Chemistry 252

First Exam Take Home Question

February 11, 2008

These questions, worth 28 points, are to be turned in on Friday, February 15; if at all possible I would prefer to receive your answers electronically.  You may choose to work on these questions in pairs or small groups; 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.

(Note - Question #1 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 influenza virus.

1. In regards to possible influenza outbreaks and pandemics (as with bird flu), a major question is understanding how strains of influenza virus strains move from birds (domestic and wild) to humans. In molecular terms this question can be viewed as asking what changes in protein structure are required to change the specificity of hemagglutinin binding from avian to human cell surface molecules (which are usually referred to as receptors).  Matrosovich and colleagues looked more closely at the binding specificity of HA molecules in a number of viral strains.
a) The binding assay that the researchers used involved immobilizing the viruses in microtiter plates and then incubating them with variable concentrations of sialylglycopolymers containing different sialyloligosaccharide structures. Representative data is shown below for binding of two different sialylyglycopolymers (3(SL-PAA and 6(SL-PAA) to two different viruses: duck/Hokkaido/33/80 (an avian virus) and Los Angeles/2/87 (a human virus). Solid lines represent data for binding of 3(SL-PAA; dotted lines represent data for binding of 6(SL-PAA. 

Note: 3(SL-PAA contains 3(-sialyllactose, the receptor determinant preferentially recognized by avian influenza viruses, while 6(SL-PAA contains 6(-sialyl(N-acetyllactosamine), the receptor determinant for human viruses).
(Note – Figure 1 of Matrosovich et al, J. Virol. 74: 8502 (2000) was inserted here)
Based on this data, does the assay appear to be specific enough to distinguish between HA molecules that bind avian receptors and HA molecules that bind human receptors? Why or why not?

b) Previous research on which amino acids of HA are involved in the receptor binding site has identified the following amino acids which are highly conserved among avian viruses: 138, 190, 194, 225, 226, 228. In the human viruses, some of these positions contain substitutions. The following data for receptor binding by H3 avian viruses was obtained:

	Virus strain
	Abbreviation
	Relative affinity
	Amino acids at positions 226 & 228

	Duck/Hokkaido/10/85
	dkHok10/85
	20
	226-Gln, 228-Gly

	Duck/Hokkaido/9/85
	dkHok9/85
	20
	226-Gln, 228-Gly

	Duck/Hokkaido/7/82
	dkHok7/82
	30
	226-Gln, 228-Ser

	Duck/Hokkaido/33/80
	dkHok33/80
	20
	226-Gln, 228-Gly

	Duck/Hokkaido/8/80
	dkHok8/80
	20
	226-Gln, 228-Arg

	Duck/Ukraine/1/63
	dkUkr/63
	17
	226-Gln, 228-Gly

	Mallard/NY/6874/78
	maNY6874/78
	20
	226-Gln, 228-Arg

	Duck/Memphis/928/74
	dkMem928/74
	>140
	226-Gln, 228-Gly


Relative affinity is defined as 
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Note – amino acids at positions 138, 190, 194, and 225 were the same in all strains

The following data for receptor binding by H3 human viruses was also obtained:

	Virus strain
	Abbreviation
	Relative affinity
	Amino acids at positions 226 and 228

	Aichi/2/68
	Aichi2/68
	0.2
	226-Leu, 228-Ser

	Los Angeles/2/87
	LA2/87
	0.07
	

	Udorn/397/72
	Udorn/72
	0.3
	226-Leu, 228-Ser

	Udorn/397/72/R4
	Udorn/72/R4
	15
	226-Gln, 228-Ser

	Udorn/397/72/R2
	Udorn/72/R2
	33
	226-Gln, 228-Gly


Based on the above information, what can you conclude about the relative importance of the amino acids at positions 226 and 228 in determining binding specificity for either avian or human receptors? Explain your reasoning and provide evidence in support of your conclusion.

Note – Feel free to use the listed abbreviations to refer to specific strains in your answer.

c) In terms of specific noncovalent interactions, what types of interactions would be lost and what type of interactions would be gained in going from Gln to Leu at position 226 and Gly to Ser at position 228?

d) Similar studies with H2 viral strains showed that H2 viruses have similar relative affinities (avian strains give relative affinities of 15 to 20, while human strains give relative affinities of 0.01 to 0.3). Avian H2 viruses have Gln at position 226 and Gly at position 228, while the human H2 virus Davis/57 has a Leu substituted for Gln at position 226. Are these results consistent with your conclusions in part (b)? Why or why not?

2. In July 2006, an international an international group of experts in public health, animal health, virology, medicine, public policy, economics, bioethics, law and human rights met in Bellagio, Italy to consider questions of social justice and the threat of avian and human pandemic influenza. The group developed a statement that I have included in this handout; I’ve also included a copy of the press release that accompanied the distribution of the statement.
(Note – I think the connection between this statement and the core values of community, care, hospitality, and stewardship is pretty obvious.)
(Note – The statement can be found on the Internet at http://www.bioethicsinstitute.org/web/page/905/sectionid/377/pagelevel/3/interior.asp; the press release does not appear to be available any more on the Internet but can be obtained from Matt Fisher)
a) Based on what you have learned in this course about influenza, what questions would you have regarding the points made in this statement? What evidence would you want to see as support for the points made in the statement.? 
b) Based on what you have learned in other courses at Saint Vincent (regardless of whether or not they specifically focused on influenza), what questions would you have regarding the points made in this statement? What evidence would you want to see as support for the points made in the statement.?
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