Avtiypadn tou DNA
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Mot avtypadn ival amapaitntn yio TNV anobrnkeuon Twv YEVETIKWY TANPOGOpLWV.



«Kevtplko Aoyua» tnc ponc Twv mAnpodopLwyv
ota BloAoylka cuotripata
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Figure ll-1 KAwvog-eKpayeio
Lehninger Principles of Biochemistry, Seventh Edition . . . .
©2017 W. H. Freeman and Company EIKONA 24-2  H ypappixrp avnoroiia peradt Tov kwdikowmoinrikov alinlov

Yiov voukAgoTidiov Tov DNA kar Tov mRNA kar Tn¢ aAAndovyiag amivo&fmy



Aopn tou DNA

Ribosyl Ribosyl Ribosyl o Ribosyl
hosphate = - osphate phosphate - phosphate
Phospete.  [<mine | [Adenine | PMose" @ Naogen
@ Carbon
B Oxygen
@-H @ Hydrogen bond
10.85A 10.85A

DNA oxnuatilet SutAn €Aka SU0 XWPLOTWV
KAWVWV UE CUUTTANPWHATIKEG aAAnAou)iec.

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° 74
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 LNKOC TOU KUTTAPOU

() ® 3 ”ﬂ

Ewkova 24-5 EUKapuwTikG Xpwpoowpata. (a) Eva evyog ouvdedepé-
VWV KQL OU UIUKVWREVWY adeAdwV xpwpatid wv amd éva Xpwpoow pa
KUTTAPOU woBnkwv KWEKOU XApoTep. Ta EUKAPUWTIKA XPWHOCWHATA
BpiokovTau £xouv aur tn Sopr HETA TV avTypadr KL KATA T PETd-
daon e pitwong. (B) Eva mANpeg o£T XpWHOCWHATWY Ao £va AEUKO-
KUTTaPO £VOG o Toug ouyypadeis tou BiAiou. Ze kaBe Gualodoyko
OWHATIKO KUTTAPO TOU avBpwiou umdpyouv 46 xpwpoowparta. [Mnyég:
(o) Don W. Fawcett/Science Source. () © Michael M. Cox].

Ewkéva 24-3 ‘EvaBakmprakd kuttapo katto DNA Tov. To UriKog ToU XpwHOoow patog tou E. coli
(1,7 mm) anewoviletat o€ ypappikn Lopdr| € OXEON LE TO UiKOG EVOG 0uvNBLOHEVOU KUTTA-
pou E. coli (2 um).

E. coli

E. coli

Ewova24-4 To DNA evog kuttdpou E. colimou unéotn Abon. ZTnv nAektpo-
viopkpoypadia paivovrar apketd Hikpd, KUKAKA, TAaopidiakd DNA
(Gompa BEA). Ta padpa kaw dompa otiypara eivat texvipata (artifacts) tng
ueBodou. [Mnyr: Huntington Potter, University of Colorado School of Medi-
cine, and David Dressler, Balliol College, Oxford University]. ‘

MINAKAZ 24-2 MepiektikOTTO HEPIKWV yoVISLwpdTwV o€ DNA, yovibia Kat xpwHo owpota

' Karté mpooéyyion appég
ZUVOAKO ApLBpdg yoviSiwv rou
DNA (bp) XPWHOOWHATWV®  KWSLKOTOLOUV MPWTEivES
Escherichia coli (BaxtripLo) 4.641.652 A% 4.494°
Saccharomyces cerevisiae (Q0un) 12.157.105 16" 6.600
Caenorhabditis elegans (vnpatwéng) 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 (p0q) 375.049.285 24 37.849
Mus musculus (rovtiky) 2.730.871.774 40 22480
Homo sapiens (&vBpwog) 3.096.649.726 46 20.454¢ [/

Inueiwon: Autég oL npodopieg ouvexwg avavewvovtal. MNa rwo npdodateg Mnpodopieg, oupBouleuBeite
TIG LOTOOEALSES O TOL TIPOY PAHLLATOL ATTOKWSLKOTOINGNG TWV QVTLOTOLXWY YOVISLWUATWV.

“T'ta GAOUG TOUG EUKAPUWTEG EKTOG TNG LUKNG SiveTat 0 SUTAoeLSrG apBUAE TWV XPWHOOWHATWY.
PNepapBavel yvwatd yoviSiamou kwdikebouv RNA ‘
YATA0e 181G apLBpOG xpwioowudTwy. KUTtapa JUHNG dypLou TUMOU YEVIKG £Xouv OKTW (oktarhoeldn) fepio-

OOTEPEG OPASES AU TWV TWV XPWHOCWHATWV. ‘
5Ap1BLOG Lo BnAukd pe S0 X xpwpoowpara. Ta apoevikd éxouv évaX ahhd oL Y XpWHOOWH: GUVETWG, OU-
voAkd SBétouv 11 xpwpoowpata.

“Otav nepapBavovtat yvwotd yovidia mou kwdikomotoiv Asttoupyikd RNA, autdg o aplBudg auéavetat oe

N O —




Yniepovorneipwon tov DNA

Laurien 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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EUKOLPUWTLKO XPWHOCW LA

DNA (2 nm diam.}

Histone and
nonhistone
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Figure 24-5a
Lehninger Principles of Biochemistry, Seventh Edition
Nuclear membrane Nuclear pore © 2017 W. H. Freeman and Company

Don W. Fawcett/Science Source
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MupAVag I0TOVGY TOL VOUKAEOOWHATIOU

SUVOETIKG

DNA Tov

VOUKAEOOWHATIOL

DNA  Apivotedikeg OkTapepris




ToTOLOOUEPAOELC

Topoisomerases Prepare the Double Helix for Unwinding

Unwound Overwound

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

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

TomoioopepAoelg eival Eviupa TTou ertayouv N e€aleipouv UTTEPOTIELPWOELG.

OL tomtoloopePATEC TUTIOU | XAAALPWVOUV TLC UTIEPOUOCTIEPWOELC, pLot Beppoduva ko
guvoikn avtidpaon, evw ol tonoicopepaoec tumou I, ontwg n DNA yupdon o€ E. Coli,
ELOAYOUV UTIEPOUOTIELPWOELC UE Xprion ATP.

Ot tomnoloopepaoec aAlalouv Tov aplOpo cuvdeowyv o€ pLa avtidpaon TpLwv BnuaTwy:
1.Awdomoaon evog (tumovu 1) ) kot Twv dvo (Turov 1) KAwvwyv tou DNA.

2.MetaBaon tunpatoc DNA péow tou dtaomacpévou DNA.

3.Enavacuvdeon tou DNA.



Tomoloopepaon |
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Tortowoopepaon |

DNA gyrase

Linking number +1

Positive-
supercoil
DNA

Gyrase-DNA
complex

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.

Dissociation
of gyrase

Ligation

DNA strand

)\ binding sites

DNA-segment-

© Macmillan Learning



TOTIOLOLEPACEC: ZTOXOL AVTLBLOTIKWV
Na?\l&f,u(o ofvu Empoq:hoﬁaaivn

To vaAsLELKO 0&U Kal n oumpodAolaoivn eival avaoTtoAels TNG yupaong tou DNA
TIOU XpNOoLoTIoloUvTaL yLa Tn Bepareia Baktnplakwy AOLUWEE wV.

H outpodAofacivn anotpémnel tn SnAntnpiaon ano tov avepaka.



TOTIOLOMEPAOEC: ZTOXOL OLVTLKOPKLVLIKWV

H kopumtoOnkivn, £vog avILKaPKIVIKOC
TIAPAYOVTOC, AVAOTEAAEL TNV avBpwTILVN
Tonoicopepaon | otaBepomowwviag
Hopdr) tou evIUOU TIOU CUVOEETAL E TO
DNA.
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OVTLKOP KIVLKOL TIOLPAYOVTEG,
avBOpwrtvn Tomotoopepaon



Avtiypadn DNA

DNA Polymerase Catalyzes Phosphodiester-Linkage Formation

H avtidpaon rou kataAUetat and tnv DNA ntoAvpepdon elvat:

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

Baolkd xapaKtnpLloTka tTn¢ ocuvBeonc tou DNA sivat:
OLtéooepelg Tpldpwodopikol SeofuvoukAeolitec kot Mg?.
‘Evac KAWVOG TIPOTUTIO XPNOLoToLeLTaL yia va KateuBuvel tn cuvBeon tou DNA.

‘Evag EKKLVNTAC OTtO TOV OO0 0 VEOG KAWVOC avamtUooETal
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2UvBeon DNA

Parental
duplex

Intermediate in
semiconservative
replication

Two daughter
duplexes

DNA, n yevetikn mAnpodopia mou
LETAPEPETAL ATIO TN MLOL YEVLA OTNV
ETOLEVN

Kata tn OlapkeLla tng avtypadnc, oL SUo
KAWVOL TIPETIEL VAL SLOXWPLOTOLV, UE TOV
KaBEva va elval ekpayelo yla Tov VEO
KAWVO



2UvBeon DNA

MpoBAAUOTO TTOU TIPETIEL VO AVTLUE TWTTLOTOUV KOTA
NV ouvBeon tou DNA:

Ol 8V 0 KAwvOL TNG EALKAC TIPETIEL VA SLOXWPLOTOUV
WOTE N pnxavi TN avtlypadnc yla va exel
npoofaon otnv akoAouBia Twv VOUKAEOTLOLWV.

O SLoXWPLoUOC TwV KAWVWV dnuou pyet
UTTEPOTIELPWOELC TIOU TIPETIEL VAl ETILALOOUV yLa va
OUVEXLOTEL N cuVOeoN.

Nick sealed
TNONTNONONONT

S

)

N A 2 ‘
[ 2PN A, YrepeAIKwpEvo
- f”? I 4 ( /P DNA

TMOAVpEPGOT)

KarehBuvon ( ‘“
pETaYpaghis



>UvBeon DNA

Ot DNA 1toAuEPAOEC KATAAUOUV TNV KATEVUBUVOEVN OO TO £KpLOYELD cUVOEODN
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.
Elogpyopevo
® Pol | _dNTP
K\ivos exxvnr 5° GAATCGTC fvieon 5 GAATCGTOA prrarémon 5" GAATCGTOA
KAvos ekparyeio 37 CTTAGC/' GCAATS’ 3 CTTAGC“CCAAT 5 3’ CTTAGCA“CAAT ¥

Ofcon pera ™) Ofcon £vbeong
Bcon éveong

Ol DNA ntoAupepaoec 6ev puropouv va Eekvrjoouv pa aAvcida de novo, xpelalovtal Evav
ekkwvitr) (RNA)

‘Evag edko¢ tumoc RNA moAuvpepadon (ekkivntaon) cuvBEtel évav oUvtopo KAwvo RNA (=5
VOUKA£OTIOLO) OUUTANPWHATLKO o€ €vav KAwvo DNA 1ou oTn OUVEXELA XPNOLUEVEL WG
EKKLVNTNG yLa tTn ouvBeon DNA.

H DNA moAupepdon |, xpnolpomowwvtag pa tpitn evlupikn paotikotnta, EEWVOUKAEATNC
5’--->3, otn ouveExeLla adalpel Toug EKKLVNTES Katl avtikaOotd to RNA pe DNA



Avtibpoon TnC

rnoAvpepaonc tou DNA

H DNA tToAupepaon atraitei

ekpayeio DNA
ekkivnt) RNA rj DNA
dNTPs

Each blue arrowhead marks a 3’
hydroxyl terminus at which chain
extension is occurring.

Product
strand

(b) Primed linear single strand

I P 3’

(c) Single-stranded hairpin

5L I >3 1 13’

3’ S’
(d) Gapped duplex

5L T i;ﬂ’\ 137

3’ S’

(e) Nicked duplex
(strand displacement synthesis)



Mnyaviopoc tnc DNA toAvpepaonc

Two bound metal ions participate in the polymerase reaction

KAmvog
EKPOYEIO

(a) ZovBeon rouv DNA

ALEOVOHEVOS
KAOVOG

5 3
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DNA mroAvpepaon

()1" (5 ) )
Asp —CO Asp—g T "
\ (:) |. c e /
O 9 Jo=tto\ B Oy
j . |1

Xeh SO OH l
Mg??) Eloepyopevo O

=X TTO—PEO gnTe

()!i

O KATAAUTIKOG LNXAVIOUOG TTEPLAAUPAVEL
Suo ovta Mg?

BonBouv otov mMpocavatoALopo Tou
ELOEPYXOLEVOU VOUKAEOTLOlOU HE TOV EKKLVNTH
Kall otaBepoTmoLovv Ta apvnTika doptia Tou
nupodpwodopLkov TPoiovVTOoC.

YtaBepomololv tn Sdoun TNG LETOBATIKAC
KOTAOTOONC

H 3'-OH Ba Asttoupynosl wg eva tupnvodLlo
Tpla katdAouta aoTmtapaywvikoU, Vo amo ta

omola glvat e€aLpeTLka dtatnpnUEVA o€ OAEC
T DNA moAupepaoec.



E€sbikevon

The Specificity of Replication Is Dictated by the Complementarity of Bases

(a) Zword (evyn Bdocwv (B) Aavbaopiva (evyn Bdotwv
IxApa evEPYOU KEVTPOU

saApara oto E. coli: 1 o€ 10° - 10%° bp /; 0

(1 avd 1.000-10.000 avtypadic) ' ! Ep Ep

To evepyo kevtpo tn¢ DNA moAupepaong -

szo(::ﬁ:; Sf:yn Bacswv pe AavBaopevn /5 \?Sﬁ ' p
% o

ANNA oL moAupepaoceg DNA e€akolouBouv va f; /

gloayouv AaBoc¢ Baon 10“4— 10~ Ppopsc. & , \/5;7

Ol unxaviopot emokeung dlopbwvouv avtda . :

To opdApaTa. o . H
o (T L T
oy S P

=

[¢] [e]

Abevoaivn Avéhoyo mou Sev éxel v ikavéTnTa
ite1 Seapion v



ALopOBwon opaApatoc

OAec ot moAupepaocec DNA €xouv eTiumA€éov
dpaon,.

Evepyotnta 3’25’ e€wvoukAedong
EAeyxocg mototTnTTaC TOU aviiypadou

H petatomnion tou ev{Upou otnv emouevn B€on

AVOOTEAAETOL EWG OTOU TO €VIUO UTTOPEL VAL
QTIOMOKPUVEL TOo AavBaopévo voukAeotidlo

Polymerase

/Kv 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.

oH moAvpepaon {evyapwver
AavBaopéva tny dC pe dT

70 A@Bog ouvlevypévo Gkpo 39

Ofon péoa oTnv 35" Béon
efwvourkdedong \ _—» &fwvoukAedong

5 GAATCCTACS

3" CTTAGG GACGACTA 5

5 GAATCCTAC
¢ : 7 3" CTTAGGACTGACGACTA 5
£0T) HETOL TN Ocon , ~

BEom £vBeong £vBeong ‘e

H e§wvoukAedon
LBPOAUEL TN AdBog
ovlgvypévn dC

dCMP

5 GAATCCTA)
3 CTTAGGACTGACGACTA S

1 4

(4] To Gkpo 39 emmavaToTrobeTEIT
miow ot B€on NS TOALPEPGONS
5 GAATCCTC
3 CTTAGG"GACGACTA 5’

e H TTOAVHEPGOT) EVOWPATWVE! TO

OWOoTO VOUKAEOTIOIO, dA
dATP

'

5 GAATCC
3 CTTAGGAGEGACGACTA 5

H mroAupepdon emavaromoOeTel



MoAvpepaoelc tov DNA o€ E. coli

1/:V: 18 1Tkl Comparison of Three DNA Polymerases of E. coli

DNA polymerase

[ | 1]
Structural gene* polA polB polC (dnakE)
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 lll, including the 8,
v, 6,8’', 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 eival ypriyopn.

To yovibiwpa E. Coli, mou amnoteAeital anod 4,6 ekatoppupla {evyn Baocswv, avilypadetal o
<40 min, pe puBuoG 2000 b/sec.



Avtiypodn tou DNA

One strand of DNA is made continuously, whereas the (mponyobpevog kKAwvog) cuvtiBeTtal cuvexwg
other strand is synthesized in fragments otv katevBuvon 5 >3’
DNA

Okazaki
fragment

H ouvBeon DNA mpoxwpd otnv

kateLBuvon 523, aA\d oL SUo S neseat
primer

KAWVOL TNC EALKOC £XOUV avTiBeTn

katevBuvon.

downstream RNA primer

1 o Polymerase | eliminates
by nick translation.

DNA nmoAupepdoec cuvBeTOUV LOVO
otnv katevLBuvon 5’23’

Ot duo kKAwvol avtiypadovtal

TOUTOXPOVA. RNA primer —
Atxala avtiypadnc: Beon ouvvBeonc

KWeltal mpoc T pia katevBuvon

fragment to rest of lagging

l © DNA ligase ligates Okazaki
strand.

14 7 14 I Co t.
| aouveXnC oUVBEDN eTLTPEMEL TNV Kivnon TG e
YAAOC avTlypadnc otnv katevBuvon 3’25/,
VW ta Bpavopoata yivovtal otny katevBuvon (kaBuotepwv KAwvog) cuvtiBetal wg
Ny HUkpd tepdya, Bpavouata Okazaki

otnv katevbuvon 5’23’



DNA mtoAvpepaon 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’ Proofreading | Core polymerase
exonuclease
2 8,600 holE Stabilization of & subunit
2 71,100 dnaX Stable template binding; .
core enzyme dimerization | lamp-loading (y) complex
Y 1 47,500 dnaX* Clamp loader | thatloads 8 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 y 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



OMAogvlupo tnc DNA Il moAvpepaonc

B subunit Dimeric replicative Single-stranded
“sliding DNA polymerase DNA-binding
clamp” protein (SSB)
S e — Leading-strand
‘ ‘ " . template
/‘W | r Topoisomerase
Newly synthesized ' N AL
leading strand Okazaki N\ } R N |:'- 5’
fragment ¢ » " M l. X, N 5/
— ry s - \ A =
DNA polymerase | ) ”

DNA ligase Primers Helicase/primase

Primer

Lagging-strand template
3% AN

5'

Ta éviupa avtypodnc epdavidouv peyain KaTtaAvTikn Loy U, TILOTOTNTA KOl EMEEEPYOLOTLKOTNTAL.

H DNA moAupepaon Il exel peyaln eme€epyaoctikotnta, LOALG EEKIVIOEL N KATAAUGH, OTIAVLA
ameAEVBEPWVEL TO UTIOCTPW AL

H tnyn tng enetepyaotikotntag eival o oAloBévwyv odlyktipag (2 vmopovada)

O oAwoBévwyv odlyktnpoag npoodévetal oto DNA armod pla mpwteivn mou ovopaletal poptwti odlyktipa,
0 OToLoG xpnoLlpomolel Tnv evépyela TnG udpoAuonc ATP yia va avoléel kat va KAelogL Tov odlykTripa.



MovteAo Tpopunoviou

Doprwriig ouvdeTipwv

(a) MpOMopPEVOHUEVOG KAWVOG

Juvexrig ouvBeon otov mpo-
Muprvag TIOPEVOUEVO KAWVO TIPOXWPE.
/i KaBwg EeTuliyetat to DNA
( S and tnv DnaB eAwkdon.

ZUUMAOKO CUVSETHpa HE avoLXtod
8 oAwoBaivovta ouvbeTipa

KaBuotepnuévog KAwvog

RNA ekkvnTr¢
TOU NPONYyoUHEVOU

Turpotog Okazaki
Mpiwudon W{

JUvOeon TUAUATOG
Okazaki kovtd otnv
ohokArjpwon.

H npiudon npoodévetal pe
v DnaB, ouvBétel éva véo
EKKWVNTR, KAL 0T OUVEXELL

RNA Slaywpiletal.

EKKWVNTAG w

dopTWwVETAL EMAVW OTOV VEO
EKKLVNTH EKMAYELO Qo TO

ouvdetripa doptwtn

‘Evag véog 8 ouvdetripag
HOPTWVETAL EMAVW OTOV VEO
EKKWNTI EKpayeio amd to
ouvdetipa poprwtr

‘Evag véog 8 ouvdetipag (8)

—

O enopevog 8 ouvdetpag
TipoeTolpdleTal Kabwg
§ekwad n obvBeon tou
TuApatog Okazaki.

OL UNtoPOVASEG TTUpPKVa TOU
KaBuoTtEPNHEVOL KAWVOU
HeTadEpovTal oTov VEO EKKVATH
eKpayeio kal oto 6 ouvseTrpa Tou.
0 naAdg 8 ouvseTripag adrvetat
niow.

0 8 cuvdetipag
nou adrvetal niow

ADP



Avtiypadn DNA

The separation of DNA strands requires specific helicases
and ATP hydrolysis

Yuvépopo Werner

EAwkaoelc Staywpllouvv peow vdpoAuong ATP,
TOUG KAWVOUC TNG SUTARG EALKAC YLOL VO KAVEL TO
DNA dwaBéotpo yia tnv DNA moAupepdaon.

H eAlkaon, To omolo amoteAeitat amo pa Soun
SdakTtuAiou kol amoteAeital amno €L umopovadec,
Spa w¢ opnva yla va dtaxwplosl Toug KAWVOUC

EAattwpata otn eAlkAon Unopel va odnynoet
oto cuvbpopo Werner

MaBoAoyLKr KOTAOTOON TTOU XoPOKTNpLlETOL
arno 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



Avtiypadn tou DNA

DNA ligase joins ends of DNA in duplex regions

KaBuoTepnpévog

KADVOG
3 5
5/ f—
F-VTOPﬁ NMPs DNA troAvpepcon |
N
dNTPs RNase H1
ATP (1f NAD™)
DNA ArykGon

AMP + PP; (1 NMN)

3

—GEC%P

—T=A-,$

I

—T=A%
%

/

Adenine ?
\ |
Ribose — O — P —N
| H
(0]

P
—G=C %
F) b
e AMP
T=A _,; o
HQ /O‘_"‘, I — =
L P//-'O P F%ibv‘:;s;:»:-
-A=T 0" lo Adenine il
P =
T=A e
P\ DNA ligase

=]
G=C %
P
T=A fp/o_
A= TO
P
T=A—~—
P
N
ATP (in T4 and
eukaryotes)
NAD™ (in E. coli)

PP, (in T4 and eukaryotes)
Nicotinamide

Adenylyl enzyme

H DNA Alydon KatoaAUEL TNV Evwon evog Bpavopoatoc DNA pe pia eAevBepn 3-OH otnv
dwodopuAlwpévn 5-OH opada, og pia avtidpoaon mou anattel evepyela, ouvrOwc ATP.

Ta Baktipla xpnotponoouv NAD* w¢ mnyn eVEPYELAG.

mononucleotide (in E. colf)



[TpwTtelvec mou eumAEKovVTAL OTLC OLAOLKOOLEC
aVTLYPaPNC O€ MPOKAPUWTEC, 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 §, Pol & Pol &, Pol ¢

Primase DnaG gp61 Pol « Pol «

Helicase DnaB gp41 SV40 T antigen MCM proteins
Proofreading & subunit of Pol Ill holoenzyme gp43 Pol & Poilifs’ezg:wzclease
Sliding clamp B subunit of Pol lll holoenzyme gp45 PCNA PCNA

Clamp loader y complex of Pol Il holoenzyme gp44/62 Replication factor C Replication factor C
S":Dgl\ll(:-stt)rizg?negdprotein SSB gp32 Replication protein A Replication protein A
RNA primer removal Pol I, RNase H E. coli Pol | T4 RNase H Pol 6, FEN 1 Pol 6, FEN 1

DNA moAupepdon a (6ev £xel 3'-6pacTikOTNTA EEWVOUKAEADNC), EKKLVEL TNV avTLlypadn Tou
DNA ota eUKOpUWTLKA KUTTApA, Snuioupywvtag Eva poplo DNA = 20 dNTP og pAkoc.

6 moAuvpepaon DNA, eva 1o emeéepyaoTiko VIV, EMEKTELVEL TIC AAUCIOEC.

H petaBaon amnod tnv moAvpepdon a €wc & ovopaletal evailayr MOAVUEPACNC.

DNA noAupepaon € (mupnvag)
DNA ntoAupepaon vy (ptoxovdpla)
DNA ntoAupepaon B (6topBwon)



Movtelo tou Replisome tnc duunc

) ) - Leading
H eukopuWTIKNA TIOAUEPAON € strand

Tou DNA 6ev amnattel opyktipa
oAloBnong Aoyw NG mpooBbnkng
NG meploxng P




MoVTEAOD yLa TNV avtlypadn TNC XPWHATLVNC

Nonhistone

protein

Histone —‘

H1

Protein

detachment

Protein synthesis

R

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

Nucleosome formation

= ‘

®
T

o

[®)
®.

l ]\
Mature
nucleosomes

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

I3 Leading
\ strand

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

Lagging
strand




Evapén tng avtypadng

DNA Replication in Escherichia coli Begins at a Unique Site

H DnaA npwteivn mpoodEvetal o€ SLAKPLTEC
B€oeLc (onpeio oriC)

H DnaA ypeltaletal tnv DnaB, pa eAltkdon mou
xpnotpomnolet udpoAuon ATP yla va xaAopwoel
To onuelo evapénc. H DnaB npoodévetal pe
Vv Bonbela ¢ DnaC.

MpwTteilveg S€opevong povokAwvou DNA (SSB)
ouvdéovtal o AT-TAOUOLEG TIEPLOXEC TOU
onpelov oriC. ZUUMAOKO TtPOEVAPENC

H DNA moAuvpepaon Il mpoodévetal oto
OUMTTAOKO TP OEVAPENC.

Primase

DnaA

e DnaG primase
binds, and RNA
primers are
formed.

DnaG M@
primase
ooo
[+ %) \b
V-9
SSB o%o

SSB

ADP

ATP

—  ——

3 repeats R

—

ori® DNA

R, Ry R

I
13-bp sequences

HU and IHF
(facilitate DNA
bending)

DnaC protein
Q%P

helicase
DnaB-DnaC
protein complex

[
DnaA-binding sites: 4 repeats of 9-bp sequence

I
=) ]
%QQ 9

DnaA protein + ATP

13-bp
regions

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

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



Avtiypadn tou DNA 0TouC EUKOPUWTLKOUC

DNA synthesis in eukaryotes is initiated at multiple sites

B Multiple origins of replication

Origin of
B replicatio% l/ ¢ ¢ ¢
* | | | |
EREIEEREEREEEEINEEE 2 L L
HH}I ||[[H..}HHJ..H!'I[..HHH.I.HI

Local opening

T
|
¢ é of double helix {k i

Pyt
Replication bubble, \l,

Replication Replication
fork fork
f-f\ SN Ve N 3
R Tl | T T T Tl h EREE i ' TT
Fw#n IR ATLLLLITK il ?VT”

Bidirectional
replication
continues

Eukopu wTIKA KUTTOpO £X0UV TTOAU peyaAutepo DNA armo ta Baktipla,
VPOLLULKO O& TLIOANQTIAQ XPpWHLOCW LOTAL.

MoAAamAd onpeia Eévapéng ORC povada avtypadnc n pemAtkovio . Ot
avBpwrot €xouv = 30.000 B€onc evapénc.



Avtiypadn tou DNA oTouC EUKOPUWTLKOUC

DNA synthesis in eukaryotes is initiated at multiple sites

am o0 ) am Ok )
of replication 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 amo to ORC pmopet va mapatnpnOel xpnoLULOTOLWVTAC TEXVIKEC EVOC Lopilou.

OL npwteivec mou ovopdlovtat mapayovteg adelodOTnNoNG EMITPEMOUV HOVO Hia avtlypadn
ava PETALKOVLIO ava yUpo ouvBeonc DNA.



Avtiypadn tou DNA oTouC EUKAPUWTIKOUC

Cdc45 ) 1‘!}
binding '@ N

Cdc45 & M 2
Hsk1-Dfp1 Egtg‘:;? Origin is ready for
e loading primase and
Sl DNA polymerase.
\\\ Pre-RC’s then
S8y disassemble.

Mitwon

Binding of
additional
initiation
factors

CELL CYCLE

MCM Pre-RC
AT Cdc18 ’/// 1I
MCM binding Cdtt L~ ORC Y
.- = ?Q Replicatibn
Cdc18 and - origin

Cdt1 binding  ORC binding

H avTtlypadn oTouc EUKAPUWTEC ATMOLTEL Ta onpela Evapénc TnG avIlypadpnc va
£pEPYOTIOLOUVTE 0€ SLAPOPETIKOUC XPOVOUC



Avtiypadn tov DNA 0TouC EUKOPUWTLIKOUC

45 ™
O (@]

" 1
H T\/j CH, H T\/j CHy
O™ o
N, OH
AZT Thymidine

(azidothymidine) (naturally occurring
nucleoside)

1% N NH, X
TS P>
SN SN

OH

2',3'-Dideoxyinosine Deoxyadenosine
(ddl, didanosine) (naturally occurring
nucleoside)




To mpoPAnpa tnc oAokAnpwonc tou 5'-teAouc Katd
TV avtypadn evVoc ypau koL poplou DNA

H amokorn tou ekkivntr) RNA Ba adnve
£va Kevo mou Sev pmopet va cupmAnpwBel
eneldr Oev umapxeL 3' AKPO EKKLVNTA YL
va eTekTabel

OL Lol €xouv avamtUEeL TPELC OTPATNYLKEC
ylaL va EEMEPACOUV QUTO TO TIPORANUA

OL EUKOPUWTEC AUVOUV QUTO TO TIPORANH
LEOW TNC XPNoNC TEAOLLEPWV.

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 filed by the
processes that
replicated the rest
of the duplex




Telopepn

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 eAeUBepa AKkpa TWV YpAUULKWY popiwv DNA mapouotdlouv SU0o BLoxnUKEC SUOKOALEG.
Eivaw evaioBbnta og BAABEeC amd VOUKAEAOEC.

AOyw tn¢ puonc tn¢ cuvBeonc tou DNA, €vag KAwvoc Ba PELWVETOL LETA aTto KABe yUupo
ouvBeonc tou DNA.

Ta aKkpa TWV XPWHOOWUATWY ovopalovtol TEAOUEPH.
H peyaAltepn amo Tt SU0 £ALKEG, N omola AvILTPOowWTEVEL TOV KAWVO EKMAYELD, lval

nmAovoLa o€ youavivn mou oxnuatiosl pia Soun Bpoxou yla tnv mpootacio Tou AKPouU Tou
XPWHOOWLOTOC.



Telopepn

Telomeres Are Unique Structures at the Ends of Linear Chromosomes

AuTd ta emovoAapBovopEVa ULKPA T LOTA
DNA epmodifouv tnVv anwAesLa
KWOLKOTIOLNTLKWY AANAOUXLWV HLETA TTO
emavalapupavopevouc yupouc avelypadng.

H G mAouoLa mepLoxn Twv TEAOUEPWV UTTOPEL
va dtatnpnBel ano to Eviupo teAopepaon.

H tehopepdon nepléxet €va mpotumo RNA mou
XPNOLUOTIOLEL YLOL VAL ETIEKTEIVEL TO OKEAOC.

2TNV TOXEWC Slatpolpeva KUTTOPQ,
OUUIEPLAAUBAVOEVWV TWV KOPKLVIKWV
KUTTAPWYV, TA TEAOLEPH TIPETIEL VA dlaTnpeitat
arto TNV TEAOUEPA DN YLO VO OTTOTPEYEL PELWON
NG voTEpnon, N omola Ba odnynoeL oe
KUTTOPLKO Bavaro.

Y nAn Spaoctikotnta teAopeEpAONG Elval Eva
XOPOKTNPLOTLKO TWV KUTTAPWV KapKivou.

o Telomerase binds to
hexanucleotide telomere
sequence via complementarity
with telomerase RNA.

Telomerase RNA

- AN AAATCOC A Al ® g, CAR
RO AR
LY O Y A K3 G K3 IO I U I3 IS8 G IO LA

Telomerase reverse transcribes
the hexanucleotide telomere
sequence through incorporation
of dNTPs at the 3’ hydroxyl of
the telomere sequence.

(B

O\ AMRRNEECARNEEC AR
A "QIEIQRnInHS 9|amu§2
DL Y U A 8 G A T WA K K K )

e Telomerase carries out RNA-
templated DNA synthesis
‘ (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.

‘T\ ARATNCCCAANEC A A
ROVl EF
LR R U N 8 8 G0 ) O AN 3 I3 I 1) () AN S
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