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There are 12 multiple choice questions worth 3 points each.

There are 4 problems worth 20 points each:

If you are a CH462 student, you must answer 3 problems for full credit.
(If you attempt all, I will drop the problem on which you score the lowest.)

If you are a CH562 student, you must answer all 4 for full credit.

The maximum amount of points is thus 96 (CH462) or 116 (CH562).

You are advised to look over the problems first before starting to work them.
Time should not be a factor, if you are well prepared.
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1.  Although humans lack the enzymes necessary to synthesize the aromatic
ring of tyrosine, that amino acid is not considered to be essential
because

A.  phenylalanine can replace tyrosine in polypeptides
B.  there is an abundance of tyrosine in every natural diet imaginable
C.  the estrogen steroids contain an aromatic ring that can be utilized

to synthesize tyrosine
D.  diets contain an adequate quantity of phenylalanine, and tyrosine

can be synthesized by oxidation of phenylalanine

2.  The urea and citric acid cycles are linked.  The fumarate produced by
the urea cycle is converted to oxaloacetate by the citric acid cycle,
but the oxaloacetate cn be re-directed back to the urea cycle by

A.  condensing with acetyl-CoA and regenerating fumarate
B.  condensing with acetyl-CoA and forming α-ketoglutarate, which can

be transaminated to form glutamate
C.  undergoing transamination to form aspartate
D.  undergoing decarboxylation and forming phosphoenolpyruvate
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3.  The experiment illustrated above demonstrates that

A.  Okazaki fragments are joined within 1-2 minutes.
B.  RNA primers are removed within 1-2 minutes.
C.  the time it takes for one round of chromosome replication in E. coli

is about 1-2 minutes.
D.  the time it takes to incorporate radioactivity into DNA is 1-2

minutes.



4.  Which of the following types of cloning vectors would you prefer if you
needed to create a genomic library of the entire human genome?

A.  plasmids. B.  bacteriophage λ clones.
C.  cosmids. D.  YACs (yeast artificial

chromosomes).

5.  The 3' transcriptional control regions of the human β globin genes could
be found

A.  in a human genomic library.
B.  in a cDNA library of red blood cells.
C.  in a cDNA library of bone marrow cells.
D.  by PCR amplification of the mRNA in red blood cells.

6.  Meselson and Stahl started with E. coli cells containing pure heavy DNA

(15N-15N-labeled DNA).  After two generations of growth in 14N medium,
the cells contained

A.  50% 15N-15N-labeled DNA and 50% 14N-14N-labeled DNA.

B.  25% 15N-15N-labeled DNA; 50% 15N-14N-labeled DNA and

25% 14N-14N-labeled DNA.

C.  50% 15N-14N-labeled DNA and 50% 14N-14N-labeled DNA.

D.  25% 15N-14N-labeled DNA and 75% 14N-14N-labeled DNA.

7.  In the process of DNA replication which of the following enzymes acts
first?

A.  helicase B.  primase
C.  DNA polymerase D.  DNA ligase

8.  A mutation that leads to defective DNA polymerase III 3' to 5'
exonuclease activity

A.  would be lethal.
B.  would result in the inability to excise RNA primers.
C.  would result in a much higher than normal mutation rate.
D.  would have only a slight deleterious effect on DNA replication.

9.  UV light damages DNA by

A.  inducing cross links between strands.
B.  repressing DNA repair systems.
C.  stimulating nucleotide deamination.
D.  stimulating dimerization of adjacent pyrimidine bases.

10.  Which of the following enzymes is needed to produce cDNA?

A.  RNA polymerase. B.  a restriction endonuclease.
C.  DNA polymerase I. D.  reverse transcriptase.



11.  In an experiment designed to demonstrate the feasibility of gene
therapy for cancer, cells called tumor infiltrating lymphocytes (TILs)
were isolated from a cancer patient. (TILs are T cells that attack
tumor cells.)  These cells were transfected using a retrovirus vector
that contained a neomycin resistance gene.  The transfected cells were
returned to the patient.  After several weeks, the researchers wanted
to see if the neomycin resistance gene could still be detected in this
patient.  If you were doing this experiment, which of the following
methods would you use to detect the recombinant neomycin resistance
gene in the TIL cells?

A.  Perform a chromosome walking procedure on the DNA from the TIL cells
using a cDNA probe.

B.  Clone the DNA from the TIL cells into a retrovirus vector.
C.  Use PCR and two primers specific to the neomycin resistance gene to

amplify a portion of the DNA from the TIL cells.
D.  Clone the DNA from the TIL cells into a YAC vector.

12.  Restriction fragment length polymorphisms (RFLP's) result from

A.  DNA sequence differences that affect restriction enzyme recognition
sites.

B.  DNA sequence differences in transcriptional control regions of
essential genes.

C.  Mutations that alter the length of mRNA transcripts.
D.  Mutations that affect the sensitivity of RNA fragments to specific

ribonucleases.



Problems

1) Choose either AMP or GMP and show the pathway of their de novo
synthesis using some of the following molecules as starting points,
cofactors, or atom donors (note: you will not use all of them).

PRPP (phosphoribosyl pyrophosphate)
Glu, Gln, Asp, Asn, Gly
ATP, GTP
10-formyl-tetrahydrofolate
5,10-methylene-tetrahydrofolate
NAD+, NADP+

NADH, NADPH

(If you cannot write out the pathway of purine synthesis, you may work
this problem for either UMP or CMP to receive half credit.)



2) Explain why the base uracil is found only in RNA and why the base
thymine is found only in DNA.  What is the advantage of this
arrangement?  How do the biochemical pathways of nucleotide synthesis
and DNA synthesis contribute to maintaining this arrangement?



You have a culture of mammalian fibroblasts growing in tissue culture medium.  
You label them for 10 seconds with 14C-thymidine, throw in aphidocolin , lyse the 
cells and gently isolate the DNA.  The DNA is spread onto an electron microscope 
(EM) grid and then subjected to microautoradiography. 

You find a replication bubble (see below).  Show where you would expect to find
radioactive label.

3)

20 kbp

You increase the magnification to examine a replication fork in greater detail.
Label regions of the bubble where you expect to see label.

leading strand

lagging strand

100 bp





4) Show how the following transformations are carried out.  For full credit,
you must show chemical structures (half credit for name only) of the starting
point, all intermediates, and the ending point, and you must indicate all cofactors
and co-substrates that are involved at each step.

a) glutamine to α-ketoglutarate (4 points)

b) either serine or cysteine to pyruvate (4 points)



c) Show how the following overall transformation occurs:

alanine + aspartate + CoA  –>  acetyl-CoA + urea + fumarate

(Hint: you will have to use some of the urea cycle reactions, as well
as reactions of amino acid degradation.)


