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1.  Chargaff's rules state that, for any double-stranded DNA,

A.  the amount of A + T is equal to the amount of G + C.
B.  the amount of A + G is equal to the amount of C + T.
C.  the amount of G is equal to the amount of A and the amount

of T is equal to the amount of C.
D.  averaged over an entire organism, there are roughly equal

amounts of A, T, G and C.

2.  Which of the following protein purification techniques would not be a
reasonable last step in a multi-step protein purification scheme?

A.  HPLC
B.  DEAE-chromatography
C.  CMC-chromatography
D.  affinity chromatography
E.  ammonium sulfate precipitation

3.  Isoelectric focusing characterizes proteins based upon differences in

A.  molecular weight
B.  the ratio of its component acidic and basic amino acids
C.  the shape
D.  the number of subunits
E.  the fraction of its component amino acids that are hydrophobic

4.  In a peptide bond, the alpha amino nitrogen of proline can serve

A.  as a hydrogen bond acceptor only
B.  as a hydrogen bond donor only
C.  as both a hydrogen bond donor and acceptor
D.  as neither a hydrogen bond donor or acceptor

5.  Sodium dodecyl sulfate (SDS) is used to

A.  cleave cystine residues
B.  form cystine residues
C.  act as a buffer
D.  cleave peptide bonds
E.  denature proteins

6.  In a biochemistry lab experiment, your group sets up a PCR
amplification procedure.  You start with template DNA in a test tube;
add two primers and all of the deoxynucleotide triphosphates.  What
have you forgotten?

A.  dideoxynucleotide triphosphates.
B.  DNA polymerase.
C.  ATP.
D.  restriction enzymes.

7.  Which of the following is true about peripheral membrane proteins?

A.  they are covalently attached to phospholipids such as phosphatidyl
serine by amide bonds

B.  they can be separated from other membrane components by using high
concentrations of synthetic detergents

C.  they are not denatured by boiling
D.  they can be removed from membranes with high concentrations of NaCl
E.  they do not contain hydrophobic amino acid residues



8.  Which of the following is not a true statement about phospholipids?

A.  all are charged
B.  double bonds in the fatty acyl groups are usually in the trans

configuration
C.  the molecular identity of the C-1 and C-2 fatty acyl groups are

usually different
D.  they are major constituents of membranes in bacteria and plants

9.  Each of the fragments generated by a Sanger DNA sequencing
procedure

A.  contains a single dideoxynucleotide incorporated at its 3' end.
B.  contains a single dideoxynucleotide incorporated at its 5' end.
C.  contains a single dideoxynucleotide incorporated randomly at the

appropriate A,G,T or C nucleotide sites within its sequence.
D.  contains multiple dideoxynucleotides incorporated at the appropriate

A, G, T or C nucleotide sites within its sequence.

10.  Nucleotides are covalently linked together in a DNA strand through a
bond between between

A.  the oxygen atom linked to the the 3'-carbon of one nucleotide and
the 5' phosphate group of the next nucleotide in the chain.

B.  the 3' phosphate group of one nucleotide and the 5' phosphate group
of the next nucleotide in the chain.

C.  a phosphorus atom linked to the 3' carbon of one nucleotide and the
5' carbon atom of the deoxyribose of the next nucleotide in the
chain.

D.  the 3'-OH group of one nucleotide and the 3' phosphate group of the
next nucleotide in the chain.

11.  The DNA double helix structure is stabilized

A.  primarily by covalent bonds between adjacent chains.
B.  primarily by stacking interactions between bases.
C.  primarily by hydrogen bonds between opposite chains.
D.  by approximately equal contributions from stacking forces between

adjacent bases and hydrogen bonds between opposite chains.

12.  If the base sequence of one strand of DNA is: 5' AGACTCC 3', what is
the sequence of its complementary strand?

A.  5' GGAGTCT 3' B.  5' TCTGAGG 3'
C.  5' CCTCAGA 3' D.  5' GGAGUCU 3'

13.  Analysis of an integral membrane protein's primary structure reveals
that it has a hydropathy plot with two strongly positive peaks spanning
22-27 residues each.  What could you deduce from this information?

A.  there are two membrane-spanning chains which must be anti-parallel
to each other

B.  there are likely three membrane spanning helices
C.  each positive peak on the hydropathy plot spans the membrane twice
D.  the N-terminus and the C-terminus are on opposite sides of the

membrane



14.  The chemistry of DNA synthesis involves

A.  a nucleophilic attack by the 3' OH group of the entering dNTP
molecule on the free 5' phosphate group of the growing DNA chain.

B.  a nucleophilic attack by the 5' OH group of the entering dNTP
molecule on the free 3' phosphate group of the growing DNA chain.

C.  a nucleophilic attack by the 3' OH group of the growing chain on the
alpha P atom of the free 5' phosphate group of the entering dNTP
molecule.

D.  a nucleophilic attack by the 3' OH group of the growing chain on the
gamma P atom of the free 5' phosphate group of the entering dNTP
molecule.

15.  If T2 phage are prepared in the presence of radioactive 32P and 35S,

A.  the protein is labeled with 32P and the DNA is labeled with 35S.
B.  the protein is labeled with both 32P and 35S, whereas the DNA is

primarily labeled with 35S.
C.  the DNA is labeled with 32P and the protein is labeled with 35S.
D.  the DNA is labeled with both 32P and 35S, whereas the protein is

primarily labeled with 35S.



Short answer    (4 points each)

In one sentence (of less than 30 words), explain:

1) why GC-rich DNA sequences are more likely to assume a Z-form
conformation when the DNA is negatively supercoiled

2) why glycine is often found in tight turns

3) the advantage of the long acyl chains of lipoic acid and biotin

4) the purpose of the pentose phosphate pathway

5) why malate dehydrogenase in the TCA cycle is not regulated



4) Indicate which coenzymes are involved in the chemical
transformations depicted on the following page (2 pts each).
You may choose from this list:

thiamine pyrophosphate
pyridoxal-5'-phosphate
NAD+/NADH
FAD+/FADH2  (or flavins, in general)
coenzyme A
α-lipoic acid
biotin
iron-sulfur cluster

Pick one of these transformations and use the space below to draw out the
complete reaction with chemical structures.  For full credit, you must include
the structure of at least  the functional part of the coenzyme (the functional
group/ring system/etc. that is involved in the chemistry) — if you are
unsure, then draw the whole thing.  (6 pts)



5) In each case, pick a molecule that fits the description, draw its
complete chemical structure and give its name.  (3 pts. each)

a) a deoxyribonucleoside monophosphate

b) a ribonucleoside triphosphate
(must have different base than a)

c) a phospholipid



d) a phospholipid containing an unsaturated fatty acid
(must indicate cis or trans and use different headgroup than c)

e) an amino acid with an aromatic side chain

f) an amino acid with charged side chain (>90% ionized at pH 7)



Extra credit   (12 points)

Scientists in your marine biology group have sequenced the genome of a blue-
backed dolphin.  Among the many genes, they find one resembling the gene
for hemoglobin.  However, the gene predicts a protein that would have 2
copies of globin (each having the 8-helix globin fold) connected by a stretch of
24 amino acid residues rich in glycine and alanine.  They find that messenger
RNA corresponding to this gene is only present in young dolphins but not in
adults.  Thus, it is named Hb-jd (for hemoglobin of juvenile dolphins), to
distinguish it from the adult form (Hb-ad), which is known to be a
conventional tetrameric (α2β2) hemoglobin, similar to the one used by all
mammals

When you analyze the red blood cells from dolphins, you find that adult
dolphins have only the Hb-ad protein present.  Newborn dolphins have a
mixture of Hb-ad and a novel hemoglobin.  Isoelectric focussing allows you to
estimate a pI of 6.7 for Hb-ad and a pI of 5.6 for the novel hemoglobin.  When
you examine the genes for Hb-ad and Hb-jd, you find that both proteins
should have the same amount of arginines, histidines, and lysines, but that
Hb-jd should have a few more aspartates and glutamates due to the linker
connecting the globins.

Consider this hypothesis:
The novel hemoglobin that you have purified corresponds to Hb-jd.

Are the data consistent with this hypothesis?  Explain your answer.

Briefly detail an experiment you would use to test this hypothesis.

When run on a SDS-polyacrylamide gel, the novel hemoglobin has a band
corresponding to a polypeptide of about 35 kDa.  What method would you
use to estimate the molecular weight of the native protein?

Using your method (assuming you picked a good one), you find that the
native protein has a molecular weight of about 70 kDa.  Make a hypothesis
about the tertiary and quaternary structure of the protein that accounts for all
of the information above.  Also try to explain how such a protein could have
evolved.



In young dolphins, as in many young animals that are growing, a lot of
carbohydrates from the mother's milk are being metabolized to make ATP as
well as intermediates from which to make amino acids.

O2 serves as an electron acceptor so that NADH in the mitochondria can be
reoxidized.  What would be the consequence of an inadequate oxygen supply
in such a situation?

You find that the novel hemoglobin also binds glycerate-2,3-bisphosphate
(GBP), which serves as an indicator of glycolytic activity in dolphins too.  The
novel hemoglobin has a Kd for GBP that is much lower than that of
Hb-ad.

What effect would this have on this hemoglobin's ability to bind and deliver
oxygen?  Does this make sense, given the above?


