Biology 200
Sample Final Exam
Total time: 2.5 hours.

Section:

Family Name: Given Name: Student #:
(please print)

Instructions:
1. Use black or blue PEN only. Exams that are written in pencil, or that have corrective tape on
them will not be eligible for re-grading.
2. Answer all questions on this paper. No booklet is required for this exam
3. You are allowed an 8.5x11 inch, double-sided, hand-written memory aid for this exam. All
memory aids that do not conform to these rules will be taken away.
You will have 75 minutes for this exam.
Please return all pages, including rough notes when you hand in your exam.

os

Codon table for your reference:

AGA UUA AGC

AGG UUG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GUU UGA
Ala Arg Asp Asn Cys Glu GIn Gly His Ille Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N C E Q G H | L K M F P S T w Y Vv

Figure 7-24 Essential Cell Biology 3/e (© Garland Science 2010)
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Question 1. (18 marks)

For each of the observations below, write a statement that could explain these results, based on what
the data shows and on your knowledge of cellular structure/ function (3 marks each)

A. If taxol is added to cells at metaphase, the chromosomes do not move towards the spindle poles in
anaphase.

B. Electron micrographs show that mitochondria in heart muscle have a much higher density of cristae
than mitochondria in skin cells.

C. Microtubules formed in vitro from tubulin that is bound to a non-hydrolyzable form of GTP were found
to be exceptionally stable.

D. If mRNA for a secretory protein is translated in vitro in the absence of any cell membranes, the
protein formed was slightly larger than the protein from the same mRNA translated in an intact cell.

E. Some membrane proteins can be readily extracted with 1M NaCl, whereas others require the use of
an organic solvent or detergent.

F. The pH of the chloroplast thylakoid space (or lumen) decreases in light.
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Question 2. (8 marks)

When the gene that encodes for Green Fluorescent Protein (GFP) is introduced into cells, GFP is
expressed and localized in the cytoplasm of the cell. What specific sorting signals would you have to
add to the GFP protein genetically to produce a protein that is targeted to the following final cellular
destinations?

Sorting signal(s) to target the GFP to this location:

A. The nucleus

B. The lysosome

C. The lumen of the ER

D. The stroma of the chloroplast

Question 3. (6 marks)

In this course we have used the term polarity in many different contexts; three examples are given
below. For each context in the table, explain the meaning of the word ‘polar’ or ‘polarity’, and explain
how polarity contributes to the function of each example.

How this polarity contributes to the
function of this example
(1 mark each)

Definition of ‘polarity’ in this context

Context/example (1 mark each)

A. Polarity in a
macromolecular
polymer (such as a
protein or nucleic
acid)

B. Polar amino acid
side chains

C. Polar microtubules
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Question 4. (10 marks)
You have discovered a new toxin, toxin X, which kills parasitic fungi.

A. You hypothesize that this toxin affects mitosis (M-phase). How would you test this hypothesis?
(2 marks)

B. You find that the cells were not blocked in M-phase. In addition, you discover that this toxic
chemical prevents phosphorylation of the fungi’'s M-cyclin dependent kinase (M-CDK). At what stage of
the cell cycle would the fungal cells arrest if toxin X prevents M-CDK phosphorylation? (1 mark)

C. Design an experiment to test at what stage of the cell cycle the fungi arrest. State your hypothesis,
experimental design and expected results. (7 marks)

Question 5. (7 marks)
The transferrin receptor is a transmembrane protein involved in the uptake of iron by receptor-mediated
endocytosis.

A. Describe the localization pattern you would expect to see in a normal cell by
immunoflorescence microscopy if you use a fluorescent antibody against the transferrin receptor.

B. How would this labeling pattern be changed in a mutant cell in which the transferrin receptor fails to
bind to adaptin/clathrin complexes? (2 marks) Why? (1mark)
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Question 6 (11 marks)
Actin Capping Protein (ACP) binds to the plus end of actin filaments, preventing the actin filaments
from gaining or losing monomers. Its activity is blocked by regulatory proteins such as V-1.

In this experiment, Takeda et al. (2010) A * B
examine the role of V-1 and ACP in the ]
regulation of actin polymerization. In
Panel A, the ratio of F-actin (actin
filaments) to G-actin (actin monomers) WT cells V1 cells
were measured for WT (normal) and V1 (over-express V1)
(over-expresses V-1) cells. In Panel B,

actin filaments and nuclei were stained

with fluorescent dyes and cells were

examined through fluorescence and light

microscopy. Assume that both cell lines

express the same amount of ACP.

Phalloidin (labels actin) DIC
+ Hoecht (labels DNA) (light microscopy)

o

1

F-/G-actin ratio
0 = = N
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>

WT cells

PLoS Biol 8(7): €1000416.

V1 cells
(over-express V-1)

A. Describe the data shown in A (1 mark) and explain what they mean (2 marks).

B. Describe the data for each panel shown in B (2 marks) and explain what they mean (2 marks).

C. Based on the data shown in A and B, what accounts for the changes in cell shape that are seen
between the WT and V1-over-expressing cells? (2 marks)

D. What can you conclude about the role V-1 has in actin polymerization? (2 marks)
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Question 7 (10 marks)

NF-AT4 is a transcription factor that is regulated by calcium. Here, Zhu et al. (1998) use GFP-tagged
NF-AT4 to establish that NF-AT4 function is also regulated by CKla kinase, a protein that adds
phosphate groups directly to NF-AT4.

NF-AT4 NF-AT4 + CKla A. Consider panels A and B. Describe what the data show
and explain the effect that the addition of calcium has on
the NF-AT4 protein. (3 marks)
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Adapted from Cell 93:851

B. Consider panels C and D. Describe what the data show and explain how the presence of CKla
impacts the effect of calcium on calcium-dependent NF-AT4. (3 marks)

C. Based on the data above propose a model for how calcium and CKla can influence the localization
of NF-AT4 in these cells? (2 marks)

D. Why would addition of a phosphate group to NF-AT4 alter its function? (2 marks)
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Question 8 (Outline. 20 marks)

Each organelle in the cell is a unique microenvironment where certain cellular functions are performed.
Write an essay outline to critically assess the following statement: “The intracellular areas of low pH are
essential to the function of some organelles.” Your arguments (and associated supporting evidence)
should provide examples from 3 different organelles.

Thesis statement:

Argument 1 and evidence:

Argument 2 and evidence:

Argument 3 and evidence:
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