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How the Gene for Sickle Cell Hemoglobin Results in Sickle Cell Anemia
Different versions of the same gene are called different alleles.  These different alleles share the same general sequence of nucleotides, but they differ in at least one nucleotide in the sequence.  This difference in the nucleotide sequence results in differences in the amino acid sequence in the protein produced.  Differences in the amino acid sequence can result in differences in the structure and function of the protein.  Differences in the structure and function of proteins result in differences in a person's characteristics, e.g. a defect in the enzyme that makes melanin results in albinism instead of normal pigmentation.

You will work with your partner to understand how differences between the normal and sickle cell hemoglobin genes result in different hemoglobin proteins, and you will learn how the differences between the normal and sickle cell hemoglobin proteins can result in good health or sickle cell anemia.  For this activity, you will need:

· the DNA for the Beginning of the Sickle Cell Hemoglobin Gene  


· the DNA for the Beginning of the Normal Hemoglobin Gene
· the mRNA for the first part of hemoglobin which you made during the transcription activity 
· the first part of the hemoglobin protein which you made during the translation activity.
Compare the DNA for the Beginning of the Normal Hemoglobin Gene 
vs. the Beginning of the Sickle Cell Hemoglobin Gene.  

What similarities do you observe?  

What difference do you observe?

Think about the mRNA that would be produced by transcription from the Beginning of the 
Sickle Cell Hemoglobin Gene, and compare this to the mRNA produced by transcription from the Beginning of the Normal Hemoglobin Gene.  

How would these two mRNAs be similar? 

What difference would there be? 

Complete the following table. 

	
	codon 1
	codon 2
	codon 3
	codon 4
	codon 5
	codon 6

	Beginning of Normal Hemoglobin protein
	
	
	
	
	
	

	Beginning of Sickle Cell Hemoglobin mRNA
	
	
	
	
	
	

	
	amino acid 1
	amino acid 2
	amino acid 3
	amino acid 4
	amino acid 5
	amino acid 6

	Beginning of Sickle Cell Hemoglobin protein
	
	
	
	
	
	

	Beginning of Normal Hemoglobin protein
	
	
	
	
	
	


What is the difference in the amino acid sequence of the hemoglobin molecules synthesized by translating these two different mRNA molecules? 

Each complete hemoglobin protein has more than 100 amino acids.  Sickle cell hemoglobin and normal hemoglobin differ in only a single amino acid.  This difference in a single amino acid results in the very different properties of sickle cell hemoglobin, compared to normal hemoglobin.  

In summary, the sickle cell gene results in production of the sickle cell hemoglobin protein, which results in the health problems observed in sickle cell anemia.  This is a dramatic example
of the importance of the nucleotide sequence in a gene, which determines the amino acid sequence in a protein, which in turn influences the traits of an individual.

Questions
1. To summarize what you have learned, explain how a gene directs the synthesis of a protein.  Include in your explanation the words amino acid, anti-codon, codon, cytoplasm, DNA, mRNA, nucleotide, nucleus, ribosome, RNA polymerase, tRNA, transcription, and translation.

2. Why does the cell need both mRNA and tRNA in order to synthesize a protein like hemoglobin?

3. Why does the cell need to carry out transcription before it can begin translation?

4. How does your DNA determine whether you develop sickle cell anemia?

5. Considering that we are all made up of the same 4 nucleotides in our DNA, the same 4 nucleotides in our RNA, and the same 20 amino acids in our proteins, why are we so different from each other?

Bonus Question
In addition to the health disadvantages described above, sickle cell hemoglobin can result in an important health advantage.  Describe this health advantage and the circumstances under which it arises. 
�Teachers are encouraged to copy this student handout for classroom use.  A Word file (which can be used to prepare a modified version if desired), Teacher Preparation Notes, comments, and the complete list of our hands-on activities are available at � HYPERLINK "http://serendip.brynmawr.edu/sci_edu/waldron/" ��http://serendip.brynmawr.edu/sci_edu/waldron/�.  


We thank NancyLee Bergey, University of Pennsylvania School of Education, Holly Graham, Central Bucks High School South, and Mr. Ippolito, Port Chester High School, for sharing helpful activities which provided us with many useful ideas.  








