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H Avtuypagn tov DNA
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H avtiypagn tov DNA

HANTII'PADH TOY DNA EINAI YYNAEAEMENH ME THN
KYTTAPIKH AIAIPEXYH

H ANTIT'PA®H TOY DNA XYYMBAINEI KATA THN S ®AXH TOY
KYTTAPIKOY KYKAOY

H KYTTAPIKH AIAIPEXH EINAI AIIAPAITHTH I'lA THN ANAIITYZH
TOY OPTANIXMOY KAI THN OMOIOXTAYXH TQN IXTQN



H avtiypagi tov DNA

> Xt Mopuakrn Blodoyia, 1 avriypa@n tov DNA csival 1 Bodoykn Stadikaoia apaywyng dvo
TVOUOLOTUTI®WV avTLYpA@®wV Tov DNA amd éva apyiko popio DNA.

» H avtiypagn touv DNA AapBdvel xywpa o€ 6Aovg Toug (wVTavoUS 0pyavIoHoUS Kol ATOTEAEL TO
BaoikOTEPO HEPOG TNG PBLOAOYLKNG KANPOVOMKOTNTAC. Elval amapaitntn yia TV KUTTAPLKN
dlalpeomn katd TNV avamtuén kKol TV eMSOPOWON KATECTPAUUEVWV LOTWYV, EVW TAPAAANAX
eCao@AALleL OTLKAOE éva amo Ta vea KOTTapa AapBavel To 81k Tov avtiypago tov DNA.

» To kUTTapPO SLABETEL TN XAPAKTNPLOTIKY ISLOTNTA TNG SlalpeoNC, 1] oTTold KAOLOTA TNV aVTLypa®T)
tou DNA amapaitnt.



H avtiypagn tov DNA

Ta povoluywTtika Sidvua elval YEVETIKA TTAVOUOLOTUTIH (EKTOG KL a0V UTIAPEEL LETAAAXEN
0T SLAPKELX TNG AVATITUENG). XE OTIAVIEG TIEPITTWOELS, TA LOVOLLYWTIKA diSupa pmopel
Vo EKPPACOVV SLAPOPETIKO @avoTumo (Kupiws efattiag kamolov TepLBaAAovTikKoU
TAPAYOVTA N TNV QATEVEPYOTOINON SLA@POPETIKWYV YpwHoowudtwyv X ota diduvua
Kopitowa)

Ta povoluywTtikda Sidvpa £xovv oxedov mavouotdtumo DNA.

H dwdikacia pe v omola dimAacidlovtal ta yoviSia auta eival moAUV akpipnig
(Staopol meplBaArovTikol TapAayovteg otn SLApKELX TwV (WWV TOUG EMMNPEA{OVV TNV
EVEPYOTIOIN O™ 1] U1 OPLOUEVWV YOVISiWV).




H avtiypagn tov DNA

Proc Natl Acad Sci U S A. 2005 July 26, 102(30): 10604- 10609.

TNV nAlkia Twv TPLWV ETWV, Ol ETLIYEVETIKOL SEIKTEG TOL Ypwuoowuatos 17
TIAVOUOLOTUTIWV SLOVUWV EIVAL APKETAE TTapOpOoLoL (ELPaVI(ETAL LE KITPLVO XPWLOL).

Qotdoo, n oVykplon petald Twv 50 Ypovwv SIEVUWV TIAPOVOLALEL CTIUAVTIKEG
SLAPOPEG OTNV ELKOVA TWV ETILYEVETIKWYV SEIKTWV (KOKKLVO —~TIPACLVO).



H avtiypagn tov DNA

H avtiypaer) tov DNA eivatl pia atmo tig mo OepeAtwdels Stepyaoieg otn (wn. Kabe @popd
Tov éva KUTTAPO Slaupeital, TMPEMEL va SnULovpyNoeL éva aKPLBEC avTlypa@o Tov
YEVETIKOU TOU VALKOU, woTe kabe Buyatplkd kUTTApo va AdfBel v (Sla yYeveTikn
TANpo@opla.

H avtiypagn e€ac@alilel T oTaOepOTNTA TG YEVETLKIC TANPOPOPLAC LEGH OTOV
XPOVO. ATIO TN WX YEVIA KUTTAPWV OTNV EMOUEV] — KOl ATIO T1 UK YEVIA OPYAVLIC LWV
otnVv emopevn — 1o DNA petafifaletal pe EKMANKTIKN TLOTOTNTA.

H avtiypaen sival pa TOAVTAOKY, qQuoTnpa €Aeyyxopevn Siepyacio. Aesv yivetal
Toxala, aAAd EeKlvd o0€ OUYKEKPLUEVEG BECELG TOU YOVIOLWUATOG KOL OTOLTEL TN
OVVEPYAG LA TOAAWV EVIOU®WV KAL TIPWTEIVWV.

[MTapott N Baowkn apyn NG AVILYPAPNG €val KOV Yl OAOUG TOUG OPYAVIGUOUG,
VTTAPXOUV SLAPOPEC NETAEY TIPOKAPUMTIK®WV KUL EVKAPUOWTIKWV KUTTAP®WV: OTA
Baktpla to DNA elval KUKAIKO Kal €XEL Eva ONUED EvapEng, EVW OTH EVKOPUWTIKA
KUTTOPa T0 DNA elval ypoUUIKO KAL) aVTLYpPOo@T] EEKLVA TAVTOXPOVA GE TIOAAEG BECELG.

H akp(Bela ™G avtiypa@ng lval EVTIUTIWOLAKY): OTA EVKOAPUWTIKA KUTTAPW, YIVETOL
ALYOTEPO a0 £EVva AdB0C ava SioekatoppvpLo BAcELC.



H avtiypagn tov DNA

[] O
O []

» 0L 800 aAvoideg tou DNA elval avTimapaAAnAsc, kol autd lvoal
DEUEALWIES XAPAKTNPLOTIKO TNG SOUTG TOV.

»H ovpmAnpopatikomta twv Bdaoswv (A-T kat G-C) pmopel va
StatnpnOel povo pe autn TNV AVTITAPAAANATN StaToln.



5'

5'



H avtiypagi tov DNA

» To DNA amoteleital amd pia SUTAT) EAlka $V0 CUUTANPWHUATIKOV KA®V®V. H Sty
EALKA TIEPLYPAPEL TNV EUPAVIOT VOGS SikAwvou DNA, to omoio amoteAeital €10l amo §V0

YPOUUIKEG AAVGISEG TTOU SLATPEXOLVV 1) UKL ATIEVAVTL OO TNV GAAN KOl CUCTPEPOVTAL
HETHED TOUG oXNUATI(OVTOG EALKAL

» Katd ™ Slapkela g avtiypa@ng, ol kAwvol avtot Staywpilovtal. KabBe kAwvog tou
apxtkoV popiov DNA xpnoluedel 6T CLVEXELA WG MTPOTUTO-EKpayelo (template) yia
TNV TOPAYWYT] TOU AVTIOTOLYOV, Hia Sladikaoior TToU ava@EPETUL WG TJMLGUVTIPNTIKT)
QVTLYPO@.



H avtiypagn tov DNA

To KOTTAPO XPNOLUOTIOLEL EKUAYELO-KATEVOUVOUEVO UTXOVIGLO
QVTLYPAPTIC TNG VOUKAEOTIOLKN G aAAnAovyiag evos kAwvou DNA oe pia
OULUTIAN PWHATIKY) aAAnAovyia DNA.

H né6odo¢ TpouimoO£TEL TNV AVAYVWPLOT] TOV KAOE VOUKAEOTLSLOV
™G AAVGISUG EKUAYELOV, EAEVOEPA CUUTTATPWUATIKX VOUKAEOTISLA,
KOl XTIALTEL TOV SLOXWPLOUO TWV V0 aAvoidwv NG éAkag Tou DNA.
To TMpwTO VOUKAEOTISLO-TTOALUEPLOTIKO €viupo, 1 DNA moAvpepdaon,
avakaAV@Onke to 1957.

Ta eAeiBepa VOUKAEOTIOLO, TPLPWT@POPLKOL 8£0EVPIBOVOVKAEOTITEC

XPNOLLEVOVY WG VTIOCTPWIATA YLA TO EVIULO.



H avtiypagn tov DNA

IMPOXOXH
To DNA Slatnpeltol 6€ GUUTILEGUEVT], UTIEPEALKWUEVT] LOPEPT).
H Baon 6uws g avTiypa@ng eivoal 0 oXNUATIOUOG TWV KAWV®WV LLE
OVTLOTOLYLOT CUYKEKPLUEVWV BACEWYV LE TIC CUUTIANPWUATIKES BACELS

TOUG.

[Tpwv Vv avtiypagn tov, To DNA TPEMEL VA KATAOTEL TTPOOLTO,
SNAad1), MPEMEL va Elval «EETVALYHEVOY.



Matthew Meselson and
Franklin Stahl, 1958

Figure 15.2 Genomes 3 (© Garland Science 2007)

H avtiypagn tov DNA

ALQOTIXPTIKO NOVTEAO
MNTPLKN EALKQ OTIAEL OE
Opavopata, Ta Opavopata
QVTLYPA@OVTAL KAL 6T
OUVEYELX GUVAPUOAOYOVUVTAL OE
V0 véeg EMKkeG.

Huovvtnpntiko povtedo
Ouyatpika popra DNA
TEPLEYOVV PLA YOVIKT

aAvoida Kot pa vea.

TUVTNPINTIKO HOVTEAO
MNTPLKN 0AVGLS O PETAPEPEL
TANPOPOPLEC YA £V EVELAUECO
(?) Tov avTiypagsTal
H pntpwkn éAlka Statnpeitay, 1)
Ouyatpikn
EMKA ELVOL EVTEAWC VEQ.




[Metpapa Meselson kot Stahl

v 'HEepav amo tn Sour) tov DNA otL mepLeixe alwTo.

v AvemtTuviav BakTipla 6€ OPETTIKO OV TIEPLELXE HOVO PopVy alwTo
(15N)

v MeTa amo MOAAEG YEVEEC, 0A0 To DNA ota Baktipla ntav Bapv kot
dev mepLeiye alwto 14N

v XpnowomomBnke 1 SuvatoTNTA MOV  TMPOOCEPEPEL 1)
UTIEPPUYOKEVTPNOTY 6 BaOUidSwon TMUKVOTNTAC Yl SLoXmwpPLoUo
QKOUT) KOL TTOAU TIXPOLOLWV HOPLMWV.

v Kata Ttnv vunep@uyokeEvIpnon o BaOpidwon TUKVOTNTOC
XYAwpLovyov kaioiov, popta DNA Tov Swa@Epouvv ®wC¢ TPOC TOV
aQToko aplOpo tov alwtov (N) mouv Swx@£tTouvv, pmopouvv va
KOTOVEUNO0UV OE OSLAPOPETIKEC C(WVEC O6TO OWANVA TNG
(PUYOKEVTPOV.



[Meipapa Meselson kot Stahl

‘Eva 8ixAwvo poplo DNA mov €xel
EVOWUATWOOEL 0TLC A{WTOUYEC BAGELS
ToV TO ‘BapV’ tooTtoTo 1°N KivelToL Lo

YPNYOPX KAL GTANUXTAEL TILO XAUNAX GTO
oWANVA TNC PUYOKEVTPOUL amo To DNA
Tov StaBétel 14N



[Metpapa Meselson kot Stahl

v’ Metépepav evav TANOvopuo Baktnplwv e BPeMTIKO VAIKO TIOU TIEPLEXEL
Lovo 14N, pe tov TpOTO AUTO TA LOVX VOUKAEOTISIX TTOL 1Tav Sltabéoipa

oto DNA ywax v Aettovpyia G avtiypaeng mepteiyav 14N kol pe tov
TPOTO avTO N TVKVOTNTA Tov DNA Tov Ba mpoEkvTite Bt pmopovoe va

neTpnOel.

v H Sadikaoio emavaAn@OnKe KAl Yl TIG ETOUEVEG YEVEEC.



[Meipapa Meselson kot Stahl



[Metpapa Meselson kot Stahl



[Metpapa Meselson kot Stahl



[Metpapa Meselson kot Stahl



H avtiypagi tov DNA

Q¢ amOTEAEGUA TNG NULCVVTNPNTIKNAG QVTLYPAPTNG, N VEX EALKQ
Oa amotedsital amo pa apxtkn aivoida DNA kabwc kat
amo I VEOoLVTIOENEYN aAvoida. O kuTtTaplkol punxaviopol
SLOpOwonG kol eAEyyov o@AAUATWV eEao@aAilovy OYXESOV
TEAELX TILOTOTITA VLA TNV avTiypot) Tov DNA.



H avtiypagn tov DNA

H avtiypa@n tov DNA xwplleTal 6 Tpla KUPLX 6TASLA:

1.'Evapén (initiation)

»To DNA avayvwpl{etal ot OUYKEKPLUEVEG Ofoelg évaping, oL oToieg
ovoualovtal origins of replication (Ori).

»To 61mA6 DNA EeTuvAlyeTal Kol SNUOVPYELTAL o “@OVOKA avTLypo®Nnc”
(replication bubble), oynuatiovtar ot Syaiec avrtiypa@nc (replication
forks) mpog tig V0 kKaTeLOVVOELG.

»Ilpocdevovtal ol TPWTEG TPWTEVEG Kal evlupa mou Ba Eekwvnoouvv 1)
Stadikaoia.

2.Emuunkvvon (elongation)

»Elval To kUplo otddlo G avtiypa@ng, 0Tov cuvtiBevtal ot véol kAwvol DNA.

» 01 DNA moAvpepaoces mpoobétouv deofvptBovoukAeoTidia ot véa aAvoida
LLE BAOT TN CUNTANPWUATIKOTITA TWV BACEWV.

3.Teppatiopnog (termination)
»Av0 TANPN, SimAa poprax DNA, 10 Kabéva pe Evav maAqd Kol Evay VEO
KA®WVO (NULOVVTNPNTIKO LOVTEAO).



H avtiypagn tov DNA

replication bubble

H avtiypagrn touv DNA sival StmArg
katevOvvong (bidirectional) — katautd| replication forks
glval BaoIKO YAPAKTNPLOTLKO TNG GTOUG

TEPLOGOTEPOVG 0PYAVIOUOVG, TOCO
TPOKAPLVWTIKOVUG 000 KL EVKAPUWTIKOVG




H avtiypagn tov DNA

HXYYNOEXH TOY DNA I'INETAI ME IIPOXOHKH TQN NOYKAEOTIAIQN
2TO 3°-OH AKPO THXY NEOXYNTIOEMENHY AANYXIAAY ETXI QXTE
HXYYNOEXH EXEI 5’ I[IPOXY 3’ KATEYOYNXH.



H avtiypagi tov DNA

Ye éva kOTTOapo, N avtypa®n tov DNA apxl{el 6€ OCUYKEKPLUEVEC KAl
TOAVAPLOUEC OEGELC aVTLYPOLPTIC GTO YoviSimpa.

H extoAén touv DNA otnv agetnpia kol 1 ovvBeon VEWV KAWVWV, TTOU
SLevKOAVVETAL ATO Eva £VIVHO YVWOTO WG EALKAOT), £XEL WG ATTOTEAEGUX
TNV VATITUEN SLYAAWV QVTLYPAPNG aU@idpopa oo TNV a@EeTNpLa.

Oplopéveg TPWTEIVEG ouvvdeovTal HE TN OLXAAN QVTLYpa@NG Yl v
BonOnocovv otnv £vapén kal tn ovveylon s ovvBeong tov DNA. H DNA
TIOAVUEPAOT) OLVOETEL TIG VEEG AAVGISEC TPOCHETOVTAG VOUKAEOTIOLO TTOV
OUVUTIAN pWVOLV K&Be aAvoiSa (TTpoTLTO).



H avtiypagn tov DNA

1955: Arthur Kornber

Worked with E. col,.
Discovered the mechanisms of DNA synthesis.

Four components are required:

1. dNTPs: dATP, dTTP, dGTP, dCTP
(deoxyribonucleoside 5'-triphosphates)
(sugar-base + 3 phosphates)

2. DNA template

3. DNA polymerase I (formerly the Kornberg enzyme)
(DNA polymerase II & III discovered soon after)

4. Mg 2* (optimizes DNA polymerase activity)

1959: Arthur Kornberg (Stanford University) & Severo Ochoa (NYU)



H ynueta ™ ¢ ovvOeonc tov DNA

H véa cVvBeon amaltel Ta TEooepA TPLPWTPOPLKA deoEupLlovoukAeoaiSia
dGTP, dCTP, dATP xat dTTP

1

double-stranded DNA

» To expayeio elval pta aAAnAovyia ssDNA (single-stranded DNA) mou katevBUvel TV TpocON KN
kaOe cvumAnpwpatikov dNTP.

» 0 gxkvn ¢ (primer) sivat cupumTANPWUATIKOS, AAAX BpoaxUTEPOG Ao TO EKPAYE(O.

» 0 ekkvnm¢ TIpETEL va TiepLExel éva ekTeOeuévo 3’-OH Ttapakeipevo otnv HovOKAWVT TEPLOXN
TOV EKHayElov.

» To DNA ocvuvtifetal pe EMEKTAGT TOV 3’ AKPOV TOU EKKLVITI] KoL e kKaTtevBuvon 5' — 3,



H ynueta ™ ¢ ovvOeonc tov DNA

Amedev®épwon PP — O H OH opdSa oto 3’ dkpo Tou ekkvnTy
TPOGLAAAEL TNV A-QWOPOPLKT OUASA

TOV ELOEPYOUEVOV TPLPOTPWPLKOV
VOUKAE0OLSLOV.

XTP + (XMP),, — (XMP),.. + ® ~ ©®.

AmopakpOvetal o opado
TTUPOPWOPOPLKOV TIOV TIPOKVTITEL ATIO
™MV ameAevBEpwon Twv B- Kal y-

EWOQPOPLKWV OUAOWV.

H mupo@wo@atdon vSpoAVEL TO TTUPOPWOPOPLKO TIPOG TTAPAYWYT) VO HOPLWV PWCPOPLKOV.
H v8poAvon Tov TuPo@wao@opLKov elvai 1 0dnyo¢ Suvaun yia Tt 6vvOeon tov DNA!!



O unxaviopog tnc DNA moAvpepaonc

» H olUvBeon touv DNA kataAVetatl amd plo Taén evlopwv mov ovopdlovtal DNA TTOAVUEPATES
(DNA polymerases).

» H DNA moAvpepdon xpnoLUOTIOLEL v MOVIIPEC EVEPYO KEVTPO YA KATAAVEL TNV TIPOGONKN KAOE
dNTP.

To AavOaouévo {svyapwpa BAGE®WV
oSnye[ 0t SPAUATIKA YAUNAOTEPEC
Tayvtnteg mpooOnkng dNTPs mov
MPOKUTITEL  aTO U1l E€UVOOVUEV
gVOVYPAUULOT TWV VTIOCTPWHAEATWV.

H toaydmta evowpdtwong  &vog
AavOUOoUEVOV VOUKAEOTLOOV eival €wg
kot 10.000 @opEC IO apyr) EVAVTL TNG
TAYVTNTAG 0T CWOTH EVOWUATWON.



O unyxaviopocg tn¢ DNA toAvpuepaonc

» OLDNA moAvpepaoeg €xovv TV tkavotnta va dtakpivouv tTa ANTP oo ta rNTP.

» MoXovott ta rNTPs Bpilokovtal oto kKUTTApOo o€ Tepimov 10 @opeg VPMAOTEPT OLYKEVTPWOT),
gevowpat@wvovTal pe epimov 1000 popEC XxaunAOTEPT) T VTN TA.

H &uwakplon OSwapecorafeltal amd to
OTEPEOXMNUIKO aTOKAEIONO Twv IrNTP
amé To €evepyd kévipo TG DNA
TTOAVLEPAOTG.

Xt DNA moAvpepdon, o OuvAakag
SEOUEVONG TNG VOUKAEOTIOOL  Elval
TOAU WIKPOG Yla Vo EeMTPEPYEL TNV
Tapovoia evog 2'-OH oto elocepxouevo
VOUKAgoTiSLo.

O xwpog autdg KataAaufdavetal omod
V0 apULVOEEN TTOU AVATITUOCOUV ETTAPES
van der Waals pe 1o SaktuAlo TOUL
ooKXApov.

H a-@poocpwpikn opdada touv dNTP elvat avakplBws evbuypapuLlopevn pe Tnyv
3’-0OH opdda ToU EKKLVNTY), LELWVOVTOS SPALATIKA TNV ToXVUTNTH KATAAVOTG.



O unxaviopog tnc DNA moAvpepaonc

- O

dNTP

-

EKNAYELO

T7 DNA
TOAVUEPACT)

» To DNA tomoBeteltal kabetal o€ plo HEYAAN oxloun mov poldlel pue éva
UEPLKWC KAELOTO SEL xEPL.

> 211 Baom TG avaAoylag Le To XEPL, oL TPELC eMKPATELEC (domains) TG
TOAVUEPAGN G KAAOVVTAL XVTIXELPOC, SAKTUAN KoL TTOXAQLT).



O unyxaviopocg tn¢ DNA toAvpuepaonc

ETUKpATELA TG TTAAAUNC

> AmoteAeitat amé pa B mTuXwT] em@avela (B sheet) xat
TEPLEXEL TA KUPLA OTOLYELA TOU KATAAVUTIKOU KEVTPOV.

> H meployn avt 8eopevel 8v0 Sto0evi) petaddikda tovta (Mg2+ 1)
Zn?%*), ta omola petafaiiovv To Ynuko mePLBAAAOV YUpw ATO TO
owota (evyapwpévo dANTP kat to 3’-OH tov ekkivnt).

> To IPWTO PETAAALKO LOV pewvel T ovyyévela tov 3'-OH yua to
v8poyovo TOU Kol €TOL TO KAveEl o “emBeTikO” TPOG TO
EWOPOPLKO.

» To 8&VTEPO PETAAMKO OV TIPOOAVATOAIlEL T APVNTIKA @OPTiA TWV B- KAl Y- QWOQPOPLKWV
ouddwv tov dNTP kalL 6TAOEPOTOLEL TO TTVPOPWGPOPLKO TIOV TTAPAYETUL ATIO TNV £VWOT TOU
EKKLVN TN LE TO ELCEPYXOUEVO VOUKAEOTISILO.

> TMoapdAAnAa 11 TTEPLOXN QUTI] «EAEYXEL TNV EVOWUATWOT T®WV VOUKAEOTISIWVY TOU £Y0UV
EVOWUATWOEL L0 TIPOT@ATA. ANULIOVPYEL EKTETAPEVEG ETTAPEC NECKH BECTUWVY VEPOYOVOV IE TA
{sOyn Baocewv ot pKPT avAaka touv veoouvtebévtog DNA. Ot emagés autéc oxnuatidovtal
LOVO OTAV UTAPYEL ATTOAVTH CUUTANPWUATIKOTNTA EKUAYEIOV-EKKLVNTI). € TEPIMTWwon Aabwv
(mismatched DNA) eumodiovtal ol EMUPEG KAL LELWVETAL SPACTIKA 1) TorXVTNTA KATAAVOTG.

» XTIC TEPIMTWOELS AVTEG TIPAYUATOTOLEITAL ATIEAEVOEPWON TNG AAVGISAG EKKILVNTH ATIO TO EVEPYO

KEVTPO TOL ev(UUOV KAl 1] aAvcida v@lotatal pa §pAcTm VOUKAEAONG, 1 OTIolol ATTOUOKPUVEL TO
AavBaopéva (evyapwuévo DNA.



O unyxaviopocg tn¢ DNA toAvpuepaonc

ETKpATELA TG TAAAUNC

H smikpdateia ¢ maAdung meptéxel potifa (motifs), SnAadn wkpeg, ouvTnpnUEVES aKOAOVOIES
AULVOEEWY, TTOV emavalapfdvovtal o€ 6Aeg oxedov TiI¢ DNA moAvpepdoed.

Motif A

» Ttk akoAovBio: DXXD 13 DX,D, 6ov D = Aspartate (aomaptikd ofv).

> To pwto Asp cuvdéstal pe éva 1Ov Mg?* kat to Sevtepo pe to §sVtepo 1ov Mg?,
»KataAvel tn ovvdeon tov 3'-0H pe to a-pwo@opikd tov sloepyxousvov dNTP.

Motif B

» Atyotepo ouvtnpnpévo kal BplokeTal Kovtda otnyv €lcodo tov dNTP.

»Iepdappavel apwvoééa dmwe Y (Tupoaoivn), G (TAvkivn), ) K (Aveivn).

»YUUPETEXEL OTNV TOMOOETNON TOU ELCEPYOUEVOV VOUKAEOTISIOU Kol oTOV €AEYXO TNG
OUUTIA P W LATIKOT TAG.

»EEaoc@aiilel 0TI To owotd ANTP elval TomoBetnuévo ot cwothy BEon TPV ATO TNV KATOHAVTIKY)
avtidpaon.

Motif C

»Xuvn 0w HDE 1) QHDE, 6Tou 10 Asp slval KataAuTiko.

»XUVTOVI{EL TA HETAAALKA LOVTA 1] OTHOEPOTIOLEL TO HETABATIKO OTASLO TNG AVTISpaoNG.
»Xuvepyaletal oTeVA pe to Motif A.

»XUUTIANPWVEL TN B€on 0E0UELONG TWV PETAAAKWV LOVTWV Kal fonbd otn otabepomoinon tov
EVEPYOU KEVTPOU.



O unxaviopog tnc DNA moAvpepaonc

ETKPATELX SAKTUAWY
MepdapBavel KUPIWG A-EAKEC, KAL (LA XAPAKTNPLOTIKY EMUN KT £EAtka TTov ovopaletal O-helix
"kAelvel" mvw amd To evepyo kEVTPO OTaV UTEL TO 0woTO ANTP.

» Apketd apwvollka katadoima mov edpdlovtal TNV
ETIKPATELX aVTN Seopevovy To eloepyopevo dNTP.

» MOALC oYNMUATIOTEL TO OWOTO (VYOG BAGEWV, N
EMKPATELX TWV SAKTUAWV HETAKLVELTAL YIX VX
gykAeioeL to dNTP.

> H kAewoTi) pop@nN Tov XEPLOU TNG MOAVUEPAOTC

TPOAYEL TNV KATAAVGT 081N YWOVTAS TO ELOEPXOUEVO

D VOUKAEOTISIO O€ OTEV) E€MOPN UE TA KATOHAVTIKA
UETOAAALKA LOVTOL.

»H emkpateia SakTOAWY EVOVETAL PE TNV TIEPLOXT] TOV EKUAYEIOU KoL 06N YEl 0€ P oTPOo@T) 6XESOV
90° TOV PWOPOSLECTEPLKOV CKEAETOU HETAEY TNGC TTPWTNC KAL SeVTEPNC BAON G TOV EKPAYELOV.

»H kduym avty ekBetel pdévo v mpwTn PAOT TOL EKHAYEIOL PETA TOV EKKILVNTH OTO KATOXAVTIKO
KEVIPO KOl OTMOTPETEL OTOLAONTOTE oVYXVON Yl TO Tola [Bdomn Tou ekpayesiov Ba TPEMEL va
Cevyapwoel pe 1o véo dNTP.



O unyxaviopocg tn¢ DNA toAvpuepaonc
ETKPATELX SAKTUAWY

> Xmv avoiytn Stapop@won, n 0-éAika (0-helix)
Bploketal oe anmoéotaom and to véo ANTP.

» Otav oynuatiotel 10 owoto (eVYoS BAoewv UE TO
ekpoysio DNA TipayaTOTIOLE(TOL Pl TIEPLOTPOPN
™G O0-fAikag kot 40° kol 1 EMKPATELX TWV

SoKTUAWYV «KAELVELY.

> Xmv kKAswoT] Swaxpopewor), auvty n 0-fAka
LETAKLVELTAL Kol dnutovpyel OTLOLVTLKEG

aAANAemdpdoelg pe to véo dNTP.

AAMNAETIS PAGELC TNC ETMKPATELXC TWV SAKTUVAWV G€ KAELOTT) Stapudp@won

1Eva katdAotmo Tupooivng aAAnAemidpd pe T faon tov dNTP.
2.A00 kKatdAolma Aveivic Kat apyLvivng cuvdéovTal e T B- KoL Y- @wo@opikf opudda, avtiotouya.




O unyxaviopocg tn¢ DNA toAvpuepaonc

ETuKpATELA QVTIXELPQ

» A€V EUTTAEKETUL OTEVA OTNV KATAAVOT) TNG ETMLUNKUVOTG.
> 0 avtiyepag aAAnAemdpa pe to DNA, to otroio £xel cuvteDel o Tpdopata.
> Alatnpel ™ owotr) BE0M TOV EKKLVNTI] KL TOV EVEPYOU KEVTPOV.

» Bonba va SwatnpnBel pa woyxvpn evwon petagd ¢ DNA moAuvpepdong kol Tov
UTIOOTPWUATOG TNG.

Xuvoym

»To véo ANTP Cevyapwvel pe Tnv emopevn StaBeoiun Baon Tov ekpayeiov.

»Auvt) n aAAnAentiSpaon mpokaAel Ta «SAKTLAX» va KAeloovY YUpw aTO TO (EVYAPWUEVO
dNTP.

»H kAelom) Stapuodppwon tov evlopov tomobetel Ta Kplowwa HETHAAIKA WOVTA o€ BEom va
KATOAVOOUV TO OXNUATIOUO TOV EMOUEVOV PWOPOSIECTEPLKOV SEGUOV.

»H mpoodeon touv (evyapwUEVOU VOUKAEOTISOU OTOV €KKLVNTH 0ONYEL €K VEOU OTO
avolypa Twv SaKTUAWV Kal o1 HeETakivnon ¢ ocLuBoAnG ekKvnT:EKLayElOV KATA Eva
(evyoG Bacewv.

»H moAvpuepdon elvat TOTE ETOLUN VLA TOV ETTOUEVO KUKAO TTPOGONKNG.



O unyxaviopocg tn¢ DNA toAvpuepaonc

H DNA moAvpepaorn oAAnAemidpd pe to DNA pe tpoémo mouv Sev elval 181KOC
aAAnAovylog.

Ot aAANAeISpACELS AUTES TIEPLAAUBAVOLV:

»HAekTpooTaTikéG  AAANAETIIOPAOEIS UETOED  (PWO@POPLKOV OGKEAETOU KOl TNG
ETMKPATELAG «OAVTIXELPA».

» AAANAETISPACELS TG MLKPT)C AVAXKAC KAl TG EMKPATELAC «TIXAQUNGC».

KaBe @opa mov mpootiBetal eva dANTP, to DNA amedevBepwvetal HEPIKWS ATTO TNV
TOAVLEPAOT WG EENG:

» 0L decpol vSpPoyOVOUL LE TN UIKPT CVAAKA OLCTIWVTOL

» OLNAEKTPOOTATIKEG KAANAETILOPACELG LLE TNV ETKPATELX «XVTIXELPO» SLATNPOVVTAL



O unyxaviopocg tn¢ DNA toAvpuepaonc

Ot DNA toAvpepaoec ouvOétovv DNA kata eteiepyastiko (processive) Tpomo

To un  emelepyaotiko
évlupo  mpooBEtel  Eva
novnpes dNTP oto 3’ dxpo
TOU  EKKLYNTN KAl OTN
OUVEXELA ATIEAEVOEPWVETAL

Xpetaletal ~1 sec TTPOKELUEVOV
TO £VCUHO VA EVTOTIIOEL KOL VO
mpoodebel o€ pla ovpfoAn
EKKLVNTI): EKPAYElOV

!

Tayvtnta cvvOeong ~1bp/sec

Mia eme€epyaoTikny TOALVPEPAOT
mpooBetel mMoAA& dNTPs kdBe
@opd Tov OeopeVETAL  OTO
eKuayelo.

BaOnog eme€epyasTiki)G IKAVOTITAG:

Heoog aptdpuog dNTPs mov

EVOWUATWVOVTAL KADE POopd IOV TO
€vlupo tpoodeveTal o€ GLUUBOAN

EKKLVNTI): EKHaYELO.

Taxvtnta cVvOeoN G £w¢ Kat
1.000 @opéc avinuévn oe
OX£01] IUE TO VTIOOETLKO «1)
EMELEPYATTIKO» HOVTEAO.



AlopOwTIkOoC £éAeyyxoc - Proofreading

O SopbwTIKOG £Aeyxog emiTpemel T OS0pOwon Aabwv mov cvpPaivouv kKatd TNV
avtiypoa@n tov DNA.

Alapecorafeital amd vovkAeaoes (nucleases).

EEéwvoukAeaoec (exonucleases): AtoikoSopovv povo amd éva dkpo touv DNA.
Ev8ovovkAeaoec (endonucleases): Kofouv oto péoo piag aAvoidag DNA.

Evepyomnta eEmVOUuKAEAONC £XEL TARUTOTOLOEL 0TO 1810
ToAVTIENTIS 10 pe TV DNA moAvpepaon.

H esvepyomnta e€wvovkieaons tg DNA moAvpepdons ovopdletal €EWVOUKAEXCT)
SLopOwTiKoU eA€yyov (proofreading exonuclease).

AmopakpUvel To AdBog ANTP amo to 3’ akpo ¢ aAvoiSag Tou EKKLVNTH.

Alvel pla Se0tepn evkatpia ot DNA moAvpepaon va tpocBécel To cwoto dANTP.



DNA moAvpepaoec oto Baxktnpto E. Coli




AlopOwTIkOoC £éAeyyxoc - Proofreading

» H moAvpepdaon €xel petwpevn ikavotnta va mpocBeéoel véo dNTP SimAa o€
AdBog Cevydpwpa, A0Yw aAAayns TS Yewpetplag Tov 3’-0OH kat Tov véou
dNTP e€aitiog Twv acBevwv aAANAETIIOPACEWY UE TNV CKTTAAXUN .

> AvEnom evepyotntag sEwvovkieaong proofreading. Katd ™ Sidpkeia
Tou S10pOwTiKOU eAéyxou To DNA 8ev amedsvBepwvetal amd To
évQupo.

» To ataiplaoto ekuayelo OECUEVETAL ATO TO EVEPYO KEVTIPO TIG
TOAVUEPAONG. AVTIDETQ, TO EVEPYO KEVTPO TG EEWVOVKAEAOTC £XL 10
POPEC HEYUAAVTEPT GUYYEVELX YIX TX LOVOKAWVA 3’ dKpO.

> To alsvydpwto 3’ GKPO HETAKLVEITAL ATO TO &VEPYO KEVTPO TNG
TTIOAVLEPAOTG OTO EVEPYO KEVTPO TNG EEWVOVKAEADTG.

» H amopdkpuvon tov dNTP emitpémel ot ovpfoAn ekkivnti:ekpuayeiov va
avaoynuatiobel kal va mpoodebel €k VEOU OTO €vePyd KEVIPO TG
TOAVUEPAOT)G.



AlopOwTIkOoC £éAeyyxoc - Proofreading

H DNA moAvpepdon sioayet AdBog 1 ava kaOe 10> ANTP.
H proofreading e€wvouvkAedon pelwvel ) cuxvotnta AdBovs oe 1 ava kaBe 107 ANTPs.

O TTpaypatikos puOudc peTaAAaywv o€ £va TUTILKO KOTTOpO eival 1 AaBog ava kabe 1010
dNTPs.

AVTO TO eMUTTAL0V ETMESO AKPIBELAG TIAPEXETAL ATIO TT) HETA-AVTLYPAPLKT)
Stadikaola eMSLWPOWONG ATALPLAGTOWV (EVYWV IE TT) GUUUETOXT) EMITIAEOV
TPWTEIVWV.



H SuyaAda avTiypoa@nc

Y10 KUTTAapo Kol ot Vo aAvcidec touv DNA avTiypd@povTol TOUTOYXPOVA.
AvuTté amotel SLHYWPLONO0 TV V0 aAvoidwv yia va dnuovpyndouvv dVo
exkpayeia DNA.

H cupoAn HeTall TwV VEOSIHXWPLOUEVWY HAVG IS WV TOV EKUOYEIOV KAL TOV
un avtypappévou Sikdwvov DNA ovopdletal SyoAo avTLypa@r)C
(replication fork).

H SyaAa avTlypa@ng KLVELTAL TAVTA TIPOC TN TEPLOXT] TOV MUN
avtirypappevov DNA, agnvovtag Tiow ¢ 6Vo ekuayesic ssSDNA mov
KATEVLOVVOLV TO CYXNUATIOUO TWV SVO0 BUYATPIKWY XAVGISWV.



H avtiypagn tov DNA

v" Ot DNA MOAVHEPACEC XTTALTOVV £Evav KKV TN (primer) pe éva eAevBepo 3’-OH.
v' Agv pumopovv va EEKLVI|covV pa véa aAveida de novo.

Hwc¢ apyile1 n ovvOeon véwv aAlvaibwv DNA;

v' To kKUTTAPO EKPETAAAEVETAL TNV IKOVOTNTA TwV RNA MOAVUEPAGWV VA KAVOUV QUTO
ov 8ev umopovv ot DNA moAvpuepdoeg: va Eekivijoovv veeg RNA aAvoideg de novo.

v H mpuyuaon (primase) sivar pa e€e1i8ikevpévn RNA TOAVUEPAOT ETLPOPTICUEVT] UE TN
Snuovpyla pikpwv RNA skkivntwv (primers) pfkouvg ~5-10nt oe éva ekpayeio
ssDNA.

O ekkIvnTéG auTol ot ovvExela emtektelvovTal amod v DNA moAvuepaon.

AN

MoAovdTtt ot DNA moAvpepacec evowpuatwvovy povo dNTPs oto DNA, pmopovv va
g£KKLvNioovv T 6VvOeon ette RNA eite DNA ekkivnti).

Kot ot 800 aAdvoidsg amattovy T §pacn TG TIPLUACTIC, woTO0O0 1 GLUXVOTNTA
™G AELTOVPYLAG TNG 0TS V0 AAVGIOES Elval SPAUATIKA SLAPOPETIKT).

H pia aAvoida amoaitel Eva povadiko RNA ekkivn ).
H cvpmAnpwpatikn aAvoiSa amaltel veous ekKIvnTeS Yo kaBe tunua Okazaki.




H SuyaAda avTiypoa@nc

H avtimapdAAnAn ¢Von 1o DNA Snuilovpyel Lo TePLTAOKY] Yo THV TOUTOXPOVT) AVTLYPA@PT).

Eme1dn to DNA cvuvtiBetal povo pe empnkuvon evog 3’ akpov, Hovo pto amo Ti§ Vo aAvcides pmopel
va  avTlypa@esl katd ovvexn TpoOmo, OmMwG Kveltar 11 Syyada. H aAvoida avtny ovoudletal
mpomopevopevn aAvoida (leading strand) kot cuvtiBetal pe ovveyn TPOTO.

Ztn Sevtepn aAvoida, n DNA moAvuepdon kiwveital avtibeta g SiydAag avtiypapns. H aAvoida
auTH ovopdletal kaBuotepovoa aAvoida (lagging strand) kat cuvtiBetal pe acvveyN TPOTO.

3"
5' -

3"
5"



14 4
H dyrada avTiypa@nc
H oVvBeon ¢ kabuotepovoac aAvoidac MPEMEL va TEPLUEVEL TNV KIVNON TNG SixdAac
QAVTLYPAPTC TIPOKELUEVOV TIPWTA VA EKTEDEL EVA ONUAVTIKO HEPOC TOV EKUAYELOV.

H oVvBeon tov DNA apyilel kat ovvexiletal HEXPLS OTOV TIPOCEYYIOEL TO 5 AKPO TOU TPONYOUUEVOU
VEOOULVTNOEUEVOL TUNHOTOG TG KaBvoTeEpoLvoag aAvoidag.

Ta mpoxkVvTTOVTA pIKpd Tunuata véov DNA mouv oynuoatiovtal otnv kKabuvotepovoa aAvcida
ovopdlovtal tunpata Okazaki (Okazaki fragments).

3"
5' -

3"
5"



DNA moAvpepaoec oto Baxktnpto E. Coli




H Syada avtiypoa@nc

5— / Leading strand
51 <\ .
Lagging strand

Kate00vvoen avtiypa@ng
—

\ \
N£o Sta@<opno ssDNA skpayeio



Amopakpuvoen Twv RNA ekkivntowv

v' Ot RNA ekkwntéc mpémet va amopakpuvOolv ya va
oAoKANpwOel 1 avtiypagn touv DNA.

v" To évlupo RNaon H (Rnase H) avayvwpilel kot amopakpOVEL TO
neyaAUtepo pépog kdBe RNA ekkivnti). Amowkodopel el8IKA To
RNA Ttov givat {evyapwpévo pe to DNA (VBpidio DNA:RNA).

v' To rNTP mov eivat dausoa ovvdedepuévo pe to DNA Sev
aatpeitat amd v RNaon H, aAda amd pla 5' e€wvovkAisaon.

v' H amoupdakpuvon tov RNA ekkivnt) agnvel éva «kevo» 6to DNA
oV A£LTovpYel w¢ vmdéoTpwHa Yo Tnv DNA moAvpepaon).

v' H moAvuegpdon cuumAnpwvel 1o kevo pe dNTPs, wotdoo pével
EVa «pNYHa» 0TOo oKEAETO petagy 3’-OH kot ™G 5 pwo@opikng
ouadag.

v Avt n «gykom» (nick) emSlopbwvetal amd éva £viupo Tov
ovopdletat DNA Avyaorn) (DNA ligase).

Movo 0tav 0ot ot RNA gkKIV)TEG £X0UV AVTIKAXTACTAOEL o
DNA KOl Ol «<EYKOTEG» EXOVV CPPAYLOTEL TOTE EXEL
OAOKANpWOEL ) avTLypa@n Tov DNA.



H SyraAda TG avTiypa@nc

v' X115 SuxdAeg avtiypagns, ot DNA eAtkaoec (DNA helicases) kataivovv to Staywplopd twv 8o
aAvcidwv Tou SikAwvou DNA.

v Elval e€apepeic TpwTEIVES TTOU TTaipvouy To oxfua evog SaktuAiov. [Ipoodévovtal otn pa €k
TwV SV0 KAVGIdWV 0T SLYAAX AVTLYPAPNS.

v’ Apovv emeiepyaotikd. [Ipoodévovtal Kot
KLVOUVTOL TIPOCOVATOALOUEVO KOTA KOG
Tou sSDNA XpNoLUOTIOLWVTHG EVEPYELX ATIO
™V vSpodAvon tov ATP.

v' Kabe DNA gAikdon KIveital Katd UKo Tov
ssDNA ue kaBoplopévn katevbuvom, Eva
XAPOUKTNPLOTIKO OV ovoudaleTat
ToAlkoTn T« (polarity).

v' Ot DNA &gAkGoeg MTOPOUV vV EXOUV
moAlkotTnTa ette 3'-5, eite 5-3. H
katevbuvon oplletal MAVTA omd TNV
aAvcida ov SeopeveTal amd TNV EALKAOT).



H DNA sAikaon

v' KabBe vtopovada £xeL éva TPWTEIVIKO BPOX0 TUTOU «@OUVPKETACH, 1] OTIOIX SEOUEVETUL OE PLX
EWo@OPLKN opdda Tov okeAetoV Tou DNA kat Tig V0 Tapakeipeves Tov podeg.

v" H ouvtoviopévn kiviion autov TwV TPWTEIVIKWV QOVPKETWYV Umopel va tpafréel to ssDNA péow
TOU KEVTPLKOU TTOPOV TNG EALKAOTG.



H avtiypagn tov DNA

v T va otabepomonfovv ot Staywplopeves alvoides, ol TpwTeives mov deopevovtatl o ssSDNA
(single-stranded binding proteins, SSBs) mpocdévovtal pe peEYAAN TAXVTNTA OTIS
SLAXWPLOUEVEG AAVGCIOEG.

v Ilpaypatomoleital ouvepyatikn d€opevon (cooperative binding), kabws n déopevon piag SSB
TPodyeL TN d€opevon plag aAAnG SSB kat teAikd popla SSB mov €xouv decuevtel o€ TTAPAKEIPLEVES
eploxEg Tov DNA decpevovtal kol HeTagy TOUG.

v" 0L SSBs Swatnpovv to ssDNA oe emunkn Katdotoor, 1 omoia SIEUKOAVVEL TN XPNON TOU WG
UTIOOTPWUA YIx TN oVVOeon Twv RNA ekkivnTwVv.

AN

O1SSBs mtpocdévovtatl 6to DNA pe tpomo avefdptnto TS aAAnAovylag.

AN

Zxynuatilovv Alyoug, av 0xL kaBoAov, Seauovg vdpoyovou pe Tig Baocels Tov sSDNA.



H avtiypagn tov DNA

v

v

KaBwe¢ ot alvoideg Swaywpilovtal umpootd otn OSiydAa
AVTLYPAPTG TIPOKAAOVVTAL OETIKEC VTIEPEALKEG.

KaBbws m DNA eAikaon mpoxwpd, to DNA mpémel va
@Ao&evnoel Tov (8lo aplOud TepPLEAlewV €VTOG TOU OAOEVAX
LIKPOTEPOL apLOpoV (evywVv Baoewv.

[Ipokewpevou va mapapeivel yalapd to DNA umpoota ot
SYaAQ avTLypo@nG, TPEMEL v apaipeltal £vac sopoc DNA
mepimov kaBe 10bp ekTtvAtypévov DNA.

OLvmepEALKEG IOV ElodyovTal amo TN dpdaom TG DNA eAikdong

ATTIOLLOKPUVOVTAL ATIO TOTIOICOUEPXTEG (topoisomerases), ot
OTIOLEG AELTOVPYOUV UTIPOOTA O TN SLYGAN AVTLYPOPNG.

AlxomoUV elTe TN pla elte Kol TIG Svo aAvoideg tou DNA.



OL TOTIOIGOEPACEC

AV0 BaockEG KaTNYOPLEG:
»Tomov I - k6fovv pla aAvceida DNA
»Tomov II - k6Bovuv Kot Tig 8V0 aAvcideg DNA



H avtiypagn tov DNA

To (810 6UvoA0 eVILUIKWVY EVEPYOTNTWV XPNOLUOTIOLELTAL ATIO 0PYAVIOUOVS TOOO SLAPOPETIKOVG, OGO

Ta Boaktnpla, ot UHOUVKNTES KAL 0 AVOPWTIOG, TIPOKELLEVOU VA TIPAYUATOTIOW)GOUV TNV OVTLYPUPT)
tov DNA.

IMPOXOXH
»H DNA eAwkdon kat 1 tomoicopepdon AEN petafdAiovy povipa tn xnukn dour tov DNA.

»H DNA gAkdon dtaomd poévo toug §e6UoVG VEPOYOVOU PETAEY TwV dVO0 AAVGIOWYV Kal OXL KATIOLOV
OUOLTIOALKO SEOO.

»H tomoicouepdon Staomd ouolmoAlkoU§ SEGUOVG, OUWS TPAYUATOTOLEITAL AVACYTUATIOUOS TOU
deopov mpLv to evlupo ameAevBepwoetl to DNA.



A\

H e€e18ikevon twv DNA toAvpepacwv

Ta kOTTapa €xovv e€eAifel moAAamAES e€eldikevpéves DNA moAvpuepdoeg.

E.Coli: AwaBétel TovAdylotov 5 DNA moAvpepdoes pe SLakpltég eVOUULKEG OLOTNTEG, CVUOTAON OE
UTTOHOVASEG KaL a@Bovia.

H DNA moAvpepaon III (DNA pol III) csivat to mpwtapyikd €vIUpo TIOU EPTALKETAL OTNV
QVTLYPOPT TOU XPWULOCWUATOG.

‘OAo to yovisiopa twv 4.6 Mb tn¢ E.Coli avtiypdgetal and Vo Siyyaieg avriypagnc, n DNA pol
Il etvat 1Slaitepa emeEepyacTik.

Amotelel HEPOG €VOG UEYAAVTEPOU OULUTAOKOU, TO OTOIO TIPOCPEPEL UEYAAN EMEEEPYACTIK)
ikavoTa, kat ovoudletat oAogviuuo T DNA Pol III (DNA Pol III holoenzyme).

Avtifeta, 1 DNA toAvpepaon I (DNA pol I), sivar e€siikevpévn yiax v amopdkpuvon twv RNA
EKKLVNTWV TIOV XPNoLUoTIolovvTal yioe TNV évapén g ovvBeong tou DNA. T'a to Adyo avuTo,
SlaBétel evepydmnta 5 eEwvouvkAedong, n omola TG emiTtpemel va amopakpuvel RNA 11 DNA
VOUKAEOTIOIX apEéows avoSikda (upstream).

H DNA moAvuepaon I (DNA pol I) Sev sivat iSlaitepa eme€epyaotikn, kabws mpoodétel pdvo 20-
100 dNTPs avd yeyovog Séouevong oto DNA. Apa, t8avikn yia agaipeon RNA ekkivntwv!

Téco n DNA pol 111, 6co kot DNA pol I, pEpovv evepydtnta e€EwvovkAeaons SlopbBwTikoU eAEyyov
(proofreading).

OLvmoAolmeg TpelS moAvpuepaoes ™G E.Coli eival e€elSikevpeveg yio tTnv emidtopbwon tov DNA kat
o€ SlaBetovv evepyodtnta proofreading.



H e€e18ikevon twv DNA toAvpepacwv




H e€e18ikevon twv DNA toAvpepacwv

DNA pol a:
» 2 VTTOPOVASEG TIOAVUEPAOTG
» 2 VTTOOVASEG TIPLUAONG

H DNA pol a Swafétel pkpn emMeLEPyAoIUOTNTA KOl
avtikabiotatal amo tig DNA Pol § kot Pol .

H Stadikacia TG avTIKATAGTAONG OVOUAIETOL EVOHAAQYT)
moAvpepaong (polymerase switching).

To kAeldl vy Tqv vPmAN emeCePyAOTIKN LKAVOTNTA TWV
DNA moAvpepacwv Tov Spouv OTIG SLYAAEG AVTLYPAPNG
elvat 1 évworn TOUG UE TPWTEIVEG TOU ovoualovtol
oAlcOaivovtec DNA ovvdeti)peg (sliding DNA clamps).

OL ovuvleTnpeg ATMOTEAOUVTIAL OTO  TOVOUOLOTUTIEG
UTIOUOVASEG, oL 0TtoleG oynuati{ovv eva oxnua SakTuAlov.
H om] o010 kE€vipo TOU OUVOETNPA TOU EMITPEMEL VA
oAloBaivel 6to DNA xwpig va amoocuvdeeTal amo auTo.

H évwon pe tov ouvdetnpa ATOTPETEL TNV TOAVUEPAOT)
QIO TO VO ATTOPAKPUVETAL TTOAV attd To DNA.



H e€e18ikevon twv DNA toAvpepacwv

AAAayn Stapdp@wong
TTIOAVUEPAOTG

» ‘Otav 1 DNA moAvuepdon Pploketal ot cLUBOAN

gkpayeiov:ekkivnT, Swabétel vVPMAN oVYyEvEL
ILE TOV GUVSETN PO

AvtiBeta, O0Tav n moAvuepaon MANCLAlEL TO TEAOG
Tou ekpayeiov ssDNA, mpayuatomoleital aAAayn
ot SLaAPOPP WO TNG.

H ollayn oavty mpaypatomoleltalt Adyw NG
mapovoiag dsDNA oto evepyd ™G KEVTPO Kol €XEL
WG ATOTEAECUA TN UELWON TNG CUYYEVELXG LLE TOV
oLVSETPA.

Metd TV ameAevBEPWON TNG TOAVUEPAOTG, OL
oAloOaivovTeg oVVEETNPEC TAPANEVOVV
ovvdedepnévol oto DNA kat oaAAnAemiSpolv pe
AAAEG TIPWTEIVEG IOV TIPETIEL VA AELTOVPYNIOOVV OTO
veoouvTiBépuevo DNA.

OL OUVOETIPES TomofeTovvTaL Kal
ameAevBepwvovtat amdé Tto DNA péow g
Acttovpylag e8IKwV MPpWTEIVWVY oV ovopdlovtal
TPWTEIVEG POpTwon ¢ (sliding clamp loaders).



OL TPWTEIVEG POPTWONG

> 0L IPWTEIVEC POPTWONG TWV OCLVSETNPWV EVAL TIPWTEIVIKE CUUTAOKX
TEVTE VTTOUOVAS WV, 1] EVEPYOTNTA TWV OTIOIWV EAEyXeTL attd TN Séopgvon
Kot vSpoAvon tou ATP.

» T va kataAvcel To avolypa tng OOUNG TOU OULVEETNPA, N TPWTELVN
POPTWONG MPEMEL VU eopuevOet pe to ATP.

1. MoOA decuevBel oto ATP, 11 mpwTeivn OpTwonG SeoUEVEL TO CUVOETNPA KAL
TPAYUATOTIOLEL AVOLY X TOV SAKTUALOV peta&l §U0 vtopovadwv.

2. To ovumAoko TOUL TPOKUTITEL Umopel va ouvvdebel mAéov pe to DNA. H
SECUEVOT) TIPAYUATOTIOLELTAL ATIO TNV TIPWTEVT POPTWOTG.

3. H 8€opevon €xel SU0 CLVETIELEG:

a. O avolyuévog ovvdetnpag tomobeteital €tol wote To dsDNA va Bploketal

EVTOG TNG «OTMG» TOU SAUKTUALOV.
b. H ATP vépoAvetal amd tnv mpwTeivny @OpTwoNG.

4. H v8poAvomn tov ATP £xel w¢ amoTéAeopa TNV AMOGVVSECT) TG TIPWTEIVIC
@OPTWONG amo ToV ovvdeTnpa kot To DNA, kabw¢ Kol To AUECO KAEIGLHO
TOV GUVSETN)pO.



H o0vOeom tov DNA ot1 Siyada avTiypa@ng

» 0 meploplopnog Touv Xpovou Kata T Stdpkela Tov omolov To DNA eival povokAwvo eival kploLuog.
Avto ocvpBaivel 510t av Staomtaotel To SSDNA vtdpyxel mAnpng Bpavon oto XpwUoocwua, 11 oTola
elval oAV dUokoAo va emiSlopBwbel. T'ia To Adyo avtod, ot SYAAd AVTLYPAPNG AELTOVPYOUV
TIOAAQTIAEG TIOAVUEPACEG, TIPOKELUEVOV VO CUVTOVIOTEL CWOTA KaL ypryopa 1 dtadikaoia.

» Xmv E.Coli  ocuvtoviopEvn 8paon TwV TOAVUEPACWY SLEVKOAVVETHL Ao T1 oUVOECT) TOUG OTO
oAogv(upo t™¢ Pol III.

» To oAoévQuuo ¢ Pol III mepllappavet: Kol Vo
QVTLYPO@O TNC TIPWTEIVIC POPTWOTC TOU 0AloBaivovtog cuvseThpa.

H mpwTteivn @optwong mepliapfavel tpla avtiypapa
NG TIPWTEIVNC T, KaBEva amd Ta oTola SeopevEeL éva
mupnva evlOpov DNA Pol II1.



H o0vOeom tov DNA ot1 Siyada avTiypa@ng

Fijalkowska et al, FEMS Microbiol Rev 36 (2012) 1105-1121



To oAogvlupo tnc DNA Pol I11



To oAogvlupo tnc DNA Pol I11



To oAogvlupo tnc DNA Pol I11
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To oAogvlupo tnc DNA Pol I11
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To oAogvlupo tnc DNA Pol I11
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H o0vOeom tov DNA ot1 Siyada avTiypa@ng

KaBwe n eAikaon EetuAiyelt to DNA otn SidAa avtiypa@ng, To EKUAYELD TNG TIPOTTOPEVOUEVTG
aAvoidag ektelBetal apéowg otn Opdomn TNG TOAVUEPAONG, 1 OTold OUVOETEL WX VEX
OUUTIAN PWUATIKY aAvcida.

AvTiBéTwg, To ekpayeslo ™G kaBuotepovoag aAvoidag de déxetal auéowg T Spdomn NG
TOAVEPAOTNG, AAAG EeTLALYETOL WG SSDNA kat SeopeVetal anmd SSB mpwTeived.

[Teplodikd, n PLUAoT XAANAETISPA e TNV EALKAOT KOl EVEPYOTIOLEITAL YIX VO GUVOETEL Evav VEO
RNA exxivnti] oto ekpayeio ¢ kabvotepovoag aAvoidac.

To vBpidlo RNA:DNA mov dnuovpyeital avayvwplletal amd TIC TPWTEIVEG POPTWTES, YEYOVOS
IOV 08N YEl 6T CLYKPOTNON EVOG Hopiov ovvdeTNPA 0TI BEGT TOV EKKLVNTY).

H DNA Pol III Eexiva ™ oV0vBeon ¢ kabuotepoVoag aAvcidag amd To onUelo EKKIVNoNG.



H o0vOeom tov DNA ot1 Siyada avTiypa@ng

aAAnAemtidpaon petald s DNA eAMkAoNG Kot ToU OAGEVIULOV TG
DNA Pol III elvat oAU kploun yia tnv avtiypa@r tov DNA

‘Otav TTpAyUaToTOLElTHL ) AAANAETTIOpaON, N ) ) ,
DNA sAikdon ETuAiyet To DNA oTov {510 Av dev mpaypatomomBel cAAnAemidpaomn, ) EKTUALEN

oLBNS LE ToV 0Tol0 YiveTal N avTiypat amd tov DNA emipadvvetal mepimov 10 @opéc.
TIG TTOAVUEPAOEG.
To 6VUVOA0 TWV TIPWTEIVWV IOV
AsLTOoUpPYOVV 6€ pLa SiYaAa
AVTLYPA@PNG ovopaleTal
avtiypag@oocwua (replisome)



To LOVTEAO TOU PETALKOVIOV

> 0L eldikég Beoelg otig omoleg Aapfdavel xwpa 1 ektOALEN Tov DNA kol 1 évapén
™G avTiypa@ns ovopdlovtal B€oelg Evaping g avtiypa@ng (origins of
replication).

» To 1963, oL Francois Jacob, Sydney Brenner kat Jacques Cuzin mpotewvav éva
LOVTEAD YlX va €ENYNOOLV TA YEYOVOTA TOU E€AEYXOUV TNV Evapén Tng
avtiypaeng Opwoav to ovvoAo tou DNA mou avTtiypd@etal omd Ul
oLYKeEKPLUEVT B£om évaping avtypagns we éva pemiitkovio (replicon). I
mapadetypa, emeldn to povadikd ypwpoocwua ™G E. Coli €xel pia poévo B€on
QVTLYPaP1NG, OA0 TO XpwHOcWHA BewpPElTaL Eva pETTALKOVILO.

To HOVTEAO TOVU PEMTALKOVIOU TIPOTEIVEL SV0 CLOTATIKA IOV EAEYXOUV TNV
£vapin g avtypagg:

1.Tov avtiypa@ia (replicator)

2.TnVv eVapKTpLa TPWTELVN 1] TPWTEIVN evapkTn (initiator protein)

>0 avtiypa@eag oplletal wg 0AOKANPO TO oVVOAO Twv cis-§pwvtwv DNA
aAAnAovyiwv, ol omoieg eival emapkeic yia va katevbBOvouv v évapén g
QAVTLYPAPY|C.

>0 evapktypla mpwTElivn avayvwpilel €dika éva DNA otowyelo otov
QAVTLYPA@EN KAL EVEPYOTIOLEL TNV Evapen.

»Evapktipleg mpwTeiveg £(ouv avayvwplotel o€ TOAAOUG SLA@OPETIKOVG
0pYQVIOUOVUG, ovputeplAaufavopevwy Baktnpiov, WV Kal EVKAPUWTIKWY
KUTTAPWV Kat 6Aes puBuilovtat amd ) 8éopgvon kot v8poAvon tov ATP.
»H evapkm)pla mpwTteivn elvatl 1 POV OV eUMAEKETAL OTNV Evapln NG
avtiypa@ns kat Seopevetal oe DNA 181kn¢ aAAnAovyiag!



To LOVTEAO TOU PETALKOVIOV

Ot aAAnAovyiec replicators poipdlovtal §U0 KOWA XapoKTNPLOTIKA:
1.IIepdapBavouv pia 0€om 8EGUEVOTC YIX TNV EVAPKTHPLA TIPWTEIVY.
2.Iephappavouy éva Tunua mAovoto o€ AT.

To uotifo eivar n Béon Séopsvong G EvapPKTNPLAC TPWTEIVIGC DnaA ko
emavadapfavetal 5 @opég oto oriC

To 13-pepéc potifo emavarapBavetal 3 @opPEC Kol eivat  apykny 0gon oxnuatiopol ssDNA
KOTA TN SLAPKELX TNG EVaPENG.

H DnaA deopevetal ota emavarafavopeva 9-puepm
Kot puBuiletal amd v ATP.

‘Otav deopevetal otnv ATP (aAAa 0xL otnv ADP)
AAANAETILOPA ETILONG LE TNV TIEPLOXT] TWV
emavalapBavopevwyv 13-pepwv.




ETiAoyn katL evepyoToinot 0£6ewv EVapinc avTiypo@nc

Ol EVAPKTNPLEG TIPWTEIVEG EKTEAOVV TAVTOTE TOVAAXLOTOV OV0 OLPOPETIKEG AELTOVPYIES
KATA TN SLAPKELX EVAPENG TNG AVTLYPAPTG:
1.[lpocdévovtal oto DNA ¢ teploxn g Evaping avtiypagng (replicator).

2. AAANAeTIOPOVV E TTAPAYOVTES TTOV ATIALTOVVTOL YLt TNV EVAPEN TNG AVTLYPAPTS KAL TOUG
TPOCEAKVOVV OTNV TEPLOXN IOV Ba EEKLVITEL 1] AV TLYpaLPT).

3.0pLOUEVEG EVAPKTNPLEG TPWTEIVEG TAPAUOPPWVOLV 1] EKTUALCOUV pia Teploy) DNA
KOVTA ot B€0om SE0UEVOTG TOUG Yt v SLEVKOAUVOLV TNV apx Lkt dtavolén touv dsDNA.

YTO EVKAPUWTIKA KUTTAPA, 1] EVAPKTIPLA TTPWTELV)
elval Eva CUUTTAOKO £EL TPWTEIVWV IOV OVOUA{ETOL
OVUUTIAOKO VYV PLoNG TG O£omC Evaping tnc
avtiypa@nc (origin recognition complex, ORC)

» 'Omtwg n DnaA, to ORC Seopevel kat vépoAvel To ATP.

» H déopevon ATP eivat amapaitntn yia ) §€opevomn tov ORC
oto otolyela A kat B1.

» H vdpoAvon tov ATP amatteitat yia tn ovppetoyn tov ORC
OTN POPTWOT TNG EVKAPUWTIKNG EALKAOTG.

» H mpbdodeon tou ORC AEN o0dnyel o€ SLoX®wplopo Twv
aAvoidwv oto DNA, og avtifeon pe v DnaA.



MovtéAo evapinc avtiypagnc otnyv E. Coli

ssDNA \

DnaB

DnaC

1. H DnaA-ATP é€xet Oeopevtel otTIig 9-pepeig

emavarapBavopeveg aAAnAovyleg tov oriC.

. H mpoodeon moAdlamiwv DnaA-ATP mpwTteivov

odnyel oe EeTVAYU Kol TEAIKA O€ SLAOXWPLOUO TWV
13-pepwv aAvoidwv touv DNA.

. H emkpdateia ¢ «ssDNA mpoodeonc» t™¢ DnaA

aAAaleL Tn Soun tov ssDNA €10l wote va unv pmopel
va VBpLSoToINOEl Le TO CUUTIANPWUATLKO TOV.

. H mpbodeon ssDNA-DnaA mpooeAkVeL TO GUUTTAOKO

evQOuwv DnaB-DnaC.

. MOALg To cVumAoko tpoodebel oto ssDNA ot Béon

Evaping avtiypaeng, n DnaC (mpwteivn @opTtwong)
KATOAVEL TO AVOLYHA TOV TIPWTEIVIKOU SAKTLAIOL TNG
eAikaong DnaB kot tov tomoBetel yvpw amd To

ssDNA.



Movtedo evapinc avtiypagi)c otnv E. Coli (2)

<

EAgvBépwon DnaC

Evepyomoinon
eAlkaong DnaB

8.

10.

11.

KaBe pia amd tic DNA gAikdoeg oTpatoAoyel pla
TpLAao, n omoia cuvOetel évav RNA ekkivnt o€
Kabe expayelo.

O RNA £kKIvnTI)C TIPOKAAEL TNV ATIEAEVOEPWON
™¢ DnaC amo tnv DnaB, pe amotédsopa va
gvepyomoleitat 11 DnaB. H evepyomoinon avth
amopakpLvel TI¢ DnaA mov eival cuvdedepeveg 01O
eKpayeio.

To oAoevluvpo ™G DNA moAvuepdong Il
UETAPEPETAL OTIG BECELS EVaPENG.

Ol ekKVNTEG avayvwpllovtal amd TNV TPWTELVN
@OPTWONG TOU 0AoevlUUOU, TO omolo odnyel otn
OUYKPOTNOT TWV GCUVSETIPWV OE KAOE EKKLVNTT).

H avtiypagr ¢ mpomopevopuevng aivoidag Eekiva
ato eva «evlupo-upnva» ths DNA Pol 1L

KaBws véo ssDNA extibetar amoé ™ Spdomn Tng
eAlkaong, deopevetal amo mpwTtelves SSB kot 1 DNA
TIPLUAOT] OUVOETEL TOUG TPWTOUG EKKLVNTEG TNG
kaBuoTtepoVoag aAVGLOAC.



Movtedo evapinc avtiypagi)c otnv E. Coli (3)

12. ApoV kd&Be eAkdomn €xet petoakivnBel ~1kb, €vag
deVTEPOG  eKKLVNTIIG  ouvtiBetar o kdABe
KaBvotepovoa aAUVGIOO KOl (POPTWVETAL EVOG
oLVVSETIPaC.

13.H Souny avty avayvwpiletal amdé eva SeVTEPO
«evQuuo-mupnvay ™G DNA Pol III, To omolo &ekivd
™ ovvOeon.

14.Kd&Be SiydAa avtiypaens 6o oTapuatoel 6To TEAOG
TOVU EKUAYELOV 1] HEXPL VO CUVAVTNOEL AAAN SiydAa
QVTLYPOPNG IOV UETAKLVELTOL avTiBeTA.



H avtiypagn tov DNA

Ta EVKAPUVWTIKA X PWULOCWOUATH XVTLYPAPOVTOL
L LOVO (POPA VA KUTTAPLKO KUKAO

H avtiypa@n ToV XpOHOCWUATOV TTPAYUXTOTIOLELTAL HOVO GTT) (PAOT) S KAL OA0 TO
DNA TOU KUTTAPOV MPEMEL VA EXEL SIMAAGLACTEL pLX (POPA

> H ateM¢ avtiypa@r omoloudimote UEPOVS €VOG
XPWUOOWUATOG TIPOKAAEL AKATAAANAEG SLLGUVOETELS
LETAED TWV BLUYATPIKWV XPWUOCWUATWY Kol odnyel
0 XPWUOOCWUATIKY] Opaon 1 AaMWAELX KATA TO
SLaxwpLouo.

> H emavavtiypa@rn) (rereplication) oakoun «kat
meploplopuévwy meploxwv DNA pmopel va odnynoet oe
BAaBeg, ot omoieg Sev pmopovv va emiblopdwOovv
eVKOAX aTtO TO KUTTAPO.

» ITlpoomdBeleg va emiSlopbwOolv téToleg BAAPeg elval
mlavd kataAnéouvv o evioyvon Tov DNA
(amplification), n omola umopel va odnynoel oe un
(PUCLOAOYIKQ ETTITIES O YOVISLAKNG EKPPAOTG.



H avtiypagn tov DNA



‘Evapin avtiypa@ng tov DNA 6TouC EUKAPUWTEC

H évapin ¢ avTiypa@ng 6Ta sUKAPUGWTIKX KUTTHPX TIEPLAAUPBAVEL V0 YEYOVOTA IOV
AapuBavouy xwpa 6€ SLAKPLTOVE XPOVOUC 6TOV KUTTUAPLKO KUKAO.
1.Tn @opTwon TG eAkaonG Tov ovpPaivel oe OAeG TIC DEOEIS Evaping avTypa@nG KOTA TN
Sldpkela g G, @aonc (Ttpv ™ @don S).
2.Tnv gvepyoToinot TG 0£o1C Evaping avTiypa@i)c mov mepAapufBdvel: o) v EVEPyoToinon
NG EALKAONG Kal ) TN GUYKPOTNOT TOU AVTLYPAPOCWUATOC. Ta yeyovota autd AauBdavouv
XWPU KATA TN @ACT) S TOU KUTTAPLKOV KUKAOU.

AVTIOETH, 6TA TTPOKAPUWTIKA KUTTAPA 1] TPOCGSECT] TG EVAPK TN PLAC TTPWTEIVNG 6To DNA
odnyet aueoca otV eKTUAEN TOL DNA, 6T POPTWGT TNG EALKACTC KAL TT) CUYKPOTI61) TOV
QVTLYPAPOCHDUATOC.

0 XPOVIKOC SLOXWPLOLAC TNG POPTWOTC THG EALKACTIC ATIO TNV EVEPYOTIOINCT) TG KL TN
OUYKPOTIG1] TOV AVTLYPAPOO®DUATOC EX0PAALLEL OTL KAOE XPWUOCH LA XVTLYPAPETAL
L KOL LOVO (POPA KOTA T1) SLAPKELX KAOE KUTTAPLKOU KUKAOU




‘Evapin avtiypa@ng tov DNA 0Toug sUKapU®TEC

H @oéptwon ™¢ glikaong mpovmobetel ) Spdon TECOCAPWV
SLAPOPETIKWV TIPWTEIVWV o€ K&Oe B£0om Evapéne avtiypagrc.
1LIIpwTto Prjua 0T EOPTWON TNG EALKAONS EVAL 1) AVAYVWPLOT
™G B0€ong avtypa@n¢ amd v evapkTipla tpwteivn ORC, 1
omola eivat ouvdedepevn pe ATP.

2Kabwg ta kuTtapa ewoépyovtat oty @aon G, O
mpocdedeuévog ORC TpooeAkVEL:

> TNV TTPWTeivn optwons Cdcb (ouvdedepévn ne ATP).
» 800 avtiypa@a ¢ eAtkdong Mcm2-7 sival Tpoodedepéva o€
TPWTEIVEG POpTWONG, Tig Cdtl.

3.H v8poAvon tov ATP amd t™v Cdc6 odnysi otn @opTwoN
gvOG SLuePovC oUUTTAGKOV Mcm2-7, To 0T0{0 TIEPIKUKAWVEL TO
SikAwvo DNA ot 8€om évapéng.

4, H gmtuxng @optwon odnyei otnv anedevdépwon twv Cdco
kat Cdtl amd ) 6éon evaping.

5.H emakoéiovbn vdépoivon T ATP amdé to ORC csival
amapaltnTn TPoumobeon yia va emavekkivnBel n Stadikaoia.

6.H avtaAiiayn touv ATP pe ADP emtpemel oe €va véo kUKAO
EOPTWOTNG EALKAOTG 0T BEOT EVAPENS VTLYPAPTG.



‘Evapin avtiypa@ng tov DNA 6TouC EUKAPUWTEC

Metda TV eKTUALEN
touv DNA

1. Ovmpoodepéveg eEAlkdoeg evepyomoloVvTal amod Vo
KLVAOEC TTPWTEIVWV: a) Tv CDK kot $) v DDK.

Kwaoceg: Tlpwteive¢ Touv ouvSéouv OUOLOTIOAIKG
EWOPOPLKEG OUASEG OE TPWTEIVEG-GTOXOVG.

2. Ol KIVAOEG OQUTEG €VEPYOTIOLOUVTOL KATA TNV S
(A0 KAL TIPAYLATOTOLOVVTAL TA TIAPUKATW:

» HDDK pwo@opvAiwvel tTny Mcm2-7

» H CDK pwo@opuliwvel Tig SId2 ko S1d3.

3. Ot pwo@opuvAitwpéves SId2 kat SId3 mpoodevovtal
otnv Dpb11.

4. 'Etol, StevkoAvvetal 11 TPOCGSEDT] TWV TPWTEIVWV
Cdc45 kat GINS otnv eAkaon.

5. Ot mpwteiveg Cdcd5 xat GINS oynuatifouv éva
otaBepd OUUTAOKO HE TNV eAlkaon Mcm2-7, To
omoio ovoualetal cVpumtAoko CMG.

6. H onuovpyla tov ovumAdkouv CMG mpokoAel
avinon ¢ evepyotnTag TS Mcm2-7.

7. H Pol e ovvéeetal tavtoxpova pe tnv Cdc45 kot
GINS kot dpa otnVv TpoTopELOUEV dAVGIOQ.

8. Ot Sld2, SId3 xat Dpb11 amopakpUvovtal amod T
Béon Evaping.

9. MpooeAkVovtal ot Pol a(mpiudon) kat n Pol §, ot
oToleg SpouvV KLPLwG oTNV KabBuotepoLoa aAvaida.



‘Evapin avtiypa@ng tov DNA 0Toug sUKapU®TEC

IIpwv TV evepyomoinon tng Mcm2-7

OL elkdoeg mepikukAwvouy 1o dsDNA Kol
oxnUati{ovv Eva SLUEPES CUUTTAOKO.

MeTa TV £vepyomoinon tT¢ Mcm2-7
H mpwteivp Mcm2-7 oto ovumioko CMG
Dewpeltat 0Tl mepikukAwvel sSDNA!L evw 1o
SLUEPESG CUUTIAOKO TTAVEL VO VPloTATAL



PUOpion ¢ Evaping avtiypa@nc tov DNA

WG TA EVKAPVOTIKA KUTTAPA EAEYXOLVV T1] SpAOTNPLOTNTA EKATOVTASWV 1] KL
XA WV 0£6£®wV EVapPENC avTLypa@t)C £TOL WOTE OUTE UL VX EVEPYOTIOLELTOL
TEPLOGOTEPEG ATO LA POPEC KATA T1) SLAPKELA EVOC KUTAPLKOV KUKAOV;




PUOpion ¢ Evaping avtiypa@nc tov DNA

MOVO 0TaV TA KUTTUPA SLaYwploovy Ta SITAAGLAGUEVA TOVE XPWUOC W LLOTH KL
SLapebovV eival og 0€0m va £L6€EAO0LVV TTAAL TN UG G; KAL VX (POPTWGOVV EALKACEG
oTIC 0£0ELC EVapPENC avTLypa@ng

[1QY EINITYTXANETAI AYTH H PYOMIXH;




PUOpion ¢ Evaping avtiypa@nc tov DNA

CDKs 1

H p0OuLom eivat otevd ouvdeSepevn pe
TIG KUKALVO-EEAPTWUEVEG KIVAOEG
(CDKs)

ALOXOPLOROC | =

XPWUOCHDUATWV

CDKSI

CDKSI

AvaoTtoAn Asttovpylag
Cdc6 xau Cdt1l

CDKSI




PUOpon ™¢ Evaping avtiypa@nc tov DNA otnv E.Coli

. H E. Coli pmopei kat eKPETAAAEVETAL XAAAYEG OTT)
nebviiwpévn kataostaot tTov DNA mpw Kat peta

TNV aQVTLypa®T).

. [Ipwv v avtiypaen tov DNA, ot aAAnAovyieg GATC
glval  «TANPwC» HeEBVALWHEVEC ot OA0  TO
voviSiwpa g E.Coli.

. H pebvrotpac@epaon Dam pesbvAiwvel pa
adevivn evtog kabe aAnAiovyioag GATC.

. Emeldn ta kataroima A otig véeg advoideg DNA Sev
elval HeBLVALWEVQ, 0L BETELS TIOV EXOUV QVTLYPAPEL
mpdo@ata Oa sivat NUUEBVALwHEVECS, SnAadn Oa
SLaBéTouv peBLvAlwpévn adevivn ot pla aAvacida.

. Hnuupebviiwpévn katdotaon aviyveveTal amo TNV
TPwTEvN SegA. H SeqA Seopevetal woyvpd otnv
aAAnAovyxia  GATC, oAA& povo oOtav elval
NUUEOVALWUEVN.



PUOpon ™¢ Eévaping avtiypa@nc tov DNA otnv E.Coli (2)

6. H Seopevon g mpwteivng SeqA €xel Svo
OUVETIELEG:

»  avaoTEAAEL TNV TTANP1 peEBLAIwoON.
» Avoaotéddel ™ &¢opevon G DnaA otnv
TtepLloym oricC.

7. H SeqA otadioakad amoouvdéetal amod TIS
0éoelg GATC kot ol aAAnAovyieg pmopovv va
HeBLALWOBOVV amo v Dam.

8. H mAqpn¢ pebBuviiwon avactéAder Tnv
emavanpocdeon ™G SeqA otig B€oelg auTEc.

9. Otav ot Béoelg GACT kaBlotavral TANPWS
uebvAlwuéveg, n Dna A pmopel va deopevoel
T 9-puepn otnv meploxn oriC KAl va
KATEVOUVVEL TO VEO KUKAO QVTLYPOPTC.

H nNUpeOUALWUEV] KATACTAGT] TWV
GATC sival emakoAov0o TG Evaping
AVTLYPAPT)C KO ATIOTPEMEL TNV TUXELX
EMAVEKKIVIOT] TNG AVTLYPAPNC ATO T
V0 véa Buyatpika avtiypa@a.




PUOpon ™¢ Eévaping avtiypa@nc tov DNA otnv E.Coli (3)

» Movo 1 DnaA mov sivat ouvdedepuévn pe ATP pmopel va katevBuvel TV Evapin
TNG AV TLY PP,
> Kata ) Swadikaoia evaping, n ATP petatpenetar o ADP.

> ZUVETIWG, 1 Stadikaoia Evaping g avtiypans odnyel oe amevepyomoinon tTn¢ DnaA
KOl QMOTPEMEL TNV EMAVAY PN CLUOTO 61 TN,

> H dtadikaotia avraidayng ADP pe ATP sivatr apyn. To yeyovog avtd kabuotepel
OUOOWPEVOT LKAVING TTOoOTNTHG eVOUUOU DnaA, TPOKEWWEVOL va EEKIVIOEL TNV EVapEn
VEOU KUKAOUL aVTLypa1|G.



PUOpon ™¢ Evaping avtiypa@nc tov DNA otnv E.Coli

O ATIALTOVUUEVOC XPOVOC YA TNV AVTLYPAPT] TOVU YOVISIWUATOC TT|C
E.Coli etvat ~40 min

Ta Baxtipla E.Coli tatpovvtal kaOe ~ 20 min

[Nwg eEnyeital To yeyovog avuto;




PUOpon ™¢ Evaping avtiypa@nc tov DNA otnv E.Coli

» Ilpokewwevou va pmopéocovv ta kuttapa E. Coli va diapovvtal oto pEyloto puvouod, ta
Buyatpka avtiypa@a mpemel va ekkivijoovv Vv avtiypa@n IIPIN tv oAokAnpwon tov
TIPONYOUUEVOV KUKAOU QVTLYPOPNSG.

» Ta xOttapa E. Coli emaveKKIVOUV TNV QVTLYPA@EN UL QOPA TIPLV TNV OAOKAT|PWOT] TWV
TPONYOUUEVWV KUKAWY AVTLYPOPNG.

» QYTOX0: H ekkivnon AEN TIpXYUATOTIOLELTAL TIEPLOGGOTEPEC AMO MLA POPEC AVA
KUKAO0 KUTTAPLKNG SLaipeonc.

Xtnv E.Coli Ta ypwpoowmpata mov
Staywpilovtal ota BuyaTplka KUTTAPA
ElVaL EVEPYWC AVTLYPAPOUEV

AvTO slval TANpwG avTiOETO pHe OTL
OVUBALVEL OTA EVKAPUVOTIKA KUTTAPQ,
T OTIoL 8V EEKLVOUV TO SLaymwpLopno

TWV XPOUOCHUAT®WV AV SEV £XEL
OAOKANPWOEL T avTLYpO@N.




PUOpon ™¢ Evaping avtiypa@nc tov DNA otnv E.Coli



PUOpon ™¢ Evaping avtiypa@nc tov DNA otnv E.Coli



H oAokA1)pwo1 TNG avTLYpaAPNC
» Amtatel Eva 6UVOAO ELSLKWV YEYOVOTWV.

» Ta yeyovota autd €lval SL@OPETIKA Yl TO KUKALKA, CUYKPLTIKA UE TA
YPOUULKE XPWUOCWUATA.

» [l eva KUKALKO XpwHOowUA, T} SLYAAX aVTLYPOENG UTTOPEL VA avTLYpAYEL
OAOKANPO TO UOPLO, GAAX T BuyATPLlKE pOPLA TTOU TPOKVUTTOUV Elval
TOTIOAOYLKO OCUVOESEUEVA TO £V LE TO AAAO.

» XTA YPOUULKA XPWUOOCWUATA, 1) OAVTLYPAPN TWV AKpwvV O6& UTOopEl va
0AOKANpwOEel amd ™ ovuBatikn SiydAa avTrypoa@ng.



H oAokANpwoT TG avTLypa@1C 6€ KVKAlka DNA

» AoV €xel olokAnpwOBel 1 avtypa@n €voG  KUKALKOU
XpwHooWUATOS, To Ouyatpika popwx DNA TapapeEvouv
ovvdedepéva petadv Tovc.

» I'a va Slaywplotoly aUTA TA XPWHOCWUHATA OTA BuyaTpLKA
KUTTOPA, Ta SV0 KUKALKQ UOPLA TIPETEL VA ATtooLVOEBOUV TO
Eva Ao TO AAA0 1] V& OTIACEL 1) aAvaida.

» 0 SoxwpLlopos Twv SV0 XPWUOCWUATWY TPAYLATOTOLETAL IE
Catenanes ™ Spdon TwVv TOToicopuEpacwv TUTOoV II.

» Ta evlupa aQutd €YovvV TNV KOVOTNTA v SLAGTIOVV £va LOPLO
dsDNA kot va tepvouv eva Sevtepo poplo DNA peoa amod aut
™ Opavon.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

» Xtnv  mpomopevouevn  aAvoida, €vag RNA
EKKLVNTNG Elval IKaVOS va KatevBuvel v Evapén

NG AVTLYPOPTG LEXPLTO 5' dKPO TOL eKpAyELlov.
, » H ovvBeon ¢ xabuotepoVoag aivoidag AEN
orne glval  kavy) va  avtiypdPel  Ta GKpA TV

YPOUULKWV XPWHUOCWUATWV.

» X€ KATOLO OTUEIO KOVTA OTO AKPO, 1| TIPLUAOT SEV
EXEL TAEOV EMOPKN XWPO Yl Vo OULVOECEL VEO

EKKLVNTN.

Atelng > E , }\ ,8 , ,
avTypagi TOL 1 OAVTLYypaen oTryv oaAvolod autrn Ewval

QTEAM)C Kol VTIAPYEL pioe pkpn) meployn ssDNA

o1o 3’ akpo.




H oAokANpwoT TG avTiypa@nc o€ Yypoappuka DNA



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

» To tpoBANUa avto pmopel va emAVOEel pe TTOAAOVG TPOTIOVG.
» M Ao givat i) xprion TG «mPpwTEIVIC eKKiviionc» (priming protein).

» H mpwtelvn avtn) umopel va xpnoipomon el wg RNA ekkivnTig Yo TO TEAELTALO TUN U
Okazaki o€ kaBe adkpo TOL XPWUOCWUATOC.

H mpwTteivn ekkivnong deouevetal oto
ekpayeio ™ kabuotepovoag aAvcidag.

Xpnowomolel Eva apvoly ylia va TTapEXEL
to OH mouv avtkaBota to 3’-OH, To
OTIOl0 (PUOLOAOYLKA TIAPEXETAL ATIO EVAV
RNA ekkivnt).

ZUVOEETAL OUOLOTOALKA 0TO 5’ AKpo TOL
XPWUOCWUATOC.

O unYaviouog auToOg TPAYUATOTIOLEITAL
O€ YPAUULKE XpwHoowuaTa Baktnpiwy,
KaOwg emiong kat o€ ypapuika DNA
OUYKEKPLUEVWV BaKTNPLOKWV KL {WIKWOV
LWV




H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA
> ALX@OPETIKI AVOT 6TA EVKAPUVOWTIKA KUTTHPA!

» Ta TeEAopEPT] OTA EVKAPUWTIKA KUTTOAPK OTOTEAOUVTOL KATA KOVOVA OTO TOAAEG
Stadoyikéc emavainPelc tnc aAAniovyiac 5’-TTAGGG-3'.

» [MoAAeg emavaAnPels etval SikAwveg.
» To 3’ dkpo kABe XPWHUOCWUATOS EKTEIVETAL TTEPLOCOTEPO ATO TO 5’ AKPo w¢G SSDNA.

» H Soun avtn Spa wg onueio evaping g avtypa@ns aAAd AEN aAAnAemidpa pe TIG (OLeg
TIPWTEIVEG, OTIWG 0L VTIOAOLTIEG BECELG EVTOG TWV YPUUULKWV XPWUOCWUATWV.

» Avtifeta, otpatoAoyeitat pix €8k DNA moAvpepaot), n omoia ovoudletol
TEAOUEPUACT).



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

> H tedopepaon sivar pia pipovovkAicsompwteivn, dniadn amotedsitar amdé RNA kal
TOAAQTIAEG TIPWTEIVIKEG UTTOPOVASEC.

» To ovotatiko RNA tou evlopov ovopdaletal TER (telomerase RNA).
» Emextelvel To 3’ dkpo TOL LTTOCTPWUATOG.

» AEN ypeialetor iwyevég ekpayelo dsDNA mpokewévou va TpaypatomomOel
kateVBuVvomn G oVvBeon G tou DNA.

» Avtifeta, To cvotatikO RNA mov StaBEteL ) TeEAopepdon UTopel va xpnoLpomoin0el yla
va dnpovpynBel To KatAAANAo VTTOSTPpWHA TTOV Ba KatevBUvVeL TN ocvvBeo.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

» Ml amd T MPWTEIVIKEG UTTOUOVASEG TNG TEAOUEPAONS
OVOUALETUL AVTLOTPOPT] HETAYPAPACT] TNG TEAOUEPACTC
(telomerase reverse transcriptase, TERT).

» H evepyotnta TERT tou evlOpov ypnowuotolel to RNA
ekpayeio ywa va cuvBéoel DNA oto dkpo NG mepLoxng tov
ekpayeiov tov TER.

» Qot000, Sev umopel va ocvveyloel va avtiypa@el to RNA
LETA aTtO AUTO TO OMELO.

» Xe auto 1o onueio To RNA ekpayelo amodeopeVeTAL ATTO TO
DNA, vBpidomoleital ota TeEAevTAl TEOCOEPA VOUKAEOTISIO
TOU TEAOUEPOUG KOl TPAYUOATOTIOLE(TAL ETOVAANYN TNG
Sladlkaoiag.

» [lpémel va €xel v Kavotnta va petatomiet to RNA
ekpayelo ™G amd to DNA, TPOKEWWEVOL Vo ETITPETEL
emavoAapBavopuevous KUKAOUG.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

H telopepdaon xpnowomolel to TER, mpokewwévov va
vBptdomomBet oto 3’ dakpo TG SSDNA meploxng tov
XPWUOCWUATOG.

To RNA expayelo XpnNOLUOTIOLEITAL TIPOKELUEVOL VO
TpaypatomomBei 1 cuvBeon tov cvumAnpwuatikov DNA.

H tedopepdon petaxwveital péow amodéopevons tov RNA
ekpayeiov kot v3ptdomoinong Tov oto véo 3’ dkpo.

Méow ¢ DNA mpudong kot ¢ DNA
TIOAVUEPAOTNG, TPAYUATOTIOLEITAL 1] oUVOEDOT TNG
CUUTIANPWUATIKN G aAvoiSac.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA



H oAokANpwoT TG avTiypa@nc o€ Yypoappuka DNA

Autexier et al. Annu Rev Biochem. 2006;75:493-517.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

[Mwc pvOpileTal o aplOUoc emravainPewyv
EMEKTAOTIC TWV AKP®WV ATO TNV TEAOUEPAOT);




H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

| Mnxaviopnog Bpoxov apvntikng avadpaocnc - Negative feedback loop |

> H eméktaon twv teAopepwv pubuiletal amd el8IKEC TPWTEIVEG, kKaBwWS 1 eméktaon O pmopovos
DewpnTiKAd va cvveyiletal e’ adpLOTO.

> 0L mpwteiveg autéc mMpoodévovtat oto dsDNA Tou TEAOMEPOUC Kol Spouvv w¢ aGOEVELS
QVAOGTOAELC TNG EVEPYOTNTAS TNG TEAOUEPAONG.

> Alya avtiypaga mpwteivoov mpocdedepéva oto dsDNA tou TeAouepovg Sev pmopolv va
eumodioovv v teAopepdon va emekteivel to 3'-OH akpo tov TeAopepoUg.

» Avtnomn ¢ aAAnAovyiag Tov TEAOPEPOVG Sivel TN SLUVATOTNTA OE TMEPLOCOTEPES TPWTEIVEG VA
deopevtovv o0to dsDNA, odnywvtag og avaoctoAr Spdong Tov evlupov.

’ ApvnTiKol pUOULOTEG TOU UNKOUG TWV TEAOUEPWV

: e [lpoosikdeLtny

TEAOUEPAOT) 0T TEAOUEPT)

S. cerevisiae

Repressor/activator protein 1



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

Alyeg mpwTtelves déopevong

AcBeviic avaoToAN TEAOUEPAOTG mmm xcp6 p1iKog TEAOpEPOUS

ETiyu)kuvon akpwv amo TEAONEPAGT)

[Ip60SecT) TEPLETOTEPWV TIPWTEIVWOV

4=mmm 'Oy eTipfiKLVON
MeyaAUTEPT AVAGTOAT) mmmmp



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

[IpooéAkvon péow
mpoodeong twv TRF1/2

/IS

4 Avootoléag TEAopEpPdong

H. Sapiens :

1. Ilpdodeon ot emavaAapfavopeveg
aAAnAovyies «TTAGGG» oto dsDNA.

2. AMnAemiSpaon pe TINZ, TPP1 kot
POT1.



H oAokANpwoT) TNG avTLYpa@NC 6€ Ypoppuka DNA

To 3’ akpo tov ssDNA «ewoBare» otnv dsDNA mepLoxm
Bpoxog t (t-loop) TOVU TEAOUEPOVG

ZXNUATIOUOG EALKOG LLE TN
CUUTATN PWUATIKN dAVG IS

Extomion touv dsDNA

H Suadikaocia avadimAwon elval 0A0 KoL TILo SUGKOAN
000 TO KOG TOVU TEAOUEPOVUC YIVETAL LIKPOTEPO!!




H oAokANpwoT TG avTiypa@nc o€ Yypoappuka DNA



H oAokANpwoT TG avTiypa@nc o€ Yypoappuka DNA



AAAnAentiSpaon Shelterin - OAosvQUpov TEAOPEPAONC

[ ]
O O [ ]

Dyskerin, NOP10,
NHP2, GAR1




