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Mot avtypadn elvat anoapaltntn yta tnv amoBnkeuon TwV YEVETIKWY TANPOdOPLWV.



«Kevtplko Aoypa» tTng ponc tTwv mAnpodopLwv
ota BLoOAOYLKA CUCTNMOTA

DNA mRNA MoAvmwemwTidio
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Figure I1I-1 KAwVOg-eKpayeio
Lehninger Principles of Biochemistry, Seventh Edition , , . ,
©2017 W. H. Freeman and Company EIKONA 24-2 H ypappir avnoroiyia peradi Tov kwdikomomnrikov aAAnlov

Yiv voukAgoTibioov Tov DNA kai Tov mRNA kKai Tng aAAndovyiag apvoddmy



Aopn tou DNA

Ribosyl Ribosyl Ribosyl ol Ribosyl
hosphate > = osphate phosphate phosphate
Phosphate hymine | [Adenne] P"*™€ ¢ Nirogen
® Carbon
W Oxygen
@-H- @ Hydrogen bond
10.85A 10.85 A

DNA oxnpatilet dutAn éAka SU0 YwpPLoTWV
KAWVWV UE OUUTANPWHATLKEC aAAnAouxiec.

A form B form Z form
Helical sense Right handed Righthanded Left handed
Diameter ~26 A ~20A ~18A
Base pairs per
helical turn 11 10.5 12
Helix rise per base
pair 2.6A 3.4A 3.7A
Base tilt normal to
the helix axis 20° 6° 72
Sugar pucker C-3' endo C-2' endo C-2' endo for
conformation pyrimidines;
C-3’ endo for
purines
Glycosyl bond Anti Anti Anti for
conformation pyrimidines;
syn for purines

Figure 8-17 part 2
Lehninger Principles of Biochemistry, Seventh Edition
) 2017 W. H. Freeman and Company




Mnkoc tou E. Coli DNA
VS UNKOC TOU KUTTOPOU

w3 ”ﬁ

Ewkova 24-5 EukapuwTikd xpwpoowpata. (a) Eva {evyog ouvbedepé-
VWV KO OUMTUKVWHEVWY aSEAG WY Xpwpatidwy amd éva xpwpoow pa
KUTTAPOU woBNKWV KWEQKOU XAHOTEP. T EUKAPUWTIKA XPWHOOWHATA
Bpiokovrat £xouv auTr T Sopr HETA TV avTypadr KoL KATA T PETd-
daon m¢ pitwong. (B) Eva mANpeg 0£T XpWHOCWHATWY Ao £va AEUKO-
KUTTaPO £VOG amo Toug ouyypadeig tou BLAiou. Ze kaBe dpuotoroykd
OWHATLKO KUTTAPO TOU avBpwIou udpxouV 46 xpwpoowparta. [MnyEg:
(a) Don W. Fawcett/Science Source. () © Michael M. Cox].

Ewkéva 24-3 ‘Evafakmpraké KOTtapo katto DNA tou. To Hikog Tou Xpwioow patog tou E. coli
(1,7 mm) anewoviletat o ypappKr Lopdr) O OXEON UE TO KOG EVOG OUVNBLOUEVOU KUTTA-
pou E. coli (2 um).

E. coli

E. coli

Ewdva24-4 To DNA evog kuttdpou E. colitou unéotn Abon. Stnv nAektpo-
Viopkpoypadia paivovrar apketd pikpd, KUKAKA, mAaopidiakd DNA
(Gompa BEAN). Ta pard pa kaw dompa oTiypara givan texvipara (artifacts) tng
ueBodov. [Mnyn: Huntington Potter, University of Colorado School of Medi-
cine, and David Dressler, Balliol College, Oxford University]. ‘

MINAKAZ 24-2 MepiektikoTnTa PEPIKWY yoviSiwpdtwy o€ DNA, yovidia kat XpwHooswpata

’ Kartd mpooéyyion appés
JUvoAKd AplBpog yoviSiwv rou
DNA (bp) XPWHOOWHATWV®  KWELKOMOLOUV MPWTEIVES
Escherichia coli (Baxtrpto) 4.641.652 1 4.494°
Saccharomyces cerevisiae (Q0un) 12.157.105 16" 6.600
Caenorhabditis elegans (vnpat@éng) 100.286.401 12° 20.191
Arabidopsis thaliana (¢putd) 119.667.750 10 27.655
Drosophila melanogaster (ppoutépuya)  143.726.002 18 13.931
Oryza sativa (pUq) 375.049.285 24 37.849
Mus musculus (movtik) 2.730.871.774 40 22480
Homo sapiens (&vBpwmnog) 3.096.649.726 46 20.454¢ [/

Inueiwon: Autég oL npodopieg ouvexws avavewvovtal. Ma mo npdodareg inpodopieg, cupBouleu Beite
TIG LOTOOEAISEG AUTIO TO TIPOYPAUUATA ATIOKWELKOTIOINGNG TWV QVTLOTOLXWY yOVLS W HATWV.

“I'ot GAOUG TOUG EUKAPUWTES EKTOG TNG LUUNG Sivetat 0 SUTA0ELSHG aptOdG TWV XPWHOOWHATWY.
®MephapBavet yvwatd yovisiamou kwSiketouy RNA ‘
YAT\0e 181G apLBU6G XpwpoowpdTwy. Kitrapa JUpng dypLou TUMou yevikd Xouv oKTw (oktaroeldn) fimepio-

OOTEPEG OUASEG AUTWV TWV XPWHOTWHATWY. ‘
Ap1BLOG yia BnAuka pe 500 X xpwhoowpora. Ta apaevikd £xouv éva X ahd 6xL Y XpWHOOWHA: GUVENWG, OU-
volikd StaBétouv 11 xpwpoowpata.

“Otav nepthapBdvovtal ywotd yovidia mou kwbikorolotv Aettoupyikd RNA, autdg o aptBpog auavetal oe

A O —




Yniepouormeipwon tou DNA

Polder, from A. Kornberg, DNA Replication, p. 29, W. H. Freeman, New York, 1980
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(b) Electron micrograph of a dividing E. coli cell.

(a) Independent domains of supercoiling, each stabilized
by binding to protein.
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Condensed fiber
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Nucleosome
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Lehninger Principles of Biochemistry, Seventh Edition

Nuclear membrane Nuclear pore © 2017 W. H. Freeman and Company

Don W. Fawcett/Science Source



(a)

DNA Tov
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Muprvag I0TOVEY TOL VOUKAEOOWHATIO




TOomOLOOUEPATELC

Topoisomerases Prepare the Double Helix for Unwinding

Unwound Overwound

VA\V/4 R V/A\V/\V/A\V/ A\,

Figure 34.8
Biochemistry: A Short Course, Second Edition
© 2013 W. H. Freeman and Company

Tomoioopepaoelg eival eviupa tou emayouV N e€aleldouv UTTEPOTIELPWOELG.

OL TomolooUEPACEC TUTIOU | YaAAPWVOUV TLC UTIEPCUOTIELPWOELC, pLa BeppoduvapLLka
guvoikn avtidpaon, evw oL tonoloopepacec tumou I, onweg n DNA yupdon og E. Coli,
ELOAYOUV UTIEPCUCTIELPWOELG LE XpAon ATP.

OL tornoicopepaoec aAAalouv Tov aplBuo cuvdeowy o€ pLa avtidpaon TpLwv PnUATwv:
1.Aldomaon evoc (tumou ) A kot Twv dvo (Turou 1) kKAwvwv tou DNA.

2.Metapoaon tunuoatoc DNA péow tou dtaomaopévou DNA.

3.Enavaouvdeon tou DNA.



Tomoloopepaon |
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Tortowoopepaon |

DNA gyrase

Linking number +1

Positive-
supercoil
DNA

Gyrase-DNA
complex

ATP

.

Cleavage
of DS-DNA

Translocation
of unbroken

Negative-
supercoil
DNA

Linking number —1 T

Resealing converts the positive
supertwist to a negative one,
giving the overall molecule a
AL of —2.
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DNA strand

)\ binding sites

DNA-segment-

© Macmillan Learning



TOTIOLOUEPAOEC: 2TOXOL OVTLBLOTIKWV
Na?\l&ﬁu(o ou Zmpocp?\of,acrivn

To vaAldLEwo oL ko n owmpodAofaoivn eival avaotoleic Ttng yupaong tou DNA
TIOU XPNOLUOTIOLOUVTAL VLo TN Bepareia BakTnpLakwV AOLUWEE WV.

H outpodAoaocivn anotpemnel tn SnAntnpiaon ano tov avBpaka.



TOTIOLOUEPAOEC: ZTOXOL OVTLKOLPKLVLIKWV

H kapmtobnkivn, €vag avTlKoPKLVIKOG
TIAPAYOVTOC, AVOOTEAAEL TNV avOpwWTTLVN
Tonoioopepaon | otaBepomolwviag
Hopdn tou ev{UOU TTOU CUVOEETAL LLE TO
DNA.

KapumoOnkivn

(o)

OH o
OH
L Yo
OH O

he o0 o
H,C—O0
NH,
OH ’ 7
Doxorubicin o Etoposide QVTLKOPKLVLKOL TIAPAYOVTEG,
O SN avBpwrtivn tomoioopepaon
N Z
H  cH,

Ellipticine
Box 24-1 part 2

h ple
2017 W. H. Freeman and Company



Avtiypadn DNA

DNA Polymerase Catalyzes Phosphodiester-Linkage Formation

H avtidpaon mou kataAvetat ano tnv DNA toAupepdon sivat:

(DNA), + dNTP == (DNA), , ; + PP,

Baolkd xapaKktnplotika tng ouvBeonc tou DNA eiva:
OL téooepelc TpLidpwodopikol SeofuvoukAeolitec kat Mg?*.
‘Evac KAwVOC TIPOTUTIO XPNOLUOoTIOLETaL YL va KateuBUvel tn ouvBeon tou DNA.

‘Evag eKKLVNTAC aTto TOV OToio 0 VEOC KAWVOCG avamTtUooETal



2uvBeon DNA

FParental
duplex

Intermediate in
semiconservative
replication

Two daughter
duplexes

DNA, n yevetikn mAnpodopla mou
LETAPEPETAL ATTO TN ULAL YEVLA OTNV
ETIOLLEVN

Kata tn OlapkeLla TnG aviypadpng, ot duo
KAWVOL TIPETIEL VAL SLAXWPLOTOUV, UE TOV
kaBeva va elval ekpayelo yla Tov VEO
KAWVO



2uvBeon DNA

MpoBARuOTA TTOU TIPETEL VAL OVTLUETWTTLOTOUV KATA
TnVv ocuvBeon tou DNA:

Ot SU0 KAwvoL TNC EALKOC TIPETIEL VAL SLOXW PLOTOUV

WOTE N pNXavn tTng avtlypadnc yla va XL
npooBaocn otnv akoAouBia Twv VoukAgoTIdlwv.

O SLaXWPLOUOC TWV KAWVWV dnuLloupyet
UTTEPOTIELPWOELC TIOU TIPETEL VAl ETIAUOOUV yLa va
OUVEXLOTEL N oUVOeoN.

v

Nick sealed
TNONTNONONONT

B
Yroehikwpévo DNA

YrrepeAIKWpPEVO

A/ “;"’_'?__ (}:/A _ DNA

moAvpEpaon

KaredBovon ( \“
HETOYpapis



2uvBeon DNA

Ot DNA rtoAu HepAOEC KATAAUOUV TNV KATEVOUVOLLEVN aTtO TO £KLOYELO oUVOEDN
Tou DNA.

A template is a sequence of nucleic A primer is the initial segment of a
acids that determines the sequence of polymer that is to be extended on
a complementary nucleic acid. which elongation depends.
B) Elogpyopevo
Pol | _dNTP
Khavos exxivrr} 5" GAATCGTC évbeon 5 GAATCGTCA prrarémon 5" GAATCGTAA
KAwwvos ekpayeio 37 CTTAGC}‘G\CAAT 5 V CTTAGCAGEGCAATS VCTTAGCAGEG CAATS

Ofon pera ™) Ocon evieong
Ocon evieong

OL DNA moAupepdaoeg Sev pmopouv va Eekvrjoouy pLa alucida de novo, xpelalovtal Evav
ekkwitr) (RNA)

Evac etdkoc¢ tumog RNA roAupepadon (ekkivntaon) ocuvBetel evav cuvtopo kKAwvo RNA (= 5
VOUKAEOTIOLA) CUUMANPWHATLKO 0€ £vav KAwvVo DNA Ttou ot GUVEXELX XPNOLUEVEL WG
EKKWVNTAC yla TN ouvBeon DNA.

H DNA rtoAupepaon |, xpnolpomnolwvtag po tpitn evUpLkn SpaoTikotnTta, EEWVOUKAEAONC
5’--->3, otn ouvexela adalpel Toug eKKLVNTEC Kat aviikaBlotd to RNA pe DNA



Each blue arrowhead marks a 3’

Avtibpaon TG ik e
rnoAvpepaonc tou DNA

Template

Product
strand

H DNA mToAupepaon atraitei
ekuayeio DNA

ekkivnT RNA 1 DNA (@) Primed circular single strand
dNTPs " 1 -

ey}

(b) Primed linear single strand

I P 3’
5[
(c) Single-stranded hairpin
51 I >3 13’
3! 5!
(d) Gapped duplex
5'E = %;3\\“ 13’
3! 5!

(e) Nicked duplex
(strand displacement synthesis)



Mnyxaviopoc tnc DNA ntoAupepaonc

Two bound metal ions participate in the polymerase reaction

KAMovog
EKPQOYEIO

(a) ZovBeon rouv DNA ALEaVOpEVOS

KAOVOG

V' l'.'lll‘dl
() Q Eﬂu
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DNA wodvpepaon

0 NEN W .Q @ O
O /o-
| ., /'() PO
L Co ‘o ‘ P
M;, e EloepyOpevo O
1 0—'/,‘ dNTP o
(®) '
“0—P=0 Y
Y @' o
e '

O KOTAAUTLKOC MNXOVLOUOC TtEPLABAVEL
SVo vta Mg?*

BonBouv otov mpooavAaToOALoGUO TOU
ELOEPYXOUEVOU VOUKAEOTLOLOU UE TOV EKKLVNTH
KoL oTaBepomoLouV Ta apvnTIka popTio Tou
nupodwodopkov TIPoioVTOC.

2taBepormoLovy tn Soun TNG LeTaBatikng
KO TAOTOONG

H 3'-OH Ba Asettoupyrioel wg va mupnvodLAo
Tpla katdAouta aomapaytvikoU, SUo amno ta

orola eival e€atpetikd SLatnpnUEVA o€ OAEG
TIc DNA moAupepaoec.



E¢elbikevon

The Specificity of Replication Is Dictated by the Complementarity of Bases

(a) Zword (evyn Bdocwv
IXAHQ EVEPYOU KEVTPOU
\

: : \
ShaApato oto E. coli: 1 og 10° - 10% bp
(1 ava 1.000-10.000 avtiypadeg) 'E;V
To evepyo kevtpo Tnc DNA moAvpepaong _ ;i
g€atpel (evyn Baoswv pe AavBaopevn \;/T« ' “*-\f_ :
YEwueTpia 2
AANA oL moAupepaoec DNA eEakoAouBolv va
glodyouv AaBoc Baon 10“4- 10" dopsc.
OL unxowviopoti emtokeung Stopbwvouv avtd o
T0 opAAparta. | P

(B) Aavbaopiva (evyn Bdocwv

R
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AlopBwon opaApatoc

OAec oL moAupepaoec DNA €xouv eTiumA€ov
dpaon,.

Evepyotnta 3’25’ e€wvoukAeaong
EAeyxo¢ miototnTTac TOU avtiypadou

H petatornion tou ev{UHOU OTnV EMOUEVN BEon

aVOOTEAAETAL EWC OTOU TO £VIU O UTTOPEL VaL
QTIOMLOKPUVEL TO AavOloEVO VOUKAEOTLOLO

Polymerase

/'(', 3'

Palm v Primer—template

Synthesis

Primer-template

Proofreading

The delay in extension from a mismatch
allows for duplex unwinding at the primer
terminus, placing the mismatched 3’
nucleotide in the exonuclease site.

@ H molupepdon Cevyapaver

3 SR aCe ol 10 AdBog oulevypgvo Grpo 39
Ofon péoa oTnv 3°—5" Bon
e§wvoukAedong b _—» &fwvoukAedong

5 GAATCCTAC S
3 CTTAGGAGE GACGACTA 5’

S

5" GAATCCTAC

Ofon peTa T Ofon
Béon £vBeong £vBeong “
0 H ewvoukAedon
LdPOALEL T AdBog
oulgvypévn dC
dCMP
5 GAATCCTG
3" CTTAGGACTGACGACTAS’
v
O To Gkpo 39 emmavaToTrobeTEiT
wiow o) B€on TS TTOALPEPGONS
5 GAATCCTG

3 CTTAGGAGEGACGACTA 5

e H TTOAVHEPGOT EVOWPATWOVE! TO

dATP OWwOoTO VOUKAEOTIOIO, dA

=

5 GAATCC
3 CTTAGGAGEGACGACTA 5/

H mroAvpepdon emavaTorofeTel

3 CTTAGGACTGACGACTA 5>



MoAvpepaoelc tou DNA o€ E. coli

1.8l Comparison of Three DNA Polymerases of E. coli

DNA polymerase

[ | i
Structural gene* polA polB polC (dnak)
Subunits (number of different types) 1 7 =10
m 103,000 88,0001 791,500
3’—5’ Exonuclease (proofreading) Yes Yes Yes
5'—3’ Exonuclease Yes No No
Polymerization rate (nucleotides/s) 10-20 40 250-1,000
Processivity (nucleotides added

before polymerase dissociates) 3-200 1,500 =500,000

*For enzymes with more than one subunit, the gene listed here encodes the subunit with polymerization activity.
Note that dnaFis an earlier designation for the gene now referred to as po/C.

*Polymerization subunit only. DNA polymerase Il shares several subunits with DNA polymerase Ill, including the 8,
v, 8,8’', x, and ¥ subunits (see Table 25-2).

Table 25-1
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company

O ouvBeon tou DNA &ival ypryyopn.

To yovibiwpa E. Coli, mou amnoteAeital ano 4,6 ekatoppuptla (eVyn Baoswy, avtiypadetol o€
<40 min, pe puBuo 2000 b/sec.



Avtiypodn tou DNA

One strand of DNA is made continuously, whereas the (rponyoupevog KAwvog) ouvtiBetal cuvexwg
other strand is synthesized in fragments otnv katevBuvon 5’ >3’
DNA

Okazaki
fragment

H ocuvBeon DNA mpoxwpa otnv

kotevBuvon 5 23, aMd oL Svo gm";ﬁ[ﬁ??/_
KAWVOL TNC EALKOC EXOUV avTiBeTn

1 o Polymerase | eliminates

KateLBuvon.

downstream RNA primer
by nick translation.

DNA moAUUEPATEC CUVOBETOUV LLOVO
otnv Kkatevubuvon 5’23’

Ot duo kKAwvol avtypadovtal

TQUTéXpOVCX. RNA primer —
Axala avtlypadng: Beon ouvBeonc

KLVElTal mpocg Tn pia katevBuvon

fragment to rest of lagging

1 © DNA ligase ligates Okazaki
strand.

4 1 4 ! CO t.
| aouvexAC ouvOeon EMLTPEMEL TNV Kivnon TNG rHnue
YaAaC avtypadng otnv katevbuvon 3’25,
VW Ta Bpavopata yivovtal otny katevBbuvon (kaBuotepwy KAWVOG) cuvtiBetal wg
'3 HIKpQ Tepaxla, Bpavoupata Okazaki

otnv katevBuvon 5’2 3.



DNA mtoAvpuepaon Il
Subunits of DNA Polymerase lll of E. coli

Number of
subunits per
SubunitholoenzymeM of subunit Gene Function of subunit

a 2 129,900 polC (dnaE)  Polymerization activity
€ 2 27,500 dnaQ (mutD) 3’:5;:;:Ic;g'::ding Core polymerase

2 8,600 holE Stabilization of & subunit
T 2 71,100 dnaX Stable template binding;

core enzyme dimerization | Clamp-loading (y) complex

Y 1 47,500 dnaX* Clamp loader that loads § subunits on
b 1 38,700 holA Clamp opener lagging strand at each
& 1 36,900 holB Clamp loader Okazaki fragment
X 1 16,600 holC Interaction with SSB
/] 1 15,200 holD Interaction with yand y
B 4 40,600 dnaN DNA clamp required for

optimal processivity

*The vy subunit is encoded by a portion of the gene for the 7 subunit, such that the amino-terminal 66% of the 7 subunit has the same amino acid
sequence

as the y subunit. The vy subunit is generated by a translational frameshifting mechanism (p. 1111) that leads to premature translational
termination.

Table 25-2
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



OAogvlupo tnc DNA Il moAupepaonc

B subunit Dimeric replicative Single-stranded
“sliding DNA polymerase DNA-binding
clamp” protein (SSB)
W & ! ’F}\ ‘ Leading-strand
5’ N template
| Topoisomerase
Newly synthesized R L)
leading strand Okazald - ; “'I‘”‘I_ 5
DNA polymerase | " o

' Helicase/primase
DNA ligase Primers I pri

Primer

Lagging-strand template

Ta évlupa avtypadng epdavitlouv HeyAAn KOTAAUTLKN LOXU, TILOTOTNTO KoL ETIEEEPYOLOTLKOTNTOL.

H DNA roAupepaon Il exel peyaAn ene€epyactikoTNTa, POALG EEKIVIOEL N KATAAUOH, OTIAVLAL
aneEAEVOEPWVEL TO UTTOCTPW L.

H mtnyn tng enefepyaotikotntog ival o oAloBevwy odlyktnpag (B2 vrmopovada)

O oAloBévwyv odlyktnpac npoodévetal oto DNA amnod pa mpwteivn mou ovopaletol optwthg odlykTApa,
0 omolo¢ xpnoLomoLel TNV evépyela ¢ udpoAuong ATP yia va avoléel kal va KAeioeL Tov odLykTipa.



MovteAo Tpounoviou

DoprwTig ouvdeTpwv

(@) Mpomnopeudpevo kAdvog Juvexrig ouvBeon otov mpo-
Muprvag TIOPEUOUEVO KAWVO TIPOXWPE
/f_ KaBwg Eetuliyetat to DNA
( > an tnv DnaB gAwdon.

ZUUMAOKO GUVSETHpa e aVOLXTO
8 oAwBaivovta cuvdetripa

KaBuotepnuévog KAWvVog

RNA €kKvNTAS
TOU NPONYoUHEVOU
Turuartog Okazaki

ZUvBeon TUAMATOG
Okazaki kovtd otnv
ohokArjpwon.

H npwudion mpoodévetal pe
tnv DnaB, cuvBétel éva véo
EKKWVNTA, KOL 0T OUVEXELDL

RNA Slaywpiletal.

EKKWVNTAG w

‘Evag véog 8 ouvdetipag (8)
dopTWVETAL EMAVW OTOV VEO
EKKLVNTH EKMAYELO QO TO

ouvdetripa poptwtn

‘Evag véog 8 ouvdetripag
HOPTWVETAL EMAVW OTOV VEO
EKKWVNTH EKpayeio amd o
ouvdetripa doptwtr

@

B ouvberripag
ATP

—> ATP_
5’

3 ATP

0 enduevog 8 ouvdetripag
TpoeTOLpdlETaL KaBwg
§ekwad n obvBeon tou
Turpatog Okazaki.

OL uTtopoVASEG uprva Tou
kaBuotepnpévou KAWVOU
HeTadEpovTal oTov VEO EKKIVATH
EKMAYELD KaL 0TO B cuVBETHpa TOU.
0 naAdg 8 ouvseTripag adrvetat

niiow.

0 8 cuvdetipag
nou adrvetal niow

ADP



Avtiypadn DNA

The separation of DNA strands requires specific helicases
and ATP hydrolysis

Yuvépopo Werner

EAwkaoelg Staxwptlovv peow udpoAuong ATP,
TOUG KAWVOUC NG SUTARG EALKOC VLA VAL KAVEL TO
DNA SwaBéotpo yia tnv DNA moAupepaon.

H eAwkaon, to omoio amoteAeital ano pia Soun
SakTtuAiou kat aroteAeital ano €L uTtopovadeg,
Spa w¢ opnva yla va Staxwplogl TOUG KAWVOUC

EAattwpota otn €Alkdon umopei va odnynoel
oto ouvdpopo Werner

MoBoAoyLkn KATAoTaon mou xapaktnpiletal
armo TNV mpowpn ynpavon.

Figure 34.6a Figure 34.6b
Biochemistry: A Short Course, Second Edition Biochemistry: A Short Course, Second Edition
©2013 W. H. Freeman and Company ©2013 W. H. Freeman and Company



Avtiypadrn tou DNA

DNA ligase joins ends of DNA in duplex regions

KaBuoTepnuévog

KAWVOG
. 5
SI f—
F-\'T()Pﬁ NMPs DNA troAvpepéon |
n
dNTPs RNase H1
ATP (f NAD")
DNA Arykaon

AMP + PP; (1f NMN)

H DNA Aydon KatoaAUEL TNV Evwon evog Bpavopatog DNA pe pla eAevBepn 3-OH otnv
dwodpopuAlwpévn 5-OH opada, ot pia avtidpoon mou anattel evépyela, ouvBwg ATP.
Ta Bakthpla xpnotpomotouv NAD* w¢ mnyn evépyeLac.

3

—G=Cc—~—>
—T=AT—pA
HO //So‘
I
—T=AT{}
\

7y
a P — Ribose

3 |
FA=T €' O |:|) Adenine

N DNA ligase

/\dPr Nine

P»t use—u—l —N

Adenylyl enzyme

AMP |

p
G=C %
=]
B
L A=T2
P
L T=A %
P
AN
ATP (in T4 and
eukaryotes)
NAD™(in E. coli)

PP, (in T4 and eukaryotes)
Nlcotlnamlde
mononucleotide (in E. colf)



[TpWTELVEC TTOU €UITAEKOVTAL OTLC OLAOLKAOLEC
AVTLYPOPNC OE TIPOKAPUWTEC, LOUC KOL EUKAPUWTEC

TABLE 22.1 Proteins That Carry Out Analogous Functions in DNA Replication

Function E. coli Phage T4 SV40/Human Yeast

DNA polymerase Pol Ill core enzyme gp43 Pol 8, Pol & Pol 8, Pol ¢

Primase DnaG gp61 Pol « Pol «

Helicase DnaB gp41 SV40 T antigen MCM proteins
Proofreading & subunit of Pol Ill holoenzyme gp43 Pol & Poéfs;asngclease
Sliding clamp B subunit of Pol lll holoenzyme gp45 PCNA PCNA

Clamp loader y complex of Pol lll holoenzyme gp44/62 Replication factor C Replication factor C
S"l?r\lli-stt)rizgidnegdprotein SSB gp32 Replication protein A Replication protein A
RNA primer removal Pol |, RNase H E. coli Pol | T4 RNase H Pol 6, FEN 1 Pol 6, FEN 1

DNA rtoAupepadon a (6ev £xel 3'-6paotikdtnTa €WVOUKAEAONG), EKKLWVEL TNV avTlypadr Tou
DNA ota euKopUWTIKA KUTTapa, Snuioupywvtac Eva popto DNA = 20 dNTP oe pnkoc.

6 moAuvpepaon DNA, eva 1o eme€epyaoTiko EVIUO, EMEKTELVEL TIC AAUOLOEC.

H petdPfoaon amod tnv moAvpepdon o Ewe & ovopdletol evaAlayr oAveEpAONC.

DNA ntoAupepadon € (mupnvag)
DNA ntoAupepaon vy (pttoxovédpla)
DNA ntoAupepadon B (6LopBwaon)



Movtelo tou Replisome tnc (uunc

aw- Leading

strand
H euKkopUWTLIK) TTOAUEPAON €
Tou DNA Sev amnattel odpLyktrpa
oAloBnonc Aoyw tne mpooBbnkng
NG mepLoxng P




MovteAo yLa TNV avtlypodrn The XpwHaTivne

Protein synthesis

Nucleosomes are re-formed on newly
synthesized daughter strands using
old and newly synthesized histones.

Nucleosome formation

Nonhistone
protein \Q

Histone‘O
— o @
Protein T
detachment 2

[ \ ' @
Mature y
nucleosomes

Nucleosomes on parental
DNA are dissociated as the
replication fork approaches.

¥ Leading
\ P strand

Immature Mature
nucleosomes nucleosomes
Newly Nucleosome maturation
synthesized b
DNA 5-40 kb
Immature
nucleosome

Lagging
strand




Evapén tng avtypadng

DNA Replication in Escherichia coli Begins at a Unique Site

H DnaA npwrteivn npoodevetal og SLOKPLITEC
B<coelc (onueio oriC)

H DnaA ypeLtaletal tnv DnaB, pia eAlkdon mou
xpnotporolel udpoAuon ATP yla va yalapwoel
To onueio évapénc. H DnaB nmpoobévetal pe
tnv BonBela tng DnaC.

MNpwTteiveg 6€opeuong povokAwvou DNA (SSB)
ouvdEovtal o AT-TAOUOCLEC TTEPLOXEC TOU
onpeilov oriC. ZUpMAoKo TPoEVAPENG

H DNA rtoAupepaon Il mpoodévetal oto
oUUITAOKO TIpoEVaPENC.

DnaA

e DnaG primase
binds, and RNA

primers are
formed.

DnaG T ®?
primase
Q

Q.0
o
$o°

ssB %

e —p o ome= ori® DNA P G,
3 repeats R R, Ry Rs
L l J L l J
13-bp sequences DnaA-binding sites: 4 repeats of 9-bp sequence
HU and IHF ‘0
P
e (faciltate DNA DraA protein + ATP
bending)
~
[~
SSB

DnaC protein € The binding of DnaA stretches DNA
- and causes it to bend sharply. This
tension causes DNA to unwind in the
ATP 13-base-pair regions, opening up a

short single-stranded loop.
DnaB
ADP helicase

DnaB-DnaC
protein complex

ATP

e DnaB helicase binds in both forks
of the loop, and the helicase activity
further unwinds this structure.



Avtiypadrn tou DNA 0TouC EUKOPUWTLKOUC

DNA synthesis in eukaryotes is initiated at multiple sites

Origin of Multiple origins of replication
m replica(io» ™ B \L ¢ ¢ \L
| | |
T[T EEREE BRRE TT T TRl ] T
HH}J 1 NIIH Jl!}[\ HH\‘IH

Local opening

of double helix R
K ¥ F‘K{.’\Hu pnbinnenennndnnnn \1’{7‘!"
0 0 e A e
| i | |
Replication bubble i,
Replication Replication
fork 1) ;fork
¢ N \':A_TLOH Tl } I ’#\H CJTJ
(INATLLLLITR AT LITR ATLLIIITR AT
Bidirectional l
replication
CODHHUES NENEREREEEEREEENEREEE RN ERNRRERRRREEN
I SR E R EERERE S RS2 E R E E R E S 2 RIS E e
+

EukapuwTlkd KUTTApa £XoUV TOAU peyaAutepo DNA armod ta Baktipla,
VPOLLULKO 0€ TIOAAQTTAQ XpW LLOCWHOTAL.

MoAAamAd onpela evapéng ORC povada aviypadnc n pemAkovio . Ot
avBpwrtol €xouv = 30.000 B£onc evapénc.



Avtiypadrn tou DNA oTouC EUKAPUWTLKOUC

DNA synthesis in eukaryotes is initiated at multiple sites

- Origin
of replication

> am il
of replication

Figure 28.28
Biochemistry, Eighth Edition
Courtesy Aaron Bensimon. Data from C. Conti, et al., Mol. Biol. Cell. 18:3059-3067, 2007

H évapén amno to ORC pnopet va rapatnpnOel xpnoLULOToLWVTAC TEXVIKEG EVOG HOoplou.

OL npwteivec mou ovopalovtal mapAayovieg adelod0TNoNG EMITPENOUV HOVO pia avtypadn
ava peTALKOVLIO ava yUpo ouvBeong DNA.



Avtiypadn tou DNA oTou¢ EUKAPUWTLKOUC

Mitwon

Cdcd5 ) ﬂ%
binding - Y9
Cdc45 ) 9" &

Entry into

Hsk1-Dfp1
S phase

Binding of
additional
initiation
factors

j, b Cdc18 //,’
MCM binding  Cdit1 .~~~ ORC

v

Cdc1 81and 3 _

Cdt1 binding  ORC binding

Origin is ready for
loading primase and
DNA polymerase.
Pre-RC’s then
disassemble.

CELL CYCLE

Replicatibn
origin

n

H avtlypadrn oTouc eUKAPUWTEC AMaLTEL Ta onpela evapénc TnG avilypadnc va
epEPYOTOLOUVTE 0€ SLAPOPETIKOUG XPOVOUC



Avtiypodn tou DNA

AVOLOTOAELC

-
H N/j» CH, H N/j CHj
AZT Thymidine
(azidothymidine) (naturally occurring
nucleoside)
; NH,
H N\ N = N

2',.3'-Dideoxyinosine
(ddl, didanosine)

Deoxyadenosme
(naturally occurring
nucleoside)

HO |/J§
N (@]

Cytosine arabinoside



To mpoPAnua tnC oAokAnpwonc tou 5'-teAouc kata
TNV avtypadn evoc ypappikou poptou DNA

H amokormn tou ekkivntr) RNA Ba adnve
£va KEVO Tou eV Umopel va cuumAnpwBet
eneldn dev umapyeL 3' AKPO EKKLVNTN YL
va ETeKTaOEl

OL Lol €xouv avamTUEEL TPELC OTPATNYLKEC
yLOL VO EETTEPACOUV QUTO TO TIPOLPANUL

OL EUKAPUWTEC AUVOULV AUTO TO TPORANL
LEOW TNG XPNONG TEAOUEPWV.

Replication fork
reaches the end
of a linear DNA

duplex

5

3

RNA primer

5

3

Excision of final
RNA primer leaves
a gap that cannot
be filled by the
processes that
replicated the rest
of the duplex




Tehopepn

Telomeres Are Unique Structures at the Ends of Linear Chromosomes

G-rich strand

Figure 34.22
Biochemistry: A Short Course, Second Edition
© 2013 W. H. Freeman and Company

Ta eAeVBepa akpa TwV ypapkwy popiwv DNA napouvcidlouv dUo Bloxnuikeg SuokoAiec.
Elvaw evaioBnta og BAABeC amod VOUKAEAOEC.

AOyw tnS duong tng cuvBeong tou DNA, €vag KAwvog Ba PELWVETOL LETA Ao KABe yupo
ouvBeonc tou DNA.

Tot AKPOL TWV XPWHOCWHATWY ovopalovtal TEAOUEPH.
H peyaAUtepn amo Tic SU0 EALKEG, N oTmtola AVTLITPOOWTIEVEL TOV KAWVO EKMOYELOD, lval

nmAovoLa o€ youavivn mou oxnuatiosl pia Soun Bpoxou yla tnv mpootacio Tou AKpou Tou
XPW HOC WHOTOC.



Tehopepn

Telomeres Are Unique Structures at the Ends of Linear Chromosomes

Autd ta emavalapfavopeva LKPA THAMOTA
DNA eumnodilouv v anwAela
KWOLKOTIOLNTIKWY AAANAOUXLWV META aTtO
enavaAapBavopevouc yupoug avilypadnc.

H G mAoUola teploxn Twv TEAOUEPWV UTTOPEL
va dtatnpnBOel amnod to évlupo tehopepaon.

H telopepdon meplexel eva npotumo RNA mou
XPNOLUOTIOLEL YLOL VAL ETIEKTELVEL TO OKEAOC.

TNV TaXEwC Slapoupeva KUTTOPQ,
OUUTEPLAALUBAVOUEVWV TWV KOPKLV LKWV
KUTTAPWV, TA TEAOUEPT TIPETEL Va SlaTnpeitat
aro TNV TEAOUEPAOH yla va AmoTpePeL pelwon
NG VoTEPNON, N omola Ba odnynoeL os
KUTTOPLKO Bavaro.

Yy nAn Spaotikdtnta TEAopEPAONC ElvalL Eva
XOPOLKTNPLOTLKO TWV KUTTAPWV KAPKLVOU.

0Telomerase binds to Telomerase RNA

hexanucleotide telomere
sequence via complementarity
with telomerase RNA.

- (T\ AAATC G A
i \ g@@llx..‘m
’ "i‘ilnliil@ Qg % il n

J ‘ 1
— ’
e Telomerase reverse transcribes S

the hexanucleotide telomere
sequence through incorporation
of dNTPs at the 3" hydroxyl of
the telomere sequence.

H

H
ll i

e Telomerase carries out RNA-
| templated DNA synthesis

(6 nucleotides added)

6 nucleotides added

o Telomerase either

translocates or dissociates

and rebinds to position

itself for a second round of

nucleotide incorporation

and the cycle repeats. \

g
LT T ’ ll ll 1
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