Teacher Notes for Protein Bracelets 
Modeling Transcription and Translation
Teresa Leza, Villanova Preparatory, UCSB Research Experience for Teachers 2015
Adapted from http://www.scienceteacherprogram.org/pdf/GiftOfProtein.pdf

Purpose:  In this lab, students will model transcription and translation that occurs due to a negative feedback loop.

Time Allotment: one 90-minute class period if the DNA template and cut-outs were assigned prior to class

Student Background:  This lesson is designed to be used in a general or honors high school biology course.  With modification, it could be used in an AP or IB course.

Prior to this lesson, students should have covered transcription and translation in class.  They will be familiar with the process.  This lab will help the students to visualize and comprehend the complicated process of gene expression.

Next Generation Science Standards:
HS-LS1-1.
Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which carry out the essential functions of life through systems of specialized cells. 

HS-LS1-3.
Plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis. 

HS-LS3-1.
Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for characteristic traits passed from parents to offspring. 

HS-LS3-2.
Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by environmental factors.

Materials: 
· 
· Student Handout including DNA template (2 pages) and RNA nucleotides (2 pages)
· Scissors
· Clear tape
· Construction paper
· 9 paper clips
· masking tape
· Pony beads (18 colors)
· string

Instructional Suggestions:  
Printing nucleotides:  It might help the students see the difference between the DNA nucleotides and the RNA nucleotides if you print them differently.  Suggestions would include one in color, one in black and white or printing them on different colored paper.

Grouping:  Students should work in pairs or groups of three.  Have the group decide on the same bracelet.  They will work together to transcribe the gene, but they will each have their own ribosome to represent the “beads on a string” model of protein synthesis where the same mRNA strand creates multiple identical proteins.  Each student will be able to take home his or her own bracelet.

DNA template:  Be sure that students label the nucleotides in the 3’ to 5’ direction.  For sake of time, have the students cut the strips first, divide the sequence by the number of group members and have each member responsible for labeling and cutting a section of the nucleotide sequence.  Then have the students combine their sequences to one strand of DNA.

TATA box:  The TATA box is named so because the nonsense strand (not shown) has the sequence TATAAA.  The students should be looking for the sequence that complements this. (ATATTT)

Creating mRNA: If students run out of RNA nucleotides, check that they have stopped making the transcript at the terminator sequence.  I found that many students try to just keep going until the end of the DNA strand.

Introns and Exons: Remind the students that in eukaryotic transcription, the pre-mRNA strand undergoes additional modifications such as caps on both ends and splicing of introns.  Exons get EXPRESSED.  Introns are INTERRUPTING.  The introns are regions on noncoding RNA that are cut out before translation.

Ribosome: Each student should create their own ribosome and, thus, their own protein bracelet using the same mRNA template.  

Start and Stop Codons:  The start codon is AUG.
Stop Codons: UAA, UAG, UGA; There should be no amino acid attached to stop codons.

Forming the Bracelet:  Have students cut the string so that it is much larger than their wrists in order to tie a knot that will not come loose.  It might help to tie one knot before adding any beads to keep them from sliding off.  A second knot after the last bead will keep the beads together.

[bookmark: _GoBack]Beads: Pony beads from a craft store were used, feel free to modify using materials that are available to you.  There should be a total of 8 beads on each bracelet.  The first bead will always be black (Methionine) because that is the start codon.  Often, methionine is cleaved from the final polypeptide, but I had my students keep it on their bracelets.  

Extension – Genetic Engineering

As a follow up and extension, review the concepts covered in the previous day and introduce genetic engineering.  Give the students a sequence that must be inserted into their gene from the previous day.  They will go through the process once again with the genetically modified sequence.

Answers for Analyze Questions:
1. What is the product of transcription?
mRNA

2. What is the product of translation?
Protein (or polypeptide chain)

3. If a coding sequence of DNA is TGCAACTGG, what is the anticodon sequence?
UGCAACUGG (the codon would be complementary)

4. Discuss the relationship between genes and polypeptides. 
(past IB test question)
· originally assumed one gene codes for one polypeptide 
· (one) gene is transcribed into (one) mRNA 
· mRNA is translated by a ribosome to synthesize a polypeptide 
· many exceptions to one gene --> one polypeptide found 
· many more proteins made than there are genes 
· some genes do not code for polypeptides 
· some genes code for tRNA/rRNA 
· some genes regulate gene expression 
· genetic information transcribed by eukaryotes is edited before it is translated 
· polypeptides may be altered before they become fully functional proteins 

5. This lab modeled the effect of a negative feedback loop.  Insulin is a hormone that reduces blood glucose levels by increasing the rate at which glucose passes from the blood through the cell membranes into cells. If insulin levels are controlled by a negative feedback loop, what effect would eating a meal rich in carbohydrates have upon transcription/translation of insulin proteins?
With a carbohydrate-rich meal, blood sugar will be high and insulin will be too low.  This will cause a negative feedback signal that induces the transcription and translation of more insulin proteins.


6. Why is gene expression more complicated in eukaryotes than it is in prokaryotes?
· Eukaryotes have a nucleus that mRNA must exit through before a ribosome can be reached.  Prokaryotes do not have a nucleus and can begin translation during transcription.
· Eukaryotic mRNA contains introns that must be spliced out before translation.  Prokaryotic mRNA contains no introns; everything gets expressed.
· Eukaryotic mRNA undergoes other modifications such as the addition of a 5’cap and polyadenylation.  Prokaryotic mRNA does not undergo additional modifications.


7. Explain why your bracelet is so much shorter than your DNA strand, or even your mRNA strand.
· Not all of the DNA is copied into transcript
· Not all of the mRNA is translated into protein
· 3 nucleotides of mRNA translates to only one amino acid


8. Your bracelet represents the primary structure of the first part of your protein.  What has to happen in order to get the entire protein?
The entire protein needs to be translated (not just the first 7 or 8 amino acids).  Next, chaperonins in the ER will help the primary structure create hydrogen bonds to form the secondary structure.  Chaperonins will also help the amino acid side chains to interact forming the tertiary structure.  Multiple polypeptides will come together to form the quaternary structure that makes up the entire protein.

9. Explain when a point mutation would have no effect and when a point mutation would have a large effect on the resulting protein.
· Point mutation in a non-coding segment of DNA (no effect)
· Point substitution in a coding segment that gives the exact same amino acid as the original codon (no effect)
· Point substitution between the start and stop codon (single amino acid difference)
· Point insertion between the start and stop codon (chain of amino acid difference)
· Point mutation in the start codon (no gene expression)
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