IHANEHNIXTHMIO KPHTHX
YXXOAH OETIKQN KAI TEXNOAOT'TKQN EINNIETHMOQN
TMHMA BIOAOI'TAX

IAPYMA TEXNOAOITAX KAI EPEYNAX
INXTITOYTO MOPIAKHYX BIOAOI'TAX KAI

BIOTEXNOAOI'TAX

AIAAKTOPIKH ATATPIBH

«O POAOC TWV EVEOKVTTXPLWY MOTLPWV THE TLPWTELVYC

Deltn 617 6nuxtodotnen Notchw

A0oKOAGKY AlKOTEPIVY

Hpaxiewo 2012



Emprénov KaOnyntig:

X. AgModdxng, Kadnynmeg, Tunua Bloioyiag, [Tavemoto Kpnng

Tpwuec Emvrponny:

M. APBépwe, Epsgovnmc A’, Ivotitodto Moplaxng Buroloyiog ot
Bioteyvoloyiag, Topvpa Teyvoroyiag kot Epgvvag

X. AghModdxng, Kadnynmeg, Tunua Bioioyiag, [Tavemoto Kpnng

A. Kapoddong, Kadnyntg, Tuqua Biodoyiag, [avemotuio Kpntng

Entapeig Emrpon:

M. ABépwo, Epeuvntig A, Ivotitovto Mopiaxrg BioAoyiog kot
Bioteyvoloyiag, Topvpa Teyvoroyiag kot Epgvvag

X. Aehdaxnc, Kadnyntic, Tuqua Broioyiag, [Tavemotuio Kprng

A. Kapayoyéme, Kabnynrpia, Tunua Blodoyiog, [Tavemiomuo Kprtng
A. Kapddong, Kadnyntg, Tuqua Biodoyiag, [avemotuio Kpntg

X. Aovng, Kadnynmcg, Tunue Bloioyiag, [Tavemotmuo Kprng

X. XmnAwovakng, Enikovpoc KaOnyntg, Tunua Broloyiog,
[Tavemomuo Kpnng

N. TaBepvapdxng, Epevvnrnc, Ivetitovto Mopakng Biodoyiog kot
Bioteyvohoyiag, Topvpa Teyvoroyiag kot Epsvvag



STN UNTEPXK OV



Evxxpletw...

OlokAnpmvovtag 10 JoKToptkd B MTav TAPAAeyn Vo, UV €VYXOPICTHCE® TOVG
avBpadmovg ov e Bondnoav:

Apyikad Bo nBera va gvyaprotiom to Xpnoto AeMddkn, mov pe déxOnke cav pérog
™G opddag Tov Kol pe KoBodNyNoe amd TV TPMTN OTIYU UEXPL KOl TO TEAOG NG
STpPg avTg.

Ta pédn g tpyerode pov emtponng, Myddn ARépme kot Anuntpn Kapddon, mov
pe ovpuPovievcav OTOTE TOVG YPEBOTNKO OAAG Kot To. PEAN TNG EMTAUEAOVG HOL
emupomne, M. ABépmo, X. Aghdakn, A. Kapayoyéws, A. Kapddaon, X. Aodn, X.
Ymiovakn, kot N. TaPepvapdkn, yioo ™ Svpfoin Tovg otV 0OAOKANP®ON NG
dwtppne.

Topwvd kot TpdNV pHEAN TV epyactnpiov Ashddkn, AREpme, Movaotnpid:

Mapia Movaompiotn, Eva Zayopiovdakn, Maura Strigini, MopuavOn Knmapdin,
Booiln Mraovon, Pawel Piwko, Kristina Kux, Iodvva Zapien, Claudia Rodel, Xapn
Kovtapdaxn, Niko Kwovortavtivion, Meriem Takarli, Baciin Aovpr, AiéEavopo
Kiovrmakn, Andrew Peel, Devinder Mehet kot Xpvcodvria ITiotovdn, ywo
ocvveyouevn Pondela Tovg Kot TRV OPLOPET TOPEQ.

To INdpyo Towmidn, mov pag pomoe otov ko6cuo tov Matlab.
To I'évvn, Tov AAéko kot tnv ka [167n, yo tn PonOeta ko v mopéa oto Flyroom.

Tn Ztédda ko v Katepiva yio 1o evolapépov Toug.

Tn untépa pov yia ) otNPIEN Kot TV ERYHY®ON).

..Kon avéyvowen!



HEPIEXOMENA

Iepiinyn
Y o 1) = o2

1. Evoaymyn
1. To popa

2. Yka kot pg@odor
1.

2
3.
4
5

© N o 0 &

1.1.  Owvmodoy€ag NOtCh.......cooiii
1.2.  Oudeopevtég Delta kou Serrate.........coevvveiiinnnnnn.

1.3. Ot Mydoeg ovPikovttivng Neuralized kot Mindbombl

Ta yeyovota

2.1.  ITkevpn| avooToAn

2.2. ANPIOVPYIO OPIOV. .. e e e
2.3. ATOPAGEIS YEVEOROYIOG . 1+ e vvevvrevneeenienvreirineenesn

H ptOuion

3.1 TIPOTEORUOT ... e ieie ettt e e e e e
3.2, TAUKOQUMMON . c. ittt ettt e e e e e

3.3. OvPikovitivormon

OUPBUCOUTTIVORMMDOTN . e eve et e e et e et et e e e e e e e e e e e e

Evdoxvttoon

Evdoxittoomn kot OuBtkouiTivOM®ON ... v veeveeeeieieeeen e

Evdokivttwon, Ovpikovitivorioon kar Notch

[Tapodikn drapdAvven kuttdpov S2

. ZUVOVOCOKOTOKPTILLVIGT] ¢ v et eetveeeenseeeenene e sae e eneseenaneernaneeen e
OUBUOVITIVOAIDOT .+ e et e e e e et et e ettt e e e e n e
o AVOIAUOT] WESERITI. .. vttt e e e e e e e e e e et e e eaea
o TEVETUKN OVOADON e e et et e e e e e e e e e e eeaas
5.1. Xvomuo pTtoTik®v KAdoveov FLP/FRT....................
52.  Xbdomua ektomkng vaepékppacng UAS-Gald....................e.
5.3, ZO0mUA MARCM....coiiiiiii



5.4. Xteléym ApocOPIAOG TTOV YPNGLOTOMONKOV ... vevvevee e eaenen, 48

6. AVOCOTGTOYNUEIDL. 1vvnveveeenvee e eeeeiee e eieeiieeeeeenneneneennnen e 49
6.1.  MoOVILOTOINGT TPOVULPDV ... v vevenenenerianieineeneeneennnnn e 49
0.2, XPOOEIG. . cu et eeaeneeiet et ettt e 49

7. Melétn TG eVOOKOTTMONG GE 1IGTOVG TTPOVOLPNG -+ v vnevrnereneerneraneens 50

8. MUKPOOKOTIO. « . eve vt e et et eee et e et e e et e ee e e eieeetieneneeeneneeeenen O]

9. AVOAUGT EIKOVEV ... et i ittt e et et e et e e e e e e e eaes 51

10, AVTIGOOTO 1+ e e et et eee e e et e et e e e et et e e e e e e e n e 52
10.1. TIpmtevovto avIIGOUOTO KOl TPOEAEVCT] TOUG. ..vvenereenrrenneannns. 52
10.2.  Aevtepevovto avIICOUATO KOl TPOEAEVGT] TOVG. c.venreennreennennss. 53

I 53

12, TTAOOHOTOKEG KOTOGKEDEG .« v evveevevnetueeneeaseesenaenenten e e eaeeneaaae a2 DD
12.1. pIZDI*V5His eMAEPUOTUCH LETOAALYLOTO . «v v vnvve verevneeeneneeenns 55
12.2. PUASTDIFVEHIS. .. oot i e e e e DT
12.3. pIZDI*V5HIS onuetokd LETOAMAYLOTO .« cvnevve v eeanaeanevennnns 57
12.4. RactHisXpress-UbiqUitin..........cuveiieiiiii e, 57
12.5. RactXpress-Ubiquitin...........ccoviiiii i iei e e e D7
12.6. TThaowdrakég kKotaokevss Yoo RNAL. ... il 07

13. Ztedéym BokTnpimv Kot OPETTUCE VAU .. . v veeen e e et e e ee 58

14. Amopdvwon miacpidtakod DNA ard pikpng KAipakos KaAMEPYEL. .. ... .. .. 59

15. Anopdvoon mhacpdtokod DNA and pecaiog kKApoKog KaOAMEPYELQ. . . ...... 59

3. Anoteréopata I: Broynuikég avarivceig tov petarrhaypdatovDl................. 60

0 Zuvinpnuéveg TePOYES  OTO  €VOOKLTTOPLO  TUNHO NG  TPOTEIVNG
D] | v PP 61

0 Oéoeig alnAeniopaong g mpwteivng Delta pe tic Mydoeg ovPucovttivig

Neuralized kot Mindbomb1.........cocooiiiiiiiiiiii e 65

0 Ovfiovitivordioon tov decpevtn Delta kot tov EAAEMTIKOV HETAAAAYUATOV
and 11§ Mydoeg ovPucovttivng Neuralized kon Mindbombl......................68

0 OvPwovitivordioon tov decuevtn Delta kol tov onuelok®v petadliaypdtov
amo Tic Mydoec ovfikovttivng Neuralized kot Mindbombl......................75

O ZUVOWTLOVTOG. + vt enteentte ettt et et e et e et et e et et e et et e e e eteeenee e 86



4. Anoteléopora I1: Evepyétnra tov petardhaypdtovDl....................... .. 87
0 Evepydomra tov eAAelupotikdv petaddaypdtov g mpoteivng Delta oto
POYLOLOKOTALOKO OPLO TOU PTEPOV . vt enveneeeeaeeeeaaeeeeeeeennenaeaeseaeannans 88

0 Evepydmra tov eAAEPUOTIKOV HETOAAAYLATOV TNG TpoTEivng Delta katd tnv
TIAEVPUKCT] OVOITTOAT]« 1+ e et vete eae eeeen eae eee e sae ee e nee eeaenneeeneeenneneeens DD

[ T 1 VA 101 oo 99

5. Amoteréopora III: Kvutropwky] kotovopn Kot EVOOKVTTMON TOV
RETaAAaYRATOV Dl .. 100
0 Kovttopikn katavour tov petolayudtov Delta...........o.coovviii i 101

0 ZXvuvevtomiopdg ¢ mpowteivng Delta kot tov petodlaypdtov g pe
EVOOGMUUKOVG OETKTE . .+ et ve et et enteete et ete et ete et et eate et et enaeaneeneans 111

0 Kovuttapwn xoatavour tov petaAraypdtov Delta ot Pacikr pepppdvn tov
ETOMNAOKDV KUTTODV. e veentteeete et e e et e e e e et ee e eeeenae e 116

0 Ta elentikd petarrdypato DIlil kot DIi2 eviomifoviar 6T100g GLUVOEGHOLG
TPOCKOAANGNG KOl O)L GTOVS SLOPPAYLOTIKOVS GUVIEGHOVS OTTMG Kot 1] oypiov

01V IE 0T it 120

0 Evdokidttmon tov petadiaypdtov Delta........oooovveiiiniiin e 123

O ZUVOWIEOVTOG 1t teu et te et et ettt et et et ras e e eae e e e e e e raeeaeaas 127

LG T 2 1A 1T 1 11 PPN 22 <

0 Evdokvttotikd potifa otig DSL Tp®TEIVEG. .. vvv v, 129
0 OvfikovitivoAinon, evéokiTtwon Kot onpoatoddtnon Notch.................. 131
0 Kvtrapwkn katavoun g npwteivng DI ot facikn pepPpévn........co.e.... 134

R N T ¥ PPN 1 ¥

8 ANIOGIEVON . ..o 151



NEPIAHWH

HHEPIAHYH

To onuatodotikd povomdtt Notch amotehel €va e€aupetikd cuvinpnuévo
UNYOVICUO O ONOoi0G CULUUETEYEL GE TOKIAIL KLTTOPIK®V omopdoewv. Xtn D.
melanogaster ot Pooikoli GLUUETEYOVTEC ©€ OVTO TO MOVOTATL Elvol TPELS
Swpeuppavikéc mpwteiveg aming oéAevong Kot dvo Alydoeg ovPikovitivng. H
npwteivy Notch, n oroia amotelel Tov vTodoyEn TG ONUOTOOTNONG, GAANAETIOPE LE
11g mpoteiveg Delta (DI) wau Serrate (Ser) yertovik®v kvttdpov, mov givor ot
deopevtéc. H déopevon avt) emdyst v Tp®TEOAVGT TOL VTOJOYEN, TN UETAPOPE
eVOg evepyol TUNHOTOG TOL GTOV TLPNVO KOl €V TEAEL TNV EVEPYOTOINGT YOVIdimV-
oTOY®V TOVL povomotiov. o T 6moT €veEPYOmOinon TOV HOVOTOTION, €KTOG Ao
petaypapikés pubuioelg mov Aapfdavoovv ydpa, onpoviikd poro mailovv ot peto-
LETAPPOOTIKEG TPOTMOMOMCES TMV GLOTATIKOV TNG ONpatoddtnong He v
ovfkovttivodioon va  koatéyxet kevipikn 0éon. Ot E3 Aydoeg ovPucovitivng
Neuralized (Neur) kot Mindbombl (Mibl) oyetiCovion kot €véoKLTTIOVOLY TOVG
JECUEVTES TOL LOVOTTATION KOl VTN TOLG | Opdom gival amapaitntn tpoiindOeon y
TNV EVEPYOMOINGN TNG ONUOTOSOTNONG. TN GLYKEKPWEVN epyacio peAetnOnke o
pOA0G TG ovPikovttivorlimong kotd T onuatoddtnon Notch otn D. melanogaster.

Apya, avadbnke n evdokvttdplo meployn tov deopevtn DI ko Bpédnkov
técoepa. cvvinpnuéva potifo petaéd tov tpoteivov DI tov eviopwv ko o tpia omd
avTtd cvoyetiotTkay e T Opdomn TV Ayaodv. To Tpdto avayvopiomke o Béon
avayvoplong kot déopevons amd t Atydon Neur eved 1o dgvtepo amd TN Alydon
Mibl. Emuwmiéov, m ovvinpnuévn Avciviy oto tpito potifo amotedei 0éom
ovBkovttivodioong amd ) Arydon Neur. £to cuykekpluévo TUNU TG EPYOCiag OeV
amodeiyOnke uoévo 1 aueon déopevon Ko ovPikovitivorioon g tpoteivng DI and
Tig Neur kor Mibl aAld kot o yeyovog 6Tt ot dV0 avTég Aydoeg deopedovTol Kot
OVLBIKOVITIVOAIDVOVY TO SECUEVTI LE OLUPOPETIKO TPOTO.

21 ovvEXELd 1 OLPIKOVITIVOAIWGT TV OECUELTAOV GLVOEONKE QUEGA [E TNV
KOVOTNTO, TOLG VoL GNIaTod0TovV. Me T yprion petaAlaypdtov g npoteivng DI ta
omoio advvatovoay va ovfikovttivolmBovy and tig Mydoeg Neur vp Mibl, avaAidywc
TOV 1070, Topotnpionke advvapuio onpatoddtnong Notch, yeyovdc mov tomobetel tnv
ovBkovttivodioon £va Prjpa Tpv T oNUTododTN o™ Kot avoyKaio tpoimdOeon.

Télog, peretnke mn kvttapiky katavour g mpwteivng DI "Htav Mon

yvootd o6tt n mpoteivny DI evromileton 1000 otV kopveaio pepPpivn TtV

1
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eMONMOKOV KLTTAP®Y OGO KOl GE EVOOKVLTTOTIKA KLOTIOW KOl TS Yoo Eva
ONUOVTIKO HEPOG TNG EVOOKVTTMONG aLTNG LITELBVVES ivan o1 Mydoeg ovPikovttivng.
21 ovykekpipévn epyacio amodeiydnie 6tL 1 ovPirkovttivodioon and T Aydoeg Kot
Oyt uovo m oAAnlemidpoon pe ovtéc eivor amopaitnn mpobmdOecn yw TNV
EVOOKDTT®OON 1oL Odgopevt. EmumAéov mopatmphnke Ot n mpwteivy Dl
OLVEVTOTLETO GE EVOOKVTTMTIKG OIOUEPIGLLATO LE TOVG EVOOCMUIKOVS OgikTeg Sara,
Rab11 kot Hrs, yopig 6pmg vo otoyomombel kdmoto and ta evéokvuTTaplo Hotifa g
TpOTEIVNG Y v Ttomobétmon ovt. I[lapdAinia, dev mapoatnpndnke kdmolo
ONUOVTIKY S10popd 6TO PLOUO €VOOKVTTMOONG TOV OECUELTH ONO TIG OVO ALYAGES

ovfkovttivng.



ABSTRACT

ABSTRACT

The Notch signaling pathway is an evolutionary conserved mechanism which
participates in a variety of cell fate decisions. In D. melanogaster, key-players in this
signaling pathway are three single-pass transmembrane proteins and two E3 ubiquitin
ligases. Notch protein, the receptor of the signaling, binds to Delta (DI) and Serrate
(Ser), which are the ligands. Following interaction, a proteolytic step is triggered
which leads to the release of a part of the receptor, its translocation to the nucleus and
finally the activation of target genes. Apart from transcriptional regulation, post-
transcriptional modifications are important for the correct activation of the signaling.
Ubiquitination is one of those modifications. E3 ligases of ubiquitin, Neuralized
(Neur) and Mindbombl (Mibl), are known to trigger the endocytosis of the ligands
and their function is a prerequisite for the activation of Notch signaling. In this work,
the role of ubiquitination during Notch signaling was studied in D. melanogaster.

Initially, the intracellular part of DI protein was analyzed and four conserved
motifs were identified. Three of them are associated with the E3 ligases. The first one
was the interaction site of Neur and the second one of Mibl. The conserved lysine in
the third motif was identified as the acceptor site for ubiquitination by Neur. In this
part of the work it was not only proved that DI is ubiquitinated by Neur and Mibl
directly but also that these ligases bind to and ubiquitinate the ligand in a different
way.

Then, ubiquitination of the ligands was connected with their ability to signal.
Using DI mutants that could not be ubiquitinated by Neur or Mibl, we were able to
prove that ubiquitination is a step before signaling and a precondition for Notch
pathway to be activated.

Finally, we analyzed the subcellular localization of DI protein. It was already
known that DI protein localizes at the cell surface and in endocytic dots and that
ubiquitin ligases are responsible for the endocytosis of the ligand. In this work we
proved that not only interaction but ubiquitination by ligases is needed for the
endocytosis of the ligand. Furthermore, it was shown that DI colocalizes with the
endocytic markers Sara, Rab11 and Hrs. For this colocalization none of the known
endocytic motifs is responsible. Additionally, we were unable to find any differences
in the rate of endocytosis triggered by Neur and Mibl.
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EIZATQrH

EIZATQI'H

H emwxowovia petald tov kuttdpov &vog TOAVKOTIOPOL OPYOVIGUOD
aroteAdel Bepédo ABo g opydvwong kot ¢ avamtuéng tov. Kabopilel v avénon,
N JPOPOTOiNoT, TN UETOVACTELON Kol ToV Bdvato twv kuttdpwv. H emkowvwmvio
avt otnpiletar Aueca oTN KLTTOPIKT OTNULATOOOTNON KOl O TPOTOG LLE TOV OTOI0 OVTO
emruyydverol anotedel facikd epodTNUo TNG avamtuélokng floloyiog.

H Drosophila melanogaster amotekei éva amd TOVE WO YVOOTOVG
opyavicpovg-povtéda. To yvootd g yovidiopa, 1 €ukoiio YEPOHOL TNG OF
EPYOOTNPLOKO EMIMESO KOL T GLVINPNON ONUATOSOTIKOV HOVOTOTIOV Ofd TOV
opyovicpd avtd £mg Tov AvBpwmo, KATATACCOLV TN OpocOPIAN GE &va amd TO. MO
SNUOEIAY]  mepapotikd  povtého. Xty mapovoa  gpyacio. n  D.melanogaster

YPNOLOTOMONKE ©G LOVTELD GtV HEAETN TG onuatoddtong Notch.

TO ZHMATOAOTIKO MONOITATI NOTCH

‘Evag amd Toug Mo ONUOVTIKODG UNYOVIGHOUS KLTTOPIKNG ONUOTOSOTNONG
pecorafeitar amd tov vmodoyéo Notch e éva povomdtt yvowoTd G GMUOTOS0TIKO
povomdtt Notch. H ovykekpuévn onuotoddtnon omoteel €vo  eEEMKTIKG
CUVINPNUEVO HOVOTATL POOIONG TG KVTTOPIKNG TOYNG O TMAELAO0. TOAVKVTTOPWOV
LoV opyavicpudv. Aappavel HEPOG 6TOV TOALUTAAGIAGUO, TN JPOPOTOiNCT Kot
TNV OOTTOOT TOV KLTTAPOV o€ dtdpopa avartuélakd otddio (Artavanis-Tsakonas et
al., 1999).

H onuatoddoton Notch avakeAdednke yevetikd mepimov 100 ypovia mpiv
(Morgan, 1917), Aoym ¢ oavaykng g oty avamntuén Tov  QTEPOL NG
D.melanogaster. Amo tote, 1 Aioto avortuéloK®V S10dIKAGIOV TOL EEAPTMVTAL OO
aVTO TO ONUOTOOOTIKO HOVOTATL aLEAVETOL GUVEX(DS, TOGO TOL €ivol OVGKOAO V.
Bpebei kamorog 1010¢ ot D.melanogaster kot otov dvOpwno mov va pnv eaptdrar
and T onpotoddtnon Notch g kémolo 6tddio ¢ avamTvéng tov.

H un cwot) onuatoddotnon Notch pmopei va odnynoet oe maboAoyikég
KOTOOTACELS KOl GUUPAAAEL otV ovATTLEN OYK®V Kot piag av&avopevng AMotog

acbeveliov ocvumeptropfoavousvov to obvopopo Alagille to omoio ennpedler moAra
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Ko S1opopeTikd opyava kat to ovvdpopo CADASIL (Hansson et al, 2004, Lasky and
Wu, 2005).

[Mepinmtikd, m mpoteivny Notch, m omoion amotekel Tov vIOdoYER TOL
ONUATOOOTIKOD LOVOTOTION, OAANAETIOPA HECH TOV EEMKLTTAPLOV TEPLOYDY TNG LE
11 mpwteivec-deopuevtég Delta (DI) xau Serrate (Ser) yertovikdv kuttapov. Me ovtd
TOV TPOMO EMTLYYAVETAL 1) EVEPYOTOINGCT TOL LTWOOOYEN OTA KVTTOPO OEKTEG. €
KOTTapa 6mov dev €xel evepyonomn el o vmodoyéag Notch, o cuykatactoréac Hairless
deopevetal e Tov petaypapikd mapdyovia Suppressor of Hairless kot otpoatoloyel
T mpwteiveg Groucho kot CtBP yia va dnupovpyndei éva kataotoltikd cOUTAOKO
™me petaypapnc yovidiov otdywv tov Notch. Otav ot deopevtég DI ko Ser
deopedovTtol e TOV VTOJ0YEN, TO EVOOKVLTTAPIO TUNUO OLTOV  OTOKOTTETOL,
LETAVOOTEVEL GTOV TLPNVA OOV KOl OSGUEVETOL WE TO UETAYPOOIKO Topdyovio
Suppressor of Hairless, evepyomoidvtag v ékgpoon yovidiov omwc Enhancer of
split, vestigial, cut kou wingless (Barolo and Posakony, 2002, Bray, 2006, Chitnis,
2006, Le Borgne, 2006, Louvi and Artavanis- Tsakonas, 2006, Nichols et al., 2007).

H evdoxvttdpla onpatoddtnon mov TpokaAeiton 6To KOTTOPO SEKTEG EYEL MG
amOTEAEGHA TNV VIOBETNON 1) TOV AMOKAEIGUO PiOG GUYKEKPIUEVNG KVTTOPIKNG TOYNG,
yeyovog mov e€aptatat amd tov 16Td Ko v avortvélokn eacn (Artavanis-Tsakonas
et al., 1999, Portin, 2002, Kadesch, 2004, Bray, 2006, Louvi and Artavanis-Tsakonas,
2006). T'evikidg n éAderym Notch onpatodotnong odnyei oe viobétnon Aavbaouévng
KUTTOPIKNG TOYNG. XtV €koéva 1 mopovctaletor oynUOTIKE TO ONUOTOOO0TIKO

HLOVOTATL.
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Ewova 1.1: To enpatodotiké povorart Notch

Znv €1KOva QaivovTol GYNUOTIKG Ol TOPAYOVTEG OV gUTAEKOVTOL KOTd Tn onpoatodotnon Notch og
Sthpopa emimedo. TINV WPOAYUATIKOTNTO, KOl TO OVO KOTTOPO HETAEL T®V omolwv yivetar m
oNUaTodOTNoT EKPPALovV T6c0 popLa vodoyia 6co Kot deopevti. O vrodoyéag Notch aiiniemdpd
pe tovg deoupevtég tov, DI ko Ser, xou gvepyomoigital. Qg omotéleouo TG EvEPYOTOiNoNg, TO
€VOOKLTTAPLO TUNLLA TOV VTLOJOYEN ONEAELOEPDVETAL LLE TPMOTEOAVGELS, LETAPEPETOAL GTOV TVPTHVA OOV
dpa w¢ petaypapikdg cvvevepyoromthg Tov SU(H). Zto oynpe @aivovtor kot GAlot Topdyovieg mov
pvBuiCouv ) onuatodotnon avth (BA. eloaywyn).
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1. TA MOPIA

1.1. O Ynodoyéag Notch

Onwc npoavapépbnke, to yovidio Notch avaxaivednke ot D.melanogaster,
10 1917 aAAd 1 popilaky Tov aviivon dgv €yve mpwv to 1985 (Wharton et al., 1985).
To 6vopa Tov TPoNABe amd 10 PAVOTLTIO TG LEPIKNG EAAEYNG AlToVPYinG TOV, TTOV
TPOKOAAEL EYKOTEC OTIG GKPES TV PTEPOV TOL gVAikov atopov. Xtn D.melanogaster
vrapyet évag vrodoyéag Notch, evd ota Ondootikd técoepic.

H npwteivn Notch anoteiei diapepfpavikd vrodoyéa aming diéAevong THToL
I, tov 2704 opvolémv. H evdokvttdplo meployr] omoteieiton oamd pio meployn
ovopalopevny RAM 23, 6 emavoAnyelg oykvpiving kot pio oAAniovyio PEST
(Fleming, 1998). EmutAéov o©TO €VOOKVLTTAPIO TUAUO TOV VTOJOYER TNG
D.melanogaster éyet Ppebel pio adAnAovyio TAOVGCL GE KOTAAOUTO YAOLTOUIVIG
(opa), n omoio dpmG givar TOAD Alyo cvvimpnuévn oto Notchl, eved dev éxet Ppebdet
KaBorlov oto vroroma opdroyo twv Oniactikev (Weinmaster et al., 1992). Xe
oLYKEKPIEVEG BEaEIC otV evdoKLTTAPLOL TTEPLOYN OpeideTor 1 aAANAERIOpacT TOV
vrodoyéa pe mieldda mapoydviov. O petaypapikog mapdyovrag SU(H) aAiniemidpd
pe v mepoyn RAM 23 xou tig emavoinyelg aykvpivng (Fortini and Artavanis-
Tsakonas, 1994, Tamura et al., 1995). H mpoteivn Deltex arAnAiemidpd pe Tig
emavaAnyelg aykopivng evdd m Numb pe tic odiniovyiec RAM 23 kai PEST
(Diederich et al., 1994, Matsuno et al., 1995, Guo et al., 1996). EmtAéov, n mpoteivn
Dishevelled aAAniemdpd pe o mepoyn kopPoELTEAKE TOV  ETOVOANYEDV
aykvpivng evo 1 Disabled pe v RAM 23 meproyny (Axelrod et al., 1996, Giniger,
1998).

To eEokvttdplo TuNUa Qoiveton vo, Agttovpyel Kupimg ¢ pion puOUICTIKY
nwepoyn. Kopo yopaxtmpiotikd sivor n vmapén moAlodv emavainyenv tomov EGF
(Epidermal Growth Factor), yvootég g ELRS. Zvykekpiuéva otov vrodoyéa Notch
ot D.melanogaster vrdpyovv 36 téroteg emavalyels. Zvykpicel otny aAlniovyia.
TV opvocémv éxovv  amokoAvyel Ott pepovopéves ELRS eivor mepiocdtepo
OUOLOYEG LE TIG OVTIOTOLYO TOTOBETNUEVES EMOVOANYELS GE VTOJOYEIS GLYYEVIKAOV
€100V apd pe GAAEC emavaAyelg oto id10 udplo tov vrodoyéa (Fleming, 1998). Ot
EGF emavainiyelg 11 kar 12 gvBbvovtar yio tnv aAAnAenidopacT Tov vrTodoyéa pe

toug decpevtég tov DI ko Ser (Fehon et al, 1990). MetaArd&elg oe avTtéC TIg
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EMOVOANYELG TPOKAAOVV Bvnodtta o euPpuikd otddlo, Thavov Adym advvapiog
npocdeong otovg deouevtég (de Celis et al., 1993). Ou EGF enavolnyeig 22 £mg 29,
oynuotifouv pia Eeymprom Aettovpyikn meployn, v Abruptex. IMBavoroyeiton mTmg
aVTN 1 TEPLOYN AMOTEAEL Evay apvnTIKO puOo™) g Tpdedeong tov decpevth DI
otov vrodoyéo (Bruckner et al., 2000, Moloney et al., 2000). Kappo&vteiikd tov
ELRs vrdpyovv 3 emavainyelg miovoieg oe kotdroita kvoteivng (LNG). ITiavov
aVLTA M TEPLOYN CLUUETEYEL oTNV otafepomoinon Tov e£MKVTTAPIOL TUNUOTOS TNG
npoteivng (Heitzler and Simpson, 1993). EmmAéov moADd onpoviikn Agttovpyio Tov
emavoarnyenv LNG eivar va kalvrtovov tqv HD meproyn (heterodimerization domain)
mov Pploketon pOMG €€ am ™ pepPpavn, kol péca oty omoia Ppioketar n S2 0éom
(BA. mapaypago 3.1). (Gordon et al., 2008).

210 onueio avtd Tpénel vo avagepOel OTL Katd T SLAPKELD TS AVATTVENG TNG
D.melanogaster vmépyovv dagopetikég popeéc tov  Notch  vmodoyéo mov
ekgppdlovtar. H xvplapyn popen katd tnv ovamTuEn NG EMOEPUIdAs oTo EUPpLo
elvar 0 vmodoyag mov amotedeitonl amd OAGKANPT TNV oAANAovYio, Ve ovTIOET®G
oTNV Kupilopyn HOPEN OTO OVOTTUGCOUEVO KEVIPIKO VELPIKO GUOTNUA Agimel 1)
neployn kopPoéutelikd tov enavoalqyeny aykvpivne (Wesley and Saez, 2000). Avty
1N dapopd anotehei onueio pvOong g onuoatoddtong Notch, kabbc cvoodpevon
™G TANPOLG popeng Tpoteivng Notch oty avoartveoouevn emdeppida mpowbei
OLGCMOPEVGT TOV HETOYPOPIKOL TTapdyovta SUu(H), o omoiog pe ™ oepd tov O
npomBncel T cvoompevon mARpovg unkovg Notch, dnuovpydviog pe avtd tov
TpOmo pia Oetikn avadpaon n omoia evioydel T onuatodotnon Notch mov e€aptaron
and to SU(H) kot to gvdokLTTAPLO TUAKO TOV VTOJ0YEN. AVTIOETOC | GLGGMPELOT
™ eMumovg Notch mpwteiviig 6t0 avamTLGGOUEVO KEVTIPIKO VEVLPIKO GVOTNUA,
npomBel v amotkoddunomn tov Su(H), yeyovog 1o omoio e T GEPA TOL EVIGYVEL TNV
amokodounon ¢ mAnpovg popeng Notch, dnuovpydviog pio apvntikny avédpoon
o™ onuatodotnon Notch mov e&optdrar and to Su(H) kot o evéokvtTdplo T

tov vodoyéa (Wesley and Mok, 2003).
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dNotch ANK  RAM LNG EGF-lke repeats
' — (I
MLSSJ SiapepPpaviki
PEST sequence TTepIoXN

NOTCH1

= T

NOTCH2

—{ T

NOTCH3

Di

NOTCH4

Ewcova 1.2: H dopi) Tov vrodoyéa Notch

—— (T a
Sl AN

KUTTAPOTTAQCHATIKE HERBpavN

Ty mapordve gikéva TopovstdleTol 1 dopr Tov gvdg vrodoyéa g D.melanogaster (dNotch) ot
TV teocdpov ota Inhaotikd (Notchl-Notch4). To gokvttdpio tpnpe Ppicketat de£10 g ekoOVaS.
Y avtd mapatmpodpe v vrapén twv EGF eravaliyewnv, tov onoiov o apdudg nowiriel. EmmAiéov
Tapatnpovpe TG yopoktnplotikég emovaAnyelg LNG, ou omoieg eivar mhovoleg oe katdAouma
Kkvoteivg. H evdokvttdpio meployn] mapovoidletar apiotepd g ewkoves. Metd tn dapepfpovikn
mepLoyn, 6A0L o1 VTodoYyeic drabéTovy TV meptoy] RAM 23 kot akolovBobv ot ETOVAAYELG ayKLPIVIG.
Y10 kopPo&uTelkd dkpo TV TpmTeivdy gvtomilovpe v aAiniovyia PEST.
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1.2. Owdeopevtéc Delta ko Serrate

Ot deopevtég tov vmodoyéa Notch, DI kou Ser, avikovv oty owkoyévela
npoteivov DSL (Delta, Serrate, Lag-2). Kowo yapoktnpiotikd tovg n meproyn DSL
OTO OIVOTEMKO TOVG TUNMO, 1) OTOI0L CLUUETEYEL OTNV OAANAEMIOpOOT HE TOV
vrodoyéa Notch. Xt D.melanogaster vrapyovv pio mpoteivn DI kou pia Ser, evod
ota ONAOCTIKG VTAPYOLV TEVIE OLUPOPETIKOL OECUEVTEG Ol TPEIS €K TWV ONOIMV
potdCovv doukd pe to DI (DI1, DI3 xor DI4) xor dvo mov powdlovv ue to Ser
(Jaggedl ko Jagged?).

O deopevtg Ser, amotelel pia StapepPpoviky] TPMOTEIVN aning S1éAevong, TV
1404 apvolémv. H eEmrkuttapia meployn g omoteAeiTon amd TO AUIVOTEMKO GKPO
NT, v meproyn DSL, 14 emavainyeic EGF ko pia meproyn mAovoio og katdloma
kvoteivng. O deopevtng DI amotelel o dtopepppaviky tpoteivn amAng diéhevong,
TV 832 apvolémv. v eEOKLTTAPLO TEPLOYN TNG TPOTEIVNG Kot EEKIVAOVTOG atd TO
OUVOTEMKO AKPO CLVOVTAUE TIS €ENG TeployEs: Aptvotelko akpo NT, meproyn DSL
kol 9 ovveyeic emavainyelg EGF. AxkoAlovbel n dwoapepppaviky meployn kor ot
GULVEXELD, TO EVOOKVLTTAPLO TUMMa TG Tpmteivng (Fleming, 1998).

Extég v oporoyio mov vrdpyel petald tov DSL meploydv avapesa otovg
deopevtég (Tatex et al., 1994, Fleming, 1998), vrdpyst emiong onpavtiky opotoTnTa,
oTNV QUIVOTEAIKO Gkpo TtV deopevtdv (Finn et al., 2006). v mpwteivn DI, 10
TUAHO 00 To Yopiletal oe 600 VIOTEPLOYES PACT TOV TEPLEYOUEVOL TOVS GE KATAAOUTOL
KvoTeivng, Tig meployés N1 (apvo&éa 22-82, vmmapén 6 katdhomwv KuoTeivng) kot N2
(opvo&éa 83-181) (Parks et al., 2006). To apwvotedikd akpo ¢ npwteivng DI givar
OVTO OV GULUUETEYEL OTIS OUOTLTIKEG OAANAETIOPAcELS peTa&d 600 mpwteiviv DI.
Mdéhota, kataotpoen g DSL meployng epmodilel v ahAnienidpoon HETOED TOL
deopevty DI kow tov vmodoyxéo Notch, dev emnpedlel Ou®C TIC OUOTLTIKEG
AAANAETIOPAcELS ueTalDd TOV SECUELTAOV, omodelkvooviag O0tt 1 tpdodeon Delta-
Notch givon dopikd drapopetikny amd v Delta-Delta npdcdeon (Parks et al., 2006).
Ot aAAniovyiec tov decpevty DI mov givar avaykaieg yio Ty TpoOcdEcT TAV® GTOV
VIOdoYEN LTOPOVV Vo KatnyoplomomBovv og Tpelg meployés: Tnv DSL meproyn ko Tig
N1 kou N2 (Parks et al., 2006). Ot erovoinyeic tomov EGF, ovopalopeveg ELRS,
£yovv eumAaKet o GUUUETOYN OLOLOPLOKDV aAANAeTIOploEDV
ocvumeprappavopévou kot tov vrodoyéo Notch (Rebay et al., 1991, Fleming, 1998).

Mo ovykekpyéva ot EGF  emavainyelg 1-3  ocoppetégovov oty  OHOTLTIKY

11
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aAAnAenidpacn tov deopevtny DI pali pe 1o apvotelikd tufuo. Emmiéov vndpyovv
evoei&elc 6tL ot ELRS 3 kot 9 elvor onuovtikég yio ) €vooKOTI®MON NG TPOTEIVIG
(Parks et al., 2006). Emitpoctétmg, perétec oto C. Elegans £dei&av 61t ot ELRS1 ko
2 yperdlovtar yio v Tpdcedeomn otov vrodoysa Notch (Komatsu et al, 2008).

Ot &vOOKLTTAPIEG TEPLOYES KOl T®V OVO OECUELTAOV OV TOPOVGLALOLV
aSloonueimt opoAoyioa pe Gilec mpwrteivec. Eilval Oumg onpaviikéc ywoo
onNuatoddTon KaBMG Ot EAAEWUUOTIKEG HOPPEG OVTOV oL Ogv ObéTovy 1O
EVOOKVTTAPLO TUALO OPOVV MG EMKPATMOG apvntikég petolhayég (Sun and Artavanis-
Tsakonas, 1997). Xto evdokvttdplo Tunuo ™G mpoTeEivng Ser, Ppébnke éva
ocovinpnuévo portifo Otkevkivng Kol pion cuvInpNUEVY] TEPLOYN TOL TMEPLEYEL
katdrowta acmapoyivng. To potifo aomapayivng cvoppetéyel otV oAANAenidpoon
TOVL JeGUELTH e TIG 000 Arydoeg ovPukovuttivig Neuralized kot Mindbomb1 ko givon
ONUOVTIKO Y10 TN ONUOTOOOTIKY KavoétnTa TG TPpoTeivng. To potifo dtkevkivng,
glvol ovoykoio ywo TNV €vOOKLTTMON TOL OEGUEVLTH, Ogv emnpealel OpmMG ™
onuotodotikn wavotnta e tpoteivng (Glittenberg et al., 2006). v npwteivn DI
vrapyel emiong €vo potifo mov mepiEyel KatdAowto acmapayivng kol Ppédnke OTL
puecolaPel otnv oAAnAemidopaorn pe ) Arydon Neuralized (Fontana and Posakony,
2009). Agv vrtdpyovV OVTIGTOLYES TEPLOYES OTO EVOOKVTTAPLN TUNUOTA TOV OECUEVTOV

OT0 GTTOVOLAMTAL.
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NT DSL ELRs CR T™

Al THITTHITITCO—H Serrate
A [[[[[[HF—— Dem

A [IITITHITTIITK >O—— Tagged1
AT THOIT T O—— Tagged2

AT DI1
—HHHITT[H— DI3
a1 11TH— DI4

Ewova 1.3: H dopn Tov deopgvt@dv

Znv moapomdve gikdva tapovotdletor n dopn tov deopevtav Delta ko Serrate ot D.melanogaster
ko towv Jagged ko DI tov Onlactikdv. To eEmxvttdplo tunpe Bpioketor 610 aplotepd TURUO TG
gwovag. Xnv npoteivny Ser kar ota opdroya tng Jaggedl xon 2 mapatnpodue tnv vmapén Tov
apwvotehkov dxkpov (NT), g DSL meproyng, tov eravorqyenv tonov EGF (ELRS), g mepoymig
mAobdolag og katdhouto kvoteivng (CR) kat tng dopepPpavikng nepoyfic (TM). v nepintmon tov
deopevtn DI ko tov opordywv tov DIL kot DI4 mopatnpodue dlec Tig mapomdve Teployés eKTog T
CR, evt oto DI3 dev vdpyet karn NT meproyn.

13
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1.3 Ov Ayaoeg ovpuovitivyg Neuralized kon Mindbombl

To yovidio neuralized (neur) ¢ D.melanogaster kiwvomombnke wg évo
CuymTikd yovidlo kot kmotkomotel pia mpwteivn 754 apvolémv. Katd t didpkela g
euppvoyéveong 1o yovidlo ekppdaletal oto ekTddEPO Kot To peaddeppo (Boulianne et
al., 1993). Ztic dpeg 3-9 ¢ epPpvoyéveong 10 HETAYPOPO EVTOTILETOL O EMOEPUIKAL
KutTapa Kot vevpoPrdotec. H ékppaon avtr| copmintetl pe v mepiodo mov yivetat o
S P pdg vevpoPrLacTdV Kot Tpodpdumy Tov actntmpiov opyavev (Boulianne et
al., 1993, Price et al., 1993). Mg éAletyn T0V YOVISiOL EKINAGDVETAL £VaG 1GYVPOG
VveVPOYOVOG PavOTLTTOG LE BAvaTo 6TO EUPPLIKO GTASL0, ATOSEIKVYOVTAG TN CTLLOGTN
oV Katd v euPpuikn avamtvén (Lehmann et al., 1983). EmumAéov, n dpdon tov
yYovidiov Neur omorteitonr Kot Kot TNV avamtuén Tov  TEPLPEPIKOV  VELPIKOV
GLOTNUATOG TOL evnAikov. TTio cuykekpipéva Yo Tovg avarTvElakoHg S1GKOVS TOV
@teEPOD, TO Yovidlo ekepdleTonr e OAO TO TPOJPOUO KVTTAPO TOV EEMTEPIKAOV
atcOnmpiov opydveov (Huang et al., 1991, Boulianne et al., 1993). Xto movtikt
vdpyovy 6VO Neur yovidwo pe mapopolo TPOTLTH EKPPOoNS KoTd TV eufpvoyéveon
(Pavlopoulos et al., 2001, Song et al., 2006).

H doun g mpwteivng amoteleitor amd pio oAAniovyio daxtviiov Zn-RING
tomov C3HC, oto kapPoéutelikd dxpo tov popiov (Price et al., 1993) «ot and dvo
emavaAnyel NHR ot omoiec elval cuvinpnuéveg avlpeca otig OLOAOYES TPMTEIVEG
Neuralized oAAd dev mapovoldlovv opoAoyic pe oAAniovyieg GAAOV YVOGTOV
npoteivov (Yeh et al., 2001). H mpoteivn Neuralized eivor o E3 Aydon
ovPwovitivig (Yeh et al., 2001). H RING meproyn ¢ npwteivng sivarl amapaitntn
KoL ETOPKNG Yo TN Opdon TG ¢ Arydon ovPikovttivng Kot pdAiota pio LeTaAAayr o
€va KATOAOITO KVGTEIVIG OTNV TTEPLOYN OVTH EUTOSILEL TN CLYKEKPIUEV EvepyoTITA
(Yehetal., 2001).

H Neuralized eivon pio. evookvTTOPIKY TEPIPEPIKT UEUPPOVIKT TPOTEIVN M
omoio. emdyel TV gvdokLTT®ON ™G Tpwteivg DI, peidvel petapetoypoagikd to.
emimedo TG Kot gvicyvet T onpatodotnon Delta-Notch (Lai et al., 2001, Pavlopoulos
et al., 2001). O daxtoiog RING g mpwteivng eival amopaitntog yio TNV enaymyn
evookVTTMOONG TOL deopevt DI ko yio v petapetoypoagikn peimon tov emmnédov
tov (Pavlopoulos et al., 2001), dev gival dpm¢ amapaitnTog Yoo T aAANAETiIdpac
tov Neuralized pe tovg decpevtéc DI wor Ser (Pitsouli and Delidakis, 2005). H

npoteivn Neuralized oAAniemdpd 1660 pe v mpwteiv DI 660 ko pe ™ Ser kot
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e éyyel e€ioov v vrokvttapikn tovg 0éon (Pitsouli and Delidakis, 2005). Yzrevuvn
TEPLOYN Yoo TNV aAANAeTidpaon g Aydong ue 1o deouevtny DI eivan 1 NHRL.
MdéMota évo GUYKEKPIUEVO KOTAAOUTO YALKIVIG cuvinpnuévo Oyt povo petald tov
opdroywv Neur aArd kot peta&d v NHR meploydv S109opetikdv tpoteivedv gival
TOAD oNuavTiko yi ovt v aAinienidpacn (Commisso and Boulianne, 2007).

210 éuppvo, N dpactikdOtNTa TG TPpwTEivNg Neur pvBuileton ond mpwTeiveg
™ owoyévelog Bearded ommg n Tom (Bardin and Schweisguth, 2006; De Renzis et
al., 2006). H npwteiv Tom deopedetar otn Aydon Neur kot ovtoyoviletor T dpaon
¢ (Giot et al., 2003, De Renzis et al.,, 2006). Mdiiota n zmpwteivy Tom
avtayoviCetal m opacn tov Neur decpevouevn ot 0éon NHR1 unv aervovtag
Mydomn va mpocdebei pe to DI (Bardin and Schweisguth, 2006, Commisso and
Boulianne, 2007, He et al., 2009).

To yovidio mindbomb (mib) klwvorobnke apywd oto zebrafish, ko n
TpoTeivn amodeiydnke ot elvar E3 AMydorm ovPwkovitivnig. H mpoteivn avt
aAAnAemidpa pe to zDelta ko 0dnyel oty evéokHTTOON KAl OLPIKOVITIVOAI®GT TOV
decpevtn (Itoh et al., 2003, Chen et al., 2004). O)eg ot Mib mpoteiveg amotelovvTon
amd o cvykekpluévny doun M omoia umopel vo ywpiotel oe tpio Tpuquata: To
OUIVOTEAIKO GKPO OmOTEAEITOL amd €va ZZ ZINC doKTOAO O 0moiog mepIPAreTon amd
dvo potifa Herc2/mib, evd axoAovBovv 2 emavornyelg yapoktnplotikés tov Mib
TpOTEIVOV, ol emavoinyelg mib. H kevipwn mepoyn yopaxmmpiletor amd 8
EMOVOANYELG ayKLPpivng Kol TEAOG TO KopPo&uteMid TuMpa TeplEyel 3 doKTLAIOVG
YeudopPYHPOL €K TOV OMOi®V HOVO O TPITOg €YEL TN YOPAKTNPIOTIKY] OOUT TOL
npotvmov RING (Lai et al., 2005). YrevOuvveg meployég yio v oAAnAemiopoon g
Mydong pe to deopevtn DI givan ov emavoinyelg mib (Itoh et al., 2003, Lai et al.,
2005). X D.melanogaster vrapyovv dvo yovidia pe oporoyia pe to zmib, o mibl
kot 2. To mib2 £yer pikpdtepn oporoyia pe to zmib ko exepdleton Kupinwg 6To PViKd
ovomua. H npoteivn Mindbombl ¢ D.melanogaster oAiniemidpd kot pe tovg dvo
deopevtég tov Notch kot emdyst v evdokdTI®ON KOl ATOKOSOUNGN  TOVG,
evioyvovtog mapaAinia tn Notch onuatoddtnon (Lai et al., 2005, Le Borgne et al.,
2005, Wang and Struhl, 2005). Kot o€ avti v nepintmon o daxtolog RING dev
elvar amapaittog yo v aAnAeniopacn pe tovg decpevtés. Emmiéov Ppébnke o1t
ot mpwteiveg Neuralized kot Mindbombl dpovv cuvvepyatikd KoTd TV TAELPIKY
OVOGTOAN, EVM UTOPOVV VO OPACOLV N L 6T B€om TG AAANG KOTA TNV ETAY®YN TOV
neplbopiov tov @rtepov (Pitsouli and Delidakis, 2005). Xto movtikt &xouvv
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yapoktnplotel 660 opdAoyo yovidie tov mindbomb, ta zmibl kor zmib2. Ot
TPOTEIVES TOL eKPPALOVV Exovv Ko avtég Opaon E3 Aydong ovPucovttivig, n onoia
e€aptatar amd v VYmapén tov daktviiov RING. Emumdéov aAiniemidpovv pe tovg
deopevtég DI kon Jaggedl kot 0dmyodv otnv ovPikovttivoAimon Kot EVoKOTIMGON

toug (Barsi et al., 2005, Koo et al., 2005a, Koo et al., 2005b, Takeuchi et al., 2005).

neuralized

NHR1 NHER2 RING

I S N s -

mindbombl

MH 7ZF MH 2xmib  8x SEITOVONYPEIC GyKUPIVNG 3x RING

Ewoéva 1.4: H dopn TV Aryacav

Yy gikdva mapovoidletar  Soun twv mpwteivadv Neuralized ko Mindbombl. Xty mpoteivn
Neuralized diaxpivovpe tig 600 NHR zmeproyég (mpdovo), n npdTn ek tov onoinv givol vrebbovn yua
™mv aAAnienidpoaon g Mydong pe to deopevty DI Etn ocuvvéyelo evromilovue ™ RING mepioyn
(x6xKvo), vrevbuvn yua T dpdon Atydong ovfikovitivig Tng Tpwteivig. Tty npwteivn Mindbombl
dwakpivovpe tig dvo Mib/Herc2 (MH, umke), ot onoieg dwaympilovior and tov zz zinc daxtoio (ZF,
kitpwo). AkolovBovv 0o mib eravaiqyelg (tpdowvo), o omoieg givan vevBLvVeS TNV AAANAETISpaoT|
™¢ AMydong pe to deopevt DI Zto kevipkd tufua ocvuvavtdpe 8 emavalnyelg aykvpivig kot TEA0G
tovg 3 daktuAiovg RING (kdkkvo) ek Twv omoiov poOvo 0 TPITOG £XEL TN YOPAKTNPIOTIKY SOUN TOL
npotunov RING.
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2. TATETONOTA

Onwc €xer MO avaeepbel, o aplBuds TOV avarTLEKOV SLOOTKOCIOV TOV
e€aptdvion and 10 onuatodotikd povomdtt Notch egivar  molvapiBuog. H
OULYKEKPIUEVN onpatodoTnon dpa katd to eufpuikd otadio g D.melanogaster kot
ota Tpiet PAOCTIKG GTPOUATO, EVD KOTE TO TPOVUUPIKO Kol VOUPIKO GTAd0 Opol 61N
YOUETIKN GEPA Kol OTOVG avorTLELNKOVS diokove. O TpOTOC pe tov omoio opa 1 €V
AOY® oNUOTOOOTNON UTOPEL VO YWPIOTEL GE TPELS HEYAAES Katnyopieg: Tnv mhevpkn
OVOOTOAN, TIG OTOPACELS YeEVEOLOYiog Kot T dnuovpyio opiov (Bray, 1998) (swdva
1.5).

o. MAEUPIKR OVOOTOAR B. ATTOQGOEIC VEVEOAOVIO V. Anpioupyia opiwy
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Eikéva 1.5: Avatrtu§lakég Siadikaoieg Trou e§apTwvTal atrd Tn onparodortnon Notch
2V TOPOTAVE EKOVL TAPOLGLALOVTOL KUTTAPIKEG ATOPACES Ol OTOIEG AOLTOVV TN OTLOTOdOTNON
Notch, 6nwg givar 1 TAgvpikn avaotod Katd Tov kabopiopd Tev kuttdpmv ITAO kot v avamTuén
TV EAEPOV, o1 amopdoels yevearoyilog katd  dwipeon tov kuttdpov ITAO Kot 1 dnpovpyia opiov
oto mepdPlo Tov QTEPOL. Xe omowadnmote Swadikacio av oamovoidler n onpatodotmon Notch
mapatnpeital Kot avtioToyn TPOPANUATIKY AVATTUED.
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2.1 IMievpiki avo.oToOAN

O 0po¢ TAEVPIKT] AVOGTOATN AVAPEPETOL GTNV OOIKAGIO KOTA TNV omoia £val
KOTTOPO UTOpEl va emAeyEl Kot Vo S1ay®PIoTEL O 1o ORLAO0 1IG0OVVAL®MY KUTTAPMV.
Y7rdpyovuv moAAEG TepTTdGES O6mov M onpatodotnon Notch dnuovpyel mhgvpiky
avootod. ‘Eva tétolo mapdaderypo oty D.melanogaster amotelei m emloyn tov
pdopopov kutTdpov achntmpiov opydvev (ITAO), and £va cUVOAO KLTTAP®V TOL
ATOTEAOVV TOV TPOVELPIKO GLVOOPOIGUO.

Kdabe TTAO wbdtropo dtapopomoteitor and pio opddo 160dVVIU®Y TPOSPOUMY
TPOVEVPIKDY KLTTUP®V 7OV OTOTEAOVV TOV TPOVELPIKO cvvabpolopd. Avty n
drapopomnoinomn otnpileron oto Notch, kot av n onuatoddton de Asrtovpyel T0TE
TEPLGGATEPA TOV EVOG KOTTOPO OITOKTOOV TNV avamtuélakn toyr evog ITAO. Apywka
OAOL TOL KOTTOPO. TOV TTPOVELPIKOD TANBLoUOD gival 10odvvape Kot ekEpAlovy Tig
npovevpikég mpwteiveg Achaete kar Scute, ol omoieg Ko vepyomolovyv TV EKPpacT
Tov deopevtdv DI kar Ser. Zvvemde, apycd 6Aa to KOTTOPE TOL GLVAOPOIGHOD
eKQpalovv TOG0 TOV VTTOO0YEN OGO KOl TOVS OEGUEVTEG KO £XOVV TNV IKOVOTN T KO
Vo amooTéAAOVY Kot vo. Aapfdavouv onpo. o dyvooto péxpt otyung Aoyo, éva
KOTTOPO OMOKTA UEYOADTEPT KOVOTNTO OTOGTOANG GNUOTOC amd TO VTOAOITO KO
aLTN 1 KOTAGTOOT cuvinpeiton pe unyaviopo avéopaons: Ta kdtTapa mov d&yovtal
TEPLOCOTEPO onua Exovv elattopuéva eminedo mpoteivng DI, Adyw upetaypapikig
KataotolMg omd 1o ovumioko tov E(spl) (Culi and Modolell, 1998). Ta ev Adym
KOTTOPO 0T ovvéExel Ba elvar Aydtepa KavE Vo GNUOTOSOTIICOVY GTO YEITOVIKA
touc. To povadikd kbtTapo mov Bo YAMTOOEL amd TNV aVOGTOAN €ival avTtd mov Ha
ovveyioel va onuatodotel Kon Ba emieyel mg mpoddpopog asnmpivv opydvev. Eva
povtédo mov €€nyel v dpopomoinon ot onuatododTnon vmootnpilel 6t 1
petaypa@ikn pvduion tov deopevty DI omd to Notch oamotelel v apywkr attia
emloyne evog kuttdpov (Heitzler et al., 1996). Kot evdd avtd 1o poviédo e€nysi
IKOVOTOINTIKG TN dNULovPYiot OLOOHOPP®Y TPOTLII®V OTTMG vl Ol LIKPOYOITES TOV
Oopoka, advvatel va eEnynoet m dnpovpyio HOKPOYoUTdV oV TavIo Ppickovrol
oT1g 1dteg Béoeg. Avtd to povtédo avtitifetal amd amoteAécpaTa TOL delyvouy OTL
EVD LILAPYEL | HETOYPOPIKT pOOon Tov DI koatd tov kabopiopd tov pakpoyoutdv
oV Odpoka ovth dgv givar oamoapaitnty yo. TV TAevpkn ovactoAr (Pitsouli and

Delidakis, 2005). Xvvend¢ mpémel va vapyel GAA0G AOYOG TEPAV TNG UETOYPOPIKNAG
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pvOuiong tov DI mov va anotelel v apyikn artia dlopoporoinong evog KuTTapov
TOV TPOVELPIKOV GLVAOPOIGLLOV.

Emumiéov, katd ) S1dpkelo TG TAELPIKNG OVOGTOANG 6ToV Kabopiopd Tmv
poakpoyortdv, ot deopevtég DI ko Ser oAld ot ot Arydoeg Neur kouw Mibl povv
ocvvepyatikd. H cuvelopopd tmv deGHEVTOV OU®G KATA TNV TAEVPIKT AVOGTOAN £ivor
dwapopetikny pe avty tov DI va vrepioydel Adyw emopkovg EKQPAcNE TOL OTNV
TEPOYN QVTNH, avTBETOC pe To Ser dmov ta egvdoyev emineda TG TPOTEIVNG Ogv

apKoHV yia T Puotoroyikn deEaymyn g dwadikaoiog (Pitsouli and Delidakis, 2005).

©f— s
s F
~ o pxgoyaim

@ paxgogaity

Ewova 1.6: ITievpikn] avaotorn o€ ¢1epo (A) kon Oopaxa (B)

A: Arnewcdvion tov ITAO og avortuélokd dicKo Tov GTEPOD TPOVOLENG Tpitov otadiov. AtukpivovTol
o1 TepLoyéS mov Ba ddoovy Tig pakpoyaiteg Tov Bdpaka Kot Tov eunpdsbiov mepBmpiov Tov PTEPOD
(BEM0G).

B: Amewovion tov pukpoyortdv (Hikpoi KOKAOL) kol TV pokpoyaitdv (peydior kdkior) oe Odpoka
eviiMov. Ot pakpoyaiteg eppaviCovion pe ta id1a ypopota oe A kot B

SC: scutelar, DC: dorsocentral, PA: postalar, NP: notopleural, SA: supra-alar, PS: presutural
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2.2 Anpovpyia opiov

H eykabidopvon tov poylotoKotAlakoy opiov Tov avoarTuElokoD 0ioKOU Tov
QTEPOV OMOTEAEL YOPOAKTNPIOTIKO TOPAdELYHo. Onpiovpyiag opiwv 1 omoia eaptdron
and ) onpatodotnon Notch. Qg amotélespo avTG TG ONUATOSOTNONG, TO LOVOTATL
Notch evepyomoteitar ota. KOTTOPO TOV OPIOV CLTOV TO, OO0, OTOKTOVV YOPAKTIPA
opyoveTIKoh kEVIpoL kol pvOuilovv TV avdmtuEn TOL  ETEPOV  KATA TOV
poylatokotiakd a&ova (Bray, 1998).

O1 deopevtég tov Notch vrodoyéa DI ko Ser ekppalovion ekatépmbev Tov
opiov Tov PTEPOV paytaio kot kotMakd. ['a va evepyomomBei n onpatoddtnon pdévo
0TO Oplo UETOED poyloiov Kol KOMOKOD TUMUATOS, TO KOTTOPO TOL €VOG TESIOV
TPEMEL VO, ONUATOIOTOVV G KVTTOPO TOL OmEVAVTL TeEdiov kol Oyt petald tovg. H
TOPOVGia NG eKKpvOpEVNG YAvkoluAatpavopepaong Fringe (Fng) oto paylaio picod
Tunpa dtac@arilel tnv acvupetpio avty (Kim et al., 1995, Panin et al., 1997). H Fng
yAokolvAidver tov vmodoyéo Notch otic emavoinyeic EGF, kabiotdvtag tov
VIOGTPOUA Y10, GAANAETIOpacn pe v poteiv DI aAld Oy pe v mpwteivn Ser.
Mdéhota n mpooOnkn N-aketvioyivkalopivng amd ™ Fng, kor o6yt kdmowo GAAN
enokoAovdn tpomomoinom tov Notch, givar apket| doTe va evioyvoeL T déopevon
oV VIodoyéa and to DI ko va avoaoteilel ) déopgvon Tov amd to Ser (Xu et al.,
2007). EmmAéov, n ékgpoaon tov deouevtny Ser meplopiletar ota KOTTOPA TOV
poylaiov Tpunuatog (Fleming et al., 1997). H npwteivn DI exppdleton og mo gvpeia
TEPLOYN OAAG apykd mo oyvupd oto kothokd Swpépicpo (Irvine, 1999). Qg
armotédeopa, To DI onuatodotel ota kdttapa mov Ppickovrarl paylaio Tov opiov Kot
T0 Ser og avTd oL PpickovTal KOIMOKA, ONUIOVPYDVTAS £VO OPYAVAOTIKO KEVIPO GTO
POLYLOLOKOIALOKO OPLO HECH TNG EKQPAcNC TV Yovidiov Wg, vg kot cut (de Celis et al.,
1996, Doherty et al., 1996, Neumann et al., 1997). H onuatoddéton Notch oe avtm
™V TEPITT®OT OVOUALETAL ETOY®YIK.

Inuovtikd emiong eivol va dlo@aAloTtel 1 dlaTipNon TG ONUOTOOOTNONG
KATL TOVL €MTVYYAVETOL HE Eva unyoviopd Betikng avadpaong: Ta kvtTapa Tov opiov
OV AQUPAVOLV T GNUATOSOTNGT, EVEPYOTOLOVV TNV £KPPACT TV OEGUELTOV GTO
yerrovikd kotTopa. Me 1o unyaviopd avtd, oto KOtTopo ekotépmbev Tov opiov
ekppdlovior vynid emimedn twv decpevtd®V kot fonbovv otn dlatnpnorn Tov

opyavotikov kévipov (Micchelli et al., 1997).
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Téhog, otn onuatoddtnon Notch opeiketon n eykadidpvon dALmV opimv 6nmg
glvol 0 1oMuePVOE KOTé TNV OVATTLEN TOL UATIOL Kol Ol apBpdoelg katd v

avantuén tov todidv (de Celis et al., 1998, Papayannopoulos et al., 1998).

Ewova 1.7: H enpatodotnon Notch katd ) dnuovpyia opicov

To poylatokoidiiakd 6pto Tov avartuélokod diokov Tov PTepod Kabopiletar amd T oNHOTOdOTNOoN
Notch. H paywaia exppalopevn ylvkolvAtpaveeepdorn Fng yAvkoluhdver tov vrodoyéa Notch otig
EGF enovaiyeig kabiotdvrag tov kakod vootpoua tpdcdeong yio to DI addd oyt ywa to Ser. Mg
avtd TOV TPOTO EMTLYYXAVETOL 1 oNpatoddtnon and to deopevty DI and to xohaxd pépog (6mov
exepaletar 1oyLPATEPA) TPOG TO poyleio Kol omd TO deCUELT Ser amd 1o paywio pépog (6mov
exepdletar) Tpog to Kotlako. Amotélecpo avtol givol n evepyomoinon Tng onpatoddTnong oe i
YPOUUY KLTTAPOV HETAED TV SWUEPIGUATOV TA OO0 OTOKTOUV TUYN OPYOVOTIKOD KEVIPOL Kot
ekppalovv to yovidio wg, cut ko vg. D: dorsal, V: ventral

2.3 Ano@aceig yevearoyiog

Metd v emioyn 0V TPOSPOUOL TOV aenTnpiov opydvev, T0 KOLTTAPO
avtd Olapeital acOHUPETPO OOTE Vo Onpovpyndodv 5 dwapopetikd KOTTOPA: 1
ounpryya (shaft), o vevpdvag (neuron), n Onkn (socket), to mepifinua (seath) kot to
yholakd kottopo (glia) (ewova 1.8) (Gho et al., 1999). To povomdrtt Notch katéyet
Boacikd poAO 0 OVTEG TIG OCVUUETPES OLOPEGELC KO LAAIOTO OE TOAAA oTAdWL: ZTNV
TPOTN aoOLUUETP dlaipeon Oa mapaybei and to ITAO éva plla kar éva pllb kdtTapo.
To plla kdttapo Ba dapedel acvUpETPA YO0 VO SDCEL TN GUPLYYO KO T ONKY|, EVO
10 pllIb Yo va ddoetl apykd to yAolokd kuttapo kot To plIb to omoio Oa droupebdei
OCVUUETPO [LE TN GEPE TOL Y10l VOL TOPAYEL TO VELPOVA Kol TO TEPIPAN L.

Ocov agopd v =mpmdTn acdupetpn owipeon, to Notch povomdrt

evepyomoteitan oto plla kdtrapo evd to plIb £xel v wavémta va onpoatodotel. Xe
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QLT TNV TEPITTOON OTOAEL TNG ONUATOOTNONG 0ONyel oV Tapay®mY HOVO
vevpovev emeldr] mpokvmrovy uoévo plib kotropa. Ymapyovv dbo dagopetikoi
unyoavicpoi wov dtuoparilovv 6t to plIb KdTTapo POVO B amoGTEALEL OO EVED TO
plla Ba yiver kotTapo déktng. Kot ot dvo gumiékovv v evdokittmon. Tlpmdtov, 1
Mydon Neur, PBaocwkdc evepyomomtig tov DI kdinpovoueitan poévo amd to plib
KOttapo. Agbtepov, n mpoteivy Numb, apvnrtikog pvOuotic tov Notch, emiong
KAnpovopeitor povo and to plib (Rhyu et al., 1994, Berdnik et al., 2002, Le Borgne
and Schweisguth, 2003). To emikpatéotepo povtéro eivor 6Tt 1 Numb gvdokvttdvel
tov vmodoyéa Notch, mpoodévoviag v &vOOKVLTTAPIOL TEPLOYN TOV, KoL TN
dwapepuPpaviky mpoteivny Sanpodo (Spdo), yeyovog to omoio empépel amoikodounon
tov Notch f/kar tov Spdo. H mpoteivy Spdo amotelel Oetikd puvbuiot tng
onuatodotnong (Guo et al., 1996, Berdnik et al., 2002). Xvvendc dev gvepyomoteital
N onuoatoddton oto plib kdtrapo (Dye et al., 1998, Hutterer and Knoblich, 2005).
AMEC UEAETEC avOQEPOVY OTL TO. emimedo TOV VIodoyEn otn peuPpdvn oe pllb ko
plla ég dwpépovv, omdte mOavov 1 NUumb va evdokvttdvel Kot vor orotkodopel povo
™ Spdo. Zopgavo pe avtd o povtéro, Exel Ppebel 6t 1 katovoun g Spdo oe plla
KOTTapo eivar kvpimg otn peuPpdvn eveo oe plib og evéoocoduarta (Hutterer and
Knoblich., 2005, Roegiers et al., 2005). 'Eva. teleimg d10@opeTikd HLOVTELO aVOpEPEL
6tt n Spdo eivar oamopaitmm Oyt oto plla kottopo oAAd oto plib yo v
evepyomoinon tov DI péom evdokvTtmong kol avokOKA®oNG Tov ot HepPpavn
(Jafar-Nejad et al., 2005). Omotlog ko av €ivar 0 puNYAVIGHOS UE TOV Omoio opa. M
npwteivi) Numb, n copPoin g oV acdupetpn daipeon gival kabopioTikn agov o€
numb petoAAdypoto 1 onuatodotnorn evepyomoleitar kot oto PlIb kdtTapo
petatpémovrag to o€ plla (Guo et al., 1996).

Onw¢ vrdpyovv unyovicpoi tov draceariCovv 6tt to pllb kdTTapo Oa givor o
OTOGTOAENG TNG ONUATOOOTNONG, VIAPYOLV KOl OVTIOTOU(Ol UNYOVICHOL (OTE Vo
dwoeariicovv o6t to plla kdtropo Ba eivar o déktng. Ot pnmyoviopoi avtol
neplapPavoov pvbuon g dnuovpyiog evéocoudtov avakdkioong (Emery et al.,
2005, Jafar-Nejad et al., 2005). H evdoxkvttwon mailer kobopiotikd porlo otn
onuatodotnon Notch (BA. Evéokvttoon kot onuatodotnon Notch). Zvykekpiuévo
oV acvppeTpn dwipeon tov IMAO, oto plla kbtTopo 1 dnpovpyia Rabll-Ostikdv
evoocoudtov eumodiletol Kabmg 6 GTPUTOAOYOVVTOL GNUAVTIKOL TAPAYOVTEG OTIMG M
npwteivn Nuclear fallout (Nuf) oto kevipdéowpo. Rabll-0stikd evéoohpato, Kamolo

ek tov omoiwv mepiéyovv DI dnpovpyodvtar kovtd oto kevipéompo povo ce plib
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kottapa. e plla kottopa ota onoio cuvekepdotnke Nuf kot cuveymg evepyd Rabll
petatpamnkav oe plib, yeyovoc mov cvoyetiCer v acOuuetpn onuovpyio Rabll-
Oetikdv evdocoudtov pe ™ onuatodotnon and to DI kot tov kabopiopd tng
kuttapikng toyng  (Emery et al., 2005). Emmdéov, n mpoteivy Secl5, n omoio
GUUUETEYEL OTN UETOPOPA EKKPITIKOV KLOTIOIWV, OV KOl KATOVEUETOL GCUUUETPIKE GE
plla ka1 b xdtropa, ypeidletar oto dedtepa yio v avakvkimon tov DI (Jafar-Nejad

et al., 2005, Wu et al., 2005).

Ewova 1.8: H snpatodotnon Notch etic asdppetpes dwupéoers tov IAO

A,B: To ITAO (SOP) kbttapo diapeitor acOUUETPO DOTE Vo dOGEL TO GO THPLo OpYavo TO 0moio
amotedeitan amd méEve kutTopa: Vv Tpixa (shaft), T OMkn (socket), to yAowokd wdtrapo (glia), To
oTNPIKTIKO KOTTapOo (sheath) kot Tov vevpdva (neuron). XNV TpAOTN AGVUUETPT dOUPECT) TPOKOTTOVY
to. plIb ko plla kottapo pe to TpdTo va otéhver Notch ofpa kat To devtepo vo amodéysTa.

I': TToAhoti dragpopeticoi unyaviopoi dtaceoriCovv v andkmon dapopetikng toyns peta&d plib ko
plla xvttdpov. O rpowteiveg Numb ko Neur kinpovopodvrar acvppetpa poévo arnd to pllb kdtrapo,
LE TNV TPDTN VO KATAGTEAAEL TV amodoy] GNUATOG ard TOV VITOd0YEN Kot TH OEVTEPT VAL EVIGYDEL TV
OOGTOA] OAUOTOC 0t 1O deopevth. EmumAéov, n anovsic Rabll-Ostikdv evdocopdrwv oto plla
amoKAglEL TNV ALOGTOAN GTLATOG ATd TO KOTTOPO OVTO.
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3. H PYOMIXH

3.1 lIpwtedivon
Ipotedivon Tov vrodoyéa Notch

[Ipwv ™ mapovoiocon tov otn pepPpavn, o vrodoyéag Notch veictatar v
TpOT| TPOTEOAVON ©T0 Sapéptopa tov Golgi amd T dpdon paGg Qovpivig
(rpwtedivon S1). To évlopo @ovpiv Holdlel pue TV TPOTEACT GOUTTIAVGIVI] Kol
TPOTEOAVEL TPMOTEIVEC HECH TOV KANGOIKOD ekkprrikov povomatiov (Logeat et al.,
1998). To amotéheoua tng OpAoNg GVTNG €lval Vo EUEAVIOTEL 0 VTOSOYENS GTN
peUPpdvn g €va eTepodIUEPEG TOL TUNATO, TOV OTOI0L GUVOEOVTOL LE WO LOVTIKY|
vépupa acPeotiov (Blaumueller et al., 1997). H mpotedivon avth ivor GuoTatiky
Kol AoYETN UE TNV evepyomoinomn tov povomotiov. H dmapén e mpdg mpmTtedAvong
givan apgeropnrovpevn oty D.melanogaster kot vrootnpiletor 6TL 0 VIOdoyEac o1
peuPpavn eivor mIANPove UnKovg, evéd givatl omodederyuévn ota Onlaotikd (Kidd and
Lieber, 2002).

Otav o vmodoyéag eivor otn HeUPpavn Kot GAANAETIOPAGEL PE Evay amd TOVG
deopuevtég tov, akolovBel por devtepn mpwtedlvon (mpwtedivon S2) amd pia
npwtedon tomov ADAM, 610 ££®KLTTAPIO TUHA TOV. T ONAACTIKA, 1| TPOTEACT
tomov ADAM 17, TACE, eivan vtebbvvn yio tv npotedivon S2 (Brou et al., 2000).
>t D.melanogaster vmépyel o yovidio kuzbanian (kuz), to omoio kmdikomotei pio
eEoxuttdplo petoddonpotedon tomov ADAM 10, n omoio aAAnAemdpd pe ToV
vrodoyéa Kot tov mpmteoivel (Pan and Rubin, 1997, Lieber et al., 2002). To
eEOKLTTAPLO TUNHO TOL VTOJOYEN OV OTOKOTTETOL, EVOOKVTTOVETOL Hall pe tov
TPOGOEDEUEVO GE OVTO OEGUEVTH GTO KVTTAPO-ATOSTOAEN oNpatoc. Eyxet mpotabel 6T
N O0dKaGio TS EVOOKVTTMONG TOV GUUTAOKOL OECUEVTN-EEMKVTTOPION TUNIATOG
vrodoyéa, dNUovpYel OAAAYES GTN SIOUOPPMOT] TOV VLITOSOYEN EMTPEMOVTIOS OT S2
npoteolvon va AdPer yopo (Parks et al., 2000). Meléteg Opmg oto OnAacTtiKd
£€0e1Eav 0Tl 1o EEMKLTTAPLO TUNUO TOV VITOdOYEN Uopel va, evdokvTT®BEl pali pe to
OeoUELT OO TO YEWTOVIKO KOTTOPO ovesapnta amd v S2 mpwtedivorn. H
gvookvtTOorn ovt) eaptdton povo oamd v S1 mpwtedlvorn. To mpotevopevo
povtélo avapépel 0Tt to etepodipepéc Notch oty mhoouatikny pepppdvn mpénet va

owympiotel mpwv ovuPel n S2 mpwtedAvon KOl O OYOPICUOC YIVETOL UE TNV
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TPOGOEST GTOVE OEGUEVTEG KOl TV EVOOKVTTMOGT TOV GUUTAOKOV Kot Oyt eVELHOTIKA
(Nichols et al., 2007).

H dg0tepn mpwtedAvon kot 1 amopdkpouven Tov e£OKLTTAPIOL TUNLOTOG
LETATPETEL TOV VTTOSOYEN GE KAAO VIOGTPOUO, Yoo TV Tpith (Tpwtedivon S3) kat
terevTaio TPMTEOAVOT, 1| 0moia CLUPaivEL GTNV EVOOUEUPPAVIKT TEPLOYT TOV LOPIOL.
H ocvykekpyévn mpmtedAVon KOTOAVETOL OO TO TPMOTEOAVTIKO GOUTAOKO TNG Y-
oekpetaong (Struhl and Adachi, 2000). To cdumhoko avtd €xer péyebog mepimov
250kDa xot M mpmTEOATIKY] TOL Opdom OQEIAETOL OTNV  TPEGEVIAIVY, ULO
Swpepppavikny mpwteivn 8ming diédevonc. To kdbe coumloko pmopei va mepiéyet Eva
N 000 MOplo TpeceviAivig Ko pia oglpd amd puOoTIKEG TPWOTEIVEG OTMG
Nicastrin/APH2, APH1 kot Pen-2 (Fortini, 2002). H mpeoevidivn evtomiletol kupimg
EVOOKVTTAPIKA, 6TO EVOOTAAGHOTIKO dikTvo Kot To ovumAeyua Golgi, kot éva pkpd
TOGOGTO OLTNG OTNV TAACUOTIKY] HEUPPAVN Kol € EVOOKVTTOTIKA JStopepiouaTo
(Zhang et al., 1998, Annaert et al., 1999, Lah and Levey, 2000, Kaether et al., 2006).
Metd 10 mépag G Tpitng mMpwTEOAVLOMNG, TO €vdokLTIAPO TURAHe Tov Notch
LETOPEPETOL GTOV TLPTVOL OTOL OPO MG UETAYPAPIKOG cuvevepyomom g (Kopan et
al., 1996, Struhl and Greenwald, 1999). 'Exe1 npotafei 6t oty D.melanogaster n S3
TPWOETOAVGT TOV VTTOOOYEN GVUPaivel eite TNV TAAGUHATIKY LepPpavn glte 6g KATO10
evdokuTtOTikd dtapépicpa (Lopez-Schier and Johnston, 2002, Vaccari et al., 2008).
Emmiéov €yxet deybel 6t M udvo-ovPikovttivoMmorn Tov vmodoyfo Kot 1
€VOOKUTT®MOT vToD Eivan amapaitnteg mpoimobEcelg yio TV TpwTEOALGN TOL Ao TN
y-oekpetdon (Gupta-Rossi et al., 2004, Vacarri et al., 2008). Toco n S2 déo0 kot 1 S3
TPOTEOAMGELG gival TpoimoBécel amapaitnteg ywoo v evepyomoinon Notch. Ot

TPOTEOADGELS TOV VTTOJOYEN TAPOLGLALOVTOL TNV E1KOVaL 1.9.

I[pmtedivon TOV SECUEVTAOV

Mia oepd amd petarlompotedosg tomov ADAM (ADAM 9, 10, 12, 17)
npwteolvovv Tig DSL mpoteiveg tov Onlaoctikdv, evd ot D.melanogaster éyovv
eumhoxkei ot tomov ADAM10 (Kuzbanian, Kuzbanian-like) ka1t ADAM17 (B D’Souza
et al., 2008). Ae givar Opm¢ akdpo YVOoTOS 0 POLOG TNE TPMTEOAVONG TOV SEGUEVTOV
TEPAV NG OTOIKOOOUNONG TOVS/ eKkoBApIoNG amd TV TAACUOTIK pepPpavn. Ag
QoiveTor Opmg vo gival OmopoiTtnNTES Yo TN ONUATOdOTNOT, O avtifeon HE Tig

mpmteoAboel Tov Notch. Av 1 mpwtedivon cuvéPaive 010 KOTTOPO OTOGTOAEN Bal
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peEIwVOTaV M Oabéoiun mocdTNTA dECUELTH OV Bol UTOPOVCE VO CMUATOSOTNOEL
SOupova pe avt) TV 10€a €ivol TO AMOTEAECHN OO TNV VLREPEKPPACT] TNG
Kuzbanian-like (Kul) otov avamtuéiaxd dicko tov @Tepod OmOL T OMOTEAEGHATO
Oopilovv amdieo onpotoddtnong Notch (Sapir et al., 2005). Emmdéov, eneon n Kul
TPOTEOAVEL LOVO TOVG OEGUEVTEG Kol Ol TOV VTOOOYEN, UITOPEL Vo AEITOVPYNOEL MG
pvOuiotig g Notch onpotoddtnong (Lieber et al., 2002, Sapir et al., 2005). H
npwtedivon ond tigc ADAM odnyel ot dnovpyio EOKVTTAPLOV TOPAYDYOV TOVL
Ba pmopovoav vo ETNPEAGOLV TN GNUATOdOTNOT. AVTA TO EEOKVTTAPLN TUNLLATO TOV
OO LEVTMV QaivovTal avevepyd aAAd apkeTéC LEAETEG £YOVV TPOTEIVEL OTL UTOPOVV VL
EVIOYVOOLV Kol Vo Kataoteilovy T onuotoddtnon (Sun and Artavanis-Tsakonas,
1997, Chen and Greenwald, 2004). Avtifétoc pe 6tt cuppaivel ota OnAactikd, ot
D.melanogaster to tuquo g mPOTEIVNG HeTd TV TpwTtedAvon and Tt ADAM
UETOAAOTPMTEACES O QaiveTon va mpmteoivetar mepartépw (Bland et al., 2003,

Delwig et al., 2006).

Plasma membrane Receiving

cell

Nucleus
Signaling Noboh ™
cell

Ewova 1.9: Tlpotedéiven Tov vrodoyéa Notch.

Metéd ™ mpdodeon TOL VEOSOYEN HE TO OecueLT oakolovbel M S2 mpwtedhivon amd ™
petodlompwtedon tomov ADAMILO0, Kuz, kxon 1 evdokvttowon tov eEmkuttdplov Tpnpotog pali pe tov
SECLEVT GTO KUTTAPO-OTOGTOAE. 211 GLVEYELD akolovOel N mpwtedivon S3 amd to chUTAOKO TG V-
GEKPETAOTG, N anehevBEPMOOTN TOV EVOOKVTTAPLOL TUNLLOTOG TOV VTOSOYEN KoL 1 LETOPOPE TOL GTOV
TUPNVO.
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3.2 I'hwkolvrimon

Mio emmAéov onuaviikn tpomomoinomn ywo T pvOuion g oNUAToddTNOoNG
Notch givar 1 yAvkolvAiwon. Téco o vmodoyéag Notch 660 kot o1 deouevtég tov DI
Kot Ser drobétovv cuvinpnuéveg aAniovyieg oe cvykekpipuéves emavoiyels EGF
OV UTOPOVV VO TPOTOTOMBovv pe YALKOLLM®OT. ENHavTiKdO pOAO GTO KEQAALO
avtd katéxel n yYAvkoluAtpovogepdon Fringe (Fng), n omoia omavtdtor oe 600
IOOLOPQPES: U0 EKKPIVOUEVT Lopen Kot pia popen mov Ppioketor oto Golgi (Panin et
al.,, 1997). H debtepn woopoper] kotodvel v mpocOnkn N-axetvAoylvkolopivig
v oe O-povkdln otig EGF emavainiyeic. ‘Exet deyyBel 611 avt n tpomomoinom
emmpedlel vV KAVOTNTO TOV OECUELTMOV VO TPOGOEVOVTOL GTOV LTOOOYEN KOl
ovykekpuéva evioyvel v adinieniopacn DI-Notch eved avaotéddel v Ser-Notch
(Irvine et al., 1999). MdAota éxet amoderyOel 6Tl anTN 1 TPOTOTOINGT Kot Ol KATolo
nepetaipm elvar vevBuvn yia ™ PHOIOT TG SUPOPIKNG KAVOTNTAG TPOGIECTG TOV
OEGUEVTMVY. XVVETMG 1 Tpomonoinon and T Fng tov vrodoyéa pvbuilel dueca v
TPOGOEST KOl OV Opal MG GKOAOTATL Y10l LETEMELTO LETAUETOPPUCTIKY] TPOTOTOINGN
(Xu et al., 2007). H dpdomn g mpoteivng FNg givol onpovTiky yoo 10 KOTTOPO TOL
Aoppéver 10 onuo  eved  ovupetéxel  og  dwdkaciec  Kabopiopold  opilov
(poy1otoKOIAMaKO OPLo TOV PTEPOV) Kal Oyl GTNV TAELPIKT AvAGTOAN TOavOTATO AdY®
TPOTVTTOL EKPPOONG TNG TPWOTEIVIC.

H devtepn onuovtiky yia tn onpatodotnon Notch yavkolvAtpaveeepdon mov
avakolveonke ntav n O-Futl. To évluopo avtd mpochitel O-povkdln oe kaTdAouma
oepivng N Bpeovivng tov emavaryewv EGF tov vrodoyéa Notch (Sasamura et al.,
2003). Avtf 1 tpomomoinon eivar amapaitntn mpovimodeon ®oTe Vo 0KOAOLONGEL
EMUNKLVON TG aAlvcidag Tav cakydpov ard t Fng (Lai et al., 2004). H éxppaon
g O-Futl xatd v avdmntvén esivor opodpopern kot emmpedlel kot o1adKocieg
ave€dptreg amd T Opdon ™ FNg Omm¢ eivor 1 mTAELPIKY] OVAGTOAN KOl Ol
aocvupetpeg dupéoelg (Okajjima and Irvine, 2002, Okajjima et al., 2003).
EmmpocHétmg €xet deyybel 611 1 yAvkoluAtpavopepdon O-Futl €yer duthd polo:
Extoég g Opdong ¢ g O-povkoluATpavo@epdons opo Kol G OAmEPOV
Bonbdvrag T cwoth otepeodlopudpewon tov vrodoysa Notch kot otdygvon Tov otV
KUTTOPIKN pepPpdvn and to evéomiacpotikd diktvo (Okajjima et al., 2008). Kat ot
Vo awtég dpacelg TG eivorl amapaitnteg yia T onpatodotnon Notch (Rampal et al.,
2005, Stanley, 2007). Avtifeta pe 61t cvppaiver ot D.melanogaster, n O-Futl tov
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Onlaoctikov, Pofutl, de ypeidletor yioo v guedvion tov Notch oty kvttapiky
pepPpavn, eival Opmg arapaitntn n eviupukn g opaon g yAvkolvAtpavopepdon
Yy vo emtevyfel oot SpOPE®MOT| TG TPOTEIVNG Kot 6OOTH TPOGOEST GTOVG
deopevtég (Stahl et al., 2008).

[Ipocata, pio emimiéov yAvkolvAtpavopepdon, n Rumi, avakolvgdnke ot
D.melanogaster. Melétec €yovv degiel 61t 1 Rumi eivon amapoaitntn yio ™
onuatoddtnon pe évav Bepuogvaicinto tpdémo, vrodnivvovtag 0Tt 1 TpocsHnkn O-
yYAvYolng otov vrodoyéa amd To EvEupo avtd emnpedlet T SLOUOPE®CT] TOL OAAG Oyt
Kot TNV Tpdcdeon Tov deouevtodv (Acar et al., 2008).

A&oonueimto eniong eivat o yeyovog 0Tt ot deouevtég DI xan Ser amotelodv
vrootpodpata yAvkoluAiowong tov evlopmv Fng kar O-Futl in vitro (Panin et al.,

2002) aALd 0 pOAOG OWTNG TNG TPOTOTOINGNG TAPAUEVEL AYVOGTOG,.

3.3 Ovfkovitivorioon

(BAéme: 7. Evdoxvttmon, OvPikovitivorioon ko Notch)

4. OYBIKOYITINYAIQXH

H ovPwovitivoMoon eivar amd T ONUOVTIKOTEPES UETOUUETOPPAUCTIKEG
TPOTOTONCELS TOV TPMTEIVOV Kot £xel Pacikd pOAo o€ pio TAELAON OLOPOPETIKDOV
KUTTOPIKOV SodKaoidV. Apyikd 1 ovPKovtTivoAmon Tov TPpOTeEivav gixe cuvoebel
Gueca pe Vv omotkodounomn tovg amd 1o mpwtedonpo (Ciechanover et al., 2000),
aAAG petémerta PpEOnke OTL GLVOEETOL KO e AALEC KVTTOPIKES OLOOIKOGIEC OTWG M
EVOOKVTTMON UEUPPOVIKOV TPOTEIVOV KOl GE KATOEG TEPUTTDOGELS EVEPYOTOINOM
TOVG, 1 PLOULOT] TG OPACTIKOTNTOG TMV 1GTOVAV, pLOUICT) ££000V AO TOV TLPN VA KO
emdopbmon yeverikov viAkod (Haglund et al., 2003). H ovPwovttivn givar pio
VYNAG cuvinpnuévn mpwteivn 8kDa 1 omoio TPOGdEVETOL OUOIOTOAIKG GE TPMTEIVEG
vrootpopata o tpion otdda (Pickart and Eddins, 2004, swdvo 1.10): Apywd to
kapPo&utelkd dipo g ovfikovttivig evepyomnoteital amd to evepyomomTikd EvEupo
El. Méow evog unyaviopod mov e&optdror and 1o ATP, n ovfikovitivn deocupeveton
pe éva kataiouro kvoteiving tov E1 evlbpov pe Beteotepikd deopod. Katd 1o devtepo
6TA010, 1 EVEPYOTOUNUEVT] OVPIKOVITIVI LETAPEPETOL GE VAL GLVTNPNUEVO KOTAAOLTO

KLOTEIVNG €vOG amd Ta dtdpopa culevktikd Evivua (E2) mov dwabétel 1o kuttapo. Ta
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E2 évlopa kataAbovv v ovPikouttivoAimon TV VTOGTPOUATOV GE GLUVEPYACTO LE
TIg Mydoec ovPikovtivng (E3). Mia katnyopio E3 Atyacdv, oo HECT E3, dpovv
TPOTO, SEGUEVOVTAG TNV OLPIKOVITIVI G VAl KATAAOLTO KVGTEIVIG GTO HOPLO TOLG KO
OTN OLVEXELDL TN HETAPEPOLV o€ €va KatdAouto Avciving (cvvnbmg) mlveo otnv
TPOTEWVN-VTOGTPOUN. XTI TEPLOGOTEPEG OUWG Tmepimtwoel ot E3  Arydoeg
Aertovpyolv ®g YéPLpo HETOED TOL cuuTAdKoL E2-ovBikovttiving Kot vTosTp®UATOG
Kot pe avtd tov tpodmo vrofonbovv ) petapopd ¢ ovPucovttivng and to E2 oto
vrootpopa. H mietoymeia avtov tov Ayacov dabétovv éva RING potifo. Otav
avaQeEPOLOOTE  OTOL  HOPLO-KAEWWE TG  ovPwovitivodMmong Oev  mpémel  va
napoareirovpe tic DUB, évlopa ta omoio amodeouehovv v ovfikovttiviy amd Tig
TPOTEIVEG-VTOGTPMOUATA. Y TTAPYOVV TOLAGYLIGTOV 5 S10POPETIKES SOUIKES KaTYopleg
TETO10V eVOOL®V Y10, TL 0T01EC €xEl avapepBel Eva peyddo gvpog Aettovpyidv (Amerik
and Hochstrasser, 2004, Nijman et al., 2005).

Ed®d ko moAld ypovia €xel Bpebel 6TL ta popla ovPikovttivng umopodv va
evoBovv 1o €va e TO AL MOOTE va dNUIoVPYNBoVLY TOAVUEPT TG TPMTEIVIG TAVE®
oto vrootpopata (Chau et al., 1989). Abvo popa ovPukovttivig evidrvovtar peta&y
TOVG L€ ICOTMENTIOKO OECUO O OTO10G OMNUIOVPYEITOL AVAUESH GTNV E-OUIVOLAdN pioG
Avcivng g piag ovPrkovttivng kot oy KapPoviopdda oto kapPfolutelkd GKpo
g GAANG ovPuovttiving. To pdéplo g ovPuovitiving €xet 7 kotdAouma Avcivng to
omoia BempnTikd puropobv va ypnoyLorotnfovv yia tn dnovpyio aAvcidag. Avarioyo
HE TO TO0 KOTAAOITO ALGIVNG YPNOOTOIEITOL Vi TN Onpovpyic TG oAvGidag
ovBkovttivirv e&ummpeteital Kol SopopeTkog okomdg (eikova 1.10). O mpwteiveg ot
omoieg £xovv mAV® TOLG AAVGId0 TOLAAYIGTOV 4 OVLPIKOVITIVAV CLVOESEUEVES HETAED
Toug ot Avciv 48 givar mBavd vmooTpdpaTO Yo omolkodounon ond To
npoteacoua. Otav ypnowonoteital 1 Avsivn 63, 11 1 29 g ovPikovitivng cuvibmg
EVEPYOTOLOLVTOL TTPOTEIVEG Yo TNV emdOpOwon tov DNA, yo petapoocn onuarog,
Y10l EVOOKVTTMOT) VM EUTAEKOVTOL KOl GTI AEITOLPYIL TV PIROCOUATOV AAAL OYL Yo
amowkodouncn omd to mpotedompo (Pickart and Fushman, 2004, Sun and Chen,
2004). EmmAéov M moAv-povoouPikouttivolioon éxel eumAloKel otV £vOoKHTIOON
TOV OUEUPPOVIKOV TPOTEIVOV, VO 1 HOVOOLPIKOLITIVOAI®OT pmopel va €xet
SLaPOPOVG PLOUGTIKOVG POAOVS OTMOC 1| EAEYYOG TNG VTOKVLTTOPIKNG KOTOVOUNG TNG
TPOTEIVNG, oAloyn TG OWUOPPMOONG NG N Kot pOOUIOT TOV TPOTEIVIKOV
aAAniemdpacewv (Haglund et al., 2003a, Hicke and Dunn, 2003). Ocov agopd Tig
TPOTEIVIKES aAANAeTOpacelg Tpénel va avapepbel 0tTL €yovv Ppebel cuykekpléva
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potifa mpwteivddv ta ool avayvopilovv kot despevovy TV ovfikovttivn Kol TIg
ovPikovitivoMmpéveg mpmteiveg, ta UBD (ubiquitin binding domains). Ot dvvapukég
aAMAETOpAcElS peTad ouTtdv TOV HOTIPOV Kol TV OVBIKOVITIVOAM®UEVEV
TPOTEIVAOV UTOPOVV Vo, dNULOVPYNGOLV €va diKTLo ovPikovttivng HEGa 6TO KOTTOPO
(Hicke and Dunn, 2003). To diktvo avtd mepmAéketon ov AABOVUE VITOYN OTL TOAAEC
TpwTeiveg o1 onoieg mepiéyovv UBD ovPikovitivoAidvovton kot ot id1e¢ Kot paMoto

ta UBD yperalovtor yia v ovfikovitivorioon avt (Polo et al., 2002).

A B
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® ¢/
Nl / — . a ~ ——
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Ewéva 1.10: To povomdtt TG ovfikovitivorioong

A: H mpooOnim evog popiov ovfikovitivig oe éva vrdotpopa eivor pio dtadikosio 3 otadiov: Apykd
evovetal pe Beteotepikd deopd 10 gvepyomomtikd Eviopo (E1) pe v ovfikovttivn kot ot cuvEyEid
10 puoplo g ovPkovttivng petapépetar oto cvlevktikd poplo (E2). H Aydon ovPucovitivng (E3)
umopel eite va mpocdivetor pe Ty ovfikovttivr kot vo TN petopépet oto vrootpoua (HECT), site va
Aertovpyei og yépupo alinremdpdvtog pe to E2 kot o vrdéotpopa (RING).

B: To puépo g ovfucovttivig dtabétel 7 katdrotro Avcivig to omoio Propodv va xpnoiporotnfovy
v T dnpovpyio cAvcidag ovfikovttivng Thved cto voctpmpe. Kabe tomog ovPikovtitivorioong et
eUMAOKEL O [ GEPE OO KUTTAPIKES SLUOIKOGIES.
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5. ENAOKYTTQXH

O 0pog EVOOKDTTMGT AVAPEPETAL GTNV TPOSANYN Hopiwv and 10 eEwKLTTdPLo
ePPAALOV GTO €0MTEPIKO TOL KVLTTAPOL Kot Umopel va dtakpidel oe 000 peydeg
Katnyopleg aviAoyo HE TO LAKO TOU EVOOKVTTAOVETOL, TNV (GOYOKLTTMOON Kol TNV
mvokvTtwor. H eayokvttwon avagépetal oty evOoKOTI®MON UEYOA®V pHopiwv
(>200nm) péow &evdc pnyavicpod mov PoacileTonl GTOV KLTTOUPOOKEAETO OKTIVIG
(Caron and Hall, 2001). H awvokbtt@on avoaeEpeTol oTny evOoKDTIMGN eEOKVTTAPLON
pécov Kot pmopel va AaPel xdpo HECH TEGGAP®V POCIKAOV UNXOVIGULAOV: MNYovVIGUOG
e€aptodpevoc amd v KAaOpivn, unyaviopuods eEoptdpevog amd Vv KoPeoAivn,
HOKPOTLVOKVTTMOON KOl UNXAVIOCUOG OVEEAPTNTOC amd TN OLVAUIvN Kot TV KAaOpivn
(Gesbert et al., 2004). O mpdtog mEPLOUPAvEL TN dnMpovpyio KLGTVOIOY pE TN
BonBeta g KAaBpivng Kot amoavtdtol 6e oxedOV OAOLG TOVG KVTTAPIKOVG TVTTOVG. O
0eVTEPOG UNYOVIGUOG TOTEVETAL OTL HEGOAUPEl OTNV EVOOKVTIMOTN VTOSOYEMV GE
TOALOVG 0AAG Oyl o€ OAOVLG TOVG KLTTOPIKOVG TUTTOVG. [lepthappdavel ) dnovpyia
pepppavikedv eykolnmoemv (caveolae), ou omoieg elvar mhovoleg o€ YOANGTEPOA,
opryyolmiow kot koPeoiivr. Tt D.melanogaster dev vmapyet kafeoiivn aAld
OVLYYEVIKEG TPWOTEIVEG OTTWC N PAOTIAVY ko 1 aveEivn (Fischer et al., 2006). Katd
HOKPOTIVOKVTTMOGT  ONUIOVPYOUVTOL HEYOAD KLOTIOW TO OO0l EVOMUATMOVOLY
eEwKLTTAPLO VAIKO G€ pia dtadikacio unyavioTikd opota pe tn eayokvtmorn. Kot ot
TPES TTPMOTOL pnyovicpol e€aptdvior amd TN Opacn S dvvapivng KATL 7Tov
Swywpiler tov teElevtaio kaBmg VIapYoLV eVOEIEE OTL VITAPYEL £VOG UNYOVICUOG
TVOKVTTMONG 0 0moiog eivar aveaptnTog amd T dpdoT TG TPMTEIVIG ALTNG KO TNG
KhaBpivng.

Extég amd v npdoinyn eEOKLTTAPLOL HEGOL 1) EVOOKVTTMOOT XPNOIUEVEL Yol
TNV E160YOYN KOl UETEMELTA JOKIVION OTO KVTTOPO EMLPAVEINKADV TPOTEIVOV, Y
VTOOOYEMY - OLTO TO HOPLOL TO. OMOKOAOVUE TpmTeiveg-eoptian (cargo). H
€VOOKVTTMOT OMUATOJOTIKM®V HOPimV amd TNV KLTTAPIK) UepPpavn péow khabpivng
elvar 0 koAvTEpO pereTnuévog punyoviopnog evéokvttmons. H dwadwaocio Eekivd pe
TNV OVOKOTOVOUY TGOV  UHEUPBPOVIKOV TPOTEIVOV-QOPTIOV CGE EYKOATMGELS TNG
pepuppavng mov mepiéyovv kKhabpivn (clathrin-coated pits) (Brodsky et al., 2001). Ot
Sapepppavikoi vwodoyeig mpocdévovtal aueca 1 Eupeca oto cvumioko AP2, 1o
omoio pe T oepd Tov TPoodévetal otnv KAabpivn Bonbovtag v va moivpepiotel

KoL VO 0OKNGEL QUVOUT GTNV KLTTOPIKT HEUPPAVN TPOG TO E6MTEPIKO TOV KVLTTAPOL
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mote vo dnuovpyndei pio eowtepikn eykdAnmon (Kirchhausen et al., 1997). Otav 0
oNuovpyioe TG E€0MTEPIKNG EYKOAT®MONG OAOKANPwOel, 1 aAAnAemiopacn Tov
ocvoumhdkov AP2 pe  GTPase duvapivn entpénet TV 0mOKOMH TOL KUGTIOIOV Ao T
peuppavn (Wang et al., 1995, Ringstad et al., 1997). Mia emumléov mpwTEiv OV
KOTEYEL ONUOVTIKO pOAO Gg avT TN dtadikacio etvar np EpS1S, n onoia motevetan 0Tt
GUOTIEIPMOVEL TO CUUTAOKO EVOOKVTTIMONG UE TIC TPMTEIVIKEG OAANAETIOPAGELS TNG
(Wong et al., 1995, lannolo et al., 1997, Wendland and Emr, 1998). To cburnioko
AP2 kot GAa  péAN  TOL  EVOOKLTIMTIKOD  UNYXOVIGHOL avoyvopilovv kot
OAANAETIOPOVV LE TIC OLOUEUPPOVIKEG TPOTEIVEG HECH EVOOKVTTOTIKOV HOTIPOV.
Yrdpyovv &00 peydieg koatnyopieg TETOlOV HOTIP®V Yoo TOLG VTOJOYElS TV
Onilootikodv, ta potifa mov Pacilovtor ce Tvpociviy Kot To potifa Sthevkivng
(Brodsky et al., 2001).
Aocyeta amd To av 1 ddkacion EvOoKLTTOONG e€apTdTon amd v KAaBpivn 1
Ol OTN GLVEYELN TIOTEVETOL OTL TO KVGTION oL dnptovpyndnke Ba akoAovOncel Tov
EVOOKLTTAPLO OPOUO TV EVOOSOUATOV. [TOAAEG SLopOpPETIKEG TPMTEIVEG CLUUETEYOVY
ot OMovpyio. TOV EVOOCOUATOV ovTdV, He Kuplopyn 0éom va katéyovv ot
npwteiveg Rab, ol onoieg givar pepPpovikég GTPases mov eléyyovv tn puepppovikn
ovvtnén (Zerial and Stenmark H, 1993). Awgopetikéc npwteiveg Rab cvoyetiCovron
HE SLopopeTIKA €101 evOocOUATOV Kot puOpilovv T cHvInEn VOGO e EVOOSMLLNL
Kot VOGO e KLTTOPIKN HeUPpdvn. Avtd eaptdton amd tn ovoToon TG KAbE
HeUPPAVNC 0 POGEOIVOCITIOW TOL OTTOl0L TPOGOEVOLY UE OLOPOPETIKT] GLYYEVELN
npwteiveg e potifo mpocdeonc Mmdiov (Lemmon, 2003, Leroy and Wrana, 2005).
H npdt Rab mov cuvavtdpe oto evdocmpukd povordtt eivan n Rab5, ) onoia eléyyet
N oHVINEN TOV APYIKOV KVUGTIOIWV OV OTOKOTNKOV amd TN LEUPPAVN LLE TO TPOLOL
EVO0oMUATO, Kol TN cOVINEN TV TpdIpmy evdoconpudtonv uetaéd tovug (Gorvel at al.,
1991, Stenmark et al., 1994). Ymdapyovv evdeifeig mov vrootpifovv v Vmapén
SLPOPETIKMOV TANOLGUOV TPOIUOV EVOOSOUATMV 1 Kol SIUPOPETIKOV UEUPPOUVIKOV
neploydv oe kibe mpodyo evodompo (Gruenberg, 2001). Otav ot vrodoyeig mov
eVOOKLTTOONKAY PBploKOVTal GTO TPOILN EVOOCOUOTO OTOOECUEDOVTOL OO TOVG
OeoUEVTEC TOVG AOY® TOL elappmdg O&vov mepBAAAOVTOS KOl HITOPOVV Vo
Eavayvpicovy To® TNV KLTTOPIKN HEUPPdVN HEC® TOV KLOTIOIMV avakOKA®ONS
(Maxfield and McGraw, 2004). Ta evdoo®paTo, OVOKOVKAMGNG OTOKOTTOVTOL OO TO
TPOLO KOl GUVTIKOVTOL L€ TNV KLTTOPIKN HEUPPpdvN He TN OpAon TOV TPOTEIVOV
Rab4, Rabll o1 Cellubrevin (mpwteivn SNARE) (Peters et al., 2001). Ot
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EVOAOKTIKEG OlOPOUES, €AV dev  KataAnEel o VTOd0YEag OTo EVOOCMUATO
avoKOKA®oTG, eivar o ocvotnuo Golgi, an' 6mov kot Al pmopei vo avakvkAmOel
oTNV KVTTOpOoTAAGHOTIKY pepppavn, 1 ta MVBs (multivesicular bodies), opyavidwa
pe apketd mo 6Ewvo mEPIPAAAOV amd TO TPOULN EVOOCHUOTO. XE OVTO CLAAEYOVTOL
00eg mpwTeiveg Ko Mmidio Ba KataAn&ovv ota Oy EVOOSHUOTA 1] 6 EEMCOUATA,
péow pioag dradpounc mov e&aptdrar amd tovg pikpoowinviokovg (Gruenberg and
Stenmark, 2004). InpovTiki TpOTEIVN Y10 T INUOVPYIO TOV ECOTEPIKOV KLGTIOIMV
tov MVBs givon n Hrs (hepatocyte growth factor-regulated tyrosine kinase substrate),
1N onoia PBpiokeTon Ko ota Tpodo evdoohpatoe (Komada and Kitamura, 2005) kot o
vrepovunioko ESCRT I-1I-III. To tehevtaio eivar veehOuvo yio TV eyKOAT®O™ TG
peuppdvng oo MVB kot v dnpovpyion €vEo-owAK®dV kuotdiwv (intraluminal
vesicles), n Vmapén tev omoiwv €dwce 10 Ovopo oto opyavidlo. Ta Sy
gvdooopata, &va PAua mpv tT0 AVcOGOMUO, Eivol opyavidlo pe oapKeTd OEvVo
epBAAAOV To. omoiol SlOKPIVOVTOL GE JLOPOPETIKODG TANOLGUOVE Kol TEPIEYOLV
OLAPOPES VITOTEPLOYES LEUPPAVAOV LE SLAPOPETIKY] CLGTACT] TPOTEIVOV Kot MOV
(Barbero et al., 2002, Russel et al., 2006). Eivai o televtaiog 6to01o6g 6100 PHITOpOovV
Vo Y ®PIeTOVV TPMOTEIVEG Kot AMmidia mov Bo mhve 0T0 ALGOGMUA 1] GTO GUGTNIA
Golgi (Gruenberg, 2001). Xta dyua evéocmpata edpaletor 1 GTPase Rab7 (Rink et
al., 2005).

Onwg oe 0leg ™G YVOOTEG dladikacieg oOvInéng pepppovav, £Tot Kot otnv
nepintmon Tov evéocoudtov amatteital n dnuovpyia cvumiokov SNARE (soluble
N-ethylmaleimide-sensitive  factor attachment protein receptor) ®ote va

dnpovpynBovv yépupeg petald tov pepppavav (Hazuka et al., 1999).
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Ewéva 1.11: To povomdti TG EVOOKVTTOONG

2V €IKOVE POIVETOL GUVOTTTIKA 1) Topelot TG EVOOKVTTMONG KOl TV SLUPOPETIKMY EVUAALAKTIKOV
HLOVOTATIOV TTOL UTopEel VoL akoAoVONGEL Eva LOPLO OV ELGEPYETOL GTO KVTTAPO Le TN Ponbewa 1 un g
Khafpivng. Avogépovtatl To GNUAVTIKOTEPO EVOOCOLATO TOV LOVOTATION KaOMdG Kol ol PactKOTEPESG
TpwTEIVEG TOL TOL YopakTnpilovv.

6. ENAOKYTTQXH KAI OYBIKOYITINYAIQXH

H mpoocHnkn ovPikovitivng oe dapepPpovikés mpmteivec Bempeitar onuepa
ONUO YL EVOOKVTIMOT. ApPKETEG TPWTEIVEG MOV PLOMIlOLY TO EVOOKVTTOTIKY
COUTAOKO HE TIG TPOTEIVIKEG TOLG oAAnAemidpdoes éxet Ppebel OTL mepi€yovv
neployég déopevong ovPucovttiving (UBD, ubiquitin-binding domain), evéd emiong kot
ol ideg puBuifovror pe ovPwkovitivoMmwon (Hicke and Dunn, 2003). Tétown
napoadeiypata tpoteivov ivor ) Hrs, n Eps1S kot ot Epsins ot onoieg nepiéyovv UBD
Kot avoyvopillovy  TIC  OUPIKOVITIVOM®UEVES  HOPPEG TMV  TPMOTEIVOV OV
EVOOKLTIMVOVTOL (MOCTE VO TIG TOSWVOUNGOUY  KOTOAANAQL KOTG HNKOG  TOV
evdokvTTOTIKOV povoratiov (Di Fiore et al., 2003). Ot Epsins &ivar evookuttmTikég
TPOTEIVEG 01 omoieg Tpocdévouy Ptlns(4,5)P2 otnv kuttapiky pepppavn 0nmg emiong
mv KAaBpivn kot 10 AP-2 cOpmioko Omw¢ kot dAAeg Pondnrtikéc mpwteiveg ToL
EVOOKLTTOTIKOV povormatiov. H dwurictwon o0t mepiéyovvy UBD o1t doun toug €xet
00MYNOEL 6TV LIWOBEST OTL AVIKOLY GTNV OIKOYEVELN PLOLUGTMOV TOV EVOOKVTTMTIKOD

LOVOTOTION OV GLVOEOLV TNV EVOOKVTTMON TV SOUEUPPOVIKOV TPOTEIVOV PE TV
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ovfwkovttivodioon tovg (Wendland, 2002). Emmiéov £€xer Ppebel o611 1
ovBkovttivodioor pvOuilel ™ Aettovpyio APKETOV TPOTEIVAOV TOL GLUUETEXOVY GTO
EVOOKLTTMOTIKO HOVOTATL KOOGS UTOPOVV VO VTOGTOVV OVPIKOLITIVOM®MOT| G€ KATOL!
TEPLOYN TOLG M omoia palota givarl dopopetikry and to UBD potifo (Hicke and
Dunn 2003)

H ovBikovitivodioon tov Stopepfpavikdv TpoTeivav, OTmG 01 LITOJOYELS Kot
Ol OEOUEVTEC ONUATOOOTIKMV HOVOTATI®OV, OMOTEAEL OWIOAO Yl €i6000 GTOV
EVOOKLTTMOTIKO SPOLO TTOL £ite Bol 00N YNGEL GTO AVGOCHLA Y1 0otKodOunomn (Thovn
HEl®ON NG ONUOTOdOTNONG), €1TE YPNOYOTOLEITAL Yol OTOYELOT TOV HOPI®Y GTO
KOTAAANAO VTOKVLTTAPIKO SLOUEPIGHO EEVTTNPETOVTAG TIG OVAYKES TNG CUATOOOTNONG
(Hicke and Dunn, 2003). v mepintoon OU®OS TOV SAUEUPPAVIKOV TPOTEIVOV TOV
evdomiacpotikov Owktoov (ER) éxer PBpebel 611 ot un c®otd ovadmA®UEVES
Tpoteiveg ovPikovttivoaiwvovtal ond E3 Arydoeg tov ER wor odnyodvtor oto

TpOTEACOUA Y10, amotkodounon (Smith et al., 2011).

7. ENAOKYTTQXH, OYBIKOYITINYAIQXH KAI NOTCH

Mio oepd oamd evoeifelg ta televtaion ypdvio. GLVIYOPOVV GTO OTL M
EVOOKVTTMOT KaTEYEL pOLO KAWL 6TN onuotoddtnon Notch, pe Tpd v avdivon
me  Oeppogvaicdnng petodhayfc shibire® (Poodry, 1990). To yovidio ovtd
Kodwomotel v TP®TEIVY duvapiviy, vrevduvn yo TNV OTOKOTH TV KLGTOIWOV
KoaAvppévov pe kKiaBpivn. ‘Euppva pe avty ) petoddayr €pepov vevpoyodvo
QoVOTLTO, EVM JOTLTTAOONKE 1 doyn OTL 1] EVOOKVTTMOT £ival OmapaitnIn Kol 6T
KOTTOPO-0TOGTOAEN KOl 6TO KOTTAPO-0£KTN ToL ofpatoc (Seugnet et al., 1997).

‘Eva avoytd medio €pevvag elvar o pOAOG TG eVOOKHTIMONG TMV OEGUEVTMOV
DI ko1 Ser 610 kOtTOpo-0mocTtorén Katd Tt onuoatodotnon Notch. Tpoteg peiéteg
édei&av 0tL ot D.melanogaster, o1 tpwteiveg DI kot Ser evromilovtatl 6Ny KLTTOPIKY
EMPAVELDL OALQ Kol GE €VOOKLTTAPLO KLOTIOW, Tov pdAloTa mpotddnke OTL givon
evdokvttoTiknig evong (Kooh et al., 1993, Parks et al, 1995, Kramer and Phistry,
1996). EmimAiéov mepdpata pe avticopata o€ {oviavong 16tovg amédei&av 0Tt ot 600
deopevtég evdokvTTOVOVTOL Kot pdloto toydtata (Le Borgne and Schweisguth,
2003, Le Borgne et al., 2005). TToAd onupavtikd givar To yeyovog 0Tt 1 mapovoio TG
DI og evdokvttotikd Kvotidw oyetifetol Gpeco pHe TNV KOVOTNTO NG Ylo

onuatodotnon (Parks et al., 2000). Kobopiotikég tav o1 HEAETEG OV avVOyVOPLGOV

35



EIZATQrH

v Epsin kot t1¢ dvo E3 Aydoeg ovfikovttivng Neur kot Mibl og pvBuiotég g
KOVOTNTAG TOV OECUEVT®V Yo onpotodotnon. e neur, mib ko Igf  (liquid facet,
yovidio g Epsin) petodrdypata otn D.melanogaster napatnpndnke gavotumog mov
oyetiletar pe EAhenyn onuatodotnong Notch. H Aydon Neur aAAniemdpd pe v
npwteivn DI, mpokaiel tnv ovPikovitivodinon Kot Thy eVEOKOTTOOTN TNE Kol UELDVEL
ta emineda ¢ petaypagka (Deblandre et al., 2001, Lai et al., 2001, Pavlopoulos et
al., 2001, Yeh et al., 2001, Le Borgne and Schweisguth 2003b). Me mapopoto tpodno,
aAANAemOpa pe T Ser kot eAéyyer v vmokvtTopwkn tng 0éom (Pitsouli and
Delidakis, 2005). H Aydon Mibl eniong aliniemidpa pe tig DI ko Ser kot mpokaiet
v evdokvttwon tovg (Lai et al., 2005, Le Borgne et al., 2005). Enpovtikdtepo Opmg
OAV gival To yeyovog ot ot mpwteiveg Neur, Mibl kau Epsin dpovv 6to xvtTopo
amocToOAEN Yo Va. eVicyboovv T onpotoddtnon Notch (Pavlopoulos et al., 2001, Itoh
et al., 2003, Le Borgne and Schweisguth, 2003a, Le Borgne and Schweisguth, 2003b,
Wang and Struhl, 2004, Overstreet et al., 2004, Le Borgne et al., 2005). Avtd
VITOOMAMVEL OTL KATOL0. OVPIKOVITIVOM®MOT Kol KATOTV 1] ovayvaplor g omd v
Epsin eivar amopoitmm oto kOTTOpO-TOUTO Yo TV amoctoAr] Tov DSL onuatog. H
ev Mym ovfikovttivodioon umopel va cvpPaivel méveo oty 0o ) DSL mpwteivn
KOl VoL TUPOOOTEL TNV EVOOKVTTMO| TNG.

H danictoon 6t 1 evéokOTT®OON TOV SoUERPPOVIKOD dECUEVTH GTO KOTTAPO
amoctoléa gival amapoitntn TpodmdOecN Yo TV EVEPYOTOINGN TOL VTOJOYEN GTO
KOTTOPO OEKTN OpYIKA amoTeAel Tapadofo ov okeptovue OTL éva omd To
ATOTEAECUATO TNG EVOOKVTIMONG E&ivol M OMOUAKPLVOT TOL OECUELTH OO TNV
KUTTOPIKY HepPpavn Omov kot oAANAEmOPA pe tov vmodoyéa. ‘Eyovv dwotummbel
Slapopa LoVTEAD OV TTPOSTAOOLY VO EENYNCOVY TO TAPUTAVED PUIVOUEVO (EIKOVA
1.11):

o To mpdto poviého vmootnpilel OTL 1 EVOOKVTTOON TOV OECUEVTAOV OV
aAAnAemidpovv pe tov vmodoyéa Notch aokel dvvauelg miveo oe avtdv,
EMPEPOVTAG OALAYEC OTN OLOUOPP®OT TOV KOl KOOIGTOVTIOS TOV KOAVTEPO
vrooTpopa Yo v pmtedivon S2 (Parks et al., 2000). I[Ipdoocpateg peréteg
oe Onhoaotikd €deiEav OTL T0 €€OKVLTTAPIO TUNUO TOV VITOJOYEN UTOopel va
evookLTTmOEl pali pe 1o decpeVT Ao TO YEITOVIKO KOTTOPO aveEdptnTa amd
mv S2 npwtedivon. To mpotevOUEVO HOVTELO OVOQEPEL OTL TO ETEPOOIUEPES
Notch otV mhoaouatikny peuPpdvn mpénetl vo daympiotel Tpv copPel n S2
TPOTEOALGTN Kot O SOYMPIGUAS YiveTal Pe TV TPOGOEST GTOVS OEGUEVTEG Kot
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NV €VE0KLTTMON ToL cvumAdkov kot Oyt evlvuatikd (Nichols et al., 2007).
[Ipémel Opmg va onuetdoovpe 0Tt avTd givar adHvato av dev €xel Tponyndei n
S1 méyn tov Notch, 6nwg paivetol va 16y0elL 6€ TOAALOVS KLTTOPIKOVS TOTOVG
mg Apocopihog. Exel iowg m S2 méyn va mpodmobiter  pmyovikn
TOPALOPP®OT TOL (TANPOLE UiKovg) popiov Notch.

TO 0e0TepO HOVTELO avapEPEL OTL 1 EVOOKDTTMOT 00NYEL TOVG OEGUEVTEG GE
€V0.  OLYKEKPIUEVO VTOKLTTOPIKO Stopépiopa  Omov Kot o vrToosTovV
OLYKEKPIUEVES  UETOUETOPPAUCTIKEG TPOMOMOMGES VIELOVLVES Yoo TNV
EVEPYOTOINGT TOVG. LT GLVEXEL Ba Eovaryvpicovy oy pepufpdvn pécm TV
evdoowudtov avakdkiowong (Wang and Struhl, 2004). H evéokidttwon oto
GLYKEKPIUEVO VTOKLTTAPIKO Slpuépiopo e€aptdTon and mv
OVPIKOVITIVOAMMOT TOV SEGUEVTAOV KOL TNV avayvdplon Tovg amd tnv Epsin.
MdAota évo pikpd mocootd tov DI mov vmdpyel oty kuttopiky pepfpdvn
akoAovBel avtd 10 SpOUO EVD TO LTOAOUTO TOOVOV EVOOKVTTOVETOL HECH
dAhov unyoviopob kot icme akoAovdel To dpOUO TG ATOIKOIOUNONS OO TO
Mooocope (Wang and Struhl, 2004). Avtd to poviédo vrootnpiletal amd o
yeyovog o1t ot Tpoteiveg Rabll kot Secl5 dpovv oto plib kvtTopo katd v
acOppeTpn owipeon tov ITAO (PAére: 2.3 Amopdoelg yeveoroyiag). AAleg
pueiétec Ouwc otn yopetikn oepd e D.melanogaster avagépovy Ot M
onuotoddtnon omd to DI umopei va ovufel ko pe éva unyoviopd ave&aptnto
amd v KAoBpivn otav eumodiletar M €l6000G o0TOL EVOOCOUATO Kol OTOV
pewwvetol n dpaon g Rabll vrodnidvovtag 611 0 deouevtng de yperdleTal
vo mepdiosl péow kdamolov povomatiov avakvkimong (Windler and Bilder,
2010).

To 1pito poviého vmootnpilel OTL Ol OECUEVTEG HEG® TOV EVOOKLTTOPIKOV
povomatiov Ba Bpebodv otov avdd twv MVBs (multi vesicular bodies). Exet,
elte Ba odnynBodv o100 Avcdompa katd v wpipaven towv MVBS, 1 6a
EKKPLOOVV GTOV €EMKLTTAPLO YDPO VO HOPPN HEUPPOVIKOV eED-KVOTIOIMV
(Mishra-Gorur et al., 2002, Le Borgne and Schweisguth, 2003a). Avt6 10
povtédo dev  vmootnpiletar oamd TV moportipnon  Ott EAAEwyM NG
dpactikdtrag ¢ Hrs mpoteiving mov avactéAdel T dnpovpyia tov MVBS
dev emnpedlel apketd ™ dpactikdétnra tov DI (Jekely and Rorth, 2003).

[Ipéner dpwc va avaeepbei 6t 10 ESCRT-0 ovumioko eivar dpepéc twv
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Hrs/Stam. Kat o1 dvo avtéc mpwteiveg £govv UBD potifa yeyovog mov icmg
VTOONA®VEL pio. EVOTOUEVOLCO  EVEPYOTNTA OVTOD TOV GUUTAOKOL OE
petaAdypoto hrs.

e To t€10pTO HOVTEAD avaQEPEL OTL 1] EVOOKDTTMOGCT TWV OECUEVTMOV CLUVEIGPEPEL
0T CLGGMPELGN TOVG GE EVOL CLYKEKPIUEVO OLOUEPIOUA TNG TANGHOTIKNG
pepPpavne HETA amd ovokOKA®GYN Kol ovth 1 ddikoacio odnyel otnv
gvepyomoinomn tovg. YmoompiEn yU' avtd To HOVTEAD £XOVV ODGEL TPOCPATEG
peléteg mov delyvouv 0Tl 6t0 KOTTapo PlIb vrdpyer po doun mhovola og
aKTiv] IOV amatteital yuo T peToTomion tng npoteivig DI and ™ Paowky
OTNV KOpLQOioL TEPLOYN] TOV KLTTAPOVL, Ol0dIKOGIOL OV €miong amoutel TtV
napovoia g Aydong Neur (Rajan et al., 2009, Benhra et al., 2010).

H ovPucovttivodioon kot 1 evéokhttmon eivar amapaitnteg Oyt pOVo o610
KOTTOPO OMOGTOAEN OAAG KOl GTO KOTTAPO OEKTY| LE TPMTN EVOEIEN TO YEYOVOS OTL Yl
vo evepyomomBel o vrodoyéag Notch pe mpmtedivon amd T Y-CEKPETACT TPETEL VO,
ovfkovttivolmbel kKo va odnynbel oe kamolo evookvtTapikd dropuépiopo (Gupta-
Rossi et al., 2004).

H npwrteivn Deltex (Dx), n onoia eivor pia E3 Atydon ovfikovttivng, Bpébnke
OTL OAANAETOPA e TOV VTTOJOYEN, GLUPAAEL GTNV EVOOKVTTMOGT TOV GE SLOUEPIGLLOL
omov vrapyet n Rabll ko pvOuiler Oetikd ™ onuatoddtnon pe Eva UNYOVIGUO
aveEdpnto amd tovg deopevtég tov (Matsuno et al., 1995, Ramain et al., 2001,
Takeyama et al., 2003, Hori et al., 2004, Wilkin et al., 2004). 'Exovv Bpebei dvo
emmAéov AMydoec ovfikovttivig mov ctoygbovv tov vrodoyéa Notch, n Suppressor of
Deltex Su(Dx) kot 1 Nedd4. O npwteiveg Su(dx) kou Nedd4 eivar ot opdAoyeg NG
Rsp5 g {Oung, mov €xet apyiocet va dwapaivetor ot givon n kOopar E3 Aydon yuo v
OLPIKOVITIVOAIDGT KOl €VOOKVTTMOON T®V TPOTEVOV NG KLTTOPOTAOUCLOTIKNG
peuppdvng. IMbavotata n dpdon tovg 0dnyel Tov LIOSOYEN GTO. AVCOCMUATO, Y10l
amowkodounon (Sakata et al., 2004, Wilkin et al., 2004). To emkpotéoTEPO UOVTELOD
Yl T OpACT] TV TPLOV OVTAOV AlYaodV avagEpel 0Tl 11 DX dpal avtayovioTikd e Tig
Su(Dx) kot Nedd4 ot pvOuion g katavoung Tov vrodoyéo oto evdooopato. Me
™mv aeiEn tov ota TPO evooompata, to Notch otélvetal ylo amokodounon oto
oy pe ) dpdon tov Su(DX) kar Nedd4. AvtiBétwc n DX dpo avtaymvieTtikd yio
Vo 6TeILEL TOV VTTOOOYEN AT TO TPOLA GTA EVOOSOUOTO ovakLKAwong (Le Borgne et

al., 2005).
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Ewéva 1.12: Téoogpa poviéra Yo TNV EVOOKVTTMGT TOV OECUEVTOV

A: H evdoxvttoon tov deopevty Pondd tn S2 mpwtedivon tov vmodoyfa 1 omoio kot gival
anopaitnTn TPodwdOES Yo TNV EVEPYOTOINGN TNG ONHLATOSOTNGNG.

B: H avokdkimoon tov decpevt odnyel oe pio cucodpevon TOAA®V HOPIOV G GUYKEKPLLEVEG
VIOTEPLOYES TNG KLTTOPIKNG HEUPPAVNG KAVOVTOG TNV OAANAERIOpOOT HE TOV VTOJ0YEQ TLO
amotedespotikny. C: Metd v gvdokvtt@on tov o deopevtng odnyeitor ota MVBS amd ta omoia
tehMkd kataAnysl og eEwodpota. D: Metd v evdokbttwon o decuevtng amoympiletor and To
eEOKVTTAPLO TUNUA TOL VTTOJ0YEN, EVEPYOTOLEITOL LE KOTO HETOUETAPPOOTIKY TPOTOTOINGT Kol
Eavayvpilel otn pepPpavn £To10G Yio oMUOTOdOTNGT.
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8. XTOXOI

H £épguva yua ™ onuatoddmon Notch ta tedevtaio ypdvia €xel eoTiooTEL KOt
010 KePAAO0 TNG pVOUIONG TNG, ME ONUOVTIKES OVOKOAVWELS OGOV 0a@opd T
GUUUETOYN TPOTEVOV-KAEWIDOV GE OVTH TN OdIKOGI0 KOl TO POAO GNUOVTIKOV
UNYXAVICU®V OTTg etvar 1 EVOOKHTTMOT Kot 1) OVBIKOVITIVLAIWGN.

2T0Y0G NG CLYKEKPIUEVNG OOAKTOPIKNG STPIPNG NTOV 1) OTOGAPNVIGT] TOV
POAOV TNG OVPIKOVITIVOM®ONG Kot TG gvookLTI®OoNG Tov deopevty DI katd
onuatododtnon Notch. Ta emuépovg Prinato mov akorovOnOnKay NTov:

e MeAétn tov evdokvTTAplOL TUNRuatog ™G mpwteivinig DI pe otox0 ToOV
EVIOTIOUO TOV TEPLOYDV TOL €VBVVOVTUL Yl TNV AAANAETiOpaoT TG pe Tig E3
Mydoec ovBucovttivig Neur kot Mibl.

e  Mehétn ¢ wavotntog g mpoteivig DI va ovPikovitivolidvetat omd Tig
Mydoec ovfrkovttivng Neur ko Mibl kot eviomiopog tov Teploydv-6to®V
ovPkovttivodioong mdve oty tpoteivn DI.

o  Mehétn ¢ oyéong peto&d g ovPikovttivodioong Tov DI kot g tkavotntog
TOV Y10 CNUATOOOTNON.

o Mehétn g oxéong upeta&d g ovfikovttivorioong tov DI ko g

EVOOKLTTMOT|G TOV.
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1. ITapodkn drwapdrivven KuTTdpv S2

H vrepékppaon npoteivddyv 6e KOAMEPYELEG KLTTAPOV S2 €ylve HEGH TOPOOIKNG
SwpoAvvong pe ™ pébBodo g dmuovpyiag WCAUATOS OCEOPIKOD acfeoTiov.
Avolotikotepa:
e Mia pépa Tpv T SIUOAVVGT TO KUTTAPO GLAAEYOVTOL, PUYOKEVTPOVVTOL KO
TPocdopiletal N CLYKEVIPWOGOT) TOVG GE AULOKVTTOPOUETPO.
e To kOtropa apaidvovtol KATAAANAL OGTE M TEMKN] GLYKEVIPMGN TOVLS Vi
givan 10® khTrapa/ml Bpenticod pécov.
e To xdtropa popdlovtor oe mnydodla tpiiiov. H mocdmta t@v Kuttdpmv
e€aptator omd 10 Péyehog TV TNYadIDV.
o T dwpdriovon etodletar 1o KatdAnio piypo mhaoudiov. T 2.5x10°
KOTTOPW, TO GOVOAO TOV TAACUISIKOD piyporog eivon Sug o 6yko 112.5ul.
o Katémy mpootifevron 12.5ul dtodvparog 2,5M CaCl,
e To piypo avakatevetar ko mpootifetor otdydnv o 125ul doAdpatog 2X
HBS (50uM Hepes, 280mM NaCl, 10mM KCI, 1.5mM Na;HPO,)
e Endaom tov piypotog yia 20 Aentd og Oeppoxpacio dmopatiov kot Tposhnk

TOL GTO KUTTOPO.

I1e1pdpoto CLVAVOCOKATOKPNUVIONG:

Ta mlooupidl mov ypnowomomdnkoay vy TV Topodikny StopdAvven eivar Ta
axolovOa:

plZ-DIV5His (Bland et al., 2003), plZ-DIli1V5His, plZ-DIli2V5His, plZ-Dlil/2V5His,
plZ-DIi3V5His (this work) ka1 plZ-DIACVSHis (A. Delwig and M. D. Rand,
unpublished) yia v ékppaon tov npeteivov DI, Dlil, Dli2, DIil/2, DIi3 kot DIAC
avtiotoyyo, ko PUAST-neurARGFP (Pavlopoulos et al., 2001) «oat pUAST-
HMmibAR (Lai et al., 2005) ywa v ékepacn tov mpoteivdv NeUrARGFP kot
HMMIb1AR avtictouyo.

[Mewpduoto ovfikovitivoMmonc:

Ta mlooupidl mov ypnowomomdnkoay vy TV Topodikny StopdAvven eivar Ta
axolovba:

plZ-DIV5His (Bland et al., 2003), plZ-DIli1V5His, plZ-DIli2V5His, plZ-Dlil/2V5His,
plZ-DIi3V5His (this work) ka1 plZ-DIACV5His (A. Delwig and M. D. Rand,
unpublished) ywo v éxppaon tov npoteivov DI, DIil, DIi2, DIil/2, DIi3 kot DIAC
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avtiotoyo, kot PUAST-EGFPneur (Pitsouli and Delidakis, 2005) xouw pUAST-
HMmib (Lai et al., 2005) yia v ék@poon tov npoteivov EGFPNeur kaw HMMibl
avtiotoyo. o ™mv vaepékepaon g  Xpress-Ubiquitin - ypnowonomdnke to
mAacpidio Ract-XpressUb (this work).

5 dpeg mpv ) Abon TV KutTdpmV Yivetoaw mpootnkn 100uM E64, avoactoiéa Tov
Mooodpatog (Rock et al., 1994).

Kot otg ovo «atnyopieg mepapdtov n Ekepoon tov miacpudiov pUAST
EMTLYYAVETAL AO TNV TOPOovsia Tov mAacpdiov pMt-Gald ko pe emaymynq pe

0.7mM CuSO4. Ta kotTapa cGVAAEYOVTAL HETA amtd eTay®mY 16 @opdv.

2. ZuVOVOGOKATOKP| VIO

H pébodog mg ovvavocokatakpiuvions ypnoipomomdnke yioo v evpeon mbovov
aAAnAemdpdoewv petald petodloypdtov e mpoteivg DI ka tov npoteivov
NeurARGFP kot HMMib1AR.
e 5x10°S2 Sapoivopéva kottopa Eemiévoviar 2 gopéc pe 1x PBS kat Avovron
oe 500ul ddAvpo Avong (300mM NaCl, 50mM Tris-Cl, pH8.0, 0.5% NP-40,
1mM CaCl;, ImM MgCl; kot avaotoleic mpoteacov*) pe ™ péBodo g
YOENG (ENpog mayos/ aBavorn 1 —800C)/ 0¢puavong (3 70C) Y10 TPELS POPEC.
e  ®uyokévrpnon otic 13000rpm, yio 30 Aemtd, otovg 4°C xau dlatpnon Tov
VIEPKELUEVOD.
e [IpocHnkn KaTGAANANG TOGOTNTAG OVTICMUOTOS GTO VIEPKEIUEVO KO EMDOCT
Y10, 4 dpeg otovg 4°C.
e TIpocOrkn 50ul ceapdiov cepapding ntpwteivig A kat endoor Yo 4 dPEeg
GTOVG 4°C.
e  ®duyokévrpnon otig 3000rpm yio 1min Kot aropdKpLVGT TOV VIEPKELUEVOD.
e 3 mAoelc TV oPalpdimv pe to didivua Avong, tpoodnkn 60ul dreAduotog
Laemmli kat Srotiipnon otovg -80°C.
* Avootoleilg mpoteacav: 1pg/ml leupeptin, 1pg/ml aprotinin, 1pg/ml pepstatin, 100
pg/ml PMSF,
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3. Ovpwovttivurioon

H pébodog avt) ypnowomombnke yioo v peAétn mboavig ovPikovttividioong g
npoteivng DI kot tov petaAlaypdtov g and T Arydoeg ovPukovttiving Neur ko
Mibl.
e 5x10°S2 Stapoivopéva kuttapa Eemiévovtal 2 popéc pe 1x PBS kot Avovrat
oe 700ul dedopo AMong (5S0mM NaH,PO4, 300mM NaCl, 8M Urea, 0.2%
Triton-X100, pH8.0 cvunepiiapPavouévovr 10mM N-ethylmaleimide, 1mM
E64 ka1 ImM PMSF) pe ™ pébodo tg yoéng (Enpog mayog/ arbovoin 1 —
80°C)/ 0&ppavong (37°C) yia tpeig popéc.
e  ®duyokévipnon otic 13000rpm ywoo 30 Aemtd otovg 4°C ko dlatnpnon Tov
VIEPKELUEVOU.
e IIpocOHnkn 50ul cpaipdiov NIi-TED kot endaon yia 2 dpeg o€ Oeppokpacio
dopatiov.
e 2 MACELS TOV GOAIPOI®V LE TO dtdAvpa Aong Kot 2 TAVGELS TOV GPOPLdimv
1e 1o dtdlvpa AHong ympic TV Tapovsio ovpiag.

e TIpocOnkn 60ul Swaroparoc Laemmli kon Swtripnon otovg -80°C.

4. Avalvoon Western

o To mpoteivikd eKyLAICUOTO TOV TPOEPYOVTOL OO Ol0dIKAGIEG OTMOC 1| ADOM
TOV KUTTAPOV S2 MAEKTPOPOPOVVIOL GE TNKTOUO OKPLAOUIONG KATAAANANG
nokvomrog, ota 100V, oe  Ogpuokpacio  dopotiov.  AdAvpoa
niextpodpnong: 25mM Tris, 192mM glycine, 0.1% SDS).

e AxoAovBel petagopd TV TPOTEIVOV Gg UeUPPAVN VITPOKLTTOPIVIG GTOVG
4°C, oto 100V yia 1 dpa. Awhopa petagopéc: 25mM Tris, 192mM glycine,
0.01% SDS, 20% methanol. H emituyio ¢ HETOPOPAC SOMICTMOVETOL UE T
YPAOOT TOV TPOTEIVAOV 0T pepPpdvn pe didAvpa Ponceaus.

e X1 ovvéyeln akolovbei emmoon pe 5% yoia oe TTBS didiopo (20mM Tris-
Cl pH 7.5, 150mM NaCl, 0.3% Tween-20) yw. 1 ®po ce Beppoxpocio
dopartiov.

e Enmaom pe 10 EKAGTOTE TPMOTO AVIIGHOUO GTOVG 4°C v 16 opeg.

e AxoiovBobv 3 mivoelg Tov 10 Aentov pe TTBS kot endoon pe 1o dgvtepo

avticopa Yo 2 dpeg og Bepprokpascio dMUOTIOV.
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e AxoiovBodv 3 mivcelg tov 10 Aentodv pe TTBS kot epedvion oe @A pe
HEB0J0 TG YNUEOPOTUVYELOGS.

5. 'evetwkn avaivon
5.1 Zoomnpo mrtoTIKOV KAOVOV FLP/FRT

O mtoTIKOG avacLVOLAGIOG EMLTVLYYAVETAL LE TN ¥pNon TG Tpwteivng FLP 1 omoia
avaovvovalel ocvykekpuuéveg oAintovyieg otoyovg (FRTs: Flipase Recognition
Targets). Avaivtikotepa, n FLP Bpioketon kdtw and tov éleyyo Beppoemaydpuevon
vrokvnT. Metd v Oepposmaywyn kot TNV EKEPOCN NG, N TPOTEIVN OLTH
avacvvovdlel ta FRTS. Xe kdbe mepintwon, éva etepoluyo dtopo @Epel HeTOAAAYT
oe emBountd yovidio 1o omoio Ppioketarl dnw evog FRT. Me avtd tov tpomo, petd
TOV  avaoLVOVAGHO TPOKVTTTOLV VO KOTTOPO TO £vel €K TOV OMOiwV (QEPEL TN
uetaddayn og opolvymtio Kot To GAAO dVO aAANAOpOpea oypiov ToToL (Harrison and
Perrimon, 1993).

{ "
| Ay
R stk
M
. . H gphmaon Sev
H gphmaon exppaletol / \‘ ekppaleral

g
i
e

Etepdluyo kimrapo

Mirwon
, ™
— i
. ~ iy
Kitrapo opdluyo yia Kitrapo aypiow Timou

HeTahhayn

Ewova 2.1: To ovotnpo ptotikov khoveov FLP/FRT.

‘Eva etepdluyo dtopo @éper v embounty petaddoyn yovidiov (*) dimha oe éva FRT. Mg v
VIEPEKPPACT] TNG PMTACNG EMTLYYAVETOL OVOGVVIVOGUOG avdpeso ota FRTS kot mpokdmTouv dvo
KOTTOPA, VO €K TOV OTOi®V QEPEL TN LetaAlayn og opoluymtia kot to dAlo givar aypiov TOTOV.
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5.2 Zootnpo exktomkig vrepékppaocns UAS-Gald

[0 TV EKTOMIKN VIEPEKPPOOT] TPAOTEIVAOV ypnotuonodnke to cvotuo UAS-Gal4.
Ta dwyovidia wov vepexkepdlovion épovv ) pvoutotikny adiniovyic UAS, 1 omoia
avayvopiletar and v npoteivi Gald mov emdysl ™ petaypagn tov yovidiov. H
npwoteivn Gald Bpioketal katw omd ToV EAEYXO €VOG LGTOEIOIKOD VITOKIVITH Kol UE
aVTO TOV TPOTO TO OlyoVvidlo vrepekPpdletal KAOe Popd HOVO G€ 16TOVE OTOV O

vrokwvn TG TG Tpwteivig Gald givon evepydg (Brand and Perrimon, 1993)

Enhancer trap-Gal4 UAS- Tovibio X

[ ] Yrokwnmag [] cALg | ] LToas [ | X []

MNpwreivn Gal4

GAL4/JAS-Line

[ | Yrokwnmac [[ caLg | ]

@ |

MNpwrgivn Gal4

Ewéva 2.2. To cOotnna ektomukns ékppaong Gal4d-UAS
O evepyomontng Gal4 PBpioketol KATw amd Tov EAEYYXO0 £VOG 16TOEWKOD VITOKIVITH. Mg avTd TOV TPOTO
70 dlayoviolo UAS ekppaletat povo oto £181k6 mpdtumo tov evepyoromth Gald.
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5.3 Zvemqpa MARCM

Me 1™ ypnon tov cvotiuotoc MARCM (Mosaic Analysis with a Repressible Cell
Marker), emtoyydvetor m  OnuovPYIL  UITOTIKOV KAOVOV  KOL  EKTOTIKNG
VIEPEKPPACTG CLYYPOVOC. Ze 0vTO TO ovotnuo kdbe KkOTTOpo Owbétel Tov
KataotoAéa g Tpwteivng Gald, v mpoteivny Gal80, exppalduevn and cvoTaTiKo
vrokvnt (a-tubulin) og etepolvymtio pe v emBount) PETOALOYN Kot pe to. 000
opdroya va eépovv Béceic FRT. Me avtd tov 1pomo to dtaryovidlo dev ekgpdleton
napd poévo og kOTTopo KAOVOV O6mov £xel cupuPel o avacvuVOLACUOG KOl TO OOl
dwbétovv Vv opdluyn emBount peToAlOYn VO TAPOAANAC Ogv €xOuV TOV
katactoréa Gal80. Ot khdvol umopodv va onuavBodv Betikd ue v £kepoot evog

drayovidiov UAS-GFP (Lee and Luo, 2001).

Mn enpacpéve kittape Inpacpévo kiTrapo
H ékgpaon tng GFP kataoTéMAeTal and v mpwreivn H GFP ekppaletal anousia Tou kataotohéa
Galdo Galso

G1

Inuacpévo
Buyatpiko
KUTTapo
opsluyo yia
 petarhayr

GAL4
UAS|
FRT Mutation

>
FRT

Mn onpacpévo
Buyarpikd
Mn onpacpévo pntpié Mn onpacpévo pnTpiké kittapo  Mn onpacpévo pnTpike :.T;:::,PO wper
£TepolLyo KUTTApO peTd and Smhaciaopd Tou DNA KUTTOpo PETa and

avaguviuaoud

Nature protocols

Ewéva 2.3: To cdotnpoe MARCM
1o gtepdluyo yia T petaAloyn] pnTptkod KOTTAPO, 1 EKEPAGCT) TOL dlaryovidiov amd TOV EVEPYOTOUTH
Gal4 «otaoctédieton oamd v mpoteivny Gal80. Me tov avacvvdvaopd, o kataoctoréog Gal80
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Soywpiletonr amd T0 KOTTAPO TOL PEPEL TN UETOAAMYT, OTTOTE GTO OUOLLYO HETOAAOYUEVO KVTTOPO O
gvepyomomtng Gal4 eivar ehevBepoc va endyet 1o dayovidio UAS. Ot kidvor avtol pmopovv va
onpavBoidv Betikd amd v Ekepacn evog dlayovidiov UAS-GFP.

5.4 Xtehéym Apoco@riag Tov ypnoipoTonOnkay

UAS oepéc:

UAS-DIV5His  (Pitsouli and Delidakis, 2005)
UAS-EGFP-neur (Pitsouli and Delidakis, 2005)
UAS-DIi1V5His  (this work)

UAS-DIi2V5His  (this work)
UAS-DIi1/2V5His (this work)
UAS-DIiACV5His (this work)

UAS-DIi1V5His  (this work)

UAS-DIK742R (this work)

UAS-DI-LDL+ (Wang and Struhl, 2004)
UAS-DIAICD (Wang and Struhl, 2004)

Gal4 cepéc:

ptc-Gal4 (Bloomington Drosophila Stock Center)
hsFlp;act>CD2stop>Gal4 (Bloomington Drosophila Stock Center)
Eg-Gal4d (Pietal., 2001)

To ocvommua MARCM ypnowomomnke vy tn Oompovpyia Oetikd onpocuévov
KAdvov. T v vrepékppacn g apwteivng DI 1 petodroypdtov avtmge (DI*) pe
TOVTOYPOVY amovcio. Tov evdoyevadv mpoteivov DI kor Ser ypnoipomomdnke
TOPOKATO SLOCTOVPMOT):

y w hsFLP122 tubGal4 UAS-GFP-6xnls; FRT82B tubGal80/ TM6B X

w; UAS-DI*; FRT82B Dl e Ser>/T(2;3)SM5;TM6B

INo v vepékepoon g tpoteivng DI ) petolhaypdrtov avtmc (DI¥*) pe tovtdypovn
amovoio g evdoyevovg mpwteivng Mindbomb ypnowonomnke 1 mapokdTo
dloTadp®ON):

y w hsFLP122 tubGal4 UAS-GFP-6xnls; tubG80 FRT2A/ TM6B X

w; UAS-DI*; mib=*FRT2A/T(2;3) SM5;TM6B
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Ol ToTIKOl KAOVOL ETAYOVTIOL GE TPOVOUPES TPMTOL 1 0£VTEPOL GTOGIOL pE Bepkod
ook 37°C yw 1 dpa. Xty mepintmon OUmS TOV UITOTIKOV KADVOV DIEPEKPPOONS LE
ypnon tov oteréyovg hsFlp;act>CD2stop>Gal4 1o Oepuikd cok dapkei yioo 12-13

AemTO.

6. AvocoicToymueia
6.1 Movipomoinoen Tpovopeov

o Apyikd cvAAéyovpe TPovOUEES TPiTOL oTAdioL Kot okoAovBdel avaropio
avtdv og PBS duwvpa (10x PBS: 1.3M NaCl, 0.07M Na2HPO4, 0.03M
NaH2PO4).

e  Moviponoinon tev wpovoue®v oe dlvpa PEM/4% FA ywo 20 Aentd og
Oepuoxpacio dmpatiov.

(2x a1dAvpo PEM: 200mM Pipes, 2mM EGTA, 2mM MgCl,, pH6.9)

e 3 m\oelg pe duahvpa PBS.

6.2 Xpooseig

e Ot Tpovopeeg petd ) povipomoinon enwdalovral o ddivpa PBT (1x PBS,
0.5% BSA, 0.2% TritonX-100) yia 1 dpa 6 Oepuokpacio dopotiov.

o Endoon pe npdro avticopa ot diéivpo PBT yio 16 dpeg, otovg 4°C.

e AxolovBovv 3 mivoelg twv 10 Aentov ue PT didAvpa (1x PBS, 0.2% TritonX-
100), o€ Beppokpacio dopatiov.

e Enmaon pe devtepo aviicopo oe dtdhvpa PBT v 2 dpeg, o Oeppokpacio
dopatiov.

e AxolovBovv 3 mAvoelg tav 10 Aentdv pe PT didAvpa (1x PBS, 0.2% TritonX-
100), o€ Beppokpacio dopatiov.

e TomobBétnom Tov 16TOL 6g avTIKELEVOPOpO e dtidlvpa 0.5% n-propyl-gallate

oe 80% yAvkepOAn.

Ye mepdpota Omov peAeTHONKE 1 KOTOVOU TOV TPOTEIVOV OGTNV KLTTOPIKY
EMEAveLD, ypnotpomomonkay dwAvpato ot omoio dev eiye ocvumeptnedel to
amoppurovtikd Triton X-100. Emuiéov n peripodial peufpdvn tov diokov tov
@TEPOV TpavpoTILOTOV ha@pd pe Peddva mote va emirpomel M mpocPaocn TV

AVTICOUATOV GTNV KOPLEOIo ETPAVELD TOV ETONATOV.
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7. MeAéTn TG EVOOKVTTMGNG GE 16TOVS TPOVOLPTNG

e Avatopio TPOVOUG®V TPITOL OTUSIOV KoL OQOIPEST TO®V OVOTTLELOK®V
diokwv tov @TEPOD o8 Bpentikd péco Kuttapokailepyeidv M3 pe 10% FBS,
otovc 4°C.

e  Tpovpatiopog TV avanTuElak®V diokwV He PELOVE MOTE VO KATOCTPAPEL 1|
peripodial peufpdvn ko vo emrpomei n TpOSPAC TOV OVIICOUOTOS OTNV
Kopveaio pepPpavn tov emOniiov.

e Enmaon tov ovortuEloKkov JOlokwv e TO TpTevoOV avticopo oe M3
Opentikd péco vy 30 Aemtd otov mWAyo (TO TPOTEDOVIN OVTICMUATO GTO
nePdpate vOokLTIOOoNG ypnotpomoovvral 3-10 eopéc mo mwokvh omd TIg
CLUPATIKEG XPDCELS).

o Tpeig ypnyopeg mhvoelg pe Opentikd péco M3 otov mtayo.

e Endoon tov avartvélokdv dickov oe M3 Bpentikd péco oe Beppokpacio
dopatiov yu dtdpopa ypovikd dtactiuatoe (Ocov agopd v evéoKITTOON
¢ mpwteivng Delta ot ypovor rav 0 £mg 15 Aentd).

Moviponoinon tov avortuélok®v diokov oe dtdlvpa PEM/4% FA yuo 10
Aentd otov mayo ( 2x Swwlvpo PEM: 200mM Pipes, 2mM EGTA, 2mM
MgCl,, pH6.9).

e  Moviuonoinon tov avortvélok®v dickov oe dtdlvpo PEM/4% FA yw 15
Aentd og Bepuokpacio dmpatiov.

e | midon pe ddivpo PBS (10x PBS: 1.3M NaCl, 0.07M Na2HPO4, 0.03M
NaH2PO4).

e 3 moelg pue dtdopo PT (1x PBS, 0.2% TritonX-100).

e Endoomn pe npotevov avticopa oe dilvpa PBT (1x PBS, 0.5% BSA, 0.2%
TritonX-100), yio 16 dpec otovg 4°C.

e AxolovBovv 3 mAvoelg tav 10 Aentov pe PT didAvpa (1x PBS, 0.2% TritonX-
100), o€ Beppokpacio dopatiov.

e Endaom pe devtepo avticopa o ddAvpa PBT ya 2 dpec, oe Beppokpacio
douatiov.

e AxoAiovBobv 3 mivoelg twv 10 Aentov pe PT didAvpa.

e TomobBétnom Tov 16TOL 68 avTIKEEVOPOpO e dtdvpa 0.5% n-propyl-gallate

oe 80% yAvkepOAn.
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8. Mikpookomia

IMa v andktnon €KOVOV 0vOGOIGTOYNUIKAOV Yphoemv pe ehopilovia avticoporta
ypnoonomdnke ocvveotiokd pikpookomio Leica SP2 pe  avTiKeluevikovg QoKovg

20x/0.7, 40x/1.25 © 63x/1.4.

9. Avéivon etkOvov

Mo va Bpebohv 10 T0GOGTE GLVEVTOTIGUOV HETOED TOV KLGTIOIMV TOL TEPLEYOLV TIG
npoteiveg DI kot avtdv mov £xovv Tovg EVO0oOUIKODE JEIKTES, YpNoUonotOnKe éval
VIOAOYIOTIKO TPOYpoupa Tov dnuovpyndnke péow Matlab (I'opyog Towmriong). To
TPOYpape avTd avayvoplle To Kuotid mov frav Oetikd pe mpoteivny DI, pe
EVOOCMUIKO Ogiktn 1N Ko pe ta dvo. Q¢ aviikeipevo opiotnkav TovAdylctov 4
suveydpeva square-pixels (0.1 um?). To katdeit The éviaong puopldtay avéAoyo pe
v mototnTo. TG Ypdong kot nrav 38-77 ya DI, 38-51 yia Rabll, 28-77 yia Sara ko
38-77 v Hrs. And tv avdivon e&apébnkav n Kopveaio kot 1 Pacikn pepPpdvn
TOV KLTTOPOV AOY® VIEPCLGCMPELONG CNUOTOS TOL KOOoTOVoE AdOVOTES TIS
uetpnoelc. I't avtd 1o Adyo, 0 ovveviomopodg tov mpoteivov DI ue toug
evooomuikove dcikteg Rabll ko Sara icwg eivar vrotiunuévog enedn kat ot 600
TEAEVTOIOL CLGGMPELOVTIOY OTNV Kopveaio peuPpdvn. Ot CTOTIOTIKE OMUOVTIKES
dpopéc peta&d aypiov TOTOL TPWOTEIVIG Kot petaAloaypdtov opilldtav amd To

Fisher's exact test (http://udel.edu/~mcdonald/statfishers.html). T'wa 6Aeg T1c avardoelg

ypnoporomOnkav tovddytotov 11 topég and kébe 16Td Ko peTpONKOV TOLVAGYIGTOV
100 knAideg. T T dnpovpyic TOV OTTIKOV TOUMV YPNCLOTOMONKE TO GLVECTIOKO
wkpookonmo Leica SP2, pe 63X @oxd kor 3X zoom, oe XZ mode ®ote va
anewkoviletal T0 GLVOMKO Vyog Tov emnAiov oe kdbe toun. o Ta mepdpoTa
HETPNoNG tov pLOpod evdokvTT®oNg TV Tpwteivov DI ypnowomombnke o idiog

TPOTOG avAALGNG.
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10. Avticopata,

10.1 Mp®TEHOVTO OVTIGONATO KOl TPOEAEVGT] TOVS

Avticopa IIpoéievon
Mouse anti-V5 Invitrogen
Mouse anti-Xpress Invitrogen

Mouse anti-Notch C458.2H

(e&mrvtTdpiog emitomog)

DSHB (Diederich et al., 1994)

Mouse anti-Notch C17.9C6

(evdokvtTdplog mitomog)

SAT (Fehon et al., 1990)

Mouse anti-Wg 4D4

DSHB (Brook and Cohen, 1996)

Mouse anti-Arm N2 7A1

DSHB (Riggleman et al., 1990)

Mouse anti-DI C594.9B

(e€mKruTTAP10G EMITOTOC)

SAT (Qietal., 1999)

Mouse anti-DIlg 4F3

DSHB

Guinea pig anti-DI 581

(evdokvtthplog enitomog)

Huppert et al., 1997

Guinea pig anti-Senseless

Nolo et al., 2000

Guinea pig anti-HrsFL

H. Bellen (Lloyd et al., 2002)

Rabbit anti-Neur

Pitsouli and Delidakis, 2005

Rabbit anti-myc epitope

Santa Cruz

Rabbit anti-Sara

M. Gonzélez-Gaitan (Bikel et al., 2006)

Rat anti-Rab11

R. Cohen (Dollar at al., 2002)

Rat anti-E cadherin

DSHB
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10.2 AgutepedovTa AVIICAONOTO KOl TPOELEVGT] TOVG

Avticopa IIpoéievon

Donkey anti-mouse HRP Jackson Immunoresearch

Goat anti-rabbit-HRP Jackson Immunoresearch

Goat anti-mouse Alexa 555 Invitrogen/ Molecular Probes

Goat anti-mouse Alexa 568 Invitrogen/ Molecular Probes

Goat anti-mouse Alexa 647 Invitrogen/ Molecular Probes

Goat anti-mouse Alexa 488 Invitrogen/ Molecular Probes

Goat anti-rabbit Alexa 488 Invitrogen/ Molecular Probes

Goat anti-rabbit Cy3 Jackson Immunoresearch

Goat anti-guinea pig Alexa 488

Invitrogen/ Molecular Probes

Goat anti-guinea pig Alexa 555

Invitrogen/ Molecular Probes

Goat anti-guinea pig Alexa 647

Invitrogen/ Molecular Probes

Goat anti-rat Alexa 555

Jackson Immunoresearch

11. RNAI

H péBodog avtn ypnoyonoteitan yio vo emtevydel KaTaoTOAN EMAEYUEVOV YOVIOI®OV
péom amowodounons tov MRNA. Anuovpyovvtarl dikhwva RNA amd petaypoen
TUNUATOV Yovidimv, To omoio OTav gloayfovv ota KOTTapo KOPOVIOL og HIKPA
tunpota Tov 20-21 voukieotidiov. Avtd ta tuquoata RNA, aeov petatpamovv e
povoxkimva, avayvopilovv Kot mpockoAdmvtol 6to gvooyevég MRNA, tpokaAdvtog
™V amowkodounon tov. ITo cvykekpiéva,  péBodog avtn YpnoLomondnKe yio TV

KotootoAn TV yovidiov neuralized kot mindbomb e kaAMiépyeieg kuttdpmv S2.
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Eméyeton o meproyn tov yovidiov amd 300-700 Bdaoeig ko kKhmvomotgiton
o€ mAacudtokd eopéa PBS petald tov vrokivntov T3 kon T7.

O mAacdlakog eopéac PBS mov @épel 10 emAeypévo TUAUO TOV Yovidiov
HETOED TV LITOKIVNTOV YIVETOL YPAUUIKOG [LE TEPLOPLOTIKEG TEYELS £TCL DOTE
va kataAnéoope pe ovo ekpayeio: To €va Bo odnynoel ) HETAYPOPT] TOL
sense RNA and tov éva vrokivnt kot to dAlo tov antisense RNA amd tov
de0TEPO VTTOKIVNTY.

AxolovBobv dVo In VItro avtdpaoels UeTaypa@hg YPNOIUOTOUDVTAS TO
Megascript kit ¢ Ambion. H pia odnyel oe petaypa@r Tov TUAHOTOC
yovidiov amd v T3 ko n GAAN and v T7 moAvpepdon. Katd v avtidpoaon
nmpootifevtal KatdAAnieg TocoTNTEG TAOGHIOIKOV Popéa, INTPS ko T3 1 T7
nolvpepdong. H avtidpaon yiveron yua 4h, otovg 37°C.

> ovvéyeln omopovovetor 1o RNA pe m yprion eavoing/yAwpogoppiov
KO KATOKPUVIONG HE 1oompomavOoAn. Eravadiaivovpe og Hy0.

To povokiovo RNA and kd0e avtidpaocn Ba ypnowonombel yio va mwopoydei
10 dikhowvo RNA. ‘loeg mocodtnteg tov Sense kot antisense RNA
tomoBetovvion o doyeio pe vepd Bepuoxpaciog 90°C. Kaboc 10 vepod
otadlaKd yoyeton ta. povokiovo RNAS evovovtol yio vor dnpovpyncovy 1o
dikhwvo. H dadikacio £xel olokAnpwbet dtav 10 vepd €xel mANGLACEL TOVG
40°C.

1x10°% wottapo S2 @uyokevipovvior oe M3 Bpentikd péco ywpic opd Kot
tomofeTobvial oe TYadt and mato twv 6 myodiby (1x10% wottapo/Iml
Opentikon).

Axolovbei enmdoon Tov kuttapov pe 15ug dSRNA o H,0, yia 30min, ctovg
25°C.

[TpocOHnkn 2ml Bpentikov pécov to omoio mepiéyel 10% FBS kot endaon tov
KLTTAP®V Y10 72 ®PES, GTOVG 25°C.

Ta kOtrapa cvAiéyovtar kKot Avovtor o S00ul dtdhvpa Advong (300mM NacCl,
50mM Tris-Cl, pH8.0, 0.5% NP-40, 1ImM CaCl,, ImM MgCl; ka1 avactoleig
TPOTENSOV*) pe T péfodo g woEne (Enpdc mayog/ abavorn 1 —80°C)/
0éppravong (37°C) YL TPELS POPEC.

duyokévrpnon otig 13000rpm, yia 30 Aemtd, otovg 4°C ko dwTripnon Tov

VIEPKELUEVOD.
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*Avootoleic mpwteacmv: lpg/ml leupeptin, lug/ml aprotinin, 1pg/ml pepstatin, 100
ug/ml PMSF.

12. MAoopIOOKES KATOOKEVES
12.1 plZDI*V5His ghheyppotikd petoiraypota

plZDIilV5His
Y10 ovykekpyévo petddlhayua g mpoteiving Delta omoveialovv ta apvo&éa

DDAEARKONEQON a6 v xapPoéuteiikn ¢ mepoyn. [a m dnpovpyia avtod

TOV UETOAAAYHOTOG EYVOV 000 0ALGIOMTEG OVTIOPAGELS TOAVUEPAOTNG GTO TAACIO0
plZDIV5His (Bland et al., 2003) kot ypnoipomomOnkoy ot eKKvNTEG

5" ATGAGATCTACTCCTGCGATGCC 3" (g forward primer)

5 ATGGATCCCTTTTCCTGAGCACGCTTACG 3’ (wg reverse primer)

Ko

5 ATGGATCCGCGGTGGCCACAATGC 3’ (o¢ forward primer)

5" GGTACGCGTAGAATCGAGACCGAG 3" (wg reverse primer)

Ta ovo mpoidvia mov onovpynnKav omd TIC aVTIOPACELS EvOONKOV HEGHD TOV
evlopov BamH1, 0écelg avayvopiong tov omoiov @EPOVV 01 VO ECMTEPIKOL
exkkivntéc. To tepdylo evobnke pe tov mhacudioko eopéo plZ-DIVSHIS o omoiog
nponyovuévag gixe vrootel téyn pe Bglll/MIul (tig Oéoeig avayvdpiong avtdv tov
eviOpOV @EPoVV o1 eEMTEPIKOT EKKIVITEG). XVVENTMG GE OWTO TO UETAAAOyUd avTi

QVTOV TOV OUIVOEE®V €xEl TPooTeDEL £vol KaTdAoumo yAvKiving Kot £va oepivng.

plZDIi2V5His
210 ovykekpluévo petddhayua g mpoteivig Delta omovoidlovv ta apvo&éa,

IKNTWDKSYNNT a6 v xoapfolutedikn g mepoyn. o ) dnpovpyio avtov

TOV HETOAAAYLHOTOG £ytvay 000 OALGIOMTEG AVTIOPACELS TOAVUEPAONG GTO TAACLIOW0
plZDIV5His (Bland et al., 2003) kot ypnoipuomombnkoy ot eKKvnTEG

5" ATGAGATCTACTCCTGCGATGCC 3" (¢ forward primer)

5 ATGGATCCGATATTCGGGTTGCCGCC 3’ (wc reverse primer)

Ko

5" ATGGATCCTGTGCCTCAGCAGCAGC 3’ (wg forward primer)

5" GGTACGCGTAGAATCGAGACCGAG 3" (g reverse primer)

Ta 600 mpoidvta mov dnuovpYHONKOY amd TIC OVIOPACELS EVOONKOV HEC® TOV

evlopov BamH1, 0éceig avayvdpiong tov omoiov @Epovv ot VO ECMTEPIKOL
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exkkivntég. To tepdylo evobnke pe tov mhacudiokd @opéo plZ-DIVSHIS o omoiog
nponyovuéveg eixe vmootel méyn pe Bglll/MIul (tig Béoeic avayvodpiong ovtdv tov
evOOpOV @EPoVV Ol eEMTEPIKOT EKKIVITEG). XLVVENTMG GE OWTO TO UETAAAOyUd ovTi

AVTOV TOV apvos&Emv £yl mpootebel Eva katdAomo yAvkivng kot éva oepivg.

plZDIi3V5His
Y10 ovykekpiuévo petddhayua g mpoteivig Delta omovoidalovv ta apvo&éa,

KQLNTD amé tv xapPoéutedikry g mepoyn. T'a ) onpovpyio avtod tov
HETAALAYHOTOG €ytvoy 000 OAVCIOMTEG OVTIOPACEL TOALUEPAONG OTO TANGHIO0
plZDIV5His (Bland et al., 2003) ka1 ypnoponomdniay ot eKKivnTég

5" ATGAGATCTACTCCTGCGATGCC 3" (¢ forward primer)

5 ATGGATCCTTGCGACTTGGCTCTTTGTAG 3’ (wg reverse primer)

Ko

5 ATGGATCCCCCACGCTCATGCACCG 3’ (mg forward primer)

5" GGTACGCGTAGAATCGAGACCGAG 3" (wg reverse primer)

Ta ovo mpoidvia mov onovpynnKav omd TIC aVTIOPACELS EvOONKOV HEGHD TOV
evopov BamH1, 0éceig avayvdpiong tov omoiov @Epovv ot VO ECMTEPIKOL
exkkivntég. To tepdylo evobnke pe tov mhacpudiokd eopéa plZ-DIVSHIS o omoiog
nponyovuéveg eiyxe vmootel méyn pe Bglll/MIul (tig Béoeic avayvodpiong ovtdv tov
evlopmv @épovv ol eEmTteptkol EKKIVNTEG). XVVETMG 6€ aVTO TO HETAAAQypHO avTi

AVTAOV TOV apvos&Emv £yl mpootebel Eva katdAomo yAvkivng kot éva oepivg.

P1ZDIi1/2V5His
Y10 ovykekpyévo petddlhayua g mpoteiving Delta amoveialovv ta apvo&éa

DDAEARKONEQON xot IKNTWDKSYNNT and v kapBolutedikr| ¢ meploxn.

INa ™ onuwovpyioc ovTod TOL UETOAAAYUOTOC £Yve OAVCIOMTH  avTidpaom
nolvpepaong oto mhacpiolo plIZDIi2V5HIs kot ypnoiporodnkay ot eKKivntég

5" ATAGATCTGCGGTGGCCACAATGC 3" (mwg forward primer)

5" GGTACGCGTAGAATCGAGACCGAG 3" (g reverse primer)

To mpoidv mov dnpiovpyndnke amd v avtidpaon avt) evodnke pe 1o mpoidv g
TPO™G avtiopaong mov €ywve yuo to petdAiaypo DIil. To tepdyo evobnke pe tov
mAacudokd eopéa pPlZ-DIVSHIS o omoiog mponyovpévac eixe vmootel méyn e
Bglll/MIul (tig¢ Béoeic avayvopiong ovtodv tov evlduov @épovv ot eEmTEPIKOL

EKKIVNTEG).
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12.2 pUASTDI*V5His

Yta mhacpidia pIZDI*V5His éywvav meplopiotikég méyelg pe ta Evlopa EcCoRI/Dral.
Ta tepdyia Tov dnpovpyndnkov kKAovorombnkav o ECORI/Xhol (uetd anod Klenow
fill-in) 6éce1g Tov pUAST.

12.3 plZDI*V5His onpuelokd perairaypoto,

o ™ petagopd tov onuelokd petodroyuévov DI yovidiov amd to pEXpUAS
TAOGLIO0 (Ta omoia pog mapacyEtnkoy KAwvoromuéva ard tovg N. Shalaby kot M.
A.T. Muskavitch, Boston college) oto plZ-V5His mhaouidio axolovOnce 1
TOPOKATO Oladtkacio: Apykd £ytve oAvold®T) oviidpacn molvpepdong ota
PEXpUAS-DI* mlacpidio Kot xpnoiporotdnkay ot EKKvntég

5" ATGAGATCTACTCCTGCGATGCC 3" (¢ forward primer)

5" AGGTCTAGACTCATATGCGGAGTGC 3" (wg reverse primer)

To tepdyro evodnke pe tov mhacpudiokd eopéa plZ-DIVSHIS o onoiog mponyovpévag
eiye vrootel méyn pe Bglll/Xbal (tig 6éoe1g avayvdpiong avtdv tav evOpmv eEpovv

01 EKKIYNTEG).

12.4 RactHisXpress-Ubiquitin

To tepdyo PSTI/Scal mov mponAfe omd 10 mhoouidio PCIHisXpress-Ubiquitin
evoinke pe tig 0éceic HINcll/PSTI tov mhacpdiov RactHAdh (Swevers et al., 1996).

12.5 RactXpress-Ubiquitin

To tepdyto Nhel tov macudiov RactHisXpress-Ubiquitin, petd and klenow fill-in,

evoinke ot B€on Hincll tov mlacudiov RactHAdN.

12.6 Miaocmdrokés kataokevig Yo RNAI

pBIu2KSM neur568
H xatookevn avt onpovpyndnke yu va ypnopomombovv 568 Pdaoeic tov neur

yovidiov yio in Vitro petaypapn kot ev cvveyeio yio ™ dieEaymyn RNAI (Baoegig 174-
742 omd 10 yovidlo Tov neur). To yovidio neur eixe vrootel méyn pe Dral ko giye

elooyfel otov mhoodiakd eopd pBIUZKSM oty 0éon ECORV. H katackev avt
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vréotn wéyn pe NCOI/ECORV kot amopovmbnke 1o tepdylo tov yovidiov Neur tov
568 Bacewv. To tepdyio (et amd kKlenow-fill in ) Kiwvorobnke oe mhoouidiokd
eopéa pBIU2KSM, o omoiog eiye vrmootel méyn pe Smal. o v die€ayoynq g In
VItro petaypa@nc, o mAacdlokds opENg £YIVE YPAUUKOS LE TO. TEPLOPLOTIKA EvOvpLo

Hindlll kou BamH1, dote va petaypogei omd v T7 kot T3 molvuepdon avtictoyyo.

pBIu2KSM neur797
H xotaokeun avt emiong onuovpyndnke yo va ypnoporombovv 797 Bacelg tov

neur yovidiov ywo in vitro petaypaer kot t dieayoyy RNAIL. H xotoackevun tov
TAAGOOKOD (QOpEn. pe TO Yovidlo neur vméotn méyn pe BamHL1/EcoRV ko
AmOLOVAOONKE TO TEUAYI0 TOL YoVvidiov neur Twv 797 Bdacewv (Bdoeig 3016-4190 amnd
mv mhlacudlaky koatackeory PUAST-neur). Avtd 1o tepdylo klmvomomnke oe
mAacudokd eopéa PBIUZKSM o omoiog eiye vrootei méyn pe Smal/BamH1. T v
de€aywyn g In VItro petaypagng, 0 TAUCUIIIAKOS POPEAG £YIVE YPOUUIKOS LE TO
neploplotikd Evloua Hindl ko BamH1, dote vo petaypogel amd v T7 ko T3
moAvUEPAOT avTioTol . Xpnoipomomdnkay 600 TAAGLUOINKES KOTOUOKEVES YloL TN
dwadikacio tov RNAI enedn vanpye apeiporio yio tov katdAinio apiud Bacemv

OV EMPETE VAL £XEL TO LETAYPOPO.

pBlu2KSM mib710
H xotaokevn avt dnuovpyndnke yia vo ypnotporomovyv 710 Bdaoeig tov mibl

yovidiov ywo in Vitro petaypoaen kot ev ovveyeia yio T Seaywyn RNAILH
TAacudokn Kataokevr] pBIUZKSMmibexon2 vréotn néyn pe Pstl kot amopovodnke
10 tepdyo tov 710 Bacewv (Baoceig 706-1416 tov dedtepov e€mviov oL Yovidiov
mibl), to omoio KlwvomoOnke oe PBIUZKSM, o omoiog eiye vmootel méyn pe Pstl.
Mo v de€orywyn g in VItro petaypa@nc, o mAaouidtakos QopEag £YVe YPOpKOS
ue ta meploprotikd Evlopa Hindl ko BamH1, dote va petaypagei amd v T7 kot

T3 molvpepdon avtictoryo.

13. Ztehéym Poxtypiov kot OperTiKd vikd

Mo ™ dwdwkacio TOALUTANGIOGHOD TAAGHSI®V ypnoporomdnkay Poaktiplo
Escherichia coli otedéyovg DH5a. To vypo Opentikd péco, Luria-Bertani, anoteleiton
a6 10% tpomtovn, 5% exyviopa oung kot 10% NaCl, pH 7. To oteped Bpenticd

néco mepiéyetl emmiéov 15% dryap.
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14. Aropovmon mrhaopidtokov DNA amd pikpg kKhipokog Kalépysia

e Moblvuvon korhepyewwv LB mapovsiog tov kotdAAniov oavtiflotikol e
Baktnprokd oTtéleyoq.

e Endaon g koAMépyelog otovg 37°C yia 12-16 dpsc.

o  duyoxévipnon ¢ koAMépyelag ot 12.000rpm, Yo 1 Aemntd Ko
emavadidivon tov Wnpatog o€ 200ul dteddvpotog 1 (SOMM yivkoln, 25mM
Tris-Cl, 10mM EDTA, pH 8).

e TIpocOnkn 200ul dwidpatog 2 (0,2N NaOH, 1% SDS) kot endaon yo 2
Aemtd o€ Bepuoxpacio dmpatiov.

e IIpocOHnkn 200ul kpvov daivuatog 3 (3M CH3COOK, 11,5% CH3COOH)
KOl EMOOCT GTOV TAYO Yo 5 AETTA.

e IIpocOHnkn 150ul yhopopopuiov kat puyokévipnon yia 10 Aemtd.

e To vrepkeipevo avapuyvoetor pe 2.5 6ykovg amdivtng abavoing kot
puyokevrpeiton otic 13000rpm, otovg 4°C yia 30 Aentd.

e AxolovBei TAvom ToV 1CApaTog pe 1Ml 70% obavoing kou puyokévtpnon
otig 13000rpm, otovg 4°C yia 10 Aemtd.

e Emavadidivorn tov DNA.

15. Aropovmon mrhaopidtokov DNA amd peoaiog KMpokos KaAMEpyero

H amopovoon miaocudioxkod DNA €ywve pe ) pébBodo g oAkaAKng AdoMg
akolovBovpevn amd  ypopoatoypaeic.  aviovtoavtoiiayns. [o  tov  okomd
ypnoworomOnkav ta tip 100 (QIAGEN) kot Nucleobond Xtra Midi kit (Machery-

Nagel), akolovbmdvtag To TpmTOKOALL TOVG.
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BLoXNULKEC XVOXAVEELC TWV UETHKAAXY UXTWV
DLl
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Yovtnpnuéveg TePLoyEs 6To EVOoKVTTAPLO TN TS TpoTEivng Delta

AvtiBétog pe 1g e€okvttapleg mepoyés tov  DSL mpoteivov, ot
evookLTTApleg £xovv kpd PBabud cvvinpnone. MeAetdviog TIG €VOOKVLTTAPIES
neployés twv DSL mpoteiviv DI ko Ser ot Drosophila melanogaster, Bpédnkav 3
cvvinpnuéva potifa. Avo amd avtd TeEPEYOLVV KATAAOUTO acTapayivie, Eva oe Kabe
TPOTEIVN Kat éva potifo dthevkivng oty mpwteivny Ser. Xy npwteivn Ser, to potifo
ACTOPOYIVIIG CUUUETEYEL OTNV OAANAETIOPACT, TOL OEGUELTH UE TIS OVO AYAGEG
ovPwovttivig Neuralized koaw Mindbombl, evéd to 1610 potifo otv mpwteivn DI
uecoAaPel ywa v aAinienidpaon pe t Arydon Neuralized (Fontana and Posakony,
2009; Glittenberg et al., 2006). EmimtAéov, oty mpmteivn Ser, to potifo acmapayivig
NToV oNUAVTIKO Yo TN CNUOTOJOTIKY] KOVOTNTO TOV OEGUEVTH, YEYOVOG TOL O&V
oyveL Yoo To HoTifo O1levkivng. Xt GTOVOLAMTA dev LTAPYOLVV avTicTolYo HOTIPaL
OTO EVOOKLTTAPLOL TUNUATO TOV OECUEVTMV, YEYOVOG TOV VTOONAMDVEL T1 UEWOUET
GULVTNPNOT Kot T SVCKOMO YloL AEITOLPYIKT OVAAVGT] TOV EVOOKVTTAPI®V TUNUATOV
tov DSL npoteivov.

IMa va e€gtdoovpe av LIAPYOVY EMTALOV CNUOVTIKES AELTOVPYIKES TEPLOYES
oto &vdokvTTaplo TuRua Tov odeopevty DI, gpevviicoue ™ ovviypnon TV
EVOOKLTTAPIOV TUNUATOV GE OTOUOKPLGHEVO HETOEDL TOLG €10m  eviOp®Vv.
Xpnowomomoape aAlniovyieg amo tao €idn  Aedes aegypti, Bombyx mori, Tribolium
castaneum, Apis mellifera, Periplaneta americana, Acyrthosiphon pisum «ot
Pediculus humanus corporis.

Otav ovykpivape to evooKLTTAPLO TUAUOTE LETAED TOVG PBpébnkav Técoepa
cuovtnpnuéva potifa, eved éva méunto Ppédnke KOTOMY TPOGEKTIKOTEPNS AVAALGNG
eneldn ogv Bewpndnke onuavtikd and tov ClustalW2 aiyopibuo (swodva 3.1). To
npmdTo potifo amotelei tnv Sstop-transfer aAAniovyioa 6to apvotelMKd GKpo NG
evdokvttaplag mepoyns. To vmoérowma téocepo ovopdotnkayv icdl, icd2, icd3 kot

icd4.
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Apis ---KRROKREQA AVHS SMSKRGGGMGGGAGVGTGGSQGVGIVGNVGL 928
Pediculus OF [ 540
Acyrthosiphon 657
Bombyx 633
Tribolium 630
Periplaneta 664
Aedes 663
Drosophila 673
Apis 974
Pediculus 565
Acyrthosiphon 674
Bombyx 648
Tribolium 654
Periplaneta 704
Aedes 692
Drosophila 703
Apis Q! 1023
Pediculus --AAEDRVGANIISVSENVANSELCYAK--GGEPVYPLSRTRSSQKQL AFNRQS-- 619
Acyrthosiphon ----- ENVYSEPLCFAAPNKMQOPSLT------ PAQSSSSLQRQ%E; ‘ JRQ-NRMS—- 719
Bombyx -APPPECONAHNAAAEECK--———-==---~-~- R=========—=- KILNTES-------- 674
Tribolium ISSPDDCS-VSNISVSECDGFPKPTMHQVIDGRPVYSLORTRSQ-K GP=————- 706
Periplaneta VSVSGDLSNASDLCYPKQQQOSQQVLD---NSGFVYTLORTRSH-K HRGSQSN- 759
Aedes LMNSS———LYGGIPGGYGETPSASSEQCYQAAAVPTTLQRAKSQ~L" MVMHRA-- 746

Drosophila AAAADECLMYGGYVASVADNNNANSDFC--~--VAP--LQRAKSQ-] PTLMHRG-- 754

Apis FQKEKDCLGLGLGIG---———————=-- VGVGVIESAKRSSVFAGNATTDSCCAAEAALL 1070
Pediculus ~QRASALL--========mmmm e m o m VDKYTDSSAHRHGAQRASTTLTTSSKSE---- 654
Acyrthosiphon -FKEQDAIN---—-——====—————————————— ALDRRISVISVDSAANQCNNTN--—- 749
Bombyx sssmtr BR TV Ti P T v s  em o DPssmimeg RLSRLSADSAYCANSDTS--LV 703
Tribolium --RASALLAAKLH-——--—-————————- EPE-YEHIKRLSVMSNASAVCGSSDPS--LL 745
Periplaneta  -RTSTALLASKLDKDFDNLCPSNTQQQORTPSSNAADKRISVLSVDSSLCNASDPT--LV 816
Aedes --SQM--TAGGAI-————————————-- GGG---AQSSOLAAGGSTGAATPTTSST---- 780
Drosophila ==SPAGESARGAS-=rr oo nadamn—s GGGPGAAEGKRISVLG-EGSYCSQRWPS---- 792
Apis KRPTNITEGGSGPPGSGGGGGGETGCGVYVIDDHYRADTSLAA-TLATEV 1119
Pediculus KDLDSLCSPGMRP—————-——— DORISVLSID-——-—= SSLYN-SR---- 684
O O L Ry B oo e e o B A e B s e 750
Bombyx S GGG----VYVLDDHCLPPT-~---~ FATQV 728
Tribolium KRPVEKE-—--—-—————-- SNG----VYVIEEHFLRPDAISAGLFATEV 778
Periplaneta KRCVDKDSNSILSAAA----GSGPTSSVFVIDEHFHHQEG----LLATEV 858
Aedes ARAVSTKEMLLEKRIS----VLSDASLCNTRWSSSQQNRQIVGPCSPPHV 826
Drosophila  LAAAGVAGACSSQ------- LMAAASVAGSGAGTAQQQRSVV--CGTPHM 833

Ewova 3.1: ZOykpion Tov vookvTTaplov Tunpdtov mg npoteivig DI oktd gviopmv.

Xpopo ykpt: stop-tranfer aAiniovyioa oto apvotelkd dxpo, n omoia axolovBei tn dSwapepPpovikn
nepoyn. Xpopo tpdowo: cvvinpnuévo potifo icdl. Xpoua pmhe: cvvinpnuévo potifo icd2. Xphua
uep: cvvinpnuévo potifo icd3. Xpopa kitpwvo: ovvinpnuévo potifo icd4d. Ta opwoééa mov
petodlaydnkav otig npwteiveg DIil, DIIi2 and DIi3 givar vroypappicpéve. Mg kdxkvo @aivovtol ot
Avoiveg ol omoieg petodraydnkov oe apywivee. To xordhouwro V720, 10 omoio &ivar to tehgvtaio
apvo&d g npoteivig DIAC, paivetar pe mpdovo.
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Ymv ewova 3.1 €povv vmoypapuotel ta apvoéa mov PETOAAGYOMKAY e

okomd vo. pueretnBel m Aertovpyio TV TOPATAVEO CUVINPNUEVOV TEPLOYDOV Kol

dNpovpyHONKay To ToPaKAT® EAAEIUHOTIKA popla g Tpmteivng DI (swkova 3.2):

Dlil: Tlpwteivn DI otnv onoia o icd1 éxet avtikataotadel and Eva KatdAoumo
yYAvkivng kot éva oepivng.

Dli2: ITpwteivn DI oty onoia to icd2 £yet avtikatootadel amd Eva KoTdAoumo
yYAvkivng kot éva oepivng.

Dli3: IIpwrteivn DI oty onoia to icd3 £yet avrikatootadel amd Eva KoTdAoumo
yYAvkivng kot éva oepivng.

Dlil/2: Tlpwteivn DI oty omoia ta icd] ko icd2 €yovv avtikatactabei and
éva kotdAoimo yAvkivng kot éva aepivng to ke Eva.

DIAC: TIpwteivn DI oty omoia 1o televtaio katdrowro givar n V720. Avti n
npoteivy o dwbétel ta cvvimpnuéva potifo icd3 ko icd4 (M. Rand,

TPOCMOTIKN EXKOIVOVIML).

Elvaw onpavtikd va mapatnpioovpe 6t otig meployég icdl kan icd3 vrapyet

uio Avoivn ko otnv mepoyn icd2 vadpyovv dVo, ot omoieg dev mapovoldlovtal oTa

avtiotoyo edMeppatikd udpia DI Olo ta petodrdypata, dmoc Kot i aypiov THTOL

npwteivn meptEyovv 6XHIs-V5 emitomovg kapPoéutedikd, mov ypnotpomodnikay

Katd T1¢ Proymuikég avolOoELS.
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piwt [ [1] B [3] |4

pit B [3] 4

Dli2 | |1 3| |4

V720

—

Dli1/2 3| |4

I
V720

piz 1] B 4

V720

ONONONONO

DIAC | | 1 I
V720

Ewéva 3.2: Zynpotiki tapoveiaon g apotsivig DI kot Tov petailaypdtov mmg.

2y ewova eoaivovtol o cuvinpnpéve potifa mov tepiéyet kabe mpmteivn. TM: drapepufpovikn
neployf]. EmmAéov onpeidverton to apvo&d V720, 1o tedevtaio katdAouro tng mpmteivng DIAC.
Oleg o1 Tpwrteiveg drabéTovy Toug emtdonovg V5 ko His.
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Oéoaig alniemidpaons g mpoteivng Delta pe 1ic Mydoeg ovfikovitivig

Neuralized kox Mindbomb1l

Onwg givarl yvooto, ektdg omd ) décpevon in trans tov DSL npoteivov pe
tov vodoyéa Notch, n onpatodotnon ypeldletal ko Ty mapovoio twv E3 Ayoocwv
(Le Borgne, 2006, Pitsouli and Delidakis, 2005). Meléteg TponyoOUEV®V ETMV £XOVV
avakoAvyel 000 katnyopieg E3 Ayaodv mov €xovv v kavdtnta v EVEPYOTOLOHV
g DSL mpwteivec, to Neuralized (Deblandre et al., 2001, Lai et al., 2001,
Pavlopoulos et al., 2001, Yeh et al., 2001) ko1 to Mindbombl (Koo et al., 2005, Lai et
al., 2005, Le Borgne et al., 2005, Pitsouli and Delidakis, 2005, Wang and Struhl,
2005). Kot eved frav EexdBopn 1 avaykn TOV Ayooc®V oTOV Yo TV EVEPYOTOINoT)
NG ONUATOOOTIKNG tKavotnTag twv DSL mpoteivov, dev ntav yvootd o Tpdmog e
Tov omoio avtég cvvdsovion ue v mpoteiv Delta. Onwc non avaeépbnke, otnv
mpwtelvn Ser vmhpyer éva potifo aomopayivng TO OMOi0 GULUUETEXEL OTNV
aAANAemtidpacn tov deopevtn pe TG dvo Arydceg ovPukovttivng Neuralized ko
Mindbomb1l (Glittenberg et al., 2006). To exdpevo epdTNUA NTOV OV KATOLXL OO TIG
CUVTNPNUEVEC TTEPLOYEG OTO EVOOKVTTAPLO TUNpa NG Tpwteivig Delta amoteAei BEon
avoyvoplong kat décpevon e omd g AMydoec ovPikovrtivng Neuralized o
Mindbomb1.

I'o to oxomd avtod, cvvekepdoape to dSapopa DI petaAldypoto poli pe v
npoteiv MIb1AR, og xottopo S2. AkoloOONCE OVOGOKOTOKPAUVICT UE F-amyC
avticoua, o omoio mpocdével v MIbIAR kar western blot ue m-aV>5 avticoupa to
onoio aviyvedel Tic mpoteiveg DI (swcova 3.3 A). 'Eva pikpd 1060610 T0V KLTTAPIKOD
EKYVAICLLOTOG OEV 0VOCOKATOKPNUVAONKE AL ¥pNOYLOTOMONKE Yo TOV EAEYYO TNG
ékppaong Tov tpoteivaov Delta oto kuttopa (dtadpouéc 1). And to meipapa ovtd
napatnpovue 0t ot mpwteiveg DI, Dlil kot DIi3 cvuvavocokatokpnuvionKay pe
MiblAR, evé 1 wavotnto tov DIi2 kou DIil/2  va xoataxpnuvilovton €yel pewmbet
onuovtikd (dwdpopés IP). Qg meipapo ehéyyov ypnolpwonmomdnkay KLTTOPO GTO
omoio glye yivelr mopodikn dopdivvorn povo pe ta petorddyuata Delta, dote va
BeParwbovpe 6T dev Katakpnuvilovion amovsio g Mydong. Zvunepoivoope 0Tl TO
devtepo cuvnpnuévo portifo, to omoio Kot Aeimel and To TEAELTAIN UETAAAGYHLOTO
gtvor vevbvvo yuoo v aAnienidpaon g npwteivng DI pe ™ Aydon ovfikovttivig
Mib1.
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To 1010 meipapo ypnopomomdnke vy va Ppebel av kamolo amd Too Tpiot
ocvovimpnuéva potifo oty evéokvttapila meployn e npoteivig DI eivon anapaitnto
Yo TV aAANAemidpacn ¢ pe T Atydon ovPuwovttivng Neuralized. Ze kotrapo S2
ovvekppdotnkay to ddpopa DI petoarddypoto poli pe v mpoteivy NeurAR.
AxolobOnoe avocokatakpruvion pe r-aNeur avticopo, To omoio TPOGOEVEL TNV
npoteiv NeurAR «ou western blot pe m-aV5 avticopo 1o omoio aviyvevel Tig
npwteiveg DI (ewdva 3.3 B). 'Eva pikpd mo6o6to ToU KUTTAPIKOD EKYLAIGHOTOC dEV
VOGOKOTAKPUVIONKE OAAG YpMOCILOTOMONKE Yoo TOV EAEYYO TNG EKOPOCNG TMV
npoteivov Delta oto kottopa (Stadpopés i). Amd 1o meipapo avtd mapatnpodue Ot
ot mpwteiveg DI, DIi2 ko DIi3 cvvavocokatokpnuviomkay pe t NeurAR, eved n
wavotnto tov DIil ko DIil/2  vo kotokpnuviCovror €xel peimbei onpovtikd
(ddpopég IP). Omwg kot oty mepintowon g MIDIAR, og meipopa eléyyov
xpnopoTomOnkay KOTTOPO 6Te OToi €lxe Yivel mopodik| StoapdAvven HOVO LE Ta
uetaldypoato Delta, dote va Befaiwbodue 6t dev kotakpnuvilovtar amovoio g
AMydong. Zvumepoivovpe 0Tl To TPOTO cvvinpnuévo potifo eivor vrevbuvo yuo v
aAAnAentidpacn g Tpoteivng DI pe ™ Aydon ovficovttivng Neur.

Kot and 1o 600 mepdpato KotaAnyovpe o610 cvumépacuo Otl To Tpito
ocvovinpnuévo portifo dev ypetdletarl yioo T1¢ aAAnAemidpaoelg g npwteivng DI ue
Kopio amd T1Ig dvo Aydoeg ovPikovttivng. EmumAéov, to yeyovog 0Tl ko oTig 600
TEPWTMOGCELS TO TOGOGTO TNG GLVOVOCOKATAKPNUVIONG &lvol pukpd oe oyéon He
oLVOAIKY TocOtnTa. TG TpwTeivg DI ota xuttopa, icwg amotedel évoeiEn OtL 1
OUVOECT] T®V VO TPMTEIVOV EIVoL TOPOOIKN.

Ot poppég MIib1AR kar NeurAR, givar  eddeiupaticd poplo Tov TpomTeivedv
Mib1 kou Neur avtictotya, ta omoio dev mepiEyovv v mepoyn RING anapaitntn yuo
™ dpdon Arydong ovPucovttiving. Ioapdia avtd, pmopodv vo, aAANAETIOpOHV pE TNV
npoteivn DI ko givon mo otabepd popro amd tig aypiov tomov tpwteiveg. Emmiéov
dev evvoolv v amowkodounon tov DSL mpoteivav (Glittenberg et al., 2006, Lai et
al., 2005, Lai et al., 2001, Pitsouli and Delidakis, 2005). T'te tovg dVo mOPUTAVE®
Adyovg ot aAAniemdpdoelg toug pe tig DSL mpwteiveg etvan moAd mo otabepéc kot
O €VKOAN aVIYVEVSIUES OO TIG OAOKANPEG LOPPES KOl YU VT P OLOTOMm oMKV

OTO CLUYKEKPLULEVA PLOYNUIKA TTEPELLOTOL.
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Ao Weave w2 iz iR B
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S
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Ewova 3.3: To potifa icdl ke icd2 amotehodv 0icelg ahinienidpaocng tov DI pe Tig Mydosg
Neuralized kax Mindbomb1 avrictouya.

A: Adoopeg popoéc DI mpmteivig ol onoieg épepav tov V5 emitono skppdotnkoav og kotrapa S2
napovcia (Tave ood), gite anovoia (kdtm wod) npwteivng Mib1AR. Ta exyvlicpoto Tov KUTTAP®V
avocokatakpnuvnOnkay pe r-amyc avticopa kot n oviyvevon €ywe pe m-aVSs avticopo. Me IP
oLpPOAILETAL T AVOGOKOTAKPNUVION EVD pE | éva Hikpd TOGOOTO TOV KLTTAPIKOD eKyLAicHOTOG (4%)
v va gleyyxbei m éxppacn tov DI mpwteivdv. O kopieg {hveg amotelovv 11 Tpwteiveg DI, pe
poplako Bapog 90kDa. IMapatnpeitar 6t pe EMAELYN TOL S£HTEPOV GUVINPNUEVOL HOTIBOL 1 IKAVOTNTA
mg mpwteivng DI va aAAnlemidpd pe t Atydon Mibl peidvetol onpovid.

B: Adpopeg poppéc DI npoteivig o1 onoieg épepav tov V5 enitono skgpdotnkoy o€ KotTapo S2
mapovsio (Thve pod), gite anovsia (kKatm pniod) npateiving NeurAR. Ta ekyvAiocpata Tov KLTTAPOY
avocokatakpnuviOnkay pe r-aNeur avticopo kot n avixvevon éywe pe m-aV5s ovticopo. Me IP
oLUBOAIETAL | AVOGOKATAKPALVION EVG HE | £val LUKPO TOGOGTO TOL KLTTAPIKOD ekyvAicpatog (4%)
v vo gdeyyxfei n éxgpoaon tov DI npoteivov. Or xopieg (dveg amotehodv Tic mpwteiveg DI, e
popaxd Bapog 90kDa. IMapatnpeitar 6t pe EAAEWYN TOL TPATOL GLVINPNUEVOL HOTIBOV M KOVOTNTO
g npwteivng DI va aAAniemidpd pe ™ Aydon Neur peidveton onuoavtikd. Kol ota dvo mepduata, ot
npwteiveg DI dev kotoaxpnuviloviolr oamovoia t@v Ayacdv, Yeyovdg mov omodeikviel OTL 1
OVOCOKOTOKPNLLVIOT] 0QEIAeTAL O AAANAETIOpaOT).
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Ovpikovrtivorioon tov deopevti) Delta ko Tov EMAaTTIKOV peToAloypndTov

oo TG Mydoseg ovfrkouvrtivng Neuralized ken Mindbombl

Méypt mpoécpato Bewpovdviav OTL KOPLOG OTOXOG TNG OLPIKOVITIVLAIWGNG
glval 1 oT1OYELON TOV KVLTTOUPOTAUCUATIKOV TPOTEIVAOV-CTOY®V GTO TPOTEACHLLOL
TPOG OTOIKOJOUNOT).  XT1 GLVEXEW £YIVE YVMOOTO OTL SOUEUPPOVIKES TPMTEIVEG
UITOPOLV VO 0VPIKOVITIVOMMOBOHV Kot OTL TEMKOG GTOYO0G QVTMOV UITOPEL VO OMOTEAEL TO
AModoopo aAAd kot GAlo evoldueca pepppovikd dwapepicpato (Hicke and Dunn,
2003). Emiong Oewpodvtay 0Tl 1 €VOOKLTTIMOON T®V VTOOOYEWV CYETILETOM UE TNV
OTOIKOOOUNCY] TOVG KOl KOT €TEKTAOT TNV OMEVEPYOTMOINGT, TOV  LOVOTOTION
onpatoddtons. Ta tehevtaio xpOVIK OTOSEIKVVETAL GUVEXDG 1| CLGYETION UETOED
™G €VOOKLTIMONG TOV UEUPPAVIKOV VTOSOYEMV KOl TOV OEGUELTAOV TOVS KOl TNG
EVEPYOTOINGNG TNG ONUATOOOTNONG. ZTNV TEPIMTOON TOV OEGUEVTAOV TOL VTOOOYEN
Notch, DI xou Ser, vrootnpiletar eniong o povtéAo Omov yia va. evepyomoBolv ot
JECUEVTES Kol VoL Elval 1kavol VoL OTLLOTOO0THGOLY TPETEL VO, EVOOKLTTOP®OOOVV Kot Vol
Tpomontofodv G KOATAAANAO HePPPaviKd OSOUEPIGUO KOU HAMOTO OLTH 1
evookvTtmon e€aptdtol aueca amd v npoteivy Epsin (Wang and Struhl, 2004).
EmnAéov mpoteivetan 01t yia va. evookvTTOp®OOUV 01 dECUEVTEG GTO KOUTAAANAO
EVOOKLTTOPIKO SLOUEPIOLLN TTPETEL VO, OVPKOVITIVLAM MO0V V.

H mpwteivn Neuralized £yet deybei 611 evioyvel T onuatoddtnon Notch kot
6t evdokvtTopmvel v tpwteivi Delta (Pavliopoulos et al., 2001). ITiBovadc ta 600
avtd yeyovota oyetilovion petald tovg kabmg emiong €yel mpotabel OTL yioo va
evepyomombei n mpwteivn DI ogeirel va Ppebei oe £va GUYKEKPIUEVO VTOKVLTTOPIKO
Swapépiopo (Wang and Struhl, 2004). Xvvendg eivan mbavo 1 Aydorn ovpikovttivig
Neuralized vo ovBikovitivolidvel v mpwteiv DI kot avtd va amotedei onudot
avVayVOPIoNS a0 TO UNYOVIGUO EVOOKDTTOONG DOTE O OEGUEVTNG Vo LeTapepDel oe
£VOL GLYKEKPYEVO VTTOKLTTOPIKO dtapépiopa 6mov kot Oa evepyomomBel. H mpwteivn
NeurAR d6g d1a0étel 10 daxtoAo RING mov aAAniemdpd pe ta ovlevktikd Evivpo
ovPkovttivng E2 kol mpowbei v ovfikovitivorioon tov npoteivdv-ctdymv. ‘Exet
Bpebel 611 0 daxtOvAlog RING 1t mpwteivng elval amapaitntog yoo TNV €maywyn
evookvTtoong tov deopevty Delta kot yioo v petapetoypoaeikr peioon tov
emmnédwv tov (Pavlopoulos et al.,, 2001), dev eivar Opmg oamapaitntog ywo. TV
aAAnienidpaon tov Neuralized pe tovg deouevtég Delta ko Serrate (Pitsouli and
Delidakis, 2005).
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H mpd Proynuikn évoeiEn ot n npwteivy DI ovfikovitivoldvetor amd
Mydon ovPucovitivng Neuralized fitav 1 aAlayr MAEKTPO@OPNTIKOD TPOTHTOV TOV
deopevtn o S2 kOttapa pe avéavoueveg mocdtreg ™G Aydonc. ‘Eywve mapodikn
dapodrvven tev kuttapov S2 pe otabepn mosotTo Tov TAAGHdiov plZ-DIVSHIS
Kol avéovoueveg moootnteg TV mAaowdiwv  puast-EGFPneur  kou  puast-
EGFPneurAR. AxolovOnoe katakpriuvion g npwteivig DI pe cpapida vikeliov
kow western blot pe m-aV5 ovticopo (ewova 3.4A). Tlopatmpeiton 6Tt KaOdC
av&avovtal ot TocdTeg TV Tpwteivdy Neur kot NeurAR aArdaletl kot to TpdTLTTO
m¢ npoteivig DI. Eved yopic v vrepikppaon tov npoteiviv Neur kot NeurAR
napatnpovvol 3 {oveg tov 90, 32 kau 18kDa, pe v vmopén g pioag 1 g GAANG
TpOTEIVIG N pikpdtepn Covn e&apaviletal evd yivetor eviovotepn avt tov 32kDa.
Ovocwotikd n (odvn tov 32kDa dev givar pio 0AAG Tpelg Sropopetikés (dveg amod
drapopetikég mpwteoddoelg tov DI (BA. ewcoywyn). ITiBavhy e€nynon eivan o6t 1
wkpotepn Covn g tpwteivig DI ovfikovttivoldveton pe v dmapén e TpmTeEivNg
Neur kot petatpénetor oe {dvn poplakov Papovg tov 32kDa. Tapddo&o amoteAei to
YEYOVOS OTL TapOUolo amotédecpa emeépel kKot 1 mpwteivn NeurAR. TTiBavév to
OTOTEAECUO, OVTO OPEILETOL KOl GTO. EVOOYEVY] TOCOOCTA T®V TPMOTEIVOV Neur kot
Mibl mov dabétovv Tor KOTTOPA S2 KO UE KATOLO AYVOOTO UNYAVIGHO, OT®C Y10,
TOPAOEYHO HEC® OALYOUEPIGUOL peTalh popimv Neur, 10 €AASUUHOTIKO UOPLO
NeurAR vroBonda tic Aydoeg avtég oty ovPikovitivorioon g npwteivng DI xatd
TEPIMTOON, AVALOYO LE TNV EKACTOTE AMOTEAEGULATIKOTNTA TG OLOULOAVVONG.

[péner vo avagepbei 011 1 kpotepn (dvn ¢ tpwteivig DI twv 18kDa dgv
AVIYVEVETOL TOVIO GE TEPAUATO TOPOIIKNG OUUOAVLVONG KLTTAPOV S2. ZUVETMG
nopaTnpeital EAAEYN ETOVOANYILOTNTOS TOV TPOTLTOL avtov. O akpPng AdYog
avtol Tov TPoPANHaTOg Tapapével Ayvootog. [TiBavn e€nynon eivan 6Tt o1 evooyeveic
nocotnteg Myoodv ovPikovttiving Neuralized kouw Mindbombl eivor wkavég va
OVBIKOVITIVIAVDGOVV TO TPMTEOAVTIKO aVTO TUNHO TG TpeTeivng DI.

Mo va amocaenvichel av Kot n TApove UKovg Tpwteivn aAldlel poplakd
Bapog mapovsia Twv mpwteivdv Neur kot NeurAR ta id1a dstypota pe to mopomdve
ypnowonomdnkav oe western blot pe avticopa m-aDl (ewova 3.4B). To avticoua.
aLTO OEGUEVEL TO EEMKLTTOPLO TUNIA TNG TPMTEIVNG KOl Y1 0VTO OEV oV VEDOVTAL TO
EVOOKVLTTAPLO TPMOTEOAVTIKA TUN LT XuVIOmG ovayvopiletol kKot pio emmAéov {odvn
OV AVTIOTOLYEL OTO EEMKVTTAPIO TUNUO TNG TPOTEIVIG OAAL Oyl TAVTO, OTMOC TNV
TEPIMTOON OVTN, EMEWN EKKPIvETOL 6TO OpenmTIKO PEGO. TNV €1KOVA QOiveETOL OTL [
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avéavopevee mocdtteg TpwTeivdy Neur kot NeurAR n mAnpovg puikovg mpwteivn
aAAGCer poprokd Bapog otadiokd. EmmAéov oty mepintwon 6mov yivetor mpocHnkm
™G TANPOLS HoPENG Aydong, mapatnpovviol (dveg ¢ npwteiving DI moAd vymion
poplakol PApovg, YeEYovOg MOV VLIOONAMVEL TV OVLPIKOLITIVOM®OT| TG TPOTEIVIG

om6 To Neuralized.

Neur NeurdAR

Pull-down: Ni-TED
WB: m-aV5s

Pull-down: Ni-TED
WB: m-aDl

Ewéva 3.4: Adrayf Tov Tpotimov g tpmTeivig DI mapovesio Tov npoteivedv Neur kot NeurAR
og KvTTapo S2.

A: H npoteivn DI vrepekppdotnke og kdtTapa S2 mapovsio. cLEAVOUEVOY TOGOTATOV TPMOTEIVIG
Neur (apotepd wood), 1 NeurAR (3e&i piod). Ta exyvAiopato TV KUTTAPOV KOTUKPTUVICTNKOY LE
opaipidio vikeliov kol 1 avixvevon éywve pe m-aV5 avticopo (n npoteivy DI pépel tovg emtdmong
His kot V5). Tapatmpeitor 611 kabdg avEavovral ot mocotTeg TV Tpwteivdv Neur kot NeurAR
aAlaget kat to mpdtumo g DI xan edikdtepa e€apaviCetar n (dvn twv 18kDa, evd evioydetar avtn
tov 32kDa.

B: Ta idw detypata pe v swove A, ypnowonomnkoav oe western blot pe avticopa m-abDl. To
avticopo ovtd deopevel 10 e&mrvuttdpo TpuMqpe ™G Tpoteivng. [apatmpeitar 6tL pe ow&avopeveg
noodmteg Tpoteivov Neur kot NeurAR n mifpovg pnkovg mpwteivny DI oAldlel popraxd Pdapog
otadwokd. Emmdéov mapatnpovvral vyniod poplakod Papovg (dveg Otav yivetoar mpocsbnikn g
TANPOVG HOPPNG Atydong.
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IN'o va damiotwbei av 1 mpmteivy Delta kot o eAdeippoticd petoalddypoto
avTNG £xovv TV KovOTNTA Vo ovPikovttivolidvovtar omd T Mydoec Mindbombl
ko Neuralized, éywe mapodikn SapodAvven kvttdpov S2 pe ta TAacuido piZ-
DIwtV5His, piZ-DlilV5His, piZ-DIli2V5His, piZ-DIlil/2VV5His kou piZ-DIi3V5His
ovvekepalovtag v mpwteiv Ubiquitin-Xpress, pe oavEoavouevec mocoOTNTEG TMV
Myocov. AkolovOnoe katakpniuvion tov DI mpmteivov pe Ni-TED ceapidia katm
Ao OMOOIATOKTIKEG GUVONKEG DGTE VO ATOPVYOVUE TIG CAANAETIOPACELS e GALES
TPOTEIVES Kot vor PefatwBovpe 0Tl 01 OVPIKOVITIVOMMUEVES LOPPEG TTOV TOPATIPOVLE
avikovv otig DI mpwteives. H aviyvevon tav ovpikonttivolouévemy mpomTeivdv éytve
ue a-Xpress ovrtiompo, emitomo mov @épst M ovPuovttivi. H éxepaocn tov DI
TPOTEIVAOV, eAéxOnKe e a-VS5 avticopa (swdva 3.5).

[Mapatnpeitor 6t1 pe avéavopeveg mocotnteg ™G Atydong Mibl avédveton m
nocotNTag ovPikovttivolwuévng DI mpmteiving mov aviyvevetat, yeyovog mov deiyvel
ot n mpoteivn DI deopedetar kor ovPikovitivodidvetar and ) Arydon Mibl. To ido
mopaTNPEiTAL Kot yioo 660 HETOAAGYIOTO SoTnpovV TV KOVOTNTO CAANAETIOpOONS
ue v ovykekpipévn Aydon, dnradn to DIil ko DIi3, evd énwg tav avapevouevo,
ot mpoteivec DIi2 xou Dlil/2 ov omoieg dgv pmopovv va aArniemdpdoovv dev
ovBkovttivoAidvovtan (ekdva 3.5A).

Ocov a@opd v ovPwovitivorimon amd ™ Aydon Neuralized, pe
ALEAVOUEVESG TOGOTNTEG OVTNG, OLEAVETOL 1 AVIYVEVLGLUN OVBIKOVITIVOAMUEVT] LOPOT|
m¢ mpwteiviig DI yeyovdc mov vmodniawver 6tt  mpoteivy DI deouevetan ko
ovfovitivommvetoar amd ™ Aydon Neuralized. Onog eivor avouevouevo ta
uetoAAdypoto mov dev  umopovv vo aAiniemdpdcovv, Dlil kar Dlil/2, dev
ovfwovttivommvovtol. To petdAlaypo opmg DIi3  dwammpel v wavomta
aAAnAemidpaong pe T Aydon Neuralized, mapoélo avtd dev  pmopei  va
ovfkovttivoAlwBel amd avtn. Avti NTov Ko 1 Tp®dTN EVOEIEN OTL 1 Avsivn 742 mov
VILAPYEL OTO TPito cVVINPNUEVO HoTifo, amotelel oTd)0 ovPikoviTvuimong amd )

ovykekpipévn Arydon (eikdva 3.5B).
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Pull down: Ni-TED beads WB: m-aXpress/m-aVvs5s

a-Xpress
(Uk)

a-V/5 (DI)

Pull down: Ni-TED beads WB: m-aXpress/m-aV3

a-Xpress
(Ub)

a-\'5 (DI}

Ewéva 3.5: Ovfikovttivorioon s apoteiviig DI kol tov ehheppotikdv perorloypdrov g
an6 T Mydosg ovfikovrriviig Mindbomb1 ke Neuralized.

A: TMaopidia tov DI mpwtsivdv cuvekppdotnkay oe kdttapo S2 pe mAaouidio Xpress-ubi kot
av&avopeveg moodmteg Tov TAaoudiov (0, 0.5, 1 xar 1.5ug) mov ekepdlel ™ Aydon Mibl. Metd
Aon kdto omd amodlutakTikég cuvifkee, ot DI mpwteiveg anopovadnkay pe cpopidia vikeiiov. Ta
detypata gEgtdotnay yio Ty OTapEn ovfIKoOVITVOMOUEVOY Hope®dV Tev Tpoteivev DI pe a-Xpress
avticopa (1/4 Tov cuvolkod delypatog) kat yio v ékepacn tov tpwteivov DI ota kdttopa pe a-V5
avticopa (1/3 tov cvvolkod deiypatog). IMapatnpeital 1 ovpikovitivorimon tov DI, DIil kot DIi3
and ) Aydon Mibl.

B: IMaopidie twv DI mpotsivov cvvekephotnkav oe kottapo S2 pe mAoopidio Xpress-ubi kat
avEavopeves mocdtteg Tov TAacHdiov (0, 0.5, 1 kon 1.5ng) mov ekppdlet tn Atydon Neur. Onmg Kot
omv mepintwon g Aydong Mibl, ot DI mpoteiveg amopovddnkav pe opapidia vikehiov kotdmy
AoNG TV KuTTapVv Kateo and anodwutaktikés cuvinkes. Ta detypota eEetdotnkay yoo v vmapén
ovfcovitvolopévey popedv tov mpoteivaoy DI pe a-Xpress avticopa (1/4 tov cvvolkod
detypatog) kat yo v ékepacn tov tpoteivov DI ota kittapa pe a-V5 avticopa (1/3 tov cuvolikod
detyparog). IMopatnpeitan n ovpucovitivorioon twv DI kot DIi2 and tn Arydon Neur.
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IMa va BeforwBodpe 6T1  avEnon g ovPirkovitivoAimong mov TapotnpnonKe
opeidetar oto doktoMo RING towv Myoacmv, ce kouTtTapa S2 GUVEKQPAGTNKAV 1|
aypiov tomov mpwteivy DIVSHIS, n Xpress-Ubi kow av&avopeveg mocdtteg tmv
Myoacov Neur 1 Mibl, kabdg OpmG Kol TOV KOTOAVTIKA OVEVEPYDV HOPODV TOVG
NeurARING 1 MIib1ARING. AxoloObnoe ADon toV KLTTAPOV KAT® OTO
amodaTaKTIKEG oLVONKeEG Ko déopevon ¢ mpoteivng DI oe opaipidio vikeliov. H
omopén ovPikovitivoMopévev popedv g tpoteivig DI efetdotke pe a-Xpress
aviicopo kou 1M ékepacn G pe  a-V5  oaviicopa. Ilopatnpoope oOtt 1
ovfkovitivodimon g mpwteivig DI elvar moAd oyvpdtepn oty mepintwon TV
KATOALTIKG evepydv Atyaocwv (ewkdéva 3.6A). Afoonueimto eivor 10 yeyovdg Ot
TopoTNPEiTOL pio pKpy avénomn S oVPIKOVITIVOAM®MONG Kol GTNV TEPINTOCT TOV
TPooTEINKav To eAAEHpOTIKG poplo. TV AMyacov. IhiBavh e&nynon elvar 1
OAANAETIOPOOT OVTAOV HE TIC EVOOYEVEIC AYAICEG TOV KLTTAPOL KO 1) GTPATOAOYN O
T0VG. AvTo Quoikd Ba mpoimdbete 6tL or Arydoec Neur xor Mibl cvpuetéyovv oe
evQopatTikd evepyd GOUTAOKOL.

Ye OA0 To TEWPAUATO OVPIKOLITIVOAMONG To KOTTApO enmdotnkay pe E64,
KOTAGTOAEN TOV TPOTEACHY TOL Avcoomdpotog (Rock et al., 1994) yia 6 dpeg Tpv
Mon. TNa va Bpebetl av n amovoia avtod Tov KoTacTOAEN EMNpedletl TNV aviyvevon
TOV OVPIKOVITIVOMOUEVOV LOPP®V, GE KOTTAP S2, GUVEKPPAGTNKAV 1) aypiov TOTTOV
npoteivn DI, n Xpress-Ubi kot pioa mocoétto tov Ayoodv Neur 1 Mibl. Xt
ocuvéyeln Ta KOTTOPO gite emwactnkav pe E64 mpv m Adon, eite oyl Metd ) Avon
KAt amd anodlotoktikée ovvinkes, 1 DI mpwteivy amopovdbnke pe cearpidio,
vikediov. Ta detypota eetdotniay yo v VTapEn 0VPIKOVITIVOMOUEVOY HOPPOV
™m¢ mpoteivng DI pe a-Xpress avticopa kot yio Ty EKQpoot ¢ oTo KOTTOPO. LE a-
V5 avticopa. Tapatnpovpe 6tL av mapareiyovpe 10 AVGOCOMKO KATAGTOALN Omd
™ oJwdwkocio, 1 aviyvedolun mocdHTNTU OLPIKOVITIVOMMUEVOYV HOPP®V  givat
ONUOVTIKG AyoTepT. AvTd amodelkvieL 0Tl 0 TEMKOG 6T0Y0¢ TG Tpwteivig DI péoa
OTO KUTTOPO WETA TNV ovPkovttivodimon ¢ &lvol T AVGOCAOUATO KOl 1|
OTOIKOOOUN O TNG OO AVTAL.

Eivor onupavtikd va avaeepBel 60t1 oe OAa T mEWPAATO OVPIKOVITIVOAI®OTG
dev avyvednke o kvplo. povo-ovfikovttivodopévn (ovn tov DI mpoteivov,
noptakov Bapovg 100kDa, and kapio amd T1c 00 AMyAceS, YEYOVOG TOL VITOONAMDVEL
6t n mpoteiv DI molv-ovPikovitivoidvetar 1] HOVO-0LPIKOVITIVOAIDVETAL OF

ToAMATAEG BEaE1C M Kal TaL dVO.
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Pull down: Ni-TED beads WB: m-aXpress/m-aVvs

a-Xpress :1;g
(Ub) — s8

—175

Pull down: Ni-TED beads WB: m-aXpress/m-aV3

B Mib1 Neur
+ -+ - E64
a-Xpress
(Ub) 175
— 80
— 58
—175
a-V'5 (Dl) *
— 80

Ewéva 3.6: Iapayovreg mov exnpedlovv Tnv aviyvevon g ovfukovitivorioong.

A: Xg xOtrapa S2, cuvekppdotnkav 1 aypiov tonmov mpwteivn DI, n Xpress-Ubi kot ov&avopeveg
noodmteg v Myacov Neur 1 Mibl kafdg kot Tewv katadvtikd avevepymv popedv toug NeurAR 1
Mib1AR. Metd ™ Adon kGt ond amodwataxtikég ocvvinkeg, n DI mpwteivn anopovdbnke pe
o@oipidio vikediov. Ta deiypata egtdotnkoy yioo TV VIAPEN OVPIKOVITIVOMOUEVOY HOPPAY NG
npwteivng DI pe a-Xpress avticopo kou yo Ty éKepacn ¢ ota kottapa pe a-V5 avticopo. H
ovfkovttivolmon givol TOAD 1GXVPOTEPT] GTNV TEPITTMGCT TOV KATUAVTIKG EVEPYDV Alyac®dV. Mikpn
avénon g ovPrkovttivodimong mapatnpeital Kot oTnV TePITT®Mon TPOSOHNKNG TOV EAAEYLLATIKOV
Myocdv oto kOttapa. [TiBovotata arAnAiemidpodv kot otpatoroyoldv Tig gvdoyevelg aypiov TumOL
Mydoeg, amoteldvtag évdelEn ooppetoyng twv Neur kot Mibl og evlopartikd evepyd ocdpmloka.

B: X¢ kbttopa S2, cvvekppdotkay 1 aypiov Tonov mpwteivn DI, n Xpress-Ubi kot pio mocdmta tov
Myoodv Neur 1§ Mibl. Xe kdBe mepintoon 1o kOTTOpo enmdoTKov 1 Ol Yoo 6 OPEg UE TOV
Moooopkd kotaotodéa E64. Metd t Adon xéto oamd amodiotoaxtikég cuvifikes, n DI mpwteivn
amopovadnke pe opapidia vikehiov. Ta delypata eEetdotnray yio v vVIapén ovBIKOVITIVOMOUEV®Y
popemv g mpoteivng DI pe a-Xpress avticopo kot yioo v ékppacn tng oto kutTopo pe a-Vs
avticopo. H ovfuwovttivodioon mov aviyvevetoar pe v Omopén Tov KOTaoToOAEn €ival TOAD
woyupdTEPN, amodekvioviag Ot €va pEYGAo mooooTd TNg ovPikovttivoMmpuévng mpwteivng DI
KATOANYEL 6TO AVGOoOUA Y10, 0amotkodounor. O actepickog delyvel po un €01kn {dvn.
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Ovpikouvrtivorioon tov deopcvti Delta kot TV onuelok®v pETOAAAYNATOV 00

TS Mydosg ovpikouvrtivng Neuralized ken Mindbombl

Y10 gvdokvuTTdplo Tupe ¢ npwteivng DI vadpyovv 12 katdiouwma Avcivng. 3
anmd avtd Bpiokovtar otnv stop-transfer aiAniovyia, ouéomg peTd ™ dlapeuPpavikn
TEPLOYN KOl OEV Elvol ONUOVTIKEG YlOL TN ONUOTOOOTIKY] KAVOTNTO TNG TPOTEIVIG
(Wang and Struhl, 2004). Ot véAoumeg 9 katavépovtal og e&NG:

o K629: Auéowg mpwv 1o potifo icdl

e K636: Evtog tov potifov icdl

o K665: Meta&v tov potifov icdl ko icd2

o K683, K688: Evtog tov portifov icd2

o K739: Meta&p tov potifov icd2 ko icd3

o K742: Evtog tov potifov icd3

e K762, K775: Metd 1o icd3 porifo
Onwg non mpoavaeépdnke, 6tav €EETACTNKE M KOVOTNTO OLBIKOVITIVOAI®ONG TOV
EMEmTIKOV petaAlaypdtov g mpoteivng DI, 1o petdhAaypo DIi3, 1o omoio
dwtnpel v wavotnta vo aAniemdpd pe v mpwteiv NeurAR (ewova 3.3), £de1&e
TOAD HE®UIEVT KavOTTO Vo ovfikovttivolidvetol amd tn Aydorn Neur (swova 3.5).
[MBavny e&nynon Ba omotehovoe m mBavotnta to Neur va desopedeton pe v
npwteivn DI oto potifo icdl oArd va v ovfikovttivoM®dvel 6€ €va KOTAAOUTO
Moivng oto potifo icd3. Xto potifo icd3 vrdapyet pia povo Aveivn, n K742, n onoia,
pédAota tvor MmO cuVINPNUEVY] GE OAOKANPYN TNV €VOOKLTTAPLN TEPLOYN TNG
npwteivng DI (ewova 3.1).

Mo va gheyBel n mopandve e£nynon, dnuovpyndnke onUelKod PETAAAMYLLO
010 0moio M cLYKEKPUEVN Avoivn éxel uetatpomei oe apywivn, to DI-K742R (n
uetalayn tponibe amd tv Nevine Shalaby mov v katackeboce 610 £pyacTiplo
tov Marc Muskavitch, Boston college). e kdtrapa S2 cuvekppdotnKay pio amd Tig
npwteiveg DI, DIi3 v DI-K742R poli pe v apwteivy Xpress-Ubi kot av&ovopeveg
moootTEG TNG Atydong Neur. Metd t Avon TV KVTTAPOV KATO OO OmOOIUTOKTIKEG
ovvONKeg, T0 eKYOLAICUO EMMACTNKE UE GPOIPidla VIKEAIOL dote va deopugvfodv ot
npoteiveg DI, ka1 1 ovPfovitivodimon tovg e€etdotnke pe a-Xpress oviicopa,
emitomo mov @épel M ovPwovttivi. H éxepaon tov mpoteivov DI oto kodtTopa

eEetdotnke pe a-VS5 avticopa (sewova 3.7).
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[Mapatnpeiton  Ot1, avtiBétog pe v aypiov tomov mpwteivny DI, 1
ovfikovttivorioon tov tpoteivav DIi3 kar DI-K742R dev avéavetar pe v advénon
ToV TocoTtov Tov Neur oto kbttopo. XZvumepaivovpe 01t 1 Avcivny 742 tov icd3
gtvoit 0 K0Pog 6tOY0g ovfikovttivordimong g npwteivig DI and ™ Arydon Neur.
Opoiwg epevvndnke av n Avoivn 742 Kot cLYKPITIKA e vt 1) Avcivn 688, amotelel
010)0 ovPikovttivodinong kot amd ) Atydon Mibl. Xe kbtrapa S2 cvvekppdotnkoy
uio and tig mpwteiveg DI, DI-K742R 1y DI-K688R  poali pe v mpoteivn Xpress-Ubi
Ko awéavopeveg mtoodtteg ¢ Aydong Mibl. Meté ) Adon TV KLTTAP®OV KOTM
amd AmodNTAKTIKEG CLVONKESG, TO EKYOMOUO ETOACTNKE UE GPOIPIOID VIKEAIOV BOTE
va deopevbovv ol mpwteiveg DI, kar 1 ovfikovitivodimon tovg aviyvevnke pe a-
Xpress avticopa, enitono mov eépel n ovPkovttivr. H ékppaon tov tpoteivov DI
ota Kottapo eetdotnke pe a-V5s avticopa (euwova 3.7).

[Tapatnpodpue O6tL dn®C Kot 6TV mEPinTOON TNG aypiov TOTOL TPWTEIVNG, M
TOCOTNTOL  OVIYVELCIU®Y  OVPIKOVITIVOMOUEVOV  HOPP®OV  TOV  CNUEWKOV
uetolaypdatov DI-K742R kot DI-K688R av&avetar pe v avénon e mocotntog
™G Alydong ota KOTTOPO. TVUTEPAGLOTIKA Ot Avciveg 742 kot 688 dev amotelobv 1)
dev amoteloVV 10 Hovadikd otdy0 ovPikovitivolimong omd t Atyaon Mibl wave
oV mpoteivi DI. Avtiy n mapatipnon givar kot 1 pdTH EvOelEn Ot o1 800 Aydoeg

INUOVLPYOVV SLOPOPETIKES OVPIKOVITIVOALOUEVEG LOPPES TG TtpwTEivng DI.
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Pull down: Ni-TED beads WB: m-aXpress/m-aVvs

Dlwl Dli3 _ K?428_ Dlwt KEBBR K?4ZR

— —_N eu_] —Tdib1 —Mib1

1;2: ii. 1i {11 [ ‘I 11 H" .IF‘ !' ?L-J);?ress

58—

80— ;;;—-:Uﬁl-tﬁﬂn e D G D > e e a-\v'5 (DI)

Ewéva 3.7: Ovpikovitivorioon tov npoteivdv DI, DIi3 ko DI-K742R axm6 T Ayden Neuralized
ko TV poteivav DI, DI-K742R kom DI-K688R am6 T Mydon Mindbombl.

Apwotepa: O npoteiveg Diwt, DIi3 1 DI-K742R cvvekepdotkav og kottapo S2 poali pe v Xpress-
Ubi kot av&avopeveg moodtnteg (0, 0.5, 1 ko 1.5pug) tov mhaciudiov mov exepdlet tn Aydon Neur.
Metd ) Adon Tewv Kuttdpov kKdtm ord anodiotaktikés cuvinkeg, ot DI npoteiveg amopovddnkoy pe
ceopidio vikediov. Ta delypoto e€etdomKkav Yo v Vmapén OLPIKOVITIVOMOUEVEOY LOPOOV TOV
npoteivov DI pe a-Xpress avticopo (1/4 tov cuvolikod OSeiyplatog) Kol Yoo TNV EKQPACT T®V
npoteivov DI ota kottapa pe a-V5 aviicopo (1/3 tov ovvohikol deiypatog). IMoapatnpeitor n
advvapio ovprkovitivodioong twv DIi3 kot DI-K742R an6 t Aydon Neur.

Aggua: O mpwteiveg Diwt, DI-K742R 1} DI-K688R cuvekppdotnkav oe xdttapo S2 poli ue v
Xpress-Ubi kot av&avoueveg mocdtnteg (0, 0.5, 1 ko 1.5ug) tov nhacpudiov mov ekepalel T Arydon
Mibl. Metd t Aon tov xuttdpov kdto ond omodlotoktikéc ocvvinkeg, ot DI mpwrteiveg
amopovabnkav  pe  ogaipidte  vikehiov. Ta  deiyporo  efetdotnkov  yuo TtV Vmapén
ovfcovitvolopévey popedv tov mpoteivoy DI pe a-Xpress avticopa (1/4 tov cvvolkod
delypatog) kat yo mv ékppacn tov tpoteivov DI ota kittapa pe a-V5 avticopa (1/3 tov cuvorikod
detyparog). Mapatnpeitor n wavotnta g Atydong Mibl va ovfcovitivolidver tig DI-K742R «on DI-
K688R 6mw¢ v aypiov TOTOL TPOTEIVN.
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Yty mpoonabeia va Ppebei n Avoivy/Avciveg —otdyog ¢ Mibl mive oty
npoteivny DI, axopa 5 petoAldypoata Aotvdv eEETAGTNKAY Y100 THY IKAVOTNTO TOVE VO,
ovfucovttivoMdvovTal OO TN GLYKEKPEVN  Aydon.  Xe  kuttopa  S2
ovvekppdotnkay pio omd t1g mpoteiveg DI, DI-K629R, DI-K636R, DI-K683R, DI-
K775R 1} 1o dumhd petddroyua DI-K683RK688R, poli ue v mpoteivny Xpress-Ubi
Kot avéavopeveg moodtteg ¢ Aydong Mibl. Meté ) Adon TV KLTTAPOV KOTM
Ao OMOOLOTAKTIKEG GUVONKEG, TO EKYVAMGLO ETOACTNKE Le cOapidlo ViKeAiov doTe
va deopevBoiv ol Tpoteiveg DI, kot 1 ovPikovitivorioon tovg eAéyOnoe pe a-Xpress
avticoua, enitono mov @épel . ovPikovitivi. H ékppoon tov npoteivov DI ota
KotTapa e€etdotnke pe a-V>5 avticopa (swova 3.8).

[Mopatpeitor 60t Kovéva omd Ta povd 1 TO OUTAO UETAAAQYHO TOL
efetdotnov  dev  mopovciacov  TPOPANUO  OTNV  IKOVOTNTO  TOLG VO
ovfikovttivoMmvovtot amd tn Atydon Mibl. Onwog 1on avaeépape ot K683 ko K688
givo oL povadikd katdlouro Avciving oto icd2, to devteEPo cuvinpnuévo portifo to
onoio amotekel Béong déopevong e Mibl wave ot DI Tlapdria avtd to Stmhd
petdAlaypo Avctvav dgv mapovctdlel TpoOPAnUa ovfikovttivodioong amd avutn
Mydon.

EmnAéov eréybnoav ta vmolowma onuelokd peTaAldypoto Avcivng, yioo vo
damotmbel av n Aydon Neur ovpikovttivolidvel v mpoteivn DI kot og kdmola
AN Avoivn ektog g 742. T 10 okomd avtd, o€ KOTTOPA S2 CLVEKPPAGTNKOV pia
and t1¢ npwteiveg DI, DI-K629R, DI-K636R, DI-K683R, DI-K688R, DI-K775R 1 10
oumAd  petdAraypo DI-K683RK688R, upali pe v mpoteivy Xpress-Ubi kot
avéovopeveg moodtnteg g Atydong Neur. Metd tn Avom Tov KuTtdpov Kato ornd
QOO TOKTIKEG GUVONKEC, TO EKYVAICUOA EMOACTNKE UE CQOIPId VIKEMOV (OTE Vo
deopevbovv ot mpwteiveg DI, ko 1 ovPikovitivorioon tovg eléyOnoe pe a-Xpress
avticoua, enitono mov @épel  ovPikovitivi. H ékppoon tov npoteivov DI ota
KOtTopa eEAéxOnoe pe a-VS5 avticopo (skdva 3.9).

[Mopatnpeitor 6TL 0OTOLONTOTE HETAALAYT AVGTIVNG, EKTOC VTN OV OPOPOVCE
mv K742, denve avemnpéoaotn thv ovPikovitivodioon g mpoteivng DI and
Mydon Neur. Axdpo kot 1 Avoivn 636, 1 onoia. Bpioketar péca oto potifo icdl 1o
omoio gival B€om décpevong TG cvykekpévng Arydong, Kot 11 Avsivn 629 1 onoia
Bpioketoar axkppog mpwv oamd ovtd, dev GAAaEaV TG OVIXVELGIUES TOCOTNTEG

OVBIKOVITIVOMOUEVOV LopPGdV TNG TpmTeivig DI.
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Pull down: Ni-TED beads WB: m-aXpress/m-aVvs

a-Jpress
()

a-%¥9
D1

a-Hpress
(k)

75—
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38—

Ewéva 3.8: Ovfucovttivorioen onueekdv petolhaypdtov Aeivng g aportsiviig DI and
Myaon Mindbombl.

Mave: O npwteiveg DI-K775R, Diwt, DI-K629R, DI-683R 7 DI-K636R cuvek@pdotnkay og KOTTOpO.
S2 pali pe v Xpress-Ubi ko av&avoueveg moodmreg (0, 0.5, 1 xor 1.5ug) tov mhacuidiov mov
exepalel T Mydon Mibl. Metd tn Adon tov xuttdpov kdto and omodiotoktikéc cuvOnkeg, ol DI
npwteiveg amopovabnkav pe oeopidie vikediov. To delypota eetdomkav yio v vmopén
ovfovitvoMouévev popeodv tov mpoteivdy DI pe a-Xpress avticopa (1/4 tov cvvolikod
delypartog) kat yio v ékepacn tov tpoteivov DI ota kdttapa pe a-V5 avticopa (1/3 tov cuvolikod
delyparog). Iapatnpeitor  KavoOTNTO OA®V TOV TPOTEIVOV VO OVBIKOVITIVOAIMVOVTOL Atd TN Alydom
Mibl.

Kaoto: H aypiov tomov mpwteivn DI 9 1o dumhd onpeoxd petdAraypo DI-K683K688R
ovvekppaotKoy o kottopa S2 poli pe v Xpress-Ubi xat avEavopeveg mocotteg (0, 0.5, 1 ko
1.5pg) tov mhaopdiov mov exkepdlel ) Aydon Mibl. Metd ) Adon tov kuttdpov kdtom and
anodiataxtikég cuvinkeg, ot DI mpwteiveg amopovabnkay pe ceopidia vikehiov. Ta deiypoto
g€etdotnrav yio v vmapén ovfrkovitivoMopEveY Hopedv Tov tpoteivdv DI ue a-Xpress avticopo
(1/4 tov cvVoMKOoD SeiypoTog) Kot Yo, TV £k@pact] TV Tpoteivadv DI oto kottapa pe a-V5 avticopo
(1/3 Tov GuVoAMKOD delypaTog). AKOLO KoL oV aQulpEGOVLE TIG dV0 Avciveg Tov Ppickovtal oto potifo
déopevong g Mydong Mibl (icd2), avti dev avtipetonilel TpdPANUa 610 va 0LBIKOVITIVLAMDOEL TV
npoteivn DI

79



ANOTEAEZMATA

Pull down: Ni-TED beads WB: m-aXpress/m-aVvs

DIK&29R. DIE&33R Dhst DIK775R DIK68SR DIKG63SR Dhat

s ] '.q ... \ 'l ‘ (= . " ..{I ) .“H a—X(pr:')ess
a0 e . - 1 §

58—

—— —— a-i5

0 e R ¢ ———— o)

Dbt DIE683REGIZR
Neur m
L -

a-Xpress
)]

Ewova 3.9: Ouvpikovttivodioen onpslokdv petorlhaypdrov Aveivig g npoteivig DI and ™
Myaon Neuralized.

Mave: O mpoteiveg DI-K629R, DI-K683R, Dlwt, DI-K775R, DI-K688R 1 DI-K636R
ovvekppaoKoy o€ kottapa S2 pali pe v Xpress-Ubi kot avavopeveg mocotreg (0, 0.5, 1 ko
1.5pg9) tov mhoopwiov mov ekepaler ™ Arydon Neur. Metd tn Adon tov KLTTApOV KAT® 016
anodlotaktikés ovvinkeg, ot DI mpoteiveg amopovabnkav pe oeapidia vikeliov. To deiypora
g€etdotnkav yio v vmopén ovfikovttivoMopévey Hopedv Tov tpoteivdv DI ue a-Xpress avticopo
(1/4 tov cuvoAkoD deiypatog) Kot yia v Ekppaoct tov tpwteivav DI ota kbttapa pe a-V5 aviicopa
(1/3 1tov ovvolkoV deiypatog). Ilopotnpeitor 1 wovoétira OAOV  TOV  APOTEIVOV  va
ovfovitivoMmvovtot and T Arydon Neur.

Karo: H aypiov tomov mpwteivin DI 1 10 dumAd omnueokd petdAlaypa DI-K683K688R
ouvvekppdotnkay o kottapa S2 pali pe v Xpress-Ubi kot avavopeveg mocotnteg (0, 0.5, 1 won
1.5ug) tov mhooupdiov mwov ek@paler ™ Arydon Neur. Metd tn Adon TV KUTTAPOV KAT® 076
amodwataktikég cuvinkes, o DI mpwteiveg amopovabnkav pe oeopidie vikeiiov. Ta deiypoto
e€etdomrav yio v vmapén ovfkovitivolopévov nopeov tov tpoteivov DI pe a-Xpress avticopo
(1/4 Tov cuvolikoD deiypoTog) Kot yuo Ty Ekepaon Tov Tpoteivav DI ota kbttapa pe a-VS5 avticopa
(1/3 Tov cuvolkov deiypatog). H apaipeon kot tav dHo kataroinwv Avcivng mov Bpickovrar oo icd2
dev emnpealel v ovPovttivorioon g tpoteivig DI amd ) Arydon Neur.
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INa va emPefordoovpe O6TL T ONUEWKE HETOAAAYUATO ALGIVAOV 1TNG
npoteivnig DI dwatnpodv v kovoétta TOvg Vo CAANAETISPOLV UE TN AlyAom
ovPwovttivrig  Neuralized  oaxolovOnoe  melpapo  GLVAVOGOKATOUKPTIUVIONG.
Yvvekppacape to ddpopa DI petodrdypata poli pe v mapoteivn NeurAR, oe
Kottapa S2. AxkolovOnoe avocokatakpruvion pe r-aNeur avticopa, to omoio
npocdével v NeurAR kon western blot pe m-aV5 avticopa 1o onoio aviyvevet Tig
npwteiveg DI (ewova 3.10). ‘Eva pikpd moc06td T00 KLTTAPIKOD EKYVAICUATOS dEV
VOGOKOTAKPUVIONKE OAAG YPMNCILOTOMONKE Yo TOV EAEYYO TNG EKOPOCNG TOV
npoteivov Delta oto kdttapa (dradpopéc i). TMapatmpodue 61t OAo Ta. OHUEWKA
UETOAAGYLOTOL LITOPOVCAY VO GUVAVOGOKATOKPT VB0V (dtadpopég IP) dtatnpodvrtog

™V aAANAETidpaoT toug pe ) Arydon Neur.

IP: a-Neur WB:aVvs

K683R
K636R K629R wt K742R K6388R K683R  wt K775R K68SR

PP i P i P PP P P P i TP

175 — ¢ } | \ . g

e el e =
i b | Py . }

Ewova 3.10: Toa onpewokd petordaypote Avowodv g mpoteivig DI pmopodv va
alniemdpdacovy pg T Mydon ovpucovrrivng Neuralized.

Adpopa petadlrhaypoto g DI mpmteivig o omoia épepav tov V3 gnitono ex@pdotnkay o€ KOTTOPO,
S2 moapovcio npwteivng NeurAR. Ta gkyvAicpato Tov KuTTdpmv avocokatakpnuvionkay pe r-aNeur
avticopo kot 1 aviyvevon éywe pe m-aVs avticopo. Me IP copfoiiletar 1 ovoGoKATOKPVIOT EVD
pe i évo pkpd mocootd 10V KuTTaPKoL ekyvAiopatos (4%) ywr va gleyyBel n éxkppaon tov DI
npoteivov. Ot kbpieg Ldveg anotehovv Tig Tpwteiveg DI, pe poploxd Bapog 90kDa. Tapatnpeitor o1t
Ola T LeTAALAY LT ST POVV TV IKOVOTNTO TOVG VO OAANAETOpOVV e v Tpwteiv) NeurAR.
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Ymv mpoondOeln Vo EVIOTMIGTEL KATOWL CLYKEKPIUEVT] AVGIvN-0TOYOG Yo TN

Mydon Mibl omv evdokvttdplo mepoyn ¢ npwteivig DI, ypnowomomnke 1o
uetaliaypo DIAC. H ouykekpiévn Tpoteivn omotelel pior EAAEUUATIKY LOPOT TNG
DI n omoia otapatder oto apwvoé&d V720 (ewdvo 3.1), ovvendg dev mepléyel Tig
hvoiveg 739, 742, 762 kot 775. 'Hon yvopilovpe and mponyodueva melpapoto 6t M
Aoivn 742 dev amotelel 010)0 1| povadikd otdyo ovPikovitivorioong g DI amd ™
Mib1 (ewdva 3.7). T va glexBovv kat o1 vrorouteg Tpelg Avoiveg, n mpmteivy DIAC
Kol GUYKPLTIKA 1 aypiov tomov DI, vrepekppdomkav oe kottopa S2, poli pe v
npoteivy Xpress-Ubi kot av&avoueveg moodtnteg g AMydong Mibl. Metd t Adon
TOV KLTTAP®V KAT® OmO OmOSIOTAKTIKEG CUVONKES, TO EKYVAMGUO ETOACTNKE LE
opalpidla vikehiov ®ote va decpevbovy ot mpwteiveg DI, kot 1 ovPucovitivorioon
ToVG eAEYONoE e a-XPress aviicopa, enitono mov eépetl n ovPucovttivn. H éxppoon
tov tpoteivov DI ota kdttapa edéydnoe pe a-V5 avticopa (ewova 3.11). T'a dueon
ovyKplon To oo meipapa ywve ko ™ Atydon Neur.
Onwg Nrav avapevopevo n Aydon Neur dev pmopel vo ovfikovitivoAidost v
npwoteiv DIAC, amd ™ otiyun mov g Agimer n Avoivn 742. Ocov agopd v
ovfikovttivodimon amd T Atyaon Mibl dev mopovcidotnke Kdmola S10popd oe
GUYKPIOT UE TNV Oypiov TOTOL TPOTEIVN.

Yvvoyilovtog propovpe va avapépovpe 6tL To Neuralized ovpikovitivolidvet
to petodddypoata K629R, K636R, K683R, K688R, kot K775R avtibétmg pe 1o
K742R. Zvvenmg 1 Avcivny 742 elvar onpovtiky yo v ovfikovttivodioon omd
OLYKEKPIUEV AMyAom eV 01 LTOAOTES Oxl. ATO TO CUYKEKPIUEVO TEPAUOTE O
yvopilovpe 10 péAo TV Avowvov K665, K739, K762 katd tv ovPikovttivoAdinon
a6 T Mydon Neur. H Mibl ovBuwovitivodidver o petaArdypoto K629R, K636R,
K683R, K688R, K742R, K775R a1 1o DIAC kot emopévog tic Avoiveg K739, K762
dev Tig ypewdletal. Agv yvopilovpe to poro g K665 yio v ovPikovitivoiioon amod
TN GUYKEKPIUEVT] AYAOT|. ZOUTEPOCUATIKA UTOPOVLLE VO TOVUE OTL €lTE 1| Avcivn 665
givor 0 onpovTikdg otoYog yoo ™ Atyaon Mibl, f n Aydon Mibl dev mpotiud pia
oLYKEKPIUEV Avoivn oty evdokvttapla mepoyy g DI odlhd  pmopel va
ovBkovtTivVLAIDGEL 106EWL 6 TOAAOVS OLOLPOPETIKOVG GTOYOVS GE avtiBeon pe
Neur, mov TOAVAOG Vo OVPIKOVITIVOAMAOVEL KOl 0VTH G€ TOAAES ALGIveS GTOYOLS, M

Baokn opmg givar n 742.
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Ewéva 3.11: Ovfovitivorioon tov tpoteivdv DI ko DIAC ané tig Mydseg Mindbomb1 kau
Neuralized.

Aprotepa: O npoteiveg DIwt kot DIAC cuvekepdotnkay og kdtTapa S2 pali pe v Xpress-Ubi kot
av&avopeveg moootreg (0, 0.5, 1 kon 1.5pg) Tov Thacdiov mwov exepdalel T Arydon Neur. Metd ™)
ADon TV KLTTAPOV KATo and amodiotoktikés ouvinkeg, ot DI mpoteiveg anopovddnkay pe ceopidia
vikehiov. Ta detypato e€etdotnray yo Ty OmapEn oLPIKOVITIVLMOUEVOV HOPPOV TaV TpoTeivdv DI
pe a-Xpress avticopa (1/4 tov cuvodikod deiypatog) Kol yo Ty ékepacn tov rtpoteivadv DI ota
kottapa pe  a-VS5 oviicopo (1/3 tov ovvoAdko¥ dgiypatog). [Mopommpeitor 1 advvapio
ovfikovtrtvurioong tov DIAC.

Agra: O npoteiveg DIwt kar DIAC ocvvekppdotnkav og kdttopa S2 pali pe v Xpress-Ubi kot
av&avopeveg mocotnreg (0, 0.5, 1 ko 1.5ug) Tov mhacdiov mov ekepalet T Atydon Mibl. Metd
A0o1 TV KUTTAp®V KaTm omd amodiatakTikég cuvinkeg, ol DI npmteiveg anopovdbnkav e cpoipidio
vikehiov. Ta deiypato eetdotnray yio Ty VIapén oLBIKOVITIVOAMOUEVOV HOPPDY TV TpwTeivdv DI
pe a-Xpress avticopa (1/4 tov cuvolikod deiypatog) Koty TV £kepaon tev tpoteivov DI ota
kotrapa pe a-VS avticopa (1/3 tov cvvohlkov delypotog). Tapatmpeiton n wavdmTa TG Aydong
Mib1 va ovBovttivolmverl tv DIAC énmg v aypiov tHmov Tpmteivn.
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>10 onueio ovtd mpémer va avagepbel OTL Yoo OAo TO. WEPAUOTO
ovfikovitivodimong oe kabe mnyddt tov western blot ypnowonomdnkov mepinov
1.2x10° kotropa. Avti 1 mocdTTo EMALYONKE OOV LE TNV ovBucovttivorioot
™me aypiov tomov mpwteivng DI Otav ypnoyomoodoape peyoaddtepn mocoOTNTA
KLTTAp®V M ovPikovitivorimon £ptave o€ onNUEiOL KOPEGHOD Kol Tay SVGKOAO Vo
aviyvevbel avénon g He aVEAVOIEVES TOGOTNTEG TOV ALYOCOV.

XpNoponoumvtog OUmMG HEYOADTEP TOCOTNTO KLTTAP®V, 3.3x10°, éyve
EPIKTO Vo aviyvevBel ovPukovttivoMmon 6g PHETOAAGYLLOTO TOV LE TIC TPOTYOVUEVEG
ovvOnkeg Nrav pn aviyvevotlun (eikova 3.12). Ze kouttapa S2, vrepekpAcTNKE I O)L
n Mydon Neur 1 n Mibl (pia povo mosotnta), pali pe v npwteivy Xpress-Ubi kot
TO LETOAAAYLOTO TTOV 1) KAOE Alydomn adLVOTOVGE VO OLBIKOVITIVOAMMGEL, GUYKPLTIKE
pe v aypiov TOMOL WPwTEIV. Metd T AVom TV KLTTAPOV KAT® omd
OTOOL0TOKTIKEG GUVONKES, TO EKYOAICUO ETWACTNKE HE COOPION VIKEAIOV DOTE Vo
deopevbovv ol mpwteiveg DI, kot n ovPikovitivorioon tovg e&etdotnke pe a-Xpress
avticopa, enitono mov @épel n ovPuovttiv. H ékppoon tov npoteivov DI ota
KOTTopa e€etdotnke pe a-V>S aviicopa.

[Tapatnpodpue 6t1 dtav ¥PNOYOTOMGOVIE OENUEVES TOCOTNTES KVLTTAPMV
uopov e va aviyvevoovpe ovfikovttivorioon tov DIi2 dtav ekppalovpe tn Arydon
Mibl kot twv DIi3 kau DIlil o6tav exepdlovpe ™ Neur. Aev mopotnpovpe OUmG
agloonueiowt dapopd amd v VmapEn N amovsio g Aydong kdbe @opd, 6cov
aeopd v ovPovitivodioon tov petaAlaypdtov. ITiBavotmto ovtd 10 ofjua va
opeikeTon otig evdoyeveic Neur ko Mibl twv S2 xuttdpwv. e avtd cvvnyopei to
yeyovog ot to petdiiaypo DIil/2 axdpo kot og avtég T1g GuvOnKeg dev mapovoince
ONUOVTIKEG TOGOTNTEG  OLPIKOVITIVOMOUEVOV  HOPPDV, TPOPAVAS EMEWN Ol
evooyeveic Ayaoeg Neur xar Mibl dev umopodv va mpocdebovv. Oumg 10 pikpo
10600TO OVPIKOVITIVOAIOUEVEDY Hope®Y ToL petoAldypatoc DIil/2 iocwg eényeiton

amd v vrapén kot dAhov E3 Myaocdv mov ctoygvouvv v mpwteivn DI.
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Dilwrt Diliz Diliz Dilwrt Dz Diil Dulsz

-+ MNeur

Ewova 3.12: Aviygvevon g ovfikovitivorioong tov npotsivedy DIi2 kot DIil/2 ané ™ Mibl ka
tov DIi3, DIil kot DIi1/2 amé T Neur pe ovénuéveg mocotnTeg KVTTApOV S2.

Apwotepa: Ot npoteiveg Diwt, DIi2 ko DI1/2 cvvekppdotnkav oe kottapa S2 pali pe v Xpress-
Ubi mopovoio 1 amovsio tov mlacuidiov mov exk@pdlel T Aydon Mibl (1pg). Metd T Adon tov
KLTTAP®V KAT® 0md amodiataktikég ouvinkec, ot DI npwteiveg amopovobnkav pe opapidio vikediov.
Ta deiypato gégtdotniay yio Ty Vmapén ovPIKOVITIVLAM®UEVEDY Hopedv Tov tpwteivov DI pe a-
Xpress avticopa (2/3 Tov cuvoAkoD delypatog) Kot yio v Ekepocn tov tpateivov DI ota kittopa
pe a-V5 avticopa (1/3 tov cuvolikod deiypatog). Yo avtéc Tic ouvOnkeg eivat duvartni 1 aviyvevon
ovfovitvolopévev popeav g DIi2.

Ag&ra: O mpoteiveg DIwt, DIi3, Dlil ka1 DI1/2 cuvekeppdotnkay oe kottopo S2 poli pe tnv Xpress-
Ubi mopovoio 1 anovsia tov mAacudiov mov ekepdlel ™ Arydon Neur (1ug). Metd ™ Adon tov
KUTTAPOV KAT® 0o amodiataktikés cuvinkec, ot DI npwteiveg amopovdbnkoy pe opapidio vikediov.
Ta detypato eEetdotnkay yio TNy Vmapén oLPIKOLVITIVOM®UEVEOY Hope®V Tov tpeteivdv DI pe a-
Xpress avticopa (2/3 Tov cuvolikol detypatog) kot yio v kepocn tov mpeteivov DI oto kittopo
pe a-V5 avticopa (1/3 tov cvvolikod detypatog). Yo avtéc Tic cuvinkeg etvan duvarti n aviyvevon
ovfovitvolopévav popeav g DIi3 kat DIil.
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Yvvoyilovroc:

e To npidto suvtnpnuévo potifo amoterel T BEom aAAnAemiopaong g Arydong
Neur otnv mpwteivny DI.

e To devtepo ovvinpnuévo potifo amoterel 1 0éom aAAnAemidpaong g
Mydong Mibl oty npwteivn DI.

e H mpoteivn DI ovPwovitivodidvetar oe kottopo S2 omd TIC Alydoeg
ovPwovttivng Neur ko Mibl.

e H voivn 742, n omoia Bpioketon oto tpito cuvinpnuévo Hotifo, amoteiel
010)0 ovPikovttivodimong tng Arydong Neur.

e Eite dev vrdpyetl cuykekpyévn, Lovadtkn Avcivi-otdyog yio v Arydon Mibl
N avt amoteAet 1 Avcivn K665 1 omoia dev eEetdotnke.

o Kot ot 600 Mydoeg mapdyovy moAL-0VPIKOVITVAOUEVEG LOPPES THG TPOTEIVNG
DI, evdd 1 Mydon Neur @aivetor vo mopdyst 6€ PEYAAN TOGOHTNTO KOL Lo

LOVO-0VBIKOVITIVOAI®ILEVT LOPOT).
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Evepyomnra tOv ehleippotik@®v petoiloypdrov e mpoteivng Delta oto

POYLOLOKOLAOKO OPLO TOV PTEPOD

Ao TV avdAvon Tov TAPOVGLAGTNKE GTNV TPOTYOVUEVT] EVOTNTO TPOKVTTEL
0 POLOG TV EVOOKVTTAPLOV cvuvinpnuévev potifov icdl kot icd2 g mpoteivng DI
ooV apopd v tpodcdecn Twv E3 Myacdv ovBucovitivig Neur kor Mib1 avtiotouyo.
EmnAéov ovumepaivoope 6t1 0 Pacikdg oto)0g ovPirkovttivodimong amd T Atydon
Neur eivor n Avoeivn tov icd3 potifov. O endpevog otdyog ftav vo Ppedei n mbavn
oyéon neto&d e ovPikovttivorioong g tpwteivig DI kot g wcavotntag g Yo
ONUOTOOATNOT]. ZUVETMG 1| EPMTNCT TOV TPOKVTTEL EIVOIL OV KO TMOG TAL GLVINPNUEVA
gvookvtTapila potifa kabopilovv ™ evepyotnta g npwteivng DI in vivo.

Apywd, yioo vo peletnoovpe TV evepyomoinomn tov povomatiov Notch
YPNOWOTOMoapUE TOV  avomTLEIKO JICKO TOL  (TEPOL TNG TPOVOUPNG KOl
OLYKEKPIUEVA TO TUNUO amtd OOV Bo TPOKOLYEL TO PTEPO TOL EVIIMKOL OTOLOV. XTO
CULYKEKPIUEVO TUMUa TOV avortvélokoD dickov to povordtt Notch gvepyomnoeital og
pio ypopun Kuttédpmv mov ovopdletor paylaokotiokd 6plo. H gvepyomoinon avtm
TPOKOATEL A6 TN GLVTOVICUEVT dpdon tov decpevtdv DI ko Ser exotépmbev tov
opiov. O vrodoyag Notch givar yYAvkolvMmpévog 6To paylaio TUR TOL GTEPOD Kot
Oy 670 KOIMOKO Kot ouTH 1 S1pOopPOTOineT TOV KAvel va gvepyonoteitan omd to DI
o poywoic TAELPA KOl omd TO Ser omnv KOWMOKY. ATOTEAEGHO OVTNAG TNG
OULVTOVICUEVNG Opdomg €lvar 1 evepyomoinon tov povormotod Notch  oto
POYLOLOKOIAOKO OPlo KOl 1) EVEPYOTTOINGM 6TO. KOTTOPO LTE YOVISTI®MV-GTOY®V OTMG
Ta WQ, Vg, cut kat E(spl).

INo va pelemBel m evepydmmra TOV EAAEMTIKOV UETOAAAYUATOV TNG
npoteivnig DI oto payloiokothokd Oplo Tov  QTEPOV, Ol TMPMTEIVEC OLTEC
VIEPEKPPAoTNKOY ©€ pio opdodo kuTTapmY kabeto oto Opro. H vrepékppaon twv
UAS Stoyovidiov 610 GUYKEKPLUEVO TUNLO. TOV diokov odnyndnke and to ptc-Gal4.
Ortav éva aypiov tomov UAS-DI Swayovidio vrepekepdletor oty Teployn ovt, 1
evepyomoinon tov povomatiov Notch cupfaiver ota kdtTopo To omoio Ppickovtan
dlmha ot KVTTAPO TOL VIEPEKPPALOVV, GTO eUmPOcHlo kol omicHlo TUAUA TOV
@tePOL (gkova 4.1). Xta kvTTOpa To 0moio VIEPEKPPGlovy Tovg deouevtég DI kot
Ser dev pmopei va yivel emoyoyn tov povormatiov Notch, ywoti decpevtés ko

V000X TPOGOEVOVTAL 6TO 1010 KVTTOPO (Cis-avaoctorn) (de Celis and Bray, 1997,
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Doherty et al., 1996). EmimAéov n enoyoyn amd v npoteivn DI nepropiletor oto
poyloio TUNHE A0Y® Stapoptkng YAVKOLLAI®GNG TOL VTTOJ0YEN OTMC TPOUVOPEPONKE
(Irvine and Vogt, 1997). Télog n emaywyn mov odnyeitor omd to ptc-Gald eivon
KOADTEPO OVIiYVEDSIUN GE KVTTOPO OV Ppickovtol 6To omichio TUNU TOL QTEPOV,
YTl 6TV TEPLOYN QLTI 1 EKEPACT] TOV PLC S1OKOTTETOL ATOTOUN ONILLOVPYDVTAG EVL
EexaBapo Oplo PETAED KLTTAPWV TOL VIEPEKPPALOVV Kot O)Ll. £TO EUmTPAGOio TUNHO M
EKQpaoT TEPTEL OTAOLOKE KOOMG OTOUOKPVVOLOOTE LLE OMOTEAEGHO 1) EMAYOYNH VO
givar o oadvvaun. T va epevvnbel 1 onuatodotiky kovotra tov DI
UETOAAOYUATOV EAEYEQUE OV UTOPOVV VO ETAYOLV TNV EKEPOCT TOV W(, YOVidiov
otoyov tov povormotiod Notch oto paylaokotlokod 6plo (de Celis et al., 1996,
Doherty et al., 1996, Neumann and Cohen, 1996). Eivat onpoavtikd va tovicovpe 0Tt
N gvepyomnoinon tov povoratiov Notch oty meployn avt Tov avartvéiokol dickov
oV @Tepov e€aptdrtarl udvo amd ™ Aydon Mibl, n onoio exkppdletol opoloyevag oe
OAOKANPO TO dioko kot Oyt amd tn Neur, n omoio ekppdletar Kvpiwg GTOVLG
npovevpikove mAnbuopovg (Lai et al., 2005, Le Borgne et al., 2005, Pitsouli and
Delidakis, 2005, Wang and Struhl, 2005).

Onwc gaiveton otnv swkdva 4.1, 1 vrepékppaocn tov tpoteivaov DIil, DIAC
kot DIK742R o0dMynoe oty enoyoyn g £kepaons e tpmteivng Wg ota yertovikd
KOTTOpa Om®G akplPodg kot 1 oypiov tomov DI (ewdva 4A, D). Avtifétoc
vrepékppaocn tov mpoteivov DIi2 kot DI1/2 dev odfqynoe oto 1010 amotélecpo
amoTLYYAvVOVTAG Vo endyel TV kepacn g W (ewova 4B, C). Tlapatnpovpe Opwmg
0Tl 0e OAEC TIG TMEPWTMOEL KLTTAPO TO OTOl0 VIEPEKPPALOV TOV OECUELTN
otopaTovsav v ekppdlovv v mpwteivn WQ 1 omola giye emaybel evooyevmg Kota
UKOG TOL Poi(loloKotAokol opiov. Xvumepaivovpe Aoumdv 0Tt 1 advuvopio SEGUELONG
ue ™ Mydon Mibl, otic mepmtdoelg 6mov dev LVILAPYEL TO OEVTEPO GLVINPNUEVO
notifo, odnyei oe avikavotnto g npwteivng DI va gvepyomomoel 10 onUatod0TIKO
povomdtt Notch, amotélecpa mov cuvdéet dueoa v ovPikovitivorioon tov DI pe
ONUOTOS0TIKY TOL KAVOTNTO. AVTIOETMOG 1) IKOVOTNTO TOV OEGUEVTNH VO, TPOGOEVETOL
OTOV VTOO0YED Kol Vo TPOKOAEL TO @awvouevo Tov Cis-inhibition moapauévet
OVETNPEACTY, CUUTEPOGLOL TTOL TPOKVTTEL Otd TN Olakony| Ekppacng Wg oe kdttopa
mov  vrepekepdlovv  To  petaAddypota.  H o ovikavommta  déopevong 1
ovPovttivoMmong amd ™ Aydon Neur omv mepimtowon tov Dlil, DIAC kot
DIK742R &ev ennpedlet T onuotoddtnon enedn avti 1 Aydon de ek@paletol o€

oVTO TO TUNHO TOV avamTLELaKoy d1oKOL.
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Ewova 4.1: Evepyéotnte tov DI shiawmrtik®v petalloypdtov 610 paylolokoilloké 6plo tov
avorTuElaKot dickov Tov PTEPOD pe T (prion pte-Gals.

Ot mapamdve eikoveg delyvouv avamtuélakons d1oKovg Tov ETEPOL amd TPOVOUPES Tpitov GTadiov.
"Eyet yiver ypdon v tig DI mpwreiveg pe gp-aDl avticopa (tpdovo) kot yio Wg pe m-aWg avticopo
(k6xKkwvo). To eumpdchio Tunpo tov diokov Ppicketarl aplotepd, evd T0 paylaio mive. Ot yYpoppég
KAMpoxog givon tov S0um. Xtig swoveg A-D vmepekppaloviar to didgopo DI elheypoticd
petoAdypota Katm and tov éheyyo tov ptc-Gald. H pikpn €kovo 610 TpdTto TAVEA AVTITPOCSMREVEL
mv aypiov TOTOL TPWOTEIVN, v OVT ©TO0 TeEAELTOio TO onuelakd petdAhoypo DIK742R.
IMapatnpeitat ektomikn evepyomnoinom tov povoratiod Notch, n onoia aviyvedeton pe v enay®yn g
gxppoong e npwteivng Wg oto payraio kot omichio tufipa, 6tav vrepekepaleton 1 aypiov tomov DI,
n Dlil, n DIAC ko1 n DIK742R (A, D, donpa BéAn). EmmAéov mapotnpeitor advvapio onpotoddtnong
and tig tpoteiveg DIi2 xon DIil/2 (B, C). Ta npdowa BEAT vTOJEKVOOLY TV EKTOTIKY EKOPUCT] TV
DI og kbtTopo g mepumddiog pepPpdvng ta omoio avtiBétmg pe o KuTTapa Tov emfniiov dev
emdryovv WQ katd t onpotodotnon Notch.
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IMa va pelemnBel extevéotepa N GNUOTOOOTIKN KAVOTNTO TOV EAAEUTTIKMOV
uetolMayudtov e mpoteiviig DI oto payiaiokotliokd 6plo tov avortuElakon
diokov TOvL @TEPOV, SMuovVPYHRONKay pITeTIKOL KADVOl vrepékppacng twv Dl
npoteivev. Ommg kot oty mepintwon tov ptc-Gald, étot kat ot pitetikoi KAGVOL Tov
vrepekppdlovv DI gvepyomolobv extomikd to povomdtt N kvpiowg oto porylaio
dwpépiopa Tov diokov. Ta evepyd LETOAAAYUOTO, GTNV TPOKEEVT TEPIMTMOOT OVTA
7oL oAANAETIOPOV pe to Mib1, opeilovv va mpokododv TV emaymyn TG TPOTEIVNG
Wingless ota yettovikd tovg kottopa. [pdypatt, 6nmg eaivetor oty ikdva 4.2, ot
wrtoTtikoi KAdvor vrepékepoong tov mpoteivov DIlil kow DIAC mpokorodv tnv
gvepyomoinon tov povormatiov Notch ota yertovikd kOTTOpO pE OMOTEAEGUO. TV
vrepékepaocn ¢ mpoteivng Wg (ewova 4.2A, D). Avtibétog ot avevepyég
TPOTEIVEG, ONAAON OVTEC TOL OEV UTOPOVV Vo SEGUELTOVV amd TN Atyaon Mibl,
advvatovv va Tpokarécovy Ty enaywmyn W (ewova 4.2B, C).

INo vo emPePardoovpe OtL evepydtTnta mov deiyvouy to. uetaAidypoto Dlil
kot DIAC og@eiketon otnv gvepyonoinom tovg and ™ Arydon Mibl, dnuiovpynonkay
ToTiKol KA®Vol 6tov avortuélokd dicKo Tov (TeEPOL Ol 0moiol vIepEKPpalay Eva
amd ovtd ta petoldypoto aAld dev eEéppalov v mpwteivn Mibl. Tlapatnpodue
ot og ot v epintwon ot tpwteiveg DIil kot DIAC givon avevepyéc, dev pmopovv
va gvepyomotcovy to povordtt Notch ota yertovikd kOTTapo Kot vo, TPOKAAEGOVY
mv enayoyn s W (ewkdva 4.3A, D). Zounepaivoope Aomdv 0TL 1 EvEPYOTNTO TOVS
0€ OLTN TNV TEPLOYN TOV OIOKOV OPEIAeTOL OTNV AAANAETIOPOACT TOVG UE TN Alydon
Mib1.

EmumAéov Oéhape va emPefoidcovpe OTL 11 ONUATOSOTIKY KOVOTNTO TNG
npwteivng DIi2 Oa emavepydtav pe ovvékppaon g Atyaong Neur. H npwteivn DIi2
advvatel va aAAnAemidpacel pe ™ Atyaon Mibl kot yu avtd dev pmopel va
ONUOTOOOTHGEL GE OTY| TNV TEPLOYN TOV TEPOV, 6oL N Atrydon Neur dev ekppdleTon
EVOOYEVDG. X& HTOTIKOVG KADVOLS Opm¢ 6mov vrepekepalotav n DIi2 pali pe ™
Myaon Neur, 1 TpdT AVEKTNOE TN GNUOTOSOTIKY TNG KAVOTNTO KOl TPOKAAEGE TNV
éxppaon g mpoteivng WQg ota yertovikd koOttopa, emPefoidvoviag Ot Ogv
evepyomoteiton amd ™ Aydon Mibl Adyw éllewyng alAnienidopoaong aAld pnovo amod
™ Mydon Neur (ewcéva 4.3B).
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Avtibétmg 0tav pTtmTikoi KAdVol vrepék@pacng tov petoArdyuatog DIil/2
kot ™G Mydong Neur efetdotnov Yoo T ONUATOJOTIKY) TOLG 1KOVOTNTO,
JmoTOONKE OTL TAPEUEVOY aVEVEPYOL, YEYOVOG oL emPBefatdvel TNV advvapio Tov
SMAOD UETOAAGYLOTOG VO aAANAEMIdpaceL TOoc0 pe T Aydon Mibl 6co kot pe ™
Neur kot va onpatodotioet (swova 4.3C).

Ye OAeG TIC MEPWTMOOELS, €ITE OPOPOVCSE KAMVOLS ONUATOOOTIKE EVEPYDOV
HETOAMOYUATOV €iTE aveEVEPYDV, TO @awvopevo Tov Cis-inhibition Adufave ydpa
KOvovikd (mapotnpeitol 1 dtokony Ekepacng g evooyevovg WQ amd kottapo mov
vrepekPpdlovy  TO  PETOAAAYMOTO), YEYOVOS mov  emPefardvel  TponyovUEVQ
OTOTEAECUOTO OV Amodeikvuay OTL 1| EveEPYOTNTA TV Ayas®V ovfikovttivig oev

ypewdletan yuo to cis-inhibition (Glittenberg et al., 2006, Miller et al., 2009).
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Ewova 4.2: Evepyotnro tov DI shiamtik®v petodloypdtov 610 paylookotiloké 6plo Ttov
ovaTTUELEKOD 3IGKOV TOV PTEPOV PE TN YPNOT TOTIKAV KLAOVEOV.

Ot mapamdve eikoveg delyvouv avamtuélakons d1oKovg Tov ETePOL amd TPOVOUPES Tpitov GTadiov.
"Eyet yiver ypdon o tig DI mpwreiveg pe gp-abDl avticopa (tpdovo) kot yio Wg pe m-aWg avrticopo
(ko6xKkwo). To eumpdchio Tunua tov diokov Ppicketar apiotepd, evd 1o paylaio mhve. Ot ypoppég
KMpakog givor tov 50pm. Xt eikoveg A-D vrepekppalovrol, kdtm and tov Eleyyo tov actbC-Gal4,
0. d1Gpopo. DI eddepupaticd petodldypoto pe dnpovpyio Toxoiov ITOTIKOV KADVOV VTEPEKPPACTC.
IMapatnpeitar ektomikn evepyomnoinomn tov povoratiod Notch, n onoia aviyvedeton pe v enay®yn g
gxppoong e tpwteivng Wg, otav vrepekppalovtor ot DIil koaw DIAC (A, D, dompa Bén). Emmiéov
napatnpeitor  advvapio onpatoddtnong and ta petardypotoe DIi2 ko DIil/2 (B, C).
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UASSDHZ2: “UAS-neur
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Ewova 4.3: Evepyotnro tov DI shiamtik®v petodloypdtov 610 paylolokoilloké 6plo tov
ovaTTUELEKOU 3IGKOV TOV PTEPOD PE TN YPNOT ITOTIKAV KAAOVOV.

Ot Tapandve eikoveg detyvouv avanTuElokovg 616KoVs Tov PTEPOD amd TPOVOLEES Tpitov otadiov. To
gumpdéchio tunpa Tov dickov PpickeTon apiotepd, evd to paytaio mdve. Ot ypaupés kKMpokog sivot
Tov 50um. Xt eikoveg A kot D mopatnpodpe kKAdvovg 6mov vrepekepdlovtal, Kétw and tov ELeyyo
tov atub-Gal4, to petodrdypota Dlil ko DIAC arovsia g Mydong Mibl. ‘Exet yiver ypdon yio Wg
pe m-aWg ovticopa (kéxKwvo) kat ot kKAdvot onuaivovtor pe mopnviki GFP (mpdowvo). Tapatnpeiton
AVIKOVOTNTO TOV UETOAAAYUATOV Vo onpatodotioovy pe éAdewyn g Aydong Mibl. Xtig swoveg B
ko C vrepek@palovtar, Katw omd Tov Eleyyo tov actbC-Gald, ta petodldypata DIi2 wor DIil/2 podi
ue ™ Arydon Neur. ‘Eyet yiver ypdon yio Wg pe m-aWg avticopo (kéxkvo) kat yio, tig DI mpmteiveg
ue gp-abDl avticopa (tpdowo). Topatnpeiton ektomiky evepyonoinom tov povoratiov Notch, n omoia
aviyvedETAL e TV ETOYOYT NG Ek@pacng ¢ mpmteivig Wg, otav vrepekepdletal to pHetdAloypo
Dli2 pali pe t Mydon Neur, yeyovog mov amodeikviel 0Tl avEKTNOE TN ONUOTOSOTIKT TOV 1KAVOTNTA
(B, dompa PEAN), aviiBétmg pe to petddraypo DIil/2 to onoio mapapéverl avevepyo.
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Evepyomnta TOV eAAEUPATIKOV peTollaypdatov g npotsivng Delta katd v

TAEVPIKI] OVOGTOM

Me okond va peretnfel mepartépm 1 oxéon peta&d g ovPkovITVLAIWGONG
™m¢ mpwteivng DI kot tng wcavotntag g yio onuotoddmon, eAEyEape av Kot mds o
cvuvinpnuéva gvdokvttapio potifo kabopilovv tn evepydtnrta g Tpwteivig DI kotd
™V TAEVPIKY avaoTOoA. O Opog TAEVPIKT] OVOGTOAY OVOPEPETOL GTNV dlodIKOGIN
Katd v omoio &va KOTTapo umopel va emideyel ko va dtoyoplotel omd po opdoo
1G0OVVOL®Y KLTTAPOV. Mia Tétoln mepintwon amoteAel 1 emAoy Tov TPOHSPOLOL
Kuttdpov acOntmpiov opydvov (ITAO), and éva cHVOAO KLTTAP®Y TOV ATOTEAOVV
TOV TPOVEVPIKO GLVOOPOICHO. Apyikd OAO TO KOTTOPO TOL TPOVEVPIKOL TANOVLCHOD
givor 1oodvvapa kol ekepdlovv Tig Tpovevpikég mpwteiveg Achaete kai Scute, ot
OTOIEG KOl EVEPYOTOLOVV TNV EK@pacn TV deopevtdv Delta kou Serrate. Zvvenmg 6Aa
T0, KOTTOPO TOL GLVUOPOIGHOV EKPPALOVV TOGO TOV VTTOJOYEN OGO Kol TOVG OECUEVTEG
KOl £(OVV TNV IKOvOTNTO Kol VO amooTEALOVY Kot vo Aappdvouv onua. T'a dyvooto
péYpL oTiypng Adyo, £va KOTTOPO OmoKTA LEYOADTEPT) IKAVOTNTA OTOGTOANG GNLOTOC
amo To LLOAOUTA KO QTN 1 KATACTOOT GLVINPEiTaL pe unyoviopd avéopaons: Ta
KOTTOPO TOV OEYOVTOL TEPIGGOTEPO OGN £YOVV eAaTTOUEVO emtineda mpmTeivng Delta,
AOY® UETOYPOPIKNG KATAGTOANG omd to cbumioko twv E(spl) (Culi and Modolell,
1998). Emiong ovtd 1o kOTTOPO €mAysl Tn MeETAYpA®n TOL Neur, eved to mibl
exppaleton opodpopea. ‘Exet derybel 6Tt avt n dwdwkacia eoptdror Kuplwg and
™ Mydon Neur, aAld xor n Aydon Mibl mailer éva pukpod poéro (Pitsouli and
Delidakis, 2005). Xtnv mepintwon O6mov n onuotoddtmon uéom Notch egivar pn
Aertovpyk] mOAAG KOTTOPO OmokTOLV TNV avamtvélokny toyn tov ITAO. T
TOPASELY LD, GE UITOTIKOVS KAOVOVS OTOV 0V ek@PAlovTol ol eVOOYEVEILG TPMTEIVES
DI ko Ser, 6Lo ta KOTTOPA TOV TPOVEVPIKOL cuvadpoicpob petatpémovtat og TTAO.
AvtiBétmg, oe KA®VOVG Omov dev eK@PAloviav ol evOOYeVELS dECUELTEG, OAAE o1
0éon Tovg vrepexepalotav to dayoviolo UAS-DI, n mhevpikr] avactoly AdpPove
ydpa kot povo éva [TAO emdeydtav amd tov mpovevpikd cvvabdpoiopd (Pitsouli and
Delidakis, 2005).

Y10 mEpdpato Tov akoAovincay Pactkd EpOTNUA NTOV AV Ol LETAAAAYUEVES
nopeég g mpmteivng DI pmopodoay va vToKoToeTHooVY TIG EVOOYEVEIG TPMTEIVEG

DI kou Ser kot vo evepyomomoovv tn onuatoddtnon Notch kotd v mhevpikn
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avaoToAr]. ['o T0 okomd aTod dNovVPYNONKAY MTOTIKOL KADOVOL GTOV avamTLELoKO
dioko tov @TEPOV, 01 omoiot dev e&ppalav Tig evdoyeveic mpwteiveg DI ko Ser. Xt
0éom tovg, KaT® amd Tov Eleyyo Tov atub-Gal4 vrepekpdlovtav ta dapopetikd UAS
dwayoviola. To TMTAO avyvedmmkav pe v mpoteivn-paptopa Sensless, n omoia
eKQpaleTon LOVO GE AVTA.

Y& LITOTIKOVE KADVOLE OTT0V dgv vINPYaV ot evdoyeveig mpmteivec DI kan Ser,
aALG ™ B€om tovg Tpe o petdAlaypa DIi2, n mhevpikn avactoAr Adupave ydpa
KOVOVIKG OT®¢ poptupd M dmoapén Hovadikod TPOdpoUoL aiontmpiov opydvov
(ewova 4.4C). Apo oamodeikvoetar 01t 1o DIi2 givon evepyd xotd thv mAevpikn
OVOGTOAY], YEYOVOG OVOLUEVOLEVO apOV aLTN 1 dtadtkacio e€aptdtor Kupimg amd
Myaon Neur, kot 1o petdAhoypo ovtd pmopel vo aAAnAemidpdost kol va
ovfovttivoMmbel amd avty. Amevovtiog, ot mpwteivec DIlil kou Dlil/2, dev
UTOPESOV VO, VTTOKATOGTICOVV TOVG EVOOYEVEIC OECUEVTEG, OTTMOC LOPTVPAEL 1| VTTapEn
TOAMOV TPdOpou®v arcOntnpiov opyavev (swovo 4.4B, D). H mapatipnon ovt
e€nyeiton av Adfovpe vTOYN pag TV adLVOLi0 CAANAETIOPOONG TV UETOALNYUATOV
avtov pe t Arydon Neur. TToldd evdwopépovoa givar m mopatinpnon OTL Kot To
uetoldypoto DIAC kar DIK742R 6gv umopodoav va onuatodotoovy Kotd v
mAevpIkn avactoAn (swova 4.4E, F). Bdoel tov foynuikov mepapdtov, ot 600
AVTEG TPOTEIVES UTOPOHV Vo OAANAETIOpAoOVVY LE TIG Alydoes ovfukovttivng Neur kot
Mibl aAAd pmopodv va ovfikovitivolmBovv udévo amd ™ devtepn. H advvapio
OTNUOTOOOTIKNG IKOVOTNTOG KOTA TNV TAELPIKY] OVOGTOAN, AVTOVOKAG TNV aduvapio vo
ovBkovTivoAlwBoOv amd T Atydomn Neur, yeyovdc mov omodekviel OTL Yo va
evepyomombei  npwteivny DI dev apkel povo va aAANAemdpaceL pe TG AYAceG OAAG
KoL VoL 0V BIKOVITIVOM®OEL amd avTEC.

Mio emmA£0V GNUOVTIKY TOPATHPNOT OO TOVS CUYKEKPIUEVOUG UITOTIKOVG
KAOVoug eivar 0tt ta petaAAddypoto DIil/2 ko DIAICD (mpoteivy O6mov Agimet
OAOKAN PN M evdokvuttdpla meproyn, Wang and Struhl, 2004) dnuovpyodoav opddeg
vrepdpBpmv [TAO gpantopeva petald toug (swova 4.4A, D). O ido¢ pavotumog
napatnpeitol kol oty mepintwon O6mov vrapyel EAlewyn deouevtov (Pitsouli and
Delidakis, 2005), kdti mov omodelkvOsl TNV TOVIEA] EALEWYN ONUATOSOTIKNG
KOVOTNTAG OVTOV TOV 000 TPOTEIVOV. AVIIBETOC, GTNV TEPITTOON TOV TPOTEIVOV
Dlil, DIAC «a DIK742R mapdyoviav vrepdpiduo, omopakpvopéve ITAO,
TOPOATNPNOY Tov VIOoTNPilel OTL TA PETOAAQYUHOTO OVTA dTnNPovV Ho. EAAyIOTN

evePYOTNTA KOTA TNV TAELPIKN avaotoln (swova 4.4B, E, F). Kabog pmopovv va
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aAANAeTIdpacovV Kot vo. ovfikovttivolmBovy amd ™ Arydon Mibl, mbovade avti n
evepyotnTa eVBHVETOL GTN GLYKEKPLUEVT Arydon, vtdBeon mov vrootnpileTon Kot omd
TPONYOVUEVEG TOPOTINPNCELS OV amodeikvvay TV gvepydmta ™G Aydong Mibl
Katd v TAevpikn avactoAn (Pitsouli and Delidakis, 2005).

Kabdc n onuatoddton kotd v mTAELPIKT] avacToAn eivor mTpofAnpatikn
amovoia Aertovpyiag tg Aydone Neur ko evéd n Atydon Mibl eivar mapovoa,
vrapyel N wlhavoTTa OTL 0 TOTOG ovPiKovtTivVAiwong g Tpwteivng DI, o omoiog
etvar SlopopeTIKOG amd TG dV0 Aydoeg, vo oyetiletar pe TV €vePYOTNTO TOL
OEOUELTN KATA aVT TN dwdikacio. AvTifétwg, iomg avt 1 dtpopd otV amdKpion
oTIG 000 AydoeC KOTA TNV TAELPIKN OVOCTOAN Vo OQEIAETOl OTO. UIKPA TOGH
ékppaong g Mydong Mibl. T vo amoca@nvicTodV To TOPATAV® EVOEXOUEVO,
e éyEape T oNUaTodoTIKN KavotnTo evog DI petaAldypatog to omoio dev pmopovoe
va ovBikouttivoAwBel Aoy EAdeyng OAwv tev Koataloimwv Avcivng amd v
EVOOKVTTAPLA TTEPLOYN. AVTN 1 TPOTEIVN ONUIOLPYNONKE EVOVOVTAG TNV ££MKVTTAPLN
Kot SrapepPpavikn meptoyn g mpwteivng DI pe to evdokvttdpro potifo tov LDL
Vod0YEn TO 0Moio TEPLEYEL oWIdA0 gvdokvTTmong (Wang and Struhl, 2004). Avt) 0
YUOPTKY] TPOTEIVT €yl deryBel OTL Evepyn KATE TNV ETAYWOYT TOV POYLOLOKOIALKOV
opiov Tov PTEPOV. AVTd onuaivel 0Tt katd avty T dwadikaoia, N Tpwteiv DI propei
VO TOPOKAPYEL TNV aVAYKT Y10 OVPIKOVITIVOM®OT), EVOOKVTTMON Kol EVEPYOTOINGM
™me oamd T Aydon Mibl av evdokvttmbel pe Swpopetikd tpomo. Otav Oumg
vrepekppdoaue t DI-LDL+ mpwteivy ot 0éon tov evdoyevov DI kol Ser
TPOTEIVAOV KOTE TN S1001KOGI0 TG TAELPIKNG OVOGTOANG, TOPATNPTCAUE TNV VTOPEN
noAdv TTAO mov epdmtovtor PHETOED TOVG, YEYOVOG OV onuoivel TANPN advvapio
onpatoddtong (ewove 4.4G). H mopoandveo mapatipnon 0éter 0épa yioo molotikn
dapopd oty evdokdTT®on ™G mpwteivng DI peta&d g onuatoddtmong oto

POYLOLOKOIAOKO OP1O KOl TNV TAEVPIKT] AVOGTOAT).
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Ewova 4.4: Evepyotnta tov DI perollaypdrov katd tTnv TAUPIKH 0vacTOA] 6TOV 0varTTUELOKO
O0IGKO TOV PTEPOV PE T1] YPON NLTOTIKAV KAOVEOV.

Ot Tapamdve eKoveg delyvouv avamTuElaKong dioKoVg Tov (TEPOD Amd TPOVOUPES TPITOV oTadiov
Bapuévoug yo v mpoteivn Sens (kokkvo, deiyvetal xmplotd otig eikdves A’-G”), paptopa twv ITAO
OV PLGOAOYIKA eppaviloviol ¢ povadikd kKiTtapa og ToAd kabopiopéves Bécels. Ot KAdVoL Tov dev
ekppalovv Tig evdoyeveig Tpwteiveg DI kot Ser aAld viepekppdlovy, kdtw omd tov éheyyo Tov atub-
Gal4, évo DI petddhaypo papkdpovion pe v dmapén mopnvikng GFP (mpdowvo). Ot xidvol
vrepekPpaovy éva dapopetikd DI petddhaypo kabe popd: A: DIAICD, B: Dlil, C: Dli2, D: DIlil/2,
E: DIAC, F: DIK742R, G:DI-LDL+.

Moévo oty mepintwon O6mov ot gvdoyeveic deopevtég avrikabotdviar and v mpwteivi DIi2 n
mevpiky avactoln Aappdavel xopa kavovikd (C). Ta petoildypata DIAICD xou DIil/2 givan teheiong
avevepyd Ommg @aivetotl and v Hrapén opadog KVTTApV oV EKPPAlovy TV TPOTEIVY SENS (1Koveg
A ko1 D). Xy nepintwon tov DIil, DIAC ko DIK742R | av ko | TAEVPIKT 0vaoTOA eV Agitovpyei,
1o [TAO kotrapa yopitovial peta&d tovg omd aypiov THmOV KOTTAPE YEYOVHG Tov vrodetkviel Notch
onpatoddtnon (ewova B kot E). H wavotnta yia onpatoddmmon mbavodg opeihetar oty evepyotnta
™m¢ AMydong Mibl n omoia givar Tapovoa kot evepyr| KOTA TNV TAELPIKY AVOGTOAY.

Yy ewova G €yt yiver mapdAAnAn ypodon yio T pwteiveg Sens (kokkvo) kot W (kvavd, eikova
G”’). Hopatnpovue 611 eved o DI-LDL+ givar icavd vo onpatodotel katd 1o paylookotioko 0plo Tov
@tepov (Umopel va endyel v ékppact g Tpwteiviig WQ ota yertovikd koTTapa, dompo BEAOG), ival
avevepyd Kotd Ty TAELPIKN avactoly (ToAld ITAO mov exkppdalovv Ty TpmTeivn Sens).

Ot ypappég kAipakag eivar tov 50um. To eumnpochio tuque tov diockov Ppioketal oplotepd Katl To
KOWoKO TOve.
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Xuvoyilovroc:

e Toa cvvinpnuéva evookvttdpro potifa 1 ko 3 ta omoia oyetilovron pe
Myaon Neur, €yovv kvpiopyo poA0 kOTA TN SdKAci NG TAEVPIKNG
OVO.IGTOAN|G.

e To devtepo ocvvmpnuévo potifo, to omoio oyetiCeton pe ™ Arydon Mibl
moilel Pactkd poOAO KOTE TNV EMOY®YT] TOL POYLOLOKOIAOKOD Opiov TOL
@TEPOV.

e Kavéva ovvimpnuévo potifo e ovpuetéyel katd to  cis-inhibition,
vrodNA®vovVTaG OTL 1M Owdikacioc oavt eivor  aveEdptntn amd TV
ovBKovttivoAiwon.

o  Ymdapyovv evoeilelg yuoo mol0TIKN O1popd otV oVPIKOVITIVOM®ON Kol TNV
evdokvTTOon G mpwteivng DI katd v emaymyn Tov poylolovKOIALOKOD

0piov TOL PTEPOV KAt TNV TAEVPIKT] OVOGTOAN.

99



5. Attotedéepoto I

KUTTopLKY) KXTXVOUY) KXL EVEOKVTTWEY) TWV
UETOAAXY uxtwv DL

100



ANOTEAEZMATA

Kvtropwki katavopn Tov petorliaypdarov Delta

Ta emBnAtoxd KOTTOPA TOV OVATTLELONKOD O1GKOV TOL PTEPOV AMOTEAOVV £val
povootifo embnio pe kaBoplopUéVn TOMKOTNTO OOV TPMTEIVEG KOl GNUATOSOTIKA
uoplo evromilovion og Oaxkpitég meployéc. ‘Eva embniokd kotropo ywpileton oe
tpelg kopleg Coveg: Tnv kopvoeaia meproyn (apical), ™ Pacwr (basal) xor v
evolapeon (lateral). Ocov agopd v aypiov tomov Tpwteivn Delta, gite v evdoyevn
elte petd amd vepEkPpacn €xel piol TOAD GUYKEKPIUEVT] KOTOVOUN OTO £MONALOKA
KotTapa: To HEYAAVTEPO TOCOGTO TNG GLCCMPEVETAL GTNV KOPLEAIN ETLPAVELL TV
KUTTAp®V, evd emiong evtomiletal o€ kvoTidl Kab 6A0 10 VYOS TOV KLTTAPOL TOV
amoteAovV Kuping evdoodpato (Pavlopoulos et al., 2001, Wang and Struhl, 2004).
EmumAéov éva mocootd avtig evtomiletot otnVv Pacikn EMOAVELD TOV KVTTAPOL, OAAL
glvol GOOOG KPOTEPO GLYKPLTIKA LE AVLTO TNG KOPLPATLOC.

Yy mepintwon omov N npwteiviy Delta cvvekeppaotei pe ™ Arydon Neur
TopaTNPEiTAL pio ELPAVNG OTOUAKPVVOT] TOV OEGUEVTN OO TNV KOPLQOio HeRPpavn.
[TAéov tO0 peyaAbTEPO MOGOCTO NG Ppioketar oe peydra, £vOOKLTTAPLO KLGTIOW
oLuVEVTOTILOUEVO HE TN Aydon ¢ omoTéAecpo  ovEnuévng evookvttwons. H
ekkobapion g kopveaiog pepPpdavng omd v mpoteivip DI cvvodevetar ue
ekkobapion and tov vrmodoyéa Notch, o omoiog cuvvevtomileton Kot avTOG GTAL
EVOOKVTTOTIKA Kvotidle pall pe to decpevty kot ™ Ayaon (Lai et al.,, 2001,
Pavlopoulos et al., 2001).

Io va peketn el 1 KLTTOPIKY KOTOVOUT TV eEAMAEpuaTik®V Tpoteivov Delta,
onpovpynnkay TOTIKOL KADVOL LIEPEKPPOUONS TOV TPOTEVAOV OLTOV GTOV
avontoélokd Oioko Tov @TEPOV KAT® omd Tov £leyyo tov actbC-Gald, ko
aKOAOVONGOV  AVOGOICTOYNMIKES  YPDCES. XTIV  TEPLOYN TOL OIoKOL  OTOV
neleTnONKOV 01 cuykekpLéEVoL kKhmvot, (Wing pouch), vhpyel Ekppoon evooyevolg
npwoteivnig Mindbombl aAld oy Neuralized. Onwg eivon gpeovég oty ewdva 5.1,
OAL TOL LETOAAGYHLOTO ELYOV L0l £VTOVI] CLGGMPEVCT| GTNV KOPLEaio HeRPPAvn Tov
KLTTAPOV, OTIMS aKPBMOG KoL 1 aypiov Tomov mpmteivn (ekova 5.1A-D).
Emnpocbétmg, moapatnpeitar o evrtomiopdc Olwv tov mapailayov tov DI og
EVOOKLTTMTIKG KLOTIOWL. XTNV TEPLOYN OLTH ONMG TpoavapEépOnke exepdleTon
evdoyevmg povo n Aydon Mindbombl, cuvendg ta petaArdypata DIil ko DI1/2 dev
UTOpOovV Vo 0VPKovITiVOM®BOVY aPoD dev umopoHv va aAAnAemdpacovy poli e.
To yeyovog avtd Opmg dev emnpedlel T GLOTATIKY] EVOOKVTTMOGT TOVG YWPIg PEPoa
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Vo amokAglovTol HKpEG TOCOTIKEG Olapoportomaoels (swova 5.1A°-D° ko ewova
5.1A°°-D*).

Ocov apopd tov vrodoyéa Notch, ovtdc evromileton Kvpiog otV Kopveaio
HeUPpavn TV KLTTAP®V, 0AAL EVIOTILETOL KOl GE EVOOKLTTMTIKA KVOTIO KATO €K
TV omoiwv dtubétovv v mpwteivn DI (ewdva 5.1A°’-D” kar ewcoéva 5.1A°°°-D’”’).
Xapoxktplotikd oty kotovoun tov vmodoyéo Notch dtav ota idwo kdtTapa
vrepekppaletor éva ek tov petorlayudtov DI, elvar m ocvcomdpevon tov o€
CLGCOUATOUOTO TNV TAACUATIKY] pepuPpdvn. Emumdiéov gaivetar va dnpovpysiton
€vol KEVO YOP® OO Ta KOTTAPO DITEPEKPPACTS GOV Hia GEPE KLTTAP®V YOp® amd Tov
KAdvo va unv dwbéter Notch vmodoyéa otnv kuttapikny peuPpdvn, yeyovog mov
umopet vo e€nynBel av vrobécovpe 6T 0 vodoyéag Notch moAdvetar ota KuTTOPQ
OV EPAMTOVTOL TOV KADVOL Kol GUCOMPEVETOL 0TO onpeia emapng pe ta D1 Betikd
kottapa. To o axpiBdg pavopevo mapatnpeitor 6tav To KOTTOPO VIEPEKPPALOVY

v aypiov tomov DI.
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Ewéva 5.1: Kvtrapik katovopqy tov Delta perolloaypdtov os piroTikovg kA®@Vovg
VIEPEKPPAGNS AVTAV.

Ot mopandve gikoveg deliyvouy WMTOTIKOVG KAMVOLS 6€ avomTuElakols SioKovg tov @TEPOD amd
npovoueeg tpitov otadiov. ‘Eyet yiver ypdon yia tig DI mpoteiveg pe gp-aDl avticopo (kékkivo) kat
v Tov vrodoyéo Notch pe m-aNec avticopo (kvavd). H vrepékppaocn éyve kdtm and tov ELeyyo Tov
actsC-Gal4. Ot ypaupég kAipaxag eivar tov 15um kot Spum yia tig peyebivveoelc.

A-D: Extomikn ékppacn tov DI petalhoypdrov onmg onueidvetal oe ke ewdva. O ekOveg
QITOTEAOVV LELOVOUEVES TOUEG CUVEGTIAKOD LIKPOOKOTIOV GTNY Kopueaio LeUPfpdvn Tav entOniok®dv
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kuttapov. [Hapatnpeitor 1 £VTOVN GLGCOPEVGT OAMY TOV TPOTEIVAOV TOL EEETAGTNKOV GTNV TEPLOYN
oTY.

A’-D’: Ot ewdveg amotehodv UELOVOUEVEG TOUEG OLVEGTIOKOD UIKPOOoKOTiov mepimov 3um
yopunAdtepa t@v topdv A-D. Tapatnpeitol 0 VIOTIGUOS TOV TPOTEIVOV G€ EVOOKVTTOTIKA KVOTIOW
TOL OTO10L OE APKETEC TEPUMTOGELG TEPLEYOLV KoL TOV vITodoyEa Notch.

A’’-D’’: Ot ovykekpipéveg gikoveg eivat idteg pe avtég tov A-D oArd o avtég mapovoialetat povo n
KoTovour Tov gvdoyevoig vrodoyéa Notch. Tlapatnpeitor  éviovn cueodpevorn 1oV 6TV KopvPaio
EMPAVEIL TOV HTOTIKOD KAGDVOL, oty 010 TEPoyn OmOL GLGowPevOVTOL Kol ot Tpwteiveg DI.
Emumdéov mopotmpeiton 1 amopdkpuver tov and TV Kopueaio ETLPAVELN UIAG GEPAS KVTTAP®V TOV
GLVOPEHOLY LE TO HUTMTIKO KADVO.

A’7’-D”": Ot mepoyég mov gival E0OTEPIKAE TOV TETPAYDOVEOV OTIS gKoves A’-D’ épovv peyeBuvbei 3
eopéc. Ot ypopatiopoi Odelyvovior Kot HEHOVOUEVO: XZTIC €KOVEG Le TO KOKKWVO TAaiclo
nmapovctdlovrol ol mpwteiveg DI ko oe awtég pe to pmhe o vmodoyfag Notch. Xe kdbe mepintwon
umopei va mapotnpndei n mapovsio tov petorlaypdtov DI og evdokvttdapia kvotidia, og opiopéva ek
TV omoiwv cuvevtomieton kat o vrodoyéag Notch.
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2NV KLTTOPIKT KATOVOUT TOV TOPOVGIALoVY TO EAAEUUOTIKA HETAAAGYLOTOL
¢ mpwteivig DI dtav avtd vrepekppalovial Lova Toug 6€ HITOTIKOVS KADOVOUG OEV
TOPOVGLICTNKAY CNUOVTIKES dLopOpES LeTAED TOVG KOl GE GUYKPLOT UE TNV aypiov
TOTOL TPWOTEIVY.

To emdpevo Prpo NTOV va vIEPEKPPOCTOVV KaBe €va amd To. EAAEUUOTIKA
uetaldypoto g mpoteivng Delta pali pe ™ Aydon Neuralized. Onwg éxer 1om
avagepbel 6T0 GLYKEKPYWEVO TUNHO TOVL ovomTLELKOD JICKOV TOVL (TEPOL TOL
eetaleton, to wing pouch, ekepaletor evdoyevdg 1 Aydon ovfikovttivig
Mindbombl oALd 6yt o Neuralized, Tov omoiov m ék@poon meplopiletor oTOVG
TpdOpopovg auctnmpiov opyavov, 6cov agopd TG VOpeeg Tpitov otadiov. Ot
npwteiveg DIi2 kou DIil/2 dev aAAnAemidpodv cuvendc dev ovBIKOVITIVOALGVOVTOL
amd ™ Aydon Mibl. TTapola avtd n péon evOOKHTTOOTN OLTOV TOV TPOTEVAOV OV
elye dlopopéc, N NToV ELAPPOS pelwuévn, o€ oxéon pe avth twv DIil ka1 DIDC nov
aAANAETIOPOVV Ko ovPikovitivolmvovtotl oo ) Mibl. Avto ogeileton 610 YEYOVOCG
OTL oL €VOOYEVT ETimEd TNG Aydong 0V EmAPKOVV Y10 VO TOPOVCLAGTOVV UEYOAES
JPOPES BTNV EVOOKVTTMOT TMV OEGUELTDV.

AvtiBétog, Otav Onuovpyndnkay MTOTIKOL KADOVOL VIEPEKPPAONG TMOV
deopevtdv  pe ™ Arydon Neur, mopatnpiOnkov SpopoTIKES OlPOPES OTNV
EVOOKUTTMON TOV peTaAlaypdTov (gwkova 5.2). Onmg €xet mpoavapepbei, otav
ekppaotel N aypiov tomov mpwteivy DI pali pe ™ Mydon Neur, to peyodvtepo
TOGOGTO KOl T®V 000 GLVEVTOTILETOL GE EVOOKLTTAPLO KVOTIOW EVM 1] KOTOVOUY] TOV
OECUELTN OTNV KOPLPOIO TAACUATIKY HeUPpdvn elvar coeag petowuévny. To 1010
akppdc @awvopevo mapatnpndnke pe v mpoteivn DIi2, n omoia dwatnpel v
KovOTNTA OAANAETIOpAONG KOl OVPIKOVITIVOAI®MONG atd Tn GLYKEKPLUEVN Aydon).
2xeddv OAN M TOCOTNTA TOV UETAAAAYLOTOG XAONKE amd TV Kopuvpoio LepPpdvn kot
OLYKEVIPMONKE € EVOOKLTTMOTIKA KLOTIOW. X& avtd cvvetomlotav 1 Aydorn Neur
Kot 0 vrodoyéag Notch, tov omoiov 1 Kotavoun oty Kopveaio pepPpavn xabnke
(ewova 5.2B, B’, B, B’”’). Xmv mnepintwon ONOV VLAEPEKOPAGTNKOAV TO
uetoldypoto DIil kon DIil/2 pali pe ™ Aydon Neur, diotipnoov tov eviomioud
TOVG GTNV KopuPoio LeUPpavn Kot 1) KOTOVOUY TOLG GE EVOOKLTTAPLO KVGTIOW NTOV
TOAD HIKPT. Xe OoUTO TO KLOTIOW TIG TEPLGGOTEPEG QPOPES GLVEVTOMILOTOV O
vrodoyéag Notch oAdd 6yt m Aydon Neur. Emumdéov, o vmodoyog dotipnoe Kot
VTOG TOV EVIOMIGUO TOL OTNV Kopveaio pepPpdvn (ewova 5.2A, A’, A, A’ kou

5.2C, C’, C’, C). To yeyovég avtd NTOV OVOUEVOUEVO, OEOOUEVOL OTL TO
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UETOAAGYLOTO OLTA EXOVV YAOEL TNV IKOVOTNTO CAANAETIOPOONG LE TN GLYKELUET
Mydomn wor dgv umopodhv va evdokvttmBodv amd avty. Ta Alyo xvotidwn iowmg
AVTITPOCOTEVOVY EVOOKVTTOOT atd TV gvdoyevn Atydon Mibl oty mepintwon tov
Dlil | kamowov dAlo punyoviopd evéokvttmong. Otav VIEPEKPPACTNKE 1| TPOTEIVY
DIAC, n omoio. aAAnAemdpd arAd dev ovPikovitivodvetar omd ) Arydon Neur,
ST PNGE KAl 0T TOV EVIOTIGUO TNG OTNV KOPLPaio LEUPPAVN TOV KLTTAP®VY EVD O
OULVEVTOTIGUOG TNG GE KLOTIOW [E TOV VTOJ0YXEN Kot TN Aydon MTav TOAD HKPOG
(ewéva 5.2D, D’, D, D). Avutd 10 amoTtéAespo NTOV TOAD ONUOVTIKO KOOMDG
ovumepaivovpe 0Tt M ovfikovitivodimon Kol Oyl omAd M aAAnAemiopaocr eival
amapoitntn 7wpovmodeon 7y v evdokOTTwon Tov decpevty DI, o omoiog
EVOOKVTTOVETOL MG GVUTAOKO e TOV vrTodoyEa Notch.

INUOVTIKY dlpopd Tapovsioce emiong Kot 1 Kotavoun g Atyaong Neur.
Otav vrepexepdletor HOVI] TNG, OCLOCOPEVETOL GTIV KOPLEOIO ETLPAVELD TWV
EMONAMOKDOV KUTTAPWV EVED OTO EGMTEPIKO TOV KLTTAP®V TaPOLCIdlel pio O1dyvTn
katavoun (Pitsouli and Delidakis, 2005, Skwarek et al., 2007). To i6i10 @awvopevo
TOPOVGLAGTNKE OTAV VIEPEKPPACTTNKE UE TIG TpwTeiveg DI kau DIil/2 (sewdva 5.2A°,
C’). Avtbétmg, otav vepekppaotnke pe v mpoteivy DIi2, n katavour g dAlote
TELEIWG KOl GLOCMPEVTNKE G EVOOKLTIMTIKG KLOTIOW ToL omoia. eviomilovtol Kupimg
apécmg KAT® omd v kopveaio pepPpdvn (ewova 5.2B°). Xe avtd CLGCOUATOHOTO
ovvevromiletor pe to deopevtny Dli2 xor tov vmodoyéa Notch, omwg axpipag
ocvpPaivel kol 0tov vrepekPpaotel pe v aypiov tomov DI (Lai et al., 2001). Eivau
TOAD GNUOVTIKO va ovopepOel 6Tt TETO0V €100VC CLGCOUATMOOTO TOV TEPLELYOV TOV
deoUEVTN, TOV LTOdOYED KO TN Alydomn, OpECMG HETE TNV KOPLEOio EMQAVELD,
enpaviomkav kot oty mepintwon v DIAC (ewodva 5.2D, D). Malil pe ovtd
ToPATNPNONKAY KOl GLUGCOUUTOUOTO TAVEO CTV KOPLEOIN LEUPBPAVN TOV KVTTAP®OV
(ewova 5.2D, dompa PBEAN), to omoio oev Exovv mapatnpnbel Eavd oe mepinTmon
dArov DI petodrdypatog 1 aypiov toHmov mp@TEivg. Tvumepaivovpue Aomov OTL 1
ovPovttivodimon oamd ™ Arydon Neur evepyomoiei v evdokvttwon tov DI/N
cLUTAOKOV, OT®G cLuPaivel oty mepintwon g aypiov Tomov DI ko tov DIi2, adlia
1 GLOCMPELGT| TOV OEGUELTH] KO TOV VTOJOYEN GE GUOCCMUATMMOTO, UTOPEL Vo yivel
Kot opig ovPuovitivodimon oAAd amAd pe oAAnAemidopacmn TG Arydong pHe TO
deopevty), omwg oty mepintwon tov DIAC. Ocov agopd to Dlil o DIil/2 dev

AapPavel yopo 00TE GLGGMPEVOT OVTE EVOOKVTIMOT).
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Ewova 5.2: Kvutrapikn xortovopt) tov Delta perolloyportov og protikovg kKAOVoOvg
VREPEKPPAGG BVTAV Kan TG Mydong Neuralized.

Ot mopandve gikoveg delyvouy MTOTIKOVG KAMVOLS 6€ avomTuElakoDs Siokovg tov @TeEPOD amod
npovOuEeg Tpitov otadiov. ‘Eyet yivel ypdon yia tig DI mpoteiveg pe gp-aDl avticopo (kékkivo) kot
v tov vrodoyéa Notch pe m-aNec avticopo (kvavo). Me mpdowvo mapovotdletor  Aydon Neur
(EGFP-Neur). H vrepékepoon éywve kétm oamd tov Edeyyo tov act5C-Gald. Ot ypoppés khipakag givol
Tov 15um kot Spm yu tig peyedovoels.

A-D: Extomikn éxepoor tov DI petalhoaypdtov kol g Aydong Neur émog onpeidvetol og kéde
gwova. Ot ekdveg omoTeELOVV UHEUOVOUEVEG TOUEG GUVECTIONKOD WIKPOGKOTIOL OTNV KOpueoio
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pueufpavn 1wv emOniokdv kuttdpov. Iopatnpeitan n éviovn cvocmpevon twv tpoteivav DIil kot
Dli1/2 omv mepoyf avtn. Avtibétog n cvoodpevon tov DIi2 mov vanpye oty kopveaio pepppavn
OTOV QTO VIEPEKPPAGTNKE HOVO TOL, Exel xobel Tedeing. v mepintwon tov DIAC nopatnpodue o1t
1 GLOCMOPELGT TNG TPMTEIVIG GTNV KOPLEAID, ETLPAVELN TAPAUEVEL LE TNV VIEPEKPPOCT] TNG ALydoTg
Neur, vrdpyet Opmg M SNOLPYID CLCCOUATOUATOV GTNV TEPLOYN OLTH TO OO0 TEPLEXOVV TO
deopentn, Tov vtodoy€a Kot T Aydon (dompa BEAN).

A’-D’: Ot ewdveg oamotehobV UEUOVOUEVEG TOUEG OLVEGTIOKOD UIKPOOKOTIOL mepimov 3um
yopniotepa twv toudv A-D. Etig neputtdoeig tov DIil, DIil/2 xou DIAC, mopotnpeitoan modd pkpog
apBpdg KLGTIOIMY TOV PEPOVV TOV JEGHEVTN KOL TOV VITOSOYEN EVD O EVIOTIGHOG TOV EVOOCOUATOV
avtdv pe ™ Arydon Neur givor modd omaviog. Avtifétmg, oty mepintmon tov Dli2, ta kvotidio mov
PEPOLVV TO SEGLELTN KOt TOV VILOdOYEM givat AP TOAAG KoLl 1] TAELOVOTNTA TMV OTOIMV TEPIEYEL KOL TN
Aydon Neur.

A’’-D’’: Ot ovykekpiéveg eikoveg etvar idteg pe avtég tov A-D oArd oe avtég mapovoidletat povo n
KoTovopur tov gvdoyevong vrodoyéa Notch. Etig teputtdoeig twv Dlil, DIil/2 kor DIDC mopatnpeiton
N €VIOVI] GUGGMPELOT] TOL GTNV KOPLPOLD ETLPAVELDL TOV HTMOTIKOD KADVOV, TNV 1010 TEPLOYT| OOV
ovoompevovTal kat ot Tpwteiveg DI EmmAéov mopatnpeitar 1 omopdkpuven o and v Kopueaio,
EMPAVELN LI0G OEPAG KVTTAPOV TOV GLGCMPEVOVY E TO HTOTIKO KADOVO. AVIIBET®G, 6TO WTOTIKO
KAOVO Omov vrepekppdaletar n wpoteivy DIi2 kon n Arydon Neur, o evdoyevic vrodoyéag Notch
YOvetat TEAEIDG amd TV Kopveaio pepPpavn.

A’7’-D”7: Ot teploy€g mov €ival E0OTEPIKA TOV TETPAYOVAOV 0TIG gkOveg A’-D’ éyovv peyebuvbei 3
©opég. O1ypOUOTICHOL SElXVOVTOL KOl LELOVOUEVA: LTIG EIKOVES LLE TO KOKKIVO Oplo Ttopovctdlovrtat ot
npwteiveg DI, oe avtég pe to umhe o vrodoyéag Notch kot og avtéc pue mpacwvo 1 Aydon Neur. Xty
nepintwon tov DIil, DIil/2 ko DIAC propei vo mapatnpnBei n pukpn mapovsio tov petodhoypdtomy
DI og gvdokvuttdpio kKuoTidia, 68 0plopéva €K TV 0Toimv cuvevtomiletal kot o vrodoysag Notch, aAid
oAb onavia kot 1 Arydon Neur. v nepintmon tov DIi2 avtifétmg nopampeitor n évrovn topovcio
dec eV, VITOdOYEN Kot AtyAoTG G€ EVOOKVTTOTIKA KVGTIOLO.
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Me TIC VIEPEKPPACEIS TOV EAAEIUUATIKOV UETOAALAYUATOV GE UITOTIKOVG
KA®VOLG 6TOV avOrTTLEINKS SioKO TOV PTEPOD KO TIG AVOGOIGTOYXNKES YPDCELS TOV
akolovOnoav Jamotdbnke po €viovr Kotavopn OA®MV TOV TPOTEVOV TOL
eetdotnov otV Kopveaio pepppdvn tov emniokdv kuttdpov (swova  5.1).
EmmAéov &povpe oM avaeépet 6tL 1 ovpikovttivorioon tov deouevtiy DI cuvdéetan
GUECH LLE TNV IKOVOTNTO TOV Y10 GNLOTOOOTN o).

Eivor dowmdv oavoykaio vo omokieiocovpe v mBovotnta M EAAEWyM
OVPIKOVITIVOM®OONG TOV EALEIMTIKOV UETOAAAYUATOV Vo TpokoAel kol oadvvapio
QLTOV VO EVIOTIGTOVV GTNV £EMTEPIKN TAELPA TNG Kopvaiog HeUPpavng, kot avtd
VoL £YEL O AMOTEAEGLOL TV AOVVALIO OTILATOIOTN OGNS TOVG.

INo vo emPeparmbei 611 o DI mpwrteiveg pmopodv va evtomotovv oTnv
KUTTOPOTAACUATIKY] LEUPPEVN, KoL OTL OV €XEL EMNPEACTEL 1] EEOKVTTOOT QLTAV, TO.
uetoldypoto DIil, DIi2 xor DIil/2 vrepekppdotnkay € po opddo Kuttdpwv
KAOETO GTO POUYLOOKOIALIKO OP1O TOV avATTLELKOD dIGKOL TOV PTEPOV KAT® OO TOV
éleyyo tov ptc-Gal4. Ot avocoicToYNUIKEG XPDGELG TOL AKOAOVONGAV £yvav amovcia
amoppLTAVTIKOD (gKOvVa 5.3). L& auTn TNV TEPIMTMOOT, ENEWN OEV EMTPEMETAL M
ELOYDOPNOTN TOV OVTICOUATOV HEGOH GTO KOLTTOPO, OTOLOONTOTE CNUO TOPUTNPEITOL
TPOEPYETOL A0 TNV EEMTEPIKY| EMPAVELD TOV UEUPPOVAOV. & OAEG TIC TEPUTTOOELG
TopATNPEITAL £VTOVO CTIO GTNV KOPLQAIO ETIPAVELD TOV ETONALIKOV KLTTAPOV Ko
o adLVOHO ot Pactkn, anokieiovtag TV mBavoTnTa 01 EAAEIYELS TOV TPOTEIVOV
va €yovv emnpedoel Ty eEmkvTTOon Tovg. Akduo ko to petdAloyua DIil/2, to
omoio elvan Teheimg avevepyd umopel va eEwkvttwbdel amokieiovtog v mbavotnta 1
EMLeY™ evepyOTNTOG TOL VO EIvol OmOTEAEGHO TG AOLVOUING COCTNG TOTOBETNONG

TNV KLTTAPIKT LEUPPav.
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Ewéva 5.3: Ta shheppotikd peradldyparto Delta propovv va extedodv v Kopvaia smipdavera
TOV EMONAIKAV KVTTAPOV.

Y116 mapamdve ewdveg mapovotafoviol avantuélokol diokol Tov @TEPOL Omd TPOVOUPES TPiTOv
otadiov, otovg omoiovg to DI eAdelppativd petodldypota vepek@pafoviol Kat® amd Tov EAEYYO0 TOV
ptc-Gal4. Exet yivel ypdon yia tig DI nporeiveg pe gp-aDIl avticopa (tpdowo) kot yioo Notch pe m-
aNec avticopo (kokkivo). Kot 1o oo oviicdpoto decpgbvovv pio e&okuttdpla mepOyy ToOV
TpOTEIVOV. O1 0VOGOIGTOYNUIKEG YPDGELG EYIVAY OITOVGI0, OTOPPLTAVTIKOD OAAG LE TPAVUATIGUO TG
TEPTODING PHEPPPavNG dGTE N KOpLeaio HeUPpavn TV ETONMOKOV KOTTAP®V Vo Yivel TpocPaoiun
oto avticopota. Oleg ot £1KOVeES Tapovatalovy v Kopveaio peppavn tav kuttdpov. [apotnpodie
TOV EVIOMIOUO OAMV TOV EAAEMTIKOV HETOANOYUATOV OTNV €E@TEPIKN EMPAVELD TNG KOPLOOING
pepuppdvne. Ot ypappég KAMpokog eivat twv 15um.
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Yvvevromopos TG mpoteiviig Delta kot tov perollaypdtov e pe

EVOOCOUIKOVGS OEIKTES

Amo to mEPAUATO TOV  TOPOVGLAGTNKOV GTINV  TPONYOOUEV €VOTNTA
damotmdveTon 0Tl T0o0 1 aypiov Tomov mpwteivy Delta 660 kot ta petaAldypota
avtng evtomilovial o€ €VOOCHOUOTO OTNV EVOLAUESN TEPOYN TOV EMONAOKOV
KUTTOP®V TOV avarTuElakoL dickov etepov. Emdpevog otdyog nrov va damotmdel
oV VIAPYOLV TOLOTIKES SLOPOPES GTNV VITOKLTTOPIKY] KOTOVOUN TWV GUYKEKPIUEVOV
TPOTEIVOV. 't avTd T0 AOYO YPNCIUOTOMONKAY TPELS AVTITPOCOTEVTIKOL OEIKTES TTOV
edpdlovion oe d1PopeTIKE evoocmpkd dtopepiopata: EmAiéyOnke n npoteivn Sara
®¢ deikTNg TOV TPpOWOV eviocoudtov kot To Rabl1l wg deiktng tov evéocmpdtmv
avakvkioong. Télog ypnowomombnke n mpwteivn Hrs g deiktmg twv MVBsS
(multivesicular bodies). T'a va peletnBel n KLTTOPIKT KATOVOUT TOV HETOAAAYUATOV
Delta cuykpirikd pe tovg deikTeg akoAovONGE VIEPEKPPACT] AVTMOV GTOV AVUTTLELOKO
dioko 1OV @TEPOV KAT® amd Tov €heyyo tov ptc-Gald, xor  axolovOnoav
OVOGOTOTOYNLUKEG YPMOCELS (Yo TNV avdAvon Tov eikévev Bi. Yiud kot Mébodor).

H aypiov tomov npwteivny Delta deiyvel Eva modd kadd cvvevtomoud pe 1660
ue 1o dgiktn Sara (46%) 6c0 kot pe o Hrs (37%). O cvvetomopds pe to Rabl1 frav
apketd Ayotepog (15%). To ddpopo HETOAAGYHOTO TOPOLGIOGOV TOPOLOLO
GLUVEVTOTIGUO HE TNV oyplov TOMOV TPMTEIVI] OGO APOPE TOLG GLYKEKPIUEVOLG
deikteg. O poveg dapopég Tov evromioTnKay YoV otny mepintwon tov DI-LDL+, 1o
omoio cvvevromotav moAd Atydtepo pe to deiktn Sara (22%) kol onv mepinTmon
tov DIi1/2 kot DIAC ta omoia €dei&av peiopévo cvvevtomiopd pe to Hrs (mivokog
5.1, ewdva 5.4). And v Tpd Sopopd cupmepaivovpe T 1 EVOOKLTTAPLO TEPLOYN
tov Delta gvbidvetar oTov EvomoUd TG TPMTEIVNC OTO TPDIUN EVOOCOUATA GALA
Kapio omd TG cvuvinpnuéveg mePloyEs pepovouéva dgv givor vmedbOovn vy Vv
Katavoun ovth. Agv vmdpyel €€nynon yw tn dgvtepn Swpopd pe To TOpdVTA
dedopéva kabmg otic mpoteiveg DIil/2 xar DIAC Aginovv coumAnpopatikd potifa
TNV €VOOKLTTAPLO TEPLOYY).

211 ovvéxelo eEETACTNKE O GLVEVTOMICUOG TV Tpwteivaov Delta pe tovg
EVOOCMUIKOVG OelkTeG pe TNV TapAAANAN vrepékepaoct ¢ Ayaong Neur, n omoia
dev ekepaletor evooyevadg oty cvykekpluévn meployn. apoammpndnke dSpopatikn
avEnon TV EVE0CMUKOY KVoTidinv otny nepintwon tov DIwt kot tov DIi2 6mwg kot

oe mponyovuevo mepdpato. Ilapdia ovTd 1 OYETIKN KATOVOU OA®V TV
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HeTOAMaYLATOV o8 KuoTidta BeTikd yio Toug deikteg Sara kot Rab11 dev mopovcioce
aSloonpeiot owpopa (mivaxoag 5.1, ewdva 5.5). Evtomiomke pio onpovtikn
peimon ovvevtomiopoy pe 1o dogiktn Hrs, yeyovdg Oumg yevikd mov dgv pmopel va
OLOYETIOTEL pe KAMO0 GLYKEKPWEVO HOTIPO TNG €VOOKLTTAPOG TEPOYNG TNG
npoteivng Delta. H dtapopd avt iomg eivar yevikn enintwon o1o, eVO0oOUOTO AOY®
™mGg vrepékepacng g Ayaong Neur kdtt oumg mov dev eEETAOTNKE TEPAITEPW.
Yvumepoaivoope Aowmdv 0Tt To. evookvTTOTIKG potifo icdl, 2 kot 3 dev emnnpedlovv
ONUOVTIKG TNV 000 evdokvTT®ONG NG Tpwteivng Delta mapdiec Tic onuovtikég

EMATAOGELS TOL £YOVV GTNV OVPIKOVITIVOM®OGN TNG.
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F!.!.- -N.. LR g hp:lyd i
iy

Sara o wDILBL | Rab11 DILDL

Ewova 5.4: Lovevromopog tov Delta peralhaypdrov pe tovg evéoompikoig deikteg Sara, Rabll
Ko Hrs.

Ot mopomdve ekdveg deiyvouv avamtuélakolg diGKOVE TOV QTEPOL Amd TPOVOUPEG TPITOL GTOSIOV
omov £xovv vrepekPpactel o1 Tpoteiveg Delta kdtw and tov éheyyo tov ptc-Gald. "Eyxer yiver ypodon
v 115 DI mporteiveg (Gompo) kot yio Toug evéocmpkong deikteg (kokkwvo). H kopveaia empdveia tmv
Kuttépwv Ppickerar tave. Ta tpdowva BéAn deixvouv kuotidia 6mov cuvevtomifoval ot mpwteiveg DI
He Tovg deikTeg.
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Ewova 5.5: Lovevromiopog tov Delta peralhaypdrov pe tovg evéoocmpikoig deikteg Sara, Rabll
ko Hrs pe tavtéypovn vrepékppacn g Mydeng Neur.

Ot mopomdve €kdveg deiyvouv avamtu&iakolg dioKOVE TOV QTEPOL Amd TPOVOUPEG TPITOL GTOSIOV
oMoV éyovv vVIEPEKPPOoTEL 01 TpwTeiveg Delta ko n Arydon Neur kdto oamd tov éleyyo tov ptc-Gald.
‘Exet yiver ypoomn v tig DI mpoteiveg (Gompo) kot yia Toug evE0omuKone deikTeg (KOKKIVO), EVO Yo
TG €kdVEC OV aPopovy Tovg deikteg Sara kor Rabll eivar dwakpir kor n Arydon (EGFP-Neur,
mpdowvo). H xopueaia empdvelo tov kuttdpov Bpicketon tave. Ta npdowa BEAN deiyvouv Kuotidia
omov cuvevrtomilovtal o mpwteiveg DI pe tovg deiktec.
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Alone Sara® n p Hrs® n p Rab11°® n p

wt 46 166 - 37 109 - 15 141 -
Dlil 60 106 0.02 37 73 1.00 14 200 0.75
Dli2 54 112 0.22 33 122 0.58 13 238 0.54
DIlil/2 47 100 0.90 18 201 | <0.01 14 125 1.00
DIAC 42 114 0.62 18 104 | <0.01 16 129 1.00
DI-LDL 19 503 | <0.01 34 131 0.68 14 151 0.87
+Neur | Sara” n p Hrs" n p [Rabll’| p

wt 45 317 0.92 5 222 | <0.01 10 192 0.24
Dlil 49 214 0.48 6 143 0.63 11 150 1.00
Dli2 46 226 0.86 6 343 0.57 11 240 1.00
DIlil/2 34 170 0.02 4 93 1.00 11 124 1.00
DIAC 46 156 0.85 5 134 0.80 10 129 1.00

Mivaxog 5.1: Xovevromopog tov apoteivedy Delta pe tovg dsikteg Sara, Rab11 ko Hrs.

YTovV mopOmive TivoKo mTapovcldloviol To OTOTEAECUOTO TOV OVOADCE®Y 7OV  OQOPOVV TO
GUVEVTOTIONO TV dpdpwv DI npwteivdv pe toug emheypévoug evdoocmukos deikteg Sara, Rabll
kot Hrs. O néveo mivokag apopd mepduote vepékepoong novo tov npoteivov DI, evd o kdto
mepdpota pe TapdAAnAn vepékepacn g Arydong Neur.

a 116 ouyKeKpEVEG OTHAES avaypdpeTal T0 10600616 TV DI kuotidimv ta omoia oy Heticd kot yio
Tov gkdotote deiktn. v mepintoon tov Rabll dev vafp&av onuavTikés S1popomom|oels Hetaéh
tov DI peroddoypdtov. v mepintoon tov Sara, to DI-LDL+ eixe pewwpévo cvvevtomopd
GUYKPLVOUEVO e TNV aypiov TOTOV TPMOTEIVT, evd KATL avtiotoyo cvpPaiver pe ta DIil/2 xou DIAC
oV nepintoon tov Hrs.

Y115 ovyKekpEVEG 6TNAES avaypdeetatl To T0600td Twv DI kvotidimv mov Arav fetikd kot yio tov
gkGotote deikTn alhd og aut Tty mepintoon poli pe tig npoteiveg DI viepekppaldtav kot n Arydon
Neur. Iapatnpeital o GLVOAIKN TTOGCT] GTO TOGOGTH GVVEVTOTIGHOV e To dgiktn Hrs, 1 omoia 6pmg
aQPopovGE OAA TO LETAAAGY AT, Kot OE pmopel vo, cuvoebel e Kamoto omd ta evooKLTTAPLY LOTifa TG
DI. Ztovg vorourovg deikteg dev Topovcidotnray a&locnIEIDTES S10POpPES.

Nn: Tuvoikog apifpdg kvuotdiov DI mov katapetpnOnkoy.

p: Ot Tipég p vroroyicOnkav ypnowonowbvtag T dokur Fisher cuykpivovtog kabe petdAlayuo pe
mv aypiov tomov mpwteivn. Tég pikpdtepeg tov 0,01 Bewpodvior onpavtikn dtapopd peTaEd Tov
UETAAAGYLOTOG KO TG oypiov Tomov Kot mapovsidovtal pe Bold ypappotoosipd. v mepintoon
vepékepacns kot g Arydong Neur, m aypiov tomov ovykpibnke pe v aypiov TOmOL OTOV
vepek@paleTol OV NG, Kot To HETOAAGypato ovykpidnkav pe v aypiov tdmov OTav
vepeKPPALETOL [LE TN ALydon).

[pénel va onueimBei 6t1 o KAOe TOUN GLVEVGTIOKOD LUKPOGKOTIOV, avaADONKE 1 evildpEsT TePLoYn
amokAElOVTOC TV Kopveaio Kot Tn PoCIKN ETPAVELD GTIG OTMOIEG VINPYE VIEPPOAIKT GLGCMPEVOT|
ONIOTOG SLGKOAEVOVTOG TNV KoTopétpnon (ewdveg 5.4, 5.5).
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Kvtropwiki kotavopt] tov petorllayparov Delta oty Bocwny pepfpdavn tov

EMONMOKOV KVTTAPO®V

Onwg éyer 10N mpoavapepBel o avantuéiakog dioKog Tov ETEPOD amoTeLeiTOL
amd pia otifdoo KOAMVOEW®V Kot Pt GAAN TEMAATVOUEVODV EMONAOKOV KUTTAP®V.
H onpoatoddmon peta&d towv KOAWVOEIO®V KLTTAP®V OTMG emiong kol HeTald ToV
KOAMVOEWMV KO TETAOTVOUEVAOV KVTTAP®V €IVl amapaitnTn Yo T 6mMOTH avaTTuén
T0L dickov tov ptepov (Ramirez-Weber and Kornberg, 2000, Gibson and Schubiger,
2001). Ztv emkowvmvio avt| HETAED TV KLTTApWV £xovv Bpebel va cvppetéyovv
SLAUPOPEG TPOEKTAGELS TNG KLTTAPIKNG LEUPPEVIG.

Yto emBnAokd KOTTOpo ToV avartuSlakoh 6iokov Tov eTepol £xovv Ppebel
JPOPES TPOEKTAGEIS TNG KLTTOPIKNG MepPpdvng. H kopveaio pepppdvn tov
emBOniiov eivan daxoounuévn pe pikpordyveg (Poodry and Schneidenman, 1970,
ursprung, 1972), evd n Paocikny mepiéyxel mpoekPoiég mov ovopdlovior Aomddin
(Eaton et al., 1995). Tpia emmAéov &idn peuPpavikdv mpoekPordv £xovv
nopatnpnoel OAo €K TOV OMOI®V EUTAEKOVTIOL GTNV OVIOAAOYT ONUATOOOTIKMV
popimv onuaviikd yo. TV ovantuén tov diokov. Kuttapa otnv mepioépela. Tov
emOniiov mapovcstalovv pokplég mpoekPoiég mov potdlovy pe PIAOTOSI0 Kol TOV
oLVOEOLV TOL KOTTAPO OVTA e KOTTapo Tov PBpickovtar 6to KEVIpo. Ot mpoekPoiég
avtég ovopalovtor cytonemes (Ramirez-Weber and Kornberg, 1999). Ta emibnioka
KOTTOPO £YOVV EMTALOV UEUPPOVIKEG TPOEKTAGEIS UNKOVG UEPIKAOV KLTTAP®V TOV
gumAékovtal otn ddikacio ¢ TAevpikng avaotoAng (De Joussineau et al., 2003,
Cohen et al., 2010). EmnpocOétmg, opuddo TETAATUGUEVOV KUTTAP®V OMULOVPYOVV
peuPpoavikég mpoeKPOAEG OV TEPLEYOVV LUKPOSMANVIKGOVS KOl TOL EKTEIVOVTOL MG
o kohmvoedn kvttapo (Cho et al., 2000, Gibson and Schubiger, 2000). Eivou
oNUOVTIKO Vo avagepBel 0Tl oplopéva €idn pepPpavikdv mpoekBoAdv meplelyay
akTiviy Ome¢ emiong kot Tov vmodoyéo Thickveins kot v mpoteiviy ToV
evboooudtov Rab5, eumlékovtog TIG TPOEKTAGES OVTEG OTNV  KLTTAPIKN
onuotoddton (Demontis and Dahmann, 2007).

Ynepekopalovtog ta Delta edleippotikd poplo kdtow amnd tov EAEYY0 TOV
ptcGal4, extd¢ omd TV KLTTOPIKN KOTOVOU TOLG 7OV TEPLYPAPNKE TOPUTAV®,
EVTOMIOTNKE 1] CLGCMPELON OVTOV Kol 6€ PeUPpavikés mpoekPorég otnv Poctkn
pepPBpavn tov Kuttapwv (swova 5.6, dompa BEAN). Me v vepék@pacm tng aypiov
tonov Delta npwteivig o1 mpoekPorés avtég eival mo omdvieg kol cuvnibmg
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HUiKpOTEPOL PNKoLVG (0g delyvetar). EmmAéov, 1 eAAEWHOTIK HOPPN TNG TPOTEIVIG
Delta, DIAICD, n omoio amotedeitar povo amd v eE®KLTTAPLO Kot SLOUEUPPOVIKN
nepoyn G evtomldtav oe moapdpoleg dopés. Agv eglvar akdpo yvootd ov ot
TPOEKPOAES OVTEC TPOVTAPYOLV N EMAYOVTOL UE TNV LREPEKPPUCT] TV TPOTEIVOV
avtov. o vo evtomotobv ot pepPpavikés autéc mpoekPoAEg Ol AVOGOIGTOYNKES
YPADOCEIS TOV aKoAOVONCAY EYvay  AmOLGIN OTOPPLTAVTIKOD, KaOhG £xel amooetyel
OTL TO OTOPPLTOVTIKO, OTMOC KOL 1) LOVILOTOINGT TOV 10TOV, UTOPEL VO KOTAGTPEWYEL
uépoc tov pepPpavikedv mpoektdcemv (Ramirez-Weber and Kornberg, 1999).
[Mapoéra avtd To axkdiovBo mepduato SEENYONCOV KATOTLY HOVILOTOINGNG TOV
16TOV.

X1 ovvéyela akolovdnoe tavtdypovn Ypdon Tov petaAlaypdtov DIi2 kot
Dli1/2, tov onoiwv 1 ékepaocn &ixe emaybel otov dicko tov @Tepov pe pte-Gald, kot
oV £vdoyevoLg vtodoysa Notch. TapatnpnOnke cvocOPELON BOUDY TOV TEPIEYOLY
tov vmodoyéa Notch mive otig pepPpovikéc mpoektdoelg mov Ppiockoviar To
eMepatikd  petoAddypota tov deopevt (swova 5.7A, C). EmmAiéov Otav
VIEPEKPPAGTNKOV TOL GUYKEKPIUEVA PHETOAAAYOTO KATO 0o Tov Eleyyo Tov ptcGald
Kot Toutdypova £Yve KoTootodn £kepoorng tov Notch vmodoyéo omd avtd ta
kottapa (UNOtchRNAI), ot douéc cuvéyilov vo aviyvedoviar dnidvovtag OtL To
Delta petoAhdypato 7mov  ocveocmpedoviol  oTlG  HEUPpavikég  mpoekPolég
aAANAemdpovV pe Tov vrodoyéa Notch tov yertovikdv kuttdpov (ewova 5.7B, D).
Amodekvietor Aowmmdv 0Tt T EAAEPOTIKG peTtoldyuato thg mpoteivig Delta
evromilovtal o PEUPPOVIKEG TPOEKTAGELS TS PacIKNG HepPpavne Tov emOnAakdv
KUTTAP®V KOt OTL YL QVTH TNV TOTOOETNON O€ CLUUETEYEL KATOLOV £100VG EVOOKVTTMOON
apov kot n tpwteivi DIAICD, mov dev €xel kabBdlov evdokvTTapla TEPLOYN, UTOPEL
va gvtomiotetl exel. H mapovoio ¢ aypiov tumov mpmTeiviig 68 avTEG TIC OOUES
aviyveveTal TOAD SvokoAdTEpO OMmG apKeTd dVoKoAo aviyvevetor kat to DIil.
YVVETMG Ol EVEPYEG GE AT TNV TEPLOYN TPWTEIVES OviyveEDOVTOL TOAD SVGKOADTEPQ
amo T onpatodotikd avevepyég DIi2, DIil/2 kou DIAICD. Ta petaAldypota DIi2 ko
Dli1/2 mov aviyveboviol oe aVTEG TIG TPOEKTAGEIS AAANAETIOPOVV LLE TOV VITOSOYEN
Notch yertovikdv kvttdpwv. H onupocioc ovtig ¢ aAinienidpaong yio 1T
onpatoddHTNnon dev eival YvmoTr 0AALG GLAAEYOVTOG TO TOPATAVED dEGOUEVO LTOPOVLLE
va vrmofécovpe 01t cupPaivel kamowov €idovg Notch onuatoddotmon ot Pooiky
TAEVPA TOV EMONAMOKOV KVTTAPOV HUECH UOMOTO UEUPPOVIKOV TPOEKPOADY. Xe

KOTTOPO OOV aVTNH 1 onNuatoddTNon eivar advvarn, 1 TOAVY] EVOOKVTTOON TOV
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VTOO0YEN KOL TOV OEGUEVTH «ITOYDOVEL, KOUOIGTOVTOG EVKOAITEPT TNV AVIYVELCT TOV

00 TPOTEIVAOV TAV®D 0TIG LEUPPOVIKES TPOEKPOAES.

UAS-DIAICD

UAS-DIi2 UAS-DIi1,2

Ewéva 5.6: Ta ehheppotikd perorrdaypate Delta kotavépovror oe mposkforic tng Pacukiig
pepppavng.

Y11g mapamdve ewoveg mapovotafoviol avantoélokol diokol Tov QTEPOL Omd TPOVOUPES TPiTOv
otadiov, otovg omoiovg to DI eddelppativd petodldyporo vepek@pafoviol Kat® amd Tov EAEYY0 Tov
ptc-Gal4. "'Eyer yiver ypdon vy tig DI mpwreiveg pe gp-aDl avticopa (npdowvo) amovoio
amoppurovtikov. OAeg ot ewkdveg mapovstalovv ) Packn pepPfpdvn tov kuttdpov. Mapatnpolpe
TOV EVTOMIGUO OAMV TOV HETAALOYHAT®OV TOL Ypnotpomomdnkay oe HepPpovikés TPOEKTAGES TG
Baowng empavelag (A-D, dompa BEAN).
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UAS-DIi2 UAS-DIi2; UAS-Notchi

UAS-DIi1/2 UAS-DIi1/2; UAS-Notchi

Ewova 5.7: To ehhepportikd perorhdypato DIi2 kor DI1/2 mwov ketavépovror 6 tposkBolrig g
Bacucig pepPpavng cvvevromiCovran pe Tov vrodoyso Notch yeitovik@v KutTapY.

¥11g mapandve ewoveg mapovotaloviol avartuélokol diokol Tov QTEPOL Omd TPOVOUPES TPITOV
otadiov, otovg onoiovg ta DI eddeyupotikd petalhdypoto vrepek@palovial Ktm and Tov ELeyyo Tov
ptc-Gald. ‘Exet yiver ypodon yia tig DI npwteiveg pe gp-aDl avticopo (kOkKvo) Kot yio Tov vrodoyéo.
Notch pe m-aNec avticopa (umke), amovcio amoppumoaviikov. Oleg ol gkOVES TAPOVCIALOVY TN
Baown empdvelo TOV KOTTAP®V.

A kot C: TMapotnpodue tov gviomiopd tov vrodoyso Notch otic pepppavikés mpoektdoelg tmv
KuTTépwv otig onoieg katovépovtar ta DIi2 kot DIil/2 (Gdonpa BEAn).

B ko D: Axkdpo Kor peTd v KotooTtoAn ™G £Kepacng tov vrodoyéa Notch and ta kdtTopo Tov
vrepek@palovy ta petodraypota DIi2 ko DI1/2, cuveyiletor 0 GUVEVIOMIGHOG TOV VTOSOYEN LE TOVG
deopentés ot HEUPPOVIKEG TPOEKPOAEG VTOONADVOVTOG 7TMG TO UETOAAGYLOTO TOV KUTTOP®V
aAAndemdpodv pe tov vmodoyéa Notch yertovikdv xvttdpmv pécw TPOEKTAcE®Y ™G POCIKNAG

nepPpdvng (dompa BEAN).
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To ehleppotikd perorldypata Dlil kor DIi2 evromilovrol 6tovg cuvdéopovg
APOCKOAIN GG KUl Ol GTOVG OLUPPUYLATIKOVS GUVIEGUOVS OTTMG KoL 1 aypiov

TUTTOV TPOTEIVY

Ta emOnAokd KOTTOpa TOV OVOTTLEIOKOD d1GKOL TOL PTEPOV Eival TOA®UEVA
060V a@opd Tov Kopveaio-factkd dEova Tovc. Xe avTE To TOAWUEVO KOTTAPO 1|
KUTTOPIKT HEUPpdvn vITodloupeital o€ KOPLPOIEG Kol KEVIPIKO-TAEVPIKES TEPLOYES OL
omoieg ywpilovror peTaEL TOLG Omd  €EEWOIKEVUEVEG OOUEC TOVG GLVOEGHOVG
TPOCKOAANONG KOl TOLG drappayuatikovg cvvdiopovg (Muller, 2000, Tepass et al.,
2001, Roh and Margolis, 2003). H dnuovpyio kat 1 6TabepdtnTo QTOV TOV SOUMY
etvar mpobmdBeomn yia T SaTHPNON TNG TOMKOTNTOS TOV KLTTAP®V, N OTolol [E TN
oelpd TG eivot TOAD ONUAVTIKA Yo TN PLGLOAOYia, TV KIVNTIKOTNTA, TN dloipecn Kot
™ onuatodotnon (Tepass et al., 2001).

H xopvgaio pe ™ Kevipko-Pacikn meployn e KLTTAPIKNG HEUPPAVNS TOV
embniiov pmopel va Sloy@PIoTeEl PE TN XPNON AVIICOUATOV KOl GUYKEKPUEVA WE
avticopa yuo t1g tpoteiveg Cadherin koaw Armadillo mov onpaivovy Tovg GVVIEGHOVG
TPOGKOAANCTG KOl AP TO KOPLOOIO TUNHO TOL KVTTAPOL KOl UE OVIICOUO YloL TV
npoteivny Discs-large n onoia givol cuGTATIKO TOV SLOQPAYUATIKOV GUVOECU®OV KOl
apa. opilel MV KeEVTIPLKO-TAEVPIKT| TEPLOYN TOV KLTTAPOVL (Sasaki et al., 2007).

Toéco o vmodoyéag Notch, 6co kot ov decpevtéc tov Delta kou Serrate
evtomifovtal otnv Kopveaia puepPpdvn tov emdniakodv kvttdpov (Fehon et al.,
1991, Bender et a., 1993, Kooh et al., 1993). Zvykekpuévo pdiiota xel Ppedel 011
ovvevromiCovtor pe tig mpoteiveg Cadherin koaw Armadillo oty mepoy tov
OUVOEGU®MV TPOCKOAANGTG NG KLTTAPIKNG UEUPpdvNg evd dev cuvevtomilovtol pe
mv mpwteivn Discs-large oty mepoyn tov dagpayuatik®v cvvdéopmy (Sasaki et
al., 2007). EmumtAéov, | tonobEtnomn 1ov vrodoyia oTig TEPLOYES QVTEC TNG HEUPPAVNG
etvor aveEapTN amd avth TV decUEVT®V Kot To avtiotpopo (Sasaki et al., 2007).

2V TPooTAbEln. Vo SIOAEVKAVOLLE TTEPICCOTEPO TNV KLTTOPIKN KOTOVOUY|
TOV EMEUUOTIKOV pPeTaAlaypdtmv g Tpoteivig Delta, ot mpoteivec DIil ko DIil/2
VIEPEKPPACTNKAY GE OVOTTLEIOKOVS SIGKOVES TOV PTEPOV KAT® OO TOV EAEYYO TOV
ptc-Gal4. Xt ovvéyeln oKoloOONoOV  OVOGOIGTOYNUIKEG YPMDOES Yo  TO
oVYKEKPIUEVO petaAldypata kot yuo. Toug ogikteg Cadherin, Armadillo xou Discs-
large (ewdva 5.8). TTapatnpeital 0 cLVEVTOTIOUOC KOl TOV dVO UETAALAYUATOV LUE TIG

npoteiveg Cadherin kaw Armadillo otv meployf tov cuvdiopumv TPOoKOAANONG
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(ewova 5.8A, A’, B, B’). Avtibétmg, 0tV Tpoywpdpe Tpoc To TUNHO TS LEUPPAvNG
OTNV TAELPIKY] TEPLOYT TOV KLTTAPOL OOV PPicKOVTOL Ol O1APPAYUATIKOT GOVOEGLOL,
dev TapATNPOVUE GLUVEVTOTIOUO TV pHeTOAOyUdTOV pe v mpmTeivn Discs-large.
Yty mepoyn ot tov kuttdpov n Discs-large eivor oty kuttapikny pepfpdvn og
OLOTOTIKO TMV OPPAYUOTIKOV GLVOEGUMOV EVAD TO UETOAAAYUOTO TNG TPMTEIVIG
Delta Bpickovtal o€ kvoTidla 610 £0MTEPIKO TOL KLTTAPOL (€1KOVOL 5.8A”°, B”?).
Yvumepaivovpe AoV, OTL TOGO TO GTUATOOOTIKA EVEPYO GTNV GUYKEKPLUEVT|
TePLOY oV avarTvélakoy diokov Tov @tepov petdiiaypo DIil 660 Kot to avevepyo
Dlil/2 pmopodv va akolovbNoovv T0 KLTTAPIKO TPOTLTO KOTOVOUNG NG oypiov
tonov mpwteivng Delta. Apa ta cuykekpipéva TUALOTO TG EVOOKLTTAPLOG TEPLOYNG
™G TPOTEIVIG 08V GUUUETEYOLV GTNV OTOYELGN TOV OEGUEVTI OE GUYKEKPLUEVES

TEPLOYES TNG KVTTAPIKNG LEUPPavNC.
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apical apical lateral

-

DIi1/2/ AP D2 DIi1/2f

Ewoéva 5.8: To ghleppotikd perorddypore Dlil ker DI1/2 evromilovron 6T10vg Guvdiopovg
TPOGKOAANONG KL O)(L GTOVS OLOPPOYHLATIKOVS GVVIEGNOVG.

2115 mapamdve ewdveg mapovcstafoviol avantuélokol diokol Tov ETEPOL Omd TPOVOUPES TPiTOov
otadiov, otovg omoiovg to DI eddeippaticd petodldypoza vepek@pdfoviol Kat® amd Tov EAEYY0 Tov
ptc-Gal4. Eyxgt yivel ypdon pe aDl avticopa (rpdowvo) kar pe aCadherin, aArmadillo 1 pe aDiscs-large
(k6KKvo). Ot ypoppég khipaxag givatl tov 10pum.

A, A’, B kou B’: Tapatmpodue tov cvvevtomoud tov petodraypdtov DIil ko DIil/2 pe 1ig
npwteiveg Cadherin xar Armadillo 6tovg cuvdésuovg TPooKOAANGNG TG KLTTAPIKAC HERBPEVNG.

A” kor B”’: Zmv kevipiko-facikn TEPLoyr TOL KLTTAPOL, OTOL eviomilovtal ot Slo@payoTikol
obvvdeopot, ta petariaypoto DIil ko DIil/2 dev ovvevtomilovtan pe tn Discs-large otnv kvttoapikn
pepuppdvn oAra 16 Ppickovtal 6€ KVGTIOW GTO EGMTEPIKO TOV KLTTAPOV.
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Evdoxkivtroon tov petailaypdtov Delta

A6 T TEPANATO TOV TOPOVGLAGTIKOV OTIG TPONYOVUEVEG EVOTNTES OV EYIVE
EPIKTO VO EVTOMIGTEL KATO0 TOLOTIKT) SLOPOPA GTOV TPOTO EVOOKVTTMONG HETAED TNG
aypiov tomov mpwteivng DI kot tov petoloayudtov e, 1 otV KOTOVOUR Of
VIOTEPLOYES TNG KLTTOPOTAACUOTIKNG HEUPPAVIG, GLVERMC O0ev givar dvvatdv va
«otoyomomBel» kdmoo amd TO evookLTTAPL WOTio ®¢ vmevBvvo Yy TNV
VTOKVLTTOPIKT KOTOVOUT TNG TPpmTeivic. T'a To Adyo avtd, N HeATN €0TIAGTNKE GTO
pLOUO EVOOKDTTMOONG TV HETOALAYLATOV.

AxolovOnoe meipopa TpocAnyYne aviicouatog ond (dvia 1ot (Le Borgne
and Schweisguth, 2003): Kdat® ond tov éleyyo tov EQ-Gal4 vrepekppdotnke 1660 1
aypiov tomov mpwteivn DI 660 kot ta petaArdypota avtc. o texvikovg Adoyovg ota
mepapato ypnooromonkay Bopakeg vopeng 17-26 owpav. Avtol enmdomnkay e
mouse anti-DI avticopo ywo 15 Aentd mpv T HOVIHOTOINGT TOLG. TN GLVEXELQ
akoAovnoe ovuPotik ypmdon pe guinea pig anti-DI  aviicopo (petd
LOVILOTOINGY] Kol OlOEPATOMOINGN HE OMOPPLTAVTIKO TOV 16T0V). Me avtd Ttov
TPOTO UTOPOVGALE VO OVIYVEDGOVUE GE 010 TOGOGTO T0. cLVOAMKA DI gvdocmpoto
(guinea pig avticopa) mepieiyav mpoteiviy DI n onoia eiye evdokvttwbel ota 15
Aemtd mwov éyve N emdoom (Mouse avticopa). AvTd T0 TOGOGTO, TNG EVOOKVLTIOUEVNG
TPOTEIVNG, Kopovotay omd 72 o 88% Tng CLUVOMKNG TPOTEIVNG Yo TV aypiov
tomov kat to. petaAddypoto Dlil xor DIAC. Ot mpwteivec DIi2 kou DIil/2 6pwmg,
goeltav pewwpévo povbud evookvttmong pe poOAlG 38 - 45% tov cuvolMk®v
evéoooudTOv va TeptEyovy mouse ovticopo. Emmiéov n tpoteivn DI-LDL+ éde1&e
pewwpévo  puBud  evdokvttwong  (56%). Amd ta TOPOTAVE  OTOTEAEGUOTO
OLUTEPAIVOVE OTL CNUAVTIKO pOAO OTO PLOUO EVOOKDTTMONG KATEXEL TO OEVTEPO
ocvuvinpnuévo potifo, N meproyn arinieniopaong pe ™ Aydon Mibl.

Ta mapordve mepdpota Eywvav pe m ypnon tov Eq-Gal4, o omoiog odnyel
TNV VREPEKPPAOT) O KVTTAPO. TOV KATO TNV TAEWOVOTNTO TOVG OV eKkPpdalovv 1
Mydon Neur. Towg avtdg va givor o Adyog mov to icd2, i 0éon aAnienidpacng pe
Mydon Mibl, @aivetor 1060 onuoviikd oto pOUd EVEOKDTTOONG TOV TPOTEIVOV.
11 cvvéyela, e Tov 1010 tpomo vrepekppdotnke ot DIwt, DIi2 xou DIil/2 pali dpwmg
pe m Arydon Neur ko okolovOnce 1o 010 melpoapa. Bpébnike o611 10 MOGOGTO
EVOOKVTTMONG NG aypiov TOTOL TPWOTEIVNG dev dALaEe aAAG avENONKe dpapaTikd 1

evookvTtmon tov DIi2. Avtifétoc, n evdoxvttwon tov DIil/2 mopéueve o€ apyolg
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pvOpove. Xvumepaivovpe Aowodv, 0TL 6€ aVTO TO TEPOUN, 0 PLOUOS EVOOKVLTTOONG
TOV TPOTEIVAOV elval APeGH GVVOEIEUEVOC LLE TNV OV PIKOVITIVOAIMGT) TOVG.

[Mpéner va avaeepBel 6TL M cvykekpévn pEB0dOg advvatel vo LETPNOEL
EVOOKLTTMON OO TNV KOpueoio LeUPpdvn TV KLTTAP®V AOY® TOL dEPUATIOION TNG

VOpQNG.
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Dli2+neur
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Dli2+neur
Dli1/2+neur

Ewova 5.9: PvOpog svéokvtrmeng DI apoteivov

B-J: Ewodveg amd 1ot0bg (nota) vopeng omov dwkpivovtor | E-cadherin (umke), guinea pig anti-DI
(mpdowvo) kar mouse anti-DI (koxkwvo). To mouse anti-DI avticopa enwdotke pe to {ovtovo 1616 yo
15 Aentd. o ta vEdrowTa ovTIcOpATO aKoAovONONKe cupPatiky ¥pdon UETE and poviporoinon. H
E-cadherin pog deiyvel v moMKOTNTO TOV KLTTAP®V. X& OAES TIG EIKOVEG 1 KOpLuPaio pepPpdvn tov
KutTapwv givor mave. Ot ypauun kiipokag eivar 16pum. To kitpva BEAN deiyvouv evdocmdpata To
omoia givan Ogtikd kar ywo ta dvo DI avticdpote. Ta npdowva Béln deiyvouv evdoocdpata, ta omoio
givon OeTikd povo yo to guinea pig avticopao.

A: Tleipapa edéyyov 0mov 0 16T0¢ PpiokdTay 6TOV TAYo KOTd TNV endoon ue To  mouse anti-DlI
avTicopo MoTE Vo, UmodtoTel N evookvTto. [lapatnpeital n amovcio OeTiK®V EVOOGOUATOV Kol Yo
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T 800 ovticdpota. o ta vrolowa Tepdpata 1 endocT pe To Mouse anti-DI avticopa éywve otovg
25°C.

K: Adypappo 6mov topovsidlovial to 1o6ootd Twv cuvolkdv DI evdocwpdtav (Betikd yio guinea
pig avticopa) mov NTav Betikd yio To mouse anti-DI avticopo. Ot pavpot actepiokot deiyvouv Toug
YOVOTUTOVG 7OV &iyav peydAeg Ola@opéc pe v aypiov toHmov mpwteivi. Ot dompotl aotepickot
delyvouv tovg yovotumovg mov giyav ueydieg drapopég pe tnv DIil/2 mpwteivn. apoatnpeitar 6tL 0
puOuog evéokvtTwong twv DIi2, DIil/2, DILDL+ givar apketd mo apydg and avtdv e Diwt. Otav
ot0 meipapo tpootibetar n Arydon Neur, tote o pvOuog evdokvtTwong tov DIi2 duthacialetonr ko
potdler pe avtd tng DIwt, evd dev Tapatnpovvior adhayég otny mepintmon tov DIil/2.
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Yvvoyilovroc:

e Agv mapovctdlovtal ONUAVTIKEG OPOPES KLPIWG OTNV  KOTOVOWUY TMV
HETOAAOYUATOV GTNV KOopupaio LEUPPAv TOV KLTTAP®Y GE GUYKPION UE TNV
aypiov tomov DI, 6tov avtd vrepekpdlovior pOvo TOVG GE HTOTIKOLG
KADVOLG GTO OTEPO.

e Modbvo 10 petdAraypa DIi2 akoloObnoe 10 mpdTLRO TG OTOUAKPVVONG OO
mv  Kopveoio peuPpdvn g mpoteiving DI O6tav ocvvekppdotnke og
LITOTIKOVG KADVOLG 6T0 TEPS e TN Aydon Neur.

e Aev mapovcidomkay afloonueioteg petaforés oto ocuvvevtomiopd tov DI
UETOAAOYUATOV UE TOVG EVOOCMUIKOVS OEIKTEG GE GUYKPION UE TNV aypiov
TUTOV TTPAOTEIVT.

e Ot onuatodotik@ avevepyéc puopeéc tov DI, ue g€aipeon v DI-LDL+,
ovvevromilovtal pe tov vrodoyéa Notch yertovikdv kuttdpwv, oe TpoekPorég
m¢ Pactkng pepPpavng.

e O mporteiveg DIi2, DIil/2 koau DI-LDL+ mapovoiacov upeimpévo pobud
EVOOKVTTMONG, O OTOI0G OTNV TMEPIMTOON TOL TPOTOL dSlopHmOnKe pe Vv

ouvékppoaon g Ayaong Neur.
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Onwc mpoovapépbnke, N dokvttapikn onuatoddton Notch evepyomoteitan
o€ pio TolKIAlo, KUTTapPIK®V amopdoemy kot kafopilel ™ Onpiovpyia SPOPETIKMV
KUTTOPIKOV TOT®V. XTIV Topovoo gpyocio diepevvidnke o poéAog 1660 NG
ovPucovttivoMmong 660 Kot TG €VOOKVTTMONG OTO GUYKEKPIUEVO GNUOTOSOTIKO
Hovomdtl. MEAETNGOUE TOVG UNYOVICUOVS TTOV OETOLY OVTEG TIG OUOIKAGIEG OALA
K0l T oNUocio Toug Katd T onuatoddTnon).

21N ocvvEXELD avaEEPOVTAL TO. BOCIKA CUUTEPAGUOTO Kol cuoyeTilovtal pe

ATOTEAECUOTO GAL®MV EPEVVITIKAOV OUAOMV.

Evéoxkvttotika potipa otig DSL pmteiveg

e avtifeon pe TV LYNAR GLVTIPNON TOL TAPOVCIALETAL OTIC EEMKVTTAPLEG
neployéc v DSL mpoteivov, o pukpog Babudc covinpnong tov evookvuTTaplov
duokolebel Tn peAétn Tov poAov Tovg. Meletwvtag v Tpwteivn Ser giye Ppebel oL
dwabéter pio meployn pe katdiowa acmapayivng (Glittenberg et al., 2006). H mepoyn
OLTT] CUUUETEYEL OTNV OAANAETIOPOGT) TOV OEGUEVTH UE TIG OVO AYAcEC ovPukouttivig
Neuralized ka1 Mindbombl, givar onuavtiki ywo T ONUOTOSOTIKY TKOVOTNTO, TOV
deopevth kou givarl kadd cvvenpnuévn ota évioua (Glittenberg et al., 2006, Fontana
and Posakony, 2009).

2t ovykekpluévn epyocio PpéOnkav TpElg cLVINPMUEVEG TEPLOYEG OTIC
npoteiveg DI tov eviopov mov ooppetéyovy oty  aAAnAemidopoon Kot TNV
ovPikovitivodimon oo T E3 Mydoec. Aviibétmg pe v npwteivny Ser, 1 DI drobBéter
Vo dlapopetikég BEoelg aArnienidpaong yia tig Arydoeg Neur kot Mibl.

H mpom, icdl (DDAEARKQNEQN), oamotekei 0éon avayvopiong kot
déopevong and ™ Aryaon Neur. TTapdAinio pe eudc, pion GAAN €pELVNTIKY ORAdW
anédeige Ot or aAlnAovyiec QNXXN amotedovv Bcelg avayvaopiong yia 1 AMydon
Neur (Fontana and Posakony, 2009). ITapopota mentidia £xovv Ppebei oTig TpwTeiveg
™G owkoyévelag Bearded, o1 onoieg Asttovpyovv og avactolreic tng dpdong tov Neur,
avtayovilopeves i DSL ot 6éopevon mive ot Aydon, odnymvTog o€ LEImoT TG
onuotoddtnong Notch (Bardin and Schweisguth, 2006, Fontana and Posakony, 2009).

H devtepn, icd2 (IKNTWDKSVNNI), oamotekei 0éom avoyvopiong Kot
déopevong amd ™ Aydon Mibl. H aAiniovyia NNL/I/V 8o pmopovoe vo amotelel
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yevikdg 0éom avayvoplong amd ) Aydon Mibl ndve otigc DSL mpoteiveg aAld
VIAPYOVV SEGUEVTES Ol 00101 TAPOAO OV dtaTnPovV TNV Voo icd2 meployr|, dev
115 dabéTovy, Onmg oty mepintwon tov DI ntpoteivov oto B. mori kat A. Pisum.

H tpitn, icd3 (KQLNTD), dwabétet £va kaAd cuvinpnuévo KaTdlowmo AvGivig
70 omoio amoterel B€om ovPikoviTivoiiwong amd ™ Arydon Neur.

Juykpivoviog TIC ouvTnpnuéveg mePoyEC Tov osouevtov DI ko Ser,
nopaTnpovpe 01t to potifo g Ser pe T KotdAouto aoTopayivng mEPLEXEL
aAAnovyieg mov Bopilovv kot v icdl kot v icd2 tov DI. H adAniovyio QNEEN
tov Ser givon mopouowo pe v aAiniovyic QNEXN otnv icdl mepioyn twv DI
npoteivov kou 1 NNL tov Ser powdler pe tnv NNI/V mov gppavietoan oty icd2,
yYeyovog mov odnyel ot10 ocvumépacue OTL M o TEPLOYN  AVOYVOPLONG KOl
aAAniemidpaong kot pe 115 0Vvo E3 Aydoeg oty mpoteivny Ser avtictolyel og 600
yoplotd potifa oty mpwteivy DI Av kot vrdpyovv cvvinpnuéveg Avoiveg otnv
EVOOKVTTAPLO TTEPLOYN TNG TPWOTEIVNG Ser, koo o€ Ppioketonl ce mEPLOYN TOL V.
Bopiler v icd3 tov DI. H éAderyn piag icd3 meproyng oty mpoteivn Ser, 0nmg Kot 1
SPOPETIKN KaTavour Tov Bécemv arAnienidpaong Tov E3 Myacodv otig Tpwteiveg
DI ka1 Ser 0dnyovv oto cvumépacpa 0Tt mhavov ot 600 decpevtéc pubuilovran pe
SUPOPETIKO TPOTO O TNV OLPIKOVITIVLAI®OT).

Ocov agopd T0 OTOVOLA®TA, OBETOVY TOAAUTAL TOPAOUOAOYO TMV
npoteivaov DI ko Jagged (Ser) oe avrtibeon pe ta évropa. Tvykpivovtag tig DSL
npwteiveg 0e Ppébnke kdmoro potifo mapdpoto pe tig QNEXN aiiniovyieg twv DSL
Tov eviopov. Iapdia avtd Eva Aydtepo cvvinpnuévo potifo (NXXN) éxer Ppedei
oto DII1 xou Jaggedl (Fontana and Posakony, 2009). EmmAéov dev €xet Ppebel ota
omovOLA®MTE KAmolo potifo oavtictoryo pe to icd3. H é\iewyn ocvviipnong tov
TEPLOYDV déouevong Kot ovfikovttivodioong tov Neur oty mpoteivy DI peta&o
EVIOU®V KOl OTOVOLAMTOV, TOUVOV aviavokAd Tnv EAAEWYTN CLUVINPNONG O
Aertovpyion g ovykekpuévng Aydong. IMopdro mov or DSL mpwrteiveg ota
omovovAwTd eivar vrootpopota TtV Ayoac®v Neurl ot 2, dgv  vmapyet
amodedelypuévog  poOAOC TV Alyoaowv  avt®v oty mpombnon g  Notch
onuotoddtong (Song et al., 2006, Koo et al., 2007, Koutelou et al., 2008, Benhra et
al., 2010). Avtbétmg, éxel anoderybel 6tL  Neurl udAlov Aertovpyei apvnTikd 6T
onuotoddTon Kabmg mpokaAel amotkodounon g Jaggedl (Koutelou et al., 2008).
Emmiéov, n andrewe g Mibl Awydong emoeéper nminpn oanodieie ¢ Notch

OTUOTOdOTNONG KOl GUVERMG LIAPYEL O 1oyvploudc 0Tt ota omovoviwtd 1 Mibl
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Mydon givor 1 povadikn mov gvepyonotel 1 DSL mpwteiveg (Koo et al., 2005b, Koo
et al., 2007, Zhang et al., 2007).

Ye avtifeon pe to icdl potifo, ovykpivovtag ta DI kot 4 tov movtkov, to
DIIT Tov Xenopus laevis kat to DIA, DID ka1 DIl4 tov zebrafish Bprikape éva potifo
((LAVY)KN(T/DN) kon éva tpuentioro (NNL) to omoio eivar mapduolo pe Tig
aAAnAovyieg tov icd2 twv eviopmv. To tpuentioo (NNL) vaipye kot oto DII3 tov
ToVTIKOV kat tov Xenopus laevis kot oto DIC tov zebrafish ta omoia dev giyav v
Tpd™ aAAniovyia. EmmAéov, o1 Jagged mpwteiveg twv omovovAmtdv £xovv éva,
NNxxxXL ocvvimpnuévo potipo (Glittenberg et al., 2006), to omoio axolovBel éva
IKNXIEK potifo otig Jaggedl (movtikod, zebrafish wkoi Xenopus) alAdd oyt otig
Jagged2. MMBavotata avtd to potifa vo €xovv Kamoto poho otV aAAnAemiopoon

6LV vtV Tov DSL npoteivov pe t Aydon Mibl.

Ovpikovitivorioon, evookvTTOGN Kot snpuatodotnen Notch

[Miewddo mepapdtov oto mapeABoOv £xouv oLVOESEL TNV IKOVOTNTO TV
npoteivov DI ko Ser va onuatodotoovy pe v ovfikovitivodioon. Ocov apopd )
Mydon Neur, éyet deyybei o6t mpokorel v evdokbtTwon g mpwteivg DI kot
uewwvel ta emineda g petapetoypoekd (Deblandre et al., 2001, Lai et al., 2001,
Pavlopoulos et al., 2001, Yeh et al., 2001, Le Borgne and Schweisguth 2003b).
Emmiéov eléyyer v vrmokvttapikn 0éon kor tng mpwteivng Ser (Pitsouli and
Delidakis, 2005). Avagopikd pe ) Aydon Mibl yveopilovue 61t mpokodrel v
evdokVTTOON Kot TV Vo decpevtav (Lai et al., 2005, Le Borgne et al., 2005). TToAv
ONUOVTIKA OH®G €lval To TEPAUOTA TOV OTOSEIKVOOVY TN OETIKN] CLOYETION TNG
ovfikovitivoMmong pe t onuotoddtnon Notch. Baowkoi ocvppetéyoviec oto
povomdtt tng ovPikovitivodimong ommwg ot E3 Aydoeg Neur kot Mibl aAld ot
npwteiv EPSIN dpovv 610 KHTTOPO GTOGTOAEN Y10 VO EVIGYDGOLV TN GNUATOOOTNON
Notch (Pavlopoulos et al., 2001, Itoh et al., 2003, Le Borgne and Schweisguth, 2003a,
Le Borgne and Schweisguth, 2003b, Wang and Struhl, 2004, Overstreet et al., 2004,
Le Borgne et al., 2005).

211 GULYKEKPIUEVT] €PELVNTIKN epyooia amodeiyOnke OtL M mpwteivy DI
ovPkovttivoMmveton dpeca and tig Mydoeg Neur koaw Mibl og S2 kottopa. Emimiéov
evioniomke N K742 w©g m Avcivn-otoxog g Arydong Neur ommv evooxvttdpio
TEPLOYN TOV OECUELTI. AgV KATEGTN SVVOTY 1] EVPECT GLYKEKPIUEVNG AVGIvIG GTOYOL
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ywo. T Atyaon Mibl, yeyovoc mov i6mg DTOdNADVEL ONUOVTIKES SLOPOPESG GTOV TPOTO
ovfikovttivodimong ¢ mpoteivng DI amd tig 600 E3 Mydosc. TTapdAinia omd ta
OVLYKEKPIUEVO  mEWPApoTa  cvumepaivovpe o6t n mpoteiv DIl gite  molv-
LLOVOOVPIKOVITIVOMOVETAL €iTE TOAVOVPIKOVITIVOAMMVETAL KOl OO TIG OVO AYAGEG,
edv AdPovpe vIOYN TNV ELEAVIOT] HEYAAOV LOPLOKOD BApovg LOpP®V TG Kol OTL Eval
HEYAAO TOCOGTO TMV OVPIKOVITIVOMOUEVOV HOPPDV TNG TPMOTEIVIG KOTAANYEL OTA
AVCOGMOUATO Y10 OTOIKOOOUNOT).

[ToA onpovtikd cuumépacua givat 1 dpesn cvuvoeon TG ovPikovITvLAI®GNG,
KOl TNG KAVOTNTOG Y10. GNUOTOOOTNOT. XTI TEPWMTMOELS OOV 1] OLPIKOVITIVUAI®MON
Nnrov advvarn omd t Aydon Mibl (Dli2, Dlil/2), o decpevtig £xave TV KavOTnTOL
TOV Vo, oNuatodotel Yoo v emaymyn W(Q o610 poylolokotiokd Opto Tov @tepov.
EmumAéov, O6tav eunodictnke n ovfikovitivodioon omd tn Aydon Neur (Dlil, DIil/2,
DIAC) ennpedotnke 1 IKAvOTNTO TOL OECUEVTH VO GNUATOOOTNOEL KATA TNV TAELPIKT
avaoTol. Amd ta mopamdve ocvumepaivovope O0tt otav M mpwteivy DI dev
ovPovttivodimveton and ™ Atydon Neur | Mibl avédloyo pe tov 1010, dev givan
KOV VO, GTLOTOOOTHOEL.

Amo ™V avélvon e OeppoevaicOne petodhayng shibire® (Poodry, 1990)
£€mC KOl ONUEPO, TOIKIAMO OTTOTEAECUATOV GUVIYOPOLV GTO YEYOVOS OTL O1 OEGUEVTEG
DI kot Ser gvdokvuttdvovtor Kot OTL 1] EVOOKDLTIMON GV EIVOL GMUOVTIKY Yo TN
ONUOTOO0TIKY TOVG KavOTNTA. ApyIKA TapatnpiOnke 0Tt o1 decpevtég Ppiokoviot
OTNV EMPAVELN TOV KVTTAP®V 0AAG Kol 6€ KVoTidW EvooKLTTOTIKAG POong (Kooh et
al., 1993, Parks et al, 1995, Kramer and Phistry, 1996) kot péiioto n mopovcio o
aVTA T0. KVoTidl cLVOEDMKE pe v kavotnta Yo onpatodotnon (Parks et al., 2000).
EmumAéov amodeiybnie 411 01 VO JECUEVTES EVOOKVTTMOVOVTOL KOt LOAGTA TayOTOTO
(Le Borgne and Schweisguth, 2003, Le Borgne et al., 2005) kot énwg avapépbnke
nponyovuévmg ot Aydoeg Neur kaw Mibl mpokaiovv v evdokidTtmon kot Tov dVo
deopevtv. Onwg Non avaeépdnke (BA. Eicaymyn) vrdpyovv apketd pOVIEAN TOL
TPOCTOHOVV VO GUGYETIGOVV TNV EVOOKUTIMON TOV OEGUELTMOV LE TN GNUOTOOOTIKY
TOLG KOVOTTA.

¥t 0k pog epyooio mapatnpnoape o6t n npoteivy DI evioniletar oty
Kopueaio Kot PaciKn EMPAVELD TOV KLTTAP®OV KOl GE EVOOKVTTMOTIKA KLGTIOW OTwe
NN €xet avapepOel, aALE 0 EVTOMICUOG TNG GTO KLGTIOW NTOV AUEGO GLVOESEUEVOG
pe Vv wKavotnTo g vo ovfikovttivolmBel. MetadAdypata ta omoia advvatodoov

ovfikovitivommbovy, o6mwg to Dli2 xouw Dlil/2 oty mepoyy tov  @tepo,
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mopovcioloy TOAD UEIOUEVO EVIOTMICUO OTO EC0MTEPIKO TMOV KLTTAP®V KOl
JTNPOLCAV TNV KOTAVOUTR TOLG 0TV Kopvpaio pepfpavn. TToAd onupoavtikn frav n
nepintmon tov DIAC amd v omoio cupmepaivovpe 0Tt yio vo, ovpfel cuocmpevon
tov DI/N cvunddkov oe cuooopatduate oTny Kopueoio LeUPpavn ToV KOTTAPOV
apkel 1M oAAnAemidopaon pe M Alydomn ovPikovitiving oAAG Yoo vo VTapEet
EVOOKVTTMOT] OVTOV TOV GULUTAOKOV, 1 OLPIKOVITIVLAI®ON TOL OEGUELTH €lval
avaykaio TpoHTodeoT).

Am6 to Topamave yivetor Katovonto Ot 1) evOoKHTIMON TOV OEGUELTAOV Elval
AmOTEAEG O, THG OVPBIKOVITIVOAM®ONG otV arnd Tig Aryaoeg Mibl kol Neur. Ao ™
otiyu] Ouw¢ mov ot 4o Aydoeg ovfikovitivoldvovy v mpwteiv DI e
SPopeTIKO TPOTO, dev givar PEPato OTL arxolovBel TV 10100 EVOOKLTTIMOTIKY TOpEia
puetd v ovPwovttivodioon tg amd Neur xor Mibl. Tw to Adyo awtd,
npoomafnoaue va gviomicovue av Kdmowo evdokvttdpla mepoyy ™ DI eivon
VIEVOLVN Y10 TOV EVIOMIGUO TNG TPMOTEIVING GE KATO0 GUYKEKPIUEVO LITOKVTTOPIKO
dwpépopa N av emnpedlel o puOUd EVOOKVTTOONG TNG. ATO TO GUVEVTOTMICUO TMV
dapopaov petorhayudtov DI pe evdocmpukovg deikteg dev GTOYOTOMGOUE KOTOLO
EVOOKVLTTAPLO poTifo NG TP®TEIVIG Yoo TNV TOMOOETNON TNG GE GULYKEKPIUEVO
vrokvtTopikd drapépiopo. MHoapamphooue 6t n Tpwteivn DI evioniletanr og mpdo
evooompata (Beticd yio Sara) kot giye KPOTEPO GLVEVIOTIGUO e Tovg deikteg HIS
kow Rabll. Kavéva amd ta avayvopispéva icd dev frav vmevbovo yuoo v
TomoHETNON TG TPMTEIVIG GE OTA TO. KLOTIOWL. ZVYKEKPIUEVA Yo TNV TomoBETnoN
¢ DI ota mpdipa evéocodpata fTav avaykaio oAOKANPN N EVOOKVLTTAPLL TEPIOYN,
AOY® oV pelmpévou gvtomiopov tov DI-LDL+ g avtd. EmmAéov dev katapépape va,
evtomicovpe  dapopés oto  pubud  evdokvttmong mpwteivng DI mov  eiye
ovfkovttivoMmbel amd Neur 1 ard Mibl. Kot otig 800 mepmtdoelg 0 deoueVTNG
EVOOKVTTOVETAL pE TOAD Yypnyopo pubud. Axopa ko 1o petd@Aiiaypo DIil/2
EVOOKLTTMVETAL OAAG LE TLO 0pYOLG PLOLOVG YEYOVOS TOL VIOONAMVEL TNV VIOPEN
KOl GAA®V EVOOKVTIMTIKMOV UNYAVIGU®V Yo TV Ttpoteivn DI yopig v avaykn yo
aAANAeTidopaot kot ovPirkovttivodimon arnd Tic 000 Yvwotég E3 Arydoec.

H povodwn mepintmon n omoila moapéyel evoei&elg yioo TOOTIKY 1) TOGOTIKN
dapopd otV evookHTTOON HETE amd ovPikovitivorioon arnd Neur kor Mibl givar
avty tov DI-LDL+. H ywoipwkr avt) mpoteivi dnpiovpyndnke evovoviog tnv
eEmrvtTapio kot dStapeufpavikn meployn g tpoteivng DI pe to evéokvttdpilo portifio

tov LDL vmodoyéa 1o omoio mepiéyel owvidho evdokvttmong (Wang and Struhl,
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2004). To ocvykekpyévo petdAhaypa og 0100€TEL AVGIvES OTNV EVOOKVTTAPLN TEPLOYN
Kol apa dgv ovPkovitivoMavetat. H mpoteivn avt €xet derybet 6t evepyn Katd tnv
EMOYOYN TOV POUYLOLOKOIAOKOD OpioL TOV PTEPOV KOl LAAIGTO PE TPOTO OV OTOLTEL
™MV mopovcio Tov evéokvTtOTiKoy potifov (Wang and Struhl, 2004). Avto onuaivet
ot katd avty T dwdikaocio, N tpwteiv DI pnopei va mapaxdpyel v avaykn yio
ovPikovtTivoMmon, evooKDTIMON Kol evepyomoinon g amd t Aydon Mibl av
evookLTTMOEL pe d1aPopeTIkd TpOTO. Agv GUVEPT OU®G TO 1010 GTNV TEPIMTMOOT TNG
TAEVPIKNAG OVOOTOANG Omov 1 ovPikovitivodioon kot 1 evéokvttwon g Dl
eoptarar amd ) Arydon Neur. Zg avt v mepintoon to DI-LDL+ advvatovoe va
onuoatodotioel. Emmiéov Otav dokiudoTnke o€ TEPAUOTO EVOOKLTTOONG Ppédnke
OTL EVOOKVTTAOVETOL PE EVa LETPLO pLOUO o€ oxéon pe TV aypiov THmov TpwTeivn. Ot
TOPOTAVE® TOPUTNPNOELS LaG 0dnyohv oty vobdeorn 0Tt €ite 0 pelwpévog puBudie
evookTTmong Tov DI-LDL+ givan apketdg yia tny enaywyn WQ 610 porylonoKotAkood
Oplo TOL ETEPOV OAAG Yio vo emtevydel TAELPIKY OVAGTOAN YpeLaleTon Ypyopm
EVOOKLTTMON 1 omoio emTvuyyavetor pe ™ Arydorn Neur, 1 vwépyovV OMNUOVTIKES
JPOPES OTAL EVOOKVTTOTIKG HOVOTATIOL TOV OKOAOVOOLV Ol OEGUEVTEG KT TNV
TAEVPIKN avaoTOA M omoia eivan Kupimg e€aptopevn amd to Neur kot v enaywmyn
W@ n onoia givar e€aptouevn amd Mibl. Xpeialoviar Opme Tepatépm EPEVVES Y10
va dlmotomOel €6V VITAPYOLY TOLOTIKEG O1APOPEG GTNV EVOOKVTTMON TV OEGUEVLTAOV

avaAOY®G e TN Aydon ovBikovttivng.

Kvtropwki katavoun g npoteivng DI oty Bacikn pepppavn

H emwowovia petald tov kuttdpov tov emiBniiov 6nwg emiong petald
QLTOV Kol TOV KVTTAP®V TNG TEPITOOING HeUPpdvng eivonl onUAvVTIKY Yo TN COOTN
avamtuén kol Aettovpyion Tov avartvSlaKov diokov tov @tepol (Ramirez-Weber and
Kornberg, 2000, Gibson and Schubiger, 2001). Ztnv emwowvovio avt &govv Bpebel va
CUUUETEYOVV SLAPOPES TPOEKTAGELS TNG KVTTAPIKNG LEUPPEvNC.

Kot n xopveaio ko 1 Pacikn emepdaveln Tov emONAOKOV KOTTapmV givol
Swukoounpuévn pe pepPpavikég mpoektdoels. Ilo ovykekpuéva, omv Kopveaio
EMPAVELD, VITAPYOLV Ol KPOAAYVEG, €v®d M Paocik) mePLEyel TPOEKPOAEG TOL
ovopdlovtar erionddla (Poodry and Schneidenman, 1970, Ursprung, 1972, Eaton et
al.,, 1995). ITo mwpdopatec WHEAETEG EYOVV  EVIOMIGEL EMMALOV  UEUPPAVIKES

TPOEKTAGELS TOV ONUIOVPYOVVTAL OO TOL EMONALOKE KOTTOPA TOV GTEPOD KO TOAD
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ONUOVTIKO €lval TO YEYOVOG OTL 01 TPOEKPOAEG OVTEG GUVOEOVTAL [IE TI CNUOTOOOTNON
HETOED TV KLTTapwV. 'Exouv eviomiotel pokplég pepppoviéc mpoekforéc, ol omoieg
potalovv pe EAomOdML, SNUOLPYOVVTOL ATTO KVTTAPO GTNV TEPLPEPELN TOV dIGKOV Kot
ouvdéovv ovth pe KOTTopo mov Ppiokovior 6to KEVIPO. Ot mpoekPorég avTéc
ovopalovton cytonemes (Ramirez-Weber and Kornberg, 1999). EmutAéov éxel Ppebel
0Tl opdd0 TEMAATLGUEVOV  KLTTAPWV 1TNG TePUOoag HeUPpdvng  dnuovpyel
peuppoavikég mpoeKPOAEG OV TEPLEYOVV LUKPOSMANVIKGOVS KOl TOL EKTEIVOVTOL MG
T KoAwvoewdn kottapa (Cho et al., 2000, Gibson and Schubiger, 2000). To yeyovog
OTL oplopéva, €N HeUPpaviK®V TPOoeKPOADY TEPLElYOV aKTiV) OTMOC €MioNG KOl TOV
vrnodoyéo Thickveins kor v mpwteiv TV evdocoudtov Rab5 eumiéxet
TEPLOGOTEPO TIG TPOEKTAGEIS OLTEC GTNV KLTTAPIKY onpotodotnon (Demontis and
Dahmann, 2007). Zvykekpipéva Yo Tr GUUPETOYN TOV UEUPPAVIKOV TPOoEKPOADY
Katd Tn onuatodotmon Dpp, éxer Ppebel 6t1 vmapyovv cytonemes to omoia
EKTEIVOVTOL KoL TPOG T dVO OPYaVMTIKG KEVTPA ToL diokov (A/P kol D/V) kot mwg 1
TOPOVGI0 TOLG GUVOEETAL AUESH LE TN GNUATOdOTN O, KaOmG 0 vrrodoysag Thickveins
evtomiletal o KVOTIOW TA Omoiol KIVOOVTOL KOTA UNKOG OUTAV TOV TPOEKTACEDV
(Hsiung et al., 2005).

Avagopikd pe ™ onuatoddotnon Notch, éyer Ppebei o1t peuPpovikég
TPOEKTAGELS GUUUETEXOVV GTI) GNUATOOOTNOT TOV KVTTAP®V KATA TNV S1001Kasio TG
TAELPIKNG avaoToANG. Ot mpoekPoArég ovTEG €ival UNKOLG UEPIKDOV KLTTAPOV, 1
dnuovpyia tovg endyetar and v tpwteivn DI ko pe avtd tov 1pdmo AapPdverl yopa
N OTOUAKPLGUEVT] ONUATOOOTN O Katd TN Jwdkacio oty (De Joussineau et al.,
2003, Cohen et al., 2010). Emimpoctétmg €xel Ppebdel 611 o1 mpwteiveg Deltal ko
Deltad ocvppetéyovv ot dnpovpyio riomodiov Kot Tmg ovty 1N dpdon Tovg eivat
aveEdptn amd ) onpatoddtnorn Notch (Sugiyama et al., 2010).

> ovykekplévn gpyacio Ppédnke OTL eKTOG OO TOV KLTTOPIKT KOTOVOUN
™m¢ mpoteivng DI oy kopveaio pepfpdvn oV ETONMMOKOV KOTTAPOV KOl GE
EVOOKLTTMTIKA KVOTd, 1 TpwTeivn evromiletan kKot ot Poctkn pepfpdvn émwg Ko
o€ mpoekPorég avtg. Tov 1010 evIOmIoUO €lyov KOt TOL EAAEUUATIKE POPLOL OTTMC Kot
n popen DIAICD yeyovdg mov vmodnAmvel OtL yio v TomoBETnon avty oev givan
avaykaio 1 e€vooKOTT®ON TG TPOTEIVNS. MdAAoTa, To EAASYHOTIKG HOPLOL TTOL
advvatovoav va evéokvttowbodv oty mepoyn avty (DIi2, DIil/2), giyav koivtepo
EVIOTICUO OTIC HEUPPaviKES TPoekPOAEG o oyéon UE TNV aypiov TUTOV TPWTEIVY).
[MBavn e€fynon yio To @avouevo avtd Ba NTav 1 evdokvtTwon g Tpwteivig DI kot
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and ™ Pacikny peuPpavn tov emiBniiov, pia mOBavoTTo OUmE M omoia dev €xel
amodetyBel. Zvvnyopmvtag pe v dmoyn avty, £xet Bpedei 61t To DI Tov TOVTIKOD
petatoniletal and TN PactK 6TV KOPLEAIN EMPAVELN TOV KVTTAP®V AdYy® dpdong
™¢ Mydong Neur (Benhra et al., 2010).

[ToAd onpovtikn emmiéov eivar n mopotipnon Ot o vmodoyéag Notch
evtomOTav o€ KLoTidw Tave oTig pepPpavikég tpoekPorés otig omoieg edpdloviav
Ol OEGUEVTEG KOl POAMOTA OVTOG O VITOOOYENS TTPOEPYOTAV OO YEITOVIKA KOTTOPO,
VTOONAMVOVTAG OAANAETIOPOON TOV OEGUEVTMOV HE TOV VLTOOOYED YEITOVIKOV
KUTTAp®V. XpeldleTon TepUITEP® EPELVA YLOL TNV ATOOEEN TOAVIG ONUATOSOTNONG
Notch kot and ™ Pactkn pepPpdvn TV emONAOKOV KOTTAP®V Kol TV €0PECT TNG

onuaciog tng o€ oY£oT L TN oNUaToddTNoN amd TNV Kopveaio peppfpdvn.

136



7. AvadopéEc

137



ANAODOPE:

Acar, M., Jafar-Nejad, H., Takeuchi, H., Rajan, A., lbrani, D., Rana, N. A,
Pan, H., Haltiwanger, R. S., and Bellen, H. J. (2008). Rumi is a CAP10
domain glycosyltransferase that modifies Notch and is required for Notch
signaling. Cell. 132, 247-258.

Amerik, A. Y., and Hochstrasser, M. (2004). Mechanism and function of
deubiquitinating enzymes. Biochim Biophys Acta. 29, 189-207.

Annaert, W., and De Strooper, B. (1999). Presenilins: molecular switches
between proteolysis and signal transduction. Trends Neurosci., 10 439-443.
Artavanis-Tsakonas, S., Rand, M. D., and Lake, R. J. (1999). Notch signaling:
cell fate control and signal integration in development. Science 284, 770-776.
Axelrod, J.D., Matsuno, K., Artavanis-Tsakonas, S., and Perrimon, N. (1996).
Interaction between Wingless and Notch signaling pathways mediated by
dishevelled. Science, 271, 1826-1832.

Barbero, P., Bittova, L., and Pfeffer, S. R. (2002). Visualization of Rab9-
mediated vesicle transport from endosomes to the trans-Golgi in living cells. J
Cell Biol. 156, 511-518.

Bardin, A.J., and Schweisguth, F. (2006). Bearded family members inhibit
Neuralized-mediated endocytosis and signaling activity of Delta in
Drosophila. Dev. Cell 10, 245-255.

Barolo, S., Stone, T., Bang, A.G., and Posakony, J.W. (2002). Default
repression and Notch signaling: Hairless acts as an adaptor to recruit the
corepressors Groucho and dCtBP to Suppressor of Hairless. Genes Dev. 16,
1964-76.

Barsi, J.C., Rajendra, R., Wu, J.l., and Artzt, K. (2005). Mind bombl is a
ubiquitin ligase essential for mouse embryonic development and Notch
signaling. Mech Dev. 122, 1106-17.

Bender, L. B., Kooh, P. J., and Muskavitch, M. A. (1993). Complex function
and expression of Delta during Drosophila oogenesis. Genetics 133, 967-978.
Benhra, N., Vignaux, F., Dussert, A., Schweisguth, F., and Le Borgne, R.
(2010). Neuralized promotes basal to apical transcytosis of delta in epithelial
cells. Mol Biol Cell. 21, 2078-2086.

Berdnik, D., Torok, T., Gonzalez-Gaitan, M., and Knoblich, J. A. (2002). The
endocytic protein alpha-Adaptin is required for numb-mediated asymmetric
cell division in Drosophila. Dev Cell 3, 221-231.

Bland, C. E., Kimberly, P., and Rand, M.D. (2003). Notch-induced proteolysis
and nuclear localization of the Delta ligand. J Biol Chem. 278, 13607-13610.
Blaumueller, C. M., Qi, H., Zagouras, P., and Artavanis-Tsakonas, S. (1997).
Intracellular cleavage of Notch leads to a heterodimeric receptor on the plasma
membrane. Cell 90, 281-291.

Brand, A. H., and Perrimon, N. (1993). Targeted gene expression as a means
of altering cell fates and generating dominant phenotypes. Development 118,
401-415.

Bray, S.L. (1998). Notch signalling in Drosophila: three ways to use a
pathway. Semin Cell Dev Biol 9, 591-597.

Bray, S.L. (2006). Notch signalling: a simple pathway becomes complex. Nat
Rev Mol Cell Biol. 7, 678-689.

Brodsky, F. M., Chen, C. Y., Knuehl, C., Towler, M. C., and Wakeham, D. E.
(2001). Biological basket weaving: formation and function of clathrin-coated
vesicles. Annu Rev Cell Dev Biol. 17, 517-568.

138


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bardin%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schweisguth%20F%22%5BAuthor%5D

ANAODOPE:

Brook, W. J., and Cohen, S. M. (1996). Antagonistic interactions between
wingless and decapentaplegic responsible for dorsal-ventral pattern in the
Drosophila Leg. Science 273, 1373-1377.

Brou, C., Logeat, F., Gupta, N., Bessia, C., LeBail, O., Doedens, J. R,
Cumano, A., Roux, P., Black, R. A., and Israel, A. (2000). A novel proteolytic
cleavage involved in Notch signaling: the role of the disintegrin-
metalloprotease TACE. Mol Cell 5, 207-216.

Bruckner, K., Perez, L., Clausen, H., and Cohen, S. (2000).
Glycosyltransferase activity of Fringe modulates Notch-Delta interactions.
Nature 406, 411-415.

Boulianne, G. L., de la Concha, A., Campos-Ortega, J. A., Jan, L. Y., and Jan,
Y. N. (1993). The Drosophila neurogenic gene neuralized encodes a novel
protein and is expressed in precursors of larval and adult neurons. Embo J. 12,
2586.

Chen, W., and Corliss, D. C. (2004). Three modules of zebrafish Mind bomb
work cooperatively to promote Delta ubiquitination and endocytosis. Dev Biol
267, 361-373.

Chen, N., and Greenwald, I. (2004). The lateral signal for LIN-12/Notch in C.
elegans vulval development comprises redundant secreted and transmembrane
DSL proteins. Dev Cell. 6, 183-92.

Chitnis, A. (2006). Why is delta endocytosis required for effective activation
of notch? Dev Dyn. 235, 886-894.

Cho, K. O., Chern, J., Izaddoost, S., and Choi, K. W. (2000). Novel signaling
from the peripodial membrane is essential for eye disc patterning in
Drosophila. Cell 103, 331-342.

Ciechanover, A., Orian, A., and Schwartz, A. L. (2000). The ubiquitin-
mediated proteolytic pathway: Mode of action and clinical implications. J Cell
Biochem 77, 40-51.

Cohen, M., Georgiou, M., Stevenson, N. L., Miodownik, M., and Baum, B.
(2010). Dynamic filopodia transmit intermittent Delta-Notch signaling to drive
pattern refinement during lateral inhibition. Dev Cell. 19, 78-89.

Commisso, C., and Boulianne, G.L. (2007). The NHR1 domain of Neuralized
binds Delta and mediates Delta trafficking and Notch signaling. Mol. Biol.
Cell 18, 1-13.

Culi, J., and Modolell, J. (1998). Proneural gene self-stimulation in neural
precursors: an essential mechanism for sense organ development that is
regulated by Notch signaling. Genes Dev 12, 2036-2047.

Deblandre, G. A,, Lai, E. C., and Kintner, C. (2001). Xenopus Neuralized is a
ubiquitin ligase that interacts with XDeltal and regulates Notch signaling. Dev
Cell 1, 795-806.

de Celis, J.F., Barrio, R., del Arco, A., and Garcia-Bellido, A. (1993). Genetic
and molecular characterization of a Notch mutation in its Delta- and Serrate-
binding domain in Drosophila. Proc Natl Acad Sci U S A. 90, 4037-4041.

de Celis, J. F., Bray, S., and Bellido, A. G. (1996). Activation and function of
Notch at the dorsoventral boundary in the Drosophila wing imaginal disc.
Development 122, 359-369.

de Celis, J. F., and Bray, S. (1997). Feed-back mechanisms affecting Notch
activation at the dorsoventral boundary in the Drosophila wing. Development
124, 3241-3251.

139


http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Celis%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barrio%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22del%20Arco%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garc%C3%ADa-Bellido%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8483919##

ANAODOPE:

de Celis, J. F., Tyler, D. M., de Celis, J., and Bray, S. J. (1998). Notch
signalling mediates segmentation of the Drosophila leg. Development 125,
4617- 4626.

De Joussineau, C., Soulé, J., Martin, M., Anguille, C., Montcourrier, P., and
Alexandre, D. (2003). Delta-promoted filopodia mediate long-range lateral
inhibition in Drosophila. Nature 426, 555-559.

Delwig, A., Bland, C., Beem-Miller, M., Kimberly, P., and Rand, M. D.
(2006). Endocytosis-independent mechanisms of Delta ligand proteolysis. Exp
Cell Res.312, 1345-1360.

Demontis, F., and Dahmann, C. (2007). Apical and lateral cell protrusions
interconnect epithelial cells in live Drosophila wing imaginal discs. Dev Dyn.
236, 3408-3418.

De Renzis, S., Yu, J., Zinzen, R., and Wieschaus, E. (2006). Dorsal-ventral
pattern of Delta trafficking is established by a Snail-Tom-Neuralized pathway.
Dev. Cell 10, 257-264.

Diederich, R. J., Matsuno, K., Hing, H., and Artavanis-Tsakonas, S. (1994).
Cytosolic interaction between Deltex and Notch ankyrin repeats implicates
Deltex in the Notch signaling pathway. Development 120, 473-481.

Di Fiore, P. P, Polo, S., and Hofmann, K. (2003). When ubiquitin meets
ubiquitin receptors: a signalling connection. Nat Rev Mol Cell Biol. 4, 491-
497.

Doherty, D., Feger, G., Younger-Shepherd, S., Jan, L. Y., and Jan, Y. N.
(1996). Delta is a ventral to dorsal signal complementary to Serrate, another
Notch ligand, in Drosophila wing formation. Genes & Development 10, 421-
434,

Dollar, G., Struckhoff, E., Michaud, J., and Cohen, R. S. (2002). Rabl1l
polarization of the Drosophila oocyte: a novel link between membrane
trafficking, microtubule organization, and oskar mRNA localization and
translation. Development 129, 517-526.

Dye, C. A, Lee, J. K., Atkinson, R. C., Brewster, R., Han, P. L., and Bellen,
H. J. (1998). The Drosophila sanpodo gene controls sibling cell fate and
encodes a tropomodulin homolog, an actin/tropomyosin-associated protein.
Development 125, 1845-1856.

Eaton, S., and Simons, K. (1995). Apical, basal, and lateral cues for epithelial
polarization. Cell 82, 5-8.

Emery, G., Hutterer, A., Berdnik, D., Mayer, B., Wirtz-Peitz, F., Gaitan, M.
G., and Knoblich, J. A. (2005). Asymmetric Rab 11 endosomes regulate delta
recycling and specify cell fate in the Drosophila nervous system. Cell 122,
763-773.

Fehon, R. G., Kooh, P. J., Rebay, 1., Regan, C. L., Xu, T., Muskavitch, M. A.
T., and Artavanis-Tsakonas, S. (1990). Molecular Interactions between the
Protein Products of the Neurogenic Loci Notch and Delta, Two EGF-
Homologous Genes in Drosophila. Cell 61, 523-534.

Fehon, R. G., Johansen, K., Rebay, I., and Artavanis-Tsakonas, S. (1991).
Complex cellular and subcellular regulation of notch expression during
embryonic and imaginal development of Drosophila: implications for notch
function. J Cell Biol. 113, 657-669.

140


http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Renzis%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yu%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zinzen%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wieschaus%20E%22%5BAuthor%5D

ANAODOPE:

Fischer, J. A., Eun, S. H., and Doolan, B. T. (2006). Endocytosis, endosome
trafficking, and the regulation of Drosophila development. Annu Rev Cell Dev
Biol. 22, 181-206.

Fleming R.J., Purcell, K., and Artavanis-Tsakonas, S. (1997). The NOTCH
receptor and its ligands. Trends Cell Biol. 11, 437-441.

Fleming, R. J. (1998). Structural conservation of Notch receptors and ligands.
Semin Cell Dev Biol 9, 599-607.

Fontana, J.R., and Posakony, J.W. (2009). Both inhibition and activation of
Notch signaling rely on a conserved Neuralized-binding motif in Bearded
proteins and the Notch ligand Delta. Dev. Biol. 333, 373-385.

Fortini, M.E., and Artavanis-Tsakonas, S. (1994). The suppressor of hairless
protein participates in notch receptor signaling. Cell, 79, 273-282.

Fortini, M. E. (2002). Gamma-secretase-mediated proteolysis in cell-surface-
receptor signalling. Nat Rev Mol Cell Biol 3, 673-684.

Gesbert, F., Sauvonnet, N., and Dautry-Varsat, A. (2004). Clathrin-
Independent endocytosis and signalling of interleukin 2 receptors IL-2R
endocytosis and signalling. Curr Top Microbiol Immunol. 286, 119-148.

Gho, M., Bellaiche, Y., and Schweisguth, F. (1999). Revisiting the Drosophila
microchaete lineage: a novel intrinsically asymmetric cell division generates a
glial cell. Development 126, 3573-3584.

Gibson, M. C., and Schubiger, G. (2000). Peripodial cells regulate
proliferation and patterning of Drosophila imaginal discs. Cell 103, 343-350.
Giniger, E. (1998). A role for Abl in Notch signalling. Neuron, 20, 667-681.
Giot, L., Bader, J.S., Brouwer, C., Chaudhuri, A., Kuang, B., Li, Y., Hao,
Y.L., Ooi, C.E., Godwin, B., Vitols, E., Vijayadamodar, G., Pochart, P.,
Machineni, H., Welsh, M., Kong, Y., Zerhusen, B., Malcolm, R., Varrone, Z.,
Collis, A., Minto, M., Burgess, S., McDaniel, L., Stimpson, E., Spriggs, F.,
Williams, J., Neurath, K., loime, N., Agee, M., Voss, E., Furtak, K., Renzulli,
R., Aanensen, N., Carrolla, S., Bickelhaupt, E., Lazovatsky, Y., DaSilva, A.,
Zhong, J., Stanyon, C.A., Finley, R.L. Jr., White, K.P., Braverman, M., Jarvie,
T., Gold, S., Leach, M., Knight, J., Shimkets, R.A., McKenna, M.P., Chant. J.,
and Rothberg, J.M. (2003). A protein interaction map of Drosophila
melanogaster. Science 302, 1727-1736.

Glittenberg, M., Pitsouli, C., Garvey, C., Delidakis, C., and Bray, S. (2006).
Role of conserved intracellular motifs in Serrate signalling, cis-inhibition and
endocytosis. Embo J. 25, 4697-4706.

Gordon, WR., Roy, M., Vardar-Ulu, D., Garfinkel, M., Mansour, MR., Aster,
JC., and Blacklow, SC. (2008). Structure of the Notchl-negative regulatory
region: implications for normal activation and pathogenic signaling in T-ALL.
Blood 113, 4381-4390.

Gorvel, J. P., Chavrier, P., Zerial, M., and Gruenberg, J. (1991). rab5 controls
early endosome fusion in vitro. Cell. 64, 915-925.

Gruenberg, J. (2001). The endocytic pathway: a mosaic of domains. Nat Rev
Mol Cell Biol. 10, 721-730.

Gruenberg, J., and Stenmark, H. (2004). The biogenesis of multivesicular
endosomes. Nat Rev Mol Cell Biol. 4, 317-323.

Guo, M., Jan, L.Y., and Jan, Y.N. (1996). Control of daughter cell fates during
asymmetric division: interaction of Numb and Notch. Neuron, 17, 27-41.

141


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fleming%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Purcell%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Artavanis-Tsakonas%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fontana%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Posakony%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20YN%22%5BAuthor%5D

ANAODOPE:

Gupta-Rossi, N., Six, E., LeBail, O., Logeat, F., Chastagner, P., Olry, A,
Israel, A., and Brou, C. (2004). Monoubiquitination and endocytosis direct
gamma-secretase cleavage of activated Notch receptor. J Cell Biol 166, 73-83.
Haglund, K., Di Fiore, P. P., and Dikic, 1. (2003). Distinct monoubiquitin
signals in receptor endocytosis. Trends Biochem Sci. 11, 598-603.

Hannson, E.M., Lendahl U., and Chapman, G. (2004). Notch signaling in
development and disease. Semin Cancer Biol. 14, 320-328.

Harrison, D. A., and Perrimon, N. (1993). Simple and efficient generation of
marked clones in Drosophila. Curr Biol. 3, 424-433.

Hazuka, C. D., Foletti, D. L., Hsu, S. C., Kee, Y., Hopf, F. W., and Scheller R.
H. (1999). The sec6/8 complex is located at neurite outgrowth and axonal
synapse-assembly domains. J Neurosci. 19, 1324-1334.

He, F., Saito, K., Kobayashi, N., Harada, T., Watanabe, S., Kigawa, T.,
Guntert, P., Ohara, O., Tanaka, A., Unzai, S., Muto, Y., and Yokoyama, S.
(2009). Structural and functional characterization of the NHR1 domain of the
Drosophila neuralized E3 ligase in the notch signaling pathway. J. Mol. Biol.
393, 478-495

Heitzler, P., and Simpson, P. (1993). Altered epidermal growth factor-like
sequences provide evidence for a role of Notch as a receptor in cell fate
decisions. Development 117, 1113-1123.

Heitzler, P., Bourouis, M., Ruel, L., Carteret, C., and Simpson, P. (1996).
Genes of the Enhancer of split and achaete-scute complexes are required for a
regulatory loop between Notch and Delta during lateral signalling in
Drosophila. Development 122, 161-171.

Hicke, L., and Dunn, R. (2003). Regulation of membrane protein transport by
ubiquitin and ubiquitin-binding proteins. Annu Rev Cell Dev Biol.19, 141-
172.

Hori, K., Fostier, M., Ito, M., Fuwa, T. J., Go, M. J., Okano, H., Baron, M.,
and Matsuno, K. (2004). Drosophila Deltex mediates suppressor of Hairless-
independent and late-endosomal activation of Notch signaling. Development
131, 5527-5537.

Hsiung, F., Ramirez-Weber, F. A., Iwaki, D. D., and Kornberg, T. B. (2005).
Dependence of Drosophila wing imaginal disc cytonemes on Decapentaplegic.
Nature 437, 560-563.

Huang, F., Dambly-Chaudiwe, C., and Ghysen, A. (1991). The emergence of
sense organs in the wing disc of Drosophila. Development 111, 1087-1095.
Huppert, S. S., Jacobsen, T. L., and Muskavitch, M. A. (1997). Feedback
regulation is central to Delta-Notch signalling required for Drosophila wing
vein morphogenesis. Development 124, 3283-3291.

Hutterer, A., and Knoblich, J.A. (2005). Numb and alpha-Adaptin regulate
Sanpodo endocytosis to specify cell fate in Drosophila external sensory
organs. EMBO Rep. 6, 836-42.

lannolo, G., Salcini, A. E., Gaidarov, I., Goodman, Jr Baulida, J., Carpenter,
G., Pelicci, P. G., Di Fiore, P. P., and Keen, J. H. (1997). Mapping of the
molecular determinants involved in the interaction between eps15 and AP-2.
Cancer Res. 57, 240-245.

Irvine, K. D., and Vogt, T. F. (1997). Dorsal-ventral signaling in limb
development. Curr Opin Cell Biol. 9, 867-876.

142


http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saito%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harada%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kigawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22G%C3%BCntert%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohara%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tanaka%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Unzai%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yokoyama%20S%22%5BAuthor%5D

ANAODOPE:

Irvine, K. D. (1999). Fringe, Notch, and making developmental boundaries.
Curr Opin Genet Dev 9, 434-441.

Itoh, M., Kim, C. H., Palardy, G., Oda, T., Jiang, Y. J., Maust, D., Yeo, S. Y.,
Lorick, K., Wright, G. J., Ariza-McNaughton, L., et al. (2003). Mind bomb is
a ubiquitin ligase that is essential for efficient activation of Notch signaling by
Delta. Dev Cell 4, 67-82.

Jafar-Nejad, H., Andrews, H. K., Acar, M., Bayat, V., Wirtz-Peitz, F., Mehta,
S. Q., Knoblich, J. A., and Bellen, H. J. (2005). Sec15, a component of the
exocyst, promotes notch signaling during the asymmetric division of
Drosophila sensory organ precursors. Dev Cell. 9, 351-363.

Jékely, G., and Rarth, P. (2003). Hrs mediates downregulation of multiple
signalling receptors in Drosophila. EMBO Rep. 4, 1163-1168.

Kadesch, T. (2004). Notch signaling: the demise of elegant simplicity. Curr
Opin Genet Dev. 14, 506-512.

Kaether, C., Haass, C., and Steiner, H. (2002). Assembly, trafficking and
function of gamma-secretase. Neurodegener Dis. 3, 275-283.

Kidd, S., and Lieber, T. (2002). Furin cleavage is not a requirement for
Drosophila Notch function. Mech Dev 115, 41-51.

Kim, J., Irvine, K.D., and Carroll, S.B. (1995). Cell recognition, signal
induction, and symmetrical gene activation at the dorsal-ventral boundary of
the developing Drosophila wing. Cell 82, 795-802.

Kirchhausen, T., Bonifacino, J. S., and Riezman, H. (1997). Linking cargo to
vesicle formation: receptor tail interactions with coat proteins. Curr Opin Cell
Biol. 4, 488-495.

Komada, M., and Kitamura, N. (2004). The Hrs/STAM complex in the
downregulation of receptor tyrosine kinases. J Biochem. 137, 1-8.

Komatsu, H., Chao, M.Y., Larkins-Ford, J., Corkins, M.E., Somers, G.A.,
Tucey, T., Dionne, H.M., White, J.Q., Wani, K., Boxem, M., and Hart, A.C.
(2008). OSM-11 facilitates LIN-12 Notch signaling during Caenorhabditis
elegans vulval development. PLoS Biol. 6, 196.

Koo, B. K., Lim, H. S., Song, R., Yoon, M. J., Yoon, K. J., Moon, J. S., Kim,
Y. W., Kwon, M. C., Yoo, K. W., Kong, M. P., et al. (2005a). Mind bomb 1 is
essential for generating functional Notch ligands to activate Notch.
Development 132, 3459-3470.

Koo, B. K., Yoon, K. J.,, Yoo, K. W., Lim, H. S., Song, R., So, J. H., Kim, C.
H., and Kong, Y. Y. (2005b). Mind bomb-2 is an E3 ligase for Notch ligand. J
Biol Chem 280, 22335-22342.

Koo, B. K., Yoon, M. J,, Yoon, K. J., Im, S. K., Kim, Y. Y., Kim, C. H., Suh,
P. G, Jan, Y. N., and Kong, Y. Y. (2007). An obligatory role of mind bomb-1
in notch signaling of mammalian development. PLoS One 2, 1221.

Kooh, P. J., Fehon, R. G., and Muskavitch, M. A. T. (1993). Implication of
dynamic patterns of Delta and Notch expression for cellular interactions
during Drosophila development. Development 117, 493-507.

Kopan, R., Schroeter, E. H., Weintraub, H., and Nye, J. S. (1996). Signal
transduction by activated mNotch: Importance of proteolytic processing and
its regulation by the extracellular domain. Proc Natl Acad Sci USA 93, 1683-
1688.

Koutelou, E., Sato, S., Tomomori-Sato, C., Florens, L., Swanson, S. K.,
Washburn, M. P., Kokkinaki, M., Conaway, R. C., Conaway, J. W.,

143



ANAODOPE:

Moschonas, N. K. (2007). Neuralized-like 1 (Neurll) targeted to the plasma
membrane by N-myristoylation regulates the Notch ligand Jaggedl. J Biol
Chem. 283, 3846-3853.

Kramer H., and Phistry, M. (1996). Mutations in the Drosophila hook gene
inhibit endocytosis of the boss transmembrane ligand into multivesicular
bodies. J Cell Biol. 133, 1205-1215.

Lah, J. J.,, and Levey, A. I. (2000). Endogenous presenilin-1 targets to
endocytic rather than biosynthetic compartments. Mol Cell Neurosci. 2, 111-
126.

Lai, E. C., Deblandre, G. A., Kintner, C., and Rubin, G. M. (2001).
Drosophila Neuralized is a ubiquitin ligase that promotes the internalization
and degradation of Delta. Dev Cell 1, 783-794.

Lai, E. C., and Rubin, G. M. (2001a). neuralized functions cell-autonomously
to regulate a subset of Notch- dependent processes during adult Drosophila
development. Dev Biol 231, 217-233.

Lai, E. C., and Rubin, G. M. (2001b). Neuralized is essential for a subset of
Notch pathway-dependent cell fate decisions during Drosophila eye
development. Proc Natl Acad Sci USA 98, 5637-5642.

Lai, E. C. (2002). Protein degradation: four E3s for the Notch pathway. Curr
Biol 12, 74-78.

Lai, E. C. (2004). Notch signaling: control of cell communication and cell
fate. Development. 5, 965-973.

Lai, E. C., Roegiers, F., Qin, X., Jan, Y. N., and Rubin, G. M. (2005). The
ubiquitin ligase Drosophila Mind bomb promotes Notch signaling by
regulating the localization and activity of Serrate and Delta. Development 132,
2319-2332.

Lasky, J.L., and Wu, H. (2005). Notch signalling, brain development and
human disease. Pediatr Res. 57, 104-109.

Le Borgne, R., and Schweisguth, F. (2003). Unequal segregation of
Neuralized biases Notch activation during asymmetric cell division. Dev Cell
5, 139-148.

Le Borgne, R., Bardin, A., and Schweisguth, F. (2005a). The roles of receptor
and ligand endocytosis in regulating Notch signaling. Development 132, 1751-
1762.

Le Borgne, R., Remaud, S., Hamel, S., and Schweisguth, F. (2005b). Two
distinct E3 ubiquitin ligases have complementary functions in the regulation of
Delta and Serrate signaling in Drosophila. PLoS Biol 3, e96.

Le Borgne, R. (2006). Regulation of Notch signalling by endocytosis and
endosomal sorting. Regulation of Notch signalling by endocytosis an
dendosomal sorting. Curr. Opin. Cell Biol. 18, 213-222.

Lee, T., and Luo, L. (2001). Mosaic analysis with a repressible cell marker
(MARCM) for Drosophila neural development. Trends Neurosci 24, 251-254.
Lehman, R., Jimnez, F., Dietrich, U., and Campos-Ortega, J. A. (1983). On
the phenotype and development of mutants of early neurogenesis in
Drosophila melanogaster. Roux's Archives of Developmental Biology 192,
62-74.

Lieber, T., Kidd, S., and Young, M. W. (2002). kuzbanian-mediated cleavage
of Drosophila Notch. Genes Dev 16, 209-221.

144



ANAODOPE:

Lloyd, T. E., Atkinson, R., Wu, M. N., Zhou, Y., Pennetta, G., and Bellen, H.
J. (2002). Hrs regulates endosome membrane invagination and tyrosine kinase
receptor signaling in Drosophila. Cell 108, 261-269.

Logeat, F., Bessia, C., Brou, C., LeBail, O., Jarriault, S., Seidah, N. G., and
Israel, A. (1998). The Notchl receptor is cleaved constitutively by a furin-like
convertase. Proc Natl Acad Sci U S A 95, 8108-8112.

Lopez-Schier, H., and St Johnston, D. (2002). Drosophila nicastrin is essential
for the intramembranous cleavage of notch. Dev Cell. 1, 79-89.

Louvi, A., and Artavanis-Tsakonas, S. (2006). Notch signalling in vertebrate
neural development. Nature Reviews Neuroscience 7, 93-102.

Matsuno, K., Diederich, R. J., Go, M. J., Blaumueller, C. M., and Artavanis-
Tsakonas, S. (1995). Deltex acts as a positive regulator of Notch signaling
through interactions with the Notch ankyrin repeats. Development 121, 2633-
2644,

Maxfield, F. R., and McGraw, T. E. (2004). Endocytic recycling. Nat Rev Mol
Cell Biol. 2, 121-132.

Micchelli, C. A., Rulifson, E. J., and Blair, S. S. (1997). The function and
regulation of cut expression on the wing margin of Drosophila: Notch,
Wingless and a dominant negative role for Delta and Serrate. Development
124, 1485-1495.

Miller, A. C., Lyons, E. L., and Herman, T. G. (2009). cis-Inhibition of Notch
by endogenous Delta biases the outcome of lateral inhibition. Curr Biol. 19,
1378-1383.

Mishra-Gorur, K., Rand, M. D., Perez-Villamil, B., and Artavanis-Tsakonas,
S. (2002). Down-regulation of Delta by proteolytic processing. J Cell Biol.
159, 313-324.

Moloney, D.J., Panin, V.M., Johnston, S.H., Chen, J., Shao, L., Wilson, R.,
Wang, Y., Stanley, P., Irvine, K.D., Haltiwanger, R.S., and Vogt, T.F. (2000).
Fringe is a glycosyltransferase that modifies Notch. Nature 406, 369-375.
Miiller, H. A. (2000). Genetic control of epithelial cell polarity: lessons from
Drosophila. Dev Dyn.218, 52-67.

Neumann, C.J., and Cohen, S.M. (1996). Long-range action of Wingless
organizes the dorsal-ventral axis of the Drosophila wing. Development 124,
871-880.

Nichols, J.T., Miyamoto, A., and Weinmaster, G. (2007). Notch signaling-
constantly on the move. Traffic 8, 959-969.

Nijman, S. M., Luna-Vargas, M. P., Velds, A., Brummelkamp, T. R., Dirac,
A. M., Sixma, T. K., and Bernards, R. (2005). A genomic and functional
inventory of deubiquitinating enzymes. Cell. 123, 773-786.

Nolo, R., Abbott, L. A., and Bellen, H. J. (2000). Senseless, a Zn finger
transcription factor, is necessary and sufficient for sensory organ development
in Drosophila. Cell 102, 349-362.

Okajima, T., and Irvine, K. D. (2002). Regulation of Notch signaling by O-
linked fucose. Cell 111, 893-904.

Okajima, T., Xu, A., and Irvine, K. D. (2003). Modulation of Notch-ligand
binding by protein O-fucosyltransferase 1 and Fringe. J Biol Chem 278,
42340-42345.

145



ANAODOPE:

Okajima, T., Reddy, B., Matsuda, T., and Irvine, K. D. (2008). Contributions
of chaperone and glycosyltransferase activities of O-fucosyltransferase 1 to
Notch signaling. BMC Biol., 14.

Overstreet, E., Fitch, E., and Fischer, J. A. (2004). Fat facets and Liquid facets
promote Delta endocytosis and Delta signaling in the signaling cells.
Development 131, 5355-5366.

Pan, D., and Rubin, G. M. (1997). Kuzbanian controls proteolytic processing
of Notch and mediates lateral inhibition during Drosophila and vertebrate
neurogenesis. Cell 90, 271-280.

Panin, V. M., Papayannopoulos, V., Wilson, R., and Irvine, K. D. (1997).
Fringe modulates Notch-ligand interactions. Nature 387, 908-912.

Panin, V. M., Shao, L., Lei, L, Moloney, D. J., Irvine, K. D., and
Haltiwanger, R. S. (2002). Notch ligands are substrates for protein O-
fucosyltransferase-1 and Fringe. J Biol Chem 277, 29945-29952.
Papayannopoulos, V., Tomlinson, A., Panin, V. M., Rauskolb, C., and Irvine,
K. D. (1998). Dorsal-ventral signaling in the Drosophila eye. Science 281,
2031-2034.

Parks, A. L, Turner, F. R, and Muskavitch, M. A. (1995). Relationships
between complex Delta expression and the specification of retinal cell fates
during Drosophila eye development. Mech Dev. 50, 201-216.

Parks, A. L., Klueg, K. M., Stout, J. R., and Muskavitch, M. A. (2000). Ligand
endocytosis drives receptor dissociation and activation in the Notch pathway.
Development 127, 1373-1385.

Parks, A.L., Stout, J.R., Shepard, S.B., Klueg, K.M., Dos Santos, A.A.,
Parody, T.R., Vaskova, M., and Muskavitch, M.A. (2006). Structure-function
analysis of delta trafficking, receptor binding and signaling in Drosophila.
Genetics 174, 1947-1961.

Pavlopoulos, E., Pitsouli, C., Klueg, K. M., Muskavitch, M. A., Moschonas,
N. K., and Delidakis, C. (2001). neuralized encodes a peripheral membrane
protein involved in Delta signaling and endocytosis. Dev Cell 1, 807-816.
Peters, S. E., English, K., Rana, A., Akter, S., Malik, S., Warburton, N. C., and
Duckett, J. G. (2001). Synaptonemal complexes in the pre-cyst of
Pneumocystis carinii. J Eukaryot Microbiol. Suppl:134S

Pi, H., Wu, H. J,, and Chien, C. T. (2001). A dual function of phyllopod in
Drosophila external sensory organ development: cell fate specification of
sensory organ precursor and its progeny. Development 128, 2699-2710.
Pickart, C. M., and Eddins, M. J. (2004) Ubiquitin: structures, functions,
mechanisms. Biochim Biophys Acta. 1695, 55-72.

Pickart, C. M., and Fushman, D. (2004). Polyubiquitin chains: polymeric
protein signals. Curr Opin Chem Biol. 6, 610-616.

Pitsouli, C., and Delidakis, C. (2005). The interplay between DSL proteins and
ubiquitin ligases in Notch signaling. Development 132, 4041-4050.

Polo, S., Sigismund, S., Faretta, M., Guidi, M., Capua, M. R., Bossi, G., Chen,
H., De Camilli, P., and Di Fiore, P. P. (2002). A single motif responsible for
ubiquitin recognition and monoubiquitination in endocytic proteins. Nature
416, 451-455.

Poodry, C. A. (1990). shibire, a neurogenic mutant of Drosophila. Dev Biol
138, 464-472.

146


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pitsouli%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delidakis%20C%22%5BAuthor%5D

ANAODOPE:

Portin, P. (2002). General outlines of the molecular genetics of the Notch
signalling pathway in Drosophila melanogaster. Hereditas. 136, 89-96.

Price, B. D., Chang, Z., Smith, R., Bockheim, S., and Laughon, A. (1993). The
Drosophila neuralized gene encodes a C3HC4 zinc finger. Embo J. 12, 2411-
2418.

Qi, H., Rand, M. D., Wu, X., Sestan, N., Wang, W., Rakic, P., Xu, T., and
Artavanis-Tsakonas, S. (1999). Processing of the Notch ligand Delta by the
metalloprotease Kuzbanian. Science 283, 91-94.

Rajan, A., Tien, A. C., Haueter, C. M., Schulze, K. L., and Bellen, H. J.
(2009). The Arp2/3 complex and WASp are required for apical trafficking of
Delta into microvilli during cell fate specification of sensory organ precursors.
Nat Cell Biol. 11, 815-824.

Ramain, P., Khechumian, K., Seugnet, L., Arbogast, N., Ackermann, C., and
Heitzler, P. (2001). Novel Notch alleles reveal a Deltex-dependent pathway
repressing neural fate. Curr Biol 11, 1729-1738.

Ramirez-Weber, F. A., and Kornberg, T. B. (1999). Cytonemes: cellular
processes that project to the principal signaling center in Drosophila imaginal
discs. Cell 97, 599-607.

Ramirez-Weber, F. A., and Kornberg, T. B. (2000). Signaling reaches to new
dimensions in Drosophila imaginal discs. Cell 103, 189-192.

Rampal, R., Arboleda-Velasquez, J. F., Nita-Lazar, A., Kosik, K. S., and
Haltiwanger, R. S. (2005). Highly conserved O-fucose sites have distinct
effects on Notchl function. J Biol Chem. 280, 32133-32140.

Rebay, I., Fleming, R. J., Fehon, R. G., Cherbas, L., Cherbas, P., and
Artavanis-Tsakonas, S. (1991). Specific EGF Repeats of Notch Mediate
Interactions with Delta and Serrate: Implications for Notch as a
Multifunctional Receptor. Cell 67, 687-699.

Rhyu, M. S., Jan, L. Y., and Jan, Y. N. (1994). Asymmetric distribution of
numb protein during division of the sensory organ precursor cell confers
distinct fates to daughter cells. Cell 76, 477-491.

Riggleman, B., Schedl, P., and Wieschaus, E. (1990). Spatial expression of the
Drosophila segment polarity gene armadillo is posttranscriptionally regulated
by wingless. Cell 63, 549-560.

Ringstad, N., Nemoto, Y., and De Camilli, P., (1997). The
SH3p4/Sh3p8/SH3p13 protein family: binding partners for synaptojanin and
dynamin via a Grb2-like Src homology 3 domain. Proc Natl Acad Sci U S A.
94, 8569-8574.

Rock, K. L., Gramm, C., Rothstein, L., Clark, K., Stein, R., Dick, L., Hwang,
D., and Goldberg, A. L. (1994). Inhibitors of the proteasome block the
degradation of most cell proteins and the generation of peptides presented on
MHC class | molecules. Cell. 78, 761-771.

Roegiers, F., Jan, L. Y., and Jan, Y. N. (2005). Regulation of membrane
localization of Sanpodo by lethal giant larvae and neuralized in
asymmetrically dividing cells of Drosophila sensory organs. Mol Biol Cell.
16, 3480-3487.

Roh, M. H., and Margolis, B. (2003). Composition and function of PDZ
protein complexes during cell polarization. Am J Physiol Renal Physiol. 285,
377-387.

147



ANAODOPE:

Sakata, T., Sakaguchi, H., Tsuda, L., Higashitani, A., Aigaki, T., Matsuno, K.,
and Hayashi, S. (2004). Drosophila Nedd4 regulates endocytosis of Notch and
suppresses its ligand-independent activation. Curr Biol 14, 2228-2236.

Sapir, A., Assa-Kunik, E., Tsruya, R., Schejter, E., and Shilo, B. Z. (2005).
Unidirectional Notch signaling depends on continuous cleavage of Delta.
Development 132, 123-132.

Sasaki, N., Sasamura, T., Ishikawa, H. O., Kanai, M., Ueda, R., Saigo, K., and
Matsuno, K. (2007). Polarized exocytosis and transcytosis of Notch during its
apical localization in Drosophila epithelial cells. Genes Cells. 12, 89-103.
Sasamura, T., Sasaki, N., Miyashita, F., Nakao, S., Ishikawa, H. O., Ito, M.,
Kitagawa, M., Harigaya, K., Spana, E., Bilder, D., et al. (2003). neurotic, a
novel maternal neurogenic gene, encodes an O-fucosyltransferase that is
essential for Notch-Delta interactions. Development 130, 4785-4795.

Seugnet, L., Simpson, P., and Haenlin, M. (1997). Requirement for dynamin
during Notch signaling in Drosophila neurogenesis. Dev Biol 192, 585-598.
Skwarek, L. C., Garroni, M. K., Commisso, C., and Boulianne, G. L. (2007).
Neuralized contains a phosphoinositide-binding motif required downstream of
ubiquitination for delta endocytosis and notch signaling. Dev Cell. 13, 783-
795.

Smith, M. H., Ploegh, H. L., and Weissman J. S. (2011). Road to Ruin:
Targeting Proteins for Degradation in the Endoplasmic Reticulum. Science
6059, 1086-1090.

Song, R., Koo, B.K., Yoon, K.J., Yoon, M.J., Yoo, K.W., Kim, H.T., Oh, H.J.,
Kim, Y.Y., Han, JK., Kim, C.H., and Kong, Y.Y. (2006). Neuralized-2
regulates a Notch ligand in cooperation with Mind bomb-1. J. Biol. Chem.
281, 36391-36400.

Stahl, M., Uemura, K., Ge, C., Shi, S., Tashima, Y., and Stanley, P. (2008).
Roles of Pofutl and O-fucose in mammalian Notch signaling. J Biol Chem.
283, 13638-13651.

Stanley, P. (2007). Regulation of Notch signaling by glycosylation. Curr Opin
Struct Biol. 5, 530-535.

Stenmark, H., Parton, R. G., Steele-Mortimer, O., Litcke, A., Gruenberg, J.,
and Zerial, M. (1994). Inhibition of rab5 GTPase activity stimulates
membrane fusion in endocytosis. EMBO J. 13, 1287-1296.

Struhl, G., and Greenwald, I. (1999). Presenilin is required for activity and
nuclear access of Notch in Drosophila. Nature 398, 522-525.

Struhl, G., and Adachi, A. (2000). Requirements for presenilin-dependent
cleavage of Notch and other transmembrane proteins. Mol Cell 6, 625-636.
Sugiyama, K., Nishide, K., Matsuo, H., Okigawa, S., Okano, M., Ishitani, T.,
Matsumoto, K., and Itoh, M. (2010). Deltal family members are involved in
filopodial actin formation and neuronal cell migration independent of Notch
signaling. Biochem Biophys Res Commun. 398, 118-124.

Sun, X., and Artavanis-Tsakonas, S. (1997). Secreted forms of DELTA and
SERRATE define antagonists of Notch signaling in Drosophila. Development
124, 3439-3448.

Swevers, L., Cherbas, L., Cherbas, P., and latrou, K. (1996). Bombyx EcR
(BmEcR) and Bombyx USP (BmCF1) combine to form a functional ecdysone
receptor. Insect Biochem Mol Biol. 26, 217-221.

148



ANAODOPE:

Takeuchi, T., Adachi, Y., and Ohtsuki, Y. (2005). Skeletrophin, a novel
ubiquitin ligase to the intracellular region of Jagged-2, is aberrantly expressed
in multiple myeloma. Am J Pathol 166, 1817-1826.

Takeyama, K., Aguiar, R. C., Gu, L., He, C., Freeman, G. J., Kutok, J. L.,
Aster, J. C., and Shipp, M. A. (2003). The BAL-binding protein BBAP and
related Deltex family members exhibit ubiquitin-protein isopeptide ligase
activity. J Biol Chem. 278, 21930-21937.

Tamura, K., Taniguchi, Y., Minoguchi, S., Sakai, T., Tun, T., Furukawa, T.,
and Honjo, T. (1995). Physical interaction between a novel domain of the
receptor Notch and the transcription factor RBP-J kappa/Su(H). Curr. Boil.,
12, 1416-1423.

Tepass, U., Tanentzapf, G., Ward, R., and Fehon, R. (2001). Epithelial cell
polarity and cell junctions in Drosophila. Annu Rev Genet. 35, 747-784.
Vaccari, T., Lu, H., Kanwar, R., Fortini, M. E., and Bilder, D. (2008).
Endosomal entry regulates Notch receptor activation in Drosophila
melanogaster. J Cell Biol. 180, 755-62.

Wang, L. H., Sudhof, T. C., and Anderson, R. G. (1995). The appendage
domain of alpha-adaptin is a high affinity binding site for dynamin. J Biol
Chem. 270, 10079-10083.

Wang, W., and Struhl, G. (2004). Drosophila Epsin mediates a select
endocytic pathway that DSL ligands must enter to activate Notch.
Development 131, 5367-5380.

Wang, W., and Struhl, G. (2005). Distinct roles for Mind bomb, Neuralized
and Epsin in mediating DSL endocytosis and signaling in Drosophila.
Development 132, 2883-2894.

Weinmaster, G., Roberts, V.J., and Lemke, G. (1992). Notch2: a second
mammalian Notch gene. Development, 116, 931-941.

Wendland, B., and Emr, S. D. (1998). Panlp, yeast epsl5, functions as a
multivalent adaptor that coordinates protein-protein interactions essential for
endocytosis. J Cell Biol. 141, 71-84.

Wendland, B. (2002). Epsins: adaptors in endocytosis? Nat Rev Mol Cell Biol
3, 971-977.

Wesley, C.S., and Saez, L. (2000). Analysis of notch lacking the carboxyl
terminus identified in Drosophila embryos. J Cell Biol. 149, 683-696.

Wesley, C.S., and Mok, L.P. (2003). Regulation of Notch signaling by a novel
mechanism involving suppressor of hairless stability and carboxyl terminus-
truncated notch. Mol. Cell Biol. 16, 5581-5593.

Wilkin, M. B., Carbery, A. M., Fostier, M., Aslam, H., Mazaleyrat, S. L.,
Higgs, J., Myat, A., Evans, D. A., Cornell, M., and Baron, M. (2004).
Regulation of Notch endosomal sorting and signaling by Drosophila Nedd4
family proteins. Curr Biol 14, 2237-2244.

Windler, S. L., and Bilder, D. (2010). Endocytic internalization routes
required for delta/notch signaling. Curr Biol. (2010). 23, 538-543.

Wong, W. T., Schumacher, C., Salcini, A. E., Romano, A., Castagnino, P.,
Pelicci, P. G., Di Fiore, P, P. (1995). A protein-binding domain, EH, identified
in the receptor tyrosine kinase substrate Eps15 and conserved in evolution.
Proc Natl Acad Sci U S A. 92, 9530-9534.

149


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamura%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taniguchi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Minoguchi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakai%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tun%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Furukawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Honjo%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wesley%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mok%20LP%22%5BAuthor%5D

ANAODOPE:

Wu, S., Mehta, S. Q., Pichaud, F., Bellen, H. J., and Quiocho, F. A. (2005).
Secl5 interacts with Rab11 via a novel domain and affects Rab11 localization
in vivo. Nat Struct Mol Biol.10, 879-885.

Xu, A., Haines, N., Dlugosz, M., Rana, N.A., Takeuchi, H., Haltiwanger, R.S.,
and Irvine, K.D. (2007). In vitro reconstitution of the modulation of
Drosophila Notch-ligand binding by Fringe. J. Biol. Chem. 282, 35153-35162.
Yeh, E., Dermer, M., Commisso, C., Zhou, L., McGlade, C. J., and Boulianne,
G. L. (2001). Neuralized functions as an E3 ubiquitin ligase during Drosophila
development. Curr Biol 11, 1675-1679.

Zerial, M., and Stenmark, H. (1993). Rab GTPases in vesicular transport. Curr
Opin Cell Biol. 4, 613-620.

Zhang, J., Kang, D. E., Xia, W., Okochi, M., Mori, H., Selkoe, D. J., and Koo,
E. H. (1998). Subcellular distribution and turnover of presenilins in transfected
cells. J Biol Chem. 273, 12436-13442.

Zhang, C., Li, Q., Lim, C. H, Qiu, X., and Jiang, Y. J. (2007). The
characterization of zebrafish antimorphic mib alleles reveals that Mib and
Mind bomb-2 (Mib2) function redundantly. Dev Biol. 305, 14-27.

150



8. Anuosieven

151



>
o
o
-l
o
01]
-l
-l
L
o
LL
o
-l
<
2
o
>
o
=
Ll
I
[

Published December 12, 2011

This article has original data in the JCB Data Viewer

http://jcb-dataviewer.rupress.org/jcb/browse/4951

Distinct intracellular motifs of Delta mediate its
ubiquitylation and activation by Mindbomb1

and Neuralized

Aikaterini Daskalaki,'? Nevine A. Shalaby,* Kristina Kux,'? Giorgos Tsoumpekos,'* George D. Tsibidis,?

Marc A.T. Muskavitch,? and Christos Delidakis'?

'Institute of Molecular Biology and Biotechnology and ?Institute of Electronic Structure and Lasers, Foundation for Research and Technology—Hellas, 70013 Heraklion,

Crete, Greece
*Department of Bioclogy, University of Crefe, 71409 Heraklion, Crete, Greece
“Biology Department, Boston College, Chestnut Hill, MA 02467

SL proteins are transmembrane ligands of the

Notch receptor. They associate with a RING

(really interesting new gene) family E3 ubiqui-
tin ligase, either Neuralized (Neur) or Mindbomb 1
(Mib1), as a prerequisite to signaling. Although Neur and
Mib1 stimulate internalization of DSL ligands, it is not
known how ubiquitylation contributes to signaling. We
present a molecular dissection of the intracellular do-
main (ICD) of Drosophila melanogaster Delta (Dl), a
prototype DSL protein. Using a cell-based assay, we

Introduction

The Notch transmembrane receptors are activated by trans-
membrane ligands of the DSL family, which is subdivided into
the Delta (DI) and Serrate (Ser)/Jagged subfamilies in higher
metazoans (Kopan and Ilagan, 2009). Contact of Notch and
DSL, however, is not sufficient for eliciting intracellular signal
transduction. Signaling is productive only when Notch and DSL
are engaged in trans, namely from adjacent cells, whereas cis-
binding (Notch and DSL on the same cell) is usually inhibi-
tory to signaling (de Celis and Bray, 1997; Klein et al., 1997;
Micchelli et al., 1997; Miller et al., 2009; Sprinzak et al., 2010).
Even when Notch and DSL are engaged in trans, signaling
ensues only when DSL proteins are coexpressed with a ubiquitin
(Ub) E3 ligase (Pitsouli and Delidakis, 2005; Le Borgne, 2006).
Work from our laboratory and others over the past decade has
characterized two families of RING (really interesting new gene)
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ECD, extracellular domain; Eq, Equator; Hrs, hepatocyte growth factor-regulated
tyrosine kinase substrate; ICD, intracellular domain; LDL, low density lipo-
protein; Mib1, Mindbomb 1; MM, molecular mass; Neur, Neuralized; Ser,
Serrate; SOP, sensory organ precursor; UAS, upstream activation sequence;

Ub, ubiquitin; Wg, Wingless; wt, wild type.
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detected ubiquitylation of DI by both Neur and Mib1.
The two enzymes use distinct docking sites and dis-
played different acceptor lysine preferences on the
DI ICD. We generated Dl variants that selectively perturb its
interactions with Neur or Mib1 and analyzed their sig-
naling activity in two in vivo contexts. We found an ex-
cellent correlation between the ability to undergo
ubiquitylation and signaling. Therefore, ubiquitylation
of the DSL ICD seems to be a necessary step in the acti-
vation of Notch.

domain E3 ligases, which have the ability to activate the
DSL proteins Neuralized (Neur; Deblandre et al., 2001; Lai et al.,
2001; Pavlopoulos et al., 2001; Yeh et al., 2001) and Mind-
bomb 1 (Mibl; Itoh et al., 2003; Barsi et al., 2005; Koo et al.,
2005a; Lai et al., 2005; Le Borgne et al., 2005; Pitsouli and
Delidakis, 2005; Wang and Struhl, 2005). RING domains cata-
lyze Ub transfer from an E2 intermediate (Ub-conjugating
enzyme) to the substrate protein (Deshaies and Joazeiro, 2009).
Coexpression of DSL proteins with a Neur or Mibl E3 ligase
stimulates DSL clearance from the cell surface and its relocal-
ization into endosomes (Lai et al., 2001, 2005; Pavlopoulos
et al., 2001; Le Borgne et al., 2005). Ubiquitylation of plasma
membrane proteins is a signal for endocytosis as well as further
sorting steps in intracellular trafficking (Acconcia et al., 2009;
Clague and Urbé, 2010), raising the possibility that Neur and
Mibl1 proteins ubiquitylate DSL ligands to trigger their endo-
cytosis. Indeed, DSL activity seems to depend on a select set of
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endocytic proteins, namely dynamin (Seugnet et al., 1997),
epsin (Overstreet et al., 2004; Wang and Struhl, 2004), and auxilin
(Eun et al., 2008; Kandachar et al., 2008; Banks et al., 2011).

The correlation between E3 ligase expression, DSL inter-
nalization, and signaling has given rise to several (nonmutually
exclusive) hypotheses regarding the mechanism of DSL signal
emission (Le Borgne, 2006; Weinmaster and Fischer, 2011).
The mechanical force hypothesis proposes that DSL endocyto-
sis pulls on the trans-bound Notch molecule, thus deforming its
extracellular juxtamembrane domain and exposing a buried
juxtamembrane metalloprotease cleavage site (Parks et al.,
2000; Nichols et al., 2007; Gordon et al., 2008). This promotes
Notch cleavage, which is a prerequisite for receptor activation.
The recycling hypothesis proposes that endocytosis of DSL,
which is synthesized as an inactive molecule, is followed by its
recycling to the plasma membrane after it has been modified
(in a yet uncharacterized manner) in an endosomal compart-
ment, such that it is now competent to engage in productive sig-
naling (Wang and Struhl, 2004; Emery et al., 2005). Recycling
may mediate relocalization of DSL to a plasma membrane
microdomain conducive to signaling (Heuss et al., 2008; Rajan
et al., 2009; Benhra et al., 2010). All hypotheses emphasize inter-
nalization rather than ubiquitylation, assuming that the former
is a direct consequence of the latter. Yet, there are still many
open questions. The cargo complex, which undergoes ubiquity-
lation, is only rather poorly characterized. Is the DSL protein
itself ubiquitylated or does the Ub tag mark another adaptor
protein, perhaps even the E3 ligase itself? The little data on
DSL ubiquitylation by Neur and Mibl are based mostly on
in vitro reconstitutions (Deblandre et al., 2001; Koutelou et al.,
2008). Ubiquitylation using cell-based assays has also been re-
ported (Itoh et al., 2003; Chen and Casey Corliss, 2004; Koo
et al., 2005b; Song et al., 2006; Skwarek et al., 2007). However,
these assays used native immunoprecipitation conditions, leav-
ing open the possibility that additional proteins, besides DI
itself, may have been detected bearing the Ub modification,
whereas the molecular masses (MMs) detected are consistent
with proteins in a size range similar to DI.

DSL intracellular domains (ICDs) should play a central
role in assembling the cargo recognition complexes in the pro-
cess of DSL trafficking. Consistent with a trafficking—signaling
connection, removal of the ICD has been shown to disable DSL
proteins, even to convert them to signaling antagonists (Chitnis
etal., 1995; Hukriede et al., 1997; Sun and Artavanis-Tsakonas,
1997). Replacement of the D1 ICD with a heterologous non-Ub—
mediated endocytic motif from the low density lipoprotein
(LDL) receptor (Wang and Struhl, 2004) was able to restore
signaling, albeit only partially; this rescue required the integrity
of the LDL receptor endocytic motif, suggesting a causal role of
endocytosis in signal emission rather than the converse (endo-
cytosis being a consequence of productive signaling). Dissec-
tion of the Drosophila melanogaster D1 and Ser ICDs has
identified three endocytic motifs, an Asn-based peptide on each
protein, and a dileucine motif on Ser (Glittenberg et al., 2006;
Fontana and Posakony, 2009). The Ser Asn motif mediates inter-
action with both Neur and Mibl, whereas the similar DI motif
was shown to be necessary for Neur binding (Mib1 was not tested).

JCB « VOLUME 195 « NUMBER 6 « 2011

Furthermore, the Ser Asn motif was shown to be absolutely
necessary for signaling activity, whereas the LL motif was
dispensable. It is likely that additional endocytic motifs are
found on DSL proteins. Vertebrate DSL proteins, whose ICDs
have diverged significantly from insect ones, do not contain the
aforementioned Asn or LL motifs. Two mouse DI paralogues,
DII1 and D113, display distinct modes of endocytosis: DII1
requires ubiquitylation, whereas DII3, which is not ubiquity-
lated, as it contains no lysines in its ICD, can internalize and
recycle just as efficiently (Heuss et al., 2008). However, only
DII1 can signal efficiently, suggesting that internalization alone
is not sufficient for signaling. In Drosophila too, the correla-
tion between DSL internalization and signaling is not perfect.
In liquid facets mutant tissue (lacking the endocytic adaptor
epsin), bulk DI internalization occurs normally, but signaling
is abolished (Wang and Struhl, 2004). Conversely, the Ser*"
variant, which lacks the dileucine internalization motif, dis-
plays defective internalization but signals efficiently (Glittenberg
et al., 2006).

In summary, DSL proteins have been variously shown to
interact with E3 ligases and to be actively endocytosed. How-
ever, the mechanistic relation between these events and DSL
signaling is still largely unknown, owing to the complexity of
transmembrane protein trafficking and the inability to distin-
guish the signaling pool of DSL proteins from the bulk. Here,
we have molecularly dissected the Drosophila D1ICD and have
tested five parameters: (1) interaction with E3 ligases Neur and
Mibl, (2) ubiquitylation by these enzymes, (3) ability to signal
in two different contexts, (4) subcellular distribution, and (5)
efficiency of endocytosis. We identify distinct motifs of the DI
ICD that are required for physical interaction with Neur and
Mibl. We find that DI is ubiquitylated and that physical inter-
actions between DI and the E3 ligases via the DI ICD motifs are a
prerequisite for its ubiquitylation. Therefore, we propose that
both Mibl and Neur can directly ubiquitylate DI and that this
enhances DI endocytosis. More importantly, we find an excel-
lent correlation between the ability of DI to undergo ubiquity-
lation and its ability to signal. Activity also correlates quite well
with endocytic efficiency but not with subcellular localization.

Results

DI 1ICD conserved motifs are interaction
domains for Neur and Mib1

To identify important functional elements in the DI ICD, we
searched for conserved motifs among distantly related insect
species. We retrieved DI orthologue sequences from a basal
dipteran (Aedes aegypti) as well as from representatives of six
different insect families (Bombyx mori, Tribolium castaneum,
Apis mellifera, Periplaneta americana, Acyrthosiphon pisum,
and Pediculus humanus corporis). When we aligned D1 ICDs
(Fig. S1), four short conserved motifs were identified; a fifth
motif was noticed by visual inspection of the alignment, al-
though it had not been deemed significant enough by the Clust-
alW2 algorithm. The first motif is the stop transfer sequence at
the very N terminus of the ICD. We named the remaining four
DIsICDI, ICD2, ICD3, and ICD4. To investigate the functional
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A

Figure 1. Dl interactions with Neur and Mib1. (A) Sche-
matic of DI and its variants tested in this study. TM, trans-
membrane domain. ECDs and ICDs are not drawn to scale.
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pressed alone (bottom) or with Myctagged Mib1AR (top).

Immunoprecipitation (IP) lanes: extracts were immunopre-
cipitated with anti-Myc and detected with anti-V5. Input (i)
lanes: 4% of the total extract from the same transfection was
kept before immunoprecipitating the rest. The main band is
full-length DI (predicted MM of 90 kD). The bands visible in
the bottom right near 175 kD are nonspecific cross-reacting

i3 bands. Marker sizes are shown on the right in kilodaltons.
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precipitated with an anti-Neur antiserum and detected with
anti-V5. Labels are the same as in B. WB, Western blot.
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importance of these motifs, we generated mutated forms of DI
by deleting each of the three motifs I[CD1-3: Dlil lacks ICDI,
Dli2 lacks ICD2, and Dli3 lacks ICD3 (Fig. 1 A). We further
constructed D1i1/2, which lacks both ICD1 and ICD2, and we
obtained the C-terminal truncation DIAC, which inserts a stop
codon after amino acids 720 and removes ICD3, ICD4, and
beyond (Rand, M.D., personal communication). All mutants
and the wild-type (wt) control were C-terminally tagged with
a 6xHis-V5 epitope to facilitate biochemical detection (see
Materials and methods and Fig. 1 A).

We coexpressed the various DI mutants in Drosophila
Schneider S2 cells with Mib1 AR, a Mib1 variant that lacks the
catalytic RING domain, to address a possible function of these
motifs as Mib1 docking sites. Mib1AR had been shown before
to physically interact with wt DI and Ser, and deletion of the
RING domain facilitated detection of these interactions, as it
diminished DSL degradation (Lai et al., 2005). We observed
that DI, Dlil, and DIi3 coimmunoprecipitated with Mibl1AR.
On the contrary, coimmunoprecipitation of D1i2 and Dli1/2 was
severely compromised, suggesting that motif 2 is responsible
for the interaction with Mib1 (Fig. 1 B).

The same assay was used to test the ability of the mutant
forms to coimmunoprecipitate with NeurAR, a RING-less Neur
variant, which was already known to interact with wt DI and Ser
(Lai et al., 2001; Pitsouli and Delidakis, 2005; Glittenberg et al.,
2006). Whereas DIli2 and DIli3 were coimmunoprecipitated by
an anti-Neur antibody, Dlil and DIil/2 coimmunoprecipitation
was strongly attenuated, pointing to motif 1 as a potential inter-
action site for Neur (Fig. 1 C; in agreement with Fontana and
Posakony, 2009). Based on these results, we propose that two of
the conserved motifs in DI ICD, ICD1 and ICD2, are docking

S .- = -

—-175
— 80

sites for Neur and Mibl1, respectively, whereas ICD3 is dispens-
able for the recruitment of either Ub ligase. ICD4 is also dis-
pensable because DIAC could be coimmunoprecipitated with
either Mib1AR or NeurAR (unpublished data).

DI is ubiquitylated by Nleur and Mib1

We next coexpressed the DI variants with catalytically active
(full length) E3 ligases in S2 cells to assess their ability to be
ubiquitylated. Ubiquitylated species were detected after co-
transfecting with an Xpress epitope—tagged version of Ub. We
pulled down 6xHis-tagged DI under strong denaturing condi-
tions to eliminate other interacting proteins and thus ensure
that ubiquitylated species observed represent DI itself. Trans-
fected DI displayed low background levels of ubiquitylation
(anti-Xpress signal), visible only at higher exposures than
those displayed in Fig. 2. For this reason, we transfected with
increasing amounts of neur- or mibI-expressing plasmids and
asked whether we see a corresponding increase in DI ubiqui-
tylated species.

When Mibl was expressed in increasing amounts (Fig. 2 A),
we detected a concomitant increase in high MM ubiquitylated
species of DI, DIil, or DIi3 but not of DIi2 or Dlil/2. Using
Neur in the same assay, we could stimulate ubiquitylation of wt
Dl as well as DIi2 but not Dlil or DIi1/2 (Fig. 2 B). These results
are in agreement with our interaction data because deletion of
each docking site compromised ubiquitylation by the cognate
E3 ligase; Dlil was ubiquitylated only by Mibl, and DIi2 was
ubiquitylated only by Neur. For both enzymes, ubiquitylation
was dependent on the RING domain, as incubation with NeurAR
or Mib1AR strongly reduced the Ub signal (Fig. S2 A). In all
experiments, cells were incubated with E64, a lysosomal

Delta ubiquitylation and signaling * Daskalaki et al.
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Figure 2. Ubiquitylation of DI variants. (A) Dl-expressing constructs were cotransfected with Xpress-Ub and increasing amounts (0, 0.5, 1, and 1.5 pg)

of Mib1-expressing constructs. DI protein was isolated by affinity purification on a Ni?

* resin under denaturing conditions. Eluates of the Ni?* column were

probed with anti-Xpress to detect ubiquitylated species (top shows 1/4 of total loaded) and anti-V5 to detect total DI as a loading control (bottom shows
1/3 of total loaded). Note that ubiquitylated species, where present, run at much higher MMs than the expected 90 kD of unmodified DI. (B) Dl-expressing
constructs were cotransfected with Xpress-Ub and increasing amounts (0, 0.5, 1, and 1.5 pg) of Neur-expressing constructs. Note weaker levels of
Ub signal in DIi3. (C) Ubiquitylation assays performed as in A and B using the Dl variants and E3 ligases shown at the top. Note that DI-K742R is weakly
ubiquitylated by Neur but resembles wt Dl in its response to Mib1. MM markers are shown in kilodaltons. White lines indicate that intervening lanes have

been spliced out.

protease inhibitor (Rock et al., 1994), before lysis. When E64
was omitted, much less ubiquitylated DI could be detected, con-
sistent with lysosomal clearance of DI ubiquitylated species
(Fig. S2 B). E64 did not qualitatively alter the MM pattern of DI
Ub adducts, suggesting that the modifications observed are not
a secondary consequence of blocking the lysosomal pathway.
Importantly, a major monoubiquitylated band at the predicted
MM of 102 kD was not produced by either Mib1 or Neur. This
shows that these E3 ligases catalyze preferentially the multi- or
polyubiquitylation of DI.

Dli3 gave strong ubiquitylation by Mibl and detectable
ubiquitylation by Neur, albeit at much reduced levels compared
with wt (Fig. 2, A and B). This was unexpected because dele-
tion of ICD3 had not affected recruitment of NeurAR in our
earlier coimmunoprecipitation assay (Fig. 1). We entertained
the possibility that Neur docks on ICD1 but uses a lysine in
ICD3 to conjugate the Ub moiety. K742, the sole lysine residue

JCB « VOLUME 195 « NUMBER 6 « 2011

within ICD3, is in fact the most highly conserved lysine in the
entire D1 ICD (Fig. S1). A mutant, DI-K742R, converting this
lysine to arginine, which cannot be ubiquitylated, behaved like
Dli3, namely it was only weakly ubiquitylated by Neur, whereas
it still displayed robust ubiquitylation by Mib1 (Fig. 2 C). We
conclude that K742 is a preferred Ub acceptor site by Neur but
not by Mibl1, suggesting that the two E3 ligases produce differ-
ent ubiquitylated products. Six other K — R mutations were
assayed, namely K629R, K636R, K683R, K688R, K775R, as
well as the double mutant K683,688R. None of these showed
any defect in ubiquitylation by either E3 ligase (Fig. 2 C and not
depicted). Note that K683 and K688 are the two lysines within
ICD2, whereas K636 is the sole lysine within motif ICD1. None
of the three is conserved across insects, although K683 and
K688 show partial conservation, as do K629 and K775 (Fig. S1).
Finally, we tested the C-terminal truncation DIAC, which lacks
K742 as well as K739, K762, and K775. Neur-dependent
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ubiquitylation was compromised, as expected from the absence
of K742, but Mibl-dependent ubiquitylation was unaffected
(unpublished data), eliminating the remaining C-terminal—
proximal lysine residues as preferred Mib1 modification sites. It
therefore appears that Neur displays strong selectivity for K742,
whereas Mibl is more promiscuous in its choice of lysine
residue to be ubiquitylated.

Role of DI ICD conserved motifs in wing
dorsoventral (DV) boundary induction
and sensory organ precursor (SOP)
lateral inhibition
The analysis presented in the previous two sections revealed the
role of ICD1 and ICD2 in binding Neur and Mib1, respectively,
and that of ICD3 as a main ubiquitylation target by Neur. To
address the relationship between ubiquitylation and signaling,
we proceeded to ask whether these motifs play a role in Dl
activity in vivo. To that end, we tested each mutant in two set-
tings. In the first, we asked whether ectopic expression of Dl in
the larval wing epithelium can induce wingless (wg), a Notch
target gene normally found in the DV boundary (de Celis et al.,
1996; Doherty et al., 1996; Neumann and Cohen, 1996). This
event is known to be dependent on mibl (Lai et al., 2005; Le
Borgne et al., 2005; Pitsouli and Delidakis, 2005; Wang and
Struhl, 2005), which is ubiquitously expressed in the wing disk.
In the second setting, we asked whether transgenic DI variants
can rescue the process of SOP lateral inhibition (Bray, 1998) in
a DI Ser mutant background. Consistent with the expression of
neur in proneural territories, we have previously shown that this
process relies on Neur, although Mibl also plays a minor role
(Pitsouli and Delidakis, 2005).

To monitor the ability of DI mutants to signal in wing
DV boundary induction, we expressed wt and mutant forms
of the ligand in a stripe perpendicular to the DV boundary
using ptc-Gal4. When an upstream activation sequence (UAS)-DI
wt transgene is expressed, ectopic Notch activity (reported
by Wg expression) becomes apparent in cells immediately
adjacent to the ptc-GAL4—expressing cells. As previously
reported, Notch activation is restricted to dorsal cells, as a
result of differential Notch glycosylation (Irvine and Vogt,
1997), and is excluded from high Dl-expressing cells because
of the well-documented effect of DI cis-inhibition of Notch
(Doherty et al., 1996; de Celis and Bray, 1997). For this rea-
son, Wg induction is stronger in the posterior compartment,
where the prc expression stripe ends abruptly, creating a
sharp expression/nonexpression boundary, whereas it is weaker
anterior to the stripe, where ectopic DI expression levels
drop more gradually (Fig. 3 A, inset). Dlil, DIAC, and DI-
K742R were active in this assay, exhibiting robust ectopic
Wg expression (Fig. 3, A, D, and H). When ICD2 was deleted
(in DIi2 and DIlil/2), thus interfering with interaction with
Mibl (Fig. 1), no Wg induction was observed (Fig. 3, B and C).
Thus, inability to interact with Mibl abolishes signaling
of DI in trans to Notch but does not affect cis-inhibition in
this context. Inability to interact or get ubiquitylated by Neur,
on the other hand, does not abolish either trans-activation or
cis-inhibition (Fig. 3, A, D, and H).

The activity displayed in this assay by Dlil and DIAC is
Mib1 dependent, as it was abolished in clones expressing these
proteins and simultaneously mutated for mib! (Fig. 3, E, I, and L).
The same had been shown earlier for wt DI. Conversely, it
was shown before that neur, if ectopically expressed, can com-
pensate for loss of mibI in this context (Pitsouli and Delidakis,
2005; Wang and Struhl, 2005). When we coexpressed D1i2 with
Neur (here, we did not use a mibl~ background because DIi2 is
inactive in a wt background anyway), we got a strong induction
of Wg (Fig. 3, F and J), suggesting that this mutant regained its
ability to signal. We were not able to detect any Wg induction
when we expressed Dlil/2 with or without Neur (Fig. 3, G and K),
confirming that this variant, which is unable to interact with
either Neur or Mibl1, is inactive, other than being able to cis-inhibit
Notch. This is in agreement with previous data showing that Ub
ligase activity is not needed for cis-inhibition (Glittenberg et al.,
2006; Miller et al., 2009).

The DI variants behaved differently when assayed in the
context of lateral inhibition. Notch signaling normally restricts
the generation of SOPs from a field of tens of cells to only one
or two. Clones mutant for DI Ser give rise to clustered supernu-
merary SOPs, as all cells within the proneural field adopt the
SOP fate. In a DI Ser background, expression of UAS-DI by the
ubiquitous driver a-tubulin-Gal4 restored Notch signaling, and
individualized SOPs were born (Pitsouli and Delidakis, 2005).
UAS-DIi2 reproduced this effect (Fig. 4 C), but neither DIil nor
Dlil/2 was able to do so (Fig. 4, B and D), pointing to the
ICD1-Neur interaction as playing a major role in this context.
Interestingly, DIAC and DI-K742R, which can interact with
both Mibl and Neur, but cannot be properly ubiquitylated by
Neur, could not rescue lateral inhibition (Fig. 4, E and F).
These data suggest that not only interaction (affected by Dlil
and DIil/2) but also strong ubiquitylation by Neur (affected
by DIAC and DI-K742R) is needed in this process. Upon
close observation of clone phenotypes, we noticed that
Dli1/2 and DIAICD, a mutant in which the entire DI ICD has
been deleted (Wang and Struhl, 2004), produced clusters of
adjacent SOPs (Fig. 4, A and D), the same phenotype that loss
of DI Ser would have in the absence of any transgene—this is
in agreement with the complete inactivity of these two vari-
ants. In the case of Dlil, DIAC, and D1-K742R, on the other
hand (Fig. 4, B, E, and F), although supernumerary SOPs
were still produced, these were often spaced apart from each
other, suggesting that a low level of lateral inhibition was
taking place. As Dlil, DIAC, and DI-K742R are good sub-
strates for Mibl, it is likely that endogenous Mib1 can provide
partial activity in this context, which agrees with a previ-
ously noted minor role of Mibl1 in lateral inhibition (Pitsouli
and Delidakis, 2005).

In summary, of the three DI ICD motifs, Neur-associated
motifs ICD1 and 3 seem to play a major role in lateral inhi-
bition, whereas the Mibl-associated motif ICD2 is pre-
dominant in DV boundary induction. We wondered whether
lateral inhibition might be supported by a previously reported
active DI variant that cannot be ubiquitylated at all because
of the lack of lysine residues in its ICD. This artificial variant
has been made by fusing an NPxY-dependent endocytosis

Delta ubiquitylation and signaling * Daskalaki et al.

TTOZ ‘ST Joqwadag uo Bio'ssaidni gal woliy papeojumoq

1021


http://jcb.rupress.org/

Published December 12, 2011

1022

N;ur M%ﬂ
o g [Dac P[] BHES
o P I8l [ o W[ B[ oz | B
K742 K742 ; |_/>
52 ERRZEZIONE | |?| [{]Hes

R742

UAS-DIK742R

mib1; UAS-DIAC

mib1; UAS-DIi1 UAS-DIi1/2; UAS-neur

Figure 3. Induction of Wg by DI variants. Third instar wing pouches overexpressing DI variants and stained for Wg (red) are shown. Anterior is to the left
and ventral is down. (A-D and H) DI variants as indicated are expressed with ptc-Gal4 and detected with anti-DI. (A, inset) Disk expressing wt DI under
ptc-Gal4. Note ectopic Wg expression posterior to the Dl stripe. The narrow stripe of DI expression sometimes seen (green arrows) comes from the overly-
ing squamous peripodial membrane cells, which do not express wg in response to Notch. (E-G) Ectopic expression of Dl variants, as indicated, in random
clones. DIi1 (E) induces Wg, whereas DIi2 (F) and DIi1/2 (G) do not. In E, the DI transgene is driven by a-tubulin-Gal4, and the clones are visualized by
coexpressed UAS-nuclear GFP (green). In F and G, the Dl transgenes are expressed by actSC-Gal4, and the clones are visualized by anti-Dl (green). (I and L)
The indicated DI variants are expressed in clones mutant for mib1. Clones are marked as in E. Compared with D and E, no ectopic Wg is produced, con-
firming that signaling by these variants depends on Mib1. (J and K) The indicated DI variants are coexpressed with EGFP-Neur under act5C-Gal4 control.
Clones are visualized by the presence of EGFP-Neur. Comparing F with J, we conclude that Neur, when ectopically provided, can activate DIi2, whereas
it cannot activate Dli1/2 (G vs. K). The slight Wg expression close to the DV boundary in K is occasionally seen also in Dli1/2-expressing clones (without
UAS-Neur), hinting at a possible residual activity of the protein. Open arrows show Wg induction. TM, transmembrane domain. Bars, 50 pm.

signal from a mammalian LDL receptor (Chen et al., 1990)

to the DIl extracellular domain (ECD)" transmembrane
domain (Wang and Struhl, 2004). This DI-LDL* fusion had
been shown to be active in wg induction but had not
been tested in the context of lateral inhibition. In DI Ser
clones expressing UAS-DI-LDL*, we detected no rescue of
lateral inhibition, as a large number of adjacent SOPs were
reproducibly detected (Fig. 4 G). Therefore, whereas a heter-
ologous endocytosis signal can restore DI activity in one
context (DV boundary induction), it fails to do so in another
(lateral inhibition).

As ubiquitylation is a signal for membrane cargo trafficking, we
wondered whether the inability of some DI mutants to accept Ub
moieties would alter their patterns of internalization. Most impor-
tantly, we wanted to confirm that the intracellular deletions had
not adversely affected other aspects of the protein’s biogenesis,
such as targeting to the cell surface. To confirm cell surface expo-
sure for all our DI variants, we visualized them by immuno-
fluorescence in the absence of detergent. In all cases, strong signal
was obtained on the apical plasma membrane with much weaker
signal basally, suggesting that polarized exocytosis of DI was not
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Figure 4. Rescue of lateral inhibition by DI variants. (A-G’’) In all panels, notum regions of third instar wing disks are shown stained for Sens (red; shown
separately in A’~G’), a marker for SOPs, which normally arise as single cells at defined positions. DI Ser mutant clones are marked by the expression
of nuclear GFP (green); clones coexpress the indicated DI variant. Note that a singularized SOP is present only in C, whereas all other variants cannot
abolish the birth of clustered supernumerary SOPs. An unrescued DI Ser mutant would look like the clones in A or D (e.g., Pitsouli and Delidakis, 2005).
(G-G"") In G, we have costained for Wg (blue; shown separately in G'’). The edge of the wing pouch is visible at the bottom, where DI-LDL* is capable of
inducing Wg (arrows), confirming its activity in a different context. Anterior is to the left and dorsal is up. LDLR, LDL receptor; TM, transmembrane domain.

Bars, 50 pm.

affected by these deletions (Fig. S3). This was even true for the
inactive Dlil/2, eliminating the trivial possibility that its inactiv-
ity results from a defect in its plasma membrane localization.
When assayed in permeabilized tissue, wt DI (either endog-
enous or overexpressed) is highly enriched on the apical cell
surface with additional intracellular puncta, which are in large
part endosomes (Pavlopoulos et al., 2001; Le Borgne and
Schweisguth, 2003; Wang and Struhl, 2004). We used three repre-
sentative markers of different endosomal compartments to ask
whether they colocalize with intracellular DI in an attempt to
determine whether our DI ICD mutants may affect the protein’s
trafficking route. We chose Sara as an early endosome marker

because of its recently reported connection with Notch-DI sig-
naling (Bokel et al., 2006; Coumailleau et al., 2009). Rabl1,
which has also been implicated in DI function (Emery et al.,
2005; Jafar-Nejad et al., 2005; Banks et al., 2011), was used
as a recycling endosome marker. Hepatocyte growth factor—
regulated tyrosine kinase substrate (Hrs) was used as a sorting
endosome marker. It is known to bind Ub-tagged cargoes and
stimulate their import into intraluminal vesicles of the multive-
sicular body (Lloyd et al., 2002; Jékely and Rgrth, 2003). DI wt
intracellular puncta showed the best colocalization with Sara
(46%). Less colocalization was evident with Hrs (37%), and
even less was evident with Rabl1 (15%). DI variants showed
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Table 1. DI colocalization with Sara, Hrs, and Rab11
DI variant Sara Hrs Rab11

Colocalization n P-value Colocalization n P-value Colocalization n P-value

% % %

Alone
wit 46 166 - 37 109 - 15 141 -
Dli1 60 106 0.02 37 73 1.00 14 200 0.75
Dli2 54 112 0.22 33 122 0.58 13 238 0.54
Dli1/2 47 100 0.90 18 201 <0.01° 14 125 1.00
DIAC 42 114 0.62 18 104 <0.01° 16 129 1.00
DI-LDL 19¢° 503 <0.01¢ 34 131 0.68 14 151 0.87
+Neur
wit 45 317 0.92° 5 222 <0.019b 10 192 0.24°
Dli1 49 214 0.48 6 143 0.63 11 150 1.00
Dli2 46 226 0.86 o) 343 0.57 11 240 1.00
Dli1/2 34 170 0.02 4 93 1.00 11 124 1.00
DIAC 46 156 0.85 5 134 0.80 10 129 1.00
+Mib1
wit 50 92 0.52° NT - - 13 286 0.66°

The percentage of colocalization of each DI variant with Sara, Hrs, and Rab11 is shown. The numbers refer to the percentage of DI puncta that are also positive for
each endocytic marker. n = total number of DI puncta scored. P-values were calculated using the Fisher exact test against the DI wt control. In the +Neur and +Mib1
sections, DI variants were coexpressed with UAS-Neur or UAS-YFP-Mib1, respectively. The variant +Neur p-values are computed against DI wt +Neur. Minus signs

indicate not applicable data. NT, not tested.
*Values below 0.01 are considered significantly different than wt.

5The wt +Neur/Mib1 colocalization p-values are computed against DI wt alone.

subapical/laterobasal puncta with a similar distribution to that
of the wt among the three markers used (Table 1 and Fig. S4).
One exception was DI-LDL*, which colocalized less efficiently
with Sara (22%). Also, DI1i1/2 and DIAC showed decreased
colocalization with Hrs, which we do not presently understand,
as they have essentially complementary deletions in the DI ICD.
We conclude that the D1 ICD confers a preference to accumu-
late into Sara endosomes, but none of our ICD deletions seems
to abolish this affinity or greatly alter DI distribution among the
endosomal compartments tested.

All of the aforementioned localization tests were per-
formed in the larval wing epithelium, where mib] is present, but
neur is hardly expressed at all. We therefore repeated the assays
with neur coexpression, whereupon DI wt relocalizes dramati-
cally as a result of stimulated endocytosis. It pulls away from
the apical surface and moves into large intracellular puncta,
where it often colocalizes with Neur. This apical DI clearance is
accompanied by clearance of Notch, which also accumulates on
the DI-Neur-positive intracellular puncta (Lai et al., 2001;
Pavlopoulos et al., 2001). When coexpressed with Neur, dra-
matic differences were observed among the DI variants (Fig. 5).
Dli2 was cleared from the apical surface and massively relocal-
ized into intracellular puncta together with Notch and Neur
(Fig. 5 F), like wt DI. Dlil, DIli1/2 (which cannot interact with
Neur), and DIAC (which interacts with Neur but cannot be
properly ubiquitylated) retained their apical accumulation and
were not enriched intracellularly (Fig. 5, E-H). This was mir-
rored in the effect on endogenous Notch, which was cleared
from the apical surface only by the Dli2—Neur combination
(Fig. 5, E''=H'"). Therefore, apical clearance of DI-Notch

JCB « VOLUME 195 « NUMBER 6 « 2011

complexes by Neur can occur only when DI can be ubiquity-
lated by Neur.

We also tested the distribution of DI variants among the
three endosomal compartments, Sara, Rabl1, and Hrs, upon
Neur coexpression. The relative distribution of DI in Sara and
Rab11 endosomes essentially did not change (Table 1), despite
the quantitative increase in endosomal puncta for the wt and
DIli2. An overall decrease in Hrs colocalization was seen, but
this was not DI variant-specific, possibly hinting at a global
effect of Neur, which was not studied further. A similar study
cooverexpressing D1 with Mibl failed because of lethality at
prelarval stages. The few escapers that were recovered did not
show a significantly altered distribution of DI (Table 1). We
conclude that the identified ICD motifs (1, 2, and 3), despite
their influence on DI ubiquitylation, do not significantly affect
its trafficking route, at least as revealed by the small number of
endosomal markers tested.

Endocytosis of DI variants

As the differences in endocytosis among our DI variants did not
appear to be qualitative, we turned to a live antibody uptake
assay, first described by Le Borgne and Schweisguth (2003), to
gauge the efficiency of DI internalization upon mutating the
various ICD motifs. For technical reasons, this was best per-
formed in pupal nota at 18-22 h after puparium formation. We
cultured the dissected tissue in the presence of mouse anti-DI
antibody for 15 min before fixation. Using a different (guinea pig)
anti-DI antibody to detect total DI after fixation/permeabiliza-
tion, we could determine the fraction of total (guinea pig) DI
endosomal puncta that had gotten occupied by the live (mouse)
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Figure 5. Subcellular localization of DI variants. Close ups of third instar wing epithelia stained for DI ECD (red) and Notch ECD (N-EC). EGFP-Neur,
whenever coexpressed, is defected in green. Overexpressed DI variants are defected, whereas endogenous Dl is undetectable at the illumination level used.
(A-D'""") Ectopic expression of Dl variants, as indicated. A-D are apical single confocal sections, whereas A’-D’ are lateral single sections ~3 pm below
A-D. Strong accumulation of ectopic DI apically is accompanied with strong endogenous Notch accumulation, shown separately in A”’-D"". Laterally, the
DI variants accumulate in puncta that also contain Notch (A’-D’). Boxed regions of these panels are enlarged in A’”"’-D""’, in which individual channels
are also shown: DI (red borders) and Notch (blue borders). (E-H'"’") Ectopic coexpression of DI variants, as indicated, with EGFP-Neur. E'~H’ are the
corresponding lateral sections at 3 pm below E-H. E'’~H’’ show the apical Notch staining alone. (F’’) Note that only DIi2 + Neur efficiently clears Notch
away from the apical surface; (F) DI and Neur are also cleared. E’"’~H'"" are enlarged sections of the boxed regions in E'=H’. Individual channels for DI,
Notch, and Neur are shown with red, blue, and green borders, respectively. (F"’) Large lateral puncta of DI are detected in the case of DIi2 colocalizing
with Notch and Neur. The fewer DIAC puncta (H'"’) also colocalize with Neur (and Notch), whereas Neur is diffusely cortical when coexpressed with Dli1
(E""") or DIi1/2 (G’"). Note that, whenever overexpressed DI accumulates apically (all panels except F), endogenous Notch seems depleted from a row
of cells around the clone. This probably results from polarization of Notch in these cells foward the highly Dl-expressing cells of the clone. Bars: (A-H) 15 pm;
(A"'-H"") 5 pm.

of internalization. We wondered what would happen if we provided
Neur exogenously. When we coexpressed DI (wt) and Neur, the

antibody during the 15-min uptake window. This fraction
(percentage of DI internalized) ranged from 72 to 88% of the

total DI puncta for the wt, Dlil, and DIAC variants (Fig. 6); the
differences among these variants were statistically insignificant.
However, D1i2 and DIli1/2 displayed a much slower endocytosis
occupying only 38-45% of the total DI-positive endosomes
within the uptake window. DI-LDL" (56%) was also signifi-
cantly more slowly endocytosed than wt but faster than DIil/2.
We conclude that the D1 ICD regulates the rate of DI inter-
nalization and that motif i2, the Mibl interaction motif, is critical
for efficient internalization.

The Gal4 driver used to express our DI variants in the
pupal notum expresses mostly in nonsensory epithelial cells
(Fig. S5), which do not express neur, consistent with ICD2,
the Mib1-interacting motif, playing an important role in the rate

percentage of DI taken up in a 15-min window remained unchanged
(Fig. 6). However, the efficiency of Dli2 endocytosis increased dra-
matically to wt levels. DIil/2 uptake remained slow. Therefore, in
this assay, uptake efficiency seems to be correlated with ubiquity-
lation, with DIi2 being endocytosed slowly in the notum epithe-
lium but attaining a faster uptake rate when Neur is supplied.

Our dissection of the D1 ICD has revealed two discrete motifs,
ICD1 and ICD2, for docking of Neur and Mibl, respectively.
Moreover, we showed that Mibl and Neur can ubiquitylate DI
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Figure 6. Live uptake assays for DI variants. (A-E) Examples of pupal
nota expressing the indicated DI variant under Eq-Gal4. Optical cross sec-
tions are shown; apical is up, shown by high E-cadherin accumulation
(blue). Anti-Dl taken up live for 15 min before fixation (red) and total anti-DI
(green) are shown. Yellow arrows mark DI puncta that have been labeled by
the live protocol; green arrows mark DI puncta that did not get labeled
by the live protocol. (A) The control notum expressed wt DI but was cultured
on ice to inhibit endocytosis; note the absence of yellow puncta and ac-
cumulation of the live anti-DI (red) immunoreactivity on the basal side of
the cells. In B-E, live uptake was performed at 25°C. (F) Bar graph of the
percentages of total DI puncta that were labeled by the live antibodies.
The experiments were replicated two to three times, and means are shown.
Error bars are standard deviations. Genotypes with significant differences
from the wt (P < 0.01, Student's f test) are indicated by filled asterisks.
Genotypes with significant differences from DIli1/2 are indicated by open
asterisks. Bar, 16 pm.

in Drosophila cells. As we have used stringent denaturing
conditions to isolate DI, we are confident that DI is the ubiqui-
tylation substrate and have identified a major acceptor residue for
Neur-mediated ubiquitylation, K742. It has been suggested in the
past that DI is usually monoubiquitylated. However, our results
show that both E3 ligases produce high MM species, consistent
with multi/polyubiquitylation. Whereas Neur prefers K742 as the
Ub acceptor site on DI, Mib1 does not display a lysine preference*,

"We have not strictly excluded a Mib1 preference for the three lysines in the stop
transfer sequence, K665 (the only other ICD lysine not mutagenized), or the sin-
gle lysine residue in the V5 epitope tag. However, K665 is not conserved, and
lysines 620/622/624 (stop transfer) have been tested by Wang and Struhl
(2004) and shown not to be necessary for DI activity. We therefore do not think
that any of these would act as a major acceptor site for Mib1 modification.

pointing to qualitatively different Ub modifications catalyzed
by the two E3 ligases. As different Ub modifications may be
recognized by different endocytic adaptors, the possibility
arises that DI modified by Mibl versus Neur can display dif-
ferent trafficking behavior. From our marker colocalization
and endocytic uptake assays, we could not discern any major
differences among D1 ICD variants. DI accumulated in early
Sara-positive endosomes and showed lower colocalization
with Hrs or Rabl1. The ICD was necessary for the Sara co-
localization (because DI-LDL* showed a significant reduc-
tion), but none of the identified ICD motifs seemed to be
necessary (Table 1). We did not discern differences in uptake
rate between Mibl-modified and Neur-modified DI either.
Both Ub ligases promoted a high rate of DI uptake (~80% of
DIl-positive endosome occupancy is achieved within 15 min;
Fig. 6). A slower mode of DI uptake, independent of either
Mibl or Neur, was typified by DI1il/2 (and DIi2 in the ab-
sence of Neur) and amounted to only ~45% endosome occu-
pancy in the same time. We conclude that D1 contains several
endocytic motifs: the conserved ICDI1, 2, and 3 mediate
ubiquitylation by Mibl/Neur and rapid uptake, and addi-
tional uncharacterized endocytic mechanisms must also exist
to account for the slower uptake of ICD1/2. The DI-LDL"*
variant, which uses a distinct Ub-independent mechanism
of endocytosis, was taken up faster than DIil/2 but slower
than wt DI.

Can we correlate DI signaling activity with its ubiquity-
lation and/or trafficking? Correlation with ubiquitylation was
very good (Fig. 7 A). When ubiquitylation by Mib1 was abol-
ished (Dli2 or DIil/2), the ligand lost its ability to activate
Notch at the wing DV boundary. Reciprocally, in cases in
which we eliminated ubiquitylation by Neur (Dlil, D1i1/2, and
DIAC), the ability of the ligand to sustain lateral inhibition
was compromised. As mibl is expressed ubiquitously in the
wing disk, whereas neur is limited to proneural regions, there
is some residual lateral inhibition activity by DIlil and DIAC,
variants that retain interaction with Mib1 (Fig. 7 A). The be-
havior of DI-LDL" allows us to formulate a hypothesis about
the relation of endocytosis to signaling (Fig. 7 B). A high rate
of internalization at the plasma membrane seems to be a pre-
requisite for signaling in either context tested, with two quali-
fications: (1) Even a moderate internalization rate (D1-LDL")
seems sufficient to promote wg expression but not lateral inhi-
bition, which absolutely requires high rates. (2) For lateral in-
hibition to be properly executed, direct interaction/ubiquitylation
by Neur is required in addition to high internalization rates.
This requirement was inferred from the inability of Dlil and
DIAC to fully rescue lateral inhibition and from the fact that
neur loss of function does attenuate lateral inhibition but does
not completely abolish it, as in the case of the mibI neur double
mutant (Pitsouli and Delidakis, 2005). This direct requirement
for Neur may be caused by some subtle modulation of DI
endocytosis or subsequent recycling, which cannot be recapitu-
lated by Mibl. Higher resolution uptake and colocalization
assays may reveal such subtle effects in the future. An addi-
tional very likely reason for the indispensability of Neur in
lateral inhibition is the network of regulatory interactions in
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A Figure 7. Dl activity depends on ubiquitylation. (A) The dif-
ferent DI variants used are shown inferacting with Neur or
E3-LIGASE INTERACTION UPTAKE ACTIVITY Mib1, depicted as touching at their respective docking site.
The star in ICD3 represents K742; filled is ubiquitylated, and
open is nonubiquitylated. WM, wing margin; LI, lateral in-
? - hibition; NT, not tested; TM, transmembrane domain; LDLR,
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which it participates. On one hand, Notch signaling probably
represses neur expression, which attains the highest levels in
the Notch refractory cell, the SOP (Huang et al., 1991). On the
other, Notch signaling activates transcription of the Bearded
(Brd) family of genes (Castro et al., 2005), which act to inhibit
DI-Neur interaction (Bardin and Schweisguth, 2006; De Renzis
et al., 2006; Fontana and Posakony, 2009) in the Notch receiv-
ing cells (non-SOPs). Neither transcription nor activity of
Mibl has in any way been shown to respond to Notch signal-
ing, which may account for why Mib1 alone is unable to fully
sustain lateral inhibition.

Proneural cluster

Mib1 +ve/ Neur +ve

Divergence of intracellular motifs

on DSL proteins

We have identified three conserved domains in insect DIs that
seem to mediate E3 ligase recruitment and Ub ligation, explain-
ing the necessity of the ICD for signaling. The other Notch
ligand, Ser, has been previously shown to require an Asn-based
motif for both Neur and Mibl1 interactions. This motif is well
conserved among insects (Glittenberg et al., 2006; Fontana and
Posakony, 2009) and possesses features reminiscent of both DI
ICDI1 and ICD2. A QNEEN stretch is similar to the QNExXN
stretch in DI ICD1, and an NNL is similar to the NNI/V present
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in most insects in DI ICD2. QNxxN stretches were recently
shown to be direct interaction sites for Neur (Fontana and
Posakony, 2009), in agreement with our data on the role of ICD1
as a Neur docking site. In fact, similar peptides are found in the
Brd family of Neur inhibitors (Bardin and Schweisguth, 2006;
Fontana and Posakony, 2009). This enables Brd-like proteins to
outcompete DSL binding to Neur, thus decreasing signal emis-
sion. The NNL/I/V stretch of DSL proteins could be important
for Mib1 docking, although this amino acid stretch is lost from
the Dls of B. mori and A. pisum, which do maintain the rest of
ICD2 (Fig. 1). Mutation of the Ser NNL peptide partially re-
duced its ability to induce wg in the wing, consistent with a role
in Mib1-dependent signaling (Glittenberg et al., 2006). Although
four lysine residues were found to be conserved among five
insect Sers (unpublished data), none resided inside a motif rem-
iniscent of D1 ICD3. The absence of ICD3 together with the
divergence in sequence and relative arrangement of E3 ligase
docking sites raise the possibility that ubiquitylation of Dls
versus Sers is subject to different fine tuning.

Unlike insects, vertebrates have multiple paralogues of D1
and Ser (or Jagged). Comparing mouse (D111 and 4), zebrafish
(DIA, DID, and DIll4), and Xenopus laevis D111, we detected a
conserved (L/I/V)KN(T/I)N motif, similar to the IKNTW stretch
of insect DI ICD2, as well as a nearby NNL tripeptide (unpub-
lished data). NNL stretches were also found in DII3 (mouse
and Xenopus) and DIC (zebrafish) paralogues, which lack the
(L/I/V)KN(T/I)N motif. Vertebrate Jaggeds contain a conserved
NNxxxxL motif (Glittenberg et al., 2006), closely followed by
an IKNxIEK motif (ICD2-like) in Jaggedl (mouse, zebrafish,
and Xenopus) but not in Jagged?2 (unpublished data). It is tempt-
ing to speculate that these motifs may play an important role
in vertebrate DSL-Mibl interactions, which have been docu-
mented for all aforementioned DSL paralogues (Itoh et al.,
2003; Koo et al., 2005a). However, no NExN conserved
stretches or other motifs similar to ICD1 (e.g., QNxxN) or ICD3
could be discerned in several vertebrate Dls and Jaggeds,
whereas the looser putatively Neur-binding motif NxxN exists
in some vertebrate DSLs (Fontana and Posakony, 2009). Still,
mouse DII1 was shown to respond to Neur by relocalizing from
the basolateral to the apical side of polarized cultured cells via
transcytosis (Benhra et al., 2010). Perhaps the molecular details
of vertebrate Neur action may be different than those revealed
here for Drosophila Neur.

The lack of conservation in Neur binding between in-
sects and vertebrates is mirrored in a similar lack of conser-
vation in function. Although vertebrate DSL proteins are
putative substrates of Neurl or 2, there is no substantiated
role for either Neur paralogue in promoting Notch signaling
(Song et al., 2006; Koo et al., 2007; Koutelou et al., 2008;
Benhra et al., 2010). In fact, knockout of Mib1 seems to phe-
nocopy all aspects of complete loss of Notch signaling in the
mouse (Koo et al., 2007) but see also Koo et al. (2005b) and
Zhang et al. (2007), suggesting that Mib1l proteins are the
only E3 ligases that activate vertebrate DSLs. Neurl, on the
other hand, may even act negatively on Notch signaling, as it can
promote ubiquitylation-dependent degradation of Jagged1 accom-
panied by a decrease in signal emission (Koutelou et al., 2008).
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It is therefore necessary to directly test for E3 ligase-DSL
interactions that may mediate ubiquitylation of vertebrate
DSLs to unravel the activation mechanism of vertebrate DSL-
Notch signaling.

Materials and methods

Protein sequence comparison

Dl orthologues were downloaded from the National Center for Biotechnol-
ogy Information Entrez protein database. Their transmembrane domains
were identified by the SMART (simple modular architecture research tool)
algorithm, and their ICDs were aligned using the ClustalW2 algorithm.

Plasmids and transgenics

plZ-DIV5-His is a plasmid expressing a Cterminally éxHisV5 epitope—
tagged wt DI (Bland et al., 2003). It was used as a template for the genera-
tion of DI deletion mutants i1, i2, and i3. Two PCR products were gener-
ated on either side of the motif to be deleted. Primers for the generation of
plZ-Dli1-V5-His were reaction 1, 5'-ATGAGATCTACTCCTGCGATGCC-3’
(forward) and 5’-ATGGATCCCTTTTCCTGAGCACGCTTACG-3' (reverse),
and reaction 2, 5-ATGGATCCGCGGTGGCCACAATGC-3' (forward)
and 5-GGTACGCGTAGAATCGAGACCGAG-3’ (reverse). Primers for the
generation of plZ-DIi2-V5-His were reaction 1, 5-ATGAGATCTACTCCT-
GCGATGCC-3’ (forward) and 5-ATGGATCCGATATTICGGGTTGCCGCC-3’
(reverse), and reaction 2, 5-ATGGATCCTGTGCCTCAGCAGCAGC-3’
(forward) and 5-GGTACGCGTAGAATCGAGACCGAG-3' (reverse).
Primers for the generation of plZ-DIi3-V5-His were reaction 1, 5-ATGAGA-
TCTACTCCTGCGATGCC-3’ (forward) and 5'-ATGGATCCTTGCGACTTG-
GCTCTTTGTAG-3' (reverse), and reaction 2, 5’-ATGGATCCCCCACGCT-
CATGCACCG-3' (forward) and 5-GGTACGCGTAGAATCGAGACCGAG-3’
(reverse). Primers for the generation of plZ-DIli1/2-V5-His were 5'-ATAG-
ATCTGCGGTGGCCACAATGC-3' (forward) and 5-GGTACGCGTAGA-
ATCGAGACCGAG:-3' (reverse). The two fragments were joined by an ar-
tificial BamHI site and then used to replace the wt DI coding sequence
in plZ-DI-V5-His. In this way, each motif deleted is substituted by a Gly-Ser
dipeptide. plZ-DIi1/2-V5-His was constructed using the same strategy to delete
ICD1 using plZ-DIi2-V5-His (instead of wt Dl) as a template. plZDIAC-V5-His
(Delwig, A., and M.D. Rand, personal communication) was provided by
M.D. Rand (University of Vermont, Burlington, VT).

Each pUAST-DI-V5-His deletion mutant was generated by subcloning
an EcoRI-Dral fragment containing the entire V5-His—tagged DI* coding
sequence from plZ-DI*-V5-His info pUAST cut with EcoRI-Xhol ffilled in).
Transgenic flies were generated in a yw®’*?® background.

To generate DI point mutants, site-directed mutagenesis was per-
formed using a site-directed mutagenesis kit (QuikChange; Agilent Tech-
nologies) on the P{UASDelta.Nde.Myc} vector (Parks, A.L., personal
communication). An EcoRl fragment encompassing the DINdeMyc open
reading frame containing the mutation was restricted and ligated into the
vector pExpUAS. A Bglll-Xbal fragment from each construct (correspond-
ing fo amino acids 331-834) was then used to substitute the correspond-
ing fragment of plZ-DI-V5-His. Ract-Xpress-Ub was constructed by ligating
a Nhel filled-in fragment from pClneo/Ub (Koutelou, E., and J. Conaway,
personal communication) info the Drosophila RactHAdh (Swevers et al.,
1996) actin promoter vector cut with Hincll.

Transient transfections, immunoprecipitation, and ubiquitylation assays
Transient transfections of S2 cells were performed with the calcium
phosphate precipitation method. For immunoprecipitation experiments,
plZDI-V5-His (Bland et al., 2003) or a deletion variant was cotrans-
fected with pUAST-NeurAR-GFP (Pavlopoulos et al., 2001) or UAS-
HMmibTAR (Lai et al., 2005) and metallothionein promoter-Gal4 (inducible
by 0.7 mM Cu?*). Transfected cell lysate was used for immunoprecipitation
with rabbit anti-Neur antiserum or rabbit anti-Myc antibody and protein
A Sepharose.

For ubiquitylation experiments, plZ-DI-V5-His (Bland et al., 2003) or
a deletion variant was cotransfected with pUAST-EGFP-Neur (Pitsouli and
Delidakis, 2005) or UAS-HMmib1 (Lai et al., 2005) and metallothionein
promoter-Gal4. RactXpress-Ub was included to express Xpress-tagged
Ub. Transfected cells were treated with 100 pM Eé4 (cell-permeable lyso-
somal protease inhibitor; Rock et al., 1994) for 5 h before harvesting.
Transfected cell lysate was used for pull-down with Ni-TED beads (Macherey-
Nagel) under denaturing conditions (50 mM NaH,PO,, 300 mM NaCl, 8 M
urea, and 0.2% Triton X-100, pH 8, including 10 mM N-ethylmaleimide
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and 1 mM PMSF). For the experiments shown in Fig. 3, an equivalent of
~1.2 x 10° cells was loaded per lane. When 5 x 10° cells worth of
extract was loaded, ubiquitylation signals became saturated, and back-
ground levels of DI ubiquitylation became detectable, caused by
endogenous S2 cell E3 ligases. HMmib1 also bears a His tag but is appar-
ently not significantly autoubiquitylated because we get no defectable
Xpress signal when we coexpress it with DIi2 or DIi1/2. Western blots
were developed using HRP-coupled secondary antibodies (Jackson Immuno-
Research Laboratories, Inc.) and the SuperSignal West Pico chemilumi-
nescent substrate obtained from Thermo Fisher Scientific.

Drosophila strains

UAS lines used in this study were UAS-DI-V5-His, UAS-EGFP-Neur (Pitsouli
and Delidakis, 2005), UAS-DIi1-V5-His, UAS-DIi2-V5-His, UAS-DIi1/2-V5-His,
UAS-DIAC-V5-His, UAS-DIK742R (this study), UAS-DH.DL*, and UAS-DIAICD
(Wang and Struhl, 2004). Driver lines used in this study were obtained
as follows: Equator (Eq)-Gal4 (Pi et al., 2001) was provided by H. Bellen
(Baylor College of Medicine, Houston, TX). ptc-Gal4 and hsFlp;
act>CD2stop>Gal4 were obtained from the Bloomington Drosophila Stock
Center. With the latter driver, larvae were incubated at 37°C for 13 min to
induce clones. The MARCM (mosaic analysis with a repressible cell marker)
system (Lee and Luo, 2001) was used fo generate positively marked clones
as follows. To express our DI variants (DI*) in the absence of endogenous
DI and Ser (Fig. 5), the following cross was used: y w hsFLP122 tubGal4
UAS-GFP-6xnls; FRT82B tubGal80/TM&B crossed to w; UAS-DI*; FRT82B
DIv10 ¢ SerfX196/T(2,3)SM5;TM6B. To express our Dl variants (DI*) in the
absence of endogenous mib1 (Fig. 4), the following cross was used: y w
hsFLP122 tubGal4 UAS-GFP-6xnls; tubG80 FRT2A/TM&B crossed to w;
UASDI*; mib™'%7%0 FRT2A/T(2;3) SM5;TMGB.

Antibodies, immunohistochemistry, and microscopy

For immunohistochemistry, dissected tissues were fixed for 20 min in 4%
formaldehyde (Polysciences) in either 0.1 M Pipes, pH 6.9, 1 mM EGTA,
1 mM MgCly, or in PBS + 1 mM CaCl; (for the DCAD2 antibody). Anti-
body incubations were performed in PBS supplemented with 0.2% Triton
X-100 and 0.5% BSA. Washes were performed in the same solution omit-
ting BSA. In experiments analyzing cell surface DI (Fig. S$2), Triton X-100
was omitted from all solutions. To allow antibody access to the apical cell
surface, the disk peripodial membrane was disrupted by gentle pricking
with a pulled-out tungsten needle. Tissues were mounted in 80% glycerol in
PBS with 0.5% N-propyl-gallate as an antibleach medium.

Antibodies used in this study were mouse anti-V5 (Invitrogen), mouse
anti-Xpress (Invitrogen), mouse anti-Notch C458.2H (developed by S.
Artavanis-Tsakonas [Harvard University, Boston, MA] and obtained from
the Developmental Studies Hybridoma Bank), mouse anti-Wg 4D4 (ob-
tained from the Developmental Studies Hybridoma Bank; Brook and Cohen,
1996), mouse anti-Dl (extracellular epitope) C594.9B (developed by
S. Artavanis-Tsakonas and obtained from the Developmental Studies
Hybridoma Bank), rat anti-E-cadherin (DCAD2; obtained from the Devel-
opmental Studies Hybridoma Bank), rabbit anti-Neur (Pitsouli and Delidakis,
2005), rabbit anti-Myc epitope (Santa Cruz Biotechnology, Inc.), rabbit
anti-Sara (gift from M. GonzdlezGaitén, University of Geneva, Geneva,
Switzerland; Bkel et al., 2006), rat anti-Rab 11 (gift from R. Cohen, University
of Kansas, Lawrence, KS; Dollar et al., 2002), guinea pig anti-DI 581 (ex-
tracellular epitope; Huppert et al., 1997), guinea pig anti-Senseless (Nolo
et al., 2000), and guinea pig anti-Hrs full length (gift from H. Bellen; Lioyd
etal., 2002). The Developmental Studies Hybridoma Bank was developed
under the auspices of the National Institute of Child Health and Human De-
velopment and maintained by the University of lowa Department of Biol-
ogy. Fluorescent (Alexa Fluor 488, Alexa Fluor 561, and Alexa Fluor 633)
secondary antibodies were obtained from Invitrogen.

Images were acquired on a confocal microscope (SP2; Leica) at the
University of Crete using 20x/0.7 NA (dry), 40x/1.25 NA (oil), or 63x/1.4
NA (oil) Plan Apochromat obijectives (at room temperature). They were
processed with the manufacturer’s software and assembled on Photoshop
(Adobe), in which some contrast adjustment was performed.

For quantifying colocalization between DI and endosomal markers,
we used the mouse anti-Dl mAb together with an antibody against endo-
somal markers (rat anti-Rab11, rabbit anti-Sara, or guinea pig anti-Hrs).
Images were acquired at the University of Crete confocal facility (SP2) at
63x with a 3x zoom using the xz (optical cross section) mode. A computer
interface developed in Matlab (MathWorks, Inc.) was used to identify and
count intracellular puncta positive for each of the two markers (DI vs. endo-
cytic marker). The system provided an efficient methodology to facilitate
image segmentation based on intensity thresholding (Tsibidis and

Tavernarakis, 2007; Tsibidis et al., 2011) and offered a rapid object ex-
traction and overview. Obijects were called if they consisted of at least four
contiguous square pixels (0.1 pm?) when pixel value was above a certain
threshold. This depended on the quality of the staining and was (on an 8-bit
scale) 38-77 for DI, 38-51 for Rab11, 28-77 for Sara, and 38-77 for
Hrs. Coalesced puncta were resolved by manual intervention. In this analy-
sis, we excluded the extreme apical and basal domains of the wing disk
epithelium, in which high levels of a contiguous DI signal are seen. We
may have therefore underestimated DI colocalization with Sara and Rab11,
as the latter also accumulated highly at the apical regions of disk cells
(which were not scorable), whereas Hrs had less apical bias. The statistical
significance of colocalization differences between samples was computed
using Fisher’s exact test. It should be noted that the colocalizations mea-
sured by this assay reflect total DI ECD. This will include DI endocytosed as
a fullength molecule or after ECD shedding (Delwig et al., 2006) and
reuptake. Because of the inherently noisy nature of the endosomal marker
antibodies, we could not consistently detect all marker-positive structures
with the same confidence as we had for Dl-positive structures. We therefore
present (Table 1) only the percentage of colocalization based on the total
Dl-positive structures, which was more reproducible across samples. The
percentage of colocalization based on the total marker-positive structures
was more variable and unreliable.

Live-antibody uptake assay and image analysis

The live-antibody uptake assay was performed as previously described in
Le Borgne and Schweisguth (2003). In brief, pupae 18-24 h after pupar-
ium formation were dissected in M3 tissue-culture medium supplemented
with 10% fetal bovine serum and incubated in the same medium in the
presence of 1:15 diluted mouse anti-DI C594-9B supernatant, which recog-
nizes the DI ECD. After 15 min at room temperature, the pupal carcasses
were quickly washed in M3 medium and fixed. After fixation, they were
permeabilized and incubated with additional primary antibodies, namely
rat anti-E-cadherin and guinea pig anti-DI. As a control, we repeated the
uptake assay with the live-tissue incubation at 4°C, in which endocytosis is
blocked. Although we detected basolateral surface staining for the mouse
anti-Dl, no intracellular puncta were labeled (Fig. 6 A). Also, no apical sur-
face staining was observed, suggesting that apical access of the live anti-
body is blocked by the pupal cuticle; therefore, this assay measures baso-
lateral uptake.

Nota were imaged at the University of Crete confocal facility (SP2)
at 63x and a 3x zoom using the xz (optical cross section) mode. This
ensured that the whole height of the epithelium was imaged under identical
conditions for all samples. To quantitatively estimate uptake efficiency, we
calculated the percentage of total (guinea pig positive) DI puncta that are
also live uptake (mouse) positive. A total of >10 optical sections and =100
puncta were scored. Even though our optical sections were taken at 0.3-pm
infervals, we scored every third image (0.9 pm apart) to avoid double scor-
ing of large particles, which would appear in consecutive slices.

Online supplemental material

Fig. S1 presents the comparison of DI ICDs from several insect species. Fig. $2
shows representative controls on the ubiquitylation assays of Fig. 2. Fig. S3
shows that DI variants are exposed on the apical surface of the wing disk
epithelium. Fig. S4 shows localization of DI variants relative to Sara, Hrs,
and Rab11. Fig. S5 shows the expression pattern of the Eq-Gal4 driver
used for the experiments of Fig. 6. Online supplemental material is avail-
able at http://www.jcb.org/cgi/content/full /jcb.201105166/DC1.
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Figure S1. Multiple alignment of the ICDs of eight insect DI homologues. The gray box shows stop transfer sequence, which follows after the transmem-
brane domain. Conserved motifs are boxed as follows: green, ICD1; blue, ICD2; purple, ICD3; and orange, ICD4. Stretches of amino acids deleted in
DIi1, Dlli2, and Dli3 are underlined in the Drosophila sequence. The lysine residues that have been mutagenized to arginines are shown in red and corre-
spond to K629, 636, 683, 688, 742, and 775. V720, the Cterminal residue of the DIAC truncation, is shown in green. Asterisks show identical amino ac-
ids in all sequences. Dots show conservative changes.
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Figure S2.  Factors affecting detection of DI ubiquitylation. (A) DI was coexpressed in S2 cells with Xpress-Ub and increasing amounts of wt E3 ligases or
their corresponding RING-deleted versions, which are catalytically inactive. After Ni?* pull-down fo isolate Histagged DI from the lysate, duplicate blots
were probed with anti-Xpress to detect Ub and anti-V5 to detect total DI. The first of each group of four samples contained no E3 ligase. Ubiquitylation is
much stronger with the catalytically active E3 ligases. Residual above background ubiquitylation by the ARING variants may be caused by recruitment of
endogenous unidentified E3 ligases, suggestive of participation of Neur and Mib1 in enzymatically active complexes. (B) S2 cell assays using wt DI coex-
pressed with each of the two E3 ligases. Plus and minus refer to addition or absence of lysosomal protease inhibitor E64 to the cells before lysis. Omission
of the E64 treatment significantly suppresses the accumulation of ubiquitylated species, suggesting that E64 inhibits their turnover. A lighter exposure is
shown in the right, indicating that addition of E64 does not qualitatively alter the banding pattern, despite the major quantitative effect. MM markers are
shown in kilodaltons. The asterisk points to a spurious cross-reacting band.

Figure S3. Dl variants are exposed on the apical surface of the wing disk epithelium. (A-C) UAS-DI variants were expressed by ptc-Gal4 and detected by
an antibody against the DI ECD (green). Simultaneously, the Notch ECD was detected in red. Antibody incubations were performed without detergent, and
the apical disk surface was accessible only after local injury of the overlying peripodial membrane. Images are from the apical surface. Bars, 15 pm.
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Figure S4. Localization of DI variants relative to Sara, Hrs, and Rab11. Representative optical cross sections of ptc-Gal4; UAS-DI (variant as indicated)
wing imaginal disks are shown stained with anti-Dl and the respective endosome marker (red). Endogenous Dl is expressed at lower levels and is not de-
tected at the level of illumination used. Apical is up. Yellow arrows point to examples of DI puncta that are positive for the endosomal marker. Blue arrow-
heads point to examples of DI puncta that are negative for the endosomal marker. For the quantification shown in Table 1, only discrete intracellular DI
puncta were scored. The apical and basal extremities were excluded because of the high signal accumulation for DI and for some of the endocytic markers
(Sara and Rab11). Bar, 15 pm.

Figure S5. Expression pattern of the Eq-Gal4 driver. (A and B) Expression of Eq-Gal4 in 18-24-h pupal nota was revealed by crossing to UAS-GFPnls
(green). Anti-Cut (red) reveals the nuclei of developing sensory organs, which also express neur (not depicted). A is an almost entire notum, whereas B is
a detail from a different notum. Note that the Eq-positive nuclei greatly outnumber the Cut/Eq double-positive ones. Bars: (A) 75 pm; (B) 24 pm.
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