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The graph below shows the energy changes that take place during a chemical reaction.

(a) (i) What is represented by X on the graph above?

[1]

(ii) Enzymes are biological catalysts.

Draw a line on the graph above to show the energy changes that would take place if an enzyme was

present during the reaction.

[1]

(b) Succinate dehydrogenase is an enzyme found in mitochondria and is involved in respiration. The

enzyme catalyses the conversion of succinate into fumarate. Using your knowledge of enzyme structure,

explain why this is the only reaction succinate dehydrogenase can catalyse.

[2]

1.
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(c) The graph below shows the rate of fumarate production at varying concentrations of succinate, at

optimum temperature and pH with no inhibitors present.

(i) I. State what factor is limiting the rate of reaction in the region marked Y on the graph.

[1]

II. Use evidence from the graph to support your answer.

[1]
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(ii) Explain what is limiting the rate of reaction in the region marked Z on the graph.

[2]

(d) Malonate is a competitive inhibitor of succinate dehydrogenase. The diagrams below show the

structural formulae of succinate and malonate.

(i) Using the information in the diagram above and your own knowledge, explain how malonate inhibits

succinate dehydrogenase.

[3]
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(ii) On the graph in part (c) opposite draw a curve to show the rate of reaction when malonate is present.

[1]

2.
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(a) (i) Theory 1  shows the induced fit hypothesis. What name is given to Theory 2? [1]

(ii) Which theory represents the activity of lysozyme? [1]

(b) Name X as shown in both theories. [1]

(c) Enzymes are biological catalysts. How do they bring about their effect of speeding up a reaction? [1]

4. The diagram below shows two theories used to explain enzyme activity.
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[1]

(d) What characteristic of an enzyme at the end of a reaction is visible in both diagrams?

[1]

(e) State three factors which affect enzyme activity, excluding the presence of inhibitors.

[3]

(f) Distinguish between intracellular and extracellular enzymes.

[1]

Total

[9]

Pectin is a structural polysaccharide found in the cell walls of plant cells and in the middle lamella

between cells, where it helps to bind cells together. Pectinases are enzymes that are routinely used in

industry to increase the volume and clarity of fruit juice extracted from apples. The enzyme is immobilised

onto the surface of a gel membrane which is then placed inside a column. Apple pulp is added at the top,

and juice is collected at the bottom. The process is shown in the diagram below.

4.
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(a) Immobilising enzymes can increase the temperature range over which they can be used.

Describe two other advantages of immobilising pectinases

[2]

(b) Suggest why reducing the flow rate of material through the column would result in an increased volume

of juice being collected.

[2]
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(c) The extraction of juice using pectinase was compared using equal volumes and concentrations of free

enzyme, enzymes bound to the surface of a gel membrane and enzymes immobilised inside alginate

beads. The results are shown in the graph below.

Using the graph and your own knowledge of enzymes, answer the following questions.

(i) Describe and explain the results for the free enzyme at temperatures above 40°C.
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[4]

(ii) Explain why a higher yield of juice was obtained when using free enzyme between temperatures of

20°C and 40°C than when using immobilised enzyme.

[2]

(iii) Suggest a reason for the differences seen in the results for the enzymes bound to the gel membrane

surface with those immobilised inside the beads, between temperatures of 20°C and 60°C.

[2]
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