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Biol 1510 Fall 2012 Midterm 3 Version 1

Do NOT open the exam until you are told to start.

Set the channel on your clicker to the correct channel for the lecture hall.

If your clicker asks for a user ID, put in your T-square login ID. 

Be sure to enter the test version number (located on the top right corner of the exam).

You may use a cribb sheet during the exam: a single sheet of hand-written notes, no larger than 8.5 in x 
11 in, written on both sides. You must sign the cribb sheet to note that this is your own creation. 

No electronic devices are permitted (no cell phones, calculators, laptops, etc.)

Most questions will have 5 answer choices, but some questions may have only 4 answer choices.

The exam has 35 questions, each worth 3 points. Choose the single best answer for each question.

Clearly indicate your answer choice for each question on both the printed exam and on your clicker.

After you submit your answers, turn in your exam sheet and show your ID and crib sheet to the proctor. 
You can keep your cribb sheet.

Good luck!

Page 1 of 8



Name: Version 1

Hammerhead ribozymes are RNA molecules that have been engineered to cleave a specific target RNA 
sequence. A mixture of hammerhead ribozyme, Mg2+ and target RNA molecules yields produces target 
RNA fragments. However, the rate is relatively slow; approximately 1 cleavage per minute per 
ribozyme.

1. Which of the following elements is absent in RNA molecules?
a) Carbon
b) Hydrogen
c) Nitrogen
d) Phosphorus
e) Sulfur

2. What forces or bonds are important for the secondary structures of both RNA molecules and 
proteins?
a) phosphodiester bonds
b) peptide bonds
c) hydrogen bonds
d) hydrophobic interactions
e) ionic bonds

3. The ribozyme-catalyzed cleavage of target RNA sequences____
a) is an exergonic reaction; deltaG > 0
b) is an exergonic reaction; deltaG < 0
c) is an endergonic reaction; delta G > 0
d) is an endergonic reaction; delta G > 0

4. A recent study found that Fe(II) can substitute for Mg2+, and that ribozyme reactions proceed up to 
25 times faster with Fe(II). If there is no change in the affinity of the ribozyme for the substrate, the 
increase in the rate of the reaction means that, compared to Mg2+,
a) Fe(II) makes the deltaG of the reaction more positive
b) Fe(II) makes the deltaG of the reaction more negative
c) Fe(II) decreases the activation energy of the reaction
d) Fe(II) increases the entropy of the products

5. Fe(II) is soluble in water. However, Fe(II) combines with oxygen to form iron oxide (Fe2O3), also 
known as rust, which is insoluble in water. Based on this information, which of these hypotheses are 
viable?
a) The RNA world used Fe(II) to enhance catalysis
b) The first eukaryotic cells used Fe(II) to speed up catalysis by their own ribozymes
c) Modern ribozymes will quickly evolve to use Fe(II) instead of Mg2+

d) All of the above
e) both a) and c)
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Brown fat is a specialized heat-generating organ present in newborn mammals to keep them warm. The 
mitochondria of brown fat cells have UCP1, a protein that is located in the inner mitochondrial 
membrane. UCP1 dimers form proton channels that allow facilitated diffusion of protons across the 
membrane.

6. If the rate of glucose metabolism remains the same, the presence of UCP1 proton channels in the 
inner mitochondrial membrane will
a) increase the rates of both oxygen consumption and ATP synthesis
b) decrease the rates of both oxygen consumption and ATP synthesis
c) have no effect on the rate of oxygen consumption or ATP synthesis
d) have no effect on the rate of oxygen consumption and decrease the rate of ATP synthesis
e) have no effect on the rate of oxygen consumption and increase the rate of ATP synthesis

7. The UCP1 gene is in the cell nucleus. The UCP1 protein will be made by ribosomes located in
a) the cytoplasm
b) the nucleus
c) the rough ER
d) the smooth ER
e) the mitochondria

8. In an actively respiring cell, in which direction will protons go through the UCP1 channel?
a) from the matrix to the intermembrane space
b) from the intermembrane space to the matrix
c) in both directions, equally
d) from the intermembrane space to the matrix when ATP levels are low, but reversed when ATP levels 
are high

9. Brown fat cells take up and metabolize both glucose and fatty acids. If cyanide is used to block the 
electron transport chain, which of the following molecules can brown fat cells metabolize?
a) glucose
b) fatty acids
c) proteins
d) all of the above
e) none of the above

10. How many molecules of ATP will be made by substrate-level phosphorylation in a brown fat cell 
per molecule of glucose metabolized?
a) 2
b) 4
c) 34-36
d) 0
e) 3
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A species of sea slug acquires and retains chloroplasts from the algae they eat. Once they have these 
chloroplasts, the adults maintain them and do not have to eat, because the photosynthetic output from 
the chloroplasts provide them with organic carbon. 

11. The adult sea slugs have both mitochondria and chloroplasts. Which of the following is NOT a 
common feature of both organelles?
a) They both have electron transport chains
b) They both have their own DNA
c) They both originated as endosymbionts in the common ancestor of all eukaryotes
d) They both have ATP synthase
e) They both have double membranes

12. One mystery is how these sea slugs are able to maintain their chloroplasts for such a long time, 
because  many chloroplast proteins cannot be made by the chloroplasts and have to be made by the host 
cell. To test whether the sea slug cells make chloroplast proteins, the sea slugs are injected with a 
radioactive isotope that is incorporated into proteins. Which of these isotopes will be incorporated into 
proteins and not into other large biological molecules?
a) 14C
b) 15N
c) 3H
d) 32P
e) 35S

13. If the adult sea slugs are kept in the dark, what compound will accumulate in their chloroplasts?
a) Ribulose-1,5-bisphosphate (RuBP, the substrate for Rubisco)
b) G3P (2 molecules of G3P make a molecule of glucose with no further energy needed)
c) 3PG (the product of carbon fixation by Rubisco)
d) glucose
e) oxygen

14. In the dark, the adult sea slugs will__
a) consume oxygen
b) run the Calvin cycle
c) produce oxygen
d) both consume oxygen and run the Calvin cycle
e) both produce oxygen and run the Calvin cycle

15. The compound DCMU blocks the transfer of electrons from photosystem II (PSII). If sea slugs in 
the light are given DCMU, what processes will be inhibited in the chloroplasts?
a) oxygen production
b) ATP synthesis
c) NADPH production
d) all of the above
e) oxygen production and NADPH production, but some ATP production will continue
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Although rising atmospheric CO2 levels and higher temperatures would appear to stimulate faster plant 
growth, global net primary production (NPP) is actually inversely correlated with changes in 
atmospheric CO2 levels. Plant growth is reduced by droughts that become more severe with global 
warming. 

16. Which of the following statements is true, considering each environmental factor by itself?
a) higher CO2 will benefit C4 plants more than C3 plants
b) higher temperature will benefit C4 plants more than C3 plants
c) drier conditions will favor C3 plants
d) all of the above
e) none of the above

17. Global NPP can be modeled by studying the biochemical activity of Rubisco. The oxygenase 
activity of Rubisco
a) evolved after atmospheric oxygen accumulated to near present-day levels
b) boosts ATP production by plant mitochondria
c) results in loss of photosynthetic energy and organic carbon
d) has been eliminated by scientists using genetic engineering
e) is absent in cyanobacteria

18. Rubisco activity may be regulated in some plants by the compound CA1P, which is a competitive 
inhibitor. From this information, we can conclude that:
a) CA1P binds to the active site of the enzyme
b) CA1P is an alternative substrate of the enzyme
c) CA1P binds to an allosteric site of the enzyme
d) CA1P permanently inactivates the enzyme

19. One way for organisms to adapt to higher temperatures is by altering their membrane lipid 
composition. At higher temperatures, membrane lipids will have
a) higher percentage of saturated fatty acids
b) higher percentage of cis-unsaturated fatty acids
c) higher percentage of trans-unsaturated fatty acids
d) higher percentage of sterols
e) higher percentage of both sterols and saturated fatty acids

10. NPP is also often limited by lack of biologically usable nitrogen. What components of biomass 
require nitrogen?
a) polysaccharides and proteins
b) nucleic acids and proteins
c) proteins and lipids
d) lipids and polysaccharides
e) proteins, lipids, polysaccharides and nucleic acids
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Sam is a 2-year old suffering from muscle weakness and has lost the ability to walk. His movements 
have become increasingly uncoordinated, and he has begun to experience muscle spasms. His blood 
and spinal fluid contain elevated levels of lactic acid; Sam suffers from frequent lactic acidosis. 
Microscopic examination of his muscle cells show many abnormal mitochondria with relatively few 
healthy-looking mitochondria. 

21. Which of the following possible defects in energy metabolism would result in high levels of lactic 
acid in the absence of strenuous exercise?
a) a defect in glycolysis
b) a defect in pyruvate oxidation
c) a defect in the citric acid cycle
d) uncoupling of respiration to ATP synthesis
e) a defect in lactate dehydrogenase, the enzyme that reduces pyruvate with electrons from NADH

22. Where does pyruvate oxidation occur in human cells?
a) the cytoplasm 
b) the mitochondrial intermembrane space
c) the mitochondrial outer membrane
d) the mitochondrial inner membrane
e) the mitochondrial matrix

23. If pyruvate oxidation cannot occur, how many net ATPs can the cell make for each molecule of 
glucose metabolized?
a) zero
b) one
c) two
d) four 
e) about 30

24. If pyruvate oxidation cannot occur, what types of food molecules can Sam metabolize to produce 
ATP with high efficiency, and without producing lactic acid?
a) sugar and starch
b) fatty acids only
c) citric acid cycle intermediates only
d) all except sugar and starch
e) both fatty acids and citric acid cycle intermediates

25. What are the products of pyruvate oxidation?
a) acetyl-CoA
b) NADH
c) acetyl-CoA and carbon dioxide
d) acetyl-CoA, carbon dioxide and NADH
e) acetyl-CoA and NADH
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26. A newly discovered, single-celled organism has a circular chromosome and membrane 
phospholipids with ether-linked isoprenoid chains. Based on this information, this organism belongs to 
which domain of life?
a) Archaea
b) Bacteria
c) Eukaryotes
d) Prokaryotes
e) Either Bacteria or Eukaryotes 

27. In prokaryotic cells, the chromosomal DNA is found in the
a) plasma membrane.
b) nucleus.
c) ribosome.
d) nucleoid region.
e) mitochondria 

28. The phosphate transport system in bacteria imports phosphate into the cell even when the 
concentration of phosphate outside the cell is much lower than inside. Phosphate import depends on a 
pH gradient across the membrane - more acidic outside the cell than inside the cell.  Phosphate 
transport is an example of:
a) passive diffusion
b) facilitated diffusion
c) active transport
d) osmosis
e) oxidative phosphorylation

29. In prokaryotes, the respiratory electron transport chain is located ____
a)  in the mitochondrial inner membrane.
b)  in the mitochondrial outer membrane.
c)  in the plasma membrane.
d)  in the cytoplasm.
e)  in the bacterial outer membrane.

30. The F1 ATP synthase _____
a)  is present in the plasma membrane of all respiratory cells
b)  accepts electrons from the respiratory electron transport chain
c)  generates ATP by substrate-level phosphorylation of ADP
d)  generates ATP using a proton motive force across the membrane
e)  all of the above

Page 7 of 8



Name: Version 1

Hemoglobin is a water-soluble, globular protein made of 2 alpha-hemoglobin and 2 beta-hemoglobin 
polypeptide chains. The cause of sickle cell anemia is a mutation that changes glutamic acid, a charged 
amino acid, into valine, a hydrophobic amino acid, in the beta-hemoglobin polypeptide chain. 

31. In normal beta-hemoglobin, where would you expect to find glutamic acid? 
a) in the interior of the folded protein, away from water
b) on the exterior surface of the protein, interacting with water
c) in a transmembrane domain interacting with the lipid fatty acid chains
d) in the interior of the folded protein or in a transmembrane domain interacting with fatty acid chains
e) on the exterior surface of the protein, or in a transmembrane domain

32. In sickle cell disease, the mutant hemoglobin tetramers associate with each other and assemble into 
large fibers. The formation of these sickle cell hemoglobin fibers is an example of
a) altered primary structure
b) altered secondary structure
c) altered tertiary structure
d) altered quaternary structure
e) all of the above

33. Both alpha- and beta-hemoglobin chains have mostly alpha-helices, and no beta-sheets. What 
forces or bonds are responsible for formation and stabilization of alpha-helices?
a) covalent disulfide bonds
b) hydrogen bonds
c) ionic bonds
d) hydrophobic interactions
e) Van der Waals interactions

34. Red blood cells are broken open in an aqueous solution and then a nonpolar organic solvent like 
phenol:chloroform added. The mixture is shaken vigorously, then centrifuged to separate the nonpolar 
organic solvent layer from the aqueous layer. Proteins are denatured (unfolded) in this process. In 
which solvent layers do you expect to find hemoglobin and lipids?
a) hemoglobin in the aqueous layer and lipids in the organic layer
b) hemoglobin in the organic layer and lipids in the aqueous layer
c) hemoglobin precipitated in the interphase and lipids in the organic layer
d) both hemoglobin and lipids in the aqueous layer

35. Red blood cells are placed in a hypotonic solution (deionized water), and they swell up. How does 
water get into the cells?
a) by simple diffusion through the lipid bilayer membrane
b) by facilitated diffusion through aquaporins
c) by active transport through aquaporins
d) by hitchhiking with phosphate, glucose, and other molecules that are transported into the cell
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