
Biology 1  
Final Exam 
May 2014 !
Name ___________________ !
Instructions 
2 hours to answer the exam questions. Each essay response is worth up to 3 points unless otherwise 
noted. Each non-essay question is worth 1 point unless otherwise noted, and no partial credit will be 
given for them unless there is a very good reason.  !
If you find the images in the exam difficult to interpret, please talk with the instructor who will have 
higher quality images available on a computer. !
You may use handwritten or printed notes. 
You may not use any technology without permission of the instructor. 
You may not use the textbook.  !

!  



Review !
Fireflies produce light by using the protein luciferase to catalyze a reaction of the molecule luciferin 
with ATP. The product of this reaction, called luciferyl adenylate, then reacts with oxygen to give light.  !
Luciferin’s skeletal structure is given below. (Just treat the hashed line like the other lines; the 
hashed line is used to indicate a bond that is going into the paper, and lies further away from you 
than the rest of the molecule.)  !
1. Each line in this structure represents a(n) __________________ ,  
 a. ionic bond     b. covalent bond    c. van der Waals force    d. hydrogen bonds  
2. which joins atoms together through the interactions of their ____________________ .  
 a. inner shell electrons      b. outer shell electrons      c. nuclei       d. quarks 

   
  3. Draw the full molecular structure with all the carbons  
  and hydrogens written out (2 points).  !

   !!!!!!!!
4. Circle and label two different functional groups (2 point each).  !
5. What kind of protein is luciferase? 
 a. structural      b. enzyme      c. transport      d. transmembrane !

6. Luciferase’s structure is shown to the left. Draw 
a circle around 1 alpha helix and 1 beta-pleated 
sheet. Clearly label which is which (1 point each).  !!!!
7. Luciferase is made up of 
a. nucleotides     b. amino acids     c. fatty acids !!
8. What levels of protein structure are evident in the 
luciferase structure shown? Check all that apply. !
____ primary         ____ secondary          ____ tertiary  !

9. When luciferase folds to take on the structure shown above, where do the hydrophobic side chains 
typically end up?  
 a. on the outside of the protein    b. tucked inside the protein    c. randomly distributed  !



Questions 10 -12 address how each part of the endomembrane system participates in producing 
luciferase; assume that luciferase is produced by cells in the way proteins are generally produced.  !
10. In the nucleus resides the _________ for the luciferase protein, which is used to make ___________.  
a. gene, tRNA     b. gene, mRNA     c. chromosome, genes     d. mRNA, gene      e. allele, mutations !
11. Information for making the luciferase protein then leaves the nucleus and goes to which 
organelle, where luciferase production begins? _________________  !
12. Luciferase proteins are concentrated in specific intracellular structures called photocyte 
granules. Which organelle sorts and packages luciferase so it can be sent to photocyte granules?  
___________________ !!
13. Since the light-producing luciferin reaction requires ATP for energy, which organelle is important 
for this reaction? _________________  !
The journal article “Genomic structure of the luciferase gene from the bioluminescent beetle, 

Nyctophila cf. caucasica” contains 
this phylogenetic tree of fireflies 
based on the genetic sequences of 
their luciferases.  
 !
14. According to this publication, 
Nyctophila caucasica is most closely 
evolutionarily related to  
a. Luciola cruciata  
b. Lampyris turkistanicus  
c. Lampyris noctiluca  
d. Drosophila melanogaster !!
15. The common ancestor A that 
gave rise all Luciolinæ arose 
____________ the common ancestor B 
that gave rise to all Lampyridæ. 
a. before      
b. after      
c. at the same time as  
d. very close in evolutionary time to  !!

16. Zofini finds a new species of firefly that has two alleles for glow color, one for red and one for 
yellow. Heterozygous individuals of this species have a orange glow. The pattern of glow color 
inheritance can readily be described in terms of   
 a. Pleiotropic Genes         b. Co-dominance         c. Mendelian         d. Polygenic  !!

A

B



17. Further studying this species, Zofini finds that when searching for mates, males produce light 
with a similar luciferase-catalyzed reaction involving luciferin and ATP mentioned above. This 
explanation for this firefly’s glow describes  
 a. Ultimate Cause        b. Proximate Cause        c. Adaptive Radiation      d. Optimality  !
18. Zofini observes that females choose to mate with males who have the brightest, sustained glow; 
color does not seem to matter. She hypothesizes that the male glow for mate attraction arose as an 
indicator of fitness. Because ATP is needed for the bioluminescent reaction, a bright, sustained glow 
could signal to the female that a male has been successful at obtaining food. Over time, males 
displaying the brightest, sustained glow during mating seasons were selected for. This explanation 
of this firefly’s glow describes  
 a. Ultimate Cause        b. Proximate Cause        c. Adaptive Radiation      d. Optimality  !
19. This situation can be described as  
 a. Interspecific Competition      b. Intersexual Selection      c. Intrasexual Selection !
20. Based on Parental Investment Theory, which sex is likely to put more energy into bearing (and 
possibly raising) offspring?  
 a. Male           b. Female           c. both contribute equally           d. whichever lives longest  !!
Questions 21 - 23 relate to a short video clip.  !
21. What is the name of the process shown?  
a. exocytosis             b. endocytosis             c. pinocytosis             d. passive transport !
22. Why is the cell enacting this behavior? (1 point)  !
23. Is the cell a prokaryote or eukaryote? Briefly explain why (2 points) !!!!!



The Central Dogma, Viruses, Genetic Engineering !
1. Number according to size, with 1 being the smallest. !
 ____ a nitrogen atom      ____ an allele      ____ a nucleotide      ____ a gamete !
2. Humans have 23 pairs of chromosomes. If you consider one pair of autosomes, the chromosomes 
in this pair are  
 a. identical        b. homologous           c. sister chromatids            d. complementary !
3. If a person has 47 chromosomes, this individual can be referred to as 
 a. diploid           b. aneuploid           c. monoploid           d. polyploid !
4. Supply the names for the processes corresponding to each of the arrows in the diagram below.  !

A: _____________________ !
B: _____________________ !
C: _____________________ ! !!!

Supply the missing labels for the 
diagram on the left.  !
5.  !!
6.  !!
7.  !!
8. What is the name of the process 
shown to the left?  

6.
5.

7.



Select the protein primarily responsible for each biological flow of information given. !
9. DNA to RNA: using DNA to make mRNA  
a. DNA Polymerase     b. the Ribosome     c. RNA-dependent RNA Polymerase     d. RNA Polymerase !
10. DNA to DNA: using DNA to make more DNA 
a. DNA Polymerase      b. the Ribosome      c. Helicase        d. RNA Polymerase !
11. RNA to RNA: using RNA to make RNA 
a. Reverse Transcriptase   b. the Ribosome  c. RNA-dependent RNA Polymerase   d. Integrase !
12. RNA to DNA: building DNA from an RNA template 
a. Reverse Transcriptase   b. DNA Polymerase  c. RNA-dependent RNA Polymerase   d. Integrase !
13. Underline the two flows above that only viral proteins can carry out (1 point each).  !
14. If a virus has a mutation that makes its integrase nonfunctional, which step of viral replication 
would be disrupted directly? 
a. Production of more viral RNA from the origInal RNA carried by the virus 
b. Insertion of viral DNA into the host's genome 
c. Attachment to the host 
d. Uncoating inside the host 
e. Assembly of the capsid  !
15. Although birds and people are quite different, why will both birds and humans produce the 
proteins influenza needs to replicate if they are infected with the same strain of influenza? 
a. Birds and humans are more closely related evolutionarily to each other than to viruses 
b. Humans are more advanced organisms than birds and can make any protein birds can, but birds 
cannot make some of the proteins humans can make 
c. The codons of mRNA correspond to the same amino acids in both birds and people  
d. Influenza viruses have coevolved with both birds and people, but viruses that have not coevolved 
with multiple species will have different proteins made in each different species it can infect  !!
16. Put a check mark beside all of the following that we have done 
___ Cut specific genes out of the DNA of organisms 
___ Put genes from one organism into another 
___ Create genetically modified organisms for agricultural purposes  !!!
Extra Credit 
In The Andromeda Strain the scientists describe Andromeda as mutating (or giving rise to new 
mutations) as it changes its characteristics (for example, turning from deadly to benign or gaining the 
ability to digest rubber). What would have to be true to for Andromeda to be actually considered 
mutating from a biological perspective? (up to 2 points) !!!



Essay Questions !
Instructions 
Respond all the questions below. Each response is worth up to 3 points, depending on the quality of 
the response.  !
1. Read the following excerpt from The Verge article “A natural glow: these plants produce their own 

light”, then answer the following questions.  !
Daan Roosegaarde invites me into a cramped, pitch-black photo booth no more than a couple feet 
wide. "Hold on," the Dutch designer whispers into my ear. "Just give it a minute." Soon, the tiny 
cucumber plant in his hand begins to emit a faint glow. !
As my eyes adjust, it gets brighter. Roosegaarde’s specimen was created by genetically modifying its 
molecular structure to include luciferin, a chemical that gives jellyfish their radiant glow. "I’m 
completely obsessed with jellyfish," Roosegaarde says. "They create their own light without a battery or 
solar panel.” 
  

a. Would the cucumber plant described be considered a GMO? Explain.  
b. Drawing upon discussions we have had in class and material you’ve read, explain the steps 
involved in accomplishing what is very briefly glossed over in the underlined sentence.  
c. In terms of the Central Dogma, how has the cucumber plant changed? In other words, what, if 
anything, is different with regards to the DNA, RNA and proteins in the cucumber plant? 
d. What property of the Genetic Code allows the cucumber plant to make and/or use luciferin? 
Explain.  
e. The article goes on to mention that glowing trees could be used to mark sections of 
highways. One problem might be that seeds from these trees could scatter and grow up to 
become glowing trees scattered all along the highway, potentially in confusing and problematic 
ways. What would have to be true of the genetic modification for this to happen? 
f. Extra credit: Can you think of a way to produce glowing trees that avoids the possibility of 
glowing trees chaotically proliferating?  !

2. Florina has isolated the gene for Yifolase, an enzyme in a rare plant that may have antiviral 
properties. She puts this gene into bacteria which will produce enough protein for her to test the 
efficacy of this protein against strains of influenza. She also obtains the sequence of the gene and 
finds that the gene’s template DNA starts with the bases GTTACCCTATGCGA.  

a. What is the beginning of the mRNA sequence produced from the Yifolase gene?  
b. What is the beginning of the amino acid sequence of the Yifolase protein? 
c. Florina cultures several batches of bacteria with the Yifolase gene. She finds that all produce 
Yifolase capable of specifically and rapidly degrading influenza virions, but Yifolase from one 
batch is even more effective than the others. She sequences the gene from bacteria producing 
this extremely active Yifolase and finds that its sequence starts with GTTACCGTATGCGA. What 
kind of mutation has occurred? Be as specific as possible.  !

3. List out the five properties of life and explain whether or not viruses have each property (1 point 
each). Based on what you’ve written down, explain why virus can or cannot be considered alive.  !

4. Meat that has been salt cured, like jerky or salt cod, can last much longer than uncured meat. Salt 
curing is achieved by applying substantial amounts of salt to the surface of a piece of meat, which 
then dehydrates it, giving foods like jerky a dry texture compared to raw and cooked meats. Using 
concepts we have covered, explain why the application of salt has this effect. 



!
5. After reading The Verge article mentioned above, Zofini is excited to genetically modify cattle to 

glow with luciferin. With this modification, cattle will be easier for ranchers to find in the dark, and 
steak from these cattle could launch a profitable culinary fad of luminous food.  

a. From a biological perspective, what is one safety concern should Zofini seriously consider 
when modifying  cattle for human consumption?  
b. Zofini gets her first steak from a cow modified with luciferin and is delighted to see it glowing 
in the dark. She decides to serve it at a swanky, dimly lit gathering of friends, but is severely 
disappointed to find that after roasting it, the steak no longer glows. What do you think 
happened? (Hint: You may find it useful to refer to the firefly luciferase questions)  
c. What kind of reasoning did you use to figure out your explanation for part b? Explain. !

6. The pedigree below shows the inheritance of the genetic disease cystic fibrosis in a family. The 
circles represent females and squares represent males. Dark coloring indicates that the individual is 
affected by the disease (i.e. has the disease phenotype). !

a.Based on this pedigree, could cystic fibrosis be a dominant genetic 
disease? Explain.  !
b. Could it be a sex-linked disease? Explain by redrawing and labeling 
part or all of the pedigree and describing why cystic fibrosis could or 
could not be sex-linked.  !
c. Based on your reasoning in parts a and b, what are the genotypes 
of the male and female parents in generation 3? Are they carriers? 
Why or why not? !!!!

1!!!
2!!!
3!!!
4



Essay Response to 1 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Essay Response to 2 !!!!



Essay Response to 3 !!!!!!!!!!!!!!!!!
Essay Response to 4 !!!!!!!!!!!!
Essay Response to 5 !!!



Essay Response to 6 
!
!
!!!


