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The Protein Folding Challenge
The challenge you are about to tackle is meant to provide an understanding of protein structure and folding. You have already learned that the each of the amino acids has a different side chain, and these chains determine their chemical properties.  You will learn and use some of the basic rules that contribute to protein folding to fold a peptide chain into a protein structure.  You will compare your model with that of other groups in the class and finally with the structure of the actual protein and investigate how the protein is related to a disease.

1. Fill in the chart attached with the side chains of each of the amino acids you will be using and their characteristics.  

	Single Letter Abbrev.
	Amino acid name
	Side chain
	Side chain characteristics
	Secondary/Tertiary bonds formed

	Y
	
	
	
	

	C
	
	
	
	

	L
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	Single Letter Abbrev.
	Amino acid name
	Side chain
	Side chain characteristics
	Secondary/Tertiary bonds formed

	E
	
	
	
	

	S
	
	
	
	

	D
	
	
	
	

	T
	
	
	
	


2. Sort the amino acid beads into the hydrophobic, polar (hydrophilic), acidic and basic categories using the supplied diagram.  List which amino acids fall into each category.

3. There are 4 levels of protein structure.  Describe what is entailed in each of the following: 

A. Primary structure: 


B. Secondary structure: 


C. Tertiary structure: 


D. Quaternary structure: 

4. Construct a model peptide consisting of the following amino acid sequence:

Y C L N G G V A M H I E S L D S Y T C N C V I G Y

Use the beads and pipe cleaners supplied in your bag to construct the peptide sequence given above.  The pipe cleaners will represent the bonds (what kind?) that connect the amino acids, represented by the alphabet beads.

Match the name of each amino acid to its single letter abbreviation and list these in order on a sheet of paper.  Add the category (hydrophobic, polar, etc.) for each. Be sure that you have the correct property assigned to each amino acid as these will determine how you fold your protein!

Use the following rules to fold your peptide sequence into a protein.  You should do this in three stages:

A. Hydrophobic residues avoid contact with water by folding into the middle of the polypeptide chain.

B. Since polypeptides reside in water, all acidic and basic side chain are ionized and therefore attracted to one another.  If a charged (acidic or basic) amino acid can not be paired with an amino acid of the opposite charge, then make sure this residue (side chain) is on the surface of the protein.  At this stage, your protein’s shape should simultaneously satisfy the first two principles of protein folding.

C. Third, sulfhydryl groups will bond together forming disulfide bridges.  You can use paper clips to hold two regions of the peptide backbone adjacent to each other.  Once again, all three principles of protein folding should be simultaneously satisfied by your protein’s final shape.

5. Christian Anfinsin won the Nobel Prize for showing that a specific amino acid sequence will define the way a protein folds. Compare your model with the other protein models in the class.  Are they all the same?  Explain why the folded shape may not all be the same even though the rules have been followed.  

6. Is the amino acid sequence with which you are working part of a real protein?  If so, can you determine how closely your model matches the actual structure?  

A. To learn the identity of your sequence, go to the NCBI BLAST web site http://www.ncbi.nlm.nih.gov/blast/     

In the Protein section, click on “Search for short, nearly exact matches”.  Type your amino acid sequence in the search box.  Use capital letters and the single letter abbreviation with no spaces between the letters.  Submit the search and you should see a page saying your search has been submitted to the queue.  Click on the FORMAT button and wait for your results.

In the results window, you will see a reference for the BLAST procedure, and below it a series of color coded lines indicating matches in the protein databases for your sequences.  Red means the best match (alignment score).  

What color is the best match for your query?   What alignment score do you have?  Do you think this indicates a really strong match?  What could produce a better match?

B. Scroll down to the first match on the individual listings and click on the blue link to the left (the one that begins with gi).  What is the definition of the resulting match?

C. The locus provides an identifier to the actual protein, an epidermal growth factor.  Your teacher will display the structure containing your sequence.  Describe the various modes of viewing the structure.  Do any of them allow you to determine how similar your model is to the actual structure?  

6.  What additional information should be represented in your model to make it more “life like”?  (Hint: in your model, the pipe cleaners represent the “backbone” of the polypeptide, or the bonds between the amino groups and the carboxyl groups of each amino acid.  What else is present on each amino acid and why are these things important?)

7.  In class we found many examples of how to fold the same amino acid sequence.  Thinking about the relationship between structure and function of proteins do you think this would occur within a cell?  Explain why or why not.  

8.  In the up coming units we will talk about the impact that single nucleotide changes in the DNA can have on the function of a protein.  Explain how a change in the DNA (which subsequently leads to a change in the amino acid sequence) can destroy the function of an enzyme.  

9. Many genetic diseases are caused by amino acid substitutions that disrupt the secondary or tertiary structure of proteins.  Research two such diseases and answer the questions below for each one: 
a. What protein is dysfunctional? 

b. What is the substitution?  (if there are multiple possible substitutions, select just one)

c. What are the big picture effects of this substitution on the normal function of the individual? 

