Possible Test 1 Questions

1) Glycosyl hydrolases are one of the largest enzyme families 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:

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

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

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?

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)

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 of each protein used.

3) Answer all of the following questions about the sequence found in your Winthrop Inbox. (Use 2agi without ligand, they’ll find the ligand bound structure in the PDB)

i) What type of enzyme is it?

ii) What are the active site residues? (Be specific, include name and residue number)

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.

iv) Label the residue primarily responsible for substrate specificity.

v) Label the residues that help stabilize the transition state.

4) Compare and contrast the features of macromolecular and small molecule binding sites.

5) Describe an active site with respect to geometry and physico-chemical features.  Use one of your assigned proteins as an example.

6) Using the structure file found in your Inbox, clearly label the Walker P-loop, nucleotide specificity motif and both switch regions of the protein.  Use the example seen in lecture as an example.  (Use 221p with everything except for the magnesium removed)

7) 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. 

