Demonstration of Supercoiling

-

pull strings apart
———————

a The string looped around a pencil and twisted represents a
double helix without supercaoils.

¢ Rotation relieves the tension from supercoiling.

~—— supercoiling

b As the string unwinds, supercoils form ahead of the unwinding
if the helix is not allowed to rotate.
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Semi discontinuous DNA replication

3w

-

orimers
\ .v.--'».‘/ .
\ 3 //’

el _— replication fork movement

lagging strand N

" replication fork movement

© satish sarfare sies college



Restrictions on DNA polymerases

DNA polymerase

¢ DNA polymerase cannot initiate synthesis on a template strand without paired nucleotides.

DNA polymerase 5 Figure 2.18 Restrictions on DNA polymerases.

b DNA polymerase cannot extend the nucleotide chain in the 3" — 5’ direction
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An RNA primer for initiation of DNA synthesis
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Figure 2.19 An RNA primer for initiation of DNA synthesis. The
straight line represents a DNA strand, and the zigzag line
represents an RNA strand.
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Primer removal by DNA polymerase |
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¢ DNA polymerase | replaces ribonucleotides with

a DNA polymerase Il leaves a nick between the 3’ end of the deoxyribonucleotides.

newly sythesized fragment and the 5’ end of the RNA primer.
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d A nick remains after the primer has been removed.
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b DNA polymerase | binds at the nicked site. 3 -

e DNA ligase seals the nick.
Figure 2.20 Primer removal by DNA polymerase |.
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Molecular structure of DNA Polymerase 11l holoenzyme in E.coli

Figure 2.21 The molecular structure of the DNA polymerase |
holoenzyme in E. coli.

© satish sarfare sies college



Model of DNA replication in Prokaryotes with simultaneous synthesis
of leading and lagging strands
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Figure 2.22 Model of DNA replication in prokaryotes with simultaneous synthesis of
leading and lagging strands.

© satish sarfare sies college



Prokaryotlc DNA Polymerases

N "_ue 2.1 Pmkarymw mA

Polymerase Functlons

DNA polymerase | Removal of nucleotides during
DNA repair (5’'— 3’ exonuclease);

synthesis of DNA during repair;
synthesis of short gaps in DNA:

primer removal (5’ — 3’
exonuclease);

proofreading (3’— 5’ exonuclease)

DNA polymerase |l Synthesis of DNA during repair;

proofreading (3'— 5’ exonuclease)

DNA polymerase Il DNA synthesis; proofreading
(6'— 3’ exonuclease)
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Proofreading newly synthesized DNA

DNA polymerase

= me B 5’

a DNA polymerase adds correctly paired nucleotides in the ¢ DNA polymerase reverses direction and actsasa 3’ — &’
5’ — 3 direction. exonuclease to remove the mispaired nucleotide.

d DNA polymerase resumes DNA synthesis in the 5" — 3’
b DNA polymerase adds a mispaired nucleotide. direction.

Figure 2.23 DNA proofreading in prokaryote
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Eukaryotic DNA Polymerases

Mammalian Corresponding
Polymerase Polymerase in Yeast Functions

Synthesis of lagging strand; primer synthesis
none Synthesis of DNA during repair
pol Il Synthesis of leading strand; proofreading (3'— 5’ exonuclease)
pol Il Synthesis of DNA during repair; proofreading (3'— 5" exonuclease)

mitochondrial DNA polymerase Mitochondrial DNA synthesis; proofreading (3'— 5’ exonuclease)
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Eukaryotic DNA Polymerases

DNA polymerase o

primase

The 48 and 58 kD b They may also function as a
=_ounits of DNA polymerase primase when part of the
may function on their entire enzyme.

1 as a primase.

Figure 2.24 DNA polymerase a in mammals.
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Model of DNA replication in Eukaryotes with simultaneous synthesis
of leading and lagging strands

DNA polymerase o
synthesizes lagging
strand.

helicase

DNA polymerase &
synthesizes leading
strand.

Figure 2.25 Model of DNA replication in eukaryotes with simultaneous synthesis of
leading and lagging strands.

© satish sarfare sies college



Origin of replication

245 nucleotide pairs

oied|

9-mer

GATCTATTTATTT TTATCCACA

CTAGATAAATAAA AATAGGTGT

a Structure of the ori C origin of replication.

Protein binding in 9-mer region
forces DNA to unwind in 13-mer region.

DnaA proteins

b Function of the DnaA proteins that cause the DNA to unwind. Figure 2.26 The oriC origin of replication in E. coli.
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Bidirectional replication

origins of replication

* replication bubble

sl M o ==—i]
3 replicated DNA molecules

a Replication “bubbles” forming from two origins of replication.

g

b Replication bubbles (indicated by arrows) in Drosophila melanogaster DNA.

Figure 2.27 Bidirectional replication. (Photo courtesy of D. S. Hogness.)
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Strategy for replicating circular DNA
(Theta mode replication in E. coli)
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Electron micrograph of theta mode replication in E. coli

L e replicated DNA "

————replication fork

: replicated DNA

.
w

Figure 2.29 Electron micrograph of §-mode replication in E.
coli. (Photo from Cairns, J. 1963. The chromosome of Echerichia
coli. Cold Spring Harbor Symposia on Quantitative Biology
28:43-46. Reprinted by permission of the publisher.)
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Rolling circle mode replication

d With rolling circle replication it is possible to make many tandem linear copies of the DNA.

N

\ continuous DNA synthesis

KEY
original DNA
- newly synthesized DNA

w
| E
}

discontinuous DNA synthesis
P e 3’

5

primers removed and nicks sealed | f Linear copies may arrange themselves into circles after replication.

o — Figure 2.30 o-mode (rolling circle) replication.

second copy one copy
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Linear DNA Replication

RNA primer
end of linear 5’ A I e

DNA polymerase cannot fill the gap
because there is no 3’ end to which
nucleotides can be added.
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Figure 2.32 The linear DNA replication paradox. How can the
gap at the end of the linear molecule be filled?
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D loop mode replication

first origin
of replication

second origin
of replication

first origin
of replication

KEY
mm OFigiNal DNA
»newly synthesized DNA

Figure 2.31 D-loop replication.
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A model for replicating the ends of linear chromosomes in eukaryotes

a The end of a linear DNA molecule in a eukaryotic chromosome following
DNA replication. A gap remains where the terminal primer was removed.

b Telomerase binds to the 3’ end of the single-stranded
DNA by base pairing with the repeated sequence.

¢ Telomerase extends the 3’ end of the DNA by adding
deoxyribonucleotides, using its own RNA as a template.

d Telomerase shifts along the DNA template

CAACCCCAA |
LV E S

e Telomerase continues GTTGGGGTTGGGG/TTGGG
3 I B T S A O I I

extending the DNA strand. \ 3’ ad

primer
-

5 |
CAACCCClAACCC
LI I R B | { L I |
f DNA polymerase fills in the gap GTTGGGGTTGGG

M e LaL.l

DNA polymerase

with DNA. 3

g The end is timmed, and ligase seals the nick.
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