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Chapter 5 – ENZYMES AND METABOLISM
1.

	        Description
	Correct term

	(a)
	Input of energy needed to get a reaction started.
	Activation energy 

	(b)
	A model suggesting that the active site moulds itself around the substrate.
	Induced fit 

	(c)
	A short-lived association of enzyme and substrate which lowers the reaction’s activation energy.
	Enzyme-substrate complex

	(d)
	Substance that is made as a result of the reaction.
	Product

	(e)
	A theory suggesting that enzyme and substrate fit precisely together.
	Lock and key 

	(f)
	Substance or substances present at the start of a reaction.
	Substrate

	(g)
	The pocket/groove in the surface of an enzyme into which the substrate fits.
	Active site

	(h)

	Substance, similar shape to the substrate, which can bind to the active site without product being formed.
	Competitive inhibitor

	(i)
	A permanent change in the tertiary structure of the enzyme and its active site.
	Denature

	(j)
	Number of molecules of substrate converted to product each minute.
	Turnover number


Total 10 marks

2.

	        Statement
	True/False

	(a)

	Enzymes are composed of nothing but protein.
	False. Some enzymes have non-protein parts, known as prosthetic groups.

	(b)

	All enzymes have an active site.
	True.

	(c)

	All enzymes are denatured above 37 oC.
	False. Enzymes vary in their tolerance to high temperature, and some thermostable enzymes can carry on working up to boiling point.

	(d)

	All enzymes are involved in breaking down substances.
	False. Enzymes are also responsible for building smaller molecules into larger ones, and in modifying substances. 

	(e)
	Enzymes speed reversible reactions to equilibrium.
	True.

	(f)
	Most enzymes have an active and an inactive form.
	True.

	(g)
	Inhibition of an enzyme is usually lethal to an organism.
	False. In many cases, inhibition is perfectly normal because enzymes have to be activated when needed, and turned off by an inhibitor when not needed.

	(h)
	Genes contain the genetic codes for making enzymes.
	True.

	(i)
	An enzyme is denatured when its primary structure is changed.
	False. An enzyme is denatured when its tertiary structure (overall shape) is changed.

	(j)
	Some enzymes are fixed in cell surface membranes.
	True.










                      Total 10 marks

3.
(a)
The chemical grouping that will be at the other end is: –COOH.
    (1 mark)
(b)
Trypsin would digest lysozyme into two fragments. 


    (1 mark)
(c)
Specificity means that it only catalyses one particular reaction.
    (1 mark)
(d)
Trypsin is able to digest a wide variety of different proteins because             the different proteins will have the same amino acid combinations,                but in different positions. 





  (2 marks)
Total 5 marks

4.
(a)
The independent variable was the pH, (i.e. the factor that is varied).   (1 mark)

(b)
The dependent variable is the rate of reaction (the time taken to digest the starch)
.







    (1 mark)
(c)
Three variables that would need to be controlled – any three of the following points should be included in the answer:

· same temperature throughout
· same volume and concentration of buffer

· same volume and concentration of enzyme

· same volume and concentration of starch.


  (3 marks)

(d)
To test for the presence of starch: add some (yellow/brown) iodine solution.   If it goes blue/black, starch is present.
          

              (2 marks)

(e)
To validate the results of this experiment: repeat the experiment with boiled enzyme to show that it was the enzyme, and not the buffer or any other factor that was digesting the starch.




              (2 marks)

Total 9 marks

5.         (a)
Description of the relationship between rate of reaction and temperature: as the temperature increases so does the rate of reaction, until the optimum is reached. Thereafter, an increase in temperature causes a rapid fall in the rate of reaction.     







  (3 marks)

(b)
Explanation of how the tertiary structure of an enzyme is important to its function in organisms – any three of the following points should be included in the answer:

· tertiary structure is the overall shape of the molecule

· maintained by various forces and bonds
· (give marks for, for example, hydrogen bonds, Van der Waals forces, hydrophobic interactions, disulfide bridges)

· active site must be a particular shape
· otherwise the substrate cannot bind/no enzyme substrate complex formed. 





              (3 marks)

(c)
Explanation of the graph from A to C – any two of the following points should be included in the answer:
· enzyme and substrate have more kinetic energy

· there are more collisions between enzyme and substrate

· so enzyme/substrate complexes for more frequently.
  (2 marks)
(d)
Explanation of what is happening to the enzyme molecule between E and C – any three of the following points should be included in the answer:
· enzyme is denatured

· tertiary structure is lost/has changed

· weaker bonds break (mark for named bond)

· substrate no longer fits active site

· enzyme/substrate complex cannot form.  


  (3 marks)









    Total 11 marks
6.         (a)
From A to I in the graph, increasing the amount of substrate increases the rate of reaction because there are more collisions between enzyme and substrate.



           


                  (2 marks)
(b)
The graph levels off from I to C because all the enzymes are working at their maximum rate; no more active sites are free.


    (1 mark)

            (c)       (i)
At 20 oC higher temperature, the graph is steeper from A to I but the rate is not higher because there is more collision between enzyme and substrate.






  (2 marks)
(ii)
At 40 oC higher temperature, the graph is a flat line because enzymes are denatured at 60 oC.




  (2 marks)
(iii)
With twice as much enzyme, the gradient is the same from A to I, but then the line carries on until the rate is twice as high; then it levels off because between A and I the amount of substrate is the limiting factor. From I to C the amount of enzyme is the limiting factor. Increasing the amount of enzyme will allow the rate to rise for twice as long before enzymes become the limiting factor.


              (2 marks)
(iv)
With twice as much enzyme and twice as much substrate, the gradient is steeper and the maximum rate is twice as high because there are more enzymes and there is more substrate.


  (2 marks)
(v)
With a constant amount of a competitive inhibitor, the graph is lower but touches the original at high substrate concentration because the effect of a competitive inhibitor can be overcome by adding more substrate, which ‘crowds out’ the inhibitor.


  (2 marks)
(vi)
With a constant amount of a non-competitive inhibitor (NCI), the graph is lower at all concentrations of substrate because NCIs do not compete for the active site, so their effect cannot be overcome by adding more substrate. NCIs effectively lower enzyme concentration.






              (2 marks)

                                                                                                  Total 15 marks 

7.         (a)
The allosteric effect is when an enzyme can exist in two forms – active and inactive – usually due to a non-competitive inhibitor that binds to the enzyme and changes its shape so that the substrate no longer fits into the active site.
  (3 marks)
            (b)        (i)
Four enzymes would be needed for this metabolic pathway – one for each stage. 





                (1 mark)

 (ii)
If E is produced in excess, it can act as an inhibitor on one of the enzymes A, B or C that produced it. If there is not enough E, there is no spare to act as an inhibitor so production speeds up
  (2 marks)

Total 6 marks

TOTAL MARKS FOR EXAM: 66
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