CHEM524 Test 1




Name:__Key______________

Monday, February 14, 2011

You may use any available scientific database, the NCBI BLAST server, the Clustal server, JalView and Chimera for this exam.  You may not use the lecture notes, Google or any similar search engine to hunt for answers or help.  This exam is worth 50 points towards your final score with each question worth 10 points.  Relax, take your time and do your best.

1) Glycosyl hydrolases comprise the largest enzyme family in the world.  This group has evolved a wide array of three-dimensional topologies to facilitate the binding of all possible carbohydrate polymers and position the catalytic amino acids in place to hydrolyze the glycosidic bond between adjacent sugar monomers.   One family of these enzymes contains xylan hydrolases from a variety of genera.  Xylan hydrolases use 2 conserved glutamate residues, one as a proton donor and one as a nucleophile, as well as a water molecule to split a carbohydrate polymer in two.  The residues are aligned with each other in a perpendicular manner with respect to the binding site (they look like scissor blades with the substrate laying between as a string would).  Using the sequences of Erwinia chrysanthemi xylanase A (XynA) and Bacillus subtilis xylanase C (XynC) as a foundation, answer the following questions.  Type and paste your answers into this document with clear and concise figure captions that explain which part of the problem you are answering as well as what is in the figure.

i) What are the amino acid numbers of the catalytic glutamates in the Bacillus enzyme?

First things first, you would need to search NCBI for the PDB file of each enzyme.  Erwinia chrysanthemi XynA is PDB entry 1nof and Bacillus subtilis XynC is 3gtn (there are several for XynC, but take the simplest, non-ligand bound form). 

At this point, you could use Jalview to download the sequences form the PDB and perform an alignment of the 2 structures.  If you did this, you would find 6 conserved glutamates.  Not much help there.  We know that the residues must be in close proximity from the problem, so we’ll need to look at the conserved glutamates in Chimera.  You could take a couple of approaches here:  a)  Take note of the residue numbers of 6 conserved glutamates in the XynC structure (E140, E146, E154, E174, E229 and E279) and then load the 3gtn file and look at them or b)  You could also look at the next problem and see that you need to do a structural alignment anyways, so why not load both PDB files into Chimera and perform a structural alignment?  The 3gtn file has 2 chains whereas the 1nof only has one, so let’s remove chain B from the display window in Chimera by selecting it and hiding it.  We’ll also want to hide all the ball and sticks that may be on the screen for the remaining chains.  Perform a structural alignment in Chimera by choosing the ‘A’ chains of each model as alignment partners (its an option in the Multalign window).  Once you do that, you could show just the glutamates by typing:  ‘show ::GLU’ in the command window.  After that, you should clearly see that only 3 (140, 229 and 174 in the XynC sequence) of the conserved glutamates as close together at the center of the TIM barrel.  Residue 174 is pointing away from the surface of the protein and is actually 0.6 angstrom farther away from E229 than E140 is.  This should indicate to you that E140 and E229 are the catalytic glutamates.
[image: image1.wmf]
Figure 1:  Distances between putative catalytic residues in the active site of B. subtilis XynC.  The amino acid chain of E. chrysanthemi XynA is colored white and that of B. subtilis XynC is colored purple.

ii) Draw a ribbon diagram of the structure of the Bacillus protein and render the catalytic amino acids as ball and sticks.

This is pretty straightforward.
iii) Perform a structural alignment of the Erwinia and Bacillus structures and show where they differ.  Do the regions of difference make sense given what you know about molecular evolution?  Explain.

Using the Match -> Align tool in Chimera, we can easily see the RMSD of the aligned structures.   The structures clearly show that the regions of difference are in loops, which are more mutable than secondary structural elements, so yes, it makes sense.
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Figure 2:  Sequences of structurally aligned B. subtilis XynC and E. chrysanthemi XynA.  Areas of significant distance differences between the aligned structures are shown in the RMSD plot above the sequences.

iv) Using your knowledge of carbohydrate structure and organic chemistry, write a possible reaction mechanism for the xylan hydrolase catalyzed hydrolysis of a dimeric substrate.  (The hydroxyl substituents of xylose are positioned the same as those in glucose and xylan is a polymer of beta-1,4-linked xylose monomers)  You’ll need to write you answer on a piece of paper.  You only need to include the side chains of the requisite active site residues, two xylose monomers and any other chemical species (water) needed to complete your mechanism.

Oh boy.  Well, I told you that the mechanism involved standard acid/base catalysis and a water molecule in the problem, so you know that you need to have a glutamate (nucleophile/base), a glutamic acid (proton donor) and a water.  
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Step I: Nucleophilic attack by the catalytic base with subsequent cleavage of the
xylosidic bond and proton capture from the resulting oxyanion. An acyl-enzyme
intermediate is formed between the anomeric carbon of the product and the catalytic
base residuc.
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Step 2: Creation of an activated water molecule via proton abstraction by the deprotonated
catalytic acid residue. This results in creation of a hydroxide ion that attacks the anomeric
carbon involved in the acyl-enzyme bond, with subscquent regeneration of the catalytic base
residue.
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2) Explain the differences between convergent and divergent evolution.  Use specific examples of a family of enzymes as well as specific enzymes in that family.  Use Chimera to illustrate your answer by showing the structures of your examples.  Include the PDB ID codes and names of each protein cited.

Convergent evolution is defined as the development of enzymes that catalyze the same reaction despite a complete lack of primary structure similarity.  The catalytic residues of proteins related by convergent evolution are in the same location of the tertiary structure, but the proteins do not share domains or folds.  Proteins related by convergent evolution are typically found in different genera of organism.  Divergent evolution refers to the creation of new specificities of a common protein fold.  Two proteins may have evolved from an ancestral gene, but following duplication of that gene, the proteins are evolving into completely different enzymes, with respect to substrate specificity, catalytic efficiency or even catalytic function (given enough evolutionary time).
Examples of convergent evolution would be subtilisin and trypsin.  Examples of divergent evolution would be chymotrypsin and elastase.  We discussed these in class.
3) Describe 3 types of posttranslational modifications found on proteins.  You must mention the exact chemical type of modification and the role of each modification in the function of the protein. 

This is straight from the lecture notes.  Glycosylation, ubiquitination, sumoylation, methylation, acetylation, phosphorylation, acylation (lipid attachment) are all acceptable examples.  Note:  Lipid rafts are not acceptable, that is an entirely different concept and has to do with the grouping of proteins with similar acyl groups/lipid moieties attached to them.
4) Answer all of the following questions about the PDB file accompanying this test.  Type and paste your answers into this document with clear and concise figure captions that explain which part of the problem you are answering as well as what is in the figure.

i) What type of enzyme is it?

Serine protease  This is trypsin, PDB ID code 2agi.  You could have BLASTed the NCBI PDB database with the sequence extracted from the file in Jalview.  We discussed this exact structure in class.
ii) What are the active site residues? (Be specific, include name and residue number)

H57, D102 and S195
iii) Using Chimera, show the active site residues on a ribbon model of the protein with the helices colored orange, the strands colored blue and the active site residues colored by element and labeled.

Simple enough
iv) Label the residue primarily responsible for substrate specificity.

D189 is responsible for substrate specificity.
v) Label the residues that help stabilize the transition state.

The oxyanion hole is created by the amide hydrogens of glycine 194 and serine 195.
5) Describe the four intermolecular forces that play a role in protein structure and function.  State the Coulombic potential energy relationships for each force.  Which force(s) drives protein folding?  Which forces are important in maintaining protein structure?  Which forces are normally dominant in the active site of a protein?  Using one of your assigned proteins as a template, identify residues that are involved in at least two of these types of forces.  For example, if you had 2 cysteines and 2 histidines that bound a divalent metal cation, you would identify them and name the force that this interaction represents.  You would then need to find another pair of residues that are involved in another type of force.

This makes the 4th semester that you’ve heard of these intermolecular forces.  The FOURTH semester!!!!!!  But they still pose a problem for you.  Refer to the lecture notes and find them. 
Protein folding is driven by the exclusion of hydrophobic residues from solvent, so you could say that the creation of London force interactions between hydrophobic residues drives protein folding.  Van der Waals forces include Dipole/Induced dipole and London Forces.  The combination of Van der Waals forces and dipole/dipole interactions (specifically hydrogen bonding) are primarily responsible for holding proteins together.  In the active site, Van der Waals forces are chiefly responsible for holding the substrate in place.  Dipole/dipole interactions serve to align the substrate properly.
