'CONSERVATIVE (one totally new, one totally old)
DISPERSIVE (each have mixed bits)

Grow E-Coli in 15N for several generation
15NHACI as sole N-source)

Transfer to medium containing only 14N

ISOPYCNIC density gradient centrifugation

pointin the
gradient equal to thei buoyant density
I the second generation, ALL DNA has a
densiyhafway in botwean 15N DNA and

In subseguent generations, the proportion
of fully 14N DNA increases, but some
h

DNA polymerases syrihesise DNA in the &'
>3 direction [because the 3 OH attacks the
incoming nucleotde]

DNA is antiparallel
Sothnew sancs st syheszed
ication fork_| 1t . his poses a problem
Therefore, one of the strands needs o grow
inthe 3 > 5" diection

Bacterial chromosomes contain a SINGLE.
ORIGIN, bound (o the cell membrane,
within the orC

Contins four 9 bp bicing ses for the -~
iniator prot Synhesis of

Once it has attained a crifcal level, DnaA

forms a complex molecules, each
Requites DNA (0 be NEGATIVELY
bound 0 ATP,around whichorC DNA R eoTe)

Faciitates the MELTING of three 13 bp
AT-rich repeat sequences, which open
helicase)

DNA primase then binds and synihesizes a
DING

DNA polymerases and
SEMI-DISCONTINUOUS replication

RE-INITIATION can occur befor
completon of the s round f replication,
at the new origins

Experiment 2

& Experiment

1A HELICASE uwinds he parntl
duplex for ey

‘5585 (single-strand binding proteins)
prevent the daughter strands from
re-annealin

iniially, about half the thymine ends up in
small (NASCENT) DNA fr General principles
10052000 ruckeotdes ang i PROK,
100.200 ntlong in EU

“This is partl compensated for by th
NEGATIVE SUPERCOILING of creular

Observations

into larger fragr

The LEADING STRAND is made
CONTINUOUSLY in the 5'> 3' direction

Once 1000-2000 (100-200) nt have been

‘synthesized, synthesis of the LAGGING

TYPE | topoisomerases - break one strand
ATYPE II TOPOISOMERASE called DNA _and change the finking number
v ve

“This ntroduces POSITIVE SUPERCOILING
in the rest of the circular molecule (the rest
of the DNA "over-winds")

supercoling downsirea from the TYPE I topoisomerases - break both
the linking number by

tyyme tanstorof ather
double-stranded segment through the break
NEEDS ATH

Interpretation

5>3 drection

These OKAZAKI FRAGMENTS are then
ed by DNA LIGASE

“This is one of the few enzymes ESSENTIAL
o the function of E-col

i agotd by dugs (supertoroen,
jocin, oxolinic acid)

Once repication starts at a point, does it go
udl both ways or just one’

AIRNS used autoradiography 1o visualise:
radiolabelled chromosomes

‘The E-Col chromosome is circular, and \ _ Two replication forks
forms a THET;
replicates (two origins of replications)

Label DNA with LOW specific activty (not v.
radioactive) 3H-thymidine for a few

We need to unwind about 1000 1oopsisec
(speed of kitchen blender)

All DNA polymerases need a PRIMER with
a3 oH extend from

The primase catalyses the formation of a
small 1A pimeron e orginaltempiate
DNA (< 20 nt ong)

Puise with HIGH specific activiy Blicirectional
3t-thymidine [only taken up by growing
arts of the DNA]

Okazaki ragments are primed by smal
i thesized by a PRIMASE

“The lagging-strand template is LOOPED
OUT so that it passes through Pol Il at the
same time as the leading siand

BOTH srands dealt with by DNA
Polymerase Il holoenzyme

ar ffom the autoradiograph of the.
e DA e o
BOTH drections

PROCESSIVE enzyme (enzyme stays
bound betueen digestion rounds), (as.
opposed to distrbutive]

2 BETA subunits binds DNA [sliding DNA clamy
Very high processivy (tays bound f0ra (" Siaraped ring, with 35 armirong hole

Pol ll also includes CLAMP LOADING

subunits, that use ATP.

One half synthesises leading sirand, and
ing strand

In €. Coli there s a single org

“Transfers a random bit oflysed DA from one cellto another

Use it on an actively relicating cell

Then look at the frequency of uptake of the genes
in the celis genome by other cells around Single-origin in E. Col

DNA Replication

n EPSILON s 3 > 5 proteading
exonuciease - see late

Soh dmers attached 02 core, wich
helcas

Mosty similar to prokaryotes | Atthe interface between DNA and RNA,
there is a "mick” with an exposed phosphate.

and an oxposed OH (sce the wo bits
arent jonec)

Thersor, therear mulile REPLICONS
with multiple

Pol I removes the
called "nick ransiation”

Pol I binds to this nick, and "moves it alongr,
replacing RNA with DNA along the way

Otherwise, we lose a bt on the. Cromad is compex - repcation forks

— 50 bpis

it aso important it relcalon
start at the end

Chews up existing RNA

5'>3 exonuclease

Geting rid of the primer

Inserts new DNA [alongate 3' ends of
Activiy of Pol 1 gments]

>3 polymerase

Inhe &phase, CLUSTERS ofabout 20.50
Initiate simultaneously at defined tmg
ugh the S-phase

3> 5 exonuclease _P1o0t reading (see later

igent

‘ORIGIN RECOGNITION COMPLEX (ORC)
binds to these, and permits opening of the
DNA 4]

InExcol i s  werd eneyme thtuses

‘o mammalian orgins have been identified,
T B e o sodl o o

random within an INITIATION ZONE (AT

rich Initiation

“The Pol Il primosome and helicases are
associted ina lrge complexcalled a
REPLISO

T is importan, sne thereare mtile

of replcation

A LICENSING FACTOR (recruts th

s s ESSENTIAL forinfaton ands | - Eukaryo epications can only ntate
use ONCE per cel

Both forks are at one point and dealt with by one replisome

New factor can only gain access (o the.
nucleus when the nuclear envelope
dissolves

In linear chromosomes, there is no DNA
from uhic 2 exten 5 relace removed
RNAat the S’ end of the. strand

G
humans) with the 3 end overhanging the.

In Eukaryotes

The enzyme contains a short RNA For sxample. when DNA s ansiersd

sequence which is complimentary o this
repeat

“This acts as a template for adding repeats
0 the overhang by elongation and
ranslocation

Complementaysrands are syresized on
original and f
Telomerase i inactive i the somatic cells

of multcellular organisms TELOMERASE adds th

This results in gradal shortening of the
chromosomes, senescence and death

This may be mporantncel aeging. and
many. associated

R e e

In euks, the DNA must first be UNWOUND
from NUCLEOSOMES
Thi s doun he movementof e s
10 about

Alter the fork has passed.

ucieusomes are formed fom & midure of

new and old hstones

REPLICATION PROTEIN A (RP-A) takes
the place of SSt

The leaingsrand and each agoing sand

ragments are primed with RNA by a
ritace aciiy o DNA POLYMERASE

PHA
This starts elongation, but i quickly
This has a higher processiit replaced by DNA POLYMERASE DELTA

This s nankstoPROL on [

Nty lagging strand)

hmclmna\ eauvalentof the SETA wnitin

E-coli DNA

“The role of DNA POLYMERASE EPSILON
is less clear, but it may simply complete the
lagging strand fragments after primer
removal

“The smaller size of okazakifragments in
euks might reflect the amount of DNA
 from each nucleosome as the fork
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