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GRADE 10A: Biology 6 

DNA and protein synthesis 

About this unit 
This unit is the sixth of eight units on biology for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 11A and Grade 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications 
 

Previous learning 
To meet the expectations of this unit, students should already know and 
understand that a gene is a section of DNA. They should know what is 
meant by a mutation and that random mutations cause variation among 
members of the same group of organisms. 
 

Expectations 
By the end of the unit, students know the double-helix structure of DNA 
and how this replicates. They know the role of DNA, mRNA and tRNA in 
protein synthesis. They understand how the base sequence on DNA 
controls the function of a protein. They know that the base sequence on 
DNA forms the inherited genetic code. 

Students who progress further understand that changes in DNA bases 
cause variation. They know some causes of mutation. They understand that 
a mutation causes a change in DNA and that this can reduce the efficiency 
of or block an enzyme. They know the difference between genes and alleles 
and that they are sections of DNA. 

 

Resources 
The main resources needed for this unit are: 
• DNA model 
• DNA model-building kit 
• overhead projector (OHP) and prepared transparencies (OHTs) 
• interactive whiteboard 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• nucleotide, DNA, adenine, thymine, cytosine, guanine 
• complementary base pairing 
• semi-conservative replication 
• genetic code, triplet base code, degenerate, non-overlapping 
• protein synthesis, transcription, translation, amino acid activation, mRNA, 

tRNA, polyribosome, codon, anticodon 

UNIT 10AB.6 
6 hours 
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Objectives for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 10 standards 
 EXTENSION STANDARDS 

9.6.3 Know that a gene is a section of 
DNA. 

10A.11.1 Describe the double-helix structure and semi-conservative replication of 
DNA, and recognise the importance of the base pairings. 

11A.14.1 Know that a base sequence in a 
location on DNA forms a gene and 
that different functional base 
sequences at that location form alleles 
of that gene; know that differences in 
the base sequences of DNA of the 
individuals of a species result in 
variation. 

 10A.11.2 Describe the role of DNA, mRNA and tRNA in protein synthesis and 
understand how a base sequence on DNA controls the structure and 
function of a protein. 

11A.14.2 Know some causes of mutation and 
that a mutation is a change in the 
base sequence of DNA that can lead 
to changes in protein structure, which 
in turn can reduce the efficiency of or 
block an enzyme action. 

2 hours 

DNA structure 
and replication 
 

2 hours 

The genetic code
 

2 hours 

DNA, protein 
synthesis, mRNA 
and tRNA 

9.5.2 Know what is meant by mutation and 
that random mutations cause 
variation among members of the 
same group of organisms. 
 

10A.11.3 Know that the base sequence on DNA forms the genetic code and is 
passed from generation to generation. 

11A.14.3 Explain the terms gene, allele, 
phenotype, genotype, dominant, 
recessive and co-dominant. 

Unit 10AB.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduce DNA by displaying a molecular model of the double helix. 

Describe the significance of the discovery of DNA by Watson and Crick (and Wilkins and Franklin). 

Show students a simple OHT diagram of a short portion of DNA, say ten base pairs long, just 
displaying the positions of the three components: sugar (deoxyribose), phosphate and the 
bases A, T, G and C. Discuss the pattern shown with students by question and answer. 

Show students an OHT of a single nucleotide with the three components labelled: sugar 
(deoxyribose), phosphate and base. 

Ask students to describe an outline of the DNA molecule’s structure (two polynucleotide chains 
arranged in a double helix). 

Show students a table displaying the chemical analysis of the bases in DNA indicating that the 
quantities of adenine and thymine are almost identical, and similarly that the quantities of 
guanine and cytosine are almost identical. Ask students to suggest conclusions from this data. 

The larger the DNA model, the better the effect. 

Enquiry skill 10A.2.2 

You could increase the impact of the DNA 
molecule’s appearance: cover the molecule before 
students enter and start playing a few bars of some 
stirring music before uncovering it with a flourish! 

Prepare suitable OHTs. 

Data produced by Chargaff could be used for 
the table (see, for example, www.mun.ca/ 
biochem/courses/3107/Topics/DNA_history.html). 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

2 hours 

DNA structure and 
replication  
Describe the double-helix 
structure and semi-
conservative replication of 
DNA, and recognise the 
importance of the base 
pairings. 

 

Give pairs of students a set of coloured card templates of the DNA components and ask them 
to fit them together like a jig-saw to build their own DNA molecule on a flat surface. Provide 
templates that will only allow selective pairing (A with T; C with G) so that students appreciate 
the notion of complementary base pairing (provide twelve bases, three of each of the four 
colours to represent A, T, G and C). Provide a colour key to identify the four bases. 

Prepare coloured card templates. 

 

 

 

Build your own DNA molecule on the OHP using a set of coloured OHT templates of the DNA 
components similar to students’ card templates. Discuss the similarities and differences 
between students’ models and your model to raise the question of similar base pairing but 
variation in the base sequencing. 

Show students X-ray crystallography images of DNA as taken by Franklin and see if they can 
interpret the shape. 

Ask students to use information from their textbooks, the library or the Internet to write a 
detailed description of the DNA molecule’s structure, after discussing the results of the model-
building exercise. Tell them also to take into consideration the following: 
• identifying purines and pyrimidines; 
• the number of hydrogen bonds between base pairs; 
• antiparallel strands: one chain going ‘up’ and one chain going ‘down’; 
• the number of base pairs in one complete turn of DNA (ten); 
• the actual size of the DNA molecule. 

Prepare OHT templates. 
 
 
 

Find suitable X-ray crystallography images 
(e.g. see www.pbs.org/wgbh/nova/photo 51/). 

ICT opportunity: Use of the Internet. 

 

  

Ask students to make a three-dimensional model of DNA. 

Ask students to use the library and/or the Internet to find out about work on the structure of DNA 
by Watson, Crick, Wilkins and Franklin. 

Download images of DNA from the Internet to show students on the interactive whiteboard. 

Students will need model-making materials such 
as cardboard shapes, beads, drinking straws, 
wire, nylon fishing line. 

Enquiry skills10A.3.4 

 

Unit 10AB.6 
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Objectives Possible teaching activities Notes School resources 

 Ask students: ‘How does DNA replicate itself?’ 

Discuss the two possible alternatives: the conservative and semi-conservative replication 
methods. Locate a suitable diagram and ask students to describe how each might cause 
replication. 

Ask students to read an account of the classic investigation by Meselson and Stahl in which the 
bacteria E. coli was grown on media containing either 14N or 15N isotopes. Discuss the 
experimental results with students. Use a suitable OHT to illustrate the procedure and results. 

Ask students to research the Internet and write an explanation of why Meselson and Stahl’s 
experiment supports the semi-conservative (zip-fastener) replication method. 

Provide each pair of students with additional sets of base templates made of card (marked in 
some way so that they are recognisable as the new bases) and ask them to use their earlier flat 
model of DNA to demonstrate how DNA replicates itself. 
 

 

 
 
 

Prepare a suitable OHT to illustrate the classic 
investigation by Meselson and Stahl. 

ICT opportunity: Use of the Internet. 

Prepare additional sets of card templates. 

 

 

2 hours 

The genetic code 
Know that the base sequence 
on DNA forms the genetic 
code and is passed from 
generation to generation. 

Ask students how the genetic information is stored in DNA in such a way that the DNA can 
control all the cell’s activities. 

Ask students which molecules in the cell determine the cell’s activities. The subject of enzymes 
will arise and their identification as proteins should provide the appropriate introduction to the 
link to protein synthesis. 

Ask students: ‘How can DNA, consisting of only four different bases (A, T, G and C), determine 
all the infinite variety of proteins?’ The need for some sort of code to represent each and every 
one of the 20 different amino acids should become apparent. 

Ask students how this coding problem might be resolved. Guide them as necessary, using the 
alphabet analogy: an alphabet of 4 symbols has to code for another alphabet of 20 symbols. Go 
through the logical progression in stages: 
• one base (symbol) alone means the code can represent x out of 20 amino acids (symbols); 
• two bases in sequence means the code can represent y amino acids; 
• three bases in sequence means the code can represent z amino acids. 

  

 The understanding of the triplet code can now be confirmed and illustrated by Nirenberg’s 
experiments using synthesised mRNA on all 64 possible combinations of bases and 
radioactively labeled amino acids. 

Ask students to investigate the findings of Nirenberg on the Internet or in the library. 

Ask students to investigate and write explanations about aspects of the genetic code, such as: 
• the identity of the codons; 
• its universality; 
• its degenerate nature; 
• its non-overlapping nature. 

 
 
 

ICT opportunity: Use of the Internet. 

 

 

 Find a table displaying the genetic code with the corresponding amino acids in a textbook, 
make an OHT from it and discuss it with students. 
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Objectives Possible teaching activities Notes School resources 

 

Provide students with a copy of a passage concerning the genetic code that has key 
words / phrases missing and ask students to fill in the blank spaces with the most appropriate 
biological term. 

Ask students to explain: 
• the need for the replication of DNA (and the genetic code) to be exact and error free; 
• what would happen if an error was made. 
 

Prepare a suitable task sheet for students.  

Introduce this section by making an analogy between the concept of the cell and protein 
synthesis with a computer / CD writer / player and blank CDs as follows:  
• the computer / CD writer / player (the cell) writes (transcribes) a new music single CD 

(mRNA); 
• the new CD (mRNA) is inserted into a CD player (ribosome); 
• the CD player (ribosome) plays the CD to reproduce (translates) the music (the protein). 

Select a suitable passage on protein synthesis from a textbook. Ask students, in pairs, to read it 
and then describe the process to their partner. 

ICT opportunity: Use a computer / CD 
writer / player and, with the music already 
downloaded, use a blank CD to make an 
analogy between the cell and protein synthesis. 
Use the interactive whiteboard. 

 

 

Give each pair of students a set of cards showing key words / statements and ask them to 
rearrange the cards into the correct order to describe protein synthesis. Suitable key 
words / statements include: ‘mRNA’, ‘tRNA’, ‘DNA’, ‘codon’, ‘is synthesised using …’, ‘the triplet 
of bases is called a …’. 

Ask students to prepare a table comparing the molecular structure of DNA with mRNA and 
tRNA. 

Prepare similar sets of cards for each pair of 
students. 

 

 

Locate a suitable diagram and ask students to explain the process of protein synthesis under 
the sub-headings of: 
• transcription; 
• activation of amino acids; 
• translation. 

Ask students: 
• ‘What additional stage of protein synthesis does a plant need compared with an animal?’ (A 

plant needs to synthesise all its amino acids before it can start producing a protein.) 
• ‘What is the advantage of having ribosomes arranged in chains called polyribosomes?’ (This 

question is probably best answered using the ‘production line’ analogy.) 

Provide students with a copy of a passage concerning protein synthesis with key 
words / phrases missing and ask them to fill in the blank spaces with the most appropriate 
biological terms. 

 
 
 
 
 

 
 

 
 

 

Prepare a suitable task sheet for students. 

 

 

2 hours 

DNA, protein synthesis, 
mRNA and tRNA  
Describe the role of DNA, 
mRNA and tRNA in protein 
synthesis and understand 
how a base sequence on 
DNA controls the structure 
and function of a protein. 

 

Divide the class into two groups and ask them to role-play the synthesis of a protein, with each 
student playing a part. If students are given notice of the exercise a week in advance, then a 
more comprehensive performance may be produced. 

Ask students to use the Internet to find out about the classic experiments of Beadle and Tatum 
on the bread mould Neurospora crassa, on which the one gene – one enzyme hypothesis is 
based. 
 

Enquiry skills 10A.3.4 
 
 

ICT opportunity: Use of the Internet. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Complete the following account of the structure of DNA by adding the most appropriate word(s) 
in the blank spaces. 

Produce a suitable passage on DNA with blank 
spaces to be filled in. 

 

Explain how the evidence of Meselson and Stahl’s experiments supports the semi-conservative 
replication of DNA. 

Provide a suitable diagram summarising the 
stages of Meselson and Stahl’s experiments. 

 

Explain what the properties of the triplet base code are.   

Explain the process of  

a. transcription 

b. translation 

in protein synthesis. 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

The following section of mRNA code is for a peptide made of ten amino acids. Give the correct 
sequence of amino acids. 

 AGUCCCUCGCUAGAAUAUCGAACGGUCAAA 
 

Provide a table of the genetic code.  

 

 

Unit 10AB.6 
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