
Objective:  Students will demonstrate how restriction enzymes 
work to isolate a desirable gene from an organism.

Teacher notes:

• Genes are segments of DNA.
• Genes can be isolated and removed from an
 original organism by restriction enzymes — act
 like scissors to cut the gene at each end.  Enzymes 
 are DNA sequence-specific. There are more than 
 100 specific enzymes.
• Genes can be inserted into plasmids (circles of 
 DNA) from bacteria — using an enzyme called 
 DNA ligase (acts like glue).
• Plasmids can be inserted into bacteria to be copied, 
 then transferred to a new organism.

This gene transfer is a process that is not completed by 
hand — it occurs inside the chromosomes.  The plasmid acts 
as a vector to transfer the new (recombined) genes to bacteria.  
Because bacteria are very small and many are needed, it is 
important to determine which bacteria get the new gene.  The 
way this is done is by also inserting an antibiotic-resistance 
gene on the same plasmid.  When the newly transformed 
bacteria are exposed to antibiotics, only they will survive 
with the new DNA inside them.  The ones that did not “pick 
up” the antibiotic resistance (and therefore the new gene) are 
eliminated by the antibiotic.  Sometimes another feature is 
added to the plasmid to make it obvious very quickly that the 
bacteria are producing the new gene, such as a gene to make 
them glow in the dark or to create a blue waste product.

Now there is a new gene in the bacteria. Those modified 
bacteria are then used to transfer the new DNA into the host 
plant, for example, soybeans.

Procedure:  Have students use pop-beads to simulate a 
plasmid and the gene sequence of the original organism.

1.  Make two gene sequences using beads:
 A)  12–15 beads long that represents the plasmid   
  and includes 2 blue beads together —antibiotic   
  resistance, 4 orange beads together —glow in the dark,  
  and several green, yellow and white beads in any order
 B)  12–15 beads long that includes 4 red beads together — 
  Round Up   resistance gene, and several green, yellow  
  and orange beads

2.  Map each of the gene sequences. Students can either use the  
 initial of the colors in order or draw circles representing  
 each bead and color them in.

3.  Establish what enzyme will be used to “cut” out the gene  
 in the sequence from the original organism. Use the initials  
 for the colors to determine the names (for example, if   

Sample Web Quest for Biotechnology Background Information:
To participate in the web quest, follow the directions below.   
If at any time your computer loads too slowly, doesn’t have  
“shockwave,” etc., please go on to the next numbered set of  
instructions.

1. Go to www.whybiotech.com (Council for Biotechnology)
 A. Click on Teachers and Students
 B. Search:  Plant Biotechnology Timeline
 C. Answer the following questions:
  •   When was the “biotech” method of choosing the best seeds for planting  
   first used?
  • Who coined the word “biotechnology?”
  • How long ago were the first genes spliced to begin the era of modern biotech? 
  • When were the first biotech soybeans approved for use?

2. Go to www.USDA.gov (United States Department of Agriculture web site)
 A. Do a search on “biotechnology.”
 B. Scroll down to “Agricultural Biotechnology FAQ’s.” Skim the information and  
  answer the following questions:
  • According to the USDA, what is the definition of “agricultural biotechnology?”
  • Name three ways biotechnology can help farmers and producers.

3. Go to www.epa.gov (Environmental Protection Agency)
 A. Do a search on “biotechnology.”
 B. Click on  #3 “Regulating Biopesticides.”
 C. Click on “Highlights: Are Bt Crops Safe?”
 D. Click on “The paper is entitled, Are Bt Crops Safe?” by Medelsohn, Kough,  
  Vaituzis, Matthews. 
  Skim the article and use the chart to choose the correct answers below.
  Check the research on the results of testing the non-target organism toxicity  
  summaries on the following crops. Did the scientists find adverse effects? 
  Check the correct box.

Crops Adverse Effects: Yes? Adverse Effects: No?
Cry1 Ab corn
Cry1 F corn
Cry1 AC cotton
Cry3 A Potato

4. Go to www.accessexcellence.com  (Access Excellence: the National Health Museum  
 for Health & Biotech Teachers and Learners)
 A. Click on About Biotech: Biotech Applied
 B. Click on Biotechnology: It’s In Your Food
 C. Click on “Feed the World but How?”  (Thomas M. Zinnen)
  • Read the article and list 5 global issues affecting food production. 
  • Circle the issue you feel is the most pressing.
 D. Go back to the home page. Click on Resource Center: Visual Library.
  • Click on the Graphics Library: Biological Engineering
  • Click on “Biotechnology: Present and Future.” What are some of the   
   possibilities for applied biotechnology?
  • Click on the back button. Click on “Inserting DNA into the Plasmid.” 
  • Can you design a paper model to show this process to someone else?

Objective:  Students will build a small protein using Duplo™ or 
Lego® blocks, simulating secondary protein structure.

Using the amino acid sequence created by the previous activity, 
students will create a protein with Duplo or Lego blocks.

Teacher notes:  Duplo blocks work best for this activity, but 
Legos will also work. 

The model that results from this activity is very simplistic, but 
shows the three-dimensional structure of proteins.  Depending 
on the level of the students, the exact chemical properties of the 
amino acids may be discussed (hydrophobic and hydrophilic, 
polar and nonpolar).

Because amino acids are rigidly bonded between certain parts of 
the amino acid itself, there is some freedom of movement among 
the rest of the molecule.  This results in the three-dimensional 
structure of proteins, also called secondary structure.  Secondary 
structures are repetitive patterns found in proteins and usually 
give a clue about the function of the protein.  In this activity, 
students are making alpha-helix structures which are rod-like 
shapes around a rotational axis.

Materials: Each student will need several Duplos 4 x 2 or 3 x 2, 
or Legos either 4 x 2 or 3 x 2.

Procedure: Students will build a protein by linking the blocks in 
the following way:

A1 B1 C1 D1

A2 B2 C2 D2

A1 B1 C1 

A2 B2 C2 

Connect the first block to the second by placing A1 on top of 
D2, making a V-shape.  This allows the block to swing freely.  
Continue adding new blocks in this fashion until all 7 are 
connected.  This model will be very unstable.  If students have 
problems holding the pieces together while trying to build, the 
same effect can be achieved (without the swinging motion) by 
connecting the second block securely on top of the first A1, B1 
and A2, B2, on the upper block to C1, D1 and  C2, D2 on the 
lower block.  Continue adding blocks in this way, turning each 
at right angles until a tower that rotates around a center axis is 
formed.  This model will be more stable.

 DNA  mRNA  tRNA
 A U A
 T A U
 C G C
 G C G

A table students can use that shows which amino acids go with which 
mRNA codons or tRNA anticodons.  Many biology texts have a table 
like this. 

(From: Biology: The Web of Life, 2nd edition, copyright 2000)

Another structure of proteins is the beta sheet. This is a grid-
like structure that is held together in a more linear fashion.  
Students could create a grid by hooking A1, A2, and B1, B2 
to C1, C2, and D1, D2 in a horizontal direction, then at a 
direction from an amino acid in the sequence (proline, for 
example), the horizontal would turn 90 degrees to the left to 
form a right angle, then with another proline, 90 degrees to 
the left again to begin a horizontal in the opposite direction. 
(Serine turns right for the other end.)  Students would 
complete the protein following this back-and-forth pattern, 
depending on the number of amino acids in the protein.

This web site illustrates DNA, describes amino acids and 
protein structure.
http://faculty.uca.edu/~benw/biol1400/pres11/sld004.htm

ANSWER KEY
What do you know?
1. B   2. E   3. B   4. D   5. D   6. C

Web-based activities promote scientific 

inquiry learning. Students can:

• Examine evidence
• Compare resources
• Analyze data
• Communicate with other scientists
• Access current information

Criteria to use when designing  

a web quest:

• Decide on the goal of learning   
 (Gain science knowledge? Evaluate   
 information? Draw conclusions?)
• Make it learner-centered
• Take advantage of the web (Locate   
 animations, videos, opportunities   
 to ask questions, share information)   

Students can design their own web quests 

to explore a topic about biotechnology. 
Example web quest titles
• What is biotechnology? 
• What are the risks and benefits of   
 biotechnology?
• Who is interested in biotechnology 
 and why?
• What is the science of biotechnology?  
 What do scientists say about the   
 issues?

Web Quest Resources:

WISE—The Web-based Inquiry Science 
Environment, Wise.
www.wise.berkeley.edu
University of California at Berkeley

CIESE Online Classroom Projects
K12science.org/currichome.html
Stevens Institute of Technology, Center 
for Improved Engineering and Science 
Education

The GLOBE Program
www.globe.gov
A cooperative effort of schools. Led in the 
U.S. by a federal interagency program 
supported by NASA, NSF, EPA, and the 
U.S. State Department

Access Excellence at the  
National Health Museum
www.accessexcellence.org
The site for health and  
bioscience teachers  
and learners

Evaluate these statements:

“…biotechnology techniques have the potential to be 

useful in enhancing the quality, nutritional value, and 

variety of food available for human consumption and 

in increasing the efficiency of food production, food 

processing, food distribution and waste management.” 

The American Dietetic Association

“Responsible biotechnology is not the enemy; starvation 

is.  Without adequate food supplies at affordable prices, 

we cannot expect world health or peace.” 

Jimmy Carter, former President of the U.S.

“As we have evaluated the results of the seeds or crops 

created using biotechnology techniques, we have seen no 

evidence that the bioengineered foods now on the market 

pose any human health concerns or that they are in any 

way less safe than crops produced through traditional 

breeding.”
Dr. Jane Henney, Commissioner of the U.S. Food 

and Drug Administration

“Food dictators won’t feed the world—they are part of 

the problem.” 
Greenpeace: World Food Summit, June 2002

Objective:  Students will simulate the steps of  
protein synthesis.

Teacher notes: This activity will give students a 
chance to see what happens inside a cell during 
protein synthesis. Note cards will represent the 
nitrogen base triplet codes in DNA, mRNA and  
tRNA and amino acids. Depending on how detailed 
you want the simulation, students with DNA triplet 
codes might actually be located in a different place 
in the room, simulating the nucleus, while those 
with mRNA codons will travel from the nucleus to 
the cytoplasm and the tRNA anticodons will travel 
through the cytoplasm, looking for the amino acids 
they code for and taking them to assemble in  
sequence at the ribosome.

Materials: Matching note card sets for each group  
of students—DNA triplet codes in a specific sequence, 
mRNA codons, tRNA anticodons, and the amino acids 
that they code for. The number needed is determined 
by the size of each group — one set per student in the 
group.  Students will need to understand that DNA 
“unzips” in the nucleus to allow the mRNA strand 
to form codons to carry the message to the ribosome, 
then for tRNA to form anticodons. (See table below.) 

 they need to cut between green and orange, it could be the  
 GO1 enzyme or GrO enzyme).

4.  Have them attach the “cut” sequence to the plasmid strand,  
 close it into a circle, then map the locations of the three  
 “genes.”  This is what would be transferred into a bacterium  
 to be copied, then inserted into a new “host” that will express  
 the gene.

For a basic understanding of the DNA‡ protein synthesis 
process, see 
www.accessexcellence.org/AB/IE/Speaking_Language_rDNA.html 

• How can plant diseases be genetically controlled?
• How is genetics assisting in improving the quality of soyfoods?
• How can animal pests be genetically controlled?
• Is the chemical structure of a pesticide or fertilizer   
    associated with how long it persists in the environment?
• Is it possible to clone a soybean? Carrot? Apple?

Procedure:

Have students match DNA to mRNA, then mRNA  
to tRNA.  Use the table to allow students to determine 
what amino acid is being coded for by the mRNA or 
tRNA (determined by the table they use). Number 
amino acids in order to form a mini-protein.

At the end of this lesson, each group will have its own 
mini-protein. They might put all of the sequences 
together to form a larger protein.  For example, 
insulin is made up of 51 amino acids. Each amino acid 
sequence can be used for the next activity.

4 5 6 7

www.accessexcellence.org/AB/GG/structure.html

®


