2012 Science Olympiad
Protein Modeling Exam (Regionals)

Note: This is a transcribed version of the actual exam, because I lack a decent scanner. Also, the judges didn’t give me an answer key, but they (sort of) wrote the correct answers on the exam I took. Some of the short answers are not completely accurate, because I wrote the answers based on what I had that earned me credit and the additional things the judges wrote on the exam.
__E__ 1. Which features are characteristic of a cell undergoing apoptosis?


(A) Cell membrane blebbing


(B) Fragmentation into smaller bodies


(C) Swelling of cytoplasm


(D) A, B and C


(E) A and B


(F) B and C

__B__ 2.  Which of the following amino acids is hydrophobic?


(A) Histidine


(B) Leucine


(C) Serine


(D) Lysine

__D__ 3.  What is the name of the chemical reaction that catalyzes the formation of the peptide bond?


(A) Oxidation-Reduction Reaction


(B) Substitution Reaction

(C) Chemical Decomposition


(D) Dehydration Synthesis 
__B__ 4.  Which of the following structures is an amino acid?
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__C__ 5.  What are the four amino acids that coordinate the zinc atom in the BIR domain of the XIAP

    protein?


(A) 2 Cys, 1 His and 1 Tyr


(B) 2 His and 2 Cys

(C) 3 Cys and 1 His


(D) 3 His and 1 Cys

__E__ 6.  The XIAP protein is known to function in which pathway(s) in the body?


(A) The immune system response to inflammation


(B) Apoptosis

(C) The digestive system


(D) All of the above


(E) A and B


(F) B and C

__A__ 7.  What is an exome?


(A) The portion of DNA that is expressed as protein.


(B) The portion of DNA that is not expressed as protein.


(C) The portion of RNA that is expressed as protein.


(D) The portion of RNA that is not expressed as protein.

__C__ 8.  Nic’s DNA was sequenced using a “next-generation” DNA sequencing method. Which of the

   following statements regarding this sequencing method is INCORRECT?


(A) Nic’s DNA was randomly broken up into many small pieces at the beginning of the

       procedure.

(B) During the actual DNA sequencing reaction, a DNA polymerase synthesized a new strand of

       DNA that was complementary to a fragment of Nic’s DNA.

(C) A high-resolution DNA sequencing gel was used to separate the DNA fragments

       synthesized in each well of the sequencing slide.

(D) Each “hairy bead” in the DNA sequencing reaction contained multiple copies of a different

       fragment of Nic’s DNA.
__B__ 9.  What are the targets of cysteine proteases?


(A) Oligosaccharides


(B) Proteins

(C) Nucleotides


(D) Phospholipids

__A__ 10.  What is the first step in the mechanism catalyzed by a caspase?

(A) A nucleophilic attack by the deprotonated cysteine on the substrate carbonyl carbon.

(B) A thioester intermediate is formed by linking the new carboxyl-terminus of the substrate to

       the cysteine thiol that is formed.

(C) Deprotonation of a thiol in the active site by an adjacent basic amino acid.

(D) Hydrolysis of the thioester bond to generate a carboxyllic acid on the substrate.
Short Answer Questions:

1. Which two amino acids on caspase-3 make up the active site for this enzyme? (1 pt)

Cysteine-285 and Histidine-237

What is a nucleophile? (2 pts)

A nucleophile is a species that donates an electron pair to an electrophile. It is attracted to a negatively charged species to form a chemical bond.

Which amino acid in the active site of caspase-3 functions as a nucleophile? (1 pt)

Cysteine-285

2. What is the significance of the mutation at the structural level that Nic Volker has in the XIAP gene and protein? (4pts) TIE BREAKER
The mutation on Nic’s XIAP gene replaced Cys203 with a tyrosine residue. The replaced cysteine serves to stabilize the zinc finger motif on XIAP that binds to zinc and allows the protein to properly function. XIAP serves as an inhibitor to caspase-3, and if XIAP is defective, unregulated apoptosis will occur.

3. Caspases are the executioners of apoptosis. Name four specific examples of activities initiated by caspases that ultimately lead to the death of the cell. (4 pts)

During apoptosis, the chromatin condenses, and the nucleus and chromosomal DNA are fragmented. Also, the cell shrinks and becomes lobed (blebs), which are then packaged in vesicles that are digested by other cells.

4. One of the reasons why the researchers keyed in on the mutation in the XIAP protein is because this is a highly conserved protein. The amino acid that is mutated in Nic’s XIAP protein is conserved across many different species (from house flies to humans). (4 pts) TIE BREAKER
What does the phrase “highly conserved” mean? (1 pt)

Highly conserved means that the residue appears fairly consistently amongst different organisms. There has been little to no change in the nucleotide sequence.

Why would a mutation in this region signal to the researchers that this might be the cause of Nic’s problems? (3 pts)

Because the region is fairly consistent amongst different organisms, a mutation is a sign that this is the cause of Nic’s disease. A mutation here warrants further investigation, as the highly conserved protein suggests that this structure is essential to proper functioning and survival.

5. On your model of XIAP (the on-site build), you positioned Cys203 and Arg233. Explain the significance of each of these amino acids with respect to the function of XIAP. (4 pts)

Cys203 is one of the residues, along with 2 cysteines and 1 histidine, that stabilize the zinc finger motif by coordinating the zinc atom. This motif helps stabilize the structure of XIAP and allows it to properly bind to caspase-3.
Arg233 forms an electrostatic bond (salt bridge) with a negatively-charged (acidic) residue on caspase-3, helping secure the bound XIAP as it competitively inhibits caspase-3.
