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2.2.3 ENZYMES
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.Enzymes play an important role in metabolism in both plants and animals e.g. photosynthesis (anabolism) and respiration (catabolism).  The rate at which some chemical reactions occur spontaneously within the body is extremely slow. Enzymes speed up these chemical reactions by acting as catalysts. A catalyst speeds up or slows down a chemical reaction without being used up itself. Enzymes like proteins are made of long chains of amino acids – polypeptide chains. 
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However, a functional protein or enzyme is not just a polypeptide chain, but one or more polypeptides precisely twisted, folded and coiled into a molecule of unique 3D shape. It is this shape which determines how an enzyme works.  An enzyme works by recognising and binding to some other molecule – known as a substrate. Some enzymes are involved in the chemical break down of substances into smaller components. Amylase, pepsin or catalase as examples of enzymes involved in chemical breakdown. Other enzymes, such as potato phosphorylase, are involved in synthesis i.e. chemically combining small substances into larger ones. 
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How an enzyme works

The substance the enzyme works on is called its substrate. Enzymes are substrate specific.As an enzyme works it combines with its substrate and converts it to product(s). 

Only a specific region on the surface of the enzyme actually binds to the substrate. This region is called the active site.
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Effect of temperature

Up to a point the rate of an enzyme reaction increases with increasing temperature. Beyond that temperature the rate drops sharply. Each enzyme has an optimal temperature at which is reaction rate is fastest. Most human enzymes have optimal temperatures of about 35-400C. 

At very low temperatures, enzymes are inactive.
The activity of enzymes increases when the temperature increases (and therefore the reactions that they work on, or catalyze, will also become faster).

Each enzyme has a specific temperature that they are most active. This is the optimum temperature for that enzyme. Each enzyme has its own optimum temperature. -

When the temperature is too high, the enzymes are destroyed, or denatured. 

Effect of pH
Enzymes also have a pH at which they are most active. The optimal pH for most enzymes fall in the pH range of pH 6-8. However there exceptions e.g. pepsin in the human stomach works best at pH 2. Such an acidic environment would denature most enzymes. 

Summary of the properties of Enzymes:

1.Enzymes are made of proteins.
2.They speed up chemical reactions inside the cytoplasm.
3.They are needed only in small amounts
4.They remain unchanged after each reaction and can therefore be reused.
5.They are highly specific.
(Each enzyme can only work on one chemical reaction. For example, catalase will only work on hydrogen peroxide (to form water and oxygen. The Substrate is the chemical that the enzyme is working on).
6.They are affected by temperature.
7.They are affected by pH.
 (Therefore, how fast the enzyme can catalyze or work on the chemical reaction depends on factors like temperature and pH).

8. Enzymes can be denatured - they change shape so much that they are no longer effective

Procedure

1. Add 20cm3 of one of the selected buffers to a graduated cylinder.

2. Weigh out 2 g of yeast and make up to 20 cm3 of water.
3. Add 0.5 cm3 of hydrogen peroxide to a boiling tube.

4. Stand the cylinder and boiling tube in the beaker of water at 250C

5. Pour the hydrogen peroxide into the cylinder.

6. Note the volume in the cylinder immeditally and record.

7. Read the volume again after a measured amount of time e.g. 2minutes, and record.

8. Subtract the initial volume from the final volume to get the volume of foam and record.

9. Repeat the procedure from step 3 for each of the other buffer solutions.

10. A graph should be drawn of enzyme activity (volume of foam) against pH. Put pH on the horizontal axis.

Result

	pH of buffer
	Initial volume (cm3)
	Final volume (cm3)
	Volume of foam produced

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Conclusion/Comment


Procedure
1. Add 2g of yeast to the cylinder.

2. Add 0.5 cm3 of hydrogen peroxide to a boiling tube.

3. Stand the cylinder and boiling tube in an ice-cold water bath until the desired temperature (00C) is reached. 

4. Pour the hydrogen peroxide into the cylinder.

5. Note the volume in the cylinder immediately and record.

6. Read the volume again after a measured amount of time e.g. 2 minutes, and record.

7. Subtract the initial volume from the final volume to get the volume of foam and record.

8. Repeat the procedure from step 3 for each at least four more temperatures, to include a sample in the 500C-600C range.

9. A graph should be drawn of enzyme activity (volume of foam after 2 minutes) against temperature. Put temperature on the horizontal axis.

Result
	Temperature (00C
	
	
	
	
	

	Initial volume (cm3)
	
	
	
	
	

	Final volume (cm3)
	
	
	
	
	

	Volume of foam produced
	
	
	
	
	


Answer the following
To investigate the effect of temperature on the rate of enzyme action

                  Aim

1.  State  the aim of this investigation  _______________________________________

______________________________________________________________________ 

Background
2. ( a ) What is an enzyme ________________________________________________ 

_____________________________________________________________________ 

( b ) What is the substance an enzyme works on called _________________________ 

( c ) What are enzymes made of ___________________________________________                       ( d )  Where in the cell are enzymes made ___________________________________

( e )  Draw a labelled diagram to explain how an enzyme works __________________ 

( f  ) List the factors that affect enzyme activity _______________________________ 

_____________________________________________________________________ 

( g )  What is meant by optimum temperature _________________________________ 

______________________________________________________________________ 

( h )  Draw a graph to show the of temperature on enzyme activity

( i )  Would the graph have the same shape for all enzymes ________________________ 

( j )  Do all enzymes have the same temperature optimum. Give a reason for your answer.

_________________________________________________________________________ 

__________________________________________________________________________ 

Apparatus
3. ( a ) Draw a labelled diagram of the apparatus you will use in this investigation.

( b ) List the solutions you will use in this investigation and explain the purpose of each solution ___________________________________________________________________ 

___________________________________________________________________ . 

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________

Procedure

                     4. ( a ) What enzyme will you use in this investigation_____________________________

                         ( b ) What is the source of this enzyme _______________________________________ 

                         ( c )  What factors will you keep constant during this investigation 

                                ( i ) ________________________________________________________________

                                ( ii ) ________________________________________________________________ 

                         ( d )  How will you keep each factor constant

                                 ( i ) ________________________________________________________________ 

                                 ( ii ) _______________________________________________________________ 

                         ( e )  Why should the solutions be left in the waterbath for 10 minutes._______________ 

                          _______________________________________________________________________ 

                         ( f )  How will you measure enzyme activity ____________________________________ 

                         ( g )  Name the products produced in this investigation. ___________________________ 

                         ( h )   In performing an investigation what is the function of a control ________________ 

                          ________________________________________________________________________ 

                         ( i )  Suggest a control for this investigation ________________________ 

                         ________________________________________________________________________ 

                           ( j )  Predict the result of this investigation ______________________________________ 

                            ________________________________________________________________________

                          ( k ) Name two skills you would expect to learn while carrying out this experiment 

(i) ________________________________________________________________

(ii) ________________________________________________________________

                          ( l )  State  two  precautions you should consider before carrying out this investigation

(i) ________________________________________________________________

(ii) ________________________________________________________________  

5.  Application 

    ( a )   State one application of this investigation. __________________________________ 

    _________________________________________________________________________

Contemporary Issue

Bioprocessing with immobilised enzymes- procedure, advantages and use in bioreactors

Immobilised enzymes
The widespread use of enzymes brought with it a problem – how to recover the enzyme for reuse. Many enzymes are expensive to produce and extract.
The answer came with recent development of cell / enzyme immobilisation.

Immobilisation is the conversion of:

 Enzyme (water soluble)  to  Enzyme (water insoluble)

The enzyme still however maintains its catalytic activity.

Bioprocessing:

· Use of enzyme controlled reactions to make a product. Traditionally involved micro-organisms.

· Brewing, baking and yoghurt and cheese making are examples of 
bioprocessing using micro-organisms.

· In modern times bioprocessing is carried out using immobilised cells 
(micro-organisms) and immobilised enzymes.

· Industrial fermentation (Bioprocessing) is carried out in bioreactors, 
which control aeration, pH, and temperature.

An immobilized enzyme is one that has been made insoluble or held in place so that it can be reused many times. 



Bioprocessing (Industrial Fermentation) with Immobilised Enzymes

There are a number of ways of bringing about enzyme immobilisation. One way is to entrap the enzymes in gels e.g. sodium alginate..  The enzymes are trapped in the fibres of the gels. The substrate diffuses into the gel reacts with the enzyme and the product diffuses out
· Bioprocessing with immobilised  enzymes is carried out in a bioreactor. 

· 
Immobilised cells or enzymes are attached or fixed to an inert material e.g sodium alginate.
· The bioreactor is sterile – other types of micro-organisms would have a major negative impact. 

· Temperature, pH, substrate and product concentration and waste level are checked constantly. 

· The product can be produced by continuous flow or batch processing. 

· Industrial fermentation of alcohol is often carried out with yeast cells immobilised in gel beads (sodium alginate). 

.Procedure
1. A yeast suspension is mixed with a sodium alginate solution. 

2. Drops of the mixture are allowed to harden in calcium chloride solution. 

3. Small gel beads with live, trapped yeast are formed. 

4. Nutrients can diffuse through the gel to the live yeast. 

5. Fermentation product will diffuse from the yeast into the liquid medium. 
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Advantages of Immobilized Enzymes
1. Easy recovery of enzymes for reuse. 

2. Easy harvesting of products (no enzyme contamination). 

3. Greater enzyme stability. 

4. Extends the life of proteolytic enzymes by preventing them digesting each other. 

There is an increased demand for cell-free enzymes because:
· When whole cells are used some of the substrate is used in the cell metabolism 

· The optimum condition for individual enzymes is often different to that of a whole cell. 

· No wasteful side reactions. 

In some cases, whole cells are advantageous when the enzyme is expensive or difficult to extract or involves a chain of interconnected reactions.
Some examples of uses of Immobilised Enzymes 
1. To make lactose-free milk
A large percentage of the human population are lactose intolerant.
They are missing an enzyme, lactase, which converts lactose to glucose and galactose.
When lactose is consumed in the diet it remains undigested and passes into the colon where bacteria may convert it into a variety of different chemicals e.g. ethanoic acid, butanoic acid, carbon dioxide, and methane. These cause a variety of symptoms – cramps, distension, acid diarrhoea. Lactose is removed from milk to make it acceptable to those who are lactose intolerant. 
Immobilised lactase is used.
Heat-treated skimmed milk is passed through a column containing immobilised lactase. The lactose-free milk emerges at the bottom and is then packaged for consumers.
2. Clarification of fruit juices
Fruit juices contain pectins, which are a complex group of carbohydrates that cement adjacent cells together. They occur in the middle lamella and in the presence of calcium ions form gels. This poses a viscosity problem for fruit juice manufacturers. Also, pectins can form colloids with proteins giving an unwelcome haze in the juice, for example in apple juice.
Immobilised  pectinase is used to remove pectin from the juices.
3.   Meat tenderisation 
In olden days freshly slaughtered meat was hung for several days or weeks to allow the meat to tenderise. Proteolytic enzymes released from lysosomes gradually broke down the muscle structure. Today, immobilised enzymes are used to shorten the hanging time. Many fungi, bacteria, and plants e.g. pineapple, contain proteolytic enzymes, which can be used for this purpose. These are non-toxic and are capable of tenderising the meat. However the difficulty with the use of these immobilised enzymes is that, if the enzyme is injected into the meat after slaughter, it causes uneven tenderisation. The most effective way of introducing these enzymes to the muscle tissue is to inject the enzyme into the animal’s jugular vein before slaughter (usually up to half an hour prior to slaughter).
· Prepare one enzyme immobilisation and examine its application

Materials/Equipment

Sachet of yeast (without CaSO4)

Sodium alginate

Calcium chloride powder

Sucrose

Distilled water

Glucose test strips

Hot water (300C – 400C)

2 Graduated cylinders (100cm3)

4 Beakers (100cm3)

Beaker (500cm3)

2 Seperating funnels

3 Glass rods

Procedure

1. Add 0.4g of sodium alginate to 10cm3 of distilled water in a 100cm3 beaker. Mix thoroughly.

2. Mix 2g of yeast in 10cm3 of distilled water in a 100cm3 beaker.

3. Prepare 100cm3 of 1.4% w/v calcium chloride solution in a beaker.

4. Add the yeast suspension to the sodium alginate solution and mix thoroughly with a glass rod.

5. Draw all of the mixture into a 20cm3 syringe.

6. From a height of 10cm release the mixture from the syringe, one drop at a time, into the calcium chloride solution. Beads containing yeast cells will form.

7. Leave the beads to harden for at least 10 minutes.

8. Filter the beads through a sieve and rinse with distilled water.
Application of the immobilised enzyme – production of glucose from sucrose 

9. Mix another 2g of yeast in 10cm3 of water.

10. Pour this yeast suspension into a separating funnel labelled “free yeast”. 
11. Pour the beads into another separating funnel labelled “immobilised yeast”.

12. Prepare 100cm3 of 1% w/v sucrose solution with water warmed to about 400C.

13. Pour 50cm3 of the sucrose solution into the yeast in each of the separating funnels.

14. Using glucose test strips, immediately test samples from each funnel from glucose.

15. Repeat the test at 2 minute intervals until glucose appears in both.

16. Record result.

17. Run off the remaining product from each funnel into the beakers.

18. Compare the turbidity of the solutions from both funnels.

19. Replicate the investigation or cross reference your results with other group
Result

	Time (minutes)
	Free yeast – presence of glucose
	Immobilised yeast – presence of glucose

	0
	
	

	2
	
	

	4
	
	

	6
	
	

	8
	
	

	10
	
	


	
	Free yeast
	Immobilised yeast

	Turbidity of solution
	
	


Conclusion/Comment
Answer the following
To prepare an enzyme immobilisation and examine its application
Aim

 1. State the aim of this experiment________________________________________ 

Background

2.  ( a ) What are immobilised enzymes  

_____________________________________________________________________

     ( b ) Name one  way that enzymes can be immobilised

_____________________________________________________________________  

( c ) State 4 advantages of immobilised enzymes

(i) ___________________________________________________________ 

(ii) ___________________________________________________________ 

(iii) ___________________________________________________________ 

(iv) ___________________________________________________________

Apparatus 

3  ( a ) Draw a labelled diagram of the apparatus used in the experiment

     ( b ) List the 3 chemicals / solutions you will use in the experiment and explain the purpose of each one

          ( i )_______________________________________________________________ 

          ( ii ) ______________________________________________________________ 

          ( iii ) _____________________________________________________________ 

Procedure

 4  ( a ) What enzyme will you use in the experiment __________________________ 

     ( b)  What is the  substrate of this enzyme _________________________________ 

     ( c )  Name the product produced  _______________________________________     

     ( d ) How will you test for this product ___________________________________

_____________________________________________________________________ 

     ( e ) What is the source of this enzyme ____________________________ 

    ( f ) Why must clean glassware and, preferably, distilled water be used in the experiment ___________________________________________________________

   ( g ) Why will you add the alginate and yeast drop by drop into the calcium solution from the same height (10 cm ) ____________________________________________

     ( h ) Why will the beads be  left for 15 minutes in the calcium chloride __________ 

_____________________________________________________________________

     ( i ) Why will you rinse the beads in distilled water  ________________________ 

____________________________________________________________________ 

     ( j )  What is the purpose of the free yeast in this experiment _________________

____________________________________________________________________  

  ( k ) Name two skills you would expect to learn while carrying out this experiment 

(i) ___________________________________________________________

(ii) __________________________________________________________  

  ( l ) State two  precautions you should take during this experiment

(i) ___________________________________________________________ 

(ii) ___________________________________________________________ 

Application

5  ( a ) Give one application of immobilised enzymes in the laboratory 

___________________________________________________________________ 

    ( b ) State two applications of immobilised enzymes  in industry

___________________________________________________________________ 

___________________________________________________________________

H. 2.2.7 ENZYMES (Extended Study)

How an enzyme works 
The substance the enzyme works on is called its substrate. Enzymes are substrate specific and can distinguish one substrate from another e.g. the enzyme sucrase will only act on the substrate sucrose. This is due to their unique 3D structure. The specificity of enzymes results from its shape.

An enzyme works by combining with its substrate and converting it to product(s). 
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Only a specific region on the surface of the enzyme actually binds to the substrate. This region is called the active site (domain) . The shape of the active site is flexible and changes slightly when induced by the specific substrate. 

INDUCED FIT THEORY

For an enzyme to work it must combine with the substrate.For this to happen the shape of the active site of the enzyme and the shape of the substrate must be compatible. However the shape of the active site is not rigid. As the substrate enters the active site , it induces the enzyme to change its shape slightly so that the active site fits even more snugly around the substrate,. This induced fit is like a clasping handshake. 



In an enzyme reaction, the substrate binds to the active site to form an enzyme-substrate complex. Once the substrate is converted to the product, the produce leaves the active site and the enzyme is free to take up another substrate. The entire cycle happens so fast that a single enzyme could act on about a thousand substrate molecules per second! The enzyme remains unchanged and can be reused over and over again.

The activity of an enzyme is affected by its general environment e.g. temperature and  pH. 

As a protein an enzyme has conditions under which it works optimally e.g. temperature and pH. 
Denaturation
The folded shape and 3D structure of an enzyme (native shape) determines its function. An enzymes shape and structure can be unraveled/ changed by changes in the external environment e.g. pH, temperature. Because the enzyme is misshapen it is biologically inactive. This is known as denaturation. The linear sequence of amino acids (primary structure ) still exists but the enzyme has lost its activity. Sometimes an enzyme can regain its shape and function when returned to a normal environment.  Many enzymes are denatured at high temperatures e.g. above 600C. 
 
· Investigate the effect of heat denaturation on the rate of catalase activity

Materials/Equipment

       Enzyme source e.g. yeast, radish
Hydrogen peroxide (20%) or less

Range of buffer solutions (pH 9)

Washing-up liquid

Graduated cylinders (100cm3) 

Syringe

Boiling tubes

Test tube holder

2 water baths (250C, 1000C)
Procedure

1. Place 2g yeast and 10 cm3 of water into a boiling tube 
2. Place the boiling tube into the water bath at 1000C for 10 minutes. 

3. Remove the boiling tube and allow it to cool.

4. Add 20cm3 of the buffer to the graduated cylinder.
5. Using the dropper, add one drop of washing-up liquid.

6. Add the heated yeast to the cylinder.

7. Add 0.5cm3 of hydrogen peroxide to a boiling tube.

8. Stand the cylinder and boiling tube in the water bath until the desired temperature (250C) is reached. 

9. Pour the hydrogen peroxide into the cylinder.

10. Note the presence or absence of foam formation and record.

11. Repeat the procedure from step 5 using an unheated radish sample. 

Result
	
	Unheated enzyme
	Heated enzyme

	Foam formatioin
	
	


To investigate the effect of heat denaturation on the activity of an enzyme

                  Aim

1.  State  the aim of this investigation  _______________________________________

______________________________________________________________________ 

Background
2. ( a ) What is an enzyme ________________________________________________ 

_____________________________________________________________________ 

( b ) What is the substance an enzyme works on called _________________________ 

( c ) What are enzymes made of ___________________________________________                       ( d )  Where in the cell are enzymes made ___________________________________

( e )  Draw a labelled diagram to explain how an enzyme works __________________ 

( f  ) List the factors that affect enzyme activity _______________________________ 

_____________________________________________________________________ 

( g )  What is meant by  heat denaturation in terms of enzymes ___________________

______________________________________________________________________ 

( h )  Would the graph have the same shape for all enzymes ________________________ 

( i )  Do all enzymes have the same pH optimum. Give a reason for your answer.

_________________________________________________________________________ 

__________________________________________________________________________ 

Apparatus
3. ( a ) Draw a labelled diagram of the apparatus you will use in this investigation.

( b ) List the solutions you will use in this investigation and explain the purpose of each solution ___________________________________________________________________ 

___________________________________________________________________ . 

_____________________________________________________________________ 

______________________________________________________________________ 

_____________________________________________________________________ 

Procedure

                     4. ( a ) What enzyme will you use in this investigation_____________________________

                         ( b ) What is the source of this enzyme _______________________________________ 

                         ( c )  What factors will you keep constant during this investigation 

                                ( i ) ________________________________________________________________

                                ( ii ) ________________________________________________________________ 

                         ( d )  How will you keep each factor constant

                                 ( i ) ________________________________________________________________ 

                                 ( ii ) _______________________________________________________________ 

                         ( e )  Why should the solutions be left in the waterbath for 10 minutes._______________ 

                          _______________________________________________________________________ 

                         ( f )  How will you measure enzyme activity ____________________________________ 

                         ( g )  Name the products produced in this investigation. ___________________________ 

                         ( h )   In performing an investigation what is the function of a control ________________ 

                          ________________________________________________________________________ 

                         ( i )  Suggest a control for this investigation ________________________ 

                         ________________________________________________________________________ 

                           ( j )  Predict the result of this investigation ______________________________________ 

                            ________________________________________________________________________

                          ( k ) Name two skills you would expect to learn while carrying out this experiment 

(iii) ________________________________________________________________

(iv) ________________________________________________________________

                           ( l ) State two  precautions you should consider before carrying out this investigation

(iii) ________________________________________________________________

(iv) ________________________________________________________________  

5.  Application 

    ( a )   State one application of this investigation. __________________________________ 

    _________________________________________________________________________

· Prepare one enzyme immobilisation and examine its application

Materials/Equipment

Sachet of yeast (without CaSO4)

Sodium alginate

Calcium chloride powder

Sucrose

Distilled water

Glucose test strips

Hot water (300C – 400C)

2 Graduated cylinders (100cm3)

4 Beakers (100cm3)

Beaker (500cm3)

2 Seperating funnels

3 Glass rods
Procedure

20. Add 0.4g of sodium alginate to 10 cm3 of distilled water in a 100 cm3 beaker. Mix thoroughly.

21. Mix 2g of yeast in 10 cm3 of distilled water in a 100 cm3 beaker.

22. Prepare 100 cm3 of 1.4% w/v calcium chloride solution in a beaker.

23. Add the yeast suspension to the sodium alginate solution and mix thoroughly with a glass rod.

24. Draw all of the mixture into a 20 cm3 syringe.

25. From a height of 10 cm release the mixture from the syringe, one drop at a time, into the calcium chloride solution. Beads containing yeast cells will form.

26. Leave the beads to harden for at least 10 minutes.

27. Filter the beads through a sieve and rinse with distilled water.

Application of the immobilised enzyme – production of glucose from sucrose 
28. Mix another 2g of yeast in 10 cm3 of water.

29. Pour this yeast suspension into a separating funnel labelled “free yeast”. 

30. Pour the beads into another separating funnel labelled “immobilised yeast”.

31. Prepare 100 cm3 of 1% w/v sucrose solution with water warmed to about 400C.

32. Pour 50 cm3 of the sucrose solution into the yeast in each of the separating funnels.

33. Using glucose test strips, immediately test samples from each funnel from glucose.

34. Repeat the test at 2 minute intervals until glucose appears in both.

35. Record result.

36. Run off the remaining product from each funnel into the beakers.

37. Compare the turbidity of the solutions from both funnels.

38. Replicate the investigation or cross reference your results with other groups.
Result

	Time (minutes)
	Free yeast – presence of glucose
	Immobilised yeast – presence of glucose

	0
	
	

	2
	
	

	4
	
	

	6
	
	

	8
	
	

	10
	
	


	
	Free yeast
	Immobilised yeast

	Turbidity of solution
	
	


Conclusion/Comment

[image: image3.png]


[image: image4.png]


























































































Water bath: to vary temperature 





APPARATUS





To Investigate the effect of temperature on the rate of catalase activity





Boiling Tube


0.5 ml H2O2 - substrate





Thermometer – to monitor temperature





Hot Plate: to vary temperature





Graduated Cylinder


20 cm3 buffer – to keep pH constant


0.5g  yeast – enzyme (catalase) source


20 cm3 H2O 








Alcohol





Immobilised cell containing enzyme





Glucose





Fermenter bioreactor





There are 4 levels of protein structure:


Primary


Secondary


Tertiary


Quaternary





Water Bath: To keep temperature constant





APPARATUS





Definition of “enzymes” – reference to their protein nature, folded shape, and roles in plants and animals. Special reference to their role in metabolism.





Effect of pH and temperature range on enzyme activiy.


Syllabus P. 18





Mandatory Activity


Investigate the effect of pH on the rate of one of the following: amylase, pepsin, or catalase activity.





Investigate the effect of temperature on the rate of one of the following: amylase, pepsin or catalase activity.





Prepare one enzyme immobilisation and examine its application.





Definition of enzyme to refer to protein nature and folded shape.





Role in plant and animal, special reference to their role in metabolism:


Amylase, pepsin or catalase as examples of enzymes involved in chemical breakdown.





Other enzymes, such as potato phsphorylase, are involved in synthesis.





Effect of pH and temperature range on enzyme activity.


T.G. P. 31





Contemporary Issue


Bioprocessing with immobilised enzymes – procedure, advantages, and use in bioreactors





Hot Plate: To keep temperature constant





To Investigate the Effect of pH on the rate of catalase activity





Boiling Tube


0.5 ml H2O2 - substrate





3 Thermometers


2 Retort stands


Electronic balance


Weigh boats


Syringe (20cm3)


Sieve


Labels


3 Spatulas


Wash bottle


Timer











3 Thermometers


2 Retort stands


Electronic balance


Weigh boats


Syringe(20cm3)


Sieve


Labels


3 Spatulas


Wash bottle


Timer





Thermometer


Knife


Chopping board


Electronic balance


Weigh boats


Disposable gloves


Labels


Timer


Dropper





Enzymes:  Biological catalysts made of proteins











Thermometer – to keep temperature constant








Graduated Cylinder


20 cm3 different  buffers – to vary pH 


2 g  yeast – enzyme source


20 cm3 H2O





Enzyme remains unchanged





Enzyme substrate complex formed


formed





Product formed





Substrate induces a change in shape of active site





Active site





Enzyme





Substrate





The Active Site Theory to explain enzyme function and specificity.


Explanation of the term Optimum activity under specific conditions as applied to pH range.


Heat denaturation of protein


Syllabus P19





Active site theory to explain enzyme function, its flexibility, 3d molecules with variable domains and specificity.


Enzymes are proteins whose activity is affected by environmental pH, temperature.


Explain the term optimal activity under specific conditions applied to pH range.


Heat denatiuration of protein


T.G. P33





Mandatory Activity


Investigate the effect of heat denaturation on the activity of one enzyme





Yeast and sodium alginate





Sodium alginate with entrapped enzyme





CO2
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