Chemistry 251

Second Exam Take Home Question
October 23, 2008

These questions are to be turned in by 11:59 pm on Wednesday, October 29. I strongly prefer that students turn in their work in electronic form, although how you get the work to me (email attachment or Digital Drop Box) doesn’t matter.    They will be worth 30 points.  You may choose to work on these questions in pairs; in this case please clearly identify who you worked with.  In any case, each person is responsible for writing up their own answers.  Duplicate answers (in terms of wording, not concepts) from members of a pair will not be accepted.

1. Protein-tyrosine phosphatase enzymes are important regulatory enzymes, for example, in the mechanism of action of insulin. Clinical trials show that inhibitors of these enzymes are effective at treating diabetes. Phosphatase enzymes catalyze the removal of phosphate groups from specific proteins. In this study, the researchers studied the ability of vanadate to inhibit protein tyrosine phosphatase 1B(PTP1B). They measured the activity of PTP1B in the presence and absence of vanadate. They used an artificial substrate, fluorescein diphosphate (FDP), because the product of the reaction, fluorescein monophosphate (FMP), absorbs light at 450 nm. So the overall reaction used to study the kinetics of PTP1B is:


Fluorescein diphosphate


    Fluorescein monophosphate + HPO42-
The investigators measured the activity of the PTP1B enzyme in the presence and absence of vanadate (inhibitor concentration was 4 (M); the data are shown below:

	[FDP] ((M)
	Vo (nmol/second)

No vanadate
	Vo (nmol/second)

With vanadate

	6.67
	5.7
	0.71

	10
	8.3
	1.06

	20
	12.5
	2.04

	40
	16.7
	3.70

	100
	22.2
	8

	200
	25.4
	12.5


Construct a Lineweaver-Burk (double reciprocal) plot and determine:

· Km and Vmax for PTP1B in the absence of vanadate

· what type of inhibitor vanadate is

· Ki for vanadate inhibition


2. Severe acute respiratory syndrome (SARS) is a viral respiratory illness caused by a coronavirus, called SARS-associated coronavirus (SARS-CoV). SARS was first reported in Asia in February 2003. Over the next few months, the illness spread to more than two dozen countries in North America, South America, Europe, and Asia before the SARS global outbreak of 2003 was contained. According to the World Health Organization (WHO), a total of 8,098 people worldwide became sick with SARS during the 2003 outbreak. Of these, 774 died.
A critical enzyme in the life cycle of the SARS coronavirus and its ability to replicate and assemble progeny viruses is a protease known as the SARS main protease or 3CLpro. This enzyme is required for proteolytic processing of the replicase polyprotein into functional replicase components; without  3CLpro the viral genome can’t be replicated prior to assembly of progeny viruses.

a) Back in 1988, Bazan and Fletterick showed that viral proteases from several classes of viruses formed a related group of enzymes with Cys in the active site and homologous to the family of trypsin/chymotrypsin serine proteases. In their model, Ser-195 of the serine protease catalytic triad has been changed to the Cys found in the viral protease active site. Based on this, what role would you expect Cys to play in the viral protease mechanism?

b) Work by subsequent researchers consistently suggested that while the viral proteases had a Cys and His in the active site that functioned similar to the Ser and His of serine proteases, the viral proteases lacked the Asp that makes up the third part of the serine protease catalytic triad. Based on this information, draw a reasonable mechanism for how the viral proteases catalyze the cleavage of a peptide bond (use R1 and R2 to represent the side chains of the amino acids on either side of the cleaved peptide bond).

c) Using the analogous protease from feline infectious peritonitis virus (also a coronavirus), Hegyi and et al. constructed a number of mutants in the active site of the enzyme (the Cys and His in the wild type enzyme correspond to the amino acids in the active site):

Cys ( Ser

Cys ( Ala

His ( Tyr

His ( Arg

These four mutants completely lacked activity. They also made mutants in an Asn that might function in the same role as Asp does in the serine protease catalytic triad. When they changed Asn to Ala, Asp, Glu, or Gln, they saw the same or increased activity. Only Asn ( Pro results in loss of activity. How would you interpret these results in light of your answer to part b?

d) Most of the cleavage sites in the coronavirus polyprotein have a conserved sequence of Leu/Ile-Gln-Ser/Ala/Gly, where cleavage is on the C-terminal side of the Gln. The Leu/Ile occupy what is referred to as the P2 site, the Gln occupys the P1 site, and the Ser/Ala/Gly occupy the P1( site in the substrate. In 2003, Fan et al. purified the 3CLpro from the SARS coronavirus. When they examined the substrate preference for the purified enzyme, they found that an oligopeptide where Leu in P2 was replaced with Phe  was cleaved by the enzyme at ~ 40% of the rate compared to the consensus sequence while replacing Leu with Val gave an oligopeptide that was cleaved at only 3% of the rate seen for the consensus sequence. What conclusion(s) can you make about the nature of the substrate binding site for P2?
e) Fan et al. also found that as protein concentration of the enzyme increased, they saw increasing amounts of dimer formed. When they determined kcat/Km as a function of enzyme concentration, they obtained the plot below.

(Note - Figure 4 from Fan et al. J. Biol. Chem. 279: 1637 (2004) was inserted here)
Which appears to be the active form of the enzyme, monomer or dimer? What justification can you provide for your answer?

f) The SARS 3CLpro protease consists of two distinct folds, one that is very similar to the fold seen in chymotrypsin and an extra helical domain at the C-terminal end of the polypeptide. Shi et al. dissected the full-length protein into the two distinct folds and compared the substrate binding and dimerization properties of the individual folds with the intact protein. While the dissected parts folded into native-like structures on their own, the chymotrypsin fold alone had weak activity when compared to the intact enzyme. In addition, the chymotrypsin fold remained a monomer across a wide range of concentrations. The extra helical domain formed a stable dimer even at very low concentration. Are these results consistent with your answer to part e? What implications does this have for developing drugs to treat SARS? (Note from Dr.Fisher - there were no drugs specific for SARS during the 2003 outbreak and I don’t believe that any have been approved yet.)
g) Think back to our discussion regarding HIV/AIDS and the readings I distributed. What other factors beyond the biochemistry might be important to consider in terms of treating/controlling any future SARS outbreaks?
PTP1B





(Note - Question #2 is divided up into a number of smaller subquestions. Each of the subquestions can be answered relatively briefly in 1-3 sentences; I’ve used this format to make answering the question a more manageable process. All of these questions are based on published research related to coronaviruses and SARS; after everyone has turned in their answers I’ll make the papers available through Blackboard as PDF files for anyone that is interested in seeing how biochemical concepts were used to develop an understanding of SARS and the discovery of possible drugs for treatment.)








