
Name ______________________________________

Hemoglobin Lab 

Before you begin, save this Lab Report Template on your computer as LastNameAPBIOHemo
Go to Biology Labs Online site (http://www.biologylabsonline.com) and log onto the Hemoglobin Lab

Read all the instructions below BEFORE you start! It will help if you print out this template to use as you perform the lab. 

Read the Background Information on protein structure, hemoglobin function, red blood cells, sickle cell anemia, other hemoglobin-based blood diseases, gel electrophoresis, point mutations so that you understand the terms used in this online lab. 

To start the Hemoglobin Lab, click the START LAB link just under the Welcome to Hemoglobin Lab title Wait for the Hemoglobin Lab to open. You will see the Hemoglobin Laboratory.  Click on each item to identify it and determine what it does. You should see a gel electrophoresis setup, a microscope, a rack of blood vials, a protein sequencer, a computer, and a ledger. Once you have identified the equipment, click Start Experiment to enter the lab itself. 
Assignment 1: Sickle Cell Disease (corresponds to online Assignment 1)
Please read the information on the relationship between sickle cell disease and malaria in Online Assignment 1 in the Hemoglobin Lab BEFORE your start this activity.
1. Select Blood Samples view
2. Scroll down and choose patient Miriam Dembele from the Select Case list. 
Her case history is consistent with increased resistance to malaria characteristic of persons heterozygous for sickle-cell anemia. 
3. Compare Miriam’s blood with that of the healthy control. 
a. Record your observations below
4. Select the Microscope view. 
a. Record your observations below
b. Determine the approximate percent of cells that show the sickle condition.
5. Select the Gel Electrophoresis view
a. Compare/contrast the normal and patient sample
Note there are 2 bands in Miriam’s hemoglobin, one that migrates the same distance as the Normal sample and one that migrates more slowly. The 1st band is Hb and the 2nd band is HbS.
6. Select the Peptide Sequence view.

a. Click the Find Difference button…this will align the amino acid difference to the left hand side of the screen 
Please read the additional information online for Assignment 1 that explains the how the peptide sequencing function in Hemoglobin Lab works. 
b. Record the amino acid substitution and its position below.
7. Select the Edit DNA Sequence view. You will see the normal globin gene DNA sequence and a custom globin gene DNA sequence. 
a. Locate the DNA sequence with the ATG Start codon (type ATG in the search box).
This should take you to nucleotide 87, which will be outlined with a red box.
b. Click on Bracket Codons to highlight codons beginning with ATG.

c. Use the single arrow to move to codon 6 (nucleotides 105—107).

d. Click on nucleotide 106 (now outlined with a red box) and change the A to a T.

e. Click the Translate button to see a comparison of your custom-mutated protein to Miriam’s protein sequence and the normal protein.
f. Does your custom- mutated Hb match that of the patient Miriam Dembele?
g. Use the Genetic Code chart (see top row of Hemoglobin Lab) to identify the normal codon and the mutated codon that you changed to simulate the amino acid change in Miriam's hemoglobin.


Results for Assignment 1:
Patient Name: __________________
Blood Appearance: ____________________________

Microscope Appearance: __________________________

Percent Sickled Cells: ______________________________

Electrophoretic Migration Pattern: ____________________

Homozygous or Heterozygous:  ______________________

Amino Acid Position and Change: ____________________

Discussion and Analysis

1. Comment on the utility of investigating blood samples, red blood cell structure, electrophoretic migration patterns, peptide sequencing, and DNA editing methods in determining mutations in hemoglobin genes. 

2. Explain, based on your analysis of the structure of the red blood cells in Miriam Dembele, why sickle cell anemia is associated with increased resistance to malaria. 
Assignment 2: Gel Electrophoresis of Hemoglobin (corresponds to Online Assignment 2)
In this assignment, you are going to pretend that you are a biochemist who is interested in identifying hemoglobin mutations that demonstrate a faster electrophoretic migration pattern on a gel than that of normal hemoglobin. You have available to you blood samples from 17 patients who have donated blood samples to your lab. Your laboratory technician has run gels on the hemoglobin samples from these patients, and now you must interpret these gels to identify which patients may have mutations in their hemoglobin gene. Please read the additional information about this task in online Assignment 2 in the Hemoglobin Lab BEFORE you start this task. 
Faster Electrophoretic Migration Pattern

1. Select the Gel Electrophoresis view.

2. Examine the electrophoresis pattern for the hemoglobin molecules from each of the patients by clicking on each patient's name. 

3. Identify the patient with hemoglobin molecules that show a faster electrophoretic migration pattern than the control molecules.
4. Select the Peptide Sequence view 
a. Click the Find Difference button to identify the altered amino acid sequence for this patient.
b. Record the amino acid change.
5. Select the Structural Analysis view. 
a. Record the location of the mutation relative to the oxygen binding site. 
Results:  
Patient Name: ______________________

Amino Acid Position and Change: _________________

Location of mutation relative to oxygen binding site: _____________

Discussion and Analysis
1. Provide a possible explanation for why this change in amino acid sequence would cause the mutant protein to show a faster electrophoretic migration pattern than the normal protein. 
2. After you meet with this patient and discuss your interest in his or her blood, the patient tells you that his or her mother was born and raised in Hiroshima, Japan. Based on this information and because you are a well-rounded person with a strong knowledge of world history, what might you consider to be the cause of this patient's hemoglobin mutation? 
3. What might you name this type of hemoglobin? 
Increased Affinity for Oxygen Binding

Certain mutations in the beta globin gene result in altered amino acid sequences in the hemoglobin molecule, producing a protein with an increased affinity for binding to oxygen. One example of such a mutation produces a molecule called hemoglobin Yakima. Yakima involves an amino acid substitution mutation at position 99, where aspartic acid is replaced by histidine. Individuals with these mutant forms of hemoglobin often show redder-than-average complexions. For further details about oxygen binding, refer to Online Assignment 2. 
1. Select the Blood Samples view and scroll through the patient case histories, searching for the patient whose complexion matches this description. 
2. Select the Microscope view and evaluate the patient's red blood cells for any obvious defects.
3. Select the Gel Electrophoresis view.
4. Does the migration pattern of this patient's hemoglobin indicate a mutation in the protein? If your answer is yes, does this patient appear to be homozygous or heterozygous for this mutation? 
5. Select the Peptide Sequence view
a. Click the Find Difference button to identify the altered amino acid sequence for this patient. 
b. Record the amino acid change.

6. Select the Structural Analysis view

a. Describe the location of the mutation relative to the oxygen binding site.

Results:  
Patient Name: ______________________

Homozygous or Heterozygous:   ___________________

Amino Acid Position and Change: _________________

Location of mutation relative to oxygen binding site:  __________________
Discussion and Analysis
1. Is this mutation indicative of hemoglobin Yakima? Explain how you know
2. Provide reasons why you think this mutation may increase the affinity of oxygen for binding to hemoglobin Yakima. 

Deletion Mutations (modified from online Assignment 4)
Please read the description of Online Assignment 4, which will provide helpful details for your analysis of a patient with a deletion mutation in the hemoglobin gene. 

1. Select the Blood Samples view and scroll through the patient case histories, searching for the patient who has suffered an aplastic crisis. 

2. Select the Microscope view and evaluate the patient's red blood cells for any obvious defects.
3. Select the Gel Electrophoresis view.
4. Does the migration pattern of this patient's hemoglobin indicate a mutation in the protein? If your answer is yes, does this patient appear to be homozygous or heterozygous for this mutation? Describe the migration pattern. 
5. Select the Peptide Sequence view
a. Click the Find Difference button to identify the altered amino acid sequence for this patient. 
b. Record the amino acid change.

c. Click the Find Difference button again to determine if there are any additional amino acid changes. You may need to do this several times 

d. Record all the changes you find!

e. Click the right arrow to get to the end of the normal sequence and the sequence in Juan’s hemoglobin. What do you notice about the length of Juan’s hemoglobin? What type of mutation is this? 
6. Select the Structural Analysis view

a. Describe the location of the mutation relative to the oxygen binding site.

7. Select the Edit DNA Sequence view. 

a. Based on the results of your analysis above, try to find the location where the hemoglobin shortening occurred. 
(HINT: Remember from Assignment 1 that you need to start at base 87! )
Results:  
Patient Name: ______________________

Homozygous or Heterozygous:   ___________________

Migration Pattern:  ________________________________________________________

Amino Acid Position and Changes: _________________

Location of mutation relative to oxygen binding site: __________________
Type of mutation:  __________________________

Location and type of base pair changes: _______________________

Discussion and Analysis
1. Provide an explanation for the migration pattern observed in this patient.
2. Explain how Juan’s mutation might affect the functioning of his hemoglobin. 
Conclusion: 

NOT Required. 

Reflection: Comment on what you learned by doing this lab.
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