Visual Literacy Lab Worksheet  

Learning objectives:
· To become familiar with using FirstGlance in Jmol molecular visualization software for viewing and analyzing protein structure
· To deepen your understanding of the relationship between protein structure and function
· To develop and demonstrate your process of critical thinking

Go to the FirstGlance in Jmol homepage (https://bioinformatics.org/firstglance/fgij3.0/ or simply search for ‘FirstGlance in Jmol’ in your browser). Enter the PDB ID 1a3n in the window at the top and press ‘submit’.  

1. What is the name of this protein? (1)

2. Let us consider some details about this protein:
a. When was this structure determined? (1)
b. Which experimental method was used to solve this structure? (1)
c. What do we know about the resolution and quality of this experimentally determined structure? (1)
d. How many polypeptide chains does this protein contain? How many unique polypeptide chains are in this protein? How long is each chain?  What colour is chain A? (2)
e. Which residues are missing from the structure? How did you figure this out? (2) 
f. Looking at the structure, what can you tell about the secondary structure of this protein? (1)
g. Are there any coenzymes or ligands in this structure? What are they, and how many of them are in this protein? (2)

3.  Go to the Views tab at the top to change the viewing features.	
At the top of this (top left) window, you can select different types of representation (rendering) of the structure.  Click on different rendering styles.  The window on the bottom left describes details of each rendering style.

You can also click on the buttons in the grey Button Box to see what effect they have.  (You may prefer to view the molecule on a white background, spin the molecule, or change the view quality.)

Which structural features are effectively illustrated by each rendering style? Which structural features are not? Note: you may want to come back to this question after you finish question 10. (6)

Secondary structure:
Cartoon:
Solid:
NC Rainbow:
Vines/Sticks:
Thin Backbone:

4. Now look at the Focus Box, found under the Button Box.  Explore the functions available here.  
Click on Hide to hide all but one chain (A).  Now use Center atom to center your view on that chain. Alternatively, you can use Isolate to only show one chain.  Find draws yellow halos around your selection of atoms.
Now center on the heme iron that is bound to chain A.  Find the two histidine residues that sandwich the heme.  (Which rendering mode should you be using?)  One of these histidines is closer to the iron.  It is called the “proximal” histidine.  The other one is called the “distal” histidine.  Identify the sequence numbers of the two histidines, and measure the distance from the iron to the closest side chain nitrogen of each of these histidines.  (To measure distance, click on Distances/Angles  in the Tools tab, and follow the instructions. You may want to adjust the Slab thickness.)

“proximal” His: (1)
“distal” His: (1)

5. On which side of the heme will the ligand ________________ bind?  (1)

6. Identify (by name and sequence number) the amino acids that form the ligand binding pocket. Hint: PDB entry 6BB5 will help you answer this question. (2)

7. In answering questions 4 and 5, what did you find to be the most effective rendering style, and why? (1)

8. Compare the structure of the heme group in PDB entries 1A3N and 6BB5.  What is the main structural difference in the heme group itself between these two structures?  What is the role of this difference in the function of hemoglobin? (2)

9. Hemoglobin is an allosteric protein.  One of its most powerful allosteric effectors is 2,3-bisphosphoglycerate (BPG), which binds in the “central cavity” of hemoglobin.  Let us locate the “central cavity” in the structure of hemoglobin. It is lined by H2, K82, and H143 from the 𝛽- chains (B and D).  Use the Find button in the Focus box to highlight the central cavity residues.  Describe in 2-3 sentences where the central cavity is located in hemoglobin.  (2)

10. What is the significance of the residues identified in question 9 lining the central cavity of hemoglobin? (1)

11.  Create an image showing the structure of hemoglobin and highlighting the location of the central cavity.  (Position the molecule in the desired view and click Save Image or Animation for Powerpoint at the bottom of the structure viewing window.)  You can either email the image to tessiera@macewan.ca or print it and attach to your assignment.  If printing, it is a good idea to use a white background. (2)

12.  Justify your choice of rendering style to best represent the central cavity of hemoglobin. (1)

13. Individual Exploration1 (9)

Use the information and resources in the PDB and FirstGlance in Jmol to answer the following questions about the protein that has been assigned to you.

What is your assigned PDB ID? __________
What is the name of your protein?
Which organism is the natural source of this protein?
If this is a recombinant protein, in which organism was it expressed?
What year was the structure deposited in the PDB?
What is the resolution of the structure?
How many polypeptide chains are in the structure?  What are their identifiers?
Find the first Leucine residue after residue 50 in the first chain:
· What is its residue number and chain ID?
· What is the shortest inter-residue contact with the CB atom? (give the residue number, atom type of the contacting atom, and distance in Å)
· What is the shortest inter-residue contact with the CD1 atom?
· Are these contacts mainly hydrogen bonds or van der Waals contacts?
· Is this side chain buried or accessible?
· What are the Phi and Psi angles of this Leu?   Phi = ________     Psi = ________
· What secondary structure is it in?

The structure contains at least 1 ATP molecule.  For the following questions, use the first ATP molecule if there are more than one.
· What is the PA-O-PB angle?
· Which atom of which amino acid comes closest to the adenine base?
· What is the distance and type of contact?
· Which amino acid comes closest to the gamma-phosphate?

14. Reflection (1)
How do you think the visual literacy skills that you learned in this lab will help you in the future? 
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