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Activity:  Visualization of hemoglobin
Compare normal hemoglobin A and sickle cell hemoglobin S protein structures using Chimera, a molecular visualization tool.

http://www.cgl.ucsf.edu/chimera/1.2304/docs/UsersGuide/index.html

Questions:

1.  Where does the amino acid change due to the SNP fall on the hemoglobin structure?

2.  How does the amino acid change lead to the aggregation of hemoglobin S molecules?
Steps:

A.  Opening and setting up the program:

1. Open the program called Chimera.

2. Select from the menu:  Favorites… Command Line.  This will show a text line at the bottom of the window which you can use to enter commands.
B.  Opening and changing the appearance of the molecules

1. In the command line, type “open 1LFL”.  This opens the protein file for Hemoglobin A.

2. In the command line, type “open 2HBS”.  This opens the protein file for Hemoglobin S.

3. To make the proteins easier to see:
· Undisplay the “side chains” by selecting Actions… Atoms/Bonds… backbone only.
· Display the proteins using the ribbon format by selecting Actions… Ribbon… show.  You can change the type of ribbon by selecting Actions… Ribbon… flat or edged or rounded.
C.  Superpose the protein structures

1. To be able to see how the Hemoglobin A molecule lines up with the Hemoglobin S molecule, we can superpose them by selecting Tools… Structure Comparison… MatchMaker.

2. In the popup window, Select Best-aligning pair of chains.  Select 1lfl as the Reference structure.  Select 2hbs as the Structure to match.  
3. For the other parameters, use the defaults.  Because hemoglobin A and S differ in only one position, it is easy to align them.  In more difficult cases, you may need to use different parameters.  Select OK.
4. A new window (MultAlignViewer) will open up with a sequence alignment.  Can you find where the protein sequences are different?
D.  How to move the protein structures

(These directions are for PCs.  We were unable to test these on a MAC and we don’t know how many mouse buttons there are on the computers you are using.)

1. To rotate, click on an empty area of the window and move the mouse.
2. To zoom, right click on an empty area of the window and move the mouse up or down.

3. To pan, click both mouse buttons on an empty area of the window and move the mouse up, down, left, or right.
E.  How to explore the protein structure
1. In general, you can use the options in the Select menu to select portions of the structure and options in the Actions menu to perform actions on the selected portions of the structure.  If you don’t have anything selected, the action will be performed on the entire structure.
2. To see what type of amino acid is at a certain location in the structure, move your mouse over that part of the structure and a code will be displayed which includes the type of amino acid.

3. To find out where an amino acid in the sequence falls in the structure, you can select portions of the sequence in the MultAlignViewer window and those amino acids will also be selected in the main structure window.
4. To select an amino acid or a portion of the structure, press Ctrl and use the mouse to select the portion of the structure that you are interested in.  These amino acids will also be selected in the MultAlignViewer window.
5. To display the amino acid “side chains,” select the amino acid of interest (see E.3 and E.4 above).  Select Actions… Atoms/Bonds… show.
6. To select the heme groups, select Select… Residue… HEM.  Once it is selected, you can change its appearance using the Actions menu.
	Amino Acid
	3-Letter
	1-Letter
	Side chain polarity
	Side chain charge

	Alanine
	Ala
	A
	nonpolar
	neutral

	Arginine
	Arg
	R
	polar
	strongly positive

	Asparagine
	Asn
	N
	polar
	neutral

	Aspartic acid
	Asp
	D
	polar
	negative

	Cysteine
	Cys
	C
	polar
	neutral

	Glutamic acid
	Glu
	E
	polar
	negative

	Glutamine
	Gln
	Q
	polar
	neutral

	Glycine
	Gly
	G
	nonpolar
	neutral

	Histidine
	His
	H
	polar
	weakly positive

	Isoleucine
	Ile
	I
	nonpolar
	neutral

	Leucine
	Leu
	L
	nonpolar
	neutral

	Lysine
	Lys
	K
	polar
	positive

	Methionine
	Met
	M
	nonpolar
	neutral

	Phenylalanine
	Phe
	F
	nonpolar
	neutral

	Proline
	Pro
	P
	nonpolar
	neutral

	Serine
	Ser
	S
	polar
	neutral

	Threonine
	Thr
	T
	polar
	neutral

	Tryptophan
	Trp
	W
	nonpolar
	neutral

	Tyrosine
	Tyr
	Y
	polar
	neutral

	Valine
	Val
	V
	Nonpolar
	neutral


Remember that:

· nonpolar (aka hydrophobic) residues LIKE nonpolar residues

· polar (aka hydrophilic) residues LIKE polar residues except
· positive residues ATTRACT negative residues and REPEL positive residues

· negative residues ATTRACT positive residues and REPEL negative residues
