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Orlando Science School Invitational 2019 

 
Written by Sophia Velasco, University of Florida 

 
 
Instructions and Clarifications:  

- You have 50 minutes to finish this exam and the computer exploration of protein structure. 
The exam and computer exploration are worth 60% of the overall grade.  

- Each participant may bring one 8.5” x 11” sheet of paper that contains information about 
this event without any annotations or labels affixed along with writing utensils for each 
participant.  

- You may split the exam but you are responsible for placing them in the correct order 
afterwards. The page numbers are located in the lower right corner for your convenience. 

- There are five tiebreakers in this exam. They are labeled as TB#.  
- Write your team number on every page of the answer sheet.  
- Anything written on the exam will not be graded. Only the answer sheet will be graded. 
- If you have any questions or comments about this exam, feel free to email me at 

velasco.scienceolympiad@gmail.com. Happy testing! 
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I. General Biochemistry of Macromolecules  
 
Multiple Choice: Choose the most appropriate answer for each question below. Each question is 
worth one point. (10)   
 

1. What level of structure determines that native conformation of a protein? 
a. Primary 
b. Secondary 
c. Tertiary 
d. Quaternary 
e. None of the above  

 
2. What is the degree angle of the hydrogen bonds in antiparallel beta sheets? 

a. 0 
b. 90 
c. 180 
d. 270 
e. None of the above   

 
3. Which of the following statements about protein folding is correct? 

a. It is a nonspontaneous process. 
b. The pH and temperature does not affect the conformation of a protein.   
c. The C-terminal portion of a protein folds before the N-terminus. 
d. Conformational entropy opposes hydrophobic interactions.   
e. None of the above  

 
4. What is the general Gibbs free energy value of protein folding? 

a. Sometimes positive 
b. Positive 
c. Zero 
d. Negative 
e. None of the above  

 
5. Which of the following is a technique used to study protein folding? 

a. X-ray crystallography 
b. Fluorescence spectroscopy 
c. Circular dichroism 
d. Vibrational circular dichroism  
e. All of the above 
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6. What dogma states that the native structure is determined only by the amino acid sequence 

of a protein? 
a. Thermodynamic hypothesis 
b. Hydrophobic effect 
c. Levinthal’s paradox 
d. Molecular chaperones 
e. None of the above 

 
7. What amino acid is considered to be a “helix-breaker”?  

a. Tyrosine 
b. Glycine 
c. Alanine 
d. Phenylalanine 
e. None of the above 

 
8. Which of the following statements about DNA base pairing is correct? 

a. Purines form salt bridges to pyrimidines. 
b. Adenine can bind with either thymine or guanine. 
c. Two hydrogen bonds can occur between guanine and cytosine. 
d. Hydrogen bonds in DNA are covalent bonds. 
e. None of the above 

 
9. What can be found in an RNA nucleotide? 

a. Deoxyribose sugar 
b. Thymine  
c. Adenine  
d. Sulfhydryl group 
e. None of the above 

 
10. Which of the following statements about the CRISPR-Cas9 system is correct? 

a. Cas9 does not cut at a specific site in the genome.  
b. gRNA is a small piece of pre-designed RNA sequence located within a longer RNA 

scaffold.  
c. Guide RNA is not complementary to those of the target DNA sequence in the 

genome.  
d. The guide RNA follows Cas9 to make a cut across the two strands of DNA.  
e. None of the above 
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Short Answer: Answer the following questions below as specific and concise as possible. 
Complete sentences are not required for this section. Each question is worth one point. (10) 
 

1. Protein stability is determined by the difference in what two values? Gibbs free energy ΔG 
between the folded and unfolded states.  

2. What is the equation for Gibbs free energy? G = H - TS 
3. Which protein would unfold slower: a kinetically stable protein or a kinetically unstable 

protein? Kinetically stable protein 
4. Even though hydrophobic interactions and hydrogen bonds have small free energy per 

residue, why are they still prevalent and have a strong influence on protein structure? 
There are so many of them.  

5. What is the factor that has the greatest influence to the stability of a protein in its unfolded 
state? Conformational entropy 

6. What is the term to describe the measure of how rapidly a protein unfolds? Kinetic 
stability  

7. The monomeric units of RNA in humans is linked by what type of bond? 3’5’ 
phosphodiester bridges (give 0.5 point phosphodiester bridges) 

8. What are the full names of the four possible bases for RNA? Adenine, guanine, cytosine, 
and uracil. (Do not accept A, G, C and U) 

9. What ion stabilizes the phosphate backbone of DNA? Magnesium 
10. What are the three components of DNA nucleotides? Pentose sugar (2-deoxyribose), a 

phosphate group (H3PO4), and a nitrogen-containing base 
 

Illustration: Draw the amino acid structure of histidine. The maximum points for this section is 
four points. (4) 
 

 
- 1 point for amine group 
- 1 point for carboxyl group 
- 1 point for hydrogen bonded to alpha carbon 
- 1 point for the correct R group/side chain of histidine  
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Diagram-based questions: Use the diagrams below to answer the following questions. (28)  
 

1. There are other factors that affect protein stability besides the hydrophobic effect and 
hydrogen bonds. The following questions below refer to these factors. The point values are 
addressed in the parentheses. (5)  

  
A. Letter A indicates what protein interaction? (1) Electrostatic interactions 
B. Letter B indicates what protein interaction? (1) Hydrogen bonding 
C. The combination of the two interactions above result in what type of 

bond/interaction? (1) Salt bridge 
D. Are the interactions shown in the diagram covalent or noncovalent? (1) 

Noncovalent  
E. What two amino acids are shown in the image above? (1) Glutamic acid and lysine 

(0.5 points per amino a 
 

2. The structure below is one of the common motifs in the protein secondary structures. 
Answer the following questions about this motif. The point values are addressed in the 
parentheses. (7) 

 
A. What motif is shown in the diagram? (1) alpha helix  
B. What functional group is highlighted by the red color? (1) carbonyl 
C. In this motif, what functional group donates a hydrogen bond to the C=O group of 

the amino acid that is located n+3 or n+4 earlier along the protein sequence? (1) 
N-H group  

D. Based on the image and common knowledge about this motif, the groups referred to 
in part (B) are spaced apart by how many degrees? (2) 100 

E. How many residues are there per turn of this motif? (2) 3.6 
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3. There are four main structure levels in proteins. Use the diagram below to answer the 

following questions about protein structure. (5) 

  
A. Define tertiary structure. (1) a protein’s three dimensional shape  
B. What level(s) of protein structures is/are present in the diagram? (2) primary, 

secondary, tertiary (give one point if incomplete) 
C. Infer the nature of the amino acids located in the interior of the protein above. (1) 

hydrophobic/nonpolar 
D. What types of bonds in this protein structure would form between two polar “r” 

groups? (1) hydrogen bonds  
 

4. The structure below is another molecule that is stabilized by different chemical 
interactions. Answer the following questions below based on this molecule and its chemical 
interactions. (11)  
 

 
 

A. State the full name of the molecule above. (1) deoxyribonucleic acid (do not accept 
DNA) 

B. What type of bonds occur between the sugar of one unit and the phosphate of the 
next unit? (2) covalent bonds 

C. What structure results as a result of the bonding interaction in part B? (3) 
alternating (1) sugar(1)-phosphate(1) backbone  

D. State the full names of the nitrogen-containing nucleobases in each nucleotide. (4) 
cytosine, guanine, adenine, thymine (one point for each, do not accept C, G, A, T) 

E. The two chains of this molecule are bound by what type of bonds? (1) Hydrogen 
bonds 
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II. CRISPR-Cas Systems and Cytidine Deaminase  
 

Multiple Choice: Choose the most appropriate answer for each question below. Each question is 
worth one point. (5)   
 

1. In the CRISPR-Cas9 system, which defense stage includes Cas9 recognizing the PAM 
sequence to ensure the acquisition of functional spacers? 

a. Adaptation 
b. CRISPR processing 
c. Interference 
d. None of the above 

 
2. In the CRISPR-Cas9 system, which defense stage includes the crRNA-foreign nucleic acid 

complex being cleaved? 
a. Adaptation 
b. CRISPR processing 
c. Interference 
d. None of the above 

 
3. In the CRISPR-Cas9 system, which defense stage involves pre-crRNA being transcribed 

at the leader region by the host RNA polymerase then cleaved by Cas proteins? 
a. Adaptation 
b. CRISPR processing 
c. Interference 
d. None of the above 

 
4. The guide RNA would be located in what two lobes of Cas9? 

a. Alpha-helical lobe and RuvC 
b. RuvC and HNH 
c. Alpha-helical lobe and nuclease lobe 
d. None of the above 

 
5. The Cas9 nuclease cleaves DNA through what two domains? 

a. Alpha-helical lobe and RuvC 
b. RuvC and HNH 
c. Alpha-helical lobe and nuclease lobe 
d. None of the above 
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Diagram-based Questions: Use the given diagram to guide you in answering the following 
questions about this structure. The point values of the questions are addressed inside the 
parentheses. 
 

 
 

A. What is the name of the structure above? (1) Cas9 
B. What is the lobe colored dark blue? (1) Alpha-helical lobe 
C. What is the lobe colored cyan, orange and grey? (1) nuclease lobe 
D. The two lobes in part B and C are connected to each other through what structure? (2) 

single bridge helix 
E. State the color of the lobe that cleaves the target strand of DNA. Be as specific as possible. 

(1) cyan/light blue/sky blue/mint blue (anything BUT dark blue; give 0.5 points for blue) 
F. State the color of the lobe that cleaves the non-target DNA strand. Be as specific as 

possible. (1) Gray 
G. What is the name of the structure that consists of the sequence NGG and is recognized by 

the orange lobe in the diagram? (2) protospacer adjacent motif (accept PAM) 
H. Which domain of this structure forms few contacts with the rest of the protein? (2) HNH 

domain (accept HNH) 
I. What is the base paired to the target ssDNA and is anchored by the structure in the given 

image? (2) sgRNA 
J. In what terminal is the orange colored lobe (in the given image) closest to? (2) C-terminal 

end (accept C) 
K. Where would the guide RNA be located in this structure? Use the colors of the lobes in the 

given image if necessary. (2) between the alpha-helical lobe (dark blue) and the nuclease 
lobe (cyan, orange, and grey).  
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Short Answer: Answer the following questions below as specific and concise as possible. 
Complete sentences are not required for this section. Each question is worth one point. (10) 
 

1. What is the function of cytidine deaminases? Highly conserved enzymes from bacteria that 
mutate cytidine into other nucleotides. 

2. Cytidine catalyze the conversion of cytosine into what nucleotide? Uracil 
3. Does cytidine deaminases cause double-strand breaks in the CRISPR-Cas9 system or not? 

It does not. 
4. List one negative side effect of cytidine deamination. Give one point for any of the 

following: If uncontrolled, it can cause misfolded peptides, dominant-negative proteins, 
mutations in tumor suppressor genes, contribution to tumor formation. 

5. AID was discovered by Muramatsu and other scientists as an APOBEC1 homolog with 
cytidine deaminase properties in stimulated B cell lines. What does AID stand for? 
Activation-induced cytidine deaminase 

6. How does the cytidine deamination by APOBEC1 begin? Activation of zinc-bound water in 
the active center of the enzyme  

7. CRISPR is a component of the CRISPR-Cas system found in bacteria. What does 
CRISPR stand for? Clustered Regularly Interspaced Short Palindromic Repeats 

8. What are the three stages of CRISPR immunity? Acquisition, crRNA biogenesis, targeting 
9. What type of system of CRISPR-Cas has solely been identified in bacteria so far? Type II 
10. Spacer acquisition in Type I systems require the overexpression of what two structures? 

cas1 and cas2  
 

Diagram-based questions: Complete the diagram below. Each letter is worth one point. (10) 

 
 

 
A. Guide RNA  
B. Target specific crRNA sequence 
C. Active sites 
D. Cas9 
E. Target DNA sequence 

F. Deactivated Cas9 (accept Cas9) 
G. Repressor 
H. Target gene 
I. Activator 
J. mRNA 
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Free Response Questions: Read the questions below and answer accordingly. The point values for 
each question is denoted inside the parenthesis. (23)  

  
1. There are different types of CRISPR and each has unique characteristics. Answer the 

following questions about the CRISPR types. (6)  
a. Which CRISPR type(s) is/are only found in bacteria? (2) Type II 
b. Which CRISPR type(s) has an associated trans-activating CRISPR RNA that 

hybridizes with the direct repeats? (2) Type II  
c. In which CRISPR type(s) does the crRNA-tracrRNA hybrids complex with Cas9 

to mediate interference? (2) Type II  
  

2. The Cas9 protein is one of the main components of the CRISPR-Cas9 protein. Answer the 
following questions about Cas9. (9) 

a. Name one signature nuclease domain of Cas9. (1) RuvC 
b. Name another signature nuclease domain of Cas9. (1) HNH 
c. How many subdomains are there in the linear protein sequence of the full RuvC 

domain? (2) 3  
d. The orientation of what domain sterically inhibits the binding of the RNA-DNA 

heteroduplex? (3) C-terminal domain 
e. Cas9 is exclusively associated with what CRISPR type(s)? (2) II 

  
3. CRISPR-Cas systems have increased in popularity in gene editing applications. The 

following questions refer to some of the engineering applications of CRISPR-Cas systems. 
(8)  

a. NHEJ is a process that can be used to repair double stranded breaks. What does 
NHEJ stand for? (2) nonhomologous end-joining 

b. True or False: tracrRNA cannot be transcribed intracellularly. (1) False 
c. True or False: sgRNAs cannot be transcribed in vitro. (1) False 
d. What occurs in “DNA-free” CRISPR-Cas9 gene editing? (4) The system does not 

use CRISPR-Cas9 components (1) in a form of DNA vectors (1). Each component 
is either RNA (1) or protein (1).    

10 



III. Computer Exploration of a Protein Structure  
 
Directions: 3B8F.pdb shows the crystal structure of cytidine deaminase from Bacillus anthracis.  
Use Jmol to explore the protein structure of 3B8F.pdb, then answer the following questions 
regarding its structure. (46) 
 

1. The following questions refer to the hydrogen bonds within the structure.  
a. How many hydrogen bonds are there in the overall structure? (2) 321 
b. How many hydrogen bonds are there in the protein portion of this structure? (2) 

321 
c. How many hydrogen bonds are there from residues 18-40? (2) 24 

 
2. The following questions refer to residue 67. 

a. What is the identity of residue 67? (1) Accept one of the following: Lysine, Lys, K 
b. Is this amino acid acidic or basic at physiological pH? (1) basic 
c. Is this amino acid aliphatic or aromatic? (1) aliphatic  
d. True or False: The α-carbon of this amino acid is chiral. (1) True  
e. Draw the L-enantiomer of this amino acid. No partial credit will be awarded for 

this question. (4)   

 
3. The following questions refer to residue 53. 

a. What is the identity of residue 53? (1) Accept one of the following: Methionine, 
Met, M 

b. Describe the side chain of this amino acid. (3) S-methyl (1) thioether (1) side chain 
c. Because of the side chain, what is the overall nature of this amino acid? (1) 

nonpolar 
d. Is this amino acid aliphatic or aromatic? (1) aliphatic  
e. This amino acid is one of the two sulfur-containing proteinogenic amino acids. 

What is the other amino acid containing sulfur? (2) Cysteine 
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4. The following questions refer to residue 70. 

a. What is the identity of residue 70? (1) Accept one of the following: Histidine, His, 
H 

b. Describe the side chain of this amino acid. (2) imidazole (1) side chain that is 
partially protonated (1)  

c. How many pi electrons does the ring of the side chain contain? (2) 6 
d. How many NH bonds are there when the ring of the side chain is protonated? (2) 2 
e. Why can this amino acid participate in acid-base catalysis? (2) it has the ability to 

switch between protonated and unprotonated states  
 

5. The following questions refer to residue 1. 
a. What is the identity of residue 1? (1) Accept one of the following: Leucine, Leu, L 
b. Is the α-amino group protonated or deprotonated in biological conditions? (1) 

protonated 
c. Is the α-carboxylic acid group protonated or deprotonated in biological conditions? 

(1) deprotonated 
d. Describe the side chain of this amino acid then state the overall nature of the amino 

acid. (3) the side chain is an isobutyl group; overall nature is non-polar (1) and 
aliphatic (1) amino acid  

e. True or False: This is one of the amino acids that is branched. (1) True  
 

6. The following questions refer to residue 20.  
a. What is the identity of residue 20? (1) Accept one of the following: Proline, Pro, P 
b. True or False: This is the only proteinogenic amino acid with a secondary amine. 

(1) True  
c. Are the peptide bonds to this amino acid able to populate the cis isomer, trans 

isomer, or both isomers? (1) both 
d. Draw this amino acid. No partial credit will be awarded for this question. (4)  

 
e. Describe the side chain of this amino acid in one word. (2) pyrrolidine  
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