
Bi/Ch110 - Problem Set 2 Key 
 
1. Protein Folding Methods and Concepts [15 points] 
 

A) Give two reasons that make predicting three-dimensional protein structures from 
amino acid sequences so difficult. [5pts] 

 
Current predictive programs and methods use local sequences to predict secondary 
and tertiary structures, but long-range interactions are often involved in creating 
these structures.  Protein folding takes place using semi-stable intermediate 
conformations, and these differ for every protein.  Many proteins are modified after 
synthesis (phosphorylation, cleaving, addition of sugars, etc.) and this affects their 
conformations.  Proteins aren’t always, or even mostly, at their minimal theoretical 
free energy, so calculating that conformation is not necessarily predictive. 

 
B) Suppose you have isolated a novel protein.  What are two experimental methods and 

one theoretical approach that could help you determine its three-dimensional 
structure?  Give a brief, simple explanation for how each of these methods works 
and explain what they tell you about the structure of the protein. [10pts] 

 
Experimental 
1) X-ray crystallography: A beam of x-rays is shot through crystallized protein and 
absorbed onto x-ray film behind the protein.  The electrons in the protein scatter the 
x-rays, and the x-ray waves recombine in a way that depends on the atomic 
arrangement.  A Fourier transform is performed on the image to make an electron 
density map.  This method is analogous to taking a picture of the protein: the three-
dimensional structure can be deduced from the electron density map. 
 
2) NMR:  Concentrated protein in solution is subjected to an electromagnetic pulse.  
This changes the energy state of the protons in the protein.  Not all protons and 
nuclei resonate the same, however; the electrons around a nucleus shield the 
protons, and the flow of electrons around a nucleus relates to the type of atom as 
well as its chemical associations in the protein.  The frequencies of the resonance of 
the protons/nuclei (also called “chemical shifts”) are measured.  Peaks of intensity 
vs. chemical shift are predictive of functional groups in the protein.  A variation of 
this is called NOESY. 

  
 Theoretical 

 “Knowledge-based methods” of prediction: The primary sequence of your protein 
is compared to the primary sequences of proteins with known structures.  If there 
are significant sequence matches, the unknown protein may fold similarly to the 
known proteins.  Also, structures can be predicted de novo just from the sequence 
alone.  When this method is combined with other methods of prediction, it is 
stronger, but of course it is only a prediction and the protein must also be subjected 



to NMR and/or X-ray crystallography to more accurately determine three-
dimensional structure. 

 
 
2. Protein Folding Energetics [25 points] 
 

A) Explain why proteins form hydrophobic cores in aqueous environment.  How are 
the water molecules involved?  Refer to the formula ! G = ! H - T! S to answer this 
question.  ! G is the change in Gibbs free energy, ! H is the change in enthalpy, ! S 
is the change in entropy and T is the temperature. [10pts] 

 
A process is spontaneous if ! G is negative.  ! H represents all the bond energies and 
! S represents the degree of freedom of each molecules.  When the hydrophobic 
residues collapse together, they push out the water molecules.  The ! H of the 
overall protein does not change much because there are no new bonds being formed 
and the ! S of the hydrophobic residues may even decrease slightly because they are 
collapsed, so the ! G of the protein may actually become slightly more positive.  
However, the ! G of the released water molecules greatly decreases because they are 
now free to form hydrogen bonds to other water molecules (lower ! H) and have 
more degree of freedom (higher ! S; they are no longer constrained to hydrophobic 
residues).  Thus the overall ! G of the system (protein and water) decreases, making 
hydrophobic collapse a favorable process. 

 
The energy plot for the folding of a hypothetical protein (Protein K) at standard 
condition is shown: 
 
 

 
 
 
 
 
 
 
  
 
 
 
 
 

B) Assuming that Protein K can fold/unfold only through this path, calculate the 
equilibrium constant (K’eq) for this folding process (use R = gas constant = 8.315 X 

Unfolded 
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Free Energy 

Folding Progress 

! G = 13 kcal/mol 

! G = 11 kcal/mol 

! G = 6 kcal/mol 



10-3 kJ mol-1 K-1). What does the equilibrium constant tell you about the rate of 
folding of Protein K? [10pts] 

 
! G¼Õ = -RT ln(KÕeq) [Section 8.2 Ð Eqn(5)] 
-13 kcal/mol = -8.315X10-3 kJ/mol/K X 298K X ln(KÕeq) X 0.239 kcal/kJ 
KÕeq = ê [-13/(-8.315X10-3 X 298 X 0.239)] 
KÕeq = 3.41 X 109 

 

Note that ! G¼Õ is negative (product is at lower energy state) and that activation 
barrier is irrelevant to the calculation of the equilibrium constant. 
 
The equilibrium constant does not tell you anything about the rate of folding. (Refer 
to section 8.2) 

 
C) Compare two inhibitors that bind to the active site of the same enzyme: one binds to 

the enzyme in the ground level state (Inhibitor A) and the other binds to the enzyme 
in the transition state (Inhibitor B; aka transition-state analog).  Which type of 
inhibitor is more potent (i.e. bind tighter to the enzyme)?  Provide a brief 
explanation. [5pts] 

 
There were several acceptable answers (some are based on student answers): 
 
1) Inhibitor B will be more potent, assuming it means EI complex is more prevalent 
at equilibrium than E and I separate (high Keq).  The most stable interaction between 
inhibitor and enzyme would happen when the maximal binding energy (high ! G) is 
released.  Assume that EIA and EIB are equally stable (end state at same energy).  
The enzyme in the transition state is more unstable (because it is not in its natural 
(ground level) state).  Thus the energy jump after binding the inhibitor is bigger for 
Inhibitor B than Inhibitor A.  (Brief answer would have been: Transition state is 
unstable so binding of inhibitor stabilizes the EI complex more than if ground state 
enzyme were bound.) 
 
2) Inhibitor A will be more potent because it prevents going to the transition state, 
while the inhibitor B may not get to the enzyme in time because transition state is 
highly unstable. 

 
Some things to note are:  

- Specificity does not necessarily mean strong bonding.  In fact, if substrate 
and enzyme were bound too strong, they would not form products. 

- Transition state is unstable and transient (high energy state on energy plot). 
 
 
 
 



3. Enzyme Kinetics [10 points] 
 
A) By increasing the concentration of substrate, one can reverse the effects of 

competitive inhibition.  Explain why this is not true for uncompetitive inhibition.  
[5pts] 

 
In competitive inhibition the inhibitor reduces the concentration of free enzyme 
available for substrate.  However, by increasing the concentration of substrate one can 
overcome the effects of the inhibitor.  This does not work for uncompetitive inhibition 
because the inhibitor binds to the enzyme-substrate complex and not the free enzyme.  
Because the inhibitor only binds to the enzyme-substrate complex and not the free 
enzyme, one cannot reverse the effects of uncompetitive inhibition by increasing the 
concentration of substrate. 
 
B) Consider the following situation: binding of the inhibitor influences the affinity of 

enzyme for the substrate but does not completely prevent the binding of the 
substrate to the enzyme.  Furthermore, binding of the inhibitor also influences the 
rate of product formation from the enzyme-substrate-inhibitor complex (ESI).  
Show how the Lineweaver-Burk Plot for such situation would be influenced by 
increasing the inhibitor concentration, [I]. [5pts] 

 
This is mixed inhibition (a subset of which where KM with and without the inhibitor 
does not change is non-competitive inhibition).   

 
L-B Plot will have increased slope with added inhibitor: 
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4. Peptide Synthesis [10 points] 
 

5Õ AACGATGGGGTTATGCAAATAAGCCCATGAGGC 3Õ 
3Õ TTGCTACCCCAATACGTTTATTCGGGTACTGCG 5Õ 

 
A) Use table 4.4 in Stryer to determine what peptide(s) is (are) encoded in this stretch 

of DNA. [5pts] 
 

1. Met Gly Leu Cys Lys Stop 
2. Met Gln Ile Ser Pro Stop 
3. Met Gly Leu Phe Ala Stop 

 
B) Could any of the bases change and still retain the amino acid sequence of the 

peptide(s)? [5pts] 
 

 
 
 
 
 
 
 
 
5. Enzyme Catalysis [25 points] 
 
Pepsin is a digestive enzyme secreted by the stomach that functions optimally at pH 3.  Its 
active site consists of two Asp residues, Asp 32 (pKa ~1.1) and Asp 215 (pKa ~4.7).  
Several X-ray structures show that the Asp residues form hydrogen bonds to a bridging 
water molecule.   
 

A) Draw a simplified diagram of the pepsin active site at pH 3, including the molecular 
structures of Asp 32, Asp 215, water, and a dipeptide with side chains R and RÕ. 
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Another possible mechanism is drawn out in Figure 9.18 (B) in Stryer. 
 
B) In general, proteolytic enzymes have three essential catalytic components: a 

nucleophile, an electrophile, and a proton donor.  Describe the actions and effects of 
Asp 32, Asp 215, and water in the catalytic mechanism for pepsin.   

 
Asp 215- electrophile to stabilize the negative charge that develops on the carbonyl O 
atom of the tetrahedral intermediate.  
Asp 32 Ð proton donor so as to make the amide N atom of the scissile peptide a good 
leaving group 
Water Ð nucleophile to attack the carbonyl C atom of the scissile peptide to form a 
tetrahedral intermediate 

 
C) Draw the products formed by pepsin proteolysis. [2pts] 
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D) In efforts to increase the catalytic activity of pepsin, you generate the following 
mutations: D215C [this notation implies that the Asp (D) residue at position 215 has 
been mutated to Cys (C)] and D32E.  Suggest the effect of each mutation on pepsin 
catalysis.  [5pts] 

 
D215C is a dramatic change that will likely destroy the activity of pepsin.  
D32E will likely not alter anything. 



 
6. Erythropoietin [15 points] 
 

A) Erythropoietin (EPO) is a glycoprotein hormone secreted by the kidneys that 
stimulates red blood cell production.  Close to 40% of its size is due to four 
different oligosaccharide chains: three N-linked chains attached to asparagines 24, 
38, 83 and one O-linked chain attached to serine 126.  While greatly useful in 
medicine, recombinant human EPO produced, for example, in Chinese Hamster 
Ovary (CHO) cells is also used by some athletes to increase the level of oxygen in 
the blood.  How would scientists be able to tell if an athlete had been using 
recombinant EPO (be specific)? [5pts] 

 
Normally produced EPO is N-glycosylated at three asparagines residues and O-
glycosylated on a serine residue. Human recombinant EPO has a different glycosylation 
pattern.  Therefore, if you run them through a protein gel, for example, they will appear 
different. 

 
 
B) You want to understand the importance of each oligosaccharide side chain and how 

it affects erythropoietin biosynthesis, secretion and function.  In order to answer 
your question you decide to create mutant construct cDNA then transfect and 
express it in baby hamster kidney cells, which will enable you to analyze the effects 
on erythropoietin.  However, no one in your lab is sure how to effectively remove 
the oligosaccharide chains from individual amino acids without disturbing the 
tertiary structure of the protein thus allowing you to understand the role of each 
glycosylation site on the protein.  What approaches might you use to carry out this 
experiment? [10pts] 

 
This experiment was carried out by Dube, Fisher, and Powell and the results were reported 
in the JBC article ÒGlycosylation at Specific Sites of Erythropoietin Is Essential for 
Biosynthesis, Secretion, and Biological Function.Ó  
 
First, erythropoietin cannot be treated enzymatically or chemically to remove the 
carbohydrates Ð the protein will aggregate and lose activity thus preventing one to analyze 
the affects of removing the carbohydrate side chains.  Other methods take all side chains off 
at once and make it impossible to analyze the importance of each chain.   
 
The best method for removing these side chains is through oligonucleotide-directed 
mutagenesis which will change the amino acids that are naturally glycosylated, which 
prevents the oligosaccharides from being added to them.  Asparagine is replaced with 
glutamine and serine with alanine.  These specific replacements prevent the protein from 
changing conformation of its tertiary structure.   
 


