DNA Replication Chapter 11
What you need to know:
Sections 11.1- 11.7

You do not need to DNA recombination and
Holiday model and Gene conversion sections
(last two sections of Chapter 11).

You already know that
replication is in a semi-
conservative manner.

What were the other
possible mechanisms and
how were they refuted?

strands;
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is complete.
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How does the cell replicate its DNA?

What are the enzymes involved?

Kornberg 1958 isolated DNA polymerase
Replication in vitro of $X174 (5386 bases) bacteria phage.
DNA template
dNTPs (dATP, dGTP, dCTP, dTTP)
Mg++
DNA polymerase

Reaction was inefficient but made biologically active
product (infectious). What is missing?
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3"-end
5'-end attaches to
3-end

Precursor |
dNTP

‘mplate strand

Here’s a single strand of DNA, can DNA
pol replicate the other strand?
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DNA Pol | also can chew away 5 3
nucleotides from the 5’ end (5’ — 3
exonuclease activity) for correcting ToA
mismatches. AT

_T...A—J

Hydrolysis site
(3* — 5’ exonuclease activity) T A—

3’ to 5’ exonuclease for " .
proof reading \><<
30H ¢ a—

DNA pol | has two other
enzymatic activities, beside A
synthesizing DNA.

o] § —#= ¥ polymerase activity

bl 7 —= 3 exonuckase achly

ol 3 —e= 5 oxonucloe goly

Summary of
the three
activities of
DNA
polymerase | of
E. coli.

Problem:
DelLucia & Cairns (1969) found a mutant deficient in DNA
Pol I that still can replicate.

Conclusion:
There must be additional DNA polymerases in the cell!!

Properties of Three Bacterial (E. coli) DNA

polymerases
DNApol | | 1 11
Initiation of synthesis No | No | No
5'to 3’ polymerization Yes | Yes| Yes
3'to 5’ exonuclease activity Yes | Yes| Yes
(proof reading)
5'to 3’ exonuclease activity Yes [ No | No
(repair, primer removal)
Molecules/cell 400 | varies 15
Number of subunits (genes) 1 1 10
Size of Molecule (kDaltons) 103~ 90 430
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E. coli DNA pol Il is a complex molecule responsible
for the bulk of the replication in a-€

Structure of the E. coli DNA polymerase Il holoenzyme. The
numbers give mass in daltons.

How does replication work?
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Pulse-chase experiments show Okazaki
Fragments on lagging strand.
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fa)  Autoradiograph of a portion of a DNA molecule from a Chinese hamster cell
that had been pulse-labeled with RH-thymidirlc.
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“~.. Tandem 13-mer
"~ .sequences
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So, what are the ™.

Four S-mer BB
initiation protein ~ _-"
binding sites .-

steps, at the Rag, gk
oriC
molecular level that (245 bp)
allow for replication
of DNA?
1) Orlgln Structure of oriC,

the single origin of
replication in the E.
coli chromosomes.
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2) The protein |
DnaA b|ndS to o o ATR hychiciyals
oriC

AT hydioys l
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AT byl 1 S tnafitinac

S1Ee .
o DnaB protein (DNA helicase) and DnaC 3) Additional
protein join the initiation complex and proteins, DnaB

produce a replication bubble. & DnaC combine
toforma

DnaC protein

Let’s focus on one fork to follow the next
several steps in the replication process.

Fork
movement

Helicase

Single-stranded
binding protein
(55B)

4) After Helicase opens up the
double helix, Single Stranded
Binding proteins (SSBP) prevent
helix from snapping back.

5) RNA polymerase RNA primer

(Primase) lays 3'HO 5

down an RNA

primer 9" i

DNA template strand
Why is RNA synthesized
on the DNA template? D—

DNA primase
3'HO

e Fia:
All DNA polymerases require the 3’end of
an existing piece of DNA to synthesize
more DNA.

RNA polymerase (Primase) can
synthesize nucleic acid without a The initiation of DNA strands
starting primer!! with RNA primers.
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movement

Helicase

Single-stranded
binding protein
(55B)

RNA primer is primase  0) DNA pol I
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8) DNA Ligase

Enzyme + ATP
or — Enzyme-AMP
Enzyme + NAD
\\\ /,
% Il /" Phosphodiester
\TO_FI)_OT/ linkage
% g S

5- 9?3T9f®+9T®T—3
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DNA ligase catalyzes the covalent closure of nicks in DNA.

© 2003 John Wiley and Sons Publishers
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Problem: DNA Pol lll uses the
3’ end of the primer to begin
synthesizing DNA, but RNA
primers remain!

7) Solution: Another enzyme
(old friend DNA pol I) chews
away primer (5’ — 3’) and can
replace space with DNA

Another problem: Once DNA
Pol lll replaces RNA primer,
this piece is not attached to
the piece in front of it.

8) Solution: Another enzyme,
DNA ligase “clips” the pieces
together.

Synthesis and
replacement of RNA
primers during
replication of the
lagging strand of DNA.

Leadng-s¥snd
timplate
Laggngyand

1) Witheut 3 sl or aais of rotabon, the sewndng process would
Siodecs [ouibe spercgi i hoe gb s

Another problem: As the replicating
fork unwinds and expands the
remainder of the DNA will become
s more super-coiled!

B 9) Solution: Other enzymes
(gyrases/topoisomerases) are
ety yeasised needed to relieve the tension.
DA chan
To wwnd the template stands » E_ ok, e DA belix i front
of the replecabion fork mut wpe 3t e,
o N
9"-!
\
N 7

A swivel or axis of rotation
is required during the
replication of circular
molecules of DNA like
those in the E. coli or
phage A chromosomes.
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One end of the DNA double helxx cannat
rotate relative to the cther end.

- opopopopopeTe:

slga

© ONA topoisamerase | B
covalenty attaches Topoisomerase | makes
to a3 DNA phosphate, .
thereby bresking a single strand cuts.

phasphediester inkage
in one DINA strand.

The ceginal - "
phosphadiester bond (
The two ends of the DNA

energy is stored

in the phasphotyrosne double helix can now rotate
nkage, making [ relative to each other.
the reackon reversile. B OH

sreT®T Ty
DLSLQ*S‘Q

SlEs

© Reformation of the
phosphodiester bond
regensrates both the
DA helix and the DNA
topoisomerase in an
unchanged form,

DNA topoisomerase | produces

transient single-strand breaks in DNA

3. (g B 5 that act as axes of rotation or swivels
™™r T T T T during DNA replication.

LL*“*Q!

Topoisomerase Il (Gyrase)
makes double strand cuts.

&l

DINA molecule with DA gyrase folds
no supercoils. the maolecule across
itself twice.

I

Two-strand .3
cut

Py Py Mechanism of action of DNA gyrase,

DNA molecule with an E. coli DNA topoisomerase Il

Gyrase cleaves both strands, " " .
two negathe SUPRICOis.  passpe the intact helix through the required for DNA replication.

break,_and reseals the braak,

Topoisomerase

Single-strand
DNAbindng (SSB) protein
Primaosome

DNA polymerase Il
holoenzyme

fNMP
V7
LT Diagram of a replicatiol
fork in E. coli showing
the major components
of the replication
apparatus. rNMP =
ribonucleoside
monophosphates.

DNA polymerase | o/
Ligase —/

N Leading Laggmng 3

\eand strand ¥

DNA polymerase |,
replicating the leading strand
continuously

Single-strand
DNA-binding

protein 3

Primosome

DNA helicase :
DNA primase

DNA polymerase IIl,
replicating the lagging strand
discontinuously

Older Okazaki fragment

New Okazaki fragment

8/25/2010



TasLe 11.4

Mutant Gene

polA
polB
dnakE, N, Q, X, Z
dnaG
dnaA, I, P
dnaB, C
oriC
gyrA, B
lig

rep

ssb

rpoB

SoME oF THE VARIous E. coLl
MuTaNnT GENES AND THEIR
ProDUCTS OR ROLE IN
REPLICATION

Enzyme or Role

DNA polymerase |

DNA polymerase Il

DNA polymerase lll subunits
Primase

Initiation

Helicase at oriC

Origin of replication

Gyrase subunits

Ligase

Helicase

Single-stranded binding proteins
RNA polymerase subunit

Comparison of Prokaryotic and Eukaryotic DNA

Synthesis
E. coli Eukaryotes

No. of DNA polymerases  DNApol I, 11,111 ade, B v
No. of DNAPol/Cell 15 DNA Poallll 50,000 Alpha
No. of Origins 1 3500 (Drosophila)

25,000(M ammals)
Speed of Synthesis 100 kb/min. 0.5-5 kb/min.
Genome Replication 20-40 min. 3 min. (Drosophila)
Time tohours

Problem at the
Ends!!!

How do you fill in
the last 30 base
on the lagging
strand?

Telomeres!

{Lagging strand template)

{Leading strand template)

Discontinuous and
continuous DNA synthesis
| ("WUD = RNA primer)

3

AN A A" AMY

RMA primers removed,

creating gaps
(--a-)and (- -b--)

(--a) (b

Gap (- -a- -} can be fill=d
”Gap {- -b- -} cannot be fill

Telomerase (reverse transcriptase) ribonucleoprotein

Enzyme extends 3' end and new synthesis occurs from this

Telomerase adds copies with RNA template having AAUCCC sequence

Centromere-- -=-5'TTAGGG-'TTAGGG-TTAGGG-TTAGGG3'-end
Centromere-- ---3'AATCCC-5’
————— few kb-150 kb--- ---few 100s---

To “save” your chromosomes, from slowly being lost, a
dynamic equilibrium becomes established:

Ends are Lost after every round of replication,

Ends are Gained by telomerase adding back the repeat!!
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(k) _Tulomarase resohees e tarminal pemar problam.
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{a) Structure of a G-quartet

{1

w

(b} Unimolecular
G-quartet structure

rlgul'i‘.' 1031 (a) Slmuum of the G-quartet formed in solution by telomerelike G-rich oligonu-
ides, and (b) a unimolecular hairpin model of human telomere structure. For breviy, the struc-
ture shown contains only a few TTAGGG repeat units, whereas this sequence is repeated 250 1o

1500 times in the telomeres of normal human chromosomes.
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