Happy Blue Baby
Biology
Happy Blue Baby
Shuchismita Dutta 
Institute of Quantitative Biomedicine, Rutgers University, Piscataway NJ 08854


Part 1: A Special Baby Girl
A little baby girl, born in 2008 in Toms River NJ, showed cyanosis but was otherwise healthy and happy. She became the subject of clinical and scientific research and her case was reported in the New England Journal of Medicine in 2011. 
Let’s begin learning about her story by reading a news article published in Patch, the local newspaper of Toms River (https://patch.com/new-jersey/tomsriver/genetic-mutation-named-for-toms-river-may-shed-light-49e5fd1947). 

Questions:
a. What symptoms did the newborn baby girl have when she was brought to the Children's Hospital of Philadelphia?




b. What tests did the doctors do to diagnose the baby’s condition?





c. Based on the test results, what was the diagnosis?




Part 2: Grandma provides a clue 
While the doctors were testing the newborn baby, her Grandma’s comment 'My son had the same thing,' gave the doctors an important clue. 

Questions:
a. What did this comment suggest to the doctors?




b. Draw a pedigree chart for the Newborn baby with information provided by Grandma.




c. Examine a figure from the New England Journal of Medicine article (https://www.nejm.org/doi/full/10.1056/NEJMoa1013579, Figure 1A) showing the DNA sequence seen in the newborn baby. 
[image: ]
Based on the DNA sequence, what is the mutation seen in the newborn?





d. Is the mutated residue side chain similar to or different from that found in the native protein? Explain your in terms of the size and physicochemical properties. 





Part 3: Molecular Basis of Cyanosis
To explore the molecular bases of the newborn’s cyanosis, search the Protein Data Bank (at www.rcsb.org) for one or more structures of this mutant protein. You can start your search using the protein name or other details that you know. (Hint: search by the name of the mutation, or the mutation itself (e.g. X##Y, where X is the original amino acid, ## is the position of that amino acid in the protein chain, and Y is the mutated amino acid). Examine the search results and refine them as necessary. 

Questions:
a. Did you find any structures in the PDB that contain the mutation that the Toms River newborn (focus of this case) has? List the PDB ID(s). 







b. For the PDB ID that you wish to explore open the structure explorer page for the entry by entering the PDB ID in the top search box on www.rcsb.org. Explore the contents of the page and complete the following table with information about the entry.
	PDB ID
	

	Author(s) of entry
	

	Year when the structure was published/released
	

	Structure determination method
	

	Number of protein chains in the entry
	

	Names and number of copies of ligands (Small Molecules) present in the structure
	



Visualize the structure as follows in order to examine the mutation:
· Go to the iCn3D website at https://www.ncbi.nlm.nih.gov/Structure/icn3d/full.html
· Click on the button called File >> Retrieve by ID >> PDB ID so that a new window opens. Input the PDB ID of the structure you wish to visualize and click on Load.
· The structure opens in a new tab – rotate the molecule and examine the overall structure.
c. How many protein chains do you see? Take and screenshot of the structure and include it below.







d. What is the most common secondary structural element seen in this structure?




· To examine the mutated residue and interaction with carbon monoxide - click on the button called Windows >> View Sequences & Annotations. Now click on the Details button to see the one letter code sequence of all the protein chains in the structure. Scroll down to the bottom of the “Sequences and Annotations” window and click and drag on the carbon monoxide (shown as CMO). When you release the mouse button these ligands are highlighted in yellow.
· Click on the Style button >> Chemicals >> Sphere. Now the carbon monoxide molecules in the structure should be displayed with yellow halos around them.

e. Where are these ligands (CMO) located in the structure? Do all the protein chains have a CMO associated with it? 




· Scroll up to see the protein sequences shown in the “Sequences and Annotations” window. Identify the mutated residue in any one of the mutated protein chains – click on it and drag the mouse to select that amino acid residue in the sequence. Simultaneously the same residue is selected in the graphics window and highlighted with a yellow halo. 
· [bookmark: _GoBack]Click on the Style button >> Side chains >> Stick. Now the side chain of the mutated residue is visible. In order to make it more prominent color it in a different color by clicking on the button called Color >> Unicolor >> Magenta (or select any other color of your choice).

f. What secondary structural element is this mutated amino acid located on?




· Examine the neighborhood of the mutated amino acid to explore its interactions. 
· Click on the Select button >> by Distance >> a new window opens up >> input distance 4 angstrom and select the chain ID >> click on Display. This should highlight the neighboring residues in yellow. Close the new window. 
· Show the side chains of these amino acid residues (click on Style button >> Side chains >> Ball and Stick.
· Color the select amino acids and other ligands by clicking on the Color button >> Atom. This will make it easier to see the nature of atoms in the neighborhood of the mutated residue and figure out the types of interactions it participates in. 
· Focus in on the selected residues by clicking on View >> Zoom in Selection. 

g. Take a screenshot of these residues and include the image below (with labels showing key amino acids and key interactions).



















h. List the names and positions of two amino acid residues located in the neighborhood of the mutated residue. What type of intermolecular interactions exist between the mutated residue and these residues? If necessary, click on the View button and use any appropriate options to view specific intramolecular interactions. 




i. In a separate window view the structure of the native protein (PDB ID 4mqj). In the native protein, focus in on the same residues (mutated residue and its neighbors). Compare the intramolecular interactions. with the neighboring residues listed in the above answer. 









j. Explain how the mutation in the Toms River baby girl (subject of this case) may interfere with normal function of the protein?







Part 4: Happy Ending 
The Toms River baby diagnosed with the cyanosis causing mutation grew up to be a healthy girl. In fact, by the time the doctors had completed all her tests, she was cured. 

Questions:
a. How was the newborn girl cured? (Hint: feel free to refer to the NEJM article at https://www.nejm.org/doi/full/10.1056/NEJMoa1013579)








b. The NEJM article summary mentions a condition that may arise in the mutant proteins leading to denaturation and anemia. What is that condition? Explain your answer based on the structure that you have visualized. If possible include a figure to support your explanation.
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