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PAG4 Rates of enzyme controlled reactions
4.1 The effect of substrate concentration on the rate of an enzyme controlled reaction


The effect of substrate concentration on the rate of an enzyme controlled reaction	TEACHER/TECHNICIAN	Notes for all OCR PAG activities
· These practical activities are not controlled assessments, do not need to be carried out under exam conditions and can take place as part of normal teaching and learning.
· Students can collaborate during the activities but each student must individually demonstrate competence in each of the practical skills being assessed (see Practical Skills below). 
· It is possible for a student to achieve some but not all of the practical skills involved in an activity (and this can be recorded as individual skills achieved or not achieved in the OCR PAG Tracker).
· The practical activities can be adapted by the Centre to make use of the materials and equipment available in the Centre. If adaptations are made to this practical, please be aware that this may affect the practical skills and/or assessment criteria covered. 
· Centres are free to carry out alternative practical activities to fulfil any of the required practical skills / assessment criteria (see below for those covered in this practical activity).
· Centres should trial each activity before giving it to students. 


		
Introduction
This practical allows students to manipulate apparatus to collect data on the effect of changing the concentration of the substrate, hydrogen peroxide, on a reaction that is controlled by the enzyme catalase.

Aims and skills covered
· To investigate the effect of changing the substrate concentration on the rate of hydrogen peroxide breakdown by catalase.

Intended class time
· 1 hour

Practical Skills
· 1.2.1 (b) Safely and correctly use a range of practical equipment and materials
· 1.2.1 (c) Follow written instructions
· 1.2.1 (d) Make and record observations / measurements
· 1.2.1 (e) Keep appropriate records of experimental activities
· 1.2.1 (f) Present information and data in a scientific way
· 1.2.1 (j) Use a wide range of experimental and practical instruments, equipment and techniques appropriate to the knowledge and understanding included in the specification 
· 1.2.2 (a) Use of appropriate apparatus to record a range of quantitative measurements (to include volume, time)
· 1.2.2 (c) Use of laboratory glassware apparatus for a variety of experimental techniques 

CPAC
1,3 and 4

Links to the specifications
Biology A
· 2.1.4 (a) The role of enzymes in catalysing reactions that affect metabolism at a cellular and whole organism level
· 2.1.4 (b) The role of enzymes in catalysing both intracellular and extracellular reactions
· 2.1.4 (c) The mechanism of enzyme action
· 2.1.4 (d)(i) The effects of pH, temperature, enzyme concentration and substrate concentration on enzyme activity
· 2.1.4 (d)(ii) Practical investigations into the effects of pH, temperature, enzyme concentration and substrate concentration on enzyme activity

Biology B
· 2.1.3 (b) The molecular structure of globular proteins as illustrated by the structure of enzymes and haemoglobin
· 2.1.3 (c) How the structure of globular proteins enables enzyme molecules to catalyse specific metabolic reactions
· 2.1.4 (d)(i) The factors affecting the rate of enzyme-catalysed reactions
· 2.1.4 (d)(ii) Practical investigations into the factors affecting the rates of enzyme-catalysed reactions

Mathematical Skills
M0.1 Recognise and make use of appropriate units in calculations
M0.2 Recognise and use expressions in decimal and standard form
M0.3 Use ratios, fractions and percentages
M1.1 Use an appropriate number of significant figures
M1.2 Find arithmetic means
M1.3 Construct and interpret frequency tables and diagrams, bar charts and histograms
M1.11 Identify uncertainties in measurements and use simple techniques to determine uncertainty when data are combined
M3.1 Translate information between graphical, numerical and algebraic forms
M3.2 Plot two variables from experimental or other data
M3.3 Understand that y = mx + c represents a linear relationship
M3.5 Calculate rate of change from a graph showing a linear relationship
M3.6 Draw and use the slope of a tangent to a curve as a measure of rate of change

Chemicals
	Label 
	Identity 
	Hazard information 

	Hydrogen peroxide 20 vol. 
	Hydrogen peroxide 20 vol. solution in water. 
	[image: ]Causes eye irritation. Wear eye protection throughout the activity.



Equipment 
· 20 vol. hydrogen peroxide (this is the specific concentration) 
· Distilled water
· 50 cm3 measuring cylinder
· 250 cm3 beakers (x5)
· Eye protection
· Marker pen (or chinagraph pencil / OHP pen / stickers)
· Trough to hold water (e.g. 2 litre ice cream tub)
· 250 cm3 conical flask (or boiling tubes if student sheet adapted to smaller volumes)
· Delivery tube and bung to fit conical flask
· Number 5 cork borer (cork borer of an alternative size can be used)
· Knife / scalpel
· White tile
· Ruler
· Potato

Health and Safety
· Health and safety should always be considered by a centre before undertaking any practical work. A full risk assessment of any activity should be undertaken including checking the CLEAPSS website (https://www.cleapss.org.uk).
· Students should wear eye protection throughout.
· Suitable warnings should be given to students about the care required when using the knife or scalpel and the cork borer.

Notes
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· Hydrogen peroxide should be stored in a refrigerator but it is best to allow it to reach room temperature prior to the experiment in order for this not to be a factor in slowing down the rate of reaction.
· Centres are advised to trial this procedure to ensure that the variety of potato that will be used and the volumes and timings will produce appropriate results.
· Hydrogen peroxide naturally decomposes so new and old batches will give different results.
· A possible results table is shown below:

	Concentration of hydrogen peroxide (vol.)
	Time (s)
	Volume of oxygen produced (cm3) after ‘x’ (s)
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· Students should pool their results at the end of the experiment in order to allow the calculations.






· Graphs as below should be drawn for each concentration, error / range bars can be added.

Mean volume of 
oxygen produced
           (cm3)
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Time (s)



This apparatus can easily be modified to investigate variables that affect the rate of enzyme controlled reactions, such as temperature, surface area, and concentration of catalase. The latter can be investigated using catalase stock solution, readily available at a relatively low cost from Sigma Aldrich.

Answers to extension questions
Answers to the extension questions on student sheet are available on Interchange in the Science Coordinator Materials area. 

Records
As evidence for the Practical Endorsement:
· Students should not need to re‐draft their work but rather keep all their notes as a continuing record of practical activity.
· Students should:
· produce an appropriate results table showing the data from the experiment
· accurately draw graphs of mean volume of oxygen (cm3) against time for each concentration and also a graph of concentration (vol.) against rate (cm3 min-1). 

In preparation for the indirect assessment of practical skills in the written examinations, and to help students develop their understanding of the underlying biological theory, students should answer the extension questions and ensure that their data are recorded appropriately, for example the correct format of tables, graphs, units and significant figures.

Document updates
V1.0	15 May 2016	 Original version
V2.0         17 Feb 2020   	Answers removed from teacher document and added to separate file on Interchange. No other changes have been made.

This document may have been modified from the original – please check the master version on the OCR qualification page if in doubt.
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