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A unit of the genome in which DNA
contain a region from origin to terminator

® Replisome;

The multi protein (301) structure that assembles

at replicating fork to undertake synthesis of DNA



DNA replication at phase S of cell cycle

M
E.coli 37 C G2 \1h mammalian cell
0.5 h 3-4hs el 22-25hrs
—| 12hs
105 bp/min S 500-5000 bp/min

6-8hs ?
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(replication origin & direction )



E. coli DNA
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Restriction
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R k5 HIFFIE

e 245bp minimal origin of replication rich AT
& DNA polymerase (DnaA) binding site

1 Bglll Bglll 50 l 100
I | | I | I | | I I |
GGATCCTGgnTATTAAAAAGA ATCTnTTITATTTAGAGATCTGTTnTATTGTGATCTCTTATTAGGATCGNnnntnnnn TQ TGGATAAgnngGATCCnnn
GG A O r‘ i C C CACTGCCC CAAG GGC
G GC [ C CGCCAGGC CCCG TGT
AG % C ACTCTCTA GTCG ACG
AG = T GCTTGTCT GwEA GCG
CGT AT GA I A 0= A- TCGTGTTG G'lBATTATTCAT
1?1 | [ | I 15|'>0 | | RNA pol %;ébprimer | 2?0
nTTtAAGATCAANNnnnTggnAAGGATCncTANCTGTGAATGATCGGTGATCCTGGNCCGTATAAGCTGGEAICANAATGNgGGnTTATACACAGCCAA
asel CAACC GGA AT A A G AG G AT
AA A TGCGT GGA AC G G a1l A C GGTAC A
AT ACGCT AAG ACA T Fill G AA G G GT
G TG CCGTT AAG GC TT TA A AA G G A
A A GAGAA GGCGT' & e A C i T& N GGA
201 250

I | I I I I e s I
AAANncgnACaaCGGTTaTTCITTGGATAACTACCGGTTGATCCAAGCTTTtnAnCAgA GTTATCCA(}A ntnGAnnGecnn-GAT :Consensus sequence

PRI s VA
CTGA AA A G CCTGA G GTA TC CAC- Escherichia
GTGA AA A L C G T ATG TC CAC- Salmonella
GCAT TC A TG G GG GAA AGCTGCG Enterobacter
TTCAGG AA A A TA G T GAA AA TAT- Klebsiella
ACGC TCG G A G G C TTA ACCAGAATA G T TTCA CT CCG-A | Erwinia

CRUs: 2T (2007) , HHHE, 559810)
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- replication origin Pl XK

replication origin

y A\ A\ A

Most rDNA are located near the origin of replication
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55452 AR TS Ry

gfast -stop mutation)

1963 Cairns slow- Stop mutation)

2
E. coli (thy- slow-stop mut.®s ) SRR BRI myT s
2 % SR R e R

42°CARERBDNAK . (HA]5E B DNATE(H

!

37°C,5ci/ mM H3*T, 6min

|

37 °C,52ci/ mM . 6min

!

42 °C, T, one circle
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R. L. Rodriguez

E. coli thy- slow-stop mut.ts 42°C

!

37°C,5ci/ mM H:-T, 20min

!

37°C,52ci/ mM H:-T, 45min




« THEDNAZEHJ7A]

DNA polymerase reacts on the 3’ end only

New DNA elongation from 5’ to 3’ direction
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. (DNA Replication)

3.2. DNAKIRAREE 5

(Semi-Conservation Replication)
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First

) generation
(a
Conservative: l |_> 4 | Th ree
DD DD LL replication
oo hypotheses
Expected density ) )
gradient results:
DD LLDD
First Second
generation generation
(b)
Semiconservative: | |—> 3 | e | | 5 | + | 4 | |
DD DL LD Dl Ll LLE LD
1 A Y
Expected density
gradient results: ) ) :||:D
DD DL Ll DL,
First Second
generation generation
(c)
Random dispersive: |—> e ———— | I + | + | + | |
DD Mixed Mixed ~—— All mixed ———
Expected density
gradient results: |I ) Ii ) E
DD DL 25% D; 75% L

(Source:Molecular Biology(2002),Robert F.\Weaver,Page641 )



R— senerations (CsCl gradient centrifuge)
s
N15
/\_,, 0.3 DNA

1.5 {
/ Ll 1 11 I N -
1.9 (
I -
2.5 T [ -
—
30 I T N | | I O O N |
4.1 \IIIII | 1 J | |

0and 19 Semi-Conservation Replication

mixed

0 and 4.1
mixed

Source:M. Meselson and F. W. Stahl, Sciences 44:675, 1958.
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a) Okazaki fragment 1968 Reiji Okazaki

E.coli [t]

299, 797, 1599, 6099

pulse-labeling in dT-H?

stop in KCN 0T

20°C in dT-H3 60’

pulse-chase

transfer to dT then continue

D.S. DNA

|

S.S. DNA

|

Density gradient of sucrose

|

Measure H3-T



Long DNA
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(Prok. 400Nt/sec)

Relative distance from top of tube

DNA replication in Okazaki fragment 1kb

(Source:Molecular Biology(2002),Robert F.Weaver,Page643)
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Radioactivity (10° com/0.1 mL)
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5¢ (Source:Molecular Biology(2002),Robert
F.Weaver,Page643) 3¢
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(semi-discontinuous replication! )

S @
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5¢
At least one strand of DNA replication in Okazaki fragment 1kb
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(semi-discontinuous replication)
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denature

dump fragment ~ 1200base ~ Okazaki fragment

e ung dump fragment longer

® dut™ —— dump fragment shorter



leading strand
o~ :
o~ (in dUMP F.)

~. lagging strand

Short DNA
pieces

Radioactivity (10° com/0.1 mL)
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Relative distance from top of tube

(Source:Molecular Biology(2002),Robert F.\Weaver,Page643 )



DNA semi-discontinuous replication

leading strand , lagging strand ¥ dUMP KA
Okazaki f BR7EREME N EX dUMP F B
S B8 dUMP Fr Bog gk 2 44
J& B B Okazaki i BORE S
( Prok. 1-2kb, Euk. 0.1-0.2kb)




Source:Ken Eward/SS/Photo Researchers,inc
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(DNA replication model)




O e Rifampcin £E.coli RNA polymerase K355

primer
S.S. DNA virus

@ -0—0 ¢

e 2 %g\%ﬁ@g%ﬁ

E.coli Rifampin

[RIfS] +|M13 % :\%ﬂm RF
_ Rifampin

E.coli M13 —

[ Rif R] \é’ . % HMI13RF




Conclusion

e M13 RFHITEKEE RNA polymerase X 3&H—
B RNAZTF1E RS

*RFEFIJE, RNASIHIEZLIER, Rifampin FIFIHITERX

The first evidence supporting RNA priming




DNase cannot completely destroy Okazaki fragments

Before After

DNase digestion DNase digestion

M |a] |b]l]lc||d

: e

DNA/RNA primer

15~
10 -

~ 13mer RNA
_ primer labeled §
. with P32

N WO
N -

-
s

(Source: Tuneko Okazaki J. Mol. Biol. 184
(1985) p. 49)

labeled the intact primers on
the Okazaki fragments with
[32p]GTP.

destroyed DNA with DNase,
leaving only the labeled
primers.

genotype

RNaseH DNase
aande; - +
bandf; + -
candg; - -
dandh; + +
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24652 (de novo initiation)
8t Z4I X (replication fork)

starting point — RNA primer — transcription activation

— |leading strand — fork — lagging strand

( Cairns model, 6 form, theda form)

N\ Eukaryote(500-5000bp/min)
_/ N
U U

multiple replicon




e DNAXE FIFIEXEGE (transcriptional acEivation)

\
\
\

RNA polymerase [ Rif 3]

\
|

\ '
' 1

A |

origin /

1 /I

/"/ 10 Nt RNA primer for leading Strand

‘e

dnaG —— primase [ Rif R ] for lagging Strand



Synthesis of progeny strand in lagging DNA

primosome

DNA polymerase |11

RNA as primer

P i i

DNA polymerase |

-

DNA

ligase




Conclusion

« RNApol (RNA polymerase) [ Rif 5 ]
56N e ST IR & R
SEILDNAK Hil 3% R BTSRRI

« dnaG (primase) [Rif R]
SERNT 5 FEEE T | P15 B
B FHR B 3% J5 —-Okazaki F ¥t

- 5210 £ NtRNAE [ ¥1& B JE.
DNApol 1 1717 DNA%ZE [ ZE

« DNApol | X¥RNAGZ | P VI BRI R & A
« ZEEEEE (ligase) ¥ Okazaki FrE, dUMP FBZE#E



(covalence elongation)
BRI 7R

(rolling circle)
D.S. DNA

—> Nick

— leading Strand

—Elongation
— rolling

— Lagging Strand

(oform, delta form)

S ecular Biology(2002),Robert F.\Weaver,Page649 )




transcriptional
activation ?
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o BEH#A
(Displacement form)
D.S. DNA
—> S.S. DNA as template
—> New S.S. DNA

— Displacement

— D-Loop

In mitochondrial DNA

also in chloroplast
DNA

CRIg: o 7AEE (2007) , HIHEE, $51060)
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E.coli
C /genome = 4.2 X 10°bp

30-40° / K & 1 P b
10 bp / 4B 18 Jig

84000 -10°bp / min #&JE / 47
( 8400-10000 rpm ! EEELWHL)

RER?
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B 1l S DN AXUER TE H # Jie
DNA Helicase (DNA & iglg)
ATpaselfh, kR 1558 / /KAE2ATP

DNA topoisomerase | DNA ] BA.4% 5 7] b 24

(transient single-strand break)

RSN, SINIENBER, fBERoverwindingfN /)

DNA topoisomerase 11 DNA F) X5 % 5] b 24

(transient double-strand break)

IR THEAATERT, DNAXUEERIM B ESE, FAEfuEE kR E
X %3 r=AE R IR




WMBPBREBY dBHSBESE

replisome

Topl , Topll
Helicase (rep protein)
Single Strand Binding protein (SSB)

Helix destabilizing protein (HDP)
DnaB protein

. for primosome
DnaC protein P

Primase (dnaG)

Ung-ase
DNA Polymerase Il

DNA Polymerase |
Ligase



s 43 6P 6B @3
2 43 (D) B 88 & B &8 — replisome

Helhicase
irep prote

sslINA-Bhinding

protein

DINA poolyvmssrasess
arnd ligase

Lagging
strand

CRUE: A7)



fL T EHI X2 R Ak
5% lagging Strand DNAZE i B}

» WARRIE N —A~ i Fr BB Bl 55— M Be

« In lagging Strand LR S
BT EZ KR BB ST B

E.coli J&712000—4000%k [ X1 155 Fr By 2 41



Replisome model (55#REFER)
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Replisome in covalence elongation
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3.4. 21K DNAKIE
I8 i3 R Ny SR ) R
(5’-end shorten )




Lagging strand of circle DNA replication

But

Lagging strand of linear DNA replication




a) Watson J. D
T, phage

* Direct repeat in the end of linear DNA

(100 dNt terminal redundancy)

» Concatermer between two offspring DNA

after replication



ATCG —

F
TAGC : * TAGC
- 3
9
concatermer T
B = 5
3‘-OH\ l
] =
\3‘-OH
...... o




b) Replication of linear Adnovirus-2 DNA

35937 bp
pTP GCP .

IR 103-162

IR ; including 50 bp replication origin
rich AT & 1t C/G high conversation

pTP; pre-Terminal protein 80 kd — TP 55 kd
SSB; S.S. DNA binding protein 72 kd

Ad2 DNA polymerase; 140 kd



o I

TP
SSB + ATP —— DNA K ffk%

pTP-Ser + dCTP —— pTP-Ser-dCMP

3¢ OH

PTp-Ser-dCMP
N\
G

HHERE Sk - BIREH (ANFEFIY)
1 H5°-end shorten
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pPpTP-Ser-dCMP

—G 3’ Replaced S.S DNA

Hairpin Panhandle

pTP-Ser-dCMP

CRIE: T HEY2: (2007) , *B
FEE, Z51100)




c) HAZLEYIZAAE DNAKGAN ST

o LRI
] 1o TR AR P S A AR R IR 4
X-ray Drosophila W, kTR
It %€ 44 A Telomere

« 1938 B.McClintock
sk R LB T RIS, RS REEN G ER.
I G o AR by A REER S LG5 1)

1970s 731 ALV 52 I e —— B AL SU3R 19 SR




Elizabeth H. Blackburn Carol W. Greider Jack W. Szostak

MR A ANE S "
A% LA raREEn i

for the discovery of how chromosomes are
protected by telomeres and the enzyme
telomerase

NP 20094 B 24/ EE 2%




Pvu Bgl

DO R L rDNA
ARS
N lBgl l BamH1
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| | — [ I




Pvu
......... _— —— —
Pvu
|
Pvu fif§1J] l
---------- J —— —
— _/
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W
BERFTEL
I ........ | I—
J AL RERE
R
. —_— —
RRTEL .. e BRITEL? !
— — —

3% 45 69 4 A4k 8 AT A7



5% #2944 14 AT A7

fo B2 30 Kk 81 9 2 A$ 5%
#2 A 7| 64 1 ASAAAT & 2.2

G LNABTREA
5| E 4 G BAA B RS % E
b AT ERG



e #HIDNA (Telomere)
TTGGGG(T2GA)FH " EEE KK

S’ TTGGGGTTGGGGTTGGGGTTGGGG 3’ (rich G chain)

3> AACCCC AACCCC AACCCC 5° (rich C chain)



@® 1985. Carol W. Greider & Elizabeth H. Blackburn
1986. Gottchling

REH telomere binding protein —1 55kd
telomere binding protein -2 26 kd

JJE 5 telomerase
200 - 500KDa
W telomerase

+ 100 bp telomere

—

RNA CAAAACCCC 4 + A &R faiaEha
K ko-%&a(TBP)



1990 Yu#eBlackburn f iksrte B LB G A 4 4% P

o N X BRNAR 6 A LA F|GTTTTGGGGTTG

3% #z B 6 Ao B3
6 % 7| 9 2 47 4

iE 9 3% 4= 8 P CAACCCCAAA 7| £ 5%
#F 4575 (GGGGTT) né-&, 4 45



1990 Yu#eBlackburn A ks e 2. 2% W E Sk % P

##CAACCCCAAL 7| # 1T ¥

!

H LS
AR N
T REF I 4554

1t 7 5% 42 8 P CAACCCCAA 5 7| & 5%
2T A 55 (GGGGTT) nié-s, a4 4%



TBP iIs Reverse transcriptase-like

RNA complement with 3’ end of DNA

model

& as template for cDNA
Elongated T2G4 3’-end as primer for 5°-end DNA synthesis

G# -T,G,--TTGGGGT TGGG TTG

RS
CH#--A2C4---- 33aAACCCCAACULAC 5
37 telomerase




G¥ -T,G,~---TTGGGGT TGGGTTGGGGTTG
CHE--A2C4----

39

G4 -T,G,—TTGGGGT TGGGTTGGGGT TG mm oo
Clk--A2CA——

3’3

When G-rich strand is longer enough

!



G# -T,G,~--TTGGGG TTGGGGTTGGGGTTGGGGTTGGGG

o Sves  DNA pol CAAC@@COC

G# -T,G,~-—--TTGGGG t t g g g gttg g
Ci%--A,C,—-- AACCCCAA ggggttgd

I

G — G hoogsteen bond

Tetraplex helix



Ildentification of telomerase activity.

- -+ —

primer [TTGGGG],: —}

cold-dNT Ps: 1K

32pP-dNT Ps: AQG

Clusters
of bands

Represents
an addition
of one more
TTGGGG

Input
(TTGGGG)X

123456 78 9101112 13141516

Extract Klenow Extract
A al3 al3
CG ACGTACGT

3% 2 & 0% 14 6§ ] = GreiderfoBlackburn| &« s
&R RB FHEALLSXG9ETICCGG
s BAS I ER W —RGFION4t, iz
18 2 & 4% 12 i 6 Nt,

1-447: H—F e —MiregdNt fo = AP £ A
1 k4710 dNt. % — 74212 dATP, % = /7432
dGTP,

5-8/7: RBP4 A —Nzta 9dNtfFe 42— £
tz1e 69 ANt, £ £ . dGTP+ATTP 44 4 3k ot %
$po Wkttt 2 45GCHT,

0-1247: 4 DNA% 48, Klenowkr B, T 4
IT 5% 42 AP o

13-1647: s s th s B T4 8¢ 3| o

Source:Greider,C.W.,and E.H.Blackbum,identification of a specific telomere
terminal transferase activity in tetramere extracts.Cell 43(DEC Pt1 1985)



Telomerase activity is repressed in somatic cells
of multicelluar organisms resulting in a gradual
shortening of the chromosome with each cell
generation. As this shortening reaches
informational DNA, the cells senesce and die.

When telomerase
activity is repressed

TN

il g

informational DNA

b fo % ok 2B S AT



ﬁﬂﬁﬁm5<j>

L4 v
Harley (1989) fla LA Ntk

Sk 0 A B R R T LRI
5 ‘ 54 40 fU bk

DT PN b
AR, SRR,

TR WRKE

4 BV S R S

g | RN EE A

| T esE mER

SRLBETE | pronmmr Gt Zammse, BUIAKRE S
XX XY why?

- RREANNL. RN AT CRORLEE S | IR IR AE! )



TEAR
P S

BZWIE, 30 kb
R, 80 kb
% A BER AR 7, 20 kb

IR AL, 45 kb

-, 23 kb

M dn 4R . fa B 64 2 AL
hektba kit 4

CRIgE: 4 (2007) , HHHE $£11610)



The termination of DNA replication

E.coli (B X )

I SR SR AR A AL R A 28 A 28 LA R (S R 5 SR BEA )

terg, D, A

terF, C, B (22bpf&*]

2

X)

Terminus Utilization Substance (TUS 36kd)

} Ter-TUSHE &1k

(source:Adapted from Baker, T.A,Replication arrest.Cell 80:521,1955.)



terE, D, A I R BTEH T MR B HI X BAF L 1EBN
terF, B, C NN MREYEH 7 [ B B 5] X BH L 1B

Ter-TUSE & 14— (Rep. fork trap)
#% 1 DnaB (YR ieks)

B 1E DNAGT B & 4

WA HIDNAZ R, ®H#EN
HEBRYIRIRE, DNARHELEKE




DNAK
(DNA Replication)

3.5. DNAKE HtH AR 5&15

CRUE: A7)



3.5.1 DNA &5 & # & &
L & £ 1 4



a) JRXEYIRIRHIE N S5HR

Initiate genes

dna B prepriming

dna C acts with dnaB

RNApol primase for leading S.

dna G primase for lagging S.
(Okazaki fragment )

SSB Binding with S.S.DNA
Prevents from anneal

300kd

25kd

60kd

74kd

~20 copies/cell
hexamer

~ 25
monomer

~300
monomer



Elongate genes

dnak DNA polymerase III(0) 140kd ~20
dnaZ DNA polymerase III(f) 52kd ~20
PolA DNA polymerase | 109kd ~400

polB DNA polymerase |1 90-120kd ~100



Topoisomerase

rep  Relaxed protein (Helicase)

D.S. DNA — S.S. DNA
ATPase 1H-bond /2 ATP

HDP Helix De-stabilizing Protein
No ATPase activity |
Binding S. S. DNA

decrease Tm
Prevents from anneal

lig Ligase

CRUE: A7)



b) DNAER EEE (DNApolymerase) Prokaryote
I [ 11

* PolA polB dnakE dnaZ
« 109kd 120kd >250kd
(75, 36) Kornberg E T

1 ;
klenow fragment Bp

monomer hetero-multimer

* 5’ — 3’ elongation (dNMP)_ + xdNTP —(dNMP)

10 dNt/sec 1/10 of pol |

x T XppI
500dNt/sec W



* 3’ —>5’ editing
mismatch 108 103 yes
5’ — 3’ exonuclease

small fragment repair  No No

 when dNTP starved 3’ — 5’ pyro-phospholysis
(dNMP)_ + xppi — (ANMP) .+ XdNTP

yes yes yes
e mutation
lethal lethal

10-20mole. / E.coli



352 DNAGEIHTHE



e.g. ColEl plasmid (15-20)
» Repressor model

_ } Negative control
» Antisense RNA model

e RNA-2 Positive control
-555 0
RNA-2__— l
0
RNA-2 RnaseH FEEES A

DNA / RNA primer for DNA replication



RNA-1

555 F ~ 110 bp

RNA-2 l

RNA-1
RNA-2

] 110 bp D.S. RNA

|

RNase H A E8iRHID.S. RNA-1/RNA-2,
AN B I 3 SIS e primer 13°-OH




RNA-1 0
When RNA-2 . >
200-360Nt ;
* 63 aa ROP
) fe gk (Rom protein)
RNA-1/RNA-2 —————=— -
173
A BEFE B primer ) 3°-OH &
0

—> RNA-2 HEe#352100-220 base,

ANEeTE Bprimer B3°-OH ARERIE “0”JR A

Rom gene expression
RNA-1 / RNA-2 D.S. repression



ColEl plasmid (15-20 copies)
AR A2 4| A £ 9842 7 X Fr ok it B F 4|



A
A
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Uracil removal prevents mutations
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c) Eukaryote
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