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01D FINAL EXAMINATION =

I. The restriction enzyme Avall is purified from Anabaena variabilis and is available com-
mercially. It recognizes the following DNA sequence:
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a.) (5 points) How many fragments would you expect to observe if this enzyme were

used to cut phage DNA. Assume the phage DNA to be 50 kb in size, double stranded,
linear, unmethylated, and to contain about 50% (G + C).
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b.) (5 points) On further examination, it was observed that the phage DNA only con-
tained 30% (G + C). What would be your revised prediction of the number of fragments
observed?
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II. Explain briefly why:

1. (5 points) DNA polymerase III holoenzyme activity was so difficult to detect in bac-
terial extracts for early workers on DNA replication.
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II.  Explain briefly why (continued)

2. (5 points) Ethidium bromide, when added at low levels to negatively supercoiled
plasmid DNA (B-form), can relax the supercoils. However, when the same concentration
of ethidium bromide is added to positively supercoiled plasmid DNA (B-form), it will
increase the number of supercoils.

EUhidin.  bromide  Gibengolaba  balia,., T OV strsde od
Mpvicda  The DA sl:ﬁkiéj. Tha ¢ Ty Matanbe, ‘,,( boaba.
6)/\+LV\M (13 e Ahiy Mﬁ—sM Wﬂ.cﬂ—ﬁﬂp{ [?ﬂﬂ-e-..-.pl ?/Vﬁ
. f\‘f M e« - .x LQ UMJ»MM; AM«? Q.LLA.J‘.',,
Lo iy shraiin | Simes 'k Asdiieia. | Ch ool LS | u() ;
,::3 it W I fw;*;w,L’ S5 celiad | OMB L “‘ol/t/\wo*h-wal,’
: of basea amu?::,,,(m/ﬂﬂq M“’wa
Mm a.«(.d,b-\,.‘ Winer -~ & 'QA/\/CLV\ A VP [ 7 sYretin oty Ov4.

2 !
3. (5 points) The S‘Gxonuclcasc activity of DNA polymerase I is necessary for DNA
replication in E. coli.
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4. (5 points) DNA sequencing using the Sanger technique and dATP- 3?‘P as a labeled
precursor requires that the reactions are carried out in four separate tubes.
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5. (5 points) Transcription of the tryptophan operon of E. coli is turned off almost
immediately following the addition of high levels of tryptophan to the culture medium.

Ths +r~1€+06;fnnh reg/assor (6«‘)0\1 +rul€+og/r\.a ") ferasses *”“‘“-"W,b‘lfm-j
g ‘ o WA
bindiy & 1t gpadan /@:Mﬁ,l\ %{ e |
Eis’num At drg ogren [ Ao bbindcng M

RANA  golyrasiass Gon  bindiy G I

136



Name 9=

II. Explain briefly why (continued)

- 6. (5 points) In higher eukaryotes, the mRNA transcript is rapidly spliced by the spliso-
some, but the DNA template (which has the identical sequence) is never spliced, even
when the DNA is single stranded.
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7. (5 points) Most eukaryotic mRNA is polyadenylated at its 3’ end.
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8. (5 points) Periplasmic proteins of E. coli are significantly smaller than predicted
from their DNA sequence.
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9. (5 points) Many AUG codons in E. coli are never recognized by prokaryotic ribo-

somes as sites for the initiation of protein synthesis, others are recognized intermittently,

and others still are recognized very often.
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II. Explain briefly why (continued)
1‘0.' & poi‘nt.s) The leader region of the histidine operon codes for a peptide rich in his-
tidine (7 histidine codons). ’ ‘ _
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(1) RNA is alkali labile (unstable at pH 10) but DNA is not. [S points] )
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(2) Primers to a sequence that shows two-fold rotational symmetry (palindromes)
cannot be used for Sanger DNA sequencing, site-directed mutagenesis, or PCR. [5 points]
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(13) RNA polymerase holoenzyme, when added to a non-supercoiled plasmid in vitro,
causes the DNA to become supercoiled? [4 points]
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Are the supercoils positive or negative? Why? [2 points]
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Explain briefly why (continued):

(4) E. coli strain K degrades (restricts) plasmid DNA isolated from strain B, even though
strain B is known to contain a DNA methylating enzyme. [S points]
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(5) Most transposable elements encode transposase genes with promoters that deviate
from the consensus sequence of all known promoters. [5 points]
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(6) Laboratories that amplify ancient DNA by PCR (Polymerase Chain Reaction) usually

place a very strong ultraviolet lamp over the work site, but not over their samples.
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(7) The synthesis of new flagellin protein stops when flagella assembly is completed.
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IIL. The following diagram attempts to describe a newly initiated
- chromosome replication bubble.
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1. Label the origin on the diagram. [2 points]

2. Draw in the leading and lagging strands of DNA synthesis. Put arrowheads at the 3’
ends and label the leading and lagging strands. [3 points]

3. If this were a representation of a linear chromosome from a human liver cell:

(a) Describe the end replication problem (i.e., the problem with the replication of
the chromosome ends). [3 points]

DNA (?0143-,11#\452. Cogrrinia & QFImA
At Yy chromosom Ande ',‘EL RNVA- !?F\M
) N fnoin A Jasd ?D,.-h'm-\ of th f‘*ﬁ‘ii’j strend | Sine oA
Gjoikjw o """17 sypHtlasize  ONA o, 4 s's5 27 Mpechion-

whick 15 wges “43 RNA .
i "L{j"&"&‘ ond Thiar w o

(b) What would be the condition of the chromosome after several (3 or 4) cycles of
replication? Include a diagram of a replicated chromosome showing the ends

which are effected by the end replication problem (label appropriately). [3 points]
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(c) How would telomerase solve the end replication problem? [3 points]
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(d) Why might oligonucleotides which were complementary (anti-sense) to the RNA
component of telomerase be an effective potential drug for the inhibition of certain

immortal cancer cells? [3 points] R el el ol
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II.A scientist ordered two oligodeoxynucleotide primers for use in PCR.

(1) Draw a diagram to show how this technique will amplify DNA. Show two cycles of
the reaction. Put an arrowhead at the 3’ end of all DNA strands including primers.
Include the names of all needed reagents (except buffers) and enzymes. [4 points]
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(2) <Une:xpectedly, the primers were not present in equimolar amounts.

One primer was present in 1/10 the amount of the other and would

eventually be used up.

a. Describe the principal reaction product. [3 points]
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b. Suggest how this amplification (reaction product) might be useful. [3 points]

S e {) single SVrea~hagh o WA,

EY con by usan B O ArA Ipb‘-"‘"‘-‘:«;-y\, el
N e R ﬁh.ol:»e YRR hyori bz A oon eAgensnands

side  diuted madopras(s



s " Name

IV. A graduate student has discovered a mouse gene called “pudgy”™ that
encodes a peptide hormone which, when lacking, results in very obese
mice (pudgy mice).

1. Devise an experimental approach that could be used to identify the human
homologue of “pudgy”. [6 points] ' L
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2. The student cloned the human “pudgy” gene in the plasmid pBR322 and inserted it
into E. coli by transformation. However, no “pudgy” hormone could be detected in
E. coli. In reviewing the failed experiment, the following problems to gene
expression were considered. Can you help the student overcome these problems?

(1) Human genes contain introns as well as exons.
a. Why is this a problem? [1 point]
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b. Suggest a possible solution. [1 point]
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(2) Human promoters will not function in E coli.
a. Why is this a problem? [1 point]
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b. Suggest a possible solution. [1 point]
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(3) A ribosome binding site may not be present on the mRNA.

a. Why is this a problem? [1 point]
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b. Suggest a possible solution. [1 point]
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(4) The codon usage in the mRNA may not be appropriate.

a. Why is this a problem? [1 point] v gl
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(5) The hormone may require post-translational modifications.

a. Why is this a problem? [1 point] o :
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b. Suggest a possible solution. [1 point]
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. (6 points) Compare and contrast the regulation of -galactosidase production in E. coli
by catabolite repression and the regulation of ovalbumin production by chick oviduct
cells in response to fB-estradiol (a steroid hormone). Please be concise and exclude
characteristics that are negative for both or just plain trivial (for example, do not say
"both are not found in Berkeley™).
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IV. Please outline in the space provided the best experimental evidence (you may devise your

own as long as it is feasible) that would support the following conclusions. Be brief but
complete.

1. (8 points) A newly isolated DNA binding protein (transcription factor) recognizes
and binds to a specific 60 nucleotide region of DNA which lies 100 nucleotides upstream
from the transcription start site (which is known).

I‘PL‘-'J-*-"-J Uy N DN ose -pvdf‘olm-nx....y P’XM-

Mix  g/-lebelad DA+ ONA binkey fw}&ﬂ

~frden g

T / okl r_\:,f,.,-,j

ks R "7‘1"'"(/‘ arhee Y ONF wea
i oww 6-\_,,\_“ DN ber actirm-

Thiz o be alegi/ M%WIW

2. (8 points) This DNA binding protein unwinds the DNA 720° (2 turns) when it binds
to the DNA.
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3. (8 points) Phage Q x 174 contains genes which overlap different translational read-
ing frames.
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