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In order to use biotechnology in the laboratory, you need to:

•  follow health and safety rules

•  prepare tissue cultures of potato plants

•  carry out a fermentation process in a bottle

•  use aseptic technique to grow bacteria on agar plates

•  investigate the effect of penicillin on organisms

•  carry out immobilisation of enzymes.
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You need to produce evidence of investigations into biotechnology techniques. Your investigations should include:

•  use of selected techniques in the laboratory

•  the experimental design, construction and evaluation of a fermenter

•  a poster or booklet showing the stages in production, using biotechnological techniques, of a selected bio-product.

Pass

To achieve a pass your work must show:

Merit

To achieve a merit your work must show:

Distinction

To achieve a distinction your work must show:

•  the competent and safe carrying out of given practical

procedures, and the accurate reporting of your

observations and results

•  the design, construct and evaluation of the operation of a

fermenter correctly and accurately, with guidance

•  the construction of a poster or booklet on the production

of a bio-product by selecting relevant information from

sources provided, and a logical presentation of the

information.

•  accurate conclusions of your practical work

•  an independent approach to planning the design,

construction and evaluation of a fermenter, using a range

of information sources

•  a range of relevant information obtained independently

to use in your poster or booklet, and a justification of

your choice of information used.

•  an understanding of the limitations of your practical

work and suggest possible improvements

•  a clear evaluation of your fermenter design and

operation, which accurately identifies the strength and

weakness of the design

•  use of correct technical language to give clear

explanations of concepts and processes of biotechnology

in your poster or booklet.
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This unit provides an introduction to the concept of using genetic information from a variety

of sources in micro-organisms and to the use of standard industrial techniques for production

of identified materials from the modified organisms. It consolidates and extends the

introduction to cells and cell processes contained in the compulsory Units 2 and 3.

There is a limit to the level at which this material can be presented to Intermediate GNVQ

students. A reasonable guide to level is provided by standard GCSE texts, which give a clear

but simple overview of the required concepts and processes.

Much of the content should be delivered through practical work; the concepts can be

presented in diagrammatic form. The more theoretical sections can be covered by videos. An

industrial visit to a brewery or pharmaceutical plant would allow the scale of an industrial

fermentation process to be observed.

Students should build on the practical skills and techniques acquired in the compulsory units.

The emphasis should be on following standard procedures, working safely and handling

scientific equipment and materials.

The required outcome is a visual presentation of the process of genetic engineering and a

supporting laboratory notebook that records all practical investigations.

The following sections define the intended scope of each section in What You Need to Learn.
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•  Cells and cell processes are introduced in compulsory Unit 2, and may be chosen for

study in compulsory Unit 3. This section consolidates the work of the compulsory units

and extends it into the areas which are to be studied in detail in the later sections. These

develop concepts of genetic manipulation and the selection and use of cells in industrial

processes.

•  Simple labelled diagrams of typical animal, plant filament fungus or yeast cells, and a

bacillus, to show the common characteristics and major differences. Use of slides,

bioviewer sets, projection microscopy resources or simple light microscopy.

•  Respiration should be limited to a basic understanding of energy generation from a

breakdown process in all cells. Use of word/symbol equations to enhance understanding.

•  Cell division – the structure of eukaryotic cell nucleus and homologous chromosomes to

explain mitosis, using annotated diagrams. The process of binary fission in bacteria and

an explanation of the bacterial nuclear material.

•  Practical work on growing cells from other cells, eg potato, cauliflower, carrot, African

violet or begonia tissue cultures. Students can investigate conditions for growth,

including temperature, effect of light, amount of original tissue, etc.
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•  A simple treatment of the structure and function of DNA to cover:

− double helix molecule
− sequence and pairing of bases
− ‘triplet’ code
− replication
− the concept of the ‘gene’ as a section of DNA ‘coding’ for a chemical.
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•  A general outline of genetic engineering principles, to include:

− identification of the human ‘gene’ producing a required substance
− restriction enzymes as ‘chemical scissors’
− gene cloning – plasmid vectors
− re-combinant bacterial cell growth
− large-scale production and downstream processing.

•  Specific example in the form of a case study to contextualise the general principles, eg

human insulin, crop improvement (ie resistance to TMV or insects), interferon, human

growth hormone.
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The information held by DNA codes controls the way that cell proteins are produced in the

cell.

•  The theory of:

− protein structure
− enzymes as biological catalysts
− how enzymes work; substrate/active site
− effect of pH and temperature on enzyme-controlled reactions
− the use of enzymes in baking, cheese making, brewing and in detergents.

•  Practical work can cover a range of enzyme reactions. Techniques include assay

experiments using detergents, eg milk nutrient agar, starch agar and non-biological and

biological washing liquids. Enzyme immobilisation using amylase and sodium alginate

solution in calcium chloride to convert starch into ‘sugar’.
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This section is concerned with the problems of ‘scaling up’ from the laboratory experimental

stage to full-scale production.

•  Students need to be aware of the optimum conditions for growth of the micro-organism

and should have some concept of economic and safety considerations in industrial

processes.

•  The idea of a pilot industrial plant to test conditions for growth of organisms and to

identify and solve problems should be introduced.

•  The design of a fermenter using suspended micro-organisms is appropriate; a distinction

should be drawn between batch and continuous fermentation.

•  When the principles of fermentation are established, students can then ‘design’ and test

their own fermenters (using a plastic drinks bottle).
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Fermentation is used as the process for the production of antibiotics. This section links the

growth of the micro-organism (penicillin) to the fermentation process and to the effects of

the secondary metabolite from the stationary phase of growth on other micro-organisms.

Practical work includes growing penicillin on agar plates and possibly investigating

conditions for growth, and using assay techniques to investigate the effect of penicillin on a

range of bacterial lawn plates.
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Due to the nature of the material in this unit, the assessment criteria cover three aspects: the

set practical work; the design, construction and evaluation of a fermenter and a study of a

bio-product using taught material and literature sources. The practical work and fermenter

project should be assessed through observation by the assessor, the records of which should

be added to student reports as evidence of achievement of the appropriate criteria.

When grading student evidence you should consider the following general qualities that

distinguish between the three grades:

•  increasing depth and breadth of understanding

•  increasing coherence, evaluation and analysis

•  increasing independence and originality.

Pass

The pass student should show that (s)he can follow practical methods carefully and

accurately, and can make and report the important observations for each experiment

performed. (S)he must follow instructions to construct and test a fermenter, and show some

appreciation of the influence of the design on performance, as indicated by the test results.

The pass student must compile an accurate commentary on the production of the selected

bio-product from information provided by the tutor.

Additional information searching is not required, but the student must produce a presentation

which is relevant and scientifically correct. The pass student should be given the opportunity

to revise each aspect of his/her evidence after advice from the tutor on one occasion.

Merit

The merit student must carry out the set practical work competently and safely, and draw

accurate and relevant conclusions from the experiments performed. The merit student will

not need precise step-by-step instructions to construct and test a fermenter. (S)he will be able

to independently develop a plan for the design, construction and testing of the fermenter, by

using relevant details from secondary sources. (S)he will be able to implement his/her plan to

construct and test the device, and to identify the relationship between the design and the test

results. (S)he must identify and use appropriate and relevant information sources to compile

a presentation on the production of the selected bio-product. The information selected must

be scientifically correct and relevance to the product of each item must be clearly explained.

Some reading of sources other than those provided is required. All sources used must be

recorded using accepted formats, together with a summary of the relevant information

obtained from each source. The reports must be free from major errors in science and

conclusions when submitted. This requirement does not eliminate the possibility of receiving

assistance from the tutor during the conduct of the practical work and whilst composing

his/her reports.

Distinction

The distinction student must show evidence of appreciation of the practical techniques used

by identifying or anticipating actual or potential problems. (S)he must provide evidence of an

understanding of the scientific principles of each experiment performed. This evidence will

be mainly in writing, but discussions with the assessor and recorded and validated by him/her

may also be used. (S)he will show an appreciation of the influence of the design variables on

fermenter performance by evaluating the constructed device and reviewing the differences in

performance reported for other designs. (S)he must compile a scientifically correct and

coherent presentation on the production of the selected bio-product. Distinction ability will

be shown by demonstration of an understanding of the relationships within the science

underlying the product and its manufacture.
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Significant use of literature sources other than those provided is essential. All sources used

must be referenced using accepted formats, and all relevant information obtained described

in detail. The reports must be submitted on time and be free from errors. Occasional

assistance given during the conduct of the work should not disqualify the student from the

award of the distinction; however, (s)he must show sufficient independence to establish

unambiguously his/her understanding of the science of the topics studied.
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This guidance highlights the most relevant Key Skills opportunities in this unit. It contains

suggestions only. You will need to check that students have produced all the evidence

required to meet part A and part B of the Key Skills specifications. Students may need to

develop additional evidence elsewhere to meet fully the requirements of the Key Skills

specifications.

Guidance is referenced in two ways:

K – keys to attainment

These are Key Skills or aspects of Key Skills which students should achieve as they meet the

vocational requirements of the units. Only part B of the Key Skill is highlighted – you will

need to check that students achieve part A.

S – signposting

These are opportunities that can be incorporated naturally into the learning programme.

APPLICATION OF NUMBER, LEVEL 2 Key Skills

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  using secondary

data sources on the

results of culture

experiments and on

the effects of

antibiotics on

organisms

N2.1 Interpret information from two different

sources, including material containing a graph.

K

•  using experimental

data from culture

and penicillin

experiments

•  calculating results

from experimental

or secondary data,

involving numbers

of organisms and

their variation with

time (a, c), and the

sizes on micro-

organisms (b)

N2.2 Carry out calculations to do with:

a amounts and sizes

b scales and proportion

c handling statistics

d using formulae.

S

S

S

S

•  preparation of

reports on culture

and penicillin

experiments

N2.3 Interpret the results of your calculations and

present your findings. You must use at least one

graph, one chart and one diagram.

S
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COMMUNICATION, LEVEL 2 Key Skills

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  taking part in a

class discussion on

the use of

genetically

modified products

C2.1a Contribute to a discussion about a

straightforward subject.

S

•  making an

individual

presentation on

fermenter design

C2.1b Give a short talk about a straightforward

subject, using an image.

S

•  reading and

summarising

information on the

production of a

bio-product

C2.2 Read and summarise information from two

extended documents about a straightforward

subject. One of the documents should include at

least one image.

K

•  presenting the

report of the

investigation into

bio-scientific

techniques

C2.3 Write two different types of documents about

straightforward subjects.

One piece of writing should be an extended

document and include at least one image.

K

INFORMATION TECHNOLOGY, LEVEL 2 Key Skills

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  obtaining

information on

genetic engineering

and bio-

technological

processes

IT2.1 Search for and select information for two

different purposes.

S

•  collating

experimental and

secondary data,

calculating results

and drawing

conclusions on the

investigations

undertaken

IT2.2 Explore and develop information, and derive

new information for two different purposes.

S

•  preparing the

poster or booklet

on the production

of a bio-product

IT2.3 Present combined information for two different

purposes.

Your work must include at least one example of

text, one example of images and one example of

numbers.

S
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PROBLEM SOLVING, LEVEL 2 Key Skills

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  designing a

fermenter

PS2.1 Identify a problem and come up with two

options for solving it.

K

•  constructing a

fermenter following

their design

PS2.2 Plan and try out at least one option for solving

the problem, obtaining support and making

changes to your plan when needed.

K

•  evaluating the

operation of their

fermenter

PS2.3 Check if the problem has been solved by

applying given methods, describe results and

explain your approach to problem solving.

K


