some possible discussion questions before showing the DVD:

· Where in our bodies are enzymes found?  What do they do?  

· What kind of health products and other commercial products refer to enzymes in their advertising?  What claims are made for their benefits?

AFTER VIEWING THE PROGRAM

Some discussion points:

· How important are enzymes to the functioning of living cells?

· Why is body overheating so dangerous to health?

Student worksheets

The program contains all the basic concepts and information students will need to answer the worksheet questions.  However, the questions vary in complexity from straightforward points of fact to questions where the response requires application and synthesis.

‘More-challenging’ questions

There is a final section of ‘more-challenging’ questions.  These cannot be answered by simply using the information in the DVD. They require students to undertake additional research. 

These questions can be used with more capable students or could be the basis for group projects.

FEEDBACK

Comments or suggested additional questions/student activities are always welcome.  They can be sent by email to info@reesfilms.com
STUDENT WORKSHEET

1. What effect does a catalyst have on a chemical reaction?    

2. What overall effect does the reaction have on the catalyst?

3.  Enzymes are ‘organic catalysts’.  What does this tell you about:

a) their role?

b) where they’re found? 





        catalase           

                          2H2O2                                     O2   +  2H2O

                      hydrogen                                   oxygen + water

                         peroxide
4. In the chemical reaction above, name any:   

a) substrate(s):

b) product(s):

c) enzyme(s): 

5. Why is it that enzymes can take part in chemical reactions over and over again?

6. Circle the enzymes in the following list of substances:

sucrose                                
lactase   

amylase



lactose

fructose



thiamine

starch 



sucrase
hexakinase


dextrose

Cellulose


cellulase
7. a) Most enzymes are intracellular. What does this mean?

b) Some enzymes are extracellular. What does this mean?

c) Name two examples of extracellular enzymes.

8. Enzymes are organic substances. Tick any of the following statements you think are correct.

Some enzymes are inorganic

All proteins are enzymes

Enzymes are made up of amino acids

Amino acids are made up of proteins

Amino acids are made up of enzymes 

 All enzymes are proteins

9. In what kinds of cells or parts of the body do you find enzymes?

10. Describe two features of enzyme molecules that help to explain how there can be thousands of different enzymes in our bodies. 

11. What kinds of chemical reactions are enzymes involved in:  anabolic? catabolic?  both? neither?  Explain your answer.

12. Any chemical reaction involves an ‘activation energy’. 

 a) What does this mean?

 b) What effect does an enzyme have on the reaction’s activation energy? 

13. Every enzyme has an ‘active site’.  

 a) What is an active site?

b) What is the function of the active site?

c) What is it about the active site that makes the enzyme highly specific in the reaction it catalyses? 

d) What happens to the active site after the enzyme has catalysed its reaction? 

14. The diagram below shows a model of how enzymes work.  
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                  step 1

      step 2 

   step 3

a) label the substances involved (eg ‘enzyme’)

b) describe the three steps involved.

Step 1: 

Step 2: 

Step 3: 

c) Is the reaction shown in the model a catabolic or anabolic reaction?  Explain your answer.

d) What is the name for this model of enzyme action?

e) What is the active site of an enzyme?

f) Label this on the diagram.

15. Many enzymes function only if other substances are present. Some are coenzymes, some cofactors.

a) What is the general difference between cofactors and coenzymes? 

b) Circle the coenzymes in the following list.

· Catalase 

· Zinc ions 

· Thiamine  

· Haemoglobin   

· Copper ions  

· Glucose 

· Fe++
· Glycogen  

· Vitamin C

c) Tick the cofactors in the list above.

16. If an enzyme is denatured: 

a) What has happened to its molecules?

b) Why is the enzyme no longer able to catalyse its reaction?

FACTORS AFFECTING ENZYME ACTION

17. The ‘reaction rate’ of an enzyme can be affected by a number of factors.  What does the term ‘reaction rate’ mean? (hint: think about the reaction products). 

18. Draw a curve on the graph below to show how the reaction rate varies with temperature for most enzymes in human cells.
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19. Most enzymes in human cells or in the bloodstream have an optimal pH close to 7.  What does this mean (as far as their reaction rate is concerned)?

20. a) Where would you find enzymes with an optimum pH of 2?

b) Why do these enzymes need to be able to function efficiently in these conditions? 

21.  The graph below shows the concentration of glucose produced when sucrase breaks down sucrose to glucose and fructose.  

· The green line shows the results when 1 ml of sucrase is added to 5 ml of sucrose syrup

· The blue line shows the results when 0.5 ml of sucrase is added to 5 ml of sucrose syrup

NB: keep in mind that ‘glucose concentration’ is just one way of measuring the amount of glucose produced.

          glucose

          concentration















Time

a) What is the difference between the two results?  

b) What is the same about the two results?

22. The graph below shows the results when different concentrations of sucrase are mixed with identical samples of sucrose syrup.

[NB: notice that this graph shows reaction rate vs enzyme concentration]


       Rate of reaction







      Enzyme concentration

Draw a line on the graph to show what general results you would expect.

23. Enzyme action can also be analysed by plotting reaction rate against changes in substrate concentration.  In this experiment, the same amount of enzyme is added to each tube. 

Here are some typical results:


               Rate of reaction







        Substrate concentration

a) How does the reaction rate change as the substrate concentration increases?

b) How would you explain the fact that the reaction ‘plateaus’? 

ENZYME INHIBITION

24. What is enzyme inhibition, and what is the result?

25. The diagram below shows a model for competitive inhibition.  
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a) The green shape in the diagram represents the substrate. Label all the substances involved (‘enzyme’, ‘inhibitor’, ‘substrate’). 

b) Using the diagram, describe how competitive inhibition works. 

26. What is the second kind of enzyme inhibition?   Explain how this works.

27. In what situations can enzyme inhibition sometimes be useful? 

More-challenging questions

1. a) Research an example of a medical treatment based on the principle of enzyme inhibition.  Outline what enzyme is inhibited, and how this interrupts the normal pattern of infection.

   b) What is ‘rational drug design’, and how is this connected to medical uses of enzyme inhibition (in the case of Relenza, for example)?
2.  Explain both the cause and effects of changes in cell pH during strenuous exercise.

3. Raised body temperature, or hyperthermia, can be produced by a range of factors – from infection to excessive exercise to drugs such as ecstasy. What effect can this have on enzyme function, and why is this of critical importance?

4. Tears contain powerful enzymes. What role do they have?  How do they work?

5. When manganese dioxide is mixed with hydrogen peroxide there is an instant reaction, with a gas released. 

 a) What is the reaction?  Write an equation which includes the reactant(s) and product(s).

 b) What is the role of manganese dioxide in this reaction?

 c) Does this reaction mean that manganese dioxide is an enzyme?  Explain your answer.

6. What is the role of enzymes in allowing different cell types (skin, muscle, neurons etc) to develop highly specialised structures and functions?  What controls the kind of enzymes present in each cell type?

7.  What important role did enzymes play in the development of genetic engineering techniques?

8.  Outline some uses of enzymes in commercial areas such as cheese-making, the paper industry, and biological detergents.   

Additional Resources

academic.brooklyn.cuny.edu/biology/bio4fv/page/coenzy

Examples of enzymes and their associated coenzymes or cofactors. Brooklyn College, City University of New York.
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