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ACTIVITY OVERVIEW

Abstract:

Students use edible models of the DNA
molecule to transcribe an mRNA se-
quence, then translate it into a protein.

Module:
The Basics and Beyond

Prior Knowledge Needed:
A basic knowledge of DNA structure and
function.

Key Concepts:
Gene, transcription, translation, mRNA,
protein, Universal Genetic Code

Materials:
Black licorice sticks, colored

marshmallows, toothpicks, colored circle cut-
outs, tape, scissors, and edible models of DNA
previously built for the activity Have Your DNA
and Eat It Too

Appropriate For:
Ages: 12-16
USAgrades: 7-10
Prep Time:

1 hour

Class Time:
45 minutes

Activity Overview Web Address:
http://gslc.genetics.utah.edu/teachers/tindex/
overview.cfm?id=192

Other activities in The Basics and Beyond module can be found at:

http://gslc.genetics.utah.edu/units/basics/
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. PEDAGOGY
A. Learning Objectives

+ Students will understand that information within the DNA molecule is divided
into segments called genes.

+ Students will learn that each gene contains the instructions for assembling a
unique protein that performs a specialized function in the cell.

» Students will be able to summarize the two-step process of transcription and
translation by which the information in a gene is used to construct a protein.

B. Background Information
The DNA molecule has the same basic structure and function in all living things.
It carries the instructions for building and operating an organism in the form of
a sequence of chemical bases each represented by the first letter of its name:
adenine (A), cytosine (C), guanine (G), and thymine (T). Human cells contain
forty-six DNA molecules that when tightly packaged during cell division can be
visualized as forty-six chromosomes.

The sequence information in each DNA molecule is divided into segments called
genes. Each gene contains a blueprint for constructing a unique protein that
has a specialized function in the cell. Upon completion of the Human Genome
Project in the year 2003, it was determined that humans have approximately
20,000 genes. Scientists now have the enormous task of deciphering how these
genes direct the development and maintenance of an organism as complex as
the human body.

The human body with its different tissues and organs requires a large variety of
cell types to function, yet every human cell contains the exact same set of DNA
instructions. How, then, can the diversity among cells be explained? Different
cell types arise because each cell uses different combinations of genes,
building only the proteins it will need to perform its special job. To assemble a
protein using the information in a gene, a cell employs the two-step process of
transcription and translation.

After a cell has chosen a gene from which it will build a protein, it makes a copy
of the information in the form of messenger ribonucleic acid (MRNA) to send to
the protein-building machinery. The synthesis of an mMRNA molecule from a DNA
template is referred to as transcription. The structure of mMRNA is very similar

to DNAin that it has a sugar-phosphate backbone to which the chemical bases
are attached. However, there are some important differences: (1) mRNA is
single-stranded and therefore does not form a double helix, (2) the sugar used to
form the backbone is slightly different, and (3) the chemical base thymine (T) is
replaced by uracil (U).
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The sequence of the mRNA molecule is determined by using one strand of the
DNA molecule as a template and applying the rules of base pairing. Except, the
base adenine (A) will now cause uracil (U) instead of thymine (T) to be added

to the mRNA sequence. Note that the mRNA sequence is a complement of its
DNA template.
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the instructions it contains TP Py e €T nucleus
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as translation.

Infﬂrrlnalinn

nuclear envelope +

Translation

! Protein synthesis

Protein

The protein-building machinery
(an enzyme called the
ribosome) reads the mRNA
sequence three letters at a time. Each combination of three letters codes for a
particular protein building block called an amino acid. There are twenty amino
acids for the machinery to choose from. The order in which the amino acids are
assembled is different for all proteins. The amino acid sequence determines the
shape of the protein, and provides the characteristics that enable it to perform

a specialized function in the cell. The three-letter codes used by the protein-
building machinery to assemble a protein are collectively referred to as the
Universal Genetic Code. It is universal because all living organisms use the
same three-letter codes to specify the same amino acids.

http://www.accessexcellence.org/RC/VL/GG/rna2.html

C. Teaching Strategies
1. Timeline

» Day before activity:

- Have students complete the activity Have Your DNA and Eat It Too (see
Additional Resources). Save the edible DNA models students build to use
in the activity Reading DNA.

- Make photocopies of the student handouts.

- Gather needed materials: black licorice sticks, colored marshmallows,
toothpicks, colored circle cut-outs, scissors, and tape (see Detailed
Materials List).

- Label the pink marshmallows with a “U”, cut toothpicks in half, and prepare
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colored circle cut-outs (see Materials Preparation Guide).
- Optional: Prepare a self-closing plastic bag for each student or group
containing their activity supplies (see Detailed Materials List).

» Day of activity:

- Define what a gene is and discuss the great variety of jobs performed by
their protein products in the cell.

- Explain that cells use the two-step process of transcription and translation
to read the information in a gene and assemble a protein.

- Have students complete the activity in which they transcribe and translate
a short gene using edible DNA and mRNA models and colored paper
circles as amino acids.

2. Classroom Implementation

» Begin class with a discussion about genes. Explain that the information
in DNA is divided into segments called genes. Each gene contains the
instructions for building a particular protein. Proteins do the maijority of the
work in our cells and make it possible for cells to perform special jobs.

 Discuss general protein functions, e.g. enzymes catalyze (speed up) chemical
reactions, transport proteins carry small molecules or ions across the cell
membrane, signaling proteins carry signals from cell to cell, structural proteins
give cells their different shapes, etc.

* Provide specific examples for each general protein function you discuss. You
might use the following examples: DNA polymerase is an enzyme that makes
new DNA, hemoglobin in red blood cells carries oxygen to tissues and organs,
insulin hormone acts as a signaling protein to control glucose levels in the
blood, a-keratin forms fibers that reinforce the structure of epithelial cells and
is the major protein in hair.

» Explain that students will be using the edible DNA models they built previously
to simulate the two-step process a cell follows to build a protein, namely
transcription and translation.

o In the first step, a cell reads the information in a gene and makes a copy
(called mRNA) to send to the protein-building machinery (an enzyme
called the ribosome) in the cytoplasm of the cell. The process of making
an mRNA molecule from a DNA template is referred to as transcription.

> Describe the structural differences between the DNA and mRNA
molecules, and how the rules of base pairing ensure that an exact copy of
the DNA instructions is made. Include in your discussion that the adenine
(A) in DNA now directs the base pair uracil (U) to be inserted into the
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mRNA sequence.

> In the second step, the sequence information contained in the mRNA
molecule is used by the ribosome to string together amino acids, or protein
building blocks. This process is called translation. The order in which the
amino acids are assembled dictates the shape and function of the protein.

» Have students work with a partner(s) to complete the activity. Follow the
instructions in the student handout to transcribe and translate the short gene
sequence in students’ edible DNA models.

» When students have completed the activity discuss the Universal Genetic
Code. Emphasize that it is universal because all living cells use the same
code when reading mRNA and building proteins. Show students how to use
the code to find the names of the amino acids in their assembled protein.

 Assess student understanding by checking the mRNA and amino acid
sequences to ensure students have followed the rules of base pairing and
correctly assembled the protein.

3. Adaptations

» Before students begin the activity, lead them through the steps of transcription
and translation using the interactive animations What Makes a Firefly
Glow and/or Transcribe and Translate a Gene (see Additional Resources).
Alternatively, view a step and then have students carry it out with their model
and materials.

4. Assessment Suggestions

» To assess student understanding of genes and proteins, transcription and
translation, and the variety of jobs performed by proteins in a living cell,
have them complete the From Gene to Protein Web Quest (see Additional
Resources).

5. Common Misconceptions

» Because the DNA (or genetic information) is the same in every cell of an
organism, students may have the misconception that all cells use every gene
and build every protein. Be sure to explain that cells only build the proteins
they need to perform their specialized functions.

* The sequence of chemical bases for all twenty-three pairs of human
chromosomes has been determined as part of the Human Genome Project
(completed in April 2003). Students may not appreciate that knowing the
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sequence of a gene is only the beginning. Scientists now have the huge task
of determining the function of our ~20,000 genes, and the special job each
gene’s protein product performs in the cell. To help students understand how
scientists figure out the function of a gene and its protein product you may
want to use the information found in Discover How Proteins Function (see
Additional Resources).

Il. ADDITIONAL RESOURCES

A. Activity Resources linked from the online Activity Overview at:
http://gslc.genetics.utah.edu/teachers/tindex/overview.cfm?id=192

« Activity: Have Your DNA and Eat It Too. Students build an edible model of the
DNA molecule while learning the rules of base pairing.

+ Activity: From Gene to Protein Web Quest. Using the Basics and Beyond
module, students complete a web quest to learn how proteins are made using
the instructions contained in genes.

» Animation: Transcribe and Translate a Gene. Transcribe an mRNA sequence
from a DNA template, then translate it into a protein using the Universal
Genetic Code.

« Animation: What Makes a Firefly Glow? A group of specialized cells in the
firefly transcribe and translate a gene to generate a glowing protein. Includes
some fun facts about why fireflies need to glow to survive.

» Website: Discover How Proteins Function. Learn how scientists go about
determining the function of a gene and its protein product.

1. MATERIALS
A. Detailed Materials List

« Student handout (S-1 to S-5)

» Tape - 1 dispenser/several groups

» Masking tape - 1/several groups

» Scissors - 1/student or group

* Black licorice sticks (Twizzlers) - 1/student or group

» Colored marshmallows - 9 pink (labeled “U”), 9 orange, 9 yellow, and 9 green/
student or group

» Toothpicks - 12 half-toothpicks/student or group

» Colored circle cut-outs - 2 red, 2 pink, 2 dark yellow, 2 light yellow, 2 green, 2
blue, and 2 purple/pair of student groups
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B. Materials Preparation Guide

* Snip holes in the bag(s) of marshmallows and allow them to dry slightly. This
makes the marshmallows easier to pierce with a toothpick.

» Use a felt-tip marker to label pink marshmallows with a “U” (9 marshmallows/
student or group). Alternatively, have students label their own.

+ Cut toothpicks in half using scissors.

- Teaching Tip: Cut off the sharp ends of toothpicks as well to prevent
misuse and injury.
 Create colored circle cut-outs for each pair of student groups using

the provided template containing circles outlined in black (see Teacher
References). The template serves as a copy master to generate circles on
seven different colors of paper. Cut the circles out yourself, or cut strips of
paper that each contain two circles of the same color. During the activity,
distribute seven strips, each of a different color, to every pair of student

groups. Have students cut out the circles themselves before assembling their
protein.

- Teaching Tip: Laminate the circles before cutting them out. Place each
group’s circles in an envelope for easy distribution and re-use.

IV. STANDARDS

A. U.S. National Science Education Standards

Grades 5-8:

» Content Standard C: Life Science - Reproduction and Heredity; every
organism requires a set of instructions for specifying its traits; hereditary
information is contained in genes, located in the chromosomes of each cell;
each gene carries a single unit of information; a human cell contains many
thousands of different genes.

Grades 9-12:

» Content Standard C: Life Science - Molecular Basis of Heredity; in all
organisms, the instructions for specifying the characteristics of the organism
are carried in DNA, a large polymer formed from subunits of four kinds (A,
T, C, and G); the chemical and structural properties of DNA explain how the
genetic information that underlies heredity is both encoded in genes (as a
string of molecular “letters”) and replicated (by a templating mechanism); each
DNA molecule in a cell forms a single chromosome.

+ Content Standard C: Life Science - The Cell; cells store and use information
to guide their functions; the genetic information stored in DNA is used to
direct the synthesis of the thousands of proteins that each cell requires; cell
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functions are regulated; regulation occurs...through the selective expression
of individual genes; this regulation allows cells to respond to their environment
and to control and coordinate cell growth and division.

B. AAAS Benchmarks for Science Literacy

Grades 9-12:
* The Living Environment: Heredity - The information passed from parents to
offspring is coded in DNA molecules; genes are segments of DNA molecules.
» The Living Environment: Cells - The work of the cell is carried out by the
many different types of molecules it assembles, mostly proteins; the genetic
information encoded in DNA molecules provides instructions for assembling
protein molecules.

C. Utah Secondary Science Core Curriculum

Seventh and Eighth Grade Integrated Science

« Standard IV: Students will understand that offspring inherit traits that make

them more or less suitable to survive in the environment.
Objective 1: Compare how sexual and asexual reproduction passes genetic
information from parent to offspring.
- Distinguish between inherited and acquired traits.
- Compare inherited structural traits of offspring and their parents.
Biology (9-12)

 Standard 2: Students will understand that all organisms are composed of one
or more cells that are made of molecules, come from preexisting cells, and
perform life functions.

Objective 1: Describe the fundamental chemistry of living cells.
- Identify the function of the four major macromolecules (i.e., carbohydrates,
proteins, lipids, nucleic acids).

« Standard 4: Students will understand that genetic information coded in DNA is
passed from parents to offspring. The basic structure of DNA is the same in all
living things.

Objective 3: Explain how the structure of DNA is essential to heredity.
- Use a model to describe the structure of DNA.

- Summarize how genetic information encoded in DNA provides instructions
for assembling protein molecules.
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VI. TEACHER REFERENCES
A. Answer Key

» Step 1: The mRNA sequence should read as follows.

> mRNA-1 = AUGCAUACUUUG
> mMRNA-2 = ACCAAAUCTTAA

» Step 2: The protein sequence should read as follows.
o Methionine, histidine, threonine, leucine, threonine, lysine, serine, stop
o Green, purple, pink, blue, pink, dark yellow, light yellow, red

B. Template for Colored Circle Cut-outs
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Rescliig ONA

The four chemical bases in DNA (A, C, G, and T) create a code. Cells “read” this DNA
code to make proteins, the building blocks of all organisms. This is done in two steps:
1. Copying the directions — Transcription
2. Reading the copy to string together the small molecules (amino acids) that
make up a protein — Translation.

1. Making a Copy of DNA — Transcription L. \

I

Cells read DNA in small portions (genes) to create

a protein. To do this, the cell must first make a copy

of the gene’s code to send to the protein-building
machinery. This process is called transcription. Using the
following materials, follow the steps below to see how
this is done.

f;(‘.c

D’U
J
\

You will need:

Your licorice and marshmallow model of DNA

9 green marshmallows

9 yellow marshmallows

9 orange marshmallows

9 pink marshmallows labeled ““U”’

6 toothpicks broken or cut in half (12 half-toothpicks total)
1 piece black licorice

Step 1: Unzip your DNA. Cells copy only one side of the DNA ladder.
In order to make this copy, the chemical bases forming the
rungs of the DNA ladder must be separated.

* Cut or break in the middle the toothpicks in your model to separate
the chemical bases and unzip the DNA ladder.

* Set the unlabeled backbone (with chemical bases attached) aside.

©2004 University of Utah http://gslc.genetics.utah.edu Permission granted for classroom use. S-1
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4 - 3> ™\ Step 2: Begin to form your mRNA Qﬂenine (A)= Green \
U strand. The exposed chemical o
bases of the unzipped DNA Uracil (U) = Pink W
are used to make the copy. This bt

copy is called messenger RNA

" ’ (mRNA). The mRNA molecule s

is also made of a backbone

and the same chemical bases w)
as DNA. There is one exception

however — instead of Thymine (T), mRNA uses Uracil (U). The
chemical bases in mRNA form pairs in the same way as DNA:

Adenine (A) binds with Uracil (U)
Guanine (G) binds with Cytosine (C).

* Place your backbone labeled “DNA-1" or “DNA-2" (depending on
which you used to make your model) in front of you.

/
NA-1
-

* Follow the rules of base pairing to make your mRNA copy of
the DNA code by lining up colored marshmallows with their
appropriate match.

4 M Step 3: The chemical bases of mRNA are also attached to a
v V] backbone as in DNA.

* Attach the new chemical bases to a piece of black licorice
backbone using toothpicks cut or broken in half. This forms a new
mRNA copy of your DNA strand.

D * Label this new strand mRNA-1 or mRNA-2 (the same number as
\_ J your DNA strand) on the left end of the backbone.
4 N
. J
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2. Reading a Copy of the DNA Instructions to Assemble a Protein — Translation

The mRNA copy of DNA is essentially a recipe for
assembling a protein. Proteins are built from small
molecules called amino acids. When the mRNA copy
is sent to the protein-building machinery it is

read and the appropriate amino acids are

assembled. This process is called translation. ‘
Using the following list of materials, follow the .
steps below to see how this is done.

You will need:
Your new mRNA strand
Two of each colored circle cut-out

Tape

AMINO ACID KEY
Code AAA ACC ACU AUG CAU UAA ucu uuG

Amino Acid el pink pink gl blue
yellow yellow

Step 1: Begin to create your protein. mRNA is read in groups of three \
chemical bases. Each group of three tells the cell which amino Adenine (A) = Green r 3
acid to assemble. In other words, each group of three is a '_ h.
“code” for a particular amino acid. Uracil (U) = Pink V)

* Find a partner who has a different mRNA sequence (mRNA-1 or
mRNA-2) than you do. L,

e t
| < JHS [ 5 N

\_

4 N\

* Place both strands of mRNA end-to-end on the table in front of you,
with the mRNA-1 strand on the left.

* Look at the first 3 chemical bases on the left end of your mRNA strand.

* Use the Amino Acid Key above to determine which amino acid these 3
chemical bases code for.

* Place the colored circle cut-out representing that amino acid on the
table directly below the three chemical bases.

J
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5 "\ Step 2: Continue to create the protein.

* Repeat Step 1 for each group (or code) of three chemical bases
on the mRNA strand.

* When you have all of the appropriate amino acids lined up,
tape them together. Now you have a protein!

Extension: Find the name of each amino acid coded for above. An
amino acid table is available on the next page.

For example:

AAA codes for the amino acid called
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THE GENETIC CODE:
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