Bi/Ch 110Midterm

Novembe 2007

¥ TheFIRST EXAM QUESTION istowritethe name, the oneletter code, the
threeletter code, and the structure of the twenty amino adds. Thisportion of
thetest isCLOSED BOOK.

¥ Only the Stryer BiochemistryOtextbook your lecture notes, this year3
(Fall 2007) homework sets solutions and materials on this year@ Bi110 course
webdte can be used for theopen book section of thetest.

¥ Youmay use caculators and graphing programs such as Excel. You may notuse
computers for any other resources.

¥ Thetimelimit ontheexam is FOUR hours.

¥ Please write your answersin blue examinaion booklets and put answvers to each
guestion on separate pages.

¥ Youmay e-mail theTAsfor clarifications on thequestions butyou may not ask
abou thevalidity of your answers. Youre-mailsmug besent at least 12 hous
prior to thedeadline

¥ Thetotal number of points ontheexam is 170(8 questions.

¥ Thedrict duedateisbefore 4pm on Thursday, November 8. At Margot
Hoyt@ office 304 Braun Late exams will not be accepted. Extensonswill notbe
granted.

Note: Problem Set 3 is cancelled; there will be no problem set 3.
Problem Set 4 will be handed out as scheduled on 20 November and will be due at 12 noon on 29
November.



Clos=ed Book Portion

1. Amino Acids (20 pts)
Write the name, thethree letter code, the oneletter codg and the structure of thetwenty
amino acidsas they would predomnantly appear a pH 7.




Open Book Portion

2. Ramachandran Plot (10 points)

Shown bdow is aroughRamachandran Plot of L-Alanine where! and! represent the
angles of C"-C and C"-N bonds respectively, of theamino acid backbone
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Draw aroughRamachandran Plot for D-Alanine Give a brief explanaion (maximum 5
sentences).



3. Alternative Splicing (20 points)

The E2A geneisaterndively spliced into two transcription factors, E12 and E47. These
proteinsare thoughtto beidentical to each other except for thar DNA-bindng domain, a
difference which causes E12 and E47 to recognize and activate different genes. You
sequence thegene E2A, the protein E12, and the protein E47 and get these results
(smplified and shortened because of time condraints). Thegiven strand of DNA is
coding and written 5@ 3CGand the given protein sequences are written N ! C terminus

E2A

ctgtgacacgtitcastgctgggamaatgoccecattcgocagaccticacagggacagtggigaccctegtcaacacttcaa
agggatagacgcagcagag

E47: MLGKSSTLQRE
E12: MLGKSPDLHRE
On thegiven strand of DNA, mark the boundaies of the exonsand intronsand number

them such tha exon 1 andintron 1 are a theend tha isfirst transcribed. Which exon(s)
are alternaively spliced into which proteins?



4. Protein Assembly (20 points)

Themitochondia genome of Diplonema papillatum is composed of over 100regularly
structured chromosomes of two family types, oneof 6kbp,the other of 7kbp.
(Mitochondia chromosomes are traditiondly circular, as arethese.)

Some of the proteinsin these mitochondiia are found to have assembled into asingle
protein genomic information from as many as nine modules each from a different
chromosome.

1. Propos a mechanism (both general and molecular) for this observation.

2. Comment on the significance of this observation for one3 ability to predict the
sequeances of proteinsin organisms (or organdleswith their own chromosomes as, for
example, mitochondiia) solely onthe basis of knowledgeof the genomes of the
organisms (or organdles).



5. Enzyme Kinetics BDProduct | nhibition (20 points)

Produd inhibition of an enzyme-catalyzed reactionis amajor pat of metabolism. Two
of themos commonly foundmeans of produd inhibition are competitive and non
compditive inhibition.

There are two different sets of data on the graph bd ow; onerepresents competitive
produd inhibition and the other noncompetitive produd inhibition.

Assuming tha for each set of daa:
Vmax = 1 puM/min

Ks=1pM
Kp=1pMm
[Pl =1puM

Determinewhich daa set correspondsto which form of inhibition and give your
reasoning.
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6. ! PhageStochagic Decision (30 points)

Recall thelambdaphage discussed in lecture. Whether aphageentersalytic or lysogenic
cycle dependsonthesigndsit receives from thebacterium it hasinfected. Recall tha
thegenesinvolved in thelytic cycle are activated by thetranscription factor cro and
inhibited by thecl transcriptionfactors. Thegenesinvolved in thelysogenic cycle are
inhibited by cro and activated by the cl transcription factors.

A.) Youisolate a bacteriuminfected with lambdaphage Wha isan experimental way to
predict, by andyzing phage gene produds (RNA or protein), whether thephageisina
lytic or lysogenic cycle? Give athoroughbut succina description of your experiment.
Assume tha if thephageisin lytic cycle, tha youisolated the bacterium before it
actudly lysed.

B.) Youisolate a bacterium andinject it with lambdaphageand cro. Wha result(s)
would you expect to see in the experiment you jug proposd?

C.) Now youisolate a bacterium and inject it with lambdaphageand cl. What result(s)
would you expect to see in your experiment?

D.) Youisolate a bacterium andinject it with lambdaphage and equd amounts of cro and
cl. Wha result(s) would you expect to see in your experiment, and why?



7."-Lactamase (20 points)

Methicillin-resistant Saphytococcusaureus (MRSA) has evolved the ability to survive
treatment with ! -lactam antibiotics by produang! -lactamases. The! -lactam antibiotics
indudepenicilling monobatams, carbgpenems, and cephdosporins They have a shaed
active site (a ! -lactam ring bold in this diagram).The bondbetween the carbonyl and the
nitrogen in theringis labile, making this molecule reactive.

OH

a. The! -lactam structure of penicillin is derived from which two amino acids?

I -lactam antibiotics attack bacteria cells by inactivating an enzyme tha is essential for

bacterial growth, peptidoglycan trangoeptidase. Normally this enzyme cross-links
peptidoglygan mononers, which form the cell walls becteria

b. Show the mechanism throughwhich theantibiotic could irreversibly inactivate the
trangoeptidase.

OH

—— NH;

c. Why don@ antibiotics like penicillin cause damageto eukaryotes?



8. Myoglobin/Hemoglobin (30 points)

a) Binding of oxygen to both myoglobin and hemoglobin causes a conformationd change
in which aproxima histidineis moved toward the plane of the heme ring. In hemoglobin,
thisresultsin sigmoida O2 binding whereas myogd obin exhibits hypeabolic O2 binding.
Explain this difference.

b) What isthemolecular origin for this difference in the binding curves of hemoglobin
and myoglobin; and why is this difference functionally important?

¢) If anindividud carried a mutation resulting in achangein the amino acid sequence of
hemoglobin so that a glycinewere subgituted for the Qlistal Ohistidine residue E-7, what
effect do you think this changewould have ontheability of thisindividud & hemoglobin
to bind, trangport, and release oxygen nomally in the absence of carbonmonoxide?
Assume no changein the naive conformation as aresult of the mutation.

d) What effect do you think the amino acid subgitution would have onthis individud &
ability to survivein the presence of theusud levels of carbonmonoxde?



