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KegdAaio 11

O KuTtTtapikog
KUKAOG Kai n
KuTttapikn Alaipeon
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(Lot va aoxyoAnBoupue pe tnv
KuTtopLkn dlalpeon;

1. AVATITUCN TOU OPYQVIOMOU. Z€ TTOAUKUTTAPOUG ATTO £VA OPXIKO KUTTAPO
2. Avartrtucn 10Twv

3. Emdiopbwoaon 1otwv

4. Avatrapaywyn

5. Kapkivog



2uveéTtTeleg TS Kuttapikng Alaipeong

(A) Avamapaywyn (B) Avantuén (I') Avayévvnon

—

/" Auta Td’e—UKc‘lAbt‘JQT»ll-(»d' = ' H kuttapikn Siaipeon H kuttapikn diaipeon cupBaiie
kUTTapa touv {upopuknta oupPBaiie otnv oTnv avay£évvnon tng oupag Hiag
Siaipouvvral péow avantuén autol Tou cavpac.

\_€xBAaotnong. « ~ piliko0 1oToU.

Eikova 11.1 ZnpavTikég ZuvéTreieg TG Kuttapikng Alaipeong H kuTtapikn
dlaipeon atroteAei T Bacn yia (a) Tnv avarrapaywyn, (B) Tnv avarmrugn Kai (y)
TNV €MOIOPOWON Kal TNV avay&vvnon Twv I0TWV.



1. ZUVOTTTIKN TtepLypadn
TNC KUTTAPLKNC dlalpeonc



(A) Aixotopnon ot éva Baktripio

H avtiypagr tou DNA Eexva |
otV NEPIOXT Ori OTO KEVTPO
1 TOU KUTTGPOU. )

Kuttapiki pepfpavn

Xpwpodowpa

To Xxpwpoowiké DNA ‘
avtiypageral kabwe 1o
/4 xUTTapo avantiooetat.

) Ta 500 Buyatpixd popia DNA
_ Saywpilovra, kabo-
~1 SnyoUueva and Tig nepio-
& xé¢ nouv nepthapfavouv v
ori. To xUttapo £exiva va
| Suaipeirar xaBux ovo-
1 OWPELOVTAl OTO KEVTPO TOU
L KUTTaGpou npwreiveg FtsZ.

Bel ka1 Svo véa kiTTapa éxouv
| OXNUATIOTEL

1 CH xuTTapoKivon éxel ONoKMPW)

T

Eikova 11.2 KuTttapikn Alaipeon
[MpokapuwTtwyV (binary fission):

Auadiki oxaon

(B) Kuttapokivnon ot éva Baktripio

ﬂﬂ Ot kutTapikég pepPfpave eivar
& m\pwe oxnHaTIouéVES, Siaxw-
- | piovrag 1o kutappéniacua
TOU EVOC KUTTApOUL and 1o Kut-
tapoénAacua Tov GA\ou KuTta-
pou. Movo éva pikpd Kevo OTo
W KUTTapIKO Toiywpa pével va

e il \%cw- g

Xpwpoowua
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Mitwon (M) \

| ©

|

SE— |

To DNA avtiypagetat
kata tn didpkeia g paonc S.

'H Siaipson Tou muprjva cupBai-
| VEL KQTA T SIdpKELa TNE piTwon. )

DNA Z0vBeon

H kuttapikn dwaipson
—-KuTTapokivnon- cupfai-

", VELOTO TEAOC TNG paong M. |

Ta kUtTapa nmou &« diaipov-

vtal cuviBwg cuAapBavo-
vTal Kata tn Sidpkeia tng
@aong G1 kat el0€pyovrat

. otn @aon GO. )

Eikova 11.3 O EuKapuwTIKOG
Kuttapikog KukAog.

O KUTTAPIKOG KUKAOG QTTOTEAEITAI
atrd pia jITwtikhg (M) @don, katd
TNV oTroia AauBdavouv xwpa n
MITWON KAl N KUTTapoKivnon, Kai atro
MIa JOKPA TTEPIOOO AVATITUENC
YVWOTNC w¢ ueoo@aon. H
MECOPAON ATTOTEAEITAI ATTO TPEIG
utrogpaocclic (G1, S, G2) éoov agpopd
Ta KUTTAPA TTOU dIaIpoUVTAl.

E: EQv TO TrEpIEXOMEVO TOUu DNA
EVOC avBpwTTIVOU dEPUATIKOU
KUTTAPOU OTNV apxn TNG Mitwong
gival 12 mkoypaupdpia (1
TTIKoypauuépio = 102 ypauudapia),
TT010 Ba €ival To TTEPIEXOMEVO TOU
DNA €vOG KUTTAPOU TO OTTOIO
Bpioketal otn @acn G1;

copyright @ 2023 EKAOZEIZ NAMNAZHEH 7



O EukapuwrTikdg Kuttapikdg KukAog

®daon G1: Ta KUTTapa JEYOAWVOUV O€ PEYEBOC, CUVBETOUV KUTTAPIKA opyavidlia (TTX
MITOXOVOPIA) Kal AAAD HAKPOUOPIA OTTWGS TTPWTEIVEC TTOU XPNOIMEUOUV WG OOUIKO OTOIXEIO TOU
KUTTApOU. Ta KUTTAPQ CUCOWPEUOUV ETTIONG APKETH EVEPYEIA TTOU ATTAITEITAI VIO TN dIAipEan.

Paon GO: TepypAQPEl YA KUTTAPIKI KATAOTAON EKTOG TOU avadITTAACIA(ONEVOU KUTTAPIKOU
KUKAoU. [Na TTapddeiyua, Ta TTEPICCOTEPA EVIAIKA VEUPWVIKA KUTTAPA, METACU TWV TTIO
METAPBOAIKA EVEPYWV KUTTAPWY OTO WA, €ival TTANPWGS dIa@opoTToINUEVa Kal BpiokovTal € HId
TeAIKN @aon GO. O1 veupwveg Bpiokovtal o€ AuTh TNV KATAOTAOT), OXI AOYyWw TNG OTOXOOTIKAG N
TTEPIOPICHEVNG TTAPOXNS BPETTTIKWYV CUOTATIKWY, AAAG WG JEPOG TOU AVATITUCIAKOU TOUG
TTPOYPAPMATOG. YTTapxouv TpEI¢ kataoTaoelg GO. Katnyopiotroiouvtal we avaoTREWIHES (APEUT
KUTTAPA) KOl WS Un avaoTpEWIHES (YepaouEva Kal dIaQOoPOTToINUEVA KUTTAPQ).

®daon S: N'vwoTd Kal we edon ocuvBeonc, To uttapxov DNA avTiypd@eTal eviog Tou TTUprva.
AuTtn n diadikacia ouvBeong DNA cival etriong yvwaoTth we avtiypa®r) Tou DNA. To kevrpoowpua
dIrTAaciadeTal €TTioNg KATA TN JIAPKEIA AUTNG TS PACNG KAl dNUIOUPYEI iVEC ATPAKTOU.
OAGKANPN N @aon S atraItei evepyelakn dATTAvn yia va TTPOXWPNOEL.

®daon G2: Ta KUTTAPA HEYAAWVOUV TTEPICCOTEPO OE PEYEBOC, DNUIOUPYWVTAC TTEPICCOTEPEC
TTPWTEIVEC Kal opyavidia. OAEC oI TTPOETOINATIEC YIA TN MITWON OAOKANPWVOVTAl TTPIV Ta KUTTAPA
eI0€EABouV oTn PITWTIKA eaon. KataArjyoupe o€ 2 N xpwuoowuaTta JE OITTAEC XPWHATIOEC.

®daon M, Mitwon: 1o KUTTapo dlaipei TO YEVETIKO ToU UAIKO (DNA) Kai To KutTtapdtTAacua yia va
oxnuarioel duo véa kuTttapa. H edon M trepiAaudvel dUo dIapopETIKEC KPIOIMEC DIEPYATIES TTOU
EKTUAiooOVTOI YE TNV aKOAouBn ocipd:

https://www.sciencefacts.net/cell-cycle.html



https://www.sciencefacts.net/cell-cycle.html

a) Mitwon i Kapuokivnon: Eival n Tepiodoc¢ TTupnVvikn¢ diaipeong Kal atroTeAEiTal atrd
TEOOEPIC PAOEIC: TTPOPAOT), HETAPAOT, ava@aon Kal TEAG@aon. Katd 1n didpKeia auTAS TNG
pAcng, To KUTTapPO dlalpei Tov TTUprva Kai diaxwpiletal o€ dUO BuyaTpikd KUTTapaA, OTTou KABE
BuyaTtpikd KUTTAPO AAPBAVEL Eva TTANPEC OUVOAO XPWHOCWHATWY. O1 AETTTOUEPEIEC TWV
JIAPOPETIKWYV PACTEWY Tou oulnTouvTtal OTO TUNMA TNG MITWONG

B) Kutokivnon: Eival n diadikaoia pe TV oT1roia To KUTTAPOTTAAC WA TOU KUTTAPOU OIacTTaTal VIO
va oxnuarioel dUo avecapTnta KUTTapa. H ¢Aaon TG KUTTAPOKivnong ¢EKIVA TTPOG TO TEAOG TNG
MiTwong €101 WoTe o1 dUOo dladikaaieg va aAAnAeTTiIkaAuTITovTal. H KutTtapokivnon €ivai n
OUVTOUOTELN OACN TOU KUTTAPIKOU KUKAOU TTOU oUPaivel DIaPOPETIKA aTA PUTA Kal oTa {wa.

cell Growtp
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https://www.sciencefacts.net/cell-cycle.html
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https://www.sciencefacts.net/cell-cycle.html

2. O pOAOC TWV KUKALVWV OTNV
KUTTOPLKN oLatpeon



KUKAIVEC

[MpwT€Eivec pe TTEPIODIKAOTNTA OTA ETTITTEDA EKPPACNS avAAoya PE TNV ¢Acn Tou
KUTTOPIKOU KUKAOU. AIAQOPETIKES KUKAIVEC dpouv O ouvapTnon HUE DIAPOPETIKES
Kivadoeg Cdk.

A
Cclin E Cyclin A :
Cyclin B

c E

2

)

o

. CyclinD

c

o

V)

G, Phase S Phase G, Phase Mitosis

https://en.wikipedia.org/wiki/Cyclin#/media/File:Cyclin Expression.svg



https://en.wikipedia.org/wiki/Cyclin

' H npwreivn Cdk givar | " H npwrteivn KukAivn |
NAavrote napovoq, : dnutoupyeitat pévo
MA@ TO EVvePYO NG | OF éva OUYKEKPINEVO

kévtpo Oev eival exte- . onueio kata m
. Baipévo. Sidpkeia Tou KutTa-
- PIKOU KUKAOU.

" Hnpéoeon | Eikova 11.4 H Npbéodeon Tng
n;v'mmy:;mm' KukAivng EvepyoTroisi Tig
&l alhayr| otn s ,
Cdk, exBétovrag - KUK,)\IVO t’:§upT’wp£vag
| KEVTpO. £CAPTWHMEVEG ATTO

KUkAivn (Cdk: cyclin

Eva npwreiviké unéotpw- | dependent kinase).
pa Kat 1o ATP npoodévo-
vrai otn Cdk. To npwrei- | :
VIKO UNOOTPWHA WOPO-

. PUAlWVETAL

H Tpoodeon piag KUKAivng
aAAadlel Tnv TplodiacTaTn doun
MIag avevepyng Cdk,
KaBIoTWVTAC TN IO EVEPYI)
Kivaon. Kabe ouptrAoko
KUKAivNG-Cdk ouwaopopuAiwvel
MIO OUYKEKPIUEVN TTPWTEIVN-
OTOXO OTOV KUTTAPIKO KUKAO.

MpwTteiviko
UnOoTPpWHA

H owogopuAiwpévn
npwrteivn puBuilel tov
KUTTapIKO KUKAO. KaBe
uépto Cdk éxe1 ouyke-
KPIHEVOUC MPWTEIVL-

- KOUG OTOXOUC.

leyovoTa KUTTapikou KUKAOU
Y P copyright @ 2023 EKAOSEIS NMAMAZHEH 12



' 10 GUUTAOKO KUKAIVN-LAK| Eikova 11.5 O

' To cupmoko kukhivn-Cdk o | KukAivo-ESapTwpeveg

peradl Twv pacswv G2-M
puBpiCa my elcodo ‘ @aon M puBpile tnv nopsia Kivaoeg PuBpidouv
\om @aon M /. péow pitwon. tnVv Mopeia Méow Tou
2" Kuttapikou KukAou.
ApwvTag OTa 2nuEia
EAéyxou (KOKKIVEC
YPAMMEC), DIOPOPETIKA
oupuTtrAoKa KukAivng-Cdk
puBuifouv TNV ouoAn
aAAnAouxia Twv
YEYOVOTWY TOU
TovBeon KUTTOPIKOU KUKAOU. To
DNA NepropioTiko oUUTTAOKO KUKAivn-Cdk
(5) o () METALU TV @Qacewv G2-
M puBuilel Tnv €icodo
oTn aon M.
\
" To cbpmAoko kukhivn-Cdk | N "To oOpmAoko kukhivn-cdk
otn @aon S puBuileiny S ot @aon G1 puBuiler tnv
emdiépbwon AaBwv otnv gioodo oTov KUTTapIKG KUKAO

. avtiypagn Tou DNA. A, _oTo NEPIOPIOTIKO ONUEIO.




J H Cdk givai mapovoa, al\a |

~ Eivat avevepyn Xwpic TNV KUKAVR.| TP ——

;5/ ‘I"\\l', ‘ KAivng Eekiva kata
| _mnedonGl.

\|

P \—‘Jf’ H kukAivn npoodé-
’ vetat otn Cdk, n onoia

LE TN OEIPA TNG EVEP-
| YOTiolEiTaL
b N
' H kukhivn
KATaoTpEQETAL.
T H Cdk kaBiotatat ‘
\ QVEVEPYN. y

copyright @ 2023 EKAOZEIZ MAMNMAZHZH

Eikéva 11.6 Oi
KukAiveg Eivai
NMpoowpivég oTOV
Kuttapiké KukAo.

O1 KUKAiveg
dnuIoupyouvTal O€
OUYKEKPIUEVN XPOVIKN
OTIYMUN KOl HETA
KATAoTPEPOVTAL. 2.€
QuUTN TNV TTEPITTTWON, N
KUKAivn gival TTapouca
Kata Tn JIAPKEIA TNG
@aonc G1 kai 101
evepyotrolei yia Cdk.

14



Evepyé obpTtrAoko
KUKAIvNG B-CdkT

>0vOeon Mpdpaon
KUKAIVIG B/’-> ..
Oviki

Mwﬁwm Q

Meragaon)
e

Om
Vo=
W = . ATTOIKOO6UNON

& = TG KUKAIVIG B

»

a
Teddogpaon . ™

Avevepyn

Cdk1

Avépaon

EIKONA 8.44 H atrolkodépunon tng
KUKAivng B Katd Tov KUTTAPIKO
KUKAO.

O KUTTAPLKOC KUKAOC TWV EVKAPUWTLKWV
KUTTAPWV EAEYXETOL EV LEPEL ATTO TN
ouvBOeon Kol TNV amoLkodouNnon TG
KUKALVNC B, n omoia Aettoupyei we
PUOULOTLKN uTtTopoVAdA TNG TIPWTEIVIKAC
kwwaong Cdkl. H kukAivn B cuvtiBetal
Katd tn SLApKeELa TNG pecodaonc Ko
npoodevetal otn Cdkl. Etol oxnuotiletal
gval cupurAoko kukAivne B-Cdk1, to omoio
EXEL EVEPYOTNTA MPWTEIVIKAG KLVAONG KOLL
SleyelpeL Ttnv €vapén tng pitwonc.

H ypriyyopn amolkodounon tng KUkKAivne B
TPOC TO TEAOC TNC HitwoNng EXEL WG
OUVETIELOL TNV QTIEVEPYOTIOLNGN TNG
MPWTEIVIKAC Kwvaong Cdk1, yeyovog mou
ETITPETEL OTO KUTTAPO Vo EEEADEL Ao TN
Hitwon kal va elo€NBeL ot pecodoaon
TOU EMOUEVOU KUTTAPLKOU KUKAOU.



The Roles of Cyclin-Dependent Kinases in Cell-Cycle Progression and Therapeutic
Strategies in Human Breast Cancer https://www.mdpi.com/1422-0067/21/6/1960

R targeted agents
Tamoxifen, Fulvestrant

G- CEn

G2/M
Checkpoint

-

damage

abemaciclib)

1D ~ CDK4/6 Inhibitors:
CIEKID  palbocicliEibociclib

@\ /

( | CDK4 or CDKG6 |

~

2 I ® 4’—-—®"” Inactive
. CycE, CycA, Cyc B,
- DHFR, RRM1/2,

— _ PLKI, MAD2, BUB1

Active

DNA
damage

CHK1 or G1/S
CH A Checkpoint

Apoptosis/DNA
QrKID- @D *Repair

https://www.mdpi.com/1422-0067/21/6/1960#



https://www.mdpi.com/1422-0067/21/6/1960
https://www.mdpi.com/1422-0067/21/6/1960

mivakag 11.1  Znueia eEAéyxou KUTTAPIKOU KUKAOU

Daon KutTapikou

KUKAou EpeBiopata onueiwv eAéyyou

G1 BAGPBn Tou DNA

5 EAMITAC dimAaoiaopdc i BAABn tou DNA

G2 BAGPn Tou DNA

M Xpwpoowpata pn ouvOoedeuEva UE TNV ATPAKTO

copyright @ 2023 EKAOZEIZ MNMATMNAZHZH 17



3. Opyavwon Tng umePOOUNG
TOU XPWHOOWUOTOC




Z1n @aon M, to DNA kat ot
NpwWreiveg o€ kabe xpwud-
cwpa guidyvouv idiaitepa
cupnayeic Sopéc

Eikova 11.7 Xpwppoowpara,
XpwpaTtideg kai Xpwparivn.

To DNA aTov yeco@aaiko Trupnva
gival dIACTTAPTO KAl YIVETAI CUUTTAYEG
KaBwg¢ CekIva n pitwon.

Kevrpouepidio

XPWHATIOEC

DNA
*H pitwon mrepIAapBAavel yia oeipd

TTPOKABOPIOUEVWY YEYOVOTWY EVTOG TOU
OlaIPOUMEVOU KUTTAPIKOU TTUPNVA.

Z1o TEAog ¢ paonc S, Kata m Siapkeia e
ol xpwpmfésc Kpatou- peodpaonc 1o DNA - , ’
VIOl EopEve oTo aviypageTa. Anexo- *H kutTapokivnon eivail n dladikaaia
KEVIpOUEPISIO. viderar pévo éva noAo 7 s s

Hixpd époc Eve xpu- MEOW TNG oTToiag dIaIPEiTal TO

s KUTTAPOTTAQO A €VOG KUTTAPOU.

AauBAvel xwpa agou oAoKANpwOEi n
v LAl Ig dvav HEcOPacixé nupr- “ iTwO'r] 2
S TR va, Ta XPWHOoWHIATA poId-

W Jouv pe vnuatwdei Sopéc
A’F nou Bpioxovral Siaonapteg

e ¥ g ' KATA PrKog ToU nuprjva.
S . - “ i

— 19



A éAika NoukAgdéowpa Xpwpartivn Ixet{opevn Tupnaynig Tupnayég
pe to MNpwteivikd Ikpiwpa Xpwpartivn Xpwuodéowpua
Avaloyia
TTAKETAPIoNAaToq

5.0001 3 8.000:1

Nuprivag
OKTW HOpiwv
1oTOVNG /

1 NoukAsoowpata " \  Ikpiwpa /\

s ! N\ / I\ 7~ 2 i : \
To DNA nepiBaAhel TICI10TOVEC, I £ . \ | ‘ = il )
¢ pip i Ta VOUKAEOOWHATA NAKETPO- Ta widia dumkwvouv yia Ot 6ou.é< TOnou BnAiag ou Kata ) Sidpkela t'nc pltwong,

oxnuartifovrag évav TeEpaoTio vrai o€ pia ENika n onola mept- va oxnuarioouv BnAiég UITUKVWVOVTAL TTEPQITEPW ol BnAiég ouoneipwvovrat
apiBué voukheoowpaTwy, Ta otpépetal o€ pia peyahitepn NPoodepéveg OF éva NMpw- | | OTOV HECOPAOIKO TUPHVa, neEPAITépw yia va oxnuatioou

onoia gival Siataypéva cav i

YHE £\IKQ K1 QUTH € TN CEPA TNC j&lvth IKpiwpa. \fnxnpati(ovmc m xpwpativrl.‘ | TO OuUUMNayEC XpWHOOWHA.

| XQVTPEC OE KOUMOAOL.

O& peyaluTepn Kat oUTw KaBe-

&N, Snuiovpywvrag cupmayr,
unepehikoeidr widia xpwpativng. |

Eikova 11.8 To DNA lNMaketdapetal o€ Eéva MiTwtiké XpwHOoowa.
To voukAeoowpa, TTou atroteAsiTal atrd DNA kal I0TOVEG, GUVIOTA TN
Baoik douikA povada o€ auTt TNV IBIAITEPA oupTtTayr doun.

copyright @ 2023 EKAOZEIS NAMNAZHSH 20



Loops formation by condensins (image of the right). Blue line is DNA. Images on the right try to
represent the effect of condesins on the tridimensional organization of chromatin. Notice that the
molecular regularity depicted here are not probably found in the real world (images prepared by Angela
L. Debenedetti y Daniel Garcia, Biology students. Adapted from Maeshima y Eltsov, 2008).



4. KYTTAPIKH AIAIPE2H



4.1. MITQ2H

ALOLPEON TWV CWHATLKWY KUTTAPWV o€ oLa avtiypada



Mpopsragaon

Kevipoowudtia v g 7 > AvanmTuooppevn Mupnvikog

ATPAKTOG PAKENOG
Muprivag

i

Mupnvikog = - Xpwpartideg Kivnroxwpog
PAakeAog XPWHOCWHATWY
n Kata ) Sidpketa g @aong S tng a H xpwpartivn cuonsipwvetal kat B Alaonarat o nupnvIKog @akeAoc.
pecdaonc, o nuprivag avilypaget to DNA UNEPOUOTIEIPWVETAL, Kat YiveTal opatr) wg Epgavilovtal pikpoowAnviokol
TOU Kal KEVIPOOWHATIO Xpwuoowpata.Ta ypwpoowpara anotehovvral and KIVNTOXWPOU Kal OuvE£0uV TOUG

navopotdtuna {evyapia adehpwv xpwpuatidwv nou KIVITOXWPOUE OTOUG TOAOUC.

oxnuariornkav ot @aon S. Ta kevipoowparia
UETAKIvOUVTal 08 anévavTi TOAouC.

H piTwon £xel wg atmoTéAeopa 1N dnuioupyia OUO YEVETIKA TTAVOUOIOTUTIWY TTUPHVWY, TTOU O

MikpoowAnviokol
KIVNTOXWPOU

KaBEvag TTpoopileTal yia KABe BuyaTpikd KUTTAPO TTou Ba TrapaxBei otav diaipebei To KUTTAPO.
2TIC MIKPOPQWTOYPAPIES, N TTPACIVN XPWOTIKN BAPEI MIKPOOWANVIOKOUG (Kal dpa TNV ATPOKTO)

KAl N KOKKIVN XPWOTIKI Ta XpwWHOooWHATA. Ta XpwWHOCWHATA OTA dIAYPAUMUATA £XOUV TOVIOTEI

WOoTE va doBei EPpacn oTnV TUXN KADE ATOUIKAG XPWHATIOAG. |

24



: : MikpoowAnviok
(A) MoAikoi pKpoowAnviokol eKTeivovtal ano (B) £ 5 o8

1 : , KIVNTOXWpPOU
K@GBe MO0 TNC aTpAKTOoU. )

Kivntoxwpog
S s Terat
: - W :

Kevrpoowpdrio otov

noAo TNE aTPAKTOU ( //
\ Q

MoAiko¢

. HIKPOOWANVIOKOG
Kevtpohio ﬂ - /
MikpoowAnviokog ) / g
KIVNTOXWPEOU Q

f
" Kivnroxwpog

Ot LKPOOWANVIOKOL KIVITOXWPOoU
npoadévovTtal 0TOUG KIVATOXWPOUG |
KQl OTOUG IOAOUG TNG ATPAKTOU. |

Eikova 11.10 H MitwTtikl Atpaktog AtroteAgital atré MiIKpoowAnviokoug.

(A) H ouokeuny TNG aTpAKTOU KATA TN METAPAON O€ Eva (WIKO KUTTAPO. 2TA PUTIKA KUTTAPA T
KEVTPIOAIQ (] KEVTPOMEPIBIa) Oev uTTap)Xouv. (B) Mia pikpo@wToypagia NAEKTPOVIKOU
MIKPOOKOTTIOU TNG METAPAONG TTOU OiVEl ENPAON OTOUG PMIKPOOWANVIOKOUG KIVATOXWPEOU.

copyright @ 2023 EKAOZEIZ MNMATMNAZHZH 25



KevtploAia kot Kevtpoowpata

Centrosome

PCM Microtubule

Distal
PPARCeOy Mother
centriole
Subdistal —
appendage

Intercentriolar
linkage

» KevtpiOAlo: 9 opddec atro TPITTAETEC
MIKPOOWANVIOKWV .

*2 KEVTPIOAIO 0€ 0pBN ywvia gival n Baon Tou
KEVTIPOOWHATOG (KEVTPOCWHMATIO).

*O1 pIKpooWANVioko! attoTeAOUPEVOI aTTO
TOUMTTOUAIVN a, B avaTrTuooovTal atrd To
KEVTPOOWMNA oTa (WIKA KUTTAPA.

* H B€on TOoUG OTO KUTTOPO £CQPTATAI OTTO TNV
KUTTOPIKN MOP®I], KIVNTIKOTATA, KATAOTAON
dlaipeong.



To KEVTPOOWHMA (KEVIPOOWHMATIO) OPYAVWVEI TO SIOXWPICHO TWV
XPWHOCWHATWY KATA TN MITWON KAl NEIWOT).

NMpoBAnua:

MeTd Tn @don G2, otnv apxn TNS HITwong £xouue 2 N xpwhoowuaTa hE OITTAEG XPWHATIOEC.
Tutrolg 10 KUTTAPO €ival 4 N, aAAG UE CUPTTUKVWHEVN XPWHATIVN TTOU OeV PETAYPAPETAI. [TPETTEI
vVa OIaXWPIOTOUV OI ADEAPEC XpWHATIOEC WOTE va eTTavENBElI 0TO 2 N. AuTO €mITEAEiTAI UE TN
OUCKEUN TNG ATPAKTOU KATA TN MiTwan.

H arpakTog diaxwpilel TIC adeEAPEC XPWHATIOEG KATA TN WiTwar. ATTOTEAEITAI ATTO
MIKPOOWANViIoKouG. H opydvwaon TG aTPAKTOU YiVETAI ATTO TA 2 KEVTPOOWHATA.

Kavovika UTTapxel Eva KEVTPOoWHA ava KUTTapo. 2tn ¢aon S dimmAaciddetal. Kara tnv évapen
NG TTPOPACNG, TA 2 KEVTPOOWMATA XwEilovTal KAl TOTTOBETOUVTAI AVTIOIQUETPIKA OTA ATTEVAVTI
AKPQ TOU TTUPNVIKOU QOKEAOU (QUTA Kal JUKNTEC OEV DIOBETOUV KEVTPOOWMATA, AAAG KEVTPQ
0pPYAvVWONG MIKPOOWANVIOKWV).

H B€on Twv KEVTPOOWHATWY KaBopilel TN XWPEOTACIKI OXEON TWV VEWV KUTTAPWYV. AUTO £XEI
TEPACTIO ONUACIa yIa TNV AVATITUCN TWV 1I0TWYV, IDIAITEPA OTNV EUPPUOYEVEON OTTOU TA BUYATPIKA
KUTTOPQ TTPETTEI VA £XOUV TO CWOTO TTPOCAVATOAITHO YIa va dlapopoTroinBouv cwaTd O0€ VEOUC
|I0TOUG.
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2UVEKTIVEG, KEVTPOOWHA, KEVTPIOAIO, KEVTPOMEPIDIA, KIVNTOXWPEOI

2Tn @aon S yivetal o dImAaciacuog Tou DNA. To dirmrAaciacuévo DNA TTapapEvel O€ ETTAPN
METAEU TOU NEOW TWV OUVEKTIVWYV (cohesins). Kata tnv Tpo@paar), 0l OUVEKTIVEG
QTTOPAKPUVOVTAI Kal O XPWHMATIOEC YivovTal opaTtég. MNapapévouv ouvOeDEUEVES OTO
KEVTPOUEPIOIO HEOW TWV CUVEKTIVWV. ApyOoTEPQ OTNV TTPOPACT) AVATITUOCOVTAI OTNV TTEPIOXN
TOU KEVTPOMEPIDIOU OI KIVTOXWPOI, £vag yia KABe XxpwuaTidon. O1 KivnTOXwpeol XpnoihdeUouy
OTNV METAKIVNON TWV XPWHOOWHATWY O€ avTiBETOUC TTOAOUC.

MITOTIKR) ATPAKTOG: DO OTNV OTToid TTPOCOEVOVTAI TA XPWHOOWHATA, AAAG KOl TTOU KpaTda
TOUG QU0 TTOAOUG TWV HMEAAOVTIKWV KUTTAPWY aATTEVAVTIL. ATTOTEAEITAI KUPIWG ATTO
MIKPOOWANVIOKOUC TOUUTTOUAIVNG 01 OTTOi0I €ival apXIka aoTaBeic. Otav apxioouv va ouvoiovTal
ME T KEVTPOOWMATIA/KEVTPIOAIO oxnuaTi(ouv Pakpld 1vidia duo €1dwv: 1. MoAika TTou
OUVTIOeVTal TTPWTA KAl OUVOEOUV TOV £va TTOAO TNG ATPAKTOU PE TOV AAAO, 2. Tou KIVITOXWPOU,
OuUVTIOevTal apyOTEPA KAl OUVOEDEUEVOI UE TOUC KIVNTOXWPEOUGS TWV XPWHOCTWHATWV.
E¢aoc@alilouv TNV Kivnon Twv XPWHATIOWY OTOUC ATTEVAVTI TTOAOUG.



Search-and-Capture Microtubule Self-
Model Organization Model

2XNMATIOMOG TG ATPAKTOU
/i ME R XWPIG TN OpAON TWV KEVTPOCWHATWYV

/
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https://en.wikipedia.org/wiki/Spindle apparatus#/
media/File:Spindle assembly models.svg
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https://en.wikipedia.org/wiki/Spindle_apparatus
https://en.wikipedia.org/wiki/Spindle_apparatus

Sister
Chromatids

Kinetochore

Spindle Fibers

Centromere

O KIVNTOXWPOG CUVOELEI TA XPWHOCWHATA ME TN MITWTIKA ATPAKTO (IVidIa TOUPTTIOUAIVNG).

Ta KEVTPOMEPIOIO TUVOEEI HETACU TOUC TIC ADEAPEC XPWHATIOEC NEOW TWV OUVEKTIVWV.

https://study.com/academy/lesson/kinetochore-definition-structure.html
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Cohesin

Cohesion domain

Inner centromere Cenp-B

Cen-chromatin Outer kinetochore

Pericentromeric Inner kinetochore

heterochromatin
O KIVNTOXWPOG OUVOEEI TA XPWHOCWHATA ME TN MITWTIKA ATPAKTO (1vVidla TOUPTTOUAIVNG).

Ta KEVTPOMEPIOIO CUVOEEI HETAEU TOUG TIC AOEAPEC XPWHATIOEC HECW TWV CUVEKTIVWV
(cohesins).

https://www.sciencedirect.com/science/article/pii/S002228362030262X
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H opyavwaon Tou KIVNTOXWPOU
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CENP-E CLASPs
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O JS1aXWPICHOG TWV XPWHOCWHATWY TTAPOUCIAlel UPNAR opydavwon

2TNV apxn TNG MITwong €Xouue 2 N XpWHOOWHATA PE OITTAEC XPWHATIOES (4 N). 210 TEAOG TNG
MiTwong €xoupe 2 N XpWHOCWHATA JE MOVEC XPWHATIOEG.

AloXWPICHOG XPWHATIOWYV

[TpopeTA@AON: OIGAUETAI O TTUPNVIKOG GAKEAOG KAl oXnuartieTal N ATPAKTOG.

MeTd@aon: Ta XPWHOOWMATA OTOIXI(OVTAI OTO IONMUEPIVO ETTITTEDO.

ApxN TNG METAPAONG: O DIAXWPICHOG XPWHATIOWY EAEYXETAI TNV MITWON ATTO CUUTTAEYUO
KUKAivNG-Cdk-APC T10 oT110i0 £vEPYOTTOIEi (OTO TEAOC TNG METAPAOCNG) TN OETTAPACN TTOU UOPOAUEI
TIC OUVEKTIVEG (KOXECivEC-cohesins) Tou KEVTPOMEPIdIOU.

MeTakivnon XpwpaTtidowyv

1. KivnTéxwpol Pe KIVETiVES Kal duveEivn. YopoAuetal ATP Kal JETOKIVOUVTAI TA XPWHOCWHATA
KATA PAKOC TWV MIKPOOWANVIOKWV.

2. O1 JIKPOOWANVIOKOI TOU KIVATOXWPEOU KOVTAIVOUV Kal TPABOoUV Ta XPWHOCWHATA TTPOG TO
MEPOC TOUC.

3. Ta KEVTPOOWMATIO ATTOUaKpUVOVTal KAl Bon@ouv Tov attoxwpIiouo.

TeAO@aonN
E¢agavileTal n ATpakTog Kal EJ@avileTal 0 TTUPNVIKOG PAKEAOG YUpW aTTO KABE oudada
XPWHOOWHATWY. AKOAOUBEI N dlaipeon TOU KUTTAPOTTAACMATOG (KUTTAPOKivnon).



H Kivnon Twv XpWHOOWHATWY O€ DIAPOPETIKEG KATEUOUVOEIC KATA TV avapAong
YIVETAI JUE TNV ATTOOUVAPHOAOYNON TWV PMIKPOOWANVIOKWV.

ZOuEG

(a) disassembly at plus ends only
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372008/
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a Z10 TEAOC TNG HETAPaON,
_— €va cupmAoko KukAivne-Cdk
' Kat@mvmnpoégaon, petd@ | | IInvnmpousTagacn, n EVEPYOTIOIE] TO GUUTTAOKO
L1 I A"‘g“;‘g‘;";}s‘c°:pwm e emaywync T avagaong (APC), To
: 7 OFOORPCETIL EXv0G ~—' onoio evepyomotei ™ cenapd
bec ouykparolvral petago ané éva HEPog oTo Q Zenapaon pe anors)@g:m mvrgnouaf;&nc;ﬂ
| TOUC pEow TG KO)SE?IVHC. )\ KEVTpouEpISIO. , e UMGAOITNC KOXEEWVNC.

[ Quyatpika
. I.lll" . 'q‘\.'.'.'it RO >xpmpoou')uara

Adehpéc Kevtpopepidio
xpwpatideg Koyxe€ivn Koxegivn QOOO o
0%0°

Eikova 11.11 NMpdodeon kai AlaXxwpionuog XpwuaTidwv

To TTPWTEIVIKO GUUTTAOKO TWV CUVEKTIVWV (Cohesins) ouykpaTei JETACU TOUG TIGC OOEAPEC
XPWHATIOEG 0TO KEVTPOUEPIDIO. To EvCUulo oeTTapAcn UOPOAUEI TIG CUVEKTIVEG KATA TO
TENOG TNG METAPOAONG, ETTITPETTOVTAC OTIC XPWHATIOES va dlaxwploTouVv o€ BuyaTpika
Xpwuoowuara.

The anaphase-promoting complex (APC or cyclosome)
triggers the events leading to destruction of cohesin thus allowing the sister chromatids to

separate; degrades the mitotic (B) cyclins.
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https://www.biology-pages.info/C/Chromosomes.html

AA AT

Condensin

Chromosome

Condensins and cohesins working together during chromosome formation. (Images prepared by
Angela L. Debenedetti y Daniel Garcia, Biology students. Adapted from Maeshima and Eltsov, 2008).

https://mmegias.webs.uvigo.es/02-english/5-celulas/ampliaciones/8-condensinas.php
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AOUIKN opyavwaon TwV (WIKWV KUTTAPWYV



EUKOLPUWTLKOC KUTTOLPOOKEAETOC

Tubulin
subunit

)

~

To duvapiko SIKTUO NPWTEIVIKWV IVWV MOU o

ekTeivovTal OIANECOU TOU KUTTaponAdouaTog

Aopikn unooTnpI&n, KIVATIKOTNTA, pubuion

« MikpoowAnviokor (1)
« Mikpoividla (2)
 Evdiapeoa vidia  (3)



MiKkpoowAnviokol: AVTIOTaon OTN CUHNIECT. Auvapiki cupnepldpopd,
ouvogovtal e to GTP ya moAupepLlopo, evdokuttaplkn petadopd (oxetilopevn pe

SUVEIVEC KL KIVEOLVEC LETOKLVOUV opyavidila omwc ta pitoxovdpla i KUoTidLa, to

afovnua Twv BAedapiSwv kat pactyiwv, TH ULTWTLKA ATPOAKTO).

Mikpoividla: ta Aermttdtepa widia. Anoteholvrtal omd eUNMAEKOUEVEC SUTAEC aAUGLSEC
UTTOHOVAO WV AKTLVNC. ZUUMETEXOUV OTNV KUTTAPLKN popdn Kot opyavwon. EAEn pepwv

TOU KUTTAPOU, CUGTOARN TOU HUOG, apoipadosideic kiviioeic—devdonodia

Evdiapeoa vidia: kuttapikr popdr, LNXavik urtostipién, Béon otepéwaonc yla

TIOAAQ opyavidla Kol KUTTAPOTIAACHOTLKA EVIU QL.



25 um 25 m 26 um
Intermediarni
Mikrotubuly Mikrofliamenta ‘ fllamenta




Kuttapokivnon kartda tn Mitwon

H kuttapokivnon diaxwpilel Ta KUTTAPOTTAGOMATA TWV OXNUATICOMEVWV VEWV KUTTAPWV.
AkoAouBei Tn didAucn TNS aTPAKTOU KAl TOV OXNMATIONO TwV VEWV TTUPAVwY EpgavifeTal wg
QUAGKWON OTNV KUTTAPIKA MENPBPAVN, aTTd éva cuoTEAAOPEVO BAKTUAIDI. To OaKTUAIDI aTtToTEAEITAI
ATTO MIKPOIVIOIA AKTIVNG UE OUVOEDENEVN HUOTIVN.

2T0 PUTIKO KUTTAPO N dIAipEC TOU KUTTAPOTTAACMATOG YiVETAI JE TNV EMPAVIOTN KUCTIOIWY ATTO TO
ouoTtnua N'kKOATd (Golgi) o1o HECO TTEPITTOU TWV OUO VEWYV TTUPHAVWYV. Ta KUCOTIOIQ JETAKIVOUVTAI
KATA PAKOG MIKPOOWANVIOKWY OTTOU €ival OUVOEDEUEVA E TNV KIVEDIVN. ZUYXWVEUOVTAI UETAEU
TOUG Kal PTIAXVoUuV TN véa JENBPAvN. To TTEPIEXOUEVO TWV KUOTIOIWYV €ival n aTTapxr) Tou vEou
KUTTOPIKOU TOIXWHOTOC.

Ta KUTTOPIKA opyavidia (pifocwpaTta, HITOXOVOPIA, XAWPOTTAACTEG, AUCOCWHATA KATT) dev
dlapolpalovTal ICOPEPWIC.



Ewdva 5.19 Mia Kiwvntipla Mpwteivn EAkel Kuotidia katd piKog twv MikpoowAnvickwv

(A)

MikpoOowAn-
\e o viokog
Kiveoivn

(+) ' ll (4] .
'S ‘ N | Ve
H kwveoivn ouvdéel " AnooiOvseon kal enava- |
K@Beta 1o kuoTtidio OUVSEDN KIVEDIVNC TTPO-
_oTov HIKPOOWANVIOKO. | kahei 10 «Badiopd e
KATA YrKOg TOU HIKPOOW-
\_Anviokou.

Eikova 5.19 Mia Kivntipia Mpwrteivn 'EAkel KuoTidia Katd pAKog Twv MIKpoowANVIoKWV.
(A) H kiveaivn diavéuel kuaTidla o€ dIAQOPA JEPN TOU KUTTAPOU, METAKIVWVTAG TA KATA MAKOG
«010NPOOPOMIKWY YPANUWVYY» MIKPOOWANVIOKWV.

(B) 'Eva kuoTidlo €AKETAI ATTO KIVEDIVN KATA NAKOG EVOC MIKPOOWANVIOKOU OTO TTPWTIOTO
Dictyostelium. H xpovikrjy aAAnAouyia, o€ dIaoTANATA TOU MICOU OEUTEPOAETTTOU, PAIVETAl HECTW

TWV XPWHATIKWY aAAaywV a1ré MOB G MITAE )3 eaosers nanazisH 43



‘Aéou£< vnuartiwv akrivng otnv xmapxxﬁ' Ta vnudha axﬁvnc o€
’ ’ nepipépeia Sracuvdéovral Eykapoia pe- QuTriv TNV NEPimTwon
Al s M el Ta0 TOUG PECW TG HUOGIVNG, | |8¢ ouvbéovran petago Toug,

Ewkdva 5.15 Mikpovnpatio

Ne——— Emprixuvon vnuartiwv |

Eikova 5.15 MikpovnuaTtia Kal KutTtapikég * e axTivig mpokalei
Kivioeig. 7 ‘ %\i
MikpovnudTia diauecoAaouv yia TnV Kivnon g?// \;§
OAOKANPWYV KUTTAPWYV (OTTWG aTTeIKovieTal €dw OTNV ?:\\\R _{?' ,,;;2’(

apolBadoeldn Kivnon), Kabwg Kal yia TV Kivnon Tou
KUTTOPOTTAQOMATOG EVTOG TOU KUTTAPOU.

" Kivnon eykapoia cuvdepévuv ]
| Seopwv aktivng nou pecohafei-
| a1 ané puooivn wlei 1o xutTa-
> ~ pémAaoua MPOog Ta EUNPOC.
copyright @ 2023 EKAOZEIZ NAMAZHZH 2 a4




lonuepivo —
eningdo

(peTagaon)

3 Ta kevrpopepidia oroiyilovral oto eninedo Tou

IONUEPIVOL TOU KUTTAPOU.

AdsApig
Xpwpatideg

B Ta euydpia wv adeh@iv xpwpatidwy
anoywpilovral kat Ta véa Buyatpika
xpwpoowpara apyifouv va petakivouvral
NPOC TOUC TOAOUC.

copyright @ 2023 EKAOZEIZ MAMAZHIH

a Ta Buyatpikda XpwHOoWHATA YTAVOUV OTOUC
noAouc. Me v oAokAfjpwon TnE TEAGPacnc,
enavaoynuati{etat o nupnVIKOE EAaxkehog Kat o
nupnVvIioKo<. ATTOCUOTIEIPWVETAL N XpwHativn, Kat
LETG TNV Kuttapokivnon, Ta Buyarpikd korrapa
glo0épyovral Kat nait otn pecdeaon.
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(A) Kuttapokivnon o€ {wiko (B) Kuttapokivnon os @uTiké
KUTTQpo KUTTapo

Eikova 11.12 H Kuttapokivnon
Ala@épel oTa ZwiKA Kol oTa
QuTtikd KutTapa

(A) ‘Eva CuywTto BaAacoiou axivou
(YOVIMOTTOINUEVO WAPIO) TTOU POAIG
- EXEI OAOKANPWOEI TNV
| BT R KUTTOPOKivVNOT) TOU OTO TEAOG TNG
}\V ek " "“ ot PR | KUTTOPIKAG dlaipeong KaTtd Tnv
T (e M s i avdaTTugn Tou o€ éuPpuo.

(B) 'Eva dia1poUuevo QUTIKO KUTTAPO
OTO TEAOG TNG TEAOYAONG. Ta QUTIKA
KUTTOPQ diaipouvTtal SIa@OPETIKA
atro 1a (WIKA yIaTi d1IaBETOUV
KUTTOPIKA TOIXWHATA.

|
|
I 1
O ovotaktog daktohog €xet dia-
XWwpiogl mMifpw¢ Ta KuttaponAaoparta
autwv Twv SUo BuyaTpIKWV KUTTApwy,
Qv Kai ol EMPAVEIEC TOUG TAPAPEVOUV

O€ enagn.

{ Auth n og1pé kuoTiwv Ba cuyxw-
VEUTEI yia va oxnuatiost gia Kutta-
pIKr) MAGKa petadl Tov navw Kat

_TOU KATW KUTTApou.
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nmivakag 11.2  Zovoyn twyv Meyovotwy Tou

Kuttapikou Kukhou

Maon [eyovata

Meoogaon:

G1 Avamntuén- onueio meploplopol

5 AvTiypapr Tou DNA

G2 Apyn ouvBeonc atpaktou. MpoeTopacia
HiTwong

Mitwon:

Mpopaon ZUOTIEIpWON XpWHOCWUATWY: OXNUATIOUOC
atpakKTou

Mpopetagpaon Aidhuon nupnvikoU gakéhou- mpookOAAnon
YPWUOOWUATWY OTNV ATpakTo

Metagaon Z1oiylon TwV ¥pWHOCWUATWY O IONUEPIVO
eminedo

Avagaon Amoywplopdc Ypwuatidbwy- HETakivnon mpog
TOUC MOAOUC.

Tehdpaon Anoguoneipwon XpwHoowuAaTwy-
EMAVagynNUaTIiouoc mupnvikol gakéhou

Kuttokivnon ATTONWPIOUOC KUTTAPWV: O NUATIOUOC

KUTTapIKAC HEpBpavnc kaly'r) Kuttapikou
TOLWHATOC

47
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Mpopsragaon

Kevtpoowpdtia — N Avarmtuooppevn Mupnvikog
- ATPAKTOG Pakelog

ki

Mupnviokog ‘/I, ‘

~>

Mupnvikog Xpwpartideg : Kivnroxwpog
PAakeAog XPWHOCWHATWV
n Kata ) Sidpketa g @aong S tng a H xpwpartivn cuonsipwvetal kat ﬂ Alaondral 0 TUPNVIKOG PAKeAoC. |
| pecdaong, o nuprvag aviypdaget to DNA UNEPOUOTIEIPWVETAL, Kat YiveTal opatr) wg | Epgavilovral pikpoownviokot
TOU KQl KEVIPOOWHATIA xpwuoowpara.Ta ypwpoowpara anotehovvral and KIVNTOXWPOU Kal OuvE£0uV TOUG
navopotdtuna {evyapia adehpwv xpwpuatidwv nou KIVITOXWPOUS OTOUG TOAOUC.

oxnuatiotnkav ot @aon S. Ta kevipoowparia
| peTakivoLvTal oe anévavti nOAouc.

H piTwon £xel weg atmmoTéAeopa 1n dnuioupyia dUO YEVETIKA TTAVOUOIOTUTTWY TTUPAVWY, TTOU O

MikpoowAnviokol
KIVNTOXWPOU

KaBEvag TTpoopileTal yia KA0e BuyaTpikd KUTTAPO TTou Ba TTapaxBei otav diaipebei To KUTTAPO.
2TIC MIKPOPWTOYPAPIES, N TTPACIVN XPWOTIKN BAPEI MIKPOOWANVIOKOUG (Kal dpa TNV ATPOKTO)

KAl N KOKKIVN XPWOTIKI Ta XpWHOOWHATA. Ta XpWHOCWHATA OTA dIAYPANUATA £XOUV TOVIOTEI

WoTe va doBei EPpacn otV TUXN KADE GTOUIKAG XPWHATOAG. |

49



lonuepvé — AdsApig
eninsdo Xpwpatideg
(peTagaon)

3 Ta kevipopepidia otoiyilovral oto eninedo Tou B Ta euydpia wv adeh@iv xpwpatidwy 3 Ta Buyarpixa xpwpooHpATA PTAVOUV OTOUC
IONUEPIVOU TOU KUTTApoU. anoywpilovral kat Ta véa Buyatpika nolouc. Me v oAokArjpwon Tng TEAdgacng,
xpwpoowpara apyifouv va petakivouvral enavaoynuati{etat 0 nupNVIKOE QAaKeAog Kat o
NPOC TOUG MOAOUC,. nupnVvIioKo<. ATTOCUOTIEIPWVETAL N XpwHativn, Kat

LETG TNV Kuttapokivnon, Ta Buyarpikd korrapa
g10épyovral Kai nalt otn pecdeaor.

copyright @ 2023 EKAOZEIZ MNMAMNAZHZH 50



4.2. MEIQ2H

YTTOQITTAQCIOCUOC TOU APIBUOU TWV XPWHOCWHATWYV
VIO TTOPOOKEUN YOMETIKWY KUTTAPWV



Baoikég Evvolegg

MAosgidia gival o apiBuoS (N) evocg TTANPOUC OET XPWHOTWHATWY
o€ €va KUTTAPO.

2.€ EVA OWMATIKO KUTTAPO 0 apiBuog gival 2 N, dnAadn 2 TAnpn
OET XPWHOOWPATWY ava KUTTAPO.

To TTpoidv TNG piTwong cival kuttapa 2 N, Tn¢ peiwong 1 N.
Exppdaocic: TToAutTAOCIdia (TpITTAoEIdia Kal Avw), euTTAOEIdiq,
aveuTtrAocIdia (atrokAioEIC oTOV ApPIOPO XPWHOCWHATWY aTTO TO

N), attAo€IdIKA, DITTAOEIDIKA KUTTAPA KATT.

O apiBuo6c TNG TTAoEIdiag deixvel TTOOA idIa yovidla UTTAPXOUV O€
EVa KUTTAPO, OAAQ O€ DIAQOPETIKA XPWHOCWHATA.

Haplol

4 h

N

<

—

d (N)

d

>

<




2TOXOI TNG HEiWOoNG

1. Meiwon Tou apiBuou Twv Xpwuoowpatwy atmd 2 N oe 1 N (N €ival o ouvoAIKo¢ aplBuds Twv
OIOPOPETIKWY XPWHOCWHUATWY TOU OPYQAVIGHOU).

2. KaBe atmrAocidnc (1 N) atrdyovog va €XEl Mia TTARPN OEIpA XPWHOCWHATWV.

3. Anuioupyia YEVETIKAG TTOIKIAOOP®IAC.

[Mponyeital n ouvBeon Tou DNA (neodgaon: G1, S, G2).
AkoAouBgi n peiwon. Xwpifetal o€ dUO PEPN:

Meiwon I: Ta diTAaciacuéva XpwWHOOWHATA aTTo TNV HECO®aon (2 N pe 2 XpwHATIOES TO
KaBéva) xwpilovtal o€ €va ava KUTTApPo (1 N, aAAG JE 2 ETTIXIQOUEVES XPWMATIOES EKACTO).
[Mpogaon 1: Ta opdAoya XpwHooWHATA (UE 2 XpwlaTideC TO KaBEva) TTANCIAlouv Kal
euyapwvouv o€ OAO TO JAKOG TOUG. 2UpPaivouv eTTiXiaouoi. Auto dev oupBaivel oTn HiTwaon.
MeTtdpaon, Avagaaon, TehAopaon 1: Ta emxiaopEva ouodAoya Xpwuoowuarta diaxwpilovral o€
OIA@OPETIKA KUTTAPA. 'EXOoUME OUO TTUPAVEG PE TA MICA XpwHuoowuaTta (1 N) atrd 1o apxIko
KUTTOPO. KABE dIaXwpPIOHEVO XPWHOOWHA OUWG £CaKOAOUBE va £xel SUO0 XPWHATIOES
OUVOEDENEVEG E KEVTPOMEPIDIO. MeTa TN peiwon | akoAouBei ouvToun pecdPaon Xwpic
dirAaciaouo DNA.

Meiwon ll: o1 dU0 evWPEVEC XPWHATIOEC KABE XPWHOOWMATOC XwpilovTtal o€ dia ava KUTTapo.
Mpdpaon 2: Ta XpWHUOCWUATA CUMTTUKVWVOVTAI.

MeTdpaon 2: AnUIOUPYEITAI HEIWTIKA ATPOKTOG KAl Ta XpwHoowpaTa oTtoixilovral.

Avagpaon 2: O1 adeAPEC XpwHaTideC atroxwpilovTal, yivovTal VEa XPWHOOWHATA KAl
METAKIVOUVTAI O€ AVTIOETOUC TTOAOUC.

TeAO@aon 2: dnuIoupyouvTal VEOI KUTTAPIKOI PAKEAOI KOl akoAouBei diaipeon Tou
KUTTAPOTTAAOUATOC (KUTTApPOKivnan).



MEIQZH |

o

B ¢ ¢
*3 i
. .3

B .

» » B

ey ‘e - 8 — ™ ol

e

» ZELYApLa OHOAOYWV

Emyiaopoi
H xpwuarivn apyilel va oupmu- O1 ouvayeig otoiiCouv Ta opdAoya Ta xpwpoowpara cuveyi{ouv va CUCTIEIPWVOVTAL Ka
KVWVETAL JETA TN HECOPAOT. Kal Ta YpwHoowHaTa va kovraivouv. Ot EMYIa0OH0I QVTITPOCWITEUOLV TIC
CUHMUKVWVOVTAI TIEPAITEPW. avrallayEg YEVETIKOU UAIKOU pETagu pn adsAgpuwv

xpwuatidwv ot éva opdoyo {euyapt. Itnv
npopetagacn diaomdral o mupnVIKOE PAKEAOC.
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lonuepvo
eninedo

XPWHATISEC) KivouvTal TTPOg TOUG ammévavtl
TIOAOUC TOU KUTTAPOU.

TUprjva Kai 1o apxiko Kuttapo diaipsitat.

é Ta opdloya {euyn otoikiovral oTto J Ta opdloya xpwpoowparta (kaBéva pe Svo % Ta XpwpOoCWHATA CUYKEVTPWVOVTAL OTOV J

L IONUEPIVO (pETOPQOIKO) emimedo.
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MEIQZH Il

Npégaon Il

F o~ . ' Y
¢ o --’- - . .k ‘.'
. - w NG & P

Ta XpwHOCWHATA CUHMUKVWVOVTA Ta kevipopepidia Twv adsApwv Xpwpatidwv é Tehika ot xpwpatideg amoywpilovrat kat yivowat\
Kai TAML, PETA armé pia CUVTON otolyi{ovral Kata PurKog Tou IonUEPIVOL emmédou XPWHOCWHATA, EVW HETAKIVOUVTAL OE avTiBeToug
pEcO@acon otnv onoia 8¢ yivetal K@Be KutTapou. TMOAOUG. AGYW TWV EMYIACHWY KAl TOU

avtiypa@r] Ttou DNA. ave&aptnrou diaxwpiopov, kabe véo kuttapo Ba

SiaBétel SragopeTikd yeveTiko undBabpo.
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Tehogaon |l

m Ta xpwpocwpuarta cuykevIpwvovtal
| oTOV TIUpIjva Kat To KUTTapo diaipeitar. |

Npoidvra

KaBéva ané ta técoepa kUTTapa Xl Eva
. muprva pe amhosidn apiBuo
| XPWHOCWHATWV.

copyright @ 2023 EKAOZEIZ MAMAZHZH

Eikova 11.15 Meiwon:
Anuioupywvtag ATTAOE€ION
Kittapa 21n pegiwon
TTAPAYOVTAl TEOOEPIG
BuyaTpikoi TTUPVEC,
KaBévag atrd Toug OTToioug
EXEI TOV PMIOO apIBud
XPWHUOOWPATWY 0 OXEON
ME TO APXIKO KUTTOPO.
Téooepa atrAogidn KUTTapa
gival To attotéAeoua duUo
O1a00XIKWV TTUPNVIKWV
dlaipéoewv. Ol
MIKPOPWTOYPOAPieC dEixvouv
TN MEIWOoN o€ Eva avopiko
AVATTAPAYWYIKO Opyavo
EVOG Kpivou. Ta diaypapuara
QEiXVOoUV TIGC AVTIOTOIXEG
@AaoeIg o€ Eva (WIKO
KUTTaPO. (MNa ekTTaideuTiKoUg
AGyoUG, Ta XpWHUOCoWHATA
aTro ToV €va yovéa
TTapouaidlovTtal JTTAE Kal

at1rd Tov. AAAOV KOKKIVQ.)
57



Anuioupyia YEVETIKNG TTOIKIAOMOP@ia KATA TN HEIWON:

1. Katd tn peiwon 1 ta oyodAoya XpwHoowuaTa TTPO0KOAAWVTAI KOO
OAO TO PNKOG TOUG O€ pia diadikaaia TTou AEyETal ouvayn.
[TpayuaTtotroioUvTal AAAQYEC OTIC XPWHATIOEC METACU TWV
XPWHUOCWHATWY TTOU ovopadovTtal ETTIXIOCHOI.

Initiation Pairing Synapsis RecombinationSegregation
-‘.'.' :
e ™> —> —> -» 5> i .
€ - v - == = -
X J LA
Centromere Telomere SC Crossover

» < Lateral element

Synaptonemal complex “m'"m"m"m"“"m «— Central element

https://www.researchgate.net/publication/290906385 Meiosis Interactions Between Homologous Ch
romosomes/figures?lo=1 DOI 10.1007/978-1-4614-7881-2_18-1



https://www.researchgate.net/publication/290906385_Meiosis_Interactions_Between_Homologous_Chromosomes/figures?lo=1
https://www.researchgate.net/publication/290906385_Meiosis_Interactions_Between_Homologous_Chromosomes/figures?lo=1

OuoAloya
Xpwpoocwuata

Eikova 11.16 ETixiaoMOi:
ATtrodcigeig MeveTiknG AvTaAAOYRG

. . MeTagU XpwpaTtidwv
Oudhoya mylaopoi

XpwpOGwyaTa H pikpogpwTtoypagia deixvel éva
Ceuyapl OMOAOYWV XPWHOOWHATWY,
TO KaBEva pe OUO XpWHATIOES, KATA
TN dlIapKela TNG TTPOPacns | TG
MEiwoNG o€ Pia caAapavdpa.

AUo eTTIXIOOMOI €ival opaTOi.
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AdehpEC
XPwHATIOEC <

Emyiacpoi

[ Kat4 ™ Sidpkeia e npdégaonc |, |

_ taoupbdloya xpwuoowpara, 1o

= xaBéva pe éva Levyapt adehpuv

xpwuaridwy, orotyiovrar wote

l \_va oxnuarioouv pia terpada.

J Oudioya
l Xpwpoowuarta

/

\

 O1 yerrovixéc ypwpatidec ané |

SlapopeTika opdloya xpw-

~ vevwvovtal Adyw tou oT1
| undpyel akdpa Koxeoivn pe-
1adl Twv adeApwv Xxpwua-
ndwy, oxnuarilerat
l\emxlaoptx

P

poowpara onalouv Kat ena-

' 0 emyiaouée Aoetar. Ot

. Slagopetika opdloya
’ | Xpwpoowuara.

avaouvduaopéveg xpwpatideg
| MEPIEXOUV YEVETIKO UAIKO and

AvacuvOuaopEveg
Xpwpatideg

copyright @ 2023 EKAOZEIZ MAMNAZHZH

\

Eikéva 11.17 O1
Emixiaocpoi Angioupyouv
FeveTIKA AIOQOPETIKA
Xpwuyoowpara

H avtaAAayr Tou yeveTiKoU
UAIKOU JEOW TWV
ETTIXIAOHWY EXEI WG
QATTOTEAEOUA VEOUG
OUVvOUQONOUG TNG YEVETIKAG
TTANPOYOpPIag oTa
avaouvouaouéva
XPWHoowWPaTa.

Ta dUO OIaPOPETIKA
Xpwpara ¢exwpifouv Ta
XPWHUOCWHATA TTOU
TTPOEPXOVTAI ATTO TOV
APOEVIKO KAl atTd TOV
BnAUKO yovea.
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2.UVATITOVNUATIKO GUMTTAOKO

Leptoteneé Zygotene Pachytene Diplotene

Homologous 3,/‘/"'7| S Central
Chromosomes /,’,// . ________ ! Element : |
/1 7 S 1 il
----------- Doublé Strand . 4’/’4’(’/%’4 N)‘l‘t‘)‘m M \'l’ ""”N‘ ””' ) W’ )\,\
preakbitation 14 VIV mfwlvhuﬁivmmmvm
Fament .+ I VAYMAYAmwmvmm-‘ -
Axial Elem M "”";(y‘)\“ l \.} .' \ | f( ‘f M' | M‘ v ‘“ ‘I “ H l. // I”l’l) | ' U"
M ---------------- Transverse i Crossover
“;".\l" _____ Element
.'f"lt\ ----------------------------

Sister Chromatids

https://en.wikipedia.org/wiki/Synaptonemal _complex



Anuioupyia YEVETIKNG TTOIKIAOMOP@ia KATA TN HEIWON:

2. Kara tn peiwon 1, ta opdAoya Xpwpoowuara diaxwpilovral Je
QAVECAPTNTN TACIVOUNON OTA YAOUETIKA KUTTOPA (avagaon 1).



MITQZH MEIQZH

Matpiké kvTTApo Matpiké kUTTApO

(2n) (2n)
y ' é
Jmm— Eikova 11.18 Mitwon kai
MNpégpaon 7 r ”
Meiwon: Mia Z0ykpion
e Ol'JuBQiVEI Katavtaihayr
(aulyupmua Ty HETAgL opdhoywv
OHGhoywy . XPWHOOWHATWV.
XPWHOCWHATWV.
r I 4 14 r
H ueiwon diagpépel atrd 1n hitwon
. r r
, Merégoon! KUPiwg 0TO (EuyapwHa TV
Metagaon
P : 4 7
oot OMOAOYWYV XPWHOCWHATWY KAl 0TN
z:r(]) :SS"QE;T?;ZS o 1onpePVo emimedo.
* 14 r
ouveXICOUEVN CUOXETION TWV
4 14 14
AOEAPWV XPWHATIOWV OTO TEAOG
Avdedon] Ta kevipopepidia & <
Avagaon XwpiCovrtal. Oradehpég T r] g IJ ETG (Pao- r] g I .
Xpwpatideg mapapévouv
¥ Ta kevipopepidia xwpico- EVWHEVEC KATA ;n 6lc'xp)\|<sla
vtat. O1 ade@éq xpwpa- ¢ avagaonc. Ta opdoya
Tideg xwpi(o:/’imcl );?11: ™m xgwpocﬁ)purlu énux:pi(g-
SIApKELa TG avagpaong Kat vral. Agv undpyet Simia-
yivovtat Buyatpika xpwpo- olaopo6g DNA nipv ané
owpata. v npogacn Il.
Tehogaon |
Avo Buyatpika KUTTapa l s e
¢ TO TENOG TNG TENS-
f paong |, Ta rgl’}o
OHONOYA XPWHOOW-
pata anoxwpilovtat
HeTagy Touc.
MEIQZHI )/

H pitwon gival £vac unxaviopog oTaBepdtnTag: | ( S % [
0 TATPIKOG MUPHVag mapdayet SO YEVETIKA \-/

Gpoloug BuyatpIKoUg TUPHVEG.

Amhoeldéc
Buyatpiko

Kottapo (n). 6 3

H peiwon Il mapayel téooepa amoeidn euvu}

co py”g ht @ 2023 E KAO Z E I z rlArlAZ H Z IKG KOTTaPa Ta OToia S1apEPOUV YEVETIKA.




Interphase

Fertilization
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‘e sy 3EDC

(Male)
Zygote

197993
Ly, LLL
i rr.
197998
Ly Ly
ro rre

and e

P g SN
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P o SN

B & )

Sperm cell

Meiosis II

Egg cell

ArrAaciaopog DNA, XpwpaTidwy Kal
XPWHOCWHATWY KATA TN MITWON KAl
MEiwoN: ZUYyKpIoN.

Mitwon

[piv TN yiTwon 10 AdN uttadpxov DNA w¢ 2 N,
dITAacialeTal: oI XpwHaATIdES aTrd uia yivovtal
OUO0. 21N OouVvEXEIQ Ol dUO XPWHATIOEC ATTO
KABe xpwuoowua poipalovral oTa véa
KUTTOPA WOTE va €xouue 2 N, Kal Jia
XPWHATIdOa ava XpwHOoWUa OTA VEQ
KUTTOPA.

Meiwon

21N peiwon Ta dirrAaoiacuéva o€ DNA
XPWHOOWHATA (2 adeAPEC XpwaTIOEC ava
XPwHOowua) yivovtal apxikd 1 N, aAAG pe 2
XPWHATIOEG ava Xpwuoowua. Karommv ta 1 N
XPpwpoowuaTa (aAAG pe 2X DNA),
dlaxwpilovtal oTIC AdEAPEC XPWHATIOEC yIa
va dwoouv 1 N KUTTapa PE Hia XpwuaTidoa
ava XpwHoowua.

https://en.wikipedia.org/wiki/Meiosis#
/media/File:MitosisAndMeiosis en.png



https://en.wikipedia.org/wiki/Meiosis
https://en.wikipedia.org/wiki/Meiosis

BN

Napovoialetat pévo éva ‘,;;;;'/7‘"  Mn Siaxwpiopdc pnopei va

{euydpl OUOAOYWV XPWHO- \ ouuBei eav, kata tn didpkela

owpartwy. Itov avBpwmno \ ‘ NG avagaong Tne peiwong |, kat

Unapyouv ouVoMKa alha 22 1a 800 opdloya xpwuoowuata
| {euyapla xpwHOOWHATWV. peraBaivouv otov idlo nolo.

Anoucia . EmmAéov
xowuoow\u_ar_oc / E J Meiwon Il x ) x_:}t_uuéowua
" h( | N ':?‘

Xpwuodéowua and
QUOIOAOYIKO YAUETN

Movoowpia Tpiowpia

copyright @ 2023 EKAOZEIZ MAMAZHZH

Eikéva 11.19 O Mn
Alaxwpiopog Odnyei o€
AveuTtrAocidia

Mn dlaxwpIouOS cuuPaivel otav
TQ OJOAOYa XPpWHOOWHATA
aduvaTouv va dIaxwpPIoTOUV KaTa
TN dIAPKEIa TNG MEiwoNG |, OTTwG
TTapouaiadeTtal dw, ) éTav ol
A0EAPEC XpWHATIOEG DEV
atmroxwpi ovtal KaTtda 1n dIdpKEIa
NG MiTwoncg | peiwong Il. Edw
TTapouaIadeTal N TTPWTN
TTEPITITWON. TO ATTOTEAEC A Eival
aveuTtAocldia: €van
TTEPICOOTEPA XPWHOCWHATA EITE
AEITTOUV €iTE UTTAPYOUV O€
mepioocla. ['evika, n
aveuTtrAogidia gival Bavatneopa
YIO TO QVATITUCOOUEVO £UBPUO.
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(A) [ Tqa kevrpouepidia (B€An) karahaufavouv (B)

XOPAKTNPIOTIKEC BEoEiC oTa opdloya
XpwHoowHaTA.

120N Al

Ta avBpwmiva cwuatika

0 ' ‘ e , ' ,‘ ‘ l KUTTapa givat Simhoeidn
' . ' pe 23 {evyn
7 8 12

9 10 11 XPWHOCWHATWY,

ouvunepihapfavopévwy
° TWV QUAETIKWV
. . '. .. Xpwpoowudatwv. Ta
QUAETIKA XpwHOoWHATa
14 15 16 yia ta 8rijAea sivat X kat X,
XS EVW Ta Qppeva aropa
gxouv éva X kKat eva 'Y

20 22 XPWHOCWHA.

Eikova 11.20 O KapuoTtutrog Tou AvBpwTtrou

(A) Xpwuoowuata atrd Eva avBpwTrivo KUTTapo otn yetagaon. To DNA kaBe (euyoucg
XPWHOCWHATWY OIOOETEI IO OUYKEKPIMEVN VOUKAEOTIOIKI) aAANAouxia n oTToia €XEI XPWUATIOTEI
ME MIO €I0IKI XPWOTIKN, £T01 WOTE KABE {euydpl va £Xel Eva DIAPOPETIKO Xpwua. KAbe
XPWHOOWHPA OTO OTAdIO AUTO ATTOTEAEITAI ATTO OUO XPWMATIOES, AAAG dEV UTTOPOUV VA
OIOKPIBOUV. 2T0 TTAVW PEPOC TTapouaiAleTal Evac HeooPaoikoc TTuprvac. (B) O kapudTutrog
QUTOG £XEI OXNMUATIOTEI ATTO UTTOAOYIOTIKI) QVAAUCH TNG EIKOVOC ApPIOTEPA Kal OEiXVEl Ta OJOAoYa
XPpwHoowuaTa oToixiopéva yadi kal apiBunuéva, atroKaAUTITovTag cekdbapa tn oUoTACT] TOUC.



H pitwon kat n peiwon evaAlacoovtal otouc BloAoykouc
KUKAOUC TWV opyaviopwv Kot e€aodaiilouy eva
OUYKEKPLUEVO aPLOUO XPWHUOCWUATWVY
yla TG SLopopeETIKEC PACELC avaTTTUENC



®Otépn (Humata tyermanii)

Kitpivopapgog mehapyog (Mycteria ibis)

(amhos1bric opyaviopoc) (Simhos1béc omopd@uTOo) (&imhos1dni¢ opyaviopdc)
- Amhosidnic (n) laué
5 lapeTtoéQuTo QUETEC
g czg;(awopoc B Atmloesiic (2n) i (n)(P Apoevikég (n) ©nAukdg (n)
Ve N N -
i znépc)c (n) ‘ rﬂpé‘l'ic ' P -.-J.- AR rwwnahm !
Inépot (n) Mapéreg Aposvikoc (n) OnAukocg (n)
ApoeVIKOC (n) OnAukoc (n) L] [
) E]
'I‘ovmondiqcn'i
I Fovipomoinon l ZuywTo (2n) Zuywro (2n)
. Znopoéguto / Dplpqc
Zuywto (2n) (2n) opyaviopog (2n)

| Stov anhoetdixé kokAo {wrg,0 ( ZTnVv evallayr Twv YEVEWY, O 0pYyaviopog nspvdl
WPIHOC OpYaviopoc sivat anloeidrig pera&v amoaidwv kat Simhoedwv otadiwv mou

kat 1o {uywTo eival 1o pévo gival ap@OTEPa MOAUKUTTAPIKA.
| Sumhosibég otadio.

opyaviopog eival Simhoatdng kat ot
\ yapéteg sivat ta péva anhostdn otadia. |

/

f Zt1ov Simhoe1dikd kUKo {wng, o

Eikéva 11.14 H lNovigotroinon kai n Meiwon EvaAAdooovral otn QUAETIKN
Avatrapaywyn 210 QUAETIKI avaTtrapaywyr, Ta atrAogidr (n) KUTTapa n
OpPYaVIOUOi EVOANACOOVTOLE MTIAOEIDIKA(Z2M):KUTTapeH OpyavIououc. 68



Eikova 11.13 Mn OuAeTIKA
Avatrapaywyn o€ MeydAn
KAipaka

210 OACOG AUTO, Ol AEUKEG
TTPpoNABav atrd €va Kai uévo
APXIKO OEVTPO HECW MN

QUAETIKAG avatrapaywyng.
Eival oxeddv TTavouoIOTUTIEG
VEVETIKA.




KUKAOG Cwng Twv Ascomycota, TepiAnyn

Ascospores Paraphyses
apically = sterile :

Ascus positioned hairs ” o @ Conidia

- continues i - haploid

to elongate

Release of » Wind dispers:
ascospores ASEXUAL
\ . Conidiophore REPRODUCTION
%\ 11— =
% Dikaryotic ‘ -
@ ascogenous °
mycelium > 4
" Conidia
ﬁgﬁﬁ:;e Apothecium germinate
atarile - cup shaped forming a
fruiting body haploid
/ - formed by haploid myceliu
- Mycelil._lm vegetative hyphae
vacuole - haploid
fills with
Diploid Dikaryotic fluid prior
nucleus ascogenous t(.’ 43c0spore

discharge

HAPLOID

DIPLOD |

DIKARYOTIC

Ascus initial cell

Crozier - “hook”

A
S
\Pg

Kapuoyapia | - AR
(Ascus formation 1 - 9) | - ; ! 3 - ‘ OV} o
Crn 4G aros —EEe— \
Bot 2013c remain
| MAaopoyapuia

Plant Diversity haploid




5. KYTTAPIKOZ ©ANATOZ/KAPKINOI



(B) I E€wyev orjpara ” \

(A) , : —
nopei va guvdEo- ——
t‘TleOE — //°7 - N H avevepyn kaomaon
teivn-unodoyéa. 7 . N aMadein dopr T yia
/ O \ va Yivel Evepyn.
) Evboyevn orjpata pmopei / \ - }\
va ouvdEovTal PE HITOXOV- /s - '\2 < B H kaomaon vdpoAuel
Opia, eEheuBepwvovtag 529 o — TTUPNVIKEG TIPWTEIVEG,
al\a orjpara. 7 SN\ VOUKAEOOWUATA, K.ATT.
\ / UE QOTEAECHA TNV
I\ \ ) ( anonTwon.

‘Eva @uoioloyiko ‘Eva kUTTapo o anomtwon \

AEUKO aipocPaiplo. napouoialsl eKTeveic UOAAISEC
ot ueRPBpavn Tou.

Eikova 11.21 Amémrtwon: NMpoypappatiopévog Kuttapikdg Oavartog (A) INoAAG kUTTapa
gival TTPOYPOUUATIOHEVA VO «AUTOKATACTPAPOUV» OTAV TTAEOV OEV Eival Xpriolua 1 OTav £Xouv
(o€l APKETA WOTE VA OUYKEVTPWOOUV Eva gopTio atrd BAaBec oto DNA ikavwy va BAayouv Tov
opyaviouo. (B) E€wyevn kal evdoyev oruata VEPYOTTOIOUV KAOTIAOEC, Ta €v{UUa TTOU
KATAOTPEPOUV OUYKEKPINEVA KUTTAPIKA OUCTATIKA 0ONYWVTAC O€ ATTOTITWOT.

E: H amémrtwon amavraral 0Toug TTEPICCOTEPOUS OPYAVIOUOUG, ME £va TTAPONOIO JOPIAKO

MOVOTIATI, YEYOVOG TTOU OEiXVEl
OTI €ival onNUAVTIKN yia TV €CENIEN. [1o1o pTTopPEi va gival Eva CENIKTIKO TTAEOVEKTNUA TNG

ATTOTTTWONC;
r]g copyright @ 2023 EKAOZEIZ MNAMNAZHZH 72



Eikova 11.22 'Eva Kapkiviké Kuttapo kal ol QuoioAoyikoi I'eiTovég Tou

To KAPKIVIKO auTd KUTTAPO TOU TIVEUPOVA (KITPIVO-TTPACIVO) €ival TTOAU DIAPOPETIKO ATTO TA
YEITOVIKG TOU @QualoAoyika KuTTapa. MTropei va diaipeital TTOAU TaxuTePa aTTo TA AVTIOTOIXO
(PUOIOAOYIKG KUTTAPA Kal va dIaoTrEipeETal o€ GANa Opyava. AuTr) N HOPPr MIKPOKUTTAPIKOU
Kapkivou gival Bavarngopa, ue povo 10 % 1mooooTo emIRiwong ota 5 xpovia.

O1 TTEPIOOOTEPEG TTEPITITWOEIS OPEIAOVTAI OTO KATTVIO Q.
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"Ynapyouv Aiya avtiypa- |
@a tou untodoxéa Tou
avéntikou napayovta
HER2 og @uololoyika

(B)

:’ie QUOIOAOYIKA KUTTapa Tpa-

xnAov, n npwteivn RB avaotéh-
AeLTnVv évapén Tou KUTTapIikou
KUKAOU.

' Ttov kapkivo Tou paoctol, alayéc oTo |

DNA unopei va éxouv w¢ anotéAeoua
noA\a poépia unodoyéwy, kavovtag 1o
KUTTapo £vaioBnto otnv evepyonoinon

.ano6 auénTKoug MapAayovTeg.

5

’\\:,x I'I|

P

P p

o
A

§ d A
i
| ' !
\

b\

Ny

. Lo

LT.\\ { —

(Ttov KapkKivo Tou Tpayriov, évag 1o¢ |
ouvBétel pia npwreivn (E7) mou arne-
vepyornolei trnyv RB, £101 WOTE va ouve-

 xileTat o kuTTapIKdC KUKAOC.

Eikova 11.23 Moplakég
TpoTtroTroInoceig oTa
Kapkivikad Kiotrapa

2TOV KAPKivVO, T TTPOIOVTa
TWV OYKOYOVIOiWV
gevepyotroiouvtal (A) Kal Twv
OYKOKOTAOTAATIKWY YoVIdiwv

artrevepyotroiouvTal (B).
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Quoioloyikda KuTTapa Ta guotlohoyika kutrapa Kapkivika kuttapa
Tou novtikoL 8¢ diat- —
pouvtal yia va oxnua-

<z e
7 N\
tioouv anoikisg o€ Tpu- ke .
BAiq, evw Ta KAPKIVIKA -

pnopouv.

n Erowpaloupe 1pia oet and
TpuPAia nou nepigyouv idio
aptBuod QuoIoAoYIKWY
KUTTApWV NMovTiKou.

210 £va tpuPAio npooBitroupe DNA pe 1o
yovibto Ras, oto d\o DNA pe ta yovidia
Ras+Myc kat oto tpito DNA pe pévo 1o

" yovidio Myc

~ R rov(éla rOVlélQ
lovidia Ras Ras+Myc Myc
\J \—)
AMOTEAEZMATA

Maévo Ras Ras + Myc Mévo Myc

) -

https://pmc.ncbi.nlm.nih.gov/articles/PMC7501217/
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SYMMEPAZIMAP Anarteitat n ékgpaon kat Twv 800
oykoyovidiwy, Ras kat Myc, yia tov oxnuatiopd oykwv.

Eikova 11.24 Atmraitouvtal MoAAatTAda
FeyovoTa yia Tnv EvepyoTroinon Tou
KapkivikoU Kuttapikou KukAou;

NMpwrtétutreg Epyaoieg: Land, H., L.
Parada and R. A. Weinberg. 1983.
Tumorigenic conversion of primary
embryo fibroblasts required at least two
cooperating oncogenes. Nature 304: 596—
602.

Sinn, E., W. Muller, P. Pattengale, I.
Tepler, R. Wallace and P. Leder. 1987.
Coexpression of MMTV/vHaras and
MMTV/cmyc genes in transgenic mice:
Synergistic action of oncogenes in vivo.
Cell 49: 465-475.

EpyaoTtnpiakd mreipapara ue KUTTapa
TTOVTIKOU €Q€ICaV OTI ATTAITEITAI N €KPPOAON
TTEPIOOOTEPWY TOU £VOG OYKOYOVIDIwV yia
TN METATPOTIN EVOC (QUOIOAOYIKOU
KUTTAPOU O€ KAPKIVIKO.

YNOOEZHM» Amraiteital n €kppacn Twv
oykoyovidiwv Ras kal Myc tautoxpova yia
TOV HETAOXNMUATIONO PUCIOAOYIKWYV
KUTTAPWYV TTOVTIKOU O€ KAPKIVIKA. 75
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"Kanowa Qappaka, onwg 1o paclitaxel,
avaoTEANOUV T AZITOUPYIa TNG HITWTIKNG Eikova 11.25 H
\ aTPAKTOU. -. AVTIJETWTTION TOU
\ Kapkivou kai o
Kuttapikég KukAog.

[Mpokelyévou va
eutrodicouv Tn diaipeon
i TWV KAPKIVIKWV
Kanola papuaka, énwc'! KUTTAPWV, Ol I0TPOI
10 Herceptin, avaotél- | XPNOIUOTTOIOUV
Aouv tn dpaon avinti- ouvduaopoUg
P v napayoviav ovo | | Bepamelwy TTou
R ONWEH0 TTEMOPERAON. oToxeUouv o€ dIdPopa

’;'_

H axnivoBolia npokahei| - \ onMEia TOU KUTTAPIKOU
BAaBeg oto DNA kai Inueio KUKAOU

QnONTWOoN OTa OnUEia nepioptopov (R) '

£Agyyou S xat G2. n

- A —~
Kamowa @apuaka, onwcg n S-pAovo-oupakiln,
gumnodilouv v avtiypagr Tou DNA.

E: MNMwc diapEpouv ol ev Adyw BepaTreieg atrd TIC oToxeupéveg Bepatreieg (BA. Eikova 11.24). Oa
gival OI0POPETIKES Ol TTAPEVEPYEIEC AUTWYV TwV OUO KATNYopIwV BEPATTEIag;
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