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CHEM-342 Introduction to Biochemistry

Final Examination - Individual (Part I)
Friday, 25 May 2007
3:30 – 6:30 PM 

H. B. White - Instructor


Your Name____________________________
The tendency in course examinations is to pose the question, "How much do you remember of what has been covered?" rather than, "What can you do with what you have learned?"                Richard Felder 1995

Average = 52.4, Range = 19 - 81 out of 75 (incl. bonus points), N=43

Important - Please read this before you turn the page.

· This examination will assess your learning, problem-solving skills, and ability to communicate clearly.  It is intended to be challenging even to the best students in the class.  Writing reflects how you think.  Among the “right answers” I will read, some will be better than others because they show greater depth of understanding, avoid extraneous or inaccurate information, provide a more logical structure, use appropriate examples, and choose words with precision.  Better quality answers will receive higher marks.  Therefore organize your thoughts before you write or draw. Strive to write not that you may be understood, but rather that you cannot possibly be misunderstood.  Stream of consciousness answers are rarely well organized or clearly presented.

· This examination emphasizes work done in this course since Spring Break; however, knowledge is not so conveniently compartmentalized. Therefore, you should feel free to use any relevant example from your experience, if it is appropriate.

· There are 8 pages to this part of the examination (counting this cover page and the information sheet at the back). Please write your name on each page. Feel free to use the backs of pages, if you need more space.

· Part I (75 points) This individual part of the examination, includes 7 problems and short essay questions. Also, you can obtain up to 10 additional points from two bonus questions.

Part II (25 points) The group part of the examination will require you to deal with new information collaboratively.
· If you complete Part I early, you may leave the room for a break and return 208 Gore Hall at or before 5:15 PM when the group part of the exam begins.

· You may refer to your notes, course reader, handouts, or graded homework assignments. 

· Attempt to draw a picture or diagram as part of your answer to every question.
· Graded examinations may be picked up Wednesday morning, 30 May.

· Have a productive and safe Summer.

1. (25 Points Total) Analysis of Hemoglobin Variants
Routine electrophoretic surveys of human blood samples have revealed hundreds of variant hemoglobins.  Most are rare and differ from normal hemoglobin by a single amino acid replacement.  Some like HbS produce severe clinical problems; others produce no ill effects.  This question deals with two different hemoglobin variants that affect the -chain.  Hemoglobin-G Coushatta was reported in two groups of Native Americans and is harmless.  Hemoglobin Southampton was discovered in England and causes severe hemolytic anemia.  Each variant has been purified and its sequence determined.  The 146 amino acid sequence for the normal human hemoglobin -chain is given below for reference in the questions that follow. 

    1
                              10                                      20                                      30 

NH3-Val-His-Leu-Thr-Pro-Glu-Glu-Lys-Ser-Ala-Val-Thr-Ala-Leu-Trp-Gly-Lys-Val-Asn-Val-Asp-Glu-Val-Gly-Gly-Glu-Ala-Leu-Gly-Arg-

40                                      50                                      60

Leu-Leu-Val-Val-Tyr-Pro-Trp-Thr-Gln-Arg-Phe-Phe-Glu-Ser-Phe-Gly-Asp-Leu-Ser-Thr-Pro-Asp-Ala-Val-Met-Gly-Asn-Pro-Lys-Val-

70                                      80                                      90 

Lys-Ala-His-Gly-Lys-Lys-Val-Leu-Gly-Ala-Phe-Ser-Asp-Gly-Leu-Ala-His-Leu-Asp-Asn-Leu-Lys-Gly-Thr-Phe-Ala-Thr-Leu-Ser-Glu-

                                       100                                     110                                     120

Leu-His-Cys-Asn-Lys-Leu-His-Val-Asp-Pro-Glu-Asn-Phe-Arg-Leu-Leu-Gly-Asn-Val-Leu-Val-Cys-Val-Leu-Ala-His-His-Phe-Gly-Lys-

                                       130                                     140                     146        

Glu-Phe-Thr-Pro-Pro-Val-Gln-Ala-Ala-Tyr-Gln-Lys-Val-Val-Ala-Gly-Val-Ala-Asn-Ala-Leu-Ala-His-Lys-Tyr-His-COO
Hemoglobin was aminoethylated in a reaction that modifies cystiene residues to resemble lysine, and subjected to trypsin hydrolysis.  The resulting peptides were separated by a combination of electrophoresis and paper chromatography and compared to normal hemoglobin.  In each case only one peptide differed from the normal hemoglobin peptide map.  The amino acid composition of the affected peptides is shown in the table below.

	Source of Variant Peptide
	Amino Acid Composition

	
	Arg
	Asp

+Asn
	Glu

+Gln
	Pro
	Gly
	Ala
	Val
	Leu
	Cys

	Hemoglobin G-Coushatta
	1
	2
	1
	0
	3
	2
	3
	1
	0

	Hemoglobin Southampton
	0
	1
	0
	1
	1
	0
	2
	2
	1


A. (10 Points) From the above compositions and knowledge of the procedures to obtain the peptides, deduce the location of each peptide in the overall sequence.  Describe how you arrived at your answer.  How sure are you of your assignments?
B. (10 Points) What is the amino acid replacement that has taken place?  If possible, give the position number and the amino acid that normally occurs at that position.  Would the replacement affect the electrophoretic mobility of the intact hemoglobin molecule in either or both cases?
C. (5 Points) Based on your understanding of the structure of hemoglobin and the particular properties of the amino acid, how is it possible that patients with Hb Southampton suffer severe hemolytic anemia while the effects of hemoglobin Coushatta are benign? 
D. (5 Points Extra credit) Draw the structure of aminoethylated cystiene and compare it to lysine.

2. (10 Points) If David Shemin had decided to consume uniformly-labeled 15N-histidine rather than 15N-glycine, how would his results have differed from those he got? On the graph below, draw the results you would expect. Briefly, explain your reasoning and any assumptions for any differences from Shemin’s results that you predict.
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3. (10 Points) When Howard Dintzis designed his experiment to determine the direction of protein synthesis, he did not know the amino acid sequence of rabbit hemoglobin nor the synthetic relationship between the α- and β-globin chains. By purifying and separately analyzing the two chains, he effectively replicated his experiment and got the same result twice. 

What if the two chains were not synthesized separately, but synthesized as part of a single-chain precursor protein (αβ) that was subsequently cleaved in two to form the α- and β-chains? Would his results have been different?  On the figures below, which come from Dintzis’ article, draw in how you think the data would have looked if a single chain precursor were converted into the α- and β-chains. Indicate your predictions for 4, 8, 16 and 60 minutes. Briefly explain your reasoning.
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4. (10 Points) At a Symposium on Sickle Cell Disease in Washington, DC about a month ago, a doctor in charge of a major sickle cell clinic predicted that the frequency of the sickle cell gene in the African American population would slowly rise because people with sickle cell disease, who used to die before 20, are now living much longer and having children. Do you agree or disagree with this prediction? Explain.
5. (10 Points) A student hypothesized that people who have the sickle cell trait have increased resistant to malaria because mosquitoes carrying Plasmodium are less likely to bite them due to some repellant compound in perspiration. Design an experiment to test this hypothesis?
6. (5 Point bonus) You were asked to attend at least two research seminars this semester. Describe one of them and one thing that you remember from the seminar.
7. In his autobiography, Toward a Habit of Truth, A Life in Science, Mahlon Hoagland says, “Science is a process, a progression, because its discoveries are cumulative, the stories of an edifice under construction.” This semester you have had a small glimpse of the construction of the hemoglobin edifice. That construction continues as is revealed in the abstracts (next page) that come from three articles published in the past two years. You should be able to make sense each abstract in the context of articles you have read this semester. You also should have questions-learning issues- related to the abstracts. 
Select one of the abstracts and respond to the following:
A. (5 Points) What don't you understand about the work described? Make a short list of clearly expressed learning issues that define what it is that you would need to look up and learn in order to understand the article.
B. (5 Points) In a clearly written paragraph or two, provide a context for the work described and relate it to one or more of the articles you have read this semester. 
Oxidant induced injury of erythrocytes - Role of green tea leaf and ascorbic acid 

Biswas S, Bhattacharyya J, Dutta AG (2005) Molecular and Cellular Biochemistry 276: 205-210. 

Abstract: Oxidant and free radical-generating systems were used to promote oxidative damage in erythrocytes. Among the oxidants used, phenylhydrazine represents one of the most investigated intracellular free radical-generating probes, which in the presence of haemoglobin autooxidises and gives rise to the hydroxyl radical, a marker for cellular damage. The erythrocyte, as a single cell, is a good model for studying the haemolytic mechanism of anaemia. Our present investigations reveal increased lipid peroxidation of erythrocyte using phenylhydrazine as well as other oxygen-generating systems (hydrogen peroxide, iron with hydrogen peroxide). It has further been observed that in addition to lipid peroxidation, phenylhydrazine causes significant elevation in methemoglobin formation, catalase activity and turbidity, in the above system, which are the typical characteristics of haemolytic anaemia. However, exogenous administration of green tea leaf extract and ascorbic acid as natural antioxidants and free radical scavengers were shown to protect separately against increased lipid peroxidation caused by phenylhydrazine, though the degree of protection is more in case of green tea leaf extract than ascorbic acid. Results suggest that oxidative damage in vivo due to haemolytic disease may be checked to some extent by using natural antioxidants.  

Bioavailable iron and heme metabolism in Plasmodium falciparum 

Scholl PF, Tripathi AK, Sullivan DJ (2005) Malaria: Drugs, Disease and Post-Genomic Biology Current Topics in Microbiology and Immunology 295: 293-324 

Abstract: Iron metabolism is essential for cell function and potentially toxic because iron can catalyze oxygen radical production. Malaria-attributable anemia and iron deficiency anemia coincide as being treatable diseases in the developing world. In absolute amounts, more than 95% of Plasmodium metal biochemistry occurs in the acidic digestive vacuole where heme released from hemoglobin catabolism forms heme crystals. The antimalarial quinolines interfere with crystallization. Despite the completion of the Plasmodium genome, many 'gene gaps' exist in components of the metal pathways described in mammalian or yeast cells. Present evidence suggests that parasite bioavailable iron originates from a labile erythrocyte cytosolic pool rather than from abundant heme iron. Indeed the parasite has to make its own heme within two separate organelles, the mitochondrion and the apicomplast. Paradoxically, despite the abundance of iron within the erythrocyte, iron chelators are cytocidal to the Plasmodium parasite. Hemozoin has become a sensitive biomarker for laser desorption mass spectrometry detection of Plasmodium infection in both mice and humans. 

Structural analysis on the abnormal elongated hemoglobin "hemoglobin Geneva".

Wiwanitkit V. (2005) Nanomedicine 1: 216-8. 

Abstract: Hemoglobin variants in which a frameshift results in chain elongation are not common. Hemoglobin Geneva (Hb Geneva) is an unstable hemologin with abnormal elongation. This hemoglobinopathy is known for its high instability. Concerning the pathogenesis of Hb Geneva, the data indicate a change in codon 114 from CTG (Leu) to -GG that results in a frame shift and the presumed synthesis of an abnormal beta-chain that is 156 residues long with a completely different C-terminal amino acid sequence. This abnormality causes a frame shift, which results in elongation of the beta-chain amino acids. A bioinformatic analysis was performed to study the secondary and tertiary structures of those abnormal amino acid sequences. A computer-based study for protein structure modeling was performed. According to this study, the secondary structure analysis of the Hb Geneva showed many defects in helix and strand of the Hb Geneva compared with normal beta-globin chains. On the basis of this information, the main alteration in the Hb Geneva might be due to these aberrations. With regard to the tertiary structure, the deterioration of folds, accompanied by the aberration in secondary structure of globin in Hb Geneva can be identified.


























