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1.  The biochemical principle that a given protein folds 

into a single, low energy structure has some 
exceptions. One example is the prions, disease-
causing proteins that can have multiple 
conformations.  
a) The two structures (above) correspond to chemically identical forms of the same protein. 
The structure on the left is the normal structure of the cellular protein PrP, found in brain. The 
structure on the right is the disease-causing protein PrPSC. How do these proteins differ in their 
secondary structures? 
b) PrPSC is experimentally observed to be resistant towards denaturation, resistant to digestion 
by proteases, and relatively insoluble when compared to PrP. How does its structure account 
for these properties? 
c) Ingestion of tissue that contains PrPSC can result in diseases such as kuru (in humans), 
scrapie (in sheep), and mad cow disease (in cattle). Laboratory experiments have shown that 
PrPSC converts PrP to the PrPSC structure, which leads to protein aggregation and 
neurodegeneration. How does this differ from normal infectious disease processes? 
 

2. The quaternary structure of a multimeric protein in a dilute aqueous buffer solution at pH 7.0 is 
believed to be stabilized almost exclusively by hydrophobic associations between its subunits. 
Explain whether each of the following observations is consistent with this hypothesis or not. 

 The protein is dissociated into subunits under the following conditions: 
a) In salt solutions of high ionic strength  b) When the pH is increased to pH 8.0 
c)  When ethanol is added to the solution d) At low concentrations of urea 

 
3.  Heritable disorders of connective tissue (HDCTs), which arise from mutations in genes 

encoding key proteins involved in tissue formation, often result in disorders of skin, bones, 
joints, blood vessels, and/or organs such as the heart. Over 200 HDCTs have been described. 
For each of the following patients, predict the defective protein from the following choices and 
explain your answers: keratin, elastin, collagen, fibroin. 
a) Your patient is concerned about his family history of aortic aneurysm (a condition in which 

the aorta, the largest blood vessel in the body, undergoes an abnormal bulging that can 
rupture). Four immediate family members died from aortic aneurysms between the ages of 
29 and 51, including his grandfather, his uncle, and two siblings. You notice that your 
patient’s skin is sagging and hanging in loose folds, causing his face and other parts of the 
body to have a droopy appearance. 

b) A 12-year-old male patient presents with a complaint of frequent painful ulcerations of the 
oral cavity since age 3. These ulcers and the accompanying dysphagia cause him to 
frequently resort to a liquid diet. At birth, he had skin 
erosions on the back and arm, and ever since, erosions 
have appeared all over his body at the slightest trauma 
and have healed by scar formation. 

c) A 20-year-old man presents for consideration of repair of 
a rectal prolapse that had been present since birth. 
Physical examination reveals hyperelasticity of the skin 
with easy bruisability, hypermobility of the joints, and a 

Patient 3B at birth. 



rectal prolapse of about 15 cm in length, which was easily 
reducible. 

 
 4.  There are hundreds of reported hemoglobin mutations, most of 

which are innocuous but some of which lead to problematic 
hemoglobinopathies. Abnormal hemoglobins can be classified by 
type (e.g., affected residue and subunit) and clinical phenotype.  

 a) Examples of abnormal hemoglobins include those with internal 
mutations that stabilize (or destabilize) the T or R state, mutations 
near the heme group that lead to oxidation of Fe2+ to Fe3+, and 
surface mutations. In general, which of these three types of mutations would you expect to be 
the most innocuous? Explain. 

 b) One reported hemoglobin variant has the mutation K82βàM.  Predict the clinical 
manifestations of this mutation. (“Predict” means “try to figure this out from first principles, 
rather than googling it.” You should have enough information in the class notes/slides to 
answer this question without looking anything else up.)  Explain on molecular terms. 

 c) During an exam related to his diabetes, a 66-year-old male presented with cyanosis of the 
lips. Since childhood, he had followed a restricted exercise regime because of suspected heart 
disease. Lab findings indicated elevated hematocrit and Hb concentration. The p50 of the 
patient’s blood was 70 mm Hg (normal = 26) and the Hill coefficient was 1.3. Perhaps this 
patient was previously misdiagnosed…what type of hemoglobin mutation could lead to these 
lab findings? Be as specific as possible (that is, of the three general types of mutations, which 
one is most likely, and can you predict anything more specific about the nature of the 
mutation?). 

 
5.  Hemoglobinopathies can also occur through environmental exposure to toxins or drugs, such 

as in the case of acquired methemoglobinemia. Normally, O2 binding to hemoglobin leads to 
formation of small amounts of the ferric species (methemoglobin), which is rapidly converted 
back to hemoglobin by the methemoglobin reductase system in the red blood cell. However, 
some agents may cause an increase in the oxidation of hemoglobin that overwhelms these 
internal protective mechanisms.  
A 16-year-old boy is seen in the emergency department after collapsing during a dental 
extraction in which prilocaine hydrochloride (known to be an oxidizing agent) was used as 
topical anesthesia. His mother tells the emergency physician that he felt unwell during the 
procedure and gradually became more and more drowsy. Although he initially responds to 
vocal commands, his level of consciousness soon deteriorates. Finger oximetry readings 
indicate that oxygen saturation is 97%, but he appears to be cyanotic. An endotracheal tube is 
introduced and assisted ventilation started, but this does not improve his cyanosis or level of 
consciousness. There is no prior history of respiratory problems in this patient.  A blood sample 
is taken and appears to be chocolate brown in color. 
a) What clues are there that this patient may be suffering from methemoglobinemia? 
b) Is the patient’s methemoglobinemia acquired or congenital? Explain. 
c) If the cause of his problem is the prilocaine, why doesn’t every patient given this drug 

develop the same problem?  
d) How is it possible that the patient is cyanotic if the pulse oximeter shows 97% hemoglobin 

saturation? 
e) What treatment should the patient receive? (Don’t look this up; I’m not looking for a specific 

drug…just come up with a reasonable biochemical strategy…) 

Patient 3C. 
 


