
Bi/Ch 110 Final 
 

December 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 the 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 FIVE 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 180 (9 questions). 
¥ The str ict due date is before 4pm on Thursday, December 13th. Late exams will 

not be accepted. Extensions will not be granted. 



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. Chirality (10 points) 
 
 
 
 
 
 
 
 
 
 
 
Do the two C1 hydrogen atoms of ethyl-alanate (Ha and Hb shown above) have identical 
chemical properties?  Why or why not?

H 

C 

CH3 

+H3N 
C 

O 

O 
C 

Ha 

Hb 

CH3 



3. Electron Transfer  Efficiency (20 points) 
 
Consider the following Half Reaction Potentials: 
 
Reaction     E0Õ (V) 
!  O2 + 2H+ + 2e-    H2O + 0.815 

 
FAD + 2H+ + 2e-    FADH2 
                            (in flavoproteins) 

-0.040 

 
NAD+ + H+ + 2e-    NADH 
 

 
-0.315 

 
In mitochondria, for electron transfer from FADH2 (in flavoproteins) to dioxygen, an 
electro-chemical gradient is generated that leads to the production of about 1.5 moles of 
ATP (from ADP and Pi) per mole of FADH2 oxidized.  For electron transfer from NADH 
to dioxygen, about 2.5 moles of ATP are produced (from ADP and Pi) per mole of NADH 
oxidized.  Calculate the efficiencies of these two overall processes. 
 
To interconvert free energy and electrochemical potential: 
 
! G ~ 23n! E0Õ Where ! G is in kcal/mole and ! E0' is in 

volts and n is the number of electrons 
involved in the balanced reaction such as: 
H+ + NADH + !  O2    NAD+ + H2O 

 



4. Molecular Machine (20 points) 
 
ATP synthase is a molecular machine that drives the synthesis of ATP from ADP and Pi 
using the energy of protons flowing, through the membrane spanning protein machine, 
down the transmembrane electrochemical gradient established by another series of 
membrane spanning proteins that collectively transfer electrons from reductants such as 
NADH and FADH2 to dioxygen (which is reduced to water). 
 
Consider the active site of the ATP synthase, as proton translocations drive its rotation.  
This rotation causes the active site of ATP synthase to adopt three states (each of different 
conformation):  (i) binds reversibly ADP and Pi, (ii) catalyzes the formation of ATP from 
the ADP and Pi, and (iii) allows the dissociation of ATP to solution.  Explain, including a 
discussion of the energetics involved, how these three states of the active site might 
accomplish the functions outlined.  Further, what would be a likely result if, somehow, the 
machinery that required forward, unidirectional rotation of the motor were to fail so that the 
ATP synthase could sometimes rotate in reverse. 
 



5. Ionophores (20 points) 
 
Certain compounds called ionophores can be inserted into the mitochondrial inner 
membrane, forming channels that allow spontaneous flux of protons from the cytosol into 
the matrix.  This effectively destroys the proton gradient while bypassing ATP synthesis.  
Certain other compounds (e.g., oligomycin) inhibit ATP synthesis by preventing flux of 
protons from the cytosol into the matrix.  Predict the effects of each of these treatments on 
the operation of the electron transport chain, the TCA cycle, glycolysis, and on the ultimate 
effect of the organismÕs viability.   



6. Glutamine Metabolism (20 points) 
 
In view of the toxicity of free ammonia and ammonium salts, cells require a non-toxic 
source of nitrogen for use in nitrogen transport and biosynthetic reactions. This need is 
satisfied by glutamine, which is the most common free amino acid in human blood plasma. 
 
A) Glutamine is readily synthesized from glutamate and ammonium ions by the enzyme 
glutamine synthetase. Please draw the mechanism for this reaction. 
 
 
B) Glutamine supplies most of the nitrogen required for purine and pyrimidine biosynthesis, 
and for the manufacture of amino sugars. When necessary it can be degraded back to 
glutamate by the enzyme glutaminase: 
 
glutamine + H2O !  glutamate + NH4

+ 
 
Glutaminase is activated by inorganic phosphate. It is obvious that glutamine synthetase 
and glutaminase constitute a potentially futile cycle, and the arrangement must be delicately 
regulated to avoid wasteful hydrolysis of ATP. This problem becomes particularly apparent 
in the liver. Propose a way by which the body is able to solve this problem. 
 



7. tRNA ÒWobbleÓ (20 points) 
 
Recall the standard genetic code of codons to amino acids.  The first two base pairs of a 
codon confer most of its specificity.  In other words, when multiple codons encode an 
amino acid, it is most often the case that the first two nucleotides of the codons are the 
same.  A related phenomenon is that, though there are 61 codons that encode amino acids, 
most cells have 50 or fewer different tRNAÕs.  Chloroplasts and mitochondria have as few 
as 30 and 24 different tRNAÕs, respectively.  It is known that the interactions between the 
first two codon nucleotides and the corresponding anticodon nucleotides are Watson-Crick 
base pairings. 
 
A) On the molecular level (i.e. in terms of the chemical interactions between nucleotides), 
give two different ways that multiple codons differing only in their third nucleotide can 
bind to the same tRNA. 
 
B) What is the smallest number of tRNAÕs in a cell that could be bound to the amino acid 
leucine and why?  With proper explanation, there are multiple acceptable answers; just give 
one. 
 



8. Membrane Proteins (20 points) 
 
You sequence a very short protein that is known to exist in cell membranes.  The sequence 
is as follows, from N to C terminus: 
 
LALGMMLGLGSDNPGNDGMALMLAGLM 
 
A) Based on the primary sequence, what do you predict the secondary structure will be?  
Label the secondary structure domains on the given sequence. 
 
B) How do you predict that the above is arranged with respect to the cell membrane and 
why?  The insides and outsides of cells have approximately aqueous environments and the 
membrane itself is primarily made up of lipids. 
 
 
Bacteriorhodopsin is a protein found in the membranes of some bacteria.  It is made up 
primarily of seven transmembrane alpha-helices.  Below is the primary structure of 
bacteriorhodopsin.  The transmembrane helices are underlined. 
 
AQITGRPEWIWLALGTALMGLGTLYFLVKGMGVSDPDAKKFYAITTLVPAIAFTM
YLSMLLGYGLTMVPFGGEQNPIYWARYADWLFTTPLLLLDLALLVDADQGTILAL
VGADGIMIGTGLVGALTKVYSYRFVWWAISTAAMLYILYVLFFGFTSKAESMRPE
VASTFKVLRNVTVVLWSAYVVVWLIGSEGAGIVPLNIETLLFMVLDVSAKVGFGLI
LLRSRAIFGEAEAPEPSADGAAATS 
 
C) While there are prolines in between most of the transmembrane helices, you will notice 
that there are two turns without prolines.  Why would you generally expect prolines in 
turns? 
 
D) Can proline be lost from proteins during the course of evolution?  In other words, if 
proline were lost from a turn in a protein, could the turn remain or would that protein 
become nonfunctional?  Why? 
 
 



9. TCA Cycle Poison (30 points) 
Fluoroacetate is a popular and potent rat poison that is found in the leaves 
of certain poisonous plants. Sodium fluoroacetate is metabolized into 
fluoroacetyl-CoA by the enzyme acetate thiokinase and then is 
incorporated into fluorocitrate as shown. 

      
 
A scientist studying the effect of sodium fluoroacetate on mammalian 
muscle cells found a decrease in the rate of glycolysis and in the amount of 
citric acid cycle (TCA) intermediates. However, citrate levels increased 
several fold. 

 
A) What step in the TCA cycle appears to be blocked? Why do citrate 
levels increase dramatically, while the levels of the other TCA 
intermediates decrease? 

 
B) Aconitase catalyzes a reaction with Fluorocitrate that yields the 
following tight-binding inhibitor:     

              
Draw an alternative aconitase-catalyzed reaction that would generate this 
inhibitor. 
 
* Represents a 14C label originating in the fluoroacetate, as shown above.  
(Hint: Recall the prochirality of citrate in the TCA cycle). 


