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Modeling an mRNA Vaccine
Student Instructions

Background
An mRNA vaccine delivers many copies 
of a specific mRNA molecule to cells 
around the site where it is injected.

The mRNA in the vaccine is built to look 
like an mRNA that your cells would make. 
It holds coded information that your cells 
can read to build a whole spike protein. 

Spike protein is just a small bit of the 
coronavirus.

In this modeling activity, you will decode 
some of the information in an mRNA 
vaccine and build part of a spike protein. 

Prepare Your Materials
•	 Cut out the mRNA strips. Overlap the 

ends and tape them together to make 
one long strand. 

•	 Cut out the Protein strip.

•	 Cut out the Translation Machine, then 
cut along the dotted lines to make a 
window.

TRANSLATION
Summary: The ribosome reads the bases of the mRNA, putting amino acids together to make a 
protein.

A cell does this: Do this with your model:
1.  The mRNA attaches to 
a ribosome. The ribosome 
slides along the mRNA 
until it finds the bases 
“AUG.” 

Starting at the beginning of 
the mRNA, scan along until 
you find the first “AUG.” Circle 
it.

1.  Vaccine nanoparticles dump 
their mRNA inside the cell

2.  Ribosomes read the mRNA 
to build spike proteins

3.  Spike proteins move 
to the cell surface
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A cell does this: Do this with your model:
2.  AUG is the “start” 
signal. It sets the reading 
frame for building the 
protein.

Along the rest of the mRNA, 
circle the bases in groups of 
3. Each group of 3 bases is 
called a codon.

3.  Transfer RNA (tRNA) 
molecules attach to the 
3-letter mRNA codons 
by complementary base 
pairing. At the other end, 
they carry an amino acid. 

Put the window of the 
Translation machine over the 
first AUG on the mRNA. Look 
at the Amino Acid Codon 
Chart; notice that AUG codes 
for methionine (M). M is 
already marked in the first box 
on your protein strip.

4.  The ribosome slides 
along the mRNA, moving 
3 bases at a time. Inside 
the ribosome, each codon 
recruits a tRNA molecule, 
which brings in the next 
amino acid. The ribosome 
links the amino acids 
together to start building 
a protein.

Slide the window of the 
Translation machine to the 
next group of 3 bases (codon). 
Look up the codon on the 
Amino Acid Codon Chart, and 
write the one-letter code in 
the next box on the protein 
strip. 

TIP: To use the chart, find the 
first letter of the codon in the 
center and read outward to 
find the right amino acid. 

5.  The ribosome 
continues along the mRNA 
molecule, reading codons 
and adding amino acids to 
the growing protein chain.

Continue: slide the Translation 
machine along the mRNA, 
look up each codon, and add 
the one-letter code to the 
protein strip. 

6.  When the ribosome 
reaches a STOP codon, it 
releases the mRNA and 
the finished protein.

The vaccine’s full mRNA 
sequence is 4,284 bases 
long. It codes for a protein 
with 1,274 amino acids. 

(Note: there are bases at 
the beginning and end 
that don’t code for amino 
acids.)

When you reach a codon that 
codes for STOP, your protein is 
finished.

You have just built a very small 
piece of spike protein!

Your DNA sequence may be different from the one pictured. 



© 2022 University of Utah Modeling an mRNA Vaccine: Student Instructions  3

NAME DATE

A cell does this: Do this with your model:
7.  The cell can read the 
mRNA again to build more 
spike proteins. But mRNA 
is an unstable molecule 
with a limited lifespan in 
the cell. Eventually the 
cell breaks it down and 
recycles its components.

Tear or cut your mRNA into 
small pieces.

Spike proteins cause an immune response
The spike proteins go to the cell membrane, where immune cells find them. The immune system can 
then learn how to recognize the spike protein. That way, 
if you are ever exposed to the real virus, your immune 
system can clear it before it can make you very sick.

The spike protein (left) is just a small part of the 
whole SARS-CoV-2 coronavirus (right). The spike 
protein on its own cannot cause a viral infection.
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Amino Acid Codon Chart
Circular Version
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Amino acid side chains
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Amino Acid Codon Chart
Square Version
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