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Background 

As you know, protein synthesis is the process by which cells create proteins.  This activity follows the rule of 

the Central Dogma.  In the first step, transcription, a portion of the cell’s DNA, called a gene, is used to create 

an mRNA (messenger RNA) molecule, which then travels to the ribosome, the site of translation.  The ribosome 

searches for the start codon (AUG) on the mRNA to begin translation.  Locating the start codon establishes the 

reading frame: from that point forward, the ribosome “reads” the mRNA in groups of three nucleotides – one 

codon.  Transfer RNA (tRNA) molecules, carrying amino acids, base pair with their anti-codons to the 

complimentary mRNA codon.  Amino acids are joined together by peptide bonds to form a protein. 
 

Proteins carry out many life functions within cells and they also are structurally important to organisms. Each 

type of protein has a specific job to do within an organism. Therefore, it’s critically important that proteins are 

constructed properly. The amino acid building blocks of the protein must be assembled in exactly the right way 

in order for the protein to carry out its duty. If the incorrect building blocks are used, or even used in the wrong 

order, then the protein will not function properly. 
 

Real proteins are made of hundreds – or even thousands – of amino acids. The average protein found in humans 

is around 500 amino acids long, while the longest known protein is made of over 28,000 amino acids! In this 

activity you’ll model the process by joining together only thirteen amino acids by using color-coded cubes.  
 

Objective(s) 

 to model the transcription of a gene (segment of DNA) and produce mRNA 

 to model the translation of a mRNA by: 

 setting the reading frame of the mRNA by identifying the start codon 

 determining the sequence of codons in mRNA 

 reading the codon chart to determine the appropriate amino acid 

 modeling the peptide bond formed between amino acids 

 to model the effect of changes to DNA - mutations 
 

Materials

 copy of DNA sequence 

 copy of codon chart 

 color-coded cubes (to 

represent amino acids) 

 coin 

 dice (x2)

Pre-Lab Questions 
Answer the following questions below in your science notebook.  For actual questions, you must either write out the 

questions, or include the questions in your responses.  Be sure to use complete sentences. 
 

1. What is the central dogma of genetics? 

2. What are the two steps of protein synthesis and where does each occur? Why do they take place in those 

locations? 

3. What are the monomers of proteins? How does a cell acquire those monomers? 
 

Safety 
 

 There are no special safety precautions for this activity. 
 

Procedure 

1. Use the template strand of the DNA to transcribe to mRNA. 

2. Translate the mRNA using the attached codon chart. 

a. The amino acids (color-coded cubes) used to build your small protein should be joined together 

in the sequence you determine by using the codon chart. 

b. Link the cubes in the appropriate sequence. 

c. Once complete, verify your amino acid sequence by checking with the key. 
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3. To model a mutation and its effect, follow these steps: 

a. First, determine where on the DNA template strand the mutation will occur. 

i. Flip a coin and roll a die. How the coin lands and the number on the die will determine 

where the mutation will occur. 

ii. For example, if you flip heads (which will equal “1”) and roll a 4 … you will be mutating 

the 14th position in your template DNA sequence. Flipping tails (which will equal “2”) 

and rolling a 6 means you’ll have a mutation to the 26th position in your template DNA 

sequence. 

b. Next, determine what type of mutation will occur. 

i. Roll a die. If you roll a 1 or 2, you will have a substitution mutation. You will replace the 

existing nucleotide with a new one. Go on to step c below. 

ii. A 3 or 4 means an insertion will occur. You will insert a new nucleotide. Go on to step c 

below. 

iii. Rolling a 5 or 6 means a deletion will happen. Skip step c. 

c. Finally, determine what nucleotide the mutation will involve. 

i. Roll two dice. What you roll will determine which nucleotide is involved. 

 1-3 – Adenine 

 4-6 – Thymine 

 7-9 – Guanine 

 10-12 – Cytosine 
 

4. Repeat steps 1 and 2 above using your mutated DNA template sequence. 

a. NOTE: Use WHITE cube(s) to represent an amino acid that isn’t color coded from the chart. 
 

Clean Up 

 everything returned to its original location 

 

Results & Analysis 
Answer the following questions below in your science notebook. For actual questions, you must either write out the 

questions, or include the questions in your responses. Be sure to use complete sentences. 
 

1. Describe the main functions of the ribosome. 

2. What types of bonds are formed when a protein is constructed? What are those bonds called? 

3. What is a mutation? Why do you think a coin and dice were used to generate the mutation your DNA 

sequence developed? 

4. Did the mutation you generated result in a difference in the amino acid sequence? Explain. 

5. Identify and describe the type of mutation your DNA sequence suffered from. 

6. What other types of mutations can occur to DNA? Explain the effects of those mutations. 


