
Bi/Ch 110 Midterm 
 

November 2007 
 

¥ The FIRST EXAM QUESTION is to wr ite the name, the one letter  code, the 
three letter  code, and the structure of the twenty amino acids. This portion of 
the test is CLOSED BOOK. 

¥ Only the Stryer ÒBiochemistryÓ textbook, your lecture notes, this yearÕs 
(Fall 2007) homework sets solutions, and materials on this yearÕs Bi110 course 
website can be used for the open book section of the test. 

¥ You may use calculators and graphing programs such as Excel. You may not use 
computers for any other resources. 

¥  The time limit on the exam is FOUR hours. 
¥  Please write your answers in blue examination booklets and put answers to each 

question on separate pages. 
¥ You may e-mail the TAs for clarifications on the questions, but you may not ask 

about the validity of your answers.  Your e-mails must be sent at least 12 hours 
prior to the deadline. 

¥  The total number of points on the exam is 170 (8 questions). 
¥ The str ict due date is before 4pm on Thursday, November 8th. At Margot 

HoytÕs office 304 Braun Late exams will not be accepted. Extensions will not be 
granted. 

 
 
Note: Problem Set 3 is cancelled; there will be no problem set 3. 
 Problem Set 4 will be handed out as scheduled on 20 November and will be due at 12 noon on 29 
November. 



Closed Book Portion 
 

1. Amino Acids (20 pts)  
Write the name, the three letter code, the one letter code, and the structure of the twenty 
amino acids as they would predominantly appear at pH 7. 



Open Book Portion 
 
2. Ramachandran Plot (10 points) 
 
Shown below is a rough Ramachandran Plot of L-Alanine, where !  and !  represent the 
angles of C" -C and C" -N bonds, respectively, of the amino acid backbone: 

 
 
Draw a rough Ramachandran Plot for D-Alanine. Give a brief explanation (maximum 5 
sentences). 
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3. Alternative Splicing (20 points) 
 
The E2A gene is alternatively spliced into two transcription factors, E12 and E47.  These 
proteins are thought to be identical to each other except for their DNA-binding domain, a 
difference which causes E12 and E47 to recognize and activate different genes.  You 
sequence the gene E2A, the protein E12, and the protein E47 and get these results 
(simplified and shortened because of time constraints).  The given strand of DNA is 
coding and written 5Õ!  3Õ and the given protein sequences are written N !  C terminus. 
 
E2A:  
ctgtgatcacgtttcaatgctgggaaaatgcccccattcgccagaccttcacagggaacagtggtgaccctcgtcaacacttcaa
agggaatagacgcagcagctg 
 
 
E47: MLGKSSTLQRE 
 
E12: MLGKSPDLHRE 
 
 
On the given strand of DNA, mark the boundaries of the exons and introns and number 
them such that exon 1 and intron 1 are at the end that is first transcribed.  Which exon(s) 
are alternatively spliced into which proteins? 
 
 



4. Protein Assembly (20 points) 
 
The mitochondrial genome of Diplonema papillatum is composed of over 100 regularly 
structured chromosomes of two family types; one of 6kbp, the other of 7kbp.  
(Mitochondrial chromosomes are traditionally circular, as are these.) 
 
Some of the proteins in these mitochondria are found to have assembled into a single 
protein genomic information from as many as nine modules each from a different 
chromosome. 
 
1. Propose a mechanism (both general and molecular) for this observation. 
2. Comment on the significance of this observation for oneÕs ability to predict the 
sequences of proteins in organisms (or organelles with their own chromosomes as, for 
example, mitochondria) solely on the basis of knowledge of the genomes of the 
organisms (or organelles). 

 
 
 



5. Enzyme Kinetics Ð Product Inhibition (20 points) 
 
Product inhibition of an enzyme-catalyzed reaction is a major part of metabolism.  Two 
of the most commonly found means of product inhibition are competitive and non-
competitive inhibition. 
 
There are two different sets of data on the graph below; one represents competitive 
product inhibition and the other non-competitive product inhibition.   
 
Assuming that for each set of data: 
Vmax = 1 µM/min 
Ks = 1 µM 
Kp = 1 µM  
[P] = 1 µM 
 
Determine which data set corresponds to which form of inhibition and give your 
reasoning. 
 

 



6. !  Phage Stochastic Decision (30 points) 
 
Recall the lambda phage discussed in lecture.  Whether a phage enters a lytic or lysogenic  
cycle depends on the signals it receives from the bacterium it has infected.  Recall that 
the genes involved in the lytic cycle are activated by the transcription factor cro and 
inhibited by the cI transcription factors.  The genes involved in the lysogenic cycle are 
inhibited by cro and activated by the cI transcription factors. 
 
A.) You isolate a bacterium infected with lambda phage.  What is an experimental way to 
predict, by analyzing phage gene products (RNA or protein), whether the phage is in a 
lytic or lysogenic cycle?  Give a thorough but succinct description of your experiment.  
Assume that if the phage is in lytic cycle, that you isolated the bacterium before it 
actually lysed.   
 
B.) You isolate a bacterium and inject it with lambda phage and cro.  What result(s) 
would you expect to see in the experiment you just proposed?   
 
C.) Now you isolate a bacterium and inject it with lambda phage and cI.  What result(s) 
would you expect to see in your experiment? 
 
D.) You isolate a bacterium and inject it with lambda phage and equal amounts of cro and 
cI.  What result(s) would you expect to see in your experiment, and why? 
 
 



7. " -Lactamase (20 points) 
 
Methicillin-resistant Staphylococcus aureus (MRSA) has evolved the ability to survive 
treatment with ! -lactam antibiotics by producing ! -lactamases. The ! -lactam antibiotics 
include penicillins, monobactams, carbapenems, and cephalosporins. They have a shared 
active site (a  ! -lactam ring bold in this diagram).The bond between the carbonyl and the 
nitrogen in the ring is labile, making this molecule reactive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a. The ! -lactam structure of penicillin is derived from which two amino acids? 
 
  
! -lactam antibiotics attack bacterial cells by inactivating an enzyme that is essential for 
bacterial growth, peptidoglycan transpeptidase. Normally this enzyme cross-links 
peptidoglygan monomers, which form the cell walls bacteria. 
 
b. Show the mechanism through which the antibiotic could irreversibly inactivate the 
transpeptidase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Why donÕt antibiotics like penicillin cause damage to eukaryotes? 
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8. Myoglobin/Hemoglobin (30 points) 
 
a) Binding of oxygen to both myoglobin and hemoglobin causes a conformational change 
in which a proximal histidine is moved toward the plane of the heme ring.  In hemoglobin, 
this results in sigmoidal O2 binding whereas myoglobin exhibits hyperbolic O2 binding.  
Explain this difference.  
 
b) What is the molecular origin for this difference in the binding curves of hemoglobin 
and myoglobin; and why is this difference functionally important?  
 
c) If an individual carried a mutation resulting in a change in the amino acid sequence of 
hemoglobin so that a glycine were substituted for the ÒdistalÓ histidine residue E-7, what 
effect do you think this change would have on the ability of this individualÕs hemoglobin 
to bind, transport, and release oxygen normally in the absence of carbon monoxide?  
Assume no change in the native conformation as a result of the mutation.  
 
d) What effect do you think the amino acid substitution would have on this individualÕs 
ability to survive in the presence of the usual levels of carbon monoxide?    
 


