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Immobilised Enzymes A Level Biology
Practical

Immobilised enzymes A level biology practical Understanding the concept of
immobilised enzymes is fundamental to many practical applications in biology,
particularly at the A level. Immobilised enzymes are enzymes that are attached to or
confined within a solid support, allowing them to catalyse reactions without being lost in
the process. This technique is widely used in laboratory experiments and industrial
processes due to its advantages such as reusability, stability, and ease of separation
from products. In this article, we will explore the practical aspects of immobilised
enzymes in a level biology context, including their preparation, applications, and the
methodology of typical experiments.

What Are Immobilised Enzymes?

Immobilised enzymes are enzymes that have been fixed onto a solid support or trap
within a matrix, preventing their diffusion away from the reaction site. Unlike free
enzymes that are dissolved in solution, immobilised enzymes offer several practical
benefits: - Reusability: They can be used multiple times without the need for
replenishing enzyme supply. - Enhanced stability: Immobilisation often increases
enzyme stability against pH and temperature changes. - Ease of separation: Facilitates
straightforward separation of enzymes from reaction products. - Controlled reaction
conditions: Allows for better control over reaction parameters.

Preparation of Immobilised Enzymes in the Laboratory

Preparing immobilised enzymes for practical experiments involves several key steps.
These steps are essential for ensuring the enzyme remains active and is effectively
immobilised.

Materials Required

- Enzyme solution (e.g., amylase, catalase) - Solid support material (e.g., alginate beads,
glass beads, cellulose) - Cross-linking agents (e.g., glutaraldehyde) - Buffer solutions
(e.g., phosphate buffer) - Equipment: syringe, beakers, stirring rod, water bath, pipettes,
filtration apparatus

Common Methods of Immobilisation

1. Encapsulation in Beads: - Enzymes are trapped within a gel matrix such as sodium



alginate. - Procedure: - Mix enzyme solution with sodium alginate. - Drop the mixture
into a calcium chloride solution to form beads. - Rinse the beads thoroughly before use.
2. Adsorption: - Enzymes are adsorbed onto the surface of a solid support via physical
forces. - Simple but less stable over time. 3. Covalent Bonding: - Enzymes are linked
covalently to the support using cross-linking agents like glutaraldehyde. - More stable
and suitable for industrial applications. 4. Cross-Linking: - Enzymes are linked together
using bifunctional agents, forming insoluble aggregates.

Designing a Practical Experiment Using Immobilised
Enzymes

A typical A level biology practical involves investigating enzyme activity using
immobilised enzymes. Here is a step-by-step guide to designing such an experiment.

Objective

To measure the activity of an immobilised enzyme (e.g., amylase) by observing the
breakdown of substrate (e.g., starch) over time.

Variables

- Independent variable: Temperature, pH, enzyme concentration - Dependent variable:
Rate of reaction (e.g., amount of starch broken down, amount of product formed) -
Controlled variables: Substrate concentration, incubation time, volume of enzyme used

Methodology

1. Preparation of Immobilised Enzymes: - Use the encapsulation method to prepare
enzyme beads. - Ensure consistent size and enzyme loading for reproducibility. 2.
Setting Up the Reaction: - Place the immobilised enzyme in a beaker containing starch
solution. - Incubate at different temperatures or pH levels as required. - Use a water
bath to maintain temperature. 3. Sampling and Testing: - At regular intervals, remove a
sample of the reaction mixture. - Use iodine solution to test for starch presence: - Blue-
black indicates starch. - No color change indicates starch has been broken down. 4. Data
Collection: - Record the time taken for starch to be completely broken down. -
Alternatively, measure the amount of reducing sugars produced using Benedict’s test or
DNS assay. 5. Analysis: - Plot reaction rate against temperature or pH. - Determine the
optimal conditions for enzyme activity.

Advantages of Using Immobilised Enzymes in Practical
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Experiments

- Reusability: Immobilised enzymes can be used repeatedly, reducing costs. - Stability:
They are often more resistant to denaturation. - Ease of separation: Simplifies product
purification. - Controlled reactions: Better regulation of reaction conditions.

Limitations and Challenges

While immobilised enzymes offer many benefits, there are some limitations: - Reduced
activity: Immobilisation can sometimes reduce enzyme activity due to structural
constraints. - Mass transfer limitations: Substrate diffusion to the active sites may be
hindered. - Cost: Preparation of immobilised enzymes may be more expensive than free
enzymes. - Stability issues: Over time, immobilised enzymes may lose activity due to
leaching or structural changes.

Applications of Immobilised Enzymes

The practical use of immobilised enzymes extends beyond classroom experiments: -
Industrial processes: Production of high-fructose corn syrup, lactose-free milk, and
biofuels. - Medical applications: Enzyme-based biosensors and drug delivery systems. -
Environmental: Wastewater treatment using immobilised enzymes to break down
pollutants.

Summary of Key Points for A Level Practicals

- Proper immobilisation techniques are crucial for successful experiments. - Consistent
bead preparation ensures reproducible results. - Testing enzyme activity involves
monitoring substrate breakdown over time. - Data should be carefully recorded and
analyzed to determine optimal conditions. - Awareness of limitations helps in designing
better experiments.

Conclusion

Immobilised enzymes are a vital component of practical biology at the A level, providing
insights into enzyme behaviour, stability, and applications. By understanding how to
prepare and use immobilised enzymes effectively, students can explore enzyme kinetics,
optimize reaction conditions, and appreciate real-world industrial processes. The
practical skills gained through these experiments form a foundation for advanced study
and careers in biotechnology, medicine, and environmental science. Whether for
educational or industrial purposes, mastering the principles of immobilised enzyme
techniques enhances understanding of biochemical processes and their applications.
With careful planning, execution, and analysis, students can harness the power of
immobilised enzymes to explore the fascinating world of enzymology.



Immobilised Enzymes A Level Biology Practical: An In-Depth Investigation Enzymes are
the biological catalysts that facilitate virtually all biochemical reactions within living
organisms. Their specificity and efficiency underpin critical physiological processes,
from digestion to DNA replication. In educational settings, particularly A Level biology
courses, practical investigations involving enzymes serve as vital tools for understanding
enzyme kinetics, mechanism, and the effects of various factors on enzymatic activity.
Among these, the use of immobilised enzymes stands out as a significant experimental
approach, offering insights into enzyme stability, reusability, and practical applications
in industry. This review provides a comprehensive exploration of immobilised enzymes A
level biology practical, detailing the principles, methodology, advantages, limitations,
and implications of such experiments. It aims to serve as an authoritative resource for
students, educators, and researchers seeking a deeper understanding of immobilised
enzyme practicals within an academic context.

Understanding Enzyme Immobilisation

What Are Immobilised Enzymes?

Immobilised enzymes are enzymes that have been physically confined or localized onto
or within a solid support matrix, allowing them to be separated from the reaction
mixture easily and reused multiple times. Unlike free enzymes, which are suspended
freely in solution, immobilised enzymes maintain their catalytic activity while being
anchored, which can profoundly affect their stability, specificity, and operational
efficiency. Common methods of enzyme immobilisation include: - Adsorption: Enzymes
are adsorbed onto the surface of carriers via weak interactions such as Van der Waals
forces or hydrogen bonds. - Covalent Bonding: Enzymes are covalently linked to the
support, providing strong attachment that minimizes enzyme leaching. - Entrapment:
Enzymes are confined within a gel or polymer matrix, such as alginate beads. -
Encapsulation: Enzymes are enclosed within semi-permeable membranes or capsules.

Principles Behind Immobilised Enzyme Practicals

Objective of the Practical

The primary goal of an immobilised enzyme practical at A Level is to investigate how
immobilisation affects enzyme activity under various conditions and to compare it with
free enzyme systems. Typical objectives include: - Measuring enzyme activity with
immobilised versus free enzymes. - Exploring the effects of temperature, pH, substrate
concentration, or inhibitors. - Demonstrating enzyme reusability and stability. -
Understanding kinetics and calculating parameters such as Vmax and Km.
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Core Concepts

- Enzyme kinetics: How the rate of reaction varies with substrate concentration. -
Enzyme stability: The ability of immobilised enzymes to retain activity over time or
under different conditions. - Reusability: The potential to recover and reuse immobilised
enzymes, reducing costs. - Mass transfer: The movement of substrate and product
molecules to and from the enzyme active site, which can be affected by immobilisation.

Methodology of an Immobilised Enzyme Practical

Designing the Experiment

A typical immobilised enzyme practical involves several key steps: 1. Preparation of
Immobilised Enzymes: - Selecting an appropriate support material (e.g., calcium
alginate beads, cellulose). - Immobilising the enzyme (e.g., amylase or catalase) onto or
within the support via the chosen method. - Ensuring consistent enzyme loading across
samples. 2. Setting Up Reaction Mixtures: - Preparing substrate solutions (e.g., starch
for amylase, hydrogen peroxide for catalase). - Setting control samples with free
enzymes for comparison. 3. Reaction Conditions: - Varying parameters such as
temperature, pH, or substrate concentration systematically. - Maintaining consistent
reaction volumes and incubation times. 4. Measuring Enzyme Activity: - Using
colorimetric assays (e.g., iodine solution for starch breakdown, Bohr’s method for
catalase activity). - Recording the rate of reaction at specific intervals. - Calculating
enzyme activity units based on substrate degradation or product formation. 5.
Reusability Testing: - Recovering immobilised enzymes after reaction. - Washing and
reusing them in subsequent reactions. - Monitoring activity over multiple cycles.

Example Protocol Outline

Note: This is a general outline; specific procedures depend on the enzyme and support
used. - Prepare calcium alginate beads containing immobilised amylase. - Prepare starch
solution as substrate. - Incubate beads in starch solution at a specific temperature. - Add
iodine solution periodically to test for starch presence. - Record the time taken for the
disappearance of starch (indicated by color change). - Repeat with varying temperature
or pH. - Reuse beads in subsequent reactions to assess stability.

Data Collection and Analysis

Types of Data Collected

- Reaction rate: Time taken for substrate breakdown. - Enzyme activity units: Based on
substrate consumed or product formed. - Effect of variables: Changes in activity with
temperature, pH, substrate concentration. - Reusability data: Activity over multiple



cycles.

Data Analysis Techniques

- Plotting reaction rates against variables to generate kinetic curves. - Determining
Vmax and Km from Michaelis-Menten plots. - Comparing activity retention percentages
over cycles. - Statistical analysis to assess significance of differences.

Advantages of Using Immobilised Enzymes in Practicals

- Reusability: Immobilised enzymes can be recovered and reused, making experiments
cost-effective. - Enhanced stability: Immobilisation often increases thermal and pH
stability. - Ease of separation: Simplifies the process of separating enzymes from
reaction mixtures. - Continuous processes: Suitable for industrial applications like
bioreactors. - Safer handling: Reduced risk of enzyme contamination in subsequent
experiments.

Limitations and Challenges in Immobilised Enzyme
Practicals

- Mass transfer limitations: Diffusion of substrate and products can be hindered,
affecting reaction rates. - Enzyme denaturation: Immobilisation may alter enzyme
conformation or activity. - Cost of support materials: Some supports are expensive or
require complex preparation. - Leaching: Weak attachment methods may lead to enzyme
leaching over time. - Standardisation: Achieving uniform enzyme loading and support
preparation can be challenging.

Applications and Broader Implications

The insights gained from immobilised enzyme practicals extend beyond the classroom: -
Industrial processes: Used in food manufacturing (e.g., lactose removal),
pharmaceuticals, and biofuel production. - Environmental engineering: Enzymes
immobilised on supports are employed in waste treatment. - Biotechnology innovations:
Development of biosensors and bioassays. Understanding the principles and
practicalities of enzyme immobilisation enhances comprehension of enzyme functionality
and fosters appreciation of enzyme engineering in real-world applications.

Conclusion

The immobilised enzymes A level biology practical offers a rich platform for exploring
enzymology fundamentals, kinetic principles, and applied biochemistry. Through
systematic experimentation, students can observe the effects of environmental factors
on enzyme activity, compare free and immobilised systems, and appreciate the practical
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benefits and limitations of enzyme immobilisation. These practicals not only deepen
theoretical understanding but also prepare students for advanced studies and careers in
biotechnology, medicine, and environmental science. By mastering the methodologies
and analytical skills involved, students gain valuable insights into enzyme behaviour, the
importance of stability and reusability in industrial applications, and the broader
significance of enzyme technology in modern society.

Questions & Answers About immobilised enzymes a level
biology practical

N
o

Question Answer

1 What is the purpose of
immobilising enzymes in A-
level biology practicals?

Immobilising enzymes allows for easier separation
from the reaction mixture, repeated use of the
enzyme, and can improve stability and control over
the reaction conditions during practical
experiments.

2 Which materials are
commonly used to immobilise
enzymes in practical
experiments?

Materials such as calcium alginate beads, cellulose,
silica gel, or absorbent membranes are commonly
used to immobilise enzymes, providing a supportive
matrix that holds the enzyme in place.

3 How does immobilising
enzymes affect their activity
in practical experiments?

Immobilisation can sometimes reduce enzyme
activity due to diffusion limitations or
conformational changes, but it often enhances
stability and allows for reuse, making experiments
more efficient.

4 Describe a typical practical
setup for immobilising
enzymes using calcium
alginate beads.

The common method involves mixing the enzyme
solution with sodium alginate, then dropping this
mixture into a calcium chloride solution to form gel
beads, trapping the enzyme inside for subsequent
use in reactions.

5 What are the advantages of
using immobilised enzymes
over free enzymes in
practical experiments?

Advantages include easier separation from the
reaction mixture, the ability to reuse the enzyme
multiple times, increased stability under various
conditions, and more controlled reaction rates.

immobilised enzymes, enzyme activity, enzyme kinetics, enzyme immobilisation
techniques, enzyme stability, biocatalysts, enzyme reuse, enzyme assays, practical
biology, enzyme experiments
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