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DNA Replication
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9.1 General features of DNA replication
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1. culture E. coli in [*>N]NH,Cl-containing
(heavy) medium

2. transfer bacteria to growth [**N]NH,CI-
containing (light) medium

3. remove samples at different times and
extract DNA

4, subject DNA to cesium chloride density
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DNA replication2 bidirectional
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The leading and lagging strands of semidiscontinuous
replication

| ]
5' > 3’
Leading strand Motion of
replication fork
—_—

_~Replicated
daughter
strand

Unreplicated =
parental strand

Lagging strand (Okazaki fragments) Parental strands

3! Eemmn (e

s 1L 11 L
Phage ADNAZ2| =kIE & a0lE L=z EH
M2 o e X9 0] 2H& & H discontinuous
e o e d AI &SRS LIEHY.

?Ileadlng strand (&E JFEN) @t lagging strand (KA JFEN)IJF /LT & & IJHE 2 continuous
Replication2 ot (4 lagging strand= discontinuous replicationetCt. Ol MJ|= & 2
Okazaki fragmentct ] StC}.
B L
¥ DNA =& Eié MZ 2 DNA JIHEHQ é”ed%

’RNAprimer' ¥ A| EII-OPE | O|-L| al- O| D' _ZSIH Ol-E e 9—|

TITIITITIITITON 111 AP 320 ¢ | deoxyribonucleotide S J_éJFDJ ole=
Het= St

3'1!

v

Okazaki fragment
@ 2008 Jones and Bartlett Publishers, Inc. (www.jbpub_com)

3'1 5 3
5] 1L




9.2 Bacterial DNA replication machinery
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assembly of the replication
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Gene | Mutant Protein Primary Function
Phenotype

dnaA |Slow stop DnaA oriC recognition

dnaB | Quick stop DnaB helicase

dnaC |Slow stop or |DnaC Delivers DnaB helicase to
quick stop oriC

dnaE | Quick stop a subunit of DNA Polymerase activity

polymerase Il holoenzyme
dnaG |Quick stop primase RNA primer synthesis
dnaN | Quick stop Sliding clamp Tethers core polymerase
subassembly to DNA
dnaQ |Hypermutation|e-subunit DNA polymerase | 3'=5" exonuclease activity

Sy Nt h es | S dnaX |Quick stop v and 7 subunits DNA v subunit—ATP binding site
] ] polymerase Il holoenzyme | in Clamp loader subassembly
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sliding clamp
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O:| :| Ol O | I- O:I __I"' O“ A—l {mm Y holE |None 6 subunit DNA polymerase | Function is unknown
E = = (- Il holoenzyme
QU |Ck StOp m UtantS E O | X‘” X-” ly % -4 E ssb  |Quick stop SSB Binds to single-stranded
S22 - -| =24 O DNA
20 Ai = I:[H H |- E j| o Ol [ C:D| T . gyrA | Quick stop Subunit in DNA gyrase ATP-driven negative
= ; [N supercoiling
SIOW StOp m UtantS E — E:I O | X'” X-” a — E gyrB | Quick stop Subunit in DNA gyrase ATP-driven negative
== = o] & — o supercoiling
20 Ai = I:[H j— _(P,l ——l X-” ]:” | j H E [ polA |Defective DNA | DNA polymerase | Gap filling and primer
= — D O E @) repair removal Q
=/ X-” j|' | :l | Dl ligA |Accumulates |DNA ligase Seal DNA nicks -
nascent

fragments

m)




9.3 Initiation stage in bacteria

1960 O Francois Jacob 2t Sydney Brenner= DNA S M E & X 6tJ| 2ot replicon
model = =& &.
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E. coli initiator protein (DnaA)2 42| domain2 2 =.
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Domain IV: DNA Z2 & £2
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Figure 9.14
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The E. coli origin of replication oriC Figure 9.15
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AT-rich DnaA boxes
" . / "
3 - | —— — —

O\i DNA S X2l initiation 2} &

ATP-DnaA
protein Z=J12| origin 214! 1t DNA unwinding2 2f0llA &Y.
@ = = S
O .
ATP-DnaA Unwinding Flgure 918

. ,  US &= DnaC2t DnaA-ATP2| == 2 = DnaB (helicase)
® hexamerJt 2 0 &l AT-rich XIS 0| Z &= S,

oo e BnaB helicases 5 — 3 £ 92 01 S 6HH Al 65nucleotide

xonaRee dEE E2EUH==L0

Oﬂv 222 & JH2 DnaG (primase)Jt Z & ot RNA primerE
Primase Helicase lranslocation,é"/c\g 5:!'_

el yprmeseloadne Initiation2| O X| & S H 2 = DnaA-ADPZ DnaA box 0| A

s ANlHok L sliding clamp?t DNAS& &4 2 HIHY.

W

@ \ Priming, loading of

Siiding clamp | Sliding clamp Initiation2| £ &;
(3 1) DnaA tHHA = ATPase &&= 2 1) helicase)t Z&otH
TP @ 59 S LIEY. O AF20| DnaA-ADPS=ADPIF ATP2 & &t

——: LAl E= 8t UA HE= 28

2) oriC W 0l methylation <7t U M parental strand2t M Z
& E strandE *E0tHE. Hemimethylated oriC Xl < 0f
SegA SHHHZE Q| 286t ME2 SHIJF LUK 2aAH &

_ =
@ 2008 Jones and Bartlett Publishers, Inc. (www.jbpub_com)

DNA Polymerase Il v

Bidirectional
replication



9.4

Unwinding parent duplex
by helicase and elongation
of the leading strand by
DNA polymerase llI
holoenzyme expose the
single-strand region in
front of the lagging strand.

Primase synthesizes the
RNA primer (green line).

Polymerase Ill
holoenzyme adds
deoxyribonucleotides to
the 3" end to form the
Okazaki fragment.

RNase H and DNA
polymerase | remove the
RNA primer from fragment
1 and DNA polymerase |
extends fragment 2.

DNA ligase joins the
Okazaki fragment to the
rest of the lagging strand.

Lagging strand
. 5

Motion of replication fork
—_

Leading strand

Okazaki

fragment RNA primer

Okazaki Okazaki
fragment 1 fragment 2

Leading strand

Lagging strand

he stages of elongation

DNA =kl= 0d UE HHE0 ESolA &S
ol =&et € 0lH Ot E S22 M==

DNA At== &d gLt

" DNA polymerization 1= holoenzyme0l 04 DN

55322 &&etCh defLt At & Eot= A0
Otlict 2 e 24t 882 = AE8HLL

 DNA Polymerase Il
— bacterial replication machinery
« DnaB
— helicase
— uses energy from ATP hydrolysis
to unwind dsDNA
— moves 5'>»3' along the lagging
template strand
— activates primase
 DNA gyrase and topoisomerase |
— act cooperatively to relieve the
torsional strain created by
unwinding the double helix

Single-stranded binding protein

— coats the lagging strand template
as helix is unwound bymhelicl se
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Primase (DnaG)

— catalyzes the formation of RNA primers for Okazaki fragment formation
during lagging strand synthesis
Ribonuclease H (RNase H)
— removes the RNA primers at the 5' end of Okazaki fragments
DNA polymerase |

— extends the 3' end of the Okazaki fragment to the 5' end of the next
fragment after primer removal

DNA ligase
— Joins adjacent Okazaki fragments

DNA polymerase Il

DNA polymerase I ==& ZAGA LW =J[0l= polymerase 10| &=
ctl 28k T12{ Lt polA (DNA polymerase |) & Xt = HHO0| I &
Ol HEZ= A2 BRINA NE LAHAS . DNASE S N RAsE 24+ R,

Single-stranded

< Mo
O

e N Processivity, DNA & JI2H0ll ol & S& 540t
BT Z0OtLt 20t 2l ) 22 DNA =0l 28
T T HUA=ItE LEILHE 8. DNASES 2 IS
ONA polymerase 11 holoenzyme2 2 2= subunitt Z &= AEHHI A

holoenzyme _
= . . =

& 8t processivity valueE LIEHES.
Newly synthesized -~

/ DNA strand
Single-stranded
DNA binding 13
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| DNA Polymerase lll Holoenzyme

Component Gene Molecular | Comments
[Stoichiometry] Mass in kDa
Core polymerase 166.0 Monomeric polymerase/
subassembly exonuclease
a [2] dnaE 129.9 DNA polymerase
€ [2] dnaQ 2715 3'-5" exonuclease
0 [2] holE 8.6 Stimulates € exonuclease
Clamp loader 2971 ATP-dependent clamp
subassembly loader
v/7 [1/2] dnaX 475/71.1 7 and vy bind and hydrolyze
ATP 7 binds the core
polymerase and DnaB
o [1] holA 38.7 Wrench and binds B clamp
o'[1] holB 36.9 Regulates & subunit
x [1] holC 16.6 Binds SSB
P [1] holD 15.2 Connects x to clamp loader
Sliding clamp dnaN 40.6 Homodimeric processivity
subassembly
[2 dimers]

Data from Johnson, A., and O'Donnell, M., Ann. Rev. Biochem. 74 (2005):283-315.

 a subunit

— catalyzes 5'—»3' chain growth and is essential for DNA synthesis

e ¢ subunit

— has 3'>5' exonuclease activity for proofreading

— cells with defective € subunit have high mutation rates

0 subunit

— may stimulate € subunit but is not essential

14
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The sliding clamp (B-dimer)
Figure 9.22

B-clampZ €4 M U0 dnaN
SN 2ot 238t &&=
& el =g gt polypeptide=
4. 0|=0| head to head2
HAZ LN 212 3702 domain
oz A4&.

35 A

* homodimer with semicircular subunits
« forms a ring with an inner diameter big enough to fit DNA double helix
A Z 0| 3.5nmO[H DNAJt S JtJ| 0l =S =0otLk
» sufficient space between ring and DNA for one or two water layers
— allows for sliding of clamp (ice skateE Et= &2l)
« carboxyl ends of subunits associate with remainder of holoenzyme

holoenzyme2| processivityE St A&
15
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Clamp loader subassembly

Clamp Sliding
loader clamp

Clamp loader= 5’-overhangS <=

sliding clampZ load otJ| ®/ot0d ATPE 0| & &tLCt.
S LEEZ2Z =Moot Eetf

o= =M o) & &L

Free form2 y300' xw 0l 1 holoenzymeOll Z=X{ & Al
TLYOO'XWE EMECE vy t= S LSt dnaX
SETNUHM SFEHXUL t= & 201E £S5

st 20|12 y= c—-terminal2l 40| giCt. C~terminal
core polymerase 2t DnaB helicase®t £ &ot=
st £2/0|LCt.

r

O (10

5
S —— 5
l/ Clamp loaderE & +1otJ| 216t &S A0AN & E

ot y,00'2 S A 20 0l 2 mini clamp loaderct 12
HHE. LHH Xl @,x subunit= clamp load Kl 2t H Dt
2O Y subunite clamp loader2| StE SN IO
ot 1) xsubunit= SSBO| Al primaseE =cl|&tLt.
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-

Figure 9.25
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Clamp Ioading ysubunit= ATPOll Z2& ot ATPE
hydrolyzeot= motorz & &.

(a) O’subunite dsubunit2] F%% LEg
Yo Y3
Clamp loader_ ( , (a) ATPJ} Bi= [l &2 dsubunitut
IOl | XIotH HE2S &3

(b) ATPO} ZIH oA ysubunitlf] Z &
ot SHENAE QI HSIE OFIIAIH 8t
Bdimer (sliding clamp)0fl Z & oAl ot 12
Ol =2 5-overhangS == DNAO| Z2¢&
StCF.

/\

c) DNAJ} central cavity2 & 1t st A 0]
01 | & ATPDP hydrolyze &! Ct.

(d) & unit= &' unit 2xX 2 0| =0t
B dimerJt & &lCt. clamp loaderJt
ZH M Lt ™ sliding clamp20] DNA

MDD /UCH seta A 2| CHE core

F72 S S el

ADP +)Pi&

ATP hydrolysis

niint

oll

Figure 9.26 18
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Trombone model of replication

Figure 9.27

1980 Bruce AlbertJ} trombone

model= =&t g,

=d DNAZS| XIS 2 229
okazaki fragmentJt 42 [ 12|
St=0O OOl 2ol Xl IS A
0| BHOH 2Hef©2 2 DNAE &
= ol = & JH2| core polymerase
b SAl0 &4== etll,

0x H1 i

Primase (DnaG)J 2 10-12base )
RNA primerE 2t=. Primase 2t
DnaB helicase= MZ 2tHE ¥ 3.
Ol [l clamp loader2| T subunit0fl
O|of helicasell &4 0| SIte!

X subunit® SSB2} primaseE £l
ot primaseE & =g,

clamp loaderJ}t 20l BH& J| &

O 2 BclampE loade. L5222
clamp loader)t EO{ A LILH B
clampJt Xt 20l core enzyme Ut

T ez YO
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9.5 Termination stage in Bacteria

Figure 9.28, 29

JGFBC

& JH&l replication fork=e =@ =&2 =2 A2 BHH 01l = termination region0fl A
OtLF S HIDF 2L Z2= S XIJF 22l = Ch termination sites (Ter sites)Jt = 2 64
11bp2| conserved= MZ 0|0 & 2SO ZERYEHLE S LHEHOCZ EME [ S 289
=Mt E =2 SototLt Bt &eke] =Shl= = =L E. colic 100 2] Ter site )t }A 2
S o=z ZOULCH O 9. 28 & TerC, TerB, TerF, TerG, TerJ= A HY &2 2
SH0l= =ME Y= ot TerA, TerD, TerE, Terl, TerH= BHOH 22 HE) &,

18! 9.29; Terminus utilization substance (Tus)0|2t= S8 & 0| Ter 20l &2
Tus SHERE 2 Ter 22 0l monomerZ £ &06tLE Of S 20t 2ot 0l =S8 He
DNA AtSE #= DnaB helicase®| &S &1 2= M replication forke &3S 813
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Catenated
monomers

*Recombinase

lRecombinase
AQ A oo @

Topoisomerase IV 2} recombinase Jt
Mz Sd= & M E =22l Al2ICH.

Topoisomerase |IV= catenated
(interlocking rings) € A= &2l
AIIXIEH =R J12H0 22 ML &0
QoL BRIECZ HE T dimersS

ot= 42 Zcl AIIIAI Z2etL.
OldE SAMIt Ec2lF e H S
NE=Z 22| 50 A 0l== otk ZetLt,

]
0] B 220l= recombinase’} termination
Ao difcte E8 29 E E2tA
dimerE & {2 SMxl= FZ2|etlh.

Figure 9.30
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9.6 Eukaryotic DNA replication machinery

b MEZ S A2 & AZES SH AL 0 FAtotlr ThE 8 = UL

Ol R0lM= =M saccharomyces cerevisiaell =M J| &2 R 1] & HM 2 = simian
virus 40 (SV 40)2| J| &S B0 Lot 22 THE MM 2l =M M HE i =22 0l Ct.

9.7 Initiation stage in eukaryotes
18 8.340 M E=0I early regiontl Al 2 & 6t= T antigenOl DNA S X0l & 2 8t viral
proteinO| 4 early2t late =& A X< AFOI Ol = orill &&= StL}.

T antigen= 708 Ot0| =40 Ofc AE X E 42 2= =2 L= L.

Figure 9.31
1 82 131 259 265 626 682 708

* origin binding domain (obd, 131-259 residue) oriE 2lA!IGt1] T antigen= origin
of replication22% 22= A& S L.

* helicase domain (265-626)2 DNAE T = 22 &

* DnaJ (1-82)domain participates in remodeling protein complexes

e 9. 320 E=0] monomer2 & MotLt &2 Al= hexamerE 2 H A & = otLh.
22
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EP — — | AT SV 402 replication origin2 2 300bpO| L} 1 = 64bpIt

- m——— core sequence= DNA =X 0| E+=& 0l £2{0|LCt.
l core sequence= CtA|l 3JH2 XIF 22 LI= L.

S early palindrome (EP), T antigen Z2& 2% 2 XZ&ol=
e 27-bp X &, 17-bp&| AT-rich XIS 0| =&t
ity \i 5 &2 T antigenO| core sequencell 2l 42| BH=&
MNE0 2= etCh ATPIF & &€ [ 2F A2 T anitigen

% = A= 0l = hexamer)l Z2&tol=e 82 M2 & == St

sSDNA

op.. T antigen hexamer= S0

HCHet 2 (<68Awide) 1t =0l 2 0]

| AN ItE =20 €0 & = UL 5 ‘
= 2 It 2210 ot 3= 5

looping model &

@

1

‘
Vg

Z 19| replication bubbleE 2t&dtJ| ®I5tH replication protein A (RPA)2t SSB =& Xl It
M2 Bt= 0 &l single strand X< 0l Z &2 StCt. RPA= single strandJt CHAl Z & ot Lt
A= LHOII OI Xt 28 BtE= A= 220 T antigendt interactionS St

RPAZH T antigen2 DNA polymerase a-primase (Pol a)E =2 & &l Ll

Pol a= 2 subunittil A primase2t DNA S & & A2 €& = StCt. Primase)t RNA atgjomet
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Eukaryotic chromosomes have multiple origins of replication

/Orlglns of repllcatlon\

. Y Y

L

Bidirectional replication
-~ —> -~ —
5, A msl
3’ e WS’

Fusion of bubbles

i M N,

eplication bubble

S’M T 5
L

w
a @

& Daughter chromosomes

Figure 9.35

5/
3/

aw aw

Long linear eukaryotic DNA = At= 02 22?0l Al DNA =KIE Al&etlt. & Ate 0] &
MES SHE & &= UL 0= 242 2tHE2 28 10 - 300kbE L O|H LELZ SHE

ofH Al LIs0l= 01=2] bubbledt SFLIA =L (Z1& 9.35)
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Yeast ARSs Figure 9.37
Plasmid containing Plasmid containing
ARS and LEU only LEU

LEU

LEU

Introduce

plasmid into

auxotrophic

leu™ yeast. O
O Select for CO

transformants

on growth

medium that

lacks leucine.

=

High transformation
frequency due to the
presence of ARS,
which allows the
plasmid to replicate
autonomously.

@

Low transformation
frequency due to
integration of LEU into
yeast genome

1980E Ronald Davis= & 22| autonomously
replicating sequence elements (ARS element)
S gHAe.

18 9. 370l M ARS elementE 2= pIasmidE
SHNIt=E822 0|FHAILEARSIE 811D
LEU SE K0S 2t= 32o= 5090 SAF

L2 LEU & & XD} integration & 8+ & 0tE S

ARS601-602 ARi603 AR8604 ARS605  ARS606 ARSi607 ARS609
Centromereg

22 = 2400002 ARSE 21 U3, etH{|

s s22x8 HE {3

?l =2 &8 SMA VIS ARSE LIEHE

220 ARSI 4 i U= Ol == BHHI2|OF

SO =M & SE0H 2|0 SO 2D

(i = Ol Ct.
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S 20l A ARS1IH ARS3070] 0| &1 ULt (Q&! 9.39)
ARS element(i| = 11-bp element 5-(AT)TTTA(T/C)(A/G)TTT(A/G)-3 0} 2LS0H 0I5

A-element &2 ARS consensus sequence (ACS)ct ot 0l =<1 Ul A/T rich A Z 0| =M.
A-element =2 OtL|2t =22l HE5X ARSS| J|s0 SRst &= &. A- element =% 0
et Js0l A= BR=E ARSlCD B1, B2, B3E 1] Q1) ARS 3072 B1, B2E =21
ULt A-element2t B10| & 2 2| initiator protein@! origin recognition complex (ORC)Jt

Z &= otLl.

22 SUHA S.pombe= UtE ME= Z 1 &E mammalianfilAE CHE MES H 1 JULH
OF& 22 AR} & O OF SHCF.

Mapping origins using two-dimensional gels.

Probe 1 Probe 2 i
9% First (mass)

A -
r N N >
Z & Probe 1
p—— e d
v o
A e
N ————— o)
d % Probe 2
g— o —— € = (o g
— g g L —_— )
a f 'g
 — —S>— S
(&}
a Q b
a g 2
e P o> S :
. D — :
— . > = 2=
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Origin Y
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Initiation complex at the origin

ORC complex

B,

Origin

Figure 9.41

SH =J| SH O ARS2 HE HERA=0| & Zole=
JtE X ALEL. Origin recognition complex (ORC)=
heterohexamerz origin0il Z&'= ol 1! Cdc6E =
Cell}. Cdcb= Cdtldt HE= ot MCM complexE

= = ell}.

ORC

— binds ARS elements

— recruits other proteins to complex
Cdc6

— cell division cycle protein

— helps recruit Cdtl

— is degraded once initiation is complete
Cdtl

— recruits MCM to origin and to initiate S

phase

MCM

— ATP-dependent helicase to unwind DNA
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long
APSE S,

HIEQI A

ation stage In Eukaryotes
2 Il FAlotH Ol 20 = LEHA

MOl H2 Y2 o X2

TABLE 9.3

Proteins that Perform Analogous Functions at the
Replication Forks

Function E. coli SV40/Human Yeast

Helicase DnaB T antigen MCM proteins
(SV40 specific)

Primase DnaG primase Primase subunit Primase subunit of
of pol a-primase pol a-primase

Polymerase o subunit of pol & pol & and pol € both

DNA pol Il H.E. involved
Proofreading € subunit of Part of polymerase | Part of polymerase
exonuclease | DNA pol Il H.E. | subunit of pol & subunit of both pol
o and pol €
Sliding clamp | B subunit PCNA PCNA
Clamp loader | yT complex RFC RFC
Single-strand SSB RPA RPA
DNA-binding
protein

Abbreviations are: H.E., holoenzyme; Pol, polymerase; PCNA, proliferating cell nuclear
antigen; RFC, replication factor C; RPA, replication protein A.

Adapted from Baker, T. A., and Bell, S. P, Cell 92 (1998): 295-305.
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RN ZO| ZRIONA & IS Dt X210
N Bola 22/510f BRE &L

SEE -0l LHAM Polalti |t|ator DNAE & 405

S22 0 (Pold)Jt OlH A DNAS
3'—5’ exonuclease activityE 2!

&IsH Al I O] sliding clamp= proliferating
cell nuclear antigen (PCNA)Z 2 ™R 2
SHHICIOF 2t R AFSH 4XE 2 E0ILE 3IH2
CHRIX 2 2 (02 H=6HEY

Domain 1 Domain 2 Domain 3

PCNA monomer [N |
B monomer ] [ |

Interface
AtE 2] PCNA sliding clamp  E.coli2| B sliding clamp

0

1) QUL Pol dE=

HEXMOR =2H S MAIL 0| R0

ol S B =S54 0C DNASE
AStC L2 Z 2| Pol 5= 5 —3’ polymerase activity 2t
sliding clampOil &2 &[0 DNAG| Z &=,

polymerase switching mechanism

Pol o
DNA

RPA RNM
\ W

seee—

PCNA (sliding clamp)

N7 ( )
RFC

(clamp loader)

PoI )

[V Ve V.V
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Lagging strand2| =X
1) Okazaki fragment synthesis; replication bubbleO| Xt2t% Pol aJt X ™

Z &6t (] initiator DNAS

O

e

]

X &
E=
ol-/\-l

2 wWetE O Us

. 0[230] Pol 62+ !

2) Okazaki fragment maturation; (:1 =l 9.45)

Pol €; DNA replication(i| 2tH|ot0H polymerase 2t

Clamp loader Pol §
RFC g %;
( ) 5 /RNA primer

Nucleotide
cleaved by
Fen 1

exonucleasel| &2 2 & =0 2 &H0| L
i o e PAADNA Mz UE 22t UXloH)|E stlhAI H &2 &
Flap endonuc@ Eﬁ(ﬁggzaf la)\e/;t?i%g e
(Fen 1) + RNase H1
:r:;ir:ﬁlrg%\;isletggdes.
12 9.45: X|HIIE, ACIIEC EXHE R
ase

5

Pol § or pol ¢ fills in the gap

DNA ligase 1

O

%ﬁ

DNA ligase-1 seals the nick

Histone
octamer

Ox

Chromatin assembly factor 1
(CAF-1) helps to assemble
the chromosomes

Figure 45
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0.9 Telomeres and telomerase

Telomeric repeats
G
C

Origin firing

(a)
~<—To centromere
Subtelomeric region

= :

Origin of
replication

Replication

fork movement
B

Lagging strand

Leading strand

semi-conservative replication

|

()

=

(a) Lagging strand replication produces a complete telomere

5 e G
3/ e | c

(b) Leading strand replication produces a blunt end
that is missing sequences in the 3’ overhang

(d)

Completion of conventional C'l’iCh Strandi

G
¢ telomereJ} 20X

linear duplex®! &Ish AL 2| H AKX = circular
bacterial DNA =X 2t Ct= 2 M & 0] UL,
SN A IO H MK 0l = telomerect ] ot=
GJI 22 3’single overhangO| EXHot)| &

LS

telomere2| 2 X0t 8451 X1J| &0l= N HIS
&0l M2t 42 = okazaki fragment2
=2 2= 0l = ot= RNA primerJt HloH & ™

C-rich JtE0| 80t 22422 M2 )L G-
rich strandJt 3’ overhangOlctA 2 HIJF OtE.
ZHe= A2 GOt HOtAl= 40| 2

— 1

AAINE efd0l 2ot =&,
G-rich strand= & &It & &0l 2ot &g,
O 232 AMY I AAE,
telomerase’| O|2iet 2HIE oll Z .
Figure 9.46
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Telomerase.cll g Figure 9.48 Jroome

) dGTP
DNA primer { Binding: RNA
5 TTGGGGTTGGGGTTGGGGTTG & template pairs

3’ AACCCCAACCCC 5 3’ ---AACCCCAAC:-- 5’ with DNA primer.
> RNA template
0 l 5'—3' exonuclease
o —— l
3 C dGTP
y/ Polymerization:
5 TTGGGGTTGGGGTTGGGGTTGG 3’ RNA template
e l Telomerase 3’ AACCCCAACCCC 5" 3’ ---AACCCCAAC:-- 5 directs additional
RNA template nucleotides to 3’
end of DNA

continues to end of

5 G primer.
3’ C Polymerization l

template region

e im
l primase 5 TTGGEGGTTGGGGTTGGGGTTGGGGTTIG &
3’ AACCCCAACCCC 5 3’ ---AACCCCAAC:--5’

e l

0 l DNA Ilgase Translocation:
5 TTGGGGTTGGGGTTGGGGTTGGGGTTG 3 Enzyme moves to

5! G 3 AACCCCAACCCC & 3 ---AACCCCAAC---5/  new 3 end of
3’ C primer.

Tetrahymenal| telomerase 0l M 15974 2| nucleotide RNA subunitE =2l ot LHTOH
5-CAACCCAA-3’ A 0| AS=Z HE. 0| M2 telomeric repeat?! d(TTGGGG), 1t

At Al 12 M 0N 2 telomerase RNAS| ME2 22 [HE XIct: oY M A 9
telomeric DNA2t= A2 & 2! 0|= RNAJI telomeric DNA & &2 =802 & Z&tlt=
A= 2/0/g. & 9.4801 telomerasel| Bts= &Y,

Telomerase= 1 = ot SLet = g, dBHAE Ol somaticcell2 E2H =&

senescencel MEHZ S . 1fLt germ- I|ne cellO|Lt cancer= HEEHCZ Z &2
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9.10 DNA replication in the Archaea

XS 0l= archaeall S M EHAELF FAret 0] A= X 0[cr ) H2or A Al

AN A2 Z2ilte= AMHEANZ H )2 &0| 20 dLt detdol =82 &,
= semiconservative, bidirectional, semidiscontinuous &

SISHAIE Ol M2t =& ot

Orc1/Cdc6

Orc1/Cdc6

Orc1/Cdc6

Figure 9.49

Initiation stage; Oric1/Cdc6 Jt origin of replicationd|
Zgotd 0|0l MCME = = &lLt. MCM helicase
= 0lstE = €10 S0l &Lt 0120l RPA (single
stranded DNA binding protein) 2t Z & &t 2 PrimaseJt
RPA-DNA complex(il Z&otH 342 RNA primerE
OIS 22 DNASE &4 280601 DNAS

1o [
0X 0x
0o Qo

ANGAINE & JIE 0] e sE 22 SHE St
sliding clamp= &8 Ml I 2] PCNA2F S AFGH DNA
S 22% HE LN processivityE =9I L.
& IHXl S8 542 PolB2 PolDJt & M otH
PolBJt SiCt. &S Al L 2| Fen-11t Rnase HoH & ot
2 2~ Jt okazaki fragment2 5 22| RNAE X4t
DNA ligaseJ} fragmentE ™ & stL}.

=TI opy
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