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Goals: 

	· Learn how to use VMD 

· Learn where to search for three dimensional protein structures (www.pdb.org)

· Familiarize with different proteins

· Understand how proteins are stabilized
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· Example 1: BETA-SHEETS OF MODEL SILK FIBROIN PEPTIDES (1SLK.pdb)

You will:

· Download protein from www.pdb.org

· Identify secondary structure 
· Identify hydrogen bonds between beta sheets

· Identify amino acids of the protein

· Identify possible functions for the protein

Tasks:
· Load the structure of 1SLK.pdb into VMD.

· Visualize the protein in different ways, i.e. Graphics -> Graphical Representations -> Drawing Method -> Cartoon, VDW, Lines, etc.

· In “Graphical Representations”, in the “Selected Atoms” select chain A and B by writing “chain A or chain B”.
· What kind of secondary structure do you recognize?

· Show chain A and B in “Licorice” mode (from the Graphical Representations box).

· Look for H-bonds between A and B. Count how many are formed between the two chains.
· Click on “Create Rep” and visualize H-bonds using “Hbonds” from the “Graphical Representations” box.
· Do you see all possible H-bonds? Why?
· Increase “Angle Cutoff” stepwise to 34.

· Why do new H-bonds appear? Discussion in class.
· Do you see any special order of orientation of the H-bonds?

· What kind of amino acids does the protein contain?

· What kind of function could a protein like this have? Discussion in class.
· Open the file using an editor.

· How was the structure obtained?

· Example 2: CYTOCHROME C PEROXIDASE (1A2F.pdb)
You will:
· Download protein from www.pdb.org
· Identify secondary structure 
· Identify hydrogen bonds 

· Discuss how are hydrogen bonds arranged in comparison to 1SLK.pdb.
· Identify possible functions for the protein 

Tasks:

· Load the structure of 1A2F.pdb into VMD.

· Hide everything except for residue 13 to 33.

· What kind of secondary structure do you recognize?

· Switch to “Licorice” mode.

· Look for H-bonds

· How are the H-bonds arranged in comparison to 1SLK.pdb? Discussion in class.
· Do you see any special order in the orientation of the H-bonds? Discussion in class.
· Open the file using an editor. How was the structure obtained?

· What was the resolution? Any ideas what does “resolution” mean?

· Example 3: Pi4 SCORPION TOXIN (1N8M.pdb)
You will:
· Download protein from www.pdb.org
· Identify secondary structure)
· Identify hydrogen bonds 

· Identify cysteine residues. Do you recognize something in the way they are arranged?
· How were the above structures obtained? 

Tasks:
· Load the structure of 1N8M.pdb into VMD.

· What kind of secondary structure do you recognize?

· Make a list of residues (by number) belonging to alpha-helices.

· Make a list of residues (by number) belonging to beta-sheets.

· Give the percentage of each secondary structure in relation to the number of amino acids.

· Select all the cysteine residues in the structure.

· Visualize them with “Licorice”.

· Do you recognize something in the way the cysteines are arranged?

· What is the use of this arrangement?

· Open the file using an editor.

· How was the structure obtained?

· Example 4: HEMOGLOBIN (1XZ2)
You will:
· Download protein from www.pdb.org
· Identify secondary structure.
· Identify Heme-Protein interactions.

· Identify interprotein stability.

Tasks:
· Load the structure of 1XZ2.pdb into VMD.

· What kind of secondary structure do you recognize? (Visualize with “Cartoon” or “New Cartoon”).

· How are these secondary structures connected?

· Open the 1XZ2.pdb with your file editor. How many proteins are included in this file?

· Are all the proteins in this tetramer the same?

· From the “Graphical Representations” box, click on “Coloring Method = Chain”.

· Click on the “Create Rep” and in the “Selected Atoms” type “resname HEM”. In the “Draw Style” tab choose “Licorice”.

· Click on “Create Rep” again. In the “Selected Atoms” box write “all”. Choose “Coloring Method” = Type and “Drawing Method” = Lines.

· Can you identify the residues that are proximal to the heme?

· What interactions do you observe between the protein and the heme?

· What kinds of interactions keep the four hemoglobin proteins together?

· Can you identify residues that could contribute to interprotein stability? Split in three teams and make a list of findings, then discuss findings in class.

· How was the structure solved?

· Example 5: Download the protein of your choice and visualize it! What are its distinct characteristics? Ideas: 
· Aspirin bound to phopsholipase A2 (1OXR)

· Ibuprofen bound to COX2 (4PH9)

· Collagen (1CAG)
· Nevirapine bound to HIV reverse transcriptase and DNA (3V81) 

· Anaplastic Lymphoma Kinase in complex with the drug crizotinib (2XP2)
Keywords: amino acids, primary / secondary /tertiary structural elements, hydrogen bonds, salt bridges, disulfide bridges, hydrophobic effect
Readings: 

· Alberts, Bray, Lewism Raff, Roberts, and Watson, Molecular Biology of the Cell. Garland Publishing Inc, Third Edition, pg. 111-128 from Chapter 3) or Fifth Edition, pg. 125-149. [image: image2.png]
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