Name ____________________________


Investigating Serine Proteases using Chimera


Assignment Objectives:

· To learn to use the Chimera program to view protein structures in 3D

· To gain insight into enzyme structure-function through the use of Chimera

· To illustrate key features of the serine protease active site using Chimera

· To prepare illustrations that clearly demonstrate knowledge of serine protease structure function.

· To communicate this knowledge by formulating a figure caption that clearly summarizes how the visual image illustrates a specific aspect of structure-function.  

Before you start this assignment:

Review the mechanism of serine proteases (trypsin and chymotrypsin) in a textbook or online.  Focus on understanding the overall structure of the active site, the roles of the catalytic residues and the basis for specificity in the serine protease family.

How to turn in this assignment:

You will turn in one MSWord document containing the answers to the questions, the images you generate and the captions for those images.  This will allow me to assess the structural pictures you generate in color without receiving a color printout. Answer the questions in your own words with your answers in bold text in a different font than the one used for the instructions.  This will be an independent assignment so do your own work.  

How to insert images into the document:

You can write a scene from Chimera to an image file that can be opened in Microsoft Word.  You could also do a screen capture (Using the Ctrl-Alt-PrntScreen approach in Windows or the Grab application in OSX) and paste into Microsoft Word.

General Questions:
1. On the PDB website, what is the molecule of the month? ________________ 

2. Go to www.jbc.org and look up the following paper and look at the figures and figure legends as examples of how figure legends are used to describe the structural pictures and provide information: 

Steffen P. Graether, Carl I. DeLuca, Jason Baardsnes, Gregory A. Hill, Peter L. Davies, and Zongchao Jia Quantitative and Qualitative Analysis of Type III Antifreeze Protein Structure and Function  J. Biol. Chem., Apr 1999; 274: 11842 - 11847   

How many figures are in this paper?_________

What is an antifreeze protein, why is it important to know its structure?

You should use the PDB site, the .pdb file for  bovine trypsin or the internet to answer these questions.

3. When you searched for bovine trypsin how many entries were recovered from your search? ________________  

4. From the .pdb file, what is another name for trypsin? _____________________   

5. How many disulfide bonds are found in the protein?________________________

6. What is/are the name(s) of the heteroatom(s) in this structure? _____________________________  

7.  Including the heteroatom, the coordinates of how many atoms are given in this structure? __________________________  

8.  Is trypsin made of mostly helix or sheet?___________________   

9. How many residues in trypsin are located in a beta sheet?  ________________

10. What is the name of the inhibitor that is bound within the active site?_____________________

11.  Explain how you think the inhibitor works. (Hint draw out the structure of the inhibitor and see how this compares with molecules that might bind to trypsin)

12. Are there any residues that have phi psi angles outside the ‘normal’ ranges generally indicated for helices, sheets and turns?  In a table below, list 5 of these residues (the amino acid abbreviation), the residue number, find that residue in the protein and describe its location (inside, outside, in a helix, sheet, loop etc) .  From this analysis do you see a pattern for these residues (e.g. are they all located in a similar place).  Based on the structure of trypsin and what you know about protein structure does this make sense?

Structure Pictures and Captions:  The pictures you generate in Chimera should be inserted below.  A caption describing the figure should be included below the picture.  The captions should be informative descriptions of the pictures you submit, similar to what you would see in a journal article (see above for examples).  They should have explanations of the coloring of the figure and describe the point of the image.   Your descriptions should be a little more detailed than those in the paper you looked up in the Journal of Biological Chemistry because they will not be imbedded in a journal article.  

The instructions below contain specific questions you should be addressing in each caption.  Remember that you generate the image and know what everything in that image means, I do not know this so be as descriptive as possible so that a person with no knowledge of the purpose of that picture can understand what it represents. (you may want to share your pictures and captions with each other to get a critique).  Each caption should be a short paragraph – make your words count!
**Erase the instructions when you type your captions and insert your pictures below ***

Exercise 1: The basics

Structure #1 Title:_________________________________________________

Structure instructions:  Create a ribbon diagram of trypsin, color it by secondary structure or by secondary structure succession. Place labels on the N-terminal and C-terminal residues.  Make the heteroatom(s) appear in ball and stick representation. Rotate the structure so that you best see the inhibitor bound within the active site and zoom the structure in/out to best view the active site, while still retaining the entire protein in the frame.   

Caption:  What is the point of this image, what does it show?  What color scheme did you use?  What is the representation of the molecule? How do you know where the active site is located?  

Structure #2 Title: __________________________________________________

Structure instructions:  View the structure including all side chains and the peptide backbone with its van der Waals surface.  Retain the inhibitor in ball-and-stick form so that it can be seen within the active site. 

Caption:  The caption for this figure should highlight some of the knowledge that you gain from this structure.  Look up the mechanism of the serine proteases, remember what you know about active sites, where they are located and what types of residues should be located in and around active sites.  Answer these questions in your caption: What is the point of this image, what does it show?   What is the environment that you observe around the inhibitor?  Does this make sense given what you know about serine proteases? 

Exercise 2: More advanced tools

Structure #3 Title: __________________________________________________

Structure Instructions:

Turn on 'Slab' mode with the protein seen in ball-and-stick mode or using the van der Waals surface. Find a cross section that clearly shows the major interactions between the inhibitor and the residues within the active site. 

Caption:  What is the point of this image, what does it show?  How are you viewing the structure (ball and stick, van der Waals surface) and how the residues are colored (by type, by secondary structure, by standard atom coloring).  What are the important features of this view that allow you to see how the inhibitor is bound within the active site?  Explain this.

Structure #4 Title:  _________________________________________________

Structure Instructions:  Make a zoomed in view of the active site containing the following features:  The inhibitor, the catalytic triad (Ser 195, His 57, Asp 102).   Clearly label the residues.  Compute H-bonds and explain the interactions between the catalytic residues based on your knowledge of the serine protease chemical mechanism.  You may use slabs to get a better view of the interactions.  You may use whatever type of model (ball and stick, ribbons, space-fill) you wish as long as your figure clearly supports your analysis.
Caption:  How are you viewing the structure (ball and stick, van der Waals surface) and how the residues are colored (by type, by secondary structure, by standard atom coloring)? What is the point of this image, what does it show both structurally and graphically?  
Exercise #3 :  Mutation

Structure #5  Title:  _______________________________________________

Structure Instructions:  This is an investigation of residue #189.  Consider the following information…  This residue is an Asp in trypsin and is a Ser in chymotrypsin.  If this residue in trypsin is mutated to a Ser the specificity of the protease is reduced (it no longer cleaves beside Arg or Lys).  Based on the structure you have available propose a role for residue #189.  Support your ideas with at least two pictures (but at most 4) .  In the first show the structure of the active site (showing H-bonds might help) with a focus on Asp 189.  Then use the mutate tool to change this residue to Serine.  Show this picture as well.

Caption:   Your caption should address the issues above.  What contacts does the residue in question make with the inhibitor?  How might these contacts with the inhibitor be similar to that of the substrate and what does that tell us about the role of #189 in the specificity of the enzyme?  What happens when you make the mutation?  How might this change specificity?
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