Biology 212: Cell Biology                                                                                                                                            
In-class quiz #1


You will have 50 minutes to complete this 60-point quiz.  The point value of each question is shown in brackets.  Good luck!

In signing your name below, you agree to complete this exam without aiding or receiving aid from any of your classmates. 



_______Greg Crowther________________

1.  The darned dataset!

A.  One hypothesis of these experiments was that the protein ClpA binds to and unfolds certain other proteins, such as GLP11.  Is Figure 1 consistent with this hypothesis?  Briefly explain how the data support or fail to support the hypothesis.  [2 points]

Figure 1 is consistent with this hypothesis.  A decline in fluorescence over time indicates unfolding of the protein GFP11 (or GFP).  In the right panel, GFP11 fluorescence declines in the presence of ClpA, ADP, and GroEL*, indicating that this combination of molecules -- and perhaps ClpA in particular -- causes GFP11 to unfold.

B.  The wild-type (normal) GroEL and GroEL mutant GroEL* are identical except that, in the mutant, the 87th amino acid in the polypeptide chain has been changed from aspartate to lysine.  Could this have any effect on GroEL*'s ability to form ionic bonds as part of its tertiary structure?  Briefly explain.  [2 points]

Aspartate has an acidic R group and is negatively charged at normal cellular pH, whereas lysine has a basic R group and is positively charged at normal cellular pH.  Thus both residues are capable of forming ionic bonds, but, having opposite charges, they would be attracted to different ions, potentially changing the protein's tertiary structure.

C.  Is GroEL* able to trap proteins in their unfolded state if ClpA is not present?  Briefly summarize how the data led you to your answer.  [2 points]

According to Figure 2, the answer is no (not to any great extent).   If ClpA is not present (middle panel), most GFP11 elutes at its normal time, indicating that is not bound to (and thus has not been trapped by) GroEL*.  Only when ClpA is present (bottom panel) is a lot of the GFP11 bound to (trapped by) GroEL*, as indicated by the fact that GFP11 comes out of the column with GroEL*.

D.  In these experiments, the following proteins were shown to consume ATP [1 point]: 


i. ClpA


ii. GroEL*


iii. both ClpA and GroEL*


iv. neither ClpA nor GroEL*


v. ClpA and/or GroEL* (but we can't tell whether it's one, the other, or both) -- YES

Comment: based solely on the data in Figure 3, you can't tell whether ATP is being consumed by ClpA or GroEL* or both.  However, some of you have argued that ClpA must be consuming ATP based on your knowledge (not discussed in class) that protein unfolding in general is an endergonic (energy-requiring) process.  Therefore I'll give credit for answer (i) as well as answer (v).

E.  ClpP could be a/an [1 point]:

i. enzyme that digests proteins once they have been unfolded by ClpA -- YES

ii. enzyme that can unfold GFP11 by itself

iii. molecule required for trapping of proteins by GroEL*

iv. protein identical to ClpA

v. new rap group that just signed a 3-CD deal with Columbia Records

F.  Let's now assume that ClpA and ClpP turn out to be polypeptides that either function independently of each other or join together and operate as one protein.  The joining of the two subunits (ClpA and ClpP) would most likely be stabilized by [1 point]


i. disulfide bridges


ii. hydrogen bonds alone


iii. van der Waals forces alone


iv. noncovalent bonds and forces -- YES


v. amide bonds

2.  So many choices, so little time….  Please select the single best answer to each of the following multiple-choice questions. [1 point apiece]

A.  Which cells would best be observed with phase-contrast microscopy rather than bright-field microscopy?


i. really large cells (1 mm in diameter)


ii. really small cells (1 m in diameter)


iii. cells stained with a dye that binds to membrane proteins


iv. cells that are nearly transparent -- YES


v. cells that are dead

B.  All of the following may be classified as antioxidant molecules that limit the production of free radicals except (hint: this is based on a "Great Moment in Cell Biology"):

i. vitamin C


ii. vitamin D -- YES


iii. vitamin E


iv. phenyl-tert-butylnitrone  (PBN)

C.  The enzyme superoxide dismutase (SOD) converts  (hint: this is also based on a "Great Moment."  The answer does not have to form a balanced chemical equation.):


i. O2ּ- to hydrogen peroxide (H2O2) -- YES


ii. hydrogen peroxide (H2O2) to H2O


iii. H2O to hydroxyl (HOּ) radicals



iv. O2ּ- to O2

v. O2 to H2O

D.  Which of the following is not a logical follow-up study to those of Socci et al. (1995) and/or Sun et al. (2002)?


i. increase free radical production in rats and predict impairments in memory retention


ii. deprive rats of antioxidants and predict impaired performance on the Morris water maze


iii. knock out superoxide dismutase (SOD) in Drosophila and predict a decrease in lifespan

iv. knock out superoxide dismutase (SOD) in Drosophila and predict an increase in oxygen consumption -- YES

E.  Which of the following is not a mechanism by which viruses commonly kill their host cells?


i. budding off of viruses from the host cell, breaking off bits of the host cell membrane


ii. packing the host cell with so many viruses that it bursts


iii. digesting the cell walls of bacterial host cells


iv. integration of viral DNA into the host cell DNA -- YES

F.  Of the following groups of molecules, which has the widest range of cellular functions?


i. amino acids


ii. carbohydrates


iii. steroids


iv. triacylglycerols (TAGs) 

v. proteins -- YES

G.  The third and last-to-be-proposed tenet of the cell theory, credited to Rudolf Virchow in the 1850s, states that


i.  all organisms are made of cells


ii. viruses are not cells


iii. the cell is the structural unit of life


iv. cells may only arise from preexisting cells -- YES


v. cells divide by mitosis and meiosis

3.  You are a contestant on your favorite game show, "Name That Organelle!"  

A.  To win a year's supply of Ramen noodles, please identify the following organelles. [1 point apiece]

__Lysosome__________

digests extracellular materials and aging organelles in animal cells

__Golgi complex______ 
does not synthesize proteins but does remove and adds sugars to them

__Smooth ER________
the site of many synthetic enzymes and detoxifying enzymes; also important for calcium sequestration and other processes

__Vesicles___________
lipid-enclosed spheres that transport proteins from one part of the cell to another

B.  To win an all-expenses-paid vacation in Federal Way, briefly describe the primary functions of vacuoles. [1 point]

storage of solutes, macromolecules, and toxins; digestion
C.  To win a Zeiss microscope, briefly explain why having vacuoles allows some plant cells to attain much larger sizes than most other cells.  [2 points]

The size of a cell is limited in part by its surface area to volume ratio, which decreases with increasing cell size.  If a cell gets too large, exchange of nutrients and wastes through its surface area may not be able to keep up with the metabolism of its interior (represented by the volume).  However, metabolism is quite slow within the vacuoles; if most of a large cell's volume is taken up by a vacuole, its surface area may be able to meet its metabolic needs after all.

4.  Endosymbiont excitement!

A.  In two or three sentences, explain how the results of Zablen et al.'s 1975 study of chloroplast rRNA support the endosymbiont theory of the origin of eukaryotic cells.  [2 points]

These researchers found that the nucleotide sequence of eukarytic chloroplast rRNA more closely resembled sequences of prokaryotic rRNA than rRNA from the cytoplasm of eukaryotes.  This similarity in rRNA indicates that eukaryotic chloroplasts and prokaryotes have relatively similar DNA sequences, which in turn implies that chloroplasts evolved from prokaryotes living within host cells.

B.  Name another organelle thought to have arisen via endosymbiosis.  [1 point]  mitochondria

5.  Size matters!

A.  For each of the following, state whether its size (diameter) is closest to 1 picometer, 1 nanometer, 1 micrometer, or 1 millimeter.  [1 point apiece]


i. a hemoglobin molecule -- 1 nanometer

ii. a mitochondrion -- 1 micrometer

iii. a prokaryotic cell -- 1 micrometer
B.  Using microscope, you observe and draw a mitochondrion.  In your drawing, its diameter is 30 mm.  Assuming that your answer to (A) is correct, what is the drawing magnification?  Please show your work.  [2 points]

Drawing magnification = (size of drawing) / (actual size).

Actual size of mitochondrion = 1 micrometer = 0.001 millimeter.

Drawing magnification = (30 mm) / (0.001 mm) = 30,000X.
6.  The name is Bond … Hydrogen Bond.

A.  Draw a "generic" amino acid as it exists under physiological conditions (in water at neutral pH).   Circle each atom in the molecule that is capable of participating in a hydrogen bond.  [3 points]

  H  H

  |  |

H-N+-C-C=O

  |  | |

  H  R O-
Hydrogen bonds form between a hydrogen atom that is covalently bonded to a nitrogen or oxygen atom (and thus has a partial positive charge) and a partially negative nitrogen or oxygen atom to which that hydrogen atom is not covalently bonded.  Therefore the H's attached to the N and the doubly bonded O should be circled in the above structure.  (You could have also circled the negatively charged O, which is in resonance with the other oxygen, and you could have circled the N, which in its fully positive state (pictured) is a candidate for ionic bonding rather than hydrogen bonding but which engages in hydrogen bonding when part of a polypeptide chain.)
B.  Name two conformations that serve to maximize the number of hydrogen bonds in a protein's secondary structure.  [2 points]

alpha helices (0.5 for "alpha") and beta pleated sheets  (full credit for "beta strands" or "beta sheets"; 0.5 for "beta" alone)

C.  Hydrogen bonding can also occur between which of the following pairs?  Circle all that apply.  [4 points]

       H                                  H

       |                                  |

-C-O-H  and  H-O-H -- YES          -N-H  and  H-O-H -- YES

       |

       H

       H

       |

-C-H  and  O=C- -- NO               H-O-H  and  H-O-H -- YES

       |

       H

7.  Cellular cellulose.

A.  What is the monomer of which cellulose is made?  [1 point]  glucose

B.  Are the monomers connected by α linkages or β linkages?  [1 point]  beta linkages (mistakenly reported as alpha on an earlier version of answer key)

C.  In which cellular structure(s) and/or organelle(s) is cellulose found?  [1 point]  cell walls (0.5 if you put this plus something else)

D.  What is the function of the cellular structure referred to in (C)?  [1 point]  

protection and mechanical support of the cell

8.  Give two examples of each of the following amino acids.  As a reminder, your choices are: alanine, arginine, asparagine, aspartate, cysteine, glutamate, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine.

A. two amino acids with basic R groups:  arginine, histidine, lysine (any 2)

B. two amino acids with R groups containing a hydroxyl (-OH):  serine, threonine, tyrosine (any 2)
C. two amino acids with acidic R groups: aspartate, glutamate
D. two amino acids with nonpolar R groups: alanine, isoleucine, leucine, methionine, phenylalanine, tryptophan, valine (any 2); glycine and proline will also be accepted

E. two amino acids with R groups containing an amide: asparagine, glutamine

9.  State whether each of the following statements is true or false.  If the statement is false, briefly explain why it is false  (be as specific as possible).  [1 point apiece]

A.  Prokaryotic cells are like eukaryotic cells in that they share some common metabolic pathways (such as photosynthesis and aerobic respiration), both can have flagella and cell walls, and both synthesize proteins on the rough endoplasmic reticulum.

False.  Everything is true except the last statement.  Prokaryotes don't have endoplasmic reticulum or other organelles, so they can only make proteins at cytoplasmic ribosomes.

B. Unsaturated triacylglycerols (TAGs) have no double bonds between carbon atoms and consequently are liquid at room temperature.

False.  Unsaturated TAGs do have double bonds and are liquid at room temperature, whereas saturated TAGs do not have double bonds and are solid at room temperature.

C. If a molecule is capable of hydrophobic interactions with other molecules, then it is also capable of experiencing and exerting van der Waals forces. 

True!

10.  Look at the lipids!  Identify each of the following as a triacylglycerol (TAG), steroid, phospholipid, or none of these.

The one on the left is a phospholipid (except on Monica's paper, where the phosphate group did not make it from the original to the photocopy); the others are "none of the above."

11.  What structural and functional traits do glycogen and starch have in common?  List as many as you can.  (The list doesn't have to be in complete sentences.)  [2 points]

Both are polysaccharides made out of glucose monomers; both use alpha (1,4) bonds to link glucose molecules together; both serve as storage forms of energy.
12.  List two mechanisms by which misconduct may be detected in the scientific community.  For each mechanism, give a possible disadvantage or limitation of using that approach to detect misconduct. [2 points]

* Peer review.  This cannot detect fabricated data unless it was fabricated so poorly that it could not have been obtained using the methods described.

* Replication of experiments.  If the findings of one lab can't be replicated by another lab, it doesn't necessarily indicate misconduct; differing results may simply be due to slight differences in the conditions of the experiments.

* University oversight.  Universities may have a conflict of interest in trying to police their own researchers; if a university reprimands its researchers for misconduct, its reputation may suffer.
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