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Origin of Replication

| DNA REPLICATION N .
¢ \\‘»-uuq\g\ﬁ oOvils.
Bidirectional
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Comparison of DNA and RNA Polymerases

= DNA Polymerase RNA Polymerase ?
Nucleic acid synthesized DNA RNA
(5" —3")
Required template DNA* DNA*
(copied 3’—5")
Required substrates dATP, dGTP, dCTP, dTTP ATP, GTP, CTP, UTP
: : fouwnllab 57
ggqulred primer ond l}ItIA (or DNA) None
Proofreading activity Yes No
(3’—5’ exonuclease)

*Certain DNA and RNA polymerases require RNA templates. These enzymes are most commonly associated with

viruses.
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The Steps and Proteins Involved in DNA Replication

Prokaryotic
cells Hugg

Eukaryotic
cell nuclei W&

. Unwinding of DNA double-helix
at replication origin(s)

. Stabilization of unwound template

strands

. Synthesis of RNA primers

Helicase
(requires ATP)

Single-strand
binding protein (SSB)

Primase

Helicase
(requires ATP)

Single-strand
binding protein (SSB)

Primase

. Synthesis of DNA

* leading strand

* lagging strand
{Okazaki fragments)

. Removal of RNA primers

. Replacement of RNA with DNA-

. Joining of Okazaki fragments

DNA polymerase (Il
DNA polymerase ill

DNA po!y}nerase }
(57 - exonuclease)

DNA polymerase

DNA ligase
{requires NAD)

DNA polymerase § r«

DNA polymerase a + §
A @) 58

Unknown

Unknown

DNA ligase
(requires ATP)

- Removal of supercoils ahead of
advancing replication forks

.Topoisorﬁerase I

(DNA gyrase) .

« inhibited by
nalidixic acid,

Topoisomerase |

-« inhibited by

etoposide,

norfloxacin ‘ teniposide
K\Qor Cqn AOMLS) '
9. Synthesis of telomeres - Not required ~ Telomerase DNA

aQoss e eloparase 'S normal Cus\"'\?i&») TWnOx edsed Ackoarase W Qamncexr
Other Eukaryotic DNA Polymerases

DNA polymerase yreplicates mitochondrial DNA in eukaryotes.

DNA polymerases f and € (in eukaryotic cell nuclei) are thought to participate primarily in DNA repair.
DNA pol € may substitute for DNA pol § in certain cases

Reverse Transcriptase @y = CONRY

Reverse transcriptase, an enzyme found in some viruses, is an RNA-dependent DNA polymerase. This
enzyme requires an RNA template to direct the synthesis of new DNA. Retroviruses, most notably HIV,
utilize this enzyme to replicate their RNA genomes. a0 \
o
<0l DNA Felyindrases nee & O VAR b Yo o g\(“ Rod: \L()f:\bk\:, ZDQ o
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Tumor Suppressor Genes
and DNA Repair

DNA repair may not occur
properly when certain tumor
suppressor genes have been
inactivated through mutation

|
|
!
|
\
|
|
|
|
|

!

or deletion:
e T -« Thep53 gene encodes a
Recognition/ ; protein that prevents a cell
Damage Cause Excision Enzyme Repair Enzymes | with damaged DNA from
Thymine UV radiation Excision endonuclease DNA polymerase entering the S phase.
dimers (G,) | (deficient in Xeroderma | DNA ligase Inactivation or deletion
pigmentosum) | associated with Li Fraumeni
' syndrome and many solid
Cytosine Spontaneous/ | Uracil glycosylase DNA polymerase ’: IO
deamination chemicals AP endonuclease DNA ligase ’ */ATM gene encodes a kinase
(G)) C -1\ essential for p53 activity.
Apurination Spontaneous/ | AP endonuclease DNA polymerase ! ATM is inactivated in ataxia
or apyrimid- heat DNA ligase I telangiectasia, characterized
ination (G,) by hypersensitivity to x-rays
Mismatched DNA replica- A mutation on one of DNA polymerase : - and predisposition to
base (Gz) tion errors two genes, hMSH?2 or DNA ligase ‘ : lymphomas.
h.MLHl,‘initiates defgc— i + BRCA-1 (breast, prostate,
tive repair of DNA mis- | and ovarian cancer) and
e cuungina { BRCA-2 (breast cancer)
condition known as i ; -
Bl iono o 5 required for p53 activity.
colorectal cancer— |
(HNPCC. Lynch Syndrome | * Rb The retinoblastoma

Mismatch repair \

* MSH2
* MLH1

gene was the first tumor
suppressor gene cloned, and
is @ negative regulator of the
cell cydle through its ability
to bind the transcription
factor E2F and repress
transcription of genes
required for S phase.

Go

. Thymine dimer (bulky ;
. lesion) repair

e XP

. » Nucleotide excision

repair (cytosine

| _deamination).. ...

S

¥
4

i

Genes controlling
entry into S-phase
| DNA polymerase * Rb
| proofreads during | e p53

DNA synthesis



Flow of Genetic Information from DNA to Protein

coding strand
) AN C CCCRICACCOCAC: ' DNA coding strand is identical to the
ona 5 ALGGGGCHEAGCGAC ...3' ¢ EESTI Y
I ] DNA template strand is complementa
Transcription 3.. TACCCCGAGTCGCTG...5 <;%and antiparallel to the mRNAF\) i

template strand

mRNA 50 KMGGGGEMCAGCGAcs S

| e
Translation L | | | | 11 | Codons > 796
I

\ 4
. direction of
Protein NH;..... - @ - - @ .COOH W i )
N' > C'
Second Position . COK ¥ €SO & Ao e on
First Position Third Position
(5' End) u C A G (3" End) 1 2 3
5'-ACq -
uuul,, | ucy UAU}Tyr UGU} TR &G
u | ucfPhe f Ucc {ger| UAC UGC C
UUAY, UCA _UAAY o~ UGA i Stop | A
UUG} eu 1 uca UAG} Pl1UGG Tp | G LUG - Shat coldow tor
- pYo oM S\,}\\\NS\S
cuy ccu CAUY ;s | CGU u
cuc CCC CAC CGC C UAR UEen , \WhG*-
c CUA Leu GCA R CGA A A 5\1: AT L\yxg\cﬁ \OW
CUG CCG CAG} Gin | caa G §
e 37 bosihon: wobble
A AUC #lle | ACC Thel AAC =ik AccS =% | ¢ Pox  Yeduounn AN L?j
AUA ACA AAAY AGAY, | A CERP, :
(AUG™ Met | ACG AAGS LS | AGG MY | & o W Yy
GUU GCU GAU} Asp | GGU U
GUC GCC GAC GGC {gy | C
G | Gua (V8| cca ¢ha au | GGA £V | A
GUG GCG GAG GGG G
Effect of Some Common Types of Mutations on Protein Structure
Type of Mutation ) Effect on Protein |
% Silent: new codon specifies same amino acid None ‘
xfj Missense: new codon specifies KA vs WS Possible decrease in function; variable effects ;
different amino acid Al v val i
: A :
Nonsense: new codon is stop codon ‘1‘:(—\“ Shorter than normal; usually nonfunctional
YT & |
Frameshift: deletion or addition of a base Usually nonfunctional; often shorter than normal m{ t: (\; v
Large segment deletion (unequal Loss of function; shorter than normal or entirely missing
crossover in meiosis)
Splice donor or acceptor Variable effects ranging from addition or deletion of a few
SUK veptanGing amino acids to deletion of an entire exon '
Triplet repeat expansion Expansions in coding regions cause protein product to be
: \’\\k\/\'\\r\cx\gv\g\ v’%‘rm?g\\( X longer than normal and unstable.
Disease often shows antlclpatlon in pedlgree




-4 promoter‘,: — start =

5 !

CYTOPLASMIC EXPRESSION OF A BACTERIAL OPERON

transcription transcription

—- stop
+1 5'UTR

operon

3l

3'UTR
I [gene TI—fgene 2I—gene 3]

no exons/intron within any
of the genes

SWM ( rifampin )

factor ( o .
operon Transcription
TATA
box
{Pribnow box) i
VO veh dues igem/loop m-m-RNA
VPS¢ N/ stops transcription
AUG  [UAA | AUG [UGA]| AUG [UAG]

Polycistronic

MRNA 7 | .

Shine Shine Shine
. Srune dalgorne Dalgarno Dalgarno Dalgarno
Segumce ablouos
R“bf @'\(u\\r\nj od Yo ! I
Translation Translation Translation

¥ \m\b\}\ ’%\c\u’v '&,\7ch\_\)

i

|

|

H,N - protein - COOH  H,N - protein - COOH H-N - protein - COOH

1

2

3




N C 03
Eat W\ “= 7\O "V EXPRESSION OF A NUCLEAR PROTEIN-CODING GENE A CLSSTTIL glinos

transcription poly-A
~—— promoter start gene > sne
5 -25 +1) 5'UTR, 3'UTR
g T | exon-1 [ intron | exon- 2b:
3!
Transcription
initiation
complex
[ A |

Transcription
Gene (nucleus)

<4 COART o A ooxes are L\_LUW\LL%ZCQ, Nuclease
Qun + SHou™ Avansex olew. cuts
v \
pre-mRNA AUG UAA po_lty-A
' site
SR . 5'UTR ! : ' 3'UTR 4 3
5 exon-1 intron exon-2 :

RNA Processing {nucleus})

1. Capping (to initiate translation)

2. Tailing (to prevent RNA déqradatxon)

a3 Sphcxngmto generate an ORFI
sspliceosome with U-rich snBRNA

Excised lntron
M
(Lariat) Degraded

in Nucleus
AUG Y Ui\f\
mRNA 5'M .G _S__LLLexon 1 exon-2 SR AAAM AA 3«&
NQ introns” | Cap g}f Qpen Rea‘c(i)lggl;:)Frame 4(po~.ly A -vpolymerase)

Translation
(cytosol)

Y
H,N - protein - COOH
o\ % ve owe \Lesc Wi g Hian
. vt DEemokn
e Y\ﬂ( PR ol T NAevovy R
\)uchov\
«Cay - YY\QJW\%\ S|



; Pr%kaxxotic ribosome RIBOSCMAL RNA Eukaryotic ribosome
O e RNA oA TN
705y o e (Gos)”
505 {603
subunit subunit :
o . ‘ - [:5.8S
2y AR 0
; . : , =ik
LNCATNG AN TN
-\is‘(\\cjc\ ‘\Qyﬁ\x/\ Yave Q}S 288 (Q—’\)H NH, (,L\L'd
3 i L ] N . . | ¢ mN(\ ) \
Pr exsonane & \)‘ oA &\)\ Y\NE\S R—(I:—H ;’; e s {o
*MMOST 00 \n iy cel\\ \s IW’C i=e 3 ‘;’ o
N oop 4 ¥
CANTES 2o jStia
AN
TRANSFER RNA c
(tRNA) '
(5
CE
Ier?ri’ir?us tRNA
Anticodon
loop
mRNA 5 2
»‘]
Eukaryotic Nuclear RNA Polymerases
a-Arr}anitin Subcellular
onueliolus onOKes Type Sensitivity Localization RNA Product
CADOSCINES | Insensitive Nucleolus 455 rRNA
i i 7 : 1l Very sensitive Nucleoplasm hnRNA (mRNA) and
SAPNE Cofans  VNUSUOX to low levels some snRNAs
\OC.\QCS ¢ 11 Sensitive to Nucleoplasm tRNA, 55 rRNA

high levels

hnRNA = heterogeneous nuclear RNA; mRNA = messenger RNA; rRNA = ribosomal RNA; snRNAs = small
nuclear RNAs; tRNA = transfer RNA.
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A double-stranded RNA genome isolated from a virus in the stool of a child with gas-
troenteritis was found to contain 15% uracil. What is the percentage of guanine in this

genome? = \5 m: \S

A 15
B. 25 i'G -35| C=35
© 35
D. 75
E. 85

A medical student working in a molecular biology laboratory is asked by her mentor to
determine the base composition of an unlabeled nucleic acid sample left behind by a former
research technologist. The results of her analysis show 10% adenine, 40% cytosine, 30% thy-
mine and 20% guanine. What is the most likely source of the nucleic acid in this sample?

A. Bacterial chromosome DS, &Y< s A ow} ™ad o So

B. Bacterial plasmid D&, CAve oot Le ssDNh JAPANLL
C. Mitochondrial chromosome DS 329 Wos N So DWW, W\bb;‘

D. Nuclear chromosome & L. \Sd‘(ﬂ,\a ww el LQXU NO)

@ Viral genome -

It is now believed that a substantial proportion of the single nucleotide substitutions
causing human genetic disease are due to misincorporation of bases during DNA replica-
tion. Which proofreading activity is critical in determining the accuracy of nuclear DNA
replication and thus the base substitution mutation rate in human chromosomes?

Auclewr DNA Tephc oFion

A. 3 to 5 polymerase activity of DNA polymerase 5 : _
WA needs YD

B. 3 to5 exonuclease activity of DNA polymerase Y
C. Primase activity of DNA polymerase o XS e o WAy s
D. 5 to 3 polymerase activity of DNA polymerase III

@ 3’ to 5’ exonuclease activity of DNA polymerase 8



The proliferation of cytotoxic T-cells is markedly impaired upon infection with a newly
discovered human immunodeficiency virus, designated HIV-V. The defect has been
traced to the expression of a viral-encoded enzyme that inactivates a host-cell nuclear
protein required for DNA replication. Which protein is a potential substrate for the viral

enzyme? B Y\o\C‘(S STraund s Q{)(u'%

A. TATA-box binding protein (TBP) LCo\lovon \,\3 \(\Q\ \ ClS = Eb? QL\’\/\%
B. Cap binding protein (CBP)

C. Catabolite activator protein (CAP)

D. Acyl-carrier protein (ACP)

@ Single-strand binding protein (SBP)

The deficiency of an excision endonuclease may produce an exquisite sensitivity to ultraviolet
radiation in Xeroderma pigmentosum. Which of the following functions would be absent in

a patient deficient in this endonuclease? S -
g X '\'&\,@J pu o A OeRAS
Removal of introns

A
@ Removal of pyrimidine dimers

C. Protection against DNA viruses

D. Repair of mismatched bases during DNA replication
E.

Repair of mismatched bases during transcription

The anti-Pseudomonas action of norfloxacin is related to its ability to inhibit chromosome
duplication in rapidly dividing cells. Which of the following enzymes participates in bac-
terial DNA replication and is directly inhibited by this antibiotic? : .

I R : \ NS S DN k—\ gy(ﬁckgt’,
A. DNA polymerase I sFluore une A ’ X

B. DNA polymerase II

Topoisomerase I

o) o

) Topoisomerase II
E. DNA ligase

Cytosine arabinoside (araC) is used as an effective chemotherapeutic agent for cancer,
although resistance to this drug may eventually develop. In certain cases, resistance is
related to an increase in the enzyme cytidine deaminase in the tumor cells. This enzyme
would inactivate araC to form ‘

A. cytosine C—=>W w danwuvrose
B. cytidylic acid

C. thymidine arabinoside

D.) uracil arabinoside

E. cytidine

Dyskeratosis congenital (DKC) is a genetically inherited disease in which the proliferative
capacity of stem cells is markedly impaired. The defect has been traced to inadequate
production of an enzyme needed for chromosome duplication in the nuclei of rapidly
dividing cells. Structural analysis has shown that the active site of this protein contains a
single-stranded RNA that is required for normal catalytic function. Which step in DNA
replication is most likely deficient in DKC patients?
A. Synthesis of centromeres ssNB  \nduc s Yevesse
B. Synthesis of Okasaki fragments Qg \\)m
- C. Synthesis of RNA primers 27 @0 V2 xe\ovrex as =
(6 Synthesis of telomeres
E. Removal of RNA primers




During‘RNA synthesis, the DNA template sequence TAGC would be transcribed to pro-
duce which of the following sequences?

s'-ThGaC - 3

A ATCG > _alce -5

B. GCTA

C. CGTA _

D. AUCG G- Glun - 3!
® ccua

The base sequence of codons 57-58 in the cytochrome B5 reductase gene is CAGCGC.
The{nTRNA\ produced upon transcription of this gene will contain the sequence:

A, GCGCTG
CUGCGC
. C. GCGCUG
(D) caGcGe
E. GUCGCG ¥ 3 =sis oS
CAECEC = dow \nove 1o
A gene encodes a protein with 150 amino acids. There is one intron of 1,000 bps, a - NNV %
5"_untranslated region of 100 bp, and a 3’-untranslated region of 200 bp. In the final Vo
processed mRNA, how many bases lie between the start AUG codon and the final termi-
nation codon? . KX B
A, 1,750
B. 750
C. 650
(D) 450 Sop codow considaed gt & vegiowm \er
£ 150 (T %,'\Mx\\uus bur doesnt & g’*}eu\}e‘:
' o e omd, so W acked \So cedons

Now ) aos, v \ess

In the genetic code of human nuclear DNA, one of the codons specifying the amino acid
tyrosine is UAC. Another codon specifying this same amino acid is \ .
vockbl e \)CS Ynews 3°° ?0‘;\\‘\%

A. AAC

B. UAG -» Stop cedon 5o WO
@, EEC
D. AUG
@ UAU
Items 2 and 3

A. ATGCAA..— ATGTAA
ATGAAA...— GTGAAA

B
C. TATAAG..—> TCTAAG
D. CTTAAG..— GTTAAG
E

ATGAAT ...— ATGCAT

The options above represent mutations in the DNA with base changes indicated in boldface
type. For each mutation described in the questions below, choose the most closely related
sequence change in the options above.

Nonsense mutation {) o s ‘5\’0? Qo(\m\)
Mutation decreasing the initiation of transcrigtionga L

(@7 &=
wundadedd TATH box



Accumulation of heme in reticulocytes can regulate globin synthesis by indirectly inacti-
vating eIF-2. Which of the following steps is most directly affected by this mechanism?
Attachment of spliceosomes to pre-mRNA

Attachment of the ribosome to the endoplasmic reticulum

Met-tRNAmet binding to the P-site

Translocation of mRNA on the ribosome

mo(@w >

Attachment of RNA polymerase II to the promoter

A nasopharyngeal swab obtained from a 4-month-old infant with rhinitis and paroxysmal
coughing tested positive upon culture for Bordetella pertussis. He was admitted to the
hospital for therapy with an antibiotic that inhibits the translocation of peptidyl-tRNA on
708 ribosomes. This patient was most likely treated with

@ erythromycin

- B. tetracycline

C. chloramphenicol
D. rifamycin
E

levofloxacin



