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Part I. TRUE-FALSE (3 points each) Circle T for statements which are True and F for
statements which are False. (GRADED RIGHT MINUS WRONG; This means that if you got 8
right and 1 wrong and left 1 blank you would get 8-1 =7 x 3 or 21 points.)

T @ 1. In the processing of mRNA precursors, the smallest intron is almost always
removed first and the largest intron is almost always removed last.
S' introh uswally removed first
@ F 2. In analyzing the base composition of most double-stranded DNAs, T+C= A+G
C=GandT=A. AT ¥ &6:C Base pairs. Thatr afs Rules
Helped in Pbduclh‘j double helical structure £or DNA
@ F 3. If you synthesize the 5’-capped form of an mRNA that is normally capped,
divide the mRNA into equal portions, chemically decap half of it and inject the
capped mRNA into one set of living eukaryotic cells and the decapped mRNA
into a second similar set of cells, one day after injection the level of the decapped
mRNA will probably be lower than the level of the capped mRNA.
decapped mANA is more ro-pidly eyra-deJ leadi g £o o lower leve
@ 4. A mutation that inactivated the 3’5’ exonuclease activity of E. coli DNA
polymerase III would probably have no effect on the rate of mutations in newly
replicated E. coli DNA This is the fkoo'F resd lhj exXonuclease,
Lp“ lv?‘__tusz aic-ﬁ:vrl:y will therefore Yincrease the
T @ 5. Since there ‘g're 1 trmucleotlde codons that sEemfy amino acids, and 20 amino
acids, three codons specify each amino acid. T e hwmber of codons
+hat Spe -FJ ade-amind =cids is highly Variable
@ F 6. AF gra‘g‘uate studen‘?lsolated a DNA polymerase from an organism living in an
Antarctic glacier. This enzyme is very stable at low temperatures and is very
unstable at high temperatures (assume this is true). When this enzyme was used as
the DNA polymerase in a standard PCR reaction, the target DNA hardly increases

in amount In s-Lawl cR there i1s a cycle of lﬂQac&lh
a- erc _&fle o Jeh re -l:h? ONA. This hzyme will ;,Z
T @ akey‘ lgtae'p n demonstratmg at'ﬁ\la theeheredltary nﬁenal was the

demonstratlon that heatmg a pathogemc Pneumococcus bacterium had no effect
on the bacterjum’s 2 c’Z to 1nfec£‘ l mlce Hea. l"‘ blocked th
Pa em c e w a cou.

5 Ao e
@ F 8. EDTA chelates magnesxu 1ons sume tlhlb is true) If( hlgh levels of EDTA
are added to a solution containing an unsphced type II self-splicing intron, the rate

of self-splicing will be reduced. Re. wires Tﬁ?ﬁ "* rf ol M 3
is chelated 57 EDTA s Pl'c'”" C*l-.fﬁi Ir) will be l"eJuceg’
@ F 9. If you very rapidly label the newly synthesized DNA in an E. coli containing
only 10% of the normal level of E. coli DNA ligase, the fragments of newly
synthesized DNA (hint: Okazaki Trgaments) isolated from the bacteria containing
the reduced DNA ligase activity will be shorter than those in the bacteri 1a
containing normal DNA ligase levels. PESY] slower So She
Erorsient Oka pak: {,,é' e st longer, 4.1 n;t.e gra.yhﬂkéf
T @ n

10.The most common intr anucleond kage in nucleic acids is a 2’ 3’ SAO"{:Q;—
phosphodiester bond. 3 -5

g
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Part I1. Multiple Choice Questions (20 points 4 points each) Circle the letters corresponding to
ALL of the correct answers for each question. (If 4 answers are correct and you circle one, that is
not the correct answer). Grading these questions: If you circle all of the correct answers you get
all 4 points. If you make one error you lose 2 points (half credit). If you make two errors in a
question you lose all 4 points (no credit). (For example: If a question has three correct answers
and you circle two of the three correct answers and no incorrect answers, you get two points [half
credit]. If the question has three correct answers, and you circle two correct and one incorrect
answer, you have made two errors, and get no points.)

1. At the same time that E. coli are infected with bacteriophage T2, the radioisotopes *?P and *S
are added. Which of the following events then occur.

. : This experiment showed Ehok
@ A new set of radioactively labeled proteins appears. T2 eroteihs were .S'}'hf‘l‘eSl
B. The radioactive isotopes are not incorporated into RNA or protein o% pre~existi hg
@ A new class of labeled RNA is synthesized Fibosoum es.
@ Newly synthesized radioactively labeled RNA becomes associated with ribosomes.
E. Newly synthesized RNA becomes associated only with newly synthesized ribosomes.

2. Chemically synthesized oligonucleotides are commonly used:

As primers in PCR reactions.
B. As probes for Western blots (protein blots).
As primers for sequencing DNA.
To construct linkers containing restriction sites.
To introduce mutations into cloned DNA molecules.

3. Which of these DNA sequences, if they were contained within a much longer double stranded
DNA molecule, would be likely to be the recognition sequence of a restriction enzyme?

@ 5 -TAGCTA-3’ B.  5-GACCAG-3’ C. 5-AGTC-3’
3 ATCGAT-5’ 3'_CTGGCC-5’ 3'-TCAG-5’
@ 5'-GAATTC-3’ @ 5'.ACGT-3’

3_CTTAAG-5’ 3'-TGCA-5’

,PGJ'.y.Jfames
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4. Assume that you have cloned the chromosomal copy of a gene that is present in a single copy in
the genome of a turtle. The cloned gene contains one EcoRI site near its center. If you label the
entire length of the cloned gene by nick translation, denature the labeled DNA to make it single
stranded and probe a Southern blot of turtle DNA digested to completion with EcoRI, how
many bands are you most likely to see on the autoradiogram? You should assume that the
technical aspects of the experiment were carried out correctly. (Since there is only one correct

answer, (;hzi 12 I;O pFlth'i\z;l éredlit fgorﬁthis question.) G-en 1€. Rj‘
A0 1 [ 3
B. 1 R\ R I R \
C]? i F ro-gmen £s )
b 0 E:j l
E. 4 lr;ob:}s(“zn. hy p}i)zemu;.l_;zes a._\-seo -til\eke
5. In the standard and most common structure of DNA. ‘f‘rokj mehts

A. The phosphate backbone of the two strands is linked in the center of the helix by bridging
magnesium ions.

a The DNA is in 2 helical chains coiled around a common axis running in opposite directions.

@ The nucleotides are on the inside of the helix and the sugar phosphate backbone is on the
outside.

The planes of the nucleotide bases are perpendicular to the axis of the helix.

.3 The helix rotates one complete turn approximately every 10-10.4 nucleotides.

Part I11. (15 points, 5 points each) Based on your knowledge of splicing pathways, predict
whether an RNA transcript made from each of the following hybrid genes will be spliced if
incubated under conditions appropriate for splicing of a natural RNA precursor. If you think it
will be spliced, briefly describe the mechanism. If you think it will not be spliced, briefly
explain the reason for your conclusion. Simple drawings should be included for full credit.

1. The first exon and 5° half of the first intron of a gene encoding chicken ovomucoid joined by
recombinant DNA techniques to the 3’-half of the second intron and 3”-exon of the mouse

B-globin gene. Solicih Ocecwrrs - )
Ovo. P lci:nigkw f:-l;i_ of Te:‘:le-Fi 7ha%§'
o B fegeired fo splicing
EXoh 1 .
_._L_—’_V*_____._— —J\f E__&IOB”"/ 5\ SF';CQJOLMC#[O“
ovoemueoid Rglobin Cfrom 0V°Ymc°"1)
sréa)cmﬁ\]/ lobi brahch site and
v Bglobin pYrimidine-rich seguence
h

| + 3 splice junctl

s i lobin
The Seguence within —-f;lnhe 'm'fkoghg spplied by B g
S {0 S . ,
é?iilshafgcrﬁfeseﬁ a‘B‘e stliceosome (5'+3' S(’[ICQ thcfizh
“pe F*‘SQ"“ZM- K hybrid intron like g:*”gwigje + PYh. Fic
Ehis che. will WokHe ik splicing. f 4
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2. The 3’-half of a hammerhead ribozyme joined to the 5’-one third of the Tetrahymena ribosomal
RNA precursor intron. N o SF’“Cih oF low leya| ihco}-rec"f.Sp{l‘c{
@Teﬂ&kwmih& S§' 'Y contoln's the quide Se?uehce bu.t het
Ehe consepved core ¥t the entire” 3' recognition Seguence
¥ 3' jwhekion, This cannst be replaced "by the 3' half
of the hammerhead becanse the c/ea-Vone Siteg-base
b pairing element are ih the 5'region of the
hammerﬁQ&J_Q Rlso there awe diflerent c{eo.wﬁe.
mechanisms used by Hhe two types of intions
(either aor b is of) G bosed ¥ My pasey

3. An intron in which the region containing the naturally occurring 5’-splice junction has been
replaced by the sequence 5’-AGGUAAGUA-3’

Selicing will occur '
This is angst excellent 5' splice Ju..hc_'zél'oh ond it will
bosa pair with In‘jL efficiency with the complementary
Segwehce th Ul ShRNP.

Part IV. Fill in (16 points, 2 points each, there is no penalty for wrong answers. Only the first
written answer will be graded. There may be more than one correct answer)

1. In the genetic code the number of nucleotides that specifies incorporation of an amino acid is

3

2. Ex osurc.of DNA to ultraviolet (UV) light commonly causes formation of
Thymin€, Thymidihe alse accepted

dimers.
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3. Inconverting an mRNA into a double stranded by PCR, the mRNA is first copied into single
Rewerse Trahscriphte se,
stranded DNA using the enzyme RNA de fehcle nt ONA P ol Ymera Se 4 RT

4. These two nucleotides H T AJGJ‘ ihe and TL_YW id th€ forma a base pair that

normally contains two hydrogen bonds.

ONA polymerase

5. The enzyme requires a primer to copy DNA.

6. In dideoxy DNA sequencing which carbon on the sugar contains a hydrogen (H) instead of its

2'deoXxy Suﬁar ,
' 5" phlos phod iester
normal Ongoup.L C[\jo{reolx\? 2‘53‘ f:leoo)(f; o )

7. DNA sequenes are normally written 5°>3” on the © “L'l'sgehthse strand.
codlt

T DNA [Qase,

8. The enzymeB“ cterlo ge T4 s widely used in recombinant DNA research to
ONA Tigese C-1Ffor DINA ] asa)
covalently join blunt ended double stranded DNA fragments in the presence of ATP.

V. Short Answer (19 points, 3 points each unless otherwise noted) provide a brief biochemical
explanation for each of the following observations or statements. Your answer should reflect the
contents of this course. Only answers in the space provided will be graded, so think before you
write. If you cross out an entire answer make a box indicating clearly that the answer is on the back
and use an equivalent amount of space on the back of the page.You do not have to fill in the entire
space. If you know the answer, one or two short sentences or a simple diagram may be sufficient. If
you keep writing, and write something that is incorrect, some credit will be deducted.

3

1. Bacteriophage T2 was used in the experiments performed by Hershey and Chase to help
determine the nature of the genetic material. Bacteriophage M13 infects E. coli using a strategy
that is different strategy than the one employed by T2. The M13 protein coat is removed in the
inner membrane of the bacterial cell, where it is sequestered and subsequently used to help
envelop the progeny phage DNA. Why would M13 have been much less well suited than T2 was
for the experiments carried out by Hershey and Chase? The Hershey Chase experiment
depends onthe pspatiol separatiop of the protein and nuclelc

acid components of the virus +odermihe which coitains the
genetic material. Tn T, infection the ONA enters the cef/
while the proteih cooct remains owksjde where it cah be
ehyslcally 'separated fromthe cells by simple M§CLahlc4‘
foree (o Mehf{é?’ M A5 thg ceuﬂ-i-fvj ation the <ells
cohtainin DNA can be physically Sefal-:x{: dtrom the protein
(cells + DN in the pellet T2 coat plotein inthe S“FQ*“’&‘“';).
f MI3 were nsed and the [aleled preteih Ckhc/'huc/e/c acd
were hoth withinthe _?QII, Lo—tlj WG-UZ:H é,:' jown/ in ﬂ:r Cf//

el v this experimeit Wownld net provide any wsefu 6
r'TM-F f;fnai) on ohtha pecture of 'TZP{S jehetic mode ria |
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(9 points, 3 points each) A solution containing active DNA polymerase I and the Mg*” salts of
dATP, dGTP, dCTP and dTTP is present. The molecules listed below are added to aliquots of
this solution. State whether or not you would expect observe DNA synthesis and provide a brief
(1-2 sentence) explanation of your reasoning. (Assume that incubation temperature and buffers

were appropriate for testing for DNA synthesis.)

A. A double-stranded closed circular negatively supercoiled
DNA 3,0000 nucleotides in length.

No DNA synthesis

DNH PO[YMQMSQ heer a free 3\—OH to KSe aS a
Primer. f| closed ciresloar molecule has ho ends for
the. fuclease activity of ONA pol T to wse. Also,

+here s hoﬂqihj to unwind the ONA.

B. A linear single-stranded DNA 3,000 nucleotides in length base paired near the middle of the
DNA with a 50 nucleotide linear single-stranded RNA containing at its ends a 5’-hydroxyl

group and a 3’-phosphate ) NJA Syhthesis cahuse an RNA Primekr

'« But DNA Synthesis wires o
No ONA synthesis free 3-of ond herﬁv& have o

3\~ phosphate so there will be seo
DNA sywthesis

C. A single-stranded DNA 1,000 nucleotides in length that contains 5 ’-phosphate and 3’-
hydroxyl groups at its ends that contains a sequence of 30 nucleotides that can perfectly base

pair with a sequence near the center of the DNA. 3
Yes DINA sywthesis will occur Ho
the pase paired Sepuence provides oo
Primer with the correct 3'oH atits end ¢ the
sigle  strandel DNA provides atemdate
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(4 points) A student used an oligo dT primer to start an RT-PCR rcaction'zo cop’y an m'RI\?A gene

into double-stranded DNA. This double-stranded DNA sequence was then cloned into a
plasmid downstream of a functional transcription initiation site. The DNA wasa grown up and
inserted into the same type of cells that contained the original mMRNA. The cytoplasmic mRNA
transcript of the gene transcribed (copied) from the. gene in the plasmid was much longer than
the mRNA copied in the RT-PCR reaction. Explain this observation. " AN A
Evkatyotic RNA polymerose makes primory P e'”"
trahscri P'LS tha't e,)g’ﬁeha’/ for Le)/ol/fc/ the 3'-eud
Fovnd th the finadl mRNA 1h +he cyf:op lasm, An ARVARA

Seguehce wpsthream of the C{QQV:}?Q Site allnclo, 6o
Fich sequence Jowt«s'b»ewn of the cleavasge site are

beth fm;t‘;#twﬁ. Since the GU-Fich segunce /s NOT
o present ih the MRNA copied by RT- pck, the c/@,.,,‘ye

F
o-hd polyadenylation system will pol recoonize T
c{Q«\fAjg Sl'ﬁey ¢ Wil(SZ_IQaVQ ot ‘éﬂa h@ﬁtic'b
ke,;ojmﬁrob SIte of ot & [ow kate of mohW downsBesn
(eadihg” +o ?ol«yek MRNAs

st

A, student isolated a mutant in DNA polymerase III that reduces the frequency of spontaneous
mutations in E. coli. Provide a plausible explanation for how this mutant might work.

The mutation increased +he activity of the
3> 5" exohuclease activity ihthe fOIY*"‘Q"“i_Q-E

This makes £ more |ikely that o Incorreet. fxse.
pair will be removed by the Ft—om‘"reodwl? act (vity
ond therefore lowered the frezuency of mutatlons
(This would ofse Slow DNA syrthess)

A[SO accep’i‘.osé/e Laft o~ él’t -PoJ-——(Q'EC—/\Q,c/

The mutation chan “the jeokne'/:ky of the
Swbstrate binding site so thatt qo\za.le;ﬂ':éc)hJ
forimaction is leds [ikely with an ihcorrec 1y

base Po.“-Qd hucleotide




