How will Hemoglobin Affect the Winner of this Year’s Super Bowl?

Instructor Version

Objectives
· Description and model of how genes code for proteins
· Description and examples of mutations
· Description, model and case study of how a mutation can lead to changes in proteins
· Distinction between genotype and phenotype

· Case study of how phenotypic (physical) changes result from mutations
· Distinction of homozygous and heterozygous

· Review of the Principle of Independent Assortment and an example Punnet square
· Analysis of how inherited diseases can be passed down from one generation to the next
Next Generation Sunshine State Standard
· SC.912.L.16.2 Discuss observed inheritance patterns caused by various modes of inheritance, including dominant, recessive, codominant, sex-linked, polygenic, and multiple alleles.

· SC.912.L.16.5 Explain the basic processes of transcription and translation, and how they result in the expression of genes.

· SC.912.L.16.4 Explain how mutations in the DNA sequence may or may not result in phenotypic change. Explain how mutations in gametes may result in phenotypic changes in offspring.

· HE.912.C.1.4 Analyze how heredity and family history can impact personal health.
Student Materials/Equipment
· Super Bowl Activity Kits – Bag with strands, beads, and oxygen molecule
 (each kit includes 1 white strand, 1 green strand, 16 red beads, 20 blue beads, 14 yellow beads, and 2 red oxygen molecules)
· Color coded genetic code
· Activity sheet - How will Hemoglobin Affect the Winner of this Year’s Super Bowl?
Teacher Materials/Equipment
In addition to the bags of supplies and the activity sheet, the provided power point presentation and instructor guide should be used to coach the students through the activity sheet at certain points in the power point.  
Procedures
Have the students do the activity sheet in groups of 4 in the specified prompts during the power point presentation.   Students can answer questions on the activity sheet, but the instructor can also use whiteboards or clickers (depending on classroom resources) as a real time assessment for some of the questions.   This activity can be modified as you see fit in your classroom.  Multiple standards are addressed and reviewed. The activity sheet can be used in parts as topics are introduced or as a review after all topics have been presented. 
Super bowl Activity

How will Hemoglobin Affect the Winner of this Year’s Super Bowl?
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Let’s Go Bucs!

Your favorite NFL football team, The Tampa Bay Buccaneers, is set to play the Denver Broncos for the Super Bowl championship in Mile High City!  You just found out one of the key players on Defense (Ryan Williams) is not playing.  
Oh no, is he hurt?  
No.  
Huh? So what’s the problem?  
A twitter feed says something about Williams’ red blood cells and a possibility that he could pass out and die if he played in high altitudes  
Williams plays professional football with no problem, but he can’t play in Denver?  That doesn’t make much sense to you.  You do some online research and find out Williams has something called sickle cell trait.  You never heard of sickle cell trait, but have heard of sickle cell anemia – is this the same thing?  And why can’t he play?  
We are going to LOSE and possibly not win the Super Bowl this year – This is Our Year!
You have to find out more so . . .
Let’s Investigate Further!
Note to Instructors: the following introduction (Part 1 – Sickle Cell Disease) can be done as a class, or having students investigate on their own. Student groups can be assigned a brief web search or can be given physical models of normal and sickled red blood cells.
Part 1. Sickle Cell Disease

Let’s start with: 

1) What cells carry oxygen in the blood?

…..red blood cells….

2) What protein in the red blood cells specifically carries the oxygen?

…hemoglobin….

3) What is hemoglobin?

….It is a protein that is in red blood cells.  Its main role is to pick up oxygen from the lungs and take it to other tissues.  The beta protein of hemoglobin is the one that carries the oxygen…. 

4) What is sickle cell disease?

…A person with sickle cell disease is not able to carry oxygen around properly in the blood.  Typically, red blood cells carry oxygen in the blood from the lungs throughout the body. Those with sickle cell disease have abnormal red blood cells. The red blood cells are no longer circular in shape and are called “sickled”.  These sickled red blood cells can’t properly transport oxygen, and the shape can cause the red blood cells to clump together and clog up the blood flow. This interruption in blood flow can cause serious damage to organs…
5)   So, if someone has sickle cell anemia, what is wrong with their hemoglobin?
…If your hemoglobin protein is different from normal hemoglobin, it cannot efficiently carry oxygen through the blood.  His hemoglobin is mutated...

Ryan’s hemoglobin is mutated, meaning it is different from normal hemoglobin.  

6) If the red blood cells have this mutated hemoglobin, what happens to them?

…The red blood cells become “sickled” (not round like normal hemoglobin) in shape.  These red blood cells cannot carry oxygen efficiently and can clog blood vessels…  
7) Which picture below, ___B______ (A or B) represents a red blood cell that contains the mutated hemoglobin protein? 
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8) What is the difference between sickle cell trait and sickle cell anemia?

…In sickle cell trait, only ~1/2 the hemoglobin can carry oxygen efficiently.  The rest of the hemoglobin is mutated and does not carry oxygen as efficiently.  This causes some of the red blood cells to “sickle” in shape.   These individuals usually do not have any symptoms of the disease, but can pass on that mutated gene to their offspring.   For athletes, however, they could experience problems in training or conditioning activities.  Also, people with sickle cell trait should avoid increased atmospheric pressure, low oxygen levels, dehydration, and high altitudes. …  

…In sickle cell anemia, all the hemoglobin is mutated and inefficient at carrying oxygen.  The red blood cells in people with this condition become “sickled” in low-oxygen conditions.   These sickled cells can clump, block blood flow, can cause serious damage to organs such as the kidney, heart, and brain. ….   

Part 2. Gene to Protein: Modeling transcription and translation

Note to Instructors: in this section, we will be linking the physical abnormality of Ryan’s red blood cells to the mutated hemoglobin protein. Remind or lead your students to recognize that we know that proteins are made from DNA gene sequences in our cells.   So, if the protein is mutated, then the DNA gene sequence coding for that protein must be mutated as well.  
From here, review that:

· genes are made up of base pairs (A,T,G,C) that are linked together as nucleotides

· proteins are made up of  amino acids (21 different ones that can make up proteins) that are linked together.

1) As it turns out, it is not the red blood cells that are mutated or bad in Ryan’s genes, it is the __hemoglobin___________protein that is mutated.   
Instructor Notes: 

Tell your class that they will be investigating, to see if they can find the mutation that is causing this problem for Ryan.    
First, they will look at the DNA gene sequence for hemoglobin.  

The human beta-hemoglobin gene is 576 base pairs long and the protein is 146 amino acids long.  We will only be looking at the 54 base pairs listed below which will serve as the blueprint for the first 18 amino acids of the hemoglobin protein.  
2)  Look at the two hemoglobin genes. The mutated hemoglobin has ONLY 1 DNA basepair change.  Can you find it?  The mutation in the DNA is from the base _____T______ to the base _____A_____ at position # ____17____ in the sequence below.  
Normal Hemoglobin DNA gene (we will be calling this gene & protein H from now on) 

3’ CACGTGGACTGAGGACTCCTCTTCAGACGCCAATGACGGGACACCCCGTTCCAC  5’

5’ GTGCACCTGACTCCTGAGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3’
Mutant Hemoglobin DNA Gene (we will be calling this gene & protein h from now on) 

3’ CACGTGGACTGAGGACACCTCTTCAGACGCCAATGACGGGACACCCCGTTCCAC  5’

5’ GTGCACCTGACTCCTGTGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3’

Instructor Note:

This is the change in the DNA, but how does this affect the hemoglobin protein?  Let’s find out!

3) How do we create a protein from DNA? First, we need to convert the DNA to mRNA.  This process is called ____________transcription______.

Instructor Notes:

How do we accomplish transcription?  The DNA sequence provided above will be converted to mRNA by using complementary base pairing of the 3’ to 5’ strand (template strand).  The mRNA will then be “read” using the Genetic Code to convert the base pair language to the amino acid language.  Remind your students (have them tell you!):

· There is no “T” base in RNA.  
· The “T” base is replaced by the “U” base.  
4)  Write the mRNA sequence below for the H & h gene.  Hint:  Use complementary base pairing of the 3’ to 5’ DNA template strand.    

Normal Hemoglobin mRNA (H) 

5’ GUGCACCUGACUCCUGAGGAGAAGUCUGCGGUUACUGCCCUGUGGGGCAAGGUG 3’
Mutant Hemoglobin mRNA (h)
5’ GUGCACCUGACUCCUGUGGAGAAGUCUGCGGUUACUGCCCUGUGGGGCAAGGUG 3’
5) What is the mutated change in the mRNA?  Can you find it?  The mutation in the mRNA is from the base _____ A______ to the base _____ U_____


Instructor Notes:

We now have the mRNA sequence, but now need to convert it to a protein sequence.  To do this, we need to convert the base pair mRNA sequence to the amino acids protein sequence.  We need to use the provided Genetic Code for this (all groups will have a Genetic Code handout to work with).  This Genetic Code converts base pairs to amino acids using a codon – a 3 base pair sequence - that corresponds on the chart to 1 amino acid.   We are only coding for the 1st 18 amino acids in the protein, so you should have 18 amino acids listed as your answer for each protein below.   
6) Convert mRNA to protein using Genetic Code.  This process is called ___translation_______.

Write the amino acid protein code below for H & h:

Normal Hemoglobin amino acid protein code (H) 

Val-His-Leu-Thr-Pro-Glu-Glu-Lys-Ser-Ala-Val-Thr-Ala-Leu-Trp-Gly-Lys-Val
Mutant Hemoglobin amino acid protein code (h)

Val-His-Leu-Thr-Pro-Val-Glu-Lys-Ser-Ala-Val-Thr-Ala-Leu-Trp-Gly-Lys-Val
7)  What is the mutated change in the protein sequence?  Can you find it?  The mutation in the amino acid sequence is from the amino acid _____ Glu______ in the normal hemoglobin protein to the amino acid _____ Val_____ in the mutated hemoglobin protein.  This is located at amino acid # __6__.  How many amino acids are mutated? ___1______  

Part 3. Amino Acid Chemical Character

Instructor Notes: 

In this section, you will introduce the importance of chemical characters in determining the shape and therefore function of a completed protein. You can instruct or remind your students that each amino acid has a certain chemical character in relation to water molecules.  Some amino acids love being around water (Hydrophilic), some hate water and hide from it (Hydrophobic), and for some, it doesn’t matter as much.  Proteins do not exist as a string of amino acids, but must fold into a 3 dimensional (3D) shape to function.  These folded proteins exist in a water environment.   Proteins fold based on the chemical characteristics of their amino acids.  The 3D shape is very important for each protein to carry out its specific function in our cells and body.  If structure is disrupted or mutated from normal, then the function of that protein would be severely affected and it couldn’t do it’s specified job.  
Structure fits Function!

After review of the basics, the class will make hemoglobin proteins.  We already know the amino acid sequence of the hemoglobin protein (1st 18 amino acids), but we need to fold it properly into its 3D shape.  To do this, we need to know the chemical characteristics of the 18 amino acids we have in the protein sequence. 

1)  We will determine the chemical characteristic in relation to water molecules of each amino acid in the hemoglobin protein sequence.  

Rewrite the protein sequence for H & h in the space below (Hint – answer from Question 2f above).

Look at the color coded genetic code sheet provided.  Below the amino acid sequence, write the color associated with each amino acid (red, blue, or yellow).

Normal Hemoglobin amino acid protein code (H) 

Val-His-Leu-Thr-Pro-Glu-Glu-Lys-Ser-Ala-Val-Thr-Ala-Leu-Trp-Gly-Lys-Val
…red-blue-red-blue-yellow-blue-blue-blue-blue-yellow-red-blue-yellow-red-yellow-yellow-blue-red…
Mutant Hemoglobin amino acid protein code (h)

Val-His-Leu-Thr-Pro-Val-Glu-Lys-Ser-Ala-Val-Thr-Ala-Leu-Trp-Gly-Lys-Val
…red-blue-red-blue-yellow-red-blue-blue-blue-yellow-red-blue-yellow-red-yellow-yellow-blue-red…

2)  Each color corresponds to the chemical character of the amino acid in relation to water.  Let’s review.  
Red = Hydrophobic which means the amino acid is __water hating_______________(water loving or water hating?)

Blue = Hydrophilic which means the amino acid is ___water loving_______________(water loving or hating?)

Yellow = Intermediate

3)  Now, we are going to build the normal H protein and the mutated h protein.  

We will use the white and green wire strands as the backbone of the protein and place each of the 18 amino acids on the strand in order as indicated above.  Slide each bead a thumbprint apart on the primary protein chain.  
Each bead is a monomer that makes up a long protein.

What is that monomer called?______amino acids________________
Procedure:

Use the white strand for the H normal protein. 
Use the green strand for the h mutated protein.  
Place the colored beads in order on the strands for each protein sequence.  

Show each protein amino acid sequence to your instructor.
4)  Compare the colored beads between the normal H protein (white strand) and the mutated h protein (green strand).  

If there is any difference in the colored beads between the normal and mutated protein, write the difference here _______all same except for bead #6 which is blue in normal and red in mutated protein_________________.

5)  Now, we need to fold this amino acid sequence into a 3D shape for the hemoglobin protein to function properly.  How do you fold this protein?

Red amino acids are hydrophobic so they should be towards the ___inside_______(inside or outside) of the folded protein so they can __hide__ ___(hide or interact) from/with water.  

Blue amino acids are hydrophilic so they should be towards the __outside________(inside or outside) of the folded protein so they can ____interact__________ (hide or interact) from/with water.  

Yellow amino acids are intermediate so they can fit wherever.
Now, take each of the primary amino acid sequences and fold it into a 3 dimensional shape (protein) according to the requirements of each colored amino acid stated above!

Show your instructor your folded proteins.  

Instructor – make sure the students are folding their protein so that the blue beads are towards the outside of the protein and the red beads are towards the inside (hiding inside) the protein.   Have them notice what color is on the outside and what color is on the inside.   

The 3D structure will determine the protein’s function.  
6)  What is hemoglobin’s function? ____carry oxygen in red blood cells_____________.
Remember, only the normal hemoglobin protein can carry oxygen efficiently.  
Add the red ball of oxygen only to the hemoglobin protein that can carry the oxygen most efficiently.
Instructors – walk around make sure the proteins are folded in a 3D shape and that the red oxygen ball is only embedded in the white strand normal protein.    
Part 4. Mutation & Dominance/Recessive
Instructor Notes:

Briefly review the differences in the protein forms with the class and connect the created models with previous knowledge. 

1)  Your group has 2 versions (forms) of the hemoglobin gene, the H (normal, white strand) and h (mutated, green strand) form.  Each of these forms is called an allele or version of the hemoglobin gene.  These genes serve as the blueprint for making the H & h normal or mutant proteins.    

H is considered a ___dominant_______________ gene (dominant or recessive) allele.

h is considered a ____recessive_______________ gene (dominant or recessive) allele.

2)  Let’s review the mutations in the h allele.

In the mutated allele, how many DNA base pairs are mutated?  ________1_______

This type of mutation is called a ___point _          _mutation______?
How many amino acids are mutated? _______1________?
What is the amino acid change ?______Glu to Val_____
What is the color change of the amino acid in your mutated proteins? __Blue to Red_________

What does the mutation do to chemical character of amino acids in that mutated protein?__makes mutated protein more hydrophobic_______
Let’s go back to Ryan Williams playing in the Super Bowl!
The 2 proteins you made in your group represent the types of hemoglobin proteins found in Ryan’s body.  Ryan has sickle cell trait.  Look at your proteins to answer the questions below.    
3)  For the hemoglobin gene/protein, Ryan Williams has ______1_________copy  (allele) of a normal sequence/protein (H) and ______1________copy (allele) of a mutated sequence/protein (h).   Therefore, he is said to have the disease ___sickle cell trait________________.  Ryan is considered ___heterozygous_______________ (homozygous or heterozygous) in relation to the H & h genes (1 copy of each allele).  He cannot play in the Super Bowl in Denver because __even though people with sickle cell trait don’t’ have anemia, they should avoid strenuous activity in high altitudes__________________.      

Ryan does not just have 1 copy of each protein in his body, but many copies of the white and the green protein in this body at approximately the 1:1 ratio.  


Instructor Notes: - Pick a group and ask them the following questions. 
4) Ryan – hold up your hemoglobin protein in your body. 

How much of your total hemoglobin is normal (meaning it can carry oxygen)?  

_1/2_________

How much of your total hemoglobin is mutated (meaning it can’t carry oxygen)?   
_1/2_______________
Instructor Notes:

Emphasize that this is called co-dominance because both dominant and recessive alleles are expressed (H and h) and produce both normal and mutated protein in Ryan’s body.  
5) When an individual expresses both dominant and recessive alleles, this is called _____co-dominance____.

Let’s review the mutation that is causing Ryan to miss the Super Bowl!

5)  For mutated hemoglobin,___1__ __base pair mutation = _____1____ amino acid mutation. This leads to__increased________ (increased or decreased) hydrophobicity and mutated hemoglobin ___cannot_____________(can or cannot) carry oxygen efficiently from the lungs to other organs in the body which can lead to organ failure.  This causes the red blood cells to be in a __sickled_________ shape which can clog blood vessels.   
Part 5.  Inheritance
Ryan is married to the famous actress Joscelyn Dupee.  They have a 6 year old boy Jameson.  He already looks like an NFL quarterback!  Will he have the same disease as his Dad?  What if Denver wants to draft him for their team?  Can he play there?  

Let’s find out what hemoglobin genes (alleles)/proteins young Jameson has!!!


Instructor Notes –
In this section, we will investigate inheritance and connect this to Mendelian genetics. You will say to the class - I need a “Joscelyn” and a “Ryan”.  Come up to the front and bring your 2 proteins.  
Note – 
Each group has 1 white protein (normal) and 1 green protein (mutated).  Both Joscelyn and Ryan are going to be heterozygous for the hemoglobin gene (1 white and 1 green).  Instruct them to hold up their proteins.  Discuss how Ryan and Joscelyn do not have sickle cell anemia, but can still pass on the mutated hemoglobin gene (green) to Jameson.  

1)  Joscelyn – you have __1 __ copy of normal hemoglobin and ___1__ copy of mutated hemoglobin.  Therefore, you are said to be _heterozygous_____________(homozygous or heterozygous) for that gene.  You have the disease _sickle cell trait_______________________.

Ryan - you have __1___ copy of normal hemoglobin and ____1______ copy of mutated hemoglobin.  Therefore you are said to be _heterozygous_____________(homozygous or heterozygous) for that gene.  You have the disease _sickle cell trait_______________________.
2)  Now let’s “make” Jameson!

Joscelyn – give me 1 copy of your hemoglobin gene – because that is all you can pass on – whichever one you want.  

Ryan – give me 1 copy of your hemoglobin gene – because that is all you can pass on – whichever one you want.  

Based on what genes Jameson gets from Mom and Dad, you can determine if Jameson can even play football or not?  Let’s perform the crosses to create each Option listed below and answer the questions listed.  


Instructor Notes – 
You can do this in front of the class or you can place 2 groups together and have them do the crosses and answer the questions below amongst the 2 groups.  Then, you can ask the class as a whole what their answers were.   Encourage the class to use their protein models to help them answer the questions below.   

Option 1)  Jameson has 2 copies of mutated, green protein = _homozygous______________ (homozygous or heterozygous) for mutated hemoglobin gene.  
What disease does Jameson have?  __sickle cell anemia______________-.  
Are all his red blood cells sickled? _yes___(yes or no)  
Can he play in Denver? __no_____ (yes or no?)  
Option 2)  Jameson has 2 copies of normal, white protein = __homozygous_____________ (homozygous or heterozygous) for normal hemoglobin gene.  
Are all his red blood cells sickled? _no –none are sickled___(yes or no)   
What does Jameson have?  _no disease_______________-.  
Can he play in Denver? ___yes____ (yes or no?)  

Option 3)  Jameson has 1 copy of mutated, green protein and 1 copy of normal, white protein = _heterozygous______________ (homozygous or heterozygous) for mutated hemoglobin gene.  
What does Jameson have?  __sickle cell trait______________-.  
Are all his red blood cells sickled? _no –only ~ 1/2___(yes or no)  
Can he play in Denver? ___no____ (yes or no?)  

3)  Let’s relate this to doing genetic crosses with a Punnett square below.   Make the possible crosses below between Ryan and Josceyln.  Color in the square that would correspond to Jameson if he had sickle cell anemia.  
What are chances of Jameson having sickle cell anemia ___25% (1 in 4)_________?  
Chances of sickle cell trait are ___50% (1/2)____________?  
Chances of normal are __25% (1 in 4)____________?  
Based on the genetics for hemoglobin gene, what are his chances of playing football in Denver?__25% (1in 4)_________
	HH
	Hh

	Hh
	hh


                                                                                     
                               H                    

                  h
4)  There is a blood test that is used to screen for sickle cell trait or sickle cell disease.  Young Jameson is tested and he has all normal hemoglobin alleles.  So, which option from Question 2 above does he represent?  _Option 2________  
Therefore, Jameson has the genotype __HH______ (HH, Hh, or hh), so therefore he has __2___copies of the __normal_______ (normal or mutated) gene.   
Let’s look at those 2 white stranded proteins you made.  Can they both carry oxygen efficiently? _yes____- (yes or no).  
Will any of his red blood cells be sickled? ___no____(yes or no)  
 Therefore, you conclude that he has _____no________________________ disease.  
Also, he ___can___________ (can or cannot) play for the Denver Broncos if they draft him!
Part 6.  Heterozygous advantage

You think you have a pretty good throwing arm too, so you want to find out if you have the sickle cell trait.  You are curious as to who might have the disease – is it in your ancestry?  Upon further research, you find out that the sickle-cell allele is most common in Africa. You are interested to find out why both Ryan Williams and his wife Joscelyn Dupee have sickle cell trait and why it is more common in Africa? 
You first find out that both Ryan and Joscelyn have ancestors from Africa.  This might explain why they have the mutated hemoglobin gene in their genetic heritage. 

But why?

There is a disease called malaria that is caused by a parasite that infects red blood cells.  Malaria is a major killer of people in tropical regions like Africa.  When the red blood cells are sickled, they are destroyed along with the parasites inside.  People in Africa that have sickled red blood cells caused by the mutated hemoglobin are more protected from malaria than those with all normal red blood cells.  However, if a person is homozygous for the mutated hemoglobin then they could die from sickle cell anemia.  The person with 1 copy of each allele is heterozygous and is protected from both malaria and sickle cell anemia.  This is called heterozygous advantage and keeps the mutated hemoglobin allele around in the African population.  

Let’s review with Ryan’s family!
1)  Ryan & Joscelyn  are ___heterozygous____ for the hemoglobin allele, so they have sickle cell ___trait___________, but are also __protected from_____________(protected from or susceptible to) malaria.
Jameson is ___homozygous____ for the hemoglobin normal allele, so he has sickle cell ___no disease___________, but he is  __susceptible to_____________(protected from or susceptible to) malaria.  
Their other child, Rayna, is homozygous for the hemoglobin mutant allele, so she has sickle cell ___anemia___________, but she is  __protected from_____________(protected from or susceptible to) malaria.

2)  If their family as going to Africa to visit their family, which members or the Williams/Dupee family would both be protected from malaria and not have any signs of sickle cell anemia? ___Ryan & Joscelyn_____________.  They are both __heterozygous____________ for the hemoglobin gene and would be the ones in the family most likely to survive the trip without any complications.  This is called heterozygous advantage and is why the mutated hemoglobin allele exists as a higher percentage in people with African ancestors.   

 H                  h








