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Proctoring instructions 
1. No notes, books, or aids of any kind are allowed. 

2. Candidates are not allowed to have any electronic devices on their person at any time. This 

includes all electronic devices such as ipods, calculators except for the narrow exceptions set 

out below, AND cell phones. They must be left at the proctor’s desk or at a location otherwise 

inaccessible to the student. Having a cell phone in your possession (i.e. if it is discovered, by for 

instance, ringing) is an offence of academic honesty and will result in the exam not being 

graded, and other sanctions. 

3. Book bags etc must be left at the front of the room and not taken to the seats. 

4. Only the following calculators are allowed: 

calculators certified by the NCEES as set out in the website: 

http://www.ncees.org/Exams/Calculator_policy.php 

Currently this includes 

 HP33s and 35s models but NO others 

 All Casio fx-115 models 

 All TI 30 and TI36 models 

All others are forbidden. Having one in your possession is an offence of academic 

honesty and will result in the exam not being graded, and other sanctions. Any 

calculator to be used must be certified as compliant by the proctor before the exam. 

5. Once a candidate accepts a paper, they cannot leave for one hour.  Latecomers are not accepted 

after one hour. 

6. Candidates may not leave the room for any reason and return; this includes washroom breaks. 

Exceptions for medical reasons require certification by a physician, and must be made in 

advance, when signing up for the exam. Special protocols (see below) apply. 

Special instructions for those with medical exemptions allowing them to be 

able to leave for washroom breaks 
7. The following is a burden on the proctor and is not an ideal way to write an exam, so requests 

for such consideration must be made in advance, when signing up for the exam, and may 

require medical or other documentation. This must be provided in advance if a waiver is sought. 

8. Such candidates receive one page of the exam at a time.  They may request multiple pages at 

once, but when requesting to leave, they must turn in all pages they have so far seen. These are 

considered submitted and will not be returned to the candidate – the will comprise the final 

answer that is graded for these questions. Candidates must to be advised of this, and advised 

not to request more pages than they can complete before requesting a washroom break. 

9. Breaks are limited to 10 minutes, and the candidate must be escorted to and from the 

washroom, and not attempt to make any contact with others or any prohibited aids or 

materials. 

10. Upon returning to the exam room, they may request remaining pages or pages that they have 

not yet seen.  

http://www.ncees.org/Exams/Calculator_policy.php
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Student instructions 
There are two parts to your exam: General section and a Specialization Specific each with 5 or 6 

questions, depending on the section. Please answer 4 of the choices in each section, for a total of 8 

questions overall. No credit is given for answering additional question in either section. If you answer 

more than 4 questions, the first 4 will be graded, and the remaining disregarded. 

Please write your CWID identification number (A#) in the place indicated on each page; your exam 

papers will be separated and marked by at least two faculty members, and we need to  be able to be link 

you to all of your work when we reassemble them. Write your name and CWID on the signup sheet 

when taking an exam, and sign this sheet when handing it in when you leave. 

You must complete your answer in the space provided: generally one page per question. Brevity is 

encouraged, as are diagrams, graphs and other concise and efficient methods of conveying your answer. 

Part of what you are being graded on is your ability to distill the important aspects of every problem, 

and prepare a logical, concise and well laid-out answer within the boundaries given. Do not write on the 

backs of pages; work there will not be graded. If you wish to redo or reformat an answer, extra paper is 

available for you to redo aborted attempts. However, only one page per question will be graded, so 

please do not hand in both the original and these extra pages.  

No notes, books, other aids or electronic devices (including cell phones and ipods) will be permitted; 

these and jackets and backpacks must be left at the front of the room. Calculators must be one of the 

approved types listed at http://www.ncees.org/exams/calculators/#policy. Currently this means HP 33s 

53s; TI-30X 36X; Casio fx-115; others will NOT be allowed. If you wish to use a calculator you must have 

it approved as being on this list by the proctor BEFORE the exam begins. Having any prohibited item on 

your possession – including cell phones – during the exam will result in you being immediately escorted 

from the exam room, failing the exam, and being reporting to university authorities for possible 

additional action.  

Once you enter the room, you will not be allowed to leave until you hand in your exam; go to the 

bathroom beforehand. If you have a medical condition that poses a problem with respect to this, you 

must seek an exemption in advance. If such an exemption is granted, you will be required to hand in any 

work completed so far before being escorted, so plan accordingly. No one will be allowed to leave the 

exam before one hour has elapsed, and late comers will not be allowed to enter after one hour. 

You have 3 hours. Good Luck. 

 

http://www.ncees.org/exams/calculators/#policy
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General section 

1 Structure 
The alpha helix is of great importance in protein structure and the A-form double helix is of great 

importance in RNA structure.  Describe the features of the alpha helix of proteins and A-form double 

helix of RNAs 
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2 Genetics 
Discuss the genetic code in as much detail and as specifically as possible). Include in your answer 

discussions of “punctuation” (i.e., start and stop codons), degeneracy, and the patterns by which 

degeneracy is organized (i.e., degeneracy is not random; what is meant by this?). 
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3 Molecular Biology 
Regarding eukaryotic molecular biology choose either mRNA precursor splicing or control of initiation of 

transcription (but not both) and discuss the topic in as much detail and as specifically as possible.  

Include in your answer discussions of the molecular components (i.e., proteins, RNAs, etc.) that make up 

the molecular “machinery” and how they function to ensure that the process (splicing or transcriptional 

control) works properly. 
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4 Metabolism 
Choose either (but not both) glycolysis or the TCA cycle and describe it as completely and in as much 

detail as possible. 
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5 Enzymology 
5. Define the following terms, which apply to enzymes. Be precise in your answers. 

1. Vmax  

2. KM 

3. Ki 

4. Turnover number (kcat)  

5. Specificity constant 
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Cell  & Molecular section 

6 Cellular Structure and Function 
A. Name the cellular organelles/structures, which are responsible for the followings. (one per 

blank, 0.5 point each) 

1) Synthesis of cell surface receptors _______________________ 
 

2) Synthesis of nuclear receptors  ________________________ 
 

3) O-linked glycosylation __________________________ 
 

4) Digestion of misfolded proteins_____________________ 
 

5) Digestion of an invaded bacterium ________________________ 
 

6) Synthesis of collagen ____________________________ 
B.  Please indicate a specific defect of cellular component (structure or protein) for the following. (1 per 

blank, 1 point each) 

1) Golgi apparatus cannot move to the center of cell____________________________ 
 

 

2) ER budded vesicles cannot move to Golgi ______________________________________ 
 

3) A TCA cycle protein cannot move into mitochondrial matrix _______________ 
 

4) The lysosome pH is 6.3 ______________________________ 
 

5) Peroxisome is “empty” _______________________________ 
 

 

6) White blood cells cannot migrate out of bloodstream ___________________ 
 

 

7) Fluid is leaky out from body cavity ________________ 
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7 Cell Cycle and Cytoskeleton 
A.  If there is a defect in each cytoskeleton listed below, which mitotic event(s) will be blocked? 

(Please be specific, 2 points each) 

1) Actin filament 
 

 

 

 

2) Microtubule  
 

 

 

 

 

3) Intermediate filament (such as lamina) 
 

 

 

 

 

B. Flow cytometry is a commonly used technique for cell cycle analysis. Graph (A) shows a typical 

cell cycle profile of mammalian cells. Please answer the following questions. (2 points each) 

a)  Please label cell cycle phases in the graph (A). Briefly explain based on what principle flow cytometry 

is able to define cell cycle phases.  

 

 

 

 

b)  If cells have normal cell cycle phases, but have a defect in 

cytokenesis, what will the profile look like after one cycle? (Draw 

the profile in graph (B), and briefly explain). 
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B

1 2

C

1 2
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8 Cancer 
Two types of cells (p53 wild type and knockout) were treated with ionizing radiation. The outcome is 

shown in the diagram below.  Please explain (1) the difference between the death from wt p53 and p53 

knockout cells; (2) why cells with wt p53 have normal cell division, while p53 knockout cell becomes 

cancer cell.  (10 points) 
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9 Cellular Signaling 
Name the signaling pathways, which require the following components. Please also add one more 

component for each pathway. (1.5 point each) 

1) Adenylyl cyclase   _______________________    ____________________ 
 

 

2) IB _____________________    _______________________ 
 

3) -catenin ____________________    ___________________ 
 

 

4) IP3_________________________   _____________________ 
 

5) Interferon _____________________     __________________ 
 

What are differences between G-protein-linked receptor and enzyme-linked receptor? (2.5 points)  

 

 

 

 

 

 

 

The concentration of an intracellular molecule can be adjusted quickly only if the half-life of the 

molecule is _______.  Briefly explain.( 2 points) 

 

A) short 
B) long 
C) unchanged 
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10 Technology 
1) What can you see with an electronic microscope, but cannot see with a confocal fluorescence 

microscope, vice versa. (2 points) 
 

 

 

 

 

2) If you want to obtain a full-length p53 DNA with open reading frame, which library should you 
choose? Why. (2 points) 

 

 

 

 

3) What kind of information you can get from FRET but not Co-IP? (2 points) 
 

 

 

 

 

4) Design a forward (5’) primer beginning with start codon.  Also design a reverse (3’) primer with 
an EcoRI (GAATTC) linker.  The Tms for both primers have to be 68- 70 C.  Also briefly explain 
why we need to calculate a “Tm” for a PCR (4 points) 

 

5’aatgaggtcatggacgggtccggggagcagcccagaggcggggggcccaccagctctgagcagatcatgaagaca

ggggcccttttgcttcagggtttcatccaggatcgagcagggcgagcgggagtgctcaccgcctcactcaccatctg

gaagaagatgggctgaggcccccagctgccttggactgtgtttttcctccataaattatggcatttttctgggaggg

gtggggattgggggacgtgggcatttttcttacttttgtaattattgggaagtgtggggaagagtggtcttgaatag

gtattaa 3’ 
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Microbiology section 

6 Cell Structure 
The inner, or plasma, membrane of E. coli is a crucial part of the bacterial cell.  Discuss the structure of 

the E. coli plasma membrane as well as some of the functions it performs for the cell. 
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7 Genetics 
Control of gene expression in bacteria at the level of initiation of transcription occurs by both positive 

and negative control. 

a. What exactly occurs during negative control?  What types of molecules cause negative control, and 

how do these molecules actually cause negative control? 

b. What exactly occurs during positive control?  What types of molecules cause positive control, and 

how do these molecules actually cause positive control? 
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8  Metabolism 
Suppose E. coli are growing on minimal salts medium with glucose as the sole carbon and energy source. 

a. The first series of biochemical reactions by which the glucose is metabolized is glycolysis. What is the 

end-product of glycolysis? 

b. If the cells are growing anaerobically, this end product is metabolized further by the reactions of 

“mixed acid fermentation.”  What is meant by mixed acid fermentation, and what are some of the 

products of these reactions?    

c. Do the fermentation reactions involve oxidations or reductions? Briefly explain your answer. 
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9 Physiology 
Consider the following questions about various types of carbon and energy metabolism strategies that 

can be found among bacteria. 

a. Name one chemical that a chemoorganotroph might use as an energy source. 

b. Name one chemical that a chemolithotroph might use as an energy source. 

c. What is the energy source for a phototroph? 

d. Name one chemical that could be used as a carbon source for a heterotroph. 

e. What is the carbon source for an autotroph? 
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10 Ecology/Evolution 
a. How, in general, do mutation and natural selection work together to drive evolution of bacterial 

species? 

b. What is horizontal gene transfer and how does it work to drive evolution of bacterial species? 
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Biochemistry 

No biochem S11 
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MBB 

MBB provides constants and other information 
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6 Reynolds Number 
Why is the Reynolds number so important for understanding swimming of microorganisms ? Discuss the 
difference between swimming at low Reynolds number and high Reynolds number.Justify your 
conclusions with estimates of Reynolds numbers for a large object and a tiny object in water. 
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7 Centrifugation 
Consider a solution of protein molecules in a tube of water that rotates in a centrifuge with angular 

velocity . Let r be the radial coordinate in the centrifuge. The tube lies parallel to r so that centrifugal 
effects force the molecules to drift towards larger r at rates that depend on their effective mass. 
(a) For the rotating system deduce an expression for vdrift for the rotating system in terms of known or 
experimentally measurable quantities. 
(b) Generalize Fick's Law (j = -D dc/dx ) by adding a term to the particle current to include the effect of 
the rotation-induced drift. Simplify using the Einstein relation. 
(c) Write the solution of the above (Nernst-Planck ) equation for the equilibrium case where the particle 
current is zero. 
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8 protein structure 
Draw Newman projections illustrating the  , , and  angles of a typical amino acid found in -helix 

and -strand conformations.  Locate these regions on a Ramachadran plot.  Indicate allowed and 

forbidden regions on this plot. Select two distinct points in the forbidden region,   and show by Newman 

projection why they are forbidden (if you select a forbidden point that cannot be explained by Newman 

projection, you must show by secondary interactions why it is forbidden)  
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9 NMR 
(a) The gyromagnetic ratio of phosphorus-31 is 1.08 × 108 rad s−1 T−1. This nucleus shows a wide 

range of shifts, covering some 700 ppm.  Assume a spectrometer with a B0 field strength of 9.4 
T. What is the resonant frequency at 0 ppm, and at 700 ppm? What if B0 = 4.0 T? Estimate the 
90o pulse width you would need to excite peaks in this complete range to within 90% of their 
theoretical maximum at each B0.  

(b) The Spin Echo pulse sequene is shown below.  What is its purpose? Use vector diagrams to 
describe what happens during a spin echo sequence in which the 180o pulse (the refocusing 
pulse) is applied about the y axis (assume that the initial 90o pulse is applied about the x-axis). 
How does this achieve that purpose? In what way is the outcome different from the case where 
the refocusing pulse is applied about the x axis? What would the effect of applying the 
refocusing pulse about the −x axis be? 
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10 Nucleic acid structure 
Differences in A-DNA and B-DNA structure stem from different sugar conformations.  What are these 

different conformations? Sketch them, and illustrate how these sugar conformations affect helical 

parameters such as pitch and width. Why is there an energy barrier between these two conformers? 

The nature of this barrier  is different in DNA vs  RNA … explain based upon the structures of these two 

macromolecules.  How do these differences relate ot the different used of these two molecules by living 

organisms? 

 

 
 


