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Intro Bio Exam #1  Sept. 25, 2008
There are 4 pages with questions. The page order may differ in different copies of the exam.

To receive proper credit for your answer, you must write your name on the first page and on all pages write the last 5 digits of your CUID number, or of your SS number if you do not know your CUID.  Pages will be separated for grading and later reassembled.  It is essential that your ID number be on each page. Please do it now. Please do it legibly. One point will be deducted for each page without a number. The use of numbers makes the grading anonymous. Please check the class for which you are registered; one point will be deducted for failure to do so.
No electronic devices other than simple (scientific) calculators are allowed, either visible or on your person-- no cell phones, Blackberries, Ipods, etc. All electronic devices should be stored in briefcases or backpacks. Please keep these items under your seat. Students found to have a cell phone on their person (e.g., in a pocket) will receive a zero for the exam. 

Use pen, not pencil. Simple scientific calculators may be used, but not graphical calculators 

When choices are presented, unless instructed otherwise, circle what you consider to be the best answer or answers and provide an explanation of your reasoning for all of your answers. Your explanation should show how you arrived at your answer, not just repeat it or the question. Think of trying to explain your answer to a classmate. Try to list or explain all the critical steps in your reasoning that led you to your answer.  If you present some correct reasoning, you may earn partial credit. But no credit can be given if you provide no answer at all, so try to write something for every question requiring an explanation.  

On the other hand: You must limit your answer to the space provided for each question. If you must cross out some writing, use additional space for your answer on the back of the SAME page on which the question appears, but limit your total writing to occupy the same amount of space as was originally provided. Use of more space than this may result in the deduction of credit. Pages are separated for grading and the last page(s) without questions on them are discarded, so if you do need more space for your answer because of crossing out, be sure to use the back of the SAME page. 

Formulas you may find useful are provided on the last 2 pages, including your handout of amino acid structures not showing charges; the last pages can be torn off and used as scrap paper, and you may use the back of this cover page as scrap paper. Be sure to turn in this cover page. 

All information is the same in all exam copies, but the question order may differ. 

Each page is worth approximately the same amount. 

________________________________________________________________

Please do not write below this line – it’s for the graders.  

1)  Suppose an microorganism isolated off the coast of Venezuela is found to grow by trinary fusion instead of the more common binary fission of E. coli. That is, a cell grows larger and then divides into 3 daughter cells, which repeat the process. The time it takes to for a daughter cell to grow and then divide is called tripling time ( tT ) 
1A) Suppose the tripling time in glucose minimal medium is 2 hours. If there are 1 million cells per ml. at 1 PM, how many cells per ml will there be at 7 PM, assuming exponential growth during this entire period? ________________
1B) Which of the following equations describe this growth in mathematical terms? Circle the one correct answer.

(N= No2t/tD)   (N= No3t/tT)   (N= No3t/tD)   (N= Noet/tT)         [tD = doubling time; tT = tripling time]  

1C)  Suppose the culture medium contained MgSO4 with a radioactive form (isotope) of sulfur (35S). Approximately what proportion of the following cellular macromolecules would be expected to contain radioactivity at 3 PM?    polysaccharides:  ______  phospholipid: _______   proteins:  ______
2A)  How many hydrogen bonds does a typical amino acid residue make in the formation of an alpha helix?

 (0)  (1)  (2)  (3)  (4) (>4)  
2B)  Consider a region of a polypeptide that forms an alpha helix consisting of 35 amino acid residues. The number of these amino acid residues that have backbone atoms involved in hydrogen bonding is approximately (circle the best answer):                     (0)  (1)  (2)  (7)  (10)  (12)  (35)  (70) 
2C)  Suppose two beta sheets are found to overlay each other in close apposition within the structure of a monomeric protein. Each beta sheet consists of 30 amino acid residues.  The attraction holding these sheets together can be characterized as (circle all correct answers and explain your circled choice(s)):

 (2o structure) (3o structure) (4o structure) (due to hydrogen binding between backbone atoms)  

(due to interactions among a maximum of 15 side chains)  (due to interactions among a maximum of 30 side chains) (due to interactions among a maximum of 60 side chains)  (possibly involving disulfide bonds) 

3) The amino acid sequence difference between normal beta-globin and beta-globin from people with sickle cell disease is the substitution of a glutamic acid (normal) with a valine (sickle cell).  
3A) Which of the following procedures are expected to reveal a definite distinction between normal beta-globin and sickle cell beta globin (circle all correct answers and briefly explain all choices): 
(subjecting the entire polypeptide to carboxypeptidase hydrolysis)  (fingerprinting these proteins)  
(a 2-dimensional separation of the amino acids produced by a complete hydrolysis of these proteins) 
(determining the entire primary sequences of these proteins)   (SDS PAGE)   (none of these) 

3B)  Some people have an equal mixture of normal and sickle cell hemoglobin in their red blood cells. Suppose you could purify the beta subunits (beta-globin) of the hemoglobins from such a person in their native states. You subject a concentrated solution of this protein mixture to 3 protein separation techniques and get the following results: ultracentrifugation: 2 bands of protein; SDS PAGE: one band; native gel electrophoresis toward the anode: 3 bands.  The lower band in the ultracentrifuge is found to contain only sickle cell beta-globin. Consider the 3 bands found after native polyacrylamide gel electrophoresis. The highest band is furthest from the anode, the lowest band is the closest. What is the probable protein composition of: 

i. The highest band:  (normal) (sickle) (both)

ii. The middle band:  (normal) (sickle) (both)

iii. The lowest band:  (normal) (sickle) (both)

4)   Biochemists have recently succeeded is producing polypeptides contain unnatural amino acids.  Many such polypeptides exhibit secondary, tertiary and quaternary structure.  Suppose a natural polypeptide has a tripeptide region serine-isoleucine-glutamic acid located in the interior of the protein. Now further suppose that one of these amino acids is substituted with an unnatural version (A, B, or C) depicted on the last pages. The substitution is made only at this position and no other in the polypeptide. Indicate whether the forces holding this region in the interior are likely to be stronger, weaker or about the same with the substituted version.                                                                         
4A)  Substitution of A for isoleucine:    (stronger) (weaker) (same)

4B)  Substitution of B for serine:    (stronger) (weaker) (same)

4C)  Substitution of C for glutamic acid:    (stronger) (weaker) (same)

5) Alginates are polysaccharides derived from seaweed that are used as thickening agents. Consider one such alginate (poly-beta (1,4) mannuronic acid, “PBM”)  made up of repeated units of mannuronic acid linked by beta 1,4 glycosidic bonds. Mannuronic acid is similar to mannose but has a carboxyl group at the carbon 6 instead of a hydroxyl. The structures of alpha mannose and alpha glucose are shown on one of the last pages. 
5A)  Circle the best answer and explain:
4A.i) Beta and alpha mannose are stereoisomers of each other. 

(T) (F)
5B) Beta mannuronic acid and beta mannose are stereoisomers of each other. 

(T) (F)
5C) The configuration hydroxyl at carbon 2 relative to the ring in beta-mannuronic acid is:
(axial up) (axial down) (axial up or down) (equatorial) (can’t predict) 
5D) A single molecule of PBM in water is expected to be able to take on a roughly linear configuration, like cellulose. (T)  (F)

5E) PBM in water is expected to form fiber bundles with strong resistance to being pulled apart, like cellulose. 
(T) (F)
6.  Immunoglobulin (antibody) is a heterotetrameric protein made up of two identical smaller polypeptides  (lighter L chain, subunit molecular weight 20,000 daltons) and two identical larger polypeptides (heavier H chain, subunit molecular weight 60,000 daltons) bound to each other as shown in the diagram on one of the last pages. Suppose four disulfide bonds link the two H-chains and one disulfide bond links each L chain to a single H chain. Each L chain normally contains a single cysteine residue. Consider a rare individual in which the cysteine has been replaced by alanine in all L chains.  The H and L chains must interact to form a specific structure in order to function, and immunoglobulin in this rare individual functions normally
For a molecule of immunoglobulin from a normal individual (no explanation necessary),

6A.  The minimum number of cysteine residues is: __________________   or   (can’t predict)

6B.  The number of amino termini is _________________   or   (can’t predict)

6C.  The number of alpha amino groups is: ________________   or   (can’t predict)

6D.  The total number of carboxyl groups is: _______________   or   (can’t predict)
For a molecule of immunoglobulin from the rare individual (no explanation necessary),

6E.  The molecular weight of the rare immunoglobulin is: ___________ or   (can’t predict). Briefly explain 6E only. 
6F.  Write the number of protein bands that could result from subjecting samples of each of these immunoglobulins to the following protein separation methods, or write “can’t predict”.  No mercaptoethanol was used in any of these treatments. Explain only the SDS PAGE case and any “can’t predict” answer. 

	
	The normal immunoglobulin
	The rare immunoglobulin

	Ultracentrifugation in 7M urea
	
	

	Gel filtration (pH7)
	
	

	SDS PAGE
	
	


SDS= sodium dodecyl sulfate; PAGE = polyacrylamide gel electrophoresis

7 not covered in 2009.
7.  Enzyme A has a turnover number of 50.  In the presence of 1 nanomolar (nM) enzyme A and 0.4 micromolar (uM) substrate, the initial velocity of the reaction S ( P  is found to be 0.2 nM/sec.  The initial velocity of the reaction in the presence of 0.2 uM substrate should be about:   
(0)   (0.05)   (0.08)  (0.10)   (0.15)  (0.18)  (0.20)   (0.25)   (1)  (50)   nM/sec.
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