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HEPIAHYH

H Katanin omoteAei pion guloyevetikd evpémg S108edouévn Kot KOAG YOPAKTNPLOUEVN
mpwteivn ov tagvopeitar oty vrepotkoyévela twv AAA ATPdcwv kot yapoaktnpiletor and ™
dpdon ¢ o¢ EVEDUO KOTATUNOTG TOV HIKPOGOANVIGK®VY, GUUUETEXOVTOC GE TOIKIAEG KUTTAPIKES
dtepyaocieg onwg 1 pitwon. [Hapdriinia, e didpopovg opyavicrovg £xet eEaxptPwbel n mapovoio
ovyyevikov mpoteivedv g Katanin, torov Katanin-like, mov n Aetitovpyio toug mapapével oyetid

ave&epeovnt.

Xto mAaicta TG SttpPic, amopovadnkay Kot KA@wvoromonkay Tévie 1GOUOPQES TOTOV
Katanin-like 2 (Katnal2) and xvttapoocepd wvoPractdv noviikod. Ta MRNAS tov 1copopemv
éxovv drapopetikd peyédn (Katnal2-L1: 1617 bp, L2: 1611 bp, L3: 1518 bp, S1: 1215 bp, S2: 1116
bp), amoteldvtag mpoidvta eVOAAAKTIKOD HaTicpoTog Tov eEmvinv g yovidlokng Béong mov Tig
kwdwonotel (ypopdocopa 18). H avédlvon tov Tomkod Kot avortuéloKoy TPOTOTOL YOVISIOKNG
ékppaong katédeiée ot ov Katnal2 eivon gumlovtiopéveg oe 16T00¢ pE £VIOvI] MITOTIKA

dpactnpomro.

Kotaokevdotnke Kot yopoknpiotnke TOAVKAMVIKO OVTICOUO E01KO  EVOVTL NG
owovyévelag 1oopopemv KATNAL2. Tlepdpoto ovoGOKATOKPNUVIONG O GuvOLOoUd e
eoacpotookomion palag emoAnfevcay TNV TOPOLGIN TOV TPMTEIVOV OVTOV KOl TOVTOYPOVA,
amokaivyoy mhaveg AAANAETIOPMGES TPWOTEIVEG, TOV TEPIAAUPavay pRocOUIKEG TPOTEIVEG Kot

poplakéc cuvodovg (chaperones).

[Mepduoto avoco@Bopiopod yio T UEAETN TOL EVOOKVLTTOPIKOV EVIOMIGHOD TMOV
WGoOHOPPAY  povépmoay  Ott ot uecoeacn ot KATNAL2 Bpiokovior kupimg o6ToLG
UIKPOGMANVIGKOVE Kot oTa, kKevipooomuatia. Katd to apykd otddia g pitmong sumiovtilovron
OTOL KEVIPOOMUATIO KOl OTOVG TOAOVG TNG OTPAKTOL, GOTN] GLVEXEW. EMEKTEIVOVIOL GTOLG
LIKPOCOANVIOKOVS TNG HTMOTIKAG GLUOKELNG, €V KOTA TNV KLTOKIVNON OviYVELOVTIOL KOl GTO
evolapeco oopa (Midbody). Akoun cvvevronilovtol pe 0 Pacikd cmpdTio kot to a&dvnue Tov
povipov acntipiov Prepapidov (cilia). Kidopa tov KATNAL2 cuvavtdtor 6tov mupnvicko,
omov cvvevtomilovion pe v pebvitpavopepdon Dyumpidiapiv VIO KAvOVIKEG cuvOTKeEG oAAL
Kol VL0 CLVONKEG UETAYPAPIKNG OVOICTOANG OTAV Ol dVO TPWOTEIVEG AVAKATOVELOVTOL GTOVG TEPT-

TUPNVIGKIKOVG dakTuAiovg yvwotovg wg LNC (Light Nucleolar Centres).

Awapecorafodpevn amd ShRNA otabepn amocionnon tov Katnal2 giye og cvvénelo v
ENOY®YN 1W0iTEP GOPOpOV QUVOTOIOV 7oV Yapoktnpiloviav and onuaviiky peyébuveon tov
KUTTAP®V KOl TOV TUPHVAOV TOVS, TNV TOPOLGIN LIEPAPIOU®Y KeEVTIPLOI®V G€ OAN TN J1APKELD TOV
KUTTOPLKOD KOKAOL LE EmOKOA0V00 TNV dNUovpyic OVAOROA®Y TOAVTOAK®Y HITOTIKOV OTPAKTOV,
NV avadeln ovVOROAM®OV KATd TN UITOON Kol TNV KLTOKIVNGT, TNV dvuENUEVT] EUEAVICT] YEPLPOV

YPOUOTIVIIG Kol SwdpnveOV KLTTAPp®V, TN Sl0POPOTOINCT] TOL QLGLOAOYIKOD TPOTVTOL TOV



KUTTOPIKOD KOKAOV €101KG 0TI @doelg S kot G2, kot tv avénuévn Tapovsio aKETLAIOUEV®Y
HokpOV Kol otabepodv  pikpocwinvickwov. Télog, oe omociwnnuévovg yuoo tic KATNAL2

TANBVGPOVG, KATOYPAPNKE EAUTTOOT TOV TOGOGTOD TV BAEQUPLOOPOP®V KLTTAPMV.

ITapdAAnio, G610 €pyaoTNPIO HOC, HECH TEPOUATOV GLVETIAOYNG, ATodelyOnke OTL o1
toopoppéc KATNALZ2-L1 xor KATNAL2-S1 oAAnAemidpodv TOGO pE TOV €00TO TOVG OGO KOl UE
dAhec woopopeéc. Emiong dtapavnke 01t ot 1oopopeéc L1 kot S1 oAANAETIdpOvV UE TIG TPOTEIVES
Nubp1 ka1 Nubp2, mov amotelovv apvntikodg puOuetéc TG PAEQAPIOOYEVECSTG KOl GUUUETEYOVV
070 uNYavicpd pHbuong dimhaciacpol tov kevipocopatiov (Christodoulou et al., 2006, Kypri et
al., 2014), 4idovtog to TPOTO OTOWEID YL TOVG HOPLOKODG UNYOVIGHODS OTOVG OmOiovg

ovppetéyovv ot KATNAL2, o115 S10d1kacieg mov avadeikTnikay amd To TEPAELITO ATOCIOTONG.

Svunepacpotikd, ot KATNAL2 omotelohv TOALAELTOVPYIKEC TPMTEIVEG, Ol OTOoiEg
gUmAEKOVTOL GE dlEPYNcieg MOV €mNPEAlovLY TN OLVOULKT) OPYAVMOOT TOV WKPOGOANVICK®V, TN
poudion tov apBpod TV KEVIPWOI®Y, TNV KLTOKiVIoT, TN PAEQOPLOOYEVEST], TO KLTTOPIKO Kot
Topnviko péyebog Kot oynpa eved Thovov va UmAEKOVTOL Kol 6€ dlepyacieg mov edpdalovtal oTov

TLUPNVICKO.

H dwoktopikr epyoacion amotelel pépoc kartatedeipuévov dpbpov mov Ppicketar vaod

EMGTNLOVIKN KpioT Yo onpocievon).



ABSTRACT

Katanin is a phylogenetically conserved and well characterized microtubule (MT)-severing
AAA protein, which has been implicated in various cellular functions including mitosis. In parallel,
several organisms also encode a number of closely related katanin-like proteins (KATNALZ1s and

KATNALZ2s), whose activities remain relatively underexplored.

We have cloned and identified five novel katanin-like 2 proteins (KATNALZ2) from mouse
NIH3T3 fibroblast cells. The mRNAs of these isoforms have different sizes (L1: 1617 bp, L2: 1611
bp, L3: 1518 bp, S1: 1215 bp and S2: 1116 bp) and are products of differential MRNA splicing of
the 16 exons constituting the Katnal2 genomic locus on mouse chromosome 18. Analysis by RT-
PCR revealed that Katnal2 isoforms are ubiquitously expressed and under developmental

regulation in specific tissues associated with elevated mitotic activity.

We generated and characterized a goat polyclonal antibody (anti-KATNALZ2), specifically
recognizing all five KATNAL?2 isoforms and confirmed the presence of KATNALZ2s in mouse
tissues through immunoprecipitation experiments coupled with mass spectrometric analysis.
Additionally, various putative KATNALZ2-interacting partners were identified, including ribosomal

and molecular chaperone proteins.

Immunofluorescence analysis using the designed antibody in various mouse cell lines,
indicated that at interphase KATNALZ2s are associated with MTs in a detergent-resistant manner
and localized at the centrioles of centrosomes. In mitotic cells, immunoreactivity was enriched at
the centre of the two MT asters at the onset of mitosis and through to prometaphase, extended to
spindle MT in later mitotic stages, and concentrated on the midbody in cytokinesis. KATNAL2
isoforms were also present at the basal body and axoneme of the solitary sensory cilia formed upon
cell cycle exit. Notably, a fraction of immunoreactivity was found inside nucleoli and co-localized
with the methyltransferase protein Fibrillarin; upon drug-induced transcriptional inhibition
Fibrillarin & KATNAL2 were still associated and co-segregated in perinucleolar caps known as
Light Nucleolar Centres (LNCs).

shRNA-mediated stable silencing of Katnal2, induced severe cellular phenotypes
consisting of significant enlargement of cellular and nuclear size, supernumerary centrioles
throughout the cell cycle that led to the formation of multipolar mitotic spindles, the manifestation
of mitotic and cytokinesis defects, the formation of chromatin bridges, the acquisition of
binuclearity, an increased incidence of acetylation of the MT network, and an altered cell cycle
pattern, especially during phases S and G2. KATNALZ2 downregulation also markedly decreased

the percentage of ciliated cells within the silenced population.

Pull-down co-selection assays conducted in our lab, demonstrated that KATNAL2-L1 and
KATNAL2-S1 are able to interact with themselves and with other KATNAL2 isoforms.

\"



Additionally KATNALZ2s directly interact with Nubpl or Nubp2 proteins, previously shown to be
negative regulators of ciliogenesis (Kypri et al., 2014) and also involved in the regulation of
centrosome duplication (Christodoulou et al., 2006).

In conclusion, the novel KATNALZ2s are multifunctional proteins involved in critically
important processes affecting centriole arithmetics, MT dynamics, cytokinesis, cellular and nuclear

size and ciliogenesis and are also implicated in cell cycle progression.

This work is included in a submitted manuscript, currently under review.
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Evyapiotd Oeppd.,

mv emPrénovoa KabnynTpo pov Apa Nopn Zavtopd, yio v gvkopio Tov pov £30ce Kot TV
EUTIGTOCHVN OV LoV £0e1Ee MOTE VO, S1EEAY® TN S1O0KTOPIKN LoV daTplPr 6To gpyasthiplo Te. H
aueon g vrootTPEn Kol N GVVEXNC TS KabodNynon, vanpéoav KaboploTikng onuaciag yio thv
EMLTUYN TEPATMOT TNG OLaTpIPmg,

N UETA-O100KTOPIKT cuvepydTida Apa Avipn Xpiotodovlov yio tn forfsio TG Kot TV apUOVIKT

ouvepyasio Tov elyaue KOTd T deoy®YN TOV TEPAUATOV,

N peTd-owaktopikn cuvepyatidoa Apo 'Eieva Kumpr, kabadg xat tic Apa Avva Moiékikov kot Apa

Aéomowva Xapaldumoug yio tn cvveyn fondeto, v exmaidevon, Tig dtapkeic GVUPOVALS TOVS, Kot

™ oTpign,

Tov vmoynero owaktopa I'dvvn Maoipdpn, O6mmg kot T TPONYV UEAN TOL EPyacTnpiov,
HETATTUYIKODS  eoltnTég Addpo  Adauov, Apiotn Ihion, Xpwotiva Koapnidpn, Maopia
Xp1oToPopov, Kol TOLG TPOTTVYLakovs eottntéc Katepiva Mapivov, [dpyo Muiyyoni, yio v

Gyoym ovvepyacio mov glyoape KaBoAn tn didpkelo GUVOTOPENG LS OTO EPYACTIPLO,

tovg Apa. Carsten Lederer kot Apa Mapio ITavtedidov, yio tnv moldtiun pondeia tovg, 6moTE TOVG

YPEWOTNKA,

tov Apo Kevoetavtivo Aédta kabdg kot OA0 TO TPOGHOTIKO TOL €PYACTNPIOV TOV, KOl 1010ATEPA,
toug Apa I'pnyopn Iamaypnyopiov kot Apa Xapn Xtepdvov, yio. tn Ponbdeio kot ) othpiEn mov

LLOV TPOGEPEPAY ATAOYEPLL,

NV appoPoviacTiKid ov, Mapia, yio tnv yoxoloykn otpién, TV KaTovONGT Kol TV OTEAEI®T

VOOV TTOL EMEdELEE, OAOL OVTA TAL YPOVIA,

Kot TEAOG, TN UNTEPQ LoV, ABNVA, Y10 TNV aEPLOPIETN Ay Kol T cuveyn NOKN Kol OKOVOUIKY
vrootpiEn. Xopic mv apmyn ™, 6ev Bo UTOPOLGN TOTE VO EKTANPOC® TOV GTOYO ATOKTNONG

SO0KTOPIKOV SUTAMUATOC,
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KEDAAAIO 1

EIXAT'QI'H



1 EIXAT'QI'H

1.1  Aopn Kot AS1TOVPYIO TOV HLKPOGCOAVIGK®OV

Ot kpocANVICKOL 0TOTEAODY EVOV OO TOVG TPELS TOTOVG TOAVUEPDV LOKPOIVISI®V TOV
KUTOGKEAETOV GTO EVKOPLMTIKA KOTTOPO. ATOTEAODVTOL OO ETEPOSIUEPT O~ KOl B-TOVUTOVAIVIG,
T onoio ToAvpepifoviar Yoo va cuVOEGOVY T YPOUUIKE TPMOTOTVIOW TV HKposwANnVickovy. 13
TPOTOIVIOD o€ KVAWOPIKY Sudtaén oynuatilovv éva pkpocwAnvicko (Evans et al., 1985). H
OUVOEDT] TOV OYEPMV YIVETOL HE TN ONOLPYID JECUMV PETAED NG O-TOLUTOVAIVIG TOV €VOG
depode Kot TG P-tovumovAivng tov emduevov. Avtd Ba éxel ¢ amotélecua 6To €Vo GKPO vV
Bpioketon o-tovumovAivn (OgTikd Akpo) kol oto GAAO  P-tovumovAivn (apvnTiKd AKPO),
TPocdidoviag doukn «molMkdT T 6ToVG pKpocwAnviokovg (Walker et al., 1988). Eniong, o
€TEPOJIUEPT, TOVUTOVAIVIG cvvdéovtar pe GTP, n a-tovumovAivn oe uoéviun Pacn evo n B-

TOVUTOVAIVY pumopei va vdporvoel 1o GTP og GDP (npdopat avaokomnon and Wade, 2009).

Ot wkpoowAnviokol eumAékoviol og dldpopeg KuTTOpIKéG Asttovpyiec. Katd ) pitoon
KoL TN UEIMOT GVYKPOTOVV T HITOTIKN ATPaKTo, Bonfdvtag 610 GOGTO day®PIGUO TOV YEVETIKOD
vAwkov. Kabopilovv v kuttopik molMkoOTNTo €vd €lval omopaitntol yio. tn pOOwen tov
KUTTOPIKOD GYNLOTOC, TNV KUTTAPIKN LETAVAGTEVCT], KOL TNV EVOOKLTTOPIKY LETAPOPA 0pYavIdimy,
KvoTdiov Kol AoV copotdiov (mpdéceatn avackdnnon and Vasiliev and Samoylov, 2013).
Eniong eivar avaykoiot mapdyovteg yio T0 SYNUOTIGUO TOV KOTTOPIK®V PAEQOPIdOV Kol LaoTLYiov,
OVYKPOTOVTAG T0 Pooikd coudtio kot to afdvnue ovtdv tov opyavidiov (Satir et al., 2010,

Gluenz et al., 2010).

H moprivoon tov pukpocoAnviokmv, oniadn n de novo smuovpyic tovg, emteleitan
Kupiog péom ™G dOpdong TNE Y-TOVUTOVAIVNG, 1 Omoio. CUVOLETOL e GAAEG TPOTEIVEC Yo V.
oynuotioet To ovumAeypo, daxtodiov ¢ y-tovumoviivig (y-TuRC, y-Tubulin Ring Complex).
Av106 10 ovumheypa evtomileTal oTo KEVTIPA 0pYavmong TV pikpoowAnvickov (MTOC), mov ota
Lowkd kOTTOpO TO KVUPLOTEPQ. EIVOL TO KEVIpoowudtia (tpdopatn avackdmmon and Kollman et al.,
2010). To apynTikd dKpa TOV PIKPOSOANVIGK®OVY Bpickovtal aykupoBOoANUEVE. GTO KEVIPOCMUATLAL,
VM 10, BETIKA TOVG GKPO ETUNKVVOVTOL TPOG TNV KVLTTOPIKY HeUfpavn (Tpoceatn avaockdnnon

a6 Wade, 2009).

O wikpocwAnvickot yapaxtmpifovtol amd ) "dvvouikn aotadeia’, dNAadn Ty KavoTnTa
va petafaivouv pe yopyo pubud amd katdotoon avénong 6€ KOTAoTUCT amodlopyavmons Kot To
avtifeto. Méow 0VTOL TOV EAIVOUEVOL PTOPOVV VO EXITEAODYV Kol TIG OAPOPEG AEITOVPYIEG TOVG,.
Yvykekpéva 1 P-tovpmoviivn  eppaviler peyodvtepn opdon GTPdong oOtav  Ppioketon
TOAVUEPICUEVT] GE €vol UIKPOG®ANVicko, mopd otav egivar oe ehevbepn popen. 'Etor ot
TEPIOCOTEPEG P-TOVUTOVAIVEG TOV PKPOG®ANVIoK®V glvar cuvdedepéveg pe GDP. Xta Oetikd dxpa

TOV UKPOSOANVICK®OV OUMC, 01 VEOTPOooTIOEEVES B-TovmoVAiveG elval cuvoedepéveg pe GTP, pia
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dounl yvoot| g GTP-cap, emedn dev mpoérofav va voporlvcovv to GTP. Otov o pvbudg
TOAVUEPIGUOD €lvar peyolTepog amd to puBud g vopoiveng tov GTP, tote datnpeitor 1o GTP
cap Kol O WKPOCMOANVIOKOG Tapapével o katdotoon avénong. Otav yivetor 1o avtiBeto o

HKPOGMANVIGKOG cuppikvavetal (Tpdogatn ovackdnnon omd Morgan, 2006).

H dvvopikn aotddeio Tov tKpoSOANVICK®V EAEYYETOL HECH TOV OAANAETIOPAGE®MY TOVG
Le d1dpopeg pLOUIGTIKEC TPMOTEIVEC TOV dLoKPIvOVTaL GE dVO KATNYOPIES: GE OTEG TOV ELVOOVY TNV
avénon TOV PIKPOCOANVIOK®OV, KOl GE GVTEG TOV EVVOOVV TNV OT0d10PYAvEGT| Tovg (TpdoeaTh
avackommon amd Horio and Murata, 2014). v tpdn Katnyopic avikovwv ot otafepomontésg
TOV pKpoocwAinvickwv onwg ot tpwteiveg CLIP170, Tau ka1 EB1, o1 omoieg guvoolv v avénon
TOL PLOUOD TOAVUEPIGUOV TOV WKPOCOANVICK®OV KOl TN UEI®ON TOv puOUoy amOTOAVUEPIGHOD.
21 debtepn kaTnyopic aviiKovv ot aroctafepomointég TV wkpoowinviokmv (my Stathmin, Kinl)
oV UE TN OpdoT TOLG TPO®OOVY TOV OMOTOAVUEPIGUO TOV WMKPOSOANVIoK®V, kol To Eviupa
Katdtunong tev ukpocoAnvickewv (Katanin, Spastin, Fidgetin), ta omoia k6Bovv Tovg
LIKPOCOANVIOKOVG GE WKPOTEPO UEYEDN YPNOLOTOLDVTAG EVEPYELD TOV TPOEPYETOL OMO TNV
vépoivon tov ATP (mpdoearn avackoémnon oamd Lawson and Carazo Salas, 2013). Axkoun,
SLAQOPEC UETOUETAPPOOTIKEG TPOTOTOGELS OV O1fEToUY o1 HikpocswAnviokol wailovv poro
GTNV KOTATUNGT TOVG, Miag kat 1 Katanin ekonAdvel T Opdorn TG EMAEKTIKA GE AKETLAIOUEVOLG
wkpocwAnvickovg (Sudo and Baas, 2010), evd 1 Spastin 6 TOAVYAOLTAUVLAMBUEVOLG
ukpocmAnvickovg (Lacroix et al., 2010).

1.2 "Evlupo Koatatunonc pikposmANVIGK®OY

Ta évlupo KaTATUNoNG KPOCOANVIOK®V OTOTEAODY [ KaTyopio TPOTEIVAOY, 1 omoid
glvol eupémg SLOOEOUEVT] GTOVE EVKUPVOTIKOVS OPYUVIGHOVS, LE TOpovsio oe TPp®TOLma OTwg
otmv Tetrahymena, ce povokvttoapo @Ok onwg ™ Chlamydomonas, uéxpt xor otov GvOpwmo
(mpocpartn avackommon omd Roll-Mecak and McNally, 2010). Kvpior avtimpdécomol g
KOTNYOPlog VTNG OMOTEAOVY Ol TPMOTEIVEG TOV aviKoLV oTig KAdoelg tv Katanins, Spastins kot
Fidgetins (rpocatn avackomnon ord Sharp and Ross, 2012). OAeg avikovy Gty DIEPOIKOYEVELQ
Tov AAA TPOTEIVOVY, 01 0moieg yopaktnpifovtal amd TV mopovcio piog KoAd cuvinpnuévng
TPOTEIVIKNG TEPLOYNG, TNG AAA, peyébouvg ~240 apvoléwv, mov Tpocdidet evepyotnta ATPdong
(Frickey and Lupas, 2004). Eva tétapto pnélog avtng g katnyopiog sivol kot 1 mpmteivi) VPS4, 1
omoio OpmG OeV KOTEXEL SLVATOTNTEG KATATUNOTG TOV UWKPOCOANVIOK®V 0AAL EUTAEKETOL GTNV
mOdOPYAVOOT TNG KVTTAPIKNG UEUPPAVIG YO OKOTOVG EVOOKVTMONG 1] KUTTOPIKNG Ol0ipeESNS
(Hill and Babst, 2012).

Avtéc o1 mpwteiveg, HEC® TNG KATATUNOTG TOV HKPOCOANVIOK®OV, EUTAEKOVIOL OF
dtpopeg Aettovpyieg TV KLTTAP®V, OTMG 0T pitmwon Kot ) peioon, otn popeoyéveon kaddg Kot

OTN AETOLPYIOL TOV VELPAOVMV, OTI GULUVOPUOAOYNON Kol EMONG OTNV OTOLKOSOUNON TV
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BArepopidmv, koBDC Kol oTV KLTTOPIKY UeTavdotevor (mpdéceatn avackonnon omd Sharp and

Ross, 2012).

Oleg ot AAA ATPdoeg €xouv Koo OTL XPNOIUOTOLOVV TNV EVEPYELD OO TNV VOPOALGN
tov ATP yuw vo dwyopicoov 1 va ovodSIopope®OGOVY HEYAAN LOPLOKA GUUTAOKO €VIOC TOL
kuttdpov (Ewdva 1.1). Av kai dev €00V amocu@nVIGTEL TAP®G 01 AETTOUEPEIES OGO OPOPd TOV
TpOmo OpAcmg Tovg, eivarl yvwotd 0Tt oynuatifovv egapepeic daktviiovg oty mapovcio ATP,
kaOdg poévo o€ auti TN HOPeY] UTOopohV Vo cLVOEBODV GTO VIOGTPOUO TOVG, TOLG
HWKPOSOANVIoKOVG, He VYNAY ovyyéveln (npdopartn avaokonnon omd Roll-Mecak and McNally,
2010). To vEdpyovto EPELVNTIKA GTOLYEL KOTOSEUVOOVY OTL T EVOLUA KOTATUNOTG GLUVOEOVTOL
péom g meployng AAA oto kapPoluTeMKO GKPO TNG TOVUTOLAIVIG TOV PKPOGMOANVICK®V, Kol
YPTOLOTOOVV TNV €VEPYEIL 7OV omehevbepdvetol amd v vdpodivon tov ATP yu va
LETATOTICOVY TNV TOLUTOVAIVI] HECH GTOV KEVIPIKO TOpo TV e&opepdv dopmv Tovg. Evoowm
yiveTon avTo, TO TOAVTENTIONO TOLUTOVAIVIG YOAVEL TNV TPITOTAYT TOL douUN KA1 ot deopol petaln
TOV  ETEPOSIUEPOV  TOVUTOLAVIG  OMOSLVOUMDVOVTOL, —ETITPEMOVIAG OTO  ETEPOSIUEPT V.
OUTOYWPIGTOVV OO TO TOAVUEPES TOLUMOVAIVIG. Me v vdpdivon tov ATP 1o efapepn tov

evQbhumv kotdTunong amodlopyavavoviol (tpdoeotn avackomnon and Sharp and Ross, 2012).

Ewkova 1.1: Avodikacio KaTaTUNonS KPOSOANVICK®V 0ntd Tpoteiveg AAA.

H xotdtunon tov pkpoocoAnvickov Qaivetal Vo TPOKOATEL LECH oG StodtKaoiog Katd Ty oroia
n &€apepng dopn tov evipmv kotdtunong (Tpacwvo ypoue) GLVOPHOAOYEITOL YOP® amd TO
KapPoEutekd akpo (LadPES YPOUUES) TV OEPOV TOVUTOVAIVNG (KOKKIVOol KOKAOL). H meployn
AAA ypnowonotel tnv evépyeto amd v vOpoAven tov ATP yia v amoudkpovvon tov Siepode
OO TO VITOAOUTO LOPLO TNG TOVUTOVAIVNG TOV [KpocwAnviokov. Zta (i) kot (il) epeavifovtat 600
mbavol mpocavatoAlopoi Tov efouepodg katd T Sidpkel ™C Katdtunong (mpdoeotn
avookonmon and Sharp and Ross, 2012).

. Seveling enzymes o 4
M 4 - A
‘k - C-terminal
} tail Removed
- . e )

} dirmer




1.2.1 IIpwrteivy Spastin

H Spastin givon pio poteivn mov €yl TV IKAVOTNTO KATATUNGONS TOV HIKPOGOANVIGK®V.
MetaArdEelc Tov Yovidiov mov TNV K®OIKOTOLEL avayvopioTnKoy ¢ pio amd Tig KOpleg ortieg
TPOKANONG NG 01koYEVOLG omaoTikhg mapaninyiog (HSP, Hereditary Spastic Paraplegia) (Hazan et
al., 1999). H HSP &ivat pia veupoek@LAIGTIKY ac0£veLo 10V KOPLO GOURTOUA TG Eival 1 advvapio
KOl GTOCTIKOTNTO TOV KATO GKPOV, MG Gm0TEAECUN TNG OLGAEITOLPYING TOL vevpa&ova TV
erotovotaiov 0ddv (Lumb et al., 2012). tov moviikd, n andielo g dpdong ¢ Spastin
wpokodel TN peyébuvon Tov vevpofdvemv Kol avouoAie katd v  aovikn HETOQOPA,
GUVOOEVOUEVEG OO TNV TOPOLGIO LN PUGLOAOYIK®V HKPOCOANVICK®V GTO AKPa ToL vevpdEova

(Kasher et al., 2009).

H Spastin dwnbétel téc0epic 16onopeEC ota, OnraoTikd, tnv M1 mov givar 1 peyolvtepn
(Ewova 1.2), tny M87 oty omoia amovoidlovv ta mpdta 86 apvolémv g M1, kot dvo dAeg
TopoArayEG TV 1oouopedv M1 kat M87 ot onoieg otepodvon wia meployf 32 auwvoléwv oto 4°
eEdvio. H vmapén dapopetikdv toopopeov eényel og éva Pabud tov ohvBeto KuTTOpKod
EVIOTMIGUO TG OTO EVOOMANCSUATIKO diKTLO, 0T cvokevn Golgi, 6Ta EvOocMOUATA, Kol OKOMUY Kot

GTOV TLPNVO.

H Spastin emitelel didpopovg porovg HEcH GTa KOTTOPO. TV avOpOTIVY) KLTTOPOGEPE
HeLa gaivetot va gpumiéketol 6tov KaBopiopHod Tov GYNUOTOS TOV EVOOTANGHATIKOD JIKTOOV, LECH
™G OLVVOTOTNTOG TNG YO KATATUNGY] TV UIKPOCOANVICK®V, OV Kol OV €YEl AMOGOPNVICTEL O
akppnc g porog. Emiong av kot m Spastin aAANAEmOpa pe mpwteiveg mov evtomiloviol oTa
EVOOCMUOTA, EV TOVTOLG OEV TNG €€l Am0od0bel KATO0G POLOG GYETIKOC LE OLTA TO. Opyavidld
(Lumb et al., 2012). Xtn Drosophila, xatd t pitwon evromiletal cvvepyaleton pe tig Fidgetin kot
Katanin yio v «ivnon ToOV YPOUOCOUAT®OV TPOG TOVG MOAOLE KOTG TNV  avAapaoT,
amOTOAVUEPILOVTOG TOVG WIKPOGMANVIOKOVG TOL  KIVNTOYMPOL. XVUYKEKPEVH, 1 Spastin
evroniletan poli pe t Fidgetin ota kevtpoowpdtio, 670v HEGH TG KOTATUNONG OTOUAKPHVOLV TIG
TEPLOYEG OV TPOGTUTEDOLY TOVG MIKPOGMANVIOKOLS amd Tov amomolvpepiopd (Zhang et al.,
2007), dnhadn ta. apvnTIKAE Gipo To 0Toio TpocsTatevovTal and ta cuprAéypato y-TuRC 1 kot oo
v mpoteivn Patronin. ‘Etor Ba €yer v evkapio n Kinesin-13 vo éA0el oe emapn pe tovg
HKPOG®ANVIoKOLG Kot va Tovg aromoivpepicet (Goodwin and Vale, 2010). Xtovg vevpdveg guvoet
TNV avodIeUOPP®GCT] TOV KPOGSOANVICK®V, VTEP TNG aENGNC TOVG OTIC GUVATTIKEG AmOANEELC Kot
VIEP TG dnovpyicog StokAadmdoemy oTovg devdpiteg (Tpdootn avackomnorn and Sharp and
Ross, 2012). Yrepékppoon tng Spastin TpOKOAEl TV KOTOOTPOQPT TOV HKPOCOANVIGK®V TOL

KuttapookereTon (Zhang et al., 2007).

Xt doun g Spastin cvvavtovtor dbpopa mpwteivikd potifa (Ewova 1.2). Xto
KkapPoéutelikd dkpo g Spastin gumepiéyetal n Tpwteivikn mepoy] AAA ATPdaonc. Eniong omv
0w eproyn Ppiokeran 10 potifo MTBD mov mpowBel v adAnienidopaocr tng Spastin e TOLG
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UIKPOG®ANVIcKOVC. AVTd Taw 000 potifa emitpénovy ot Spastin va dpa ¢ EVILUO KOTATUNGNG
tov pikpocoinvickov (White et al.,, 2007). MetoAhdéelg oy mepoyn AAA umopodv o) vo
avaoteilovy T dladikacio ToAVUEPIGHOD TG Spastin Y10 TO GYNUATICUO TOV EEAUEPDOY dOUDV,
AVOYKOI®V Yo TV KOTATUNGT TOV HIKPOSOANVICK®V, B) Vo eumodicovy v TpodGdEsT Kot TV
vopoivon tov ATP, y) va eumodicovv tnv oAAnAemidopacn HE TO. HOPLO. TNG TOLUTOLAIVNG
(mpocpatn avackonnon omd Roll-Mecak and Vale, 2008). Xto apvotehxd dkpo tng Spastin
cuvavtiEtat to potifo MIT, 1o omoio kataivel Ty adinienidpaon pe v tpwteivii CHMP1B tov
ovpunAdkov ESCRT. Avti 1 aAlnienidopacn elval avaykoio yio T oTpatoAdynon g Spastin 6to
evoldpeco oopo (midbody) xotd tnv kvtokivnon. Tuvydv ommdAielo g Opdong tng Spastin,
TPOKOAEL TN UM OTOSOUNGCT TOV UKPOCOANVIGK®OV KUTA TO TEAIKO GTAS0 So®PIGUOD TV 00
Buyatpikav Kuttapmy oty kutokivnon (Lumb et al., 2012). Téhog, vrapyet kot to potifo HD mov
ocuvavtdtal povo otic M1 1oopop@ég tng Spastin, kol To 0moio TOAVOTOTO T GTOYEVEL GTO
evoomAaoUaTIKO SiKTVLO, HIOG Kol €ivol 1 HOVI IGOUOPPT TOL GUVOVTATOL GTO GUYKEKPLUEVO

opyavidro (Park et al., 2010).

Eikéva 1.2: ATEIKOVIOT] TOV TPOTEIVIKOV HOTIfOV KUl TEPLOYADV TOV GUVAVTOVTUL 6T1| dopur)
TG Spastin, Kot o1 YVOOTES TPOTEIVIKEG TNG oldniemdpaoces (Lumb et al., 2012).

ER morphogens Cytokinesis,

Atlastin

REEP1 Endosomes

Reticulons ESCRT-IIl (CHMP1B,
IST1)

Microtubule severing

Microtubule binding /

MTBD

&

o]
4

9&

AAA ATPase

‘ . Polarlsed endosomal traffic
Centrosomal protein .
NA14 Protrudin/ZFYVE27

1.2.2 H apotcivy Fidgetin kot o1 oporoysg TG TPOTEIVES

H Fidgetin gival Tpwteivn mov dpa ®g EVEDUO KATATUNGTG TOV UIKPOCOANVICK®Y. AViKEL
otV vroowkoyéveln 7 1ov AAA ATPdocwv, Tnv id1o vrootkoyévelo oty omoia aviKovy ot Spastin

kot Katanin (Mukherjee et al., 2012). Xt Drosophila ka1 otov C. elegans evtomiletar poévo pio



oopopen ¢ Fidgetin, n FIGN, eved ota Onlootikd tavtomodnkay ektdg g apyétomng FIGN,
kot ot oteva ovyyevikés FIGN-like 1 kot FIGN-like 2 (Yang et al., 2005).

>t Drosophila, n Fidgetin gvtoniletol 6ta KEVIPOSMUATIO KOTA TN pitwor, kol 0 porog
™G €ivol 0 ATOTOAVUEPIGUOC TOV UIKPOCOANVICK®Y NG MTOTIKNG OTPAKTOL GTO, OPVNTIKE TOVG
AKpa, Y10 VoL TOPEXEL TNV KIVNTHPL0 OOVOUN Y10 TO SLOY®PIGHO TOV ¥POUOGOUAT®OV Kot TNV Kivnon
TOVG POG TOLG TOAOVG, Katd TV avaeaon A. ['a avutn 1 Aettovpyia dpa pali pe t Spastin, dmwg
avapépbnke kot vopitepa og ovt ) dwotpipr| (Rogers et al., 2005, Goodwin and Vale, 2010). H
vrepékppaocn tg Fidgetin ot Drosophila éyet o¢ amotéiecpo v oamodopydvmon Tov
KUTOOKEAETOD TOV HkpocwAnvickmv (Zhang et al., 2007). Zrov Nnuatoon ZkoAinka n Fidgetin
glval oNUOVTIKN Y10 TV TpO0odo ¢ Hitwong Tov Practikdv kuttapov (Luke-Glaser et al., 2007).
MetodAdEelg tng Fidgetin ota movtikio TPoKaAoLV @UIVOTOTTOVG HE KOPLO YOPOKTNPLOTIKO TNV
EMAeymn 100ppoTTiaG, TOV OPEIAETAL GTY] U1 PLGIOAOYIKY| AVATTLEN TOV KOVUAIDY TOV ECMOTEPIKOV
avtov. Iapovoialovv emiong pucpopBoipio mov opeiketor oe kabvotépnon ot dievépyeia Tov

KLTTOPIKOD KOKAOL Kat Stdpopeg okeletikég avopoiicg (Cox et al., 2000).

H avBpomvn Fidgetin €yel duttd poro katd 1t pitwon. Kotapynv evromiletor ota
UITOTIKO KEVIPOSMUATLO, KOl OTOTOAVUEPILEL TOVG WKPOCOANVIGKOVG TNG LITOTIKNG ATPAKTOL,
aeoToL €xovv cuvdebel Le Ta YpOUOCOUATH, SCVUPAAAOVTAG £T01 KABOPIOTIKA 6TV avaeaon A,
omwg Kot 61N Apocogira. EmnpdcOeta, kataotéArel TNV aOENOT TOV ACTPIKOV MKPOCSOANVICK®V
G ATPAKTOL Yol TN S1ATHPNOT TNG KATAAANANG OPYITEKTOVIKNG TNG MTOTIKNG GLGKELNG. Tuyov
avopoiieg ot dpdomn g, kabvotepovv onuaviikd v avdeaon (Ewdva 1.3) ko eniong pmopel
vo odnynoovv oe avevmAoewdio 1 Kot TOALTAOEWiN, KOTAUGTACELS TOL GULVOLOVTOL UE TNV
KOPKIVOYEVEGT. AKOUN EUTAEKETOL KOl OTN OMOTH OPYOvV®GCN NG OOUNC TOV UITOTIKOV
KeEVIpooOUATIOV piag Kot 1 amooidnnon g Fidgetin éxel og ouvémela v avénon tov peyédoug
TOVG, AMOY® UN IKAVOTOUTIKOD OTOTOAVUEPIGHOD TOV HWKPOCOANVIGK®OV Tov Tpofdiovv omd ta
kevipoowudtio. H dpdon g Fidgetin mbavog exteiveton ko mépav e pitmong. Exel npotabel
OTL O OTOTOAVUEPIGUOG TOV UIKPOCOANVIOK®V 0T0 KeEVTpoowpdtio amd t Fidgetin, cuppdiiel

OTNV KLTTAPIKT HETOVAGTELGT KOl 6T dlapoporoinon tov vevpavov (Mukherjee et al., 2012).

H opdroyn mpwteivn g Fidgetin, Fidgetin-like 1 oynuotiCel évo mpoteivikd cOUTAOKO pe
v KIAAO0146/SPIDR, 10 omoio cvppetéyet oty emdidopbwon tov Prafov tov DNA. Ermiong
oAnAemidpd pe 1 RADS1 m omolo KoTéYEL KEVIPIKO POAO GTOV UNYOVICUO TOU OUOAOYOL
avacLVOVOAGHOD, OV gival avaykaia Yo Ty emdopbmon TV ortaciudtov oto dikkovo DNA. H
arocwonnon tng Fidgetin-like 1 mpoxodel avopoiieg otov opdroyo avocuvoLOoUO, Kol KATH
eméktoomn oty emdopbwon tov DNA (Yuan and Chen, 2013). H debdtepn opdroyn mpoTeivn, M
Fidgetin-like 2 amoteAei éva onuavtikd puOot) ™¢ KutTapikng petavdotevong. Evromiletan
OTNV TEPLPEPELN TOV KVTTAP®V, 1O104TEPO. GTO KOPLPAIO TUNUO TOV TOAOUEVOV KLTTAP®V, 0o

OOV HEC® TNG KAVOTNTOG KOTATUNOTG TOV WKPOSOANViok®v mov obétel pvOuiler v



0pYAV®OT TOV HKPOCSMANVIGK®Y TOV KVTOGKEAETOV. IN Vitro anocidnnon tng Fidgetin-like 2 og
KUTTOPOGEPEG ONAooTIK®Y TPoKaAel onuavTiky obENCN otV KLTTOPIKT Kivnomn, evd in Vivo
OTOGLOTNON TNG O€ TOVTIKLO, 00NYEL 6T YpMyopdtepn emoviwon tov mAnyodv (Charafeddine et al.,
2015).

Ewova 1.3: Enidpaon g amocidnnong g Fidgetin oty avaeaocn.

ITapatipnon g avaeacng 6e SLIPopa YPOVIKH OOGTAUATO, GE KOTTOPO OTOCIOTNUEVA Y10 TN
Fidgetin, kot oOykpion pe uotoroyika kottapa. Eival mpogaviic n kabvotépnon oty avdeoon
oT0 OmoCIOANUEVE. KUTTapa. To mpdowo Pélog (anti-CENPB) vmodeikviel to KevIpopepn tov
YPOUOCOUATOV Ko TO Kitpvo BéLog (anti-y-tubulin) ta kevipoooudrtio (Mukherjee et al., 2012).

Control
siRNA

FIGN
siRNA

1.2.3 IIpmteivy Katanin

H Katanin eivor 1otopikd 10 mtpdT0 £VIDUO KOTATUNGONG TOV HIKPOCOANVIGK®OV 7TOV
avakolveinke. Avikel oty vrepoikoyévelo Tov AAA ATPdowv, kot ypnoiLonolel v evépyeia
amo v voporven Tov ATP yio v Katdtunon T@v pikpocswAnvick®v. Amopovabnke yio TpdTn
@opa amd ovyd Baidcciov ayvov to 1993. Inpe to dvoua ¢ omd to lamovikd onabi katana
(McNally and Vale, 1993) kot £yxer yapaxmpiobel ©¢ 0 «KLTTOPIKOG GApovPa (TpdoeuTn
avackommon amd Quarmby, 2000). H Katanin egumiéketon o€ d1d@opeg Aettovpyieg evidg Tov
KUTTAPOL, avOAOY®S TOL KLTTOPIKOD TOTOV KoL TOV EVOOKVTTOPIKOD TNG EVIONIGUOD (Tpdopotn

avookonnon and Sharp and Ross, 2012).

1.2.3.1  Aopf Ko EV60KVTTOPLKOS EvTOTTIoN6g TS Katanin

H Katanin eivar puo gtepodipepic mpoteivy mov amoteheitol amd o600 VITOUOVADES, TV
60kDa pe opaon ATPdaong, m omoio givol 1 KATOAVTIKY VTOUOVAOO, KOL YPNOLUEVEL Y10, TNV
KaTatunon tev pKkpocoinvickov, kot v 80kDa m omoia yapoaktnpiletor ©¢ m vropovdoa
otdyevong kot puBuong g Katanin, piog kot puBpilel ™ dpdion e ATPdong ko eivor vrevfuovn
vy tov evtomiopd tng Katanin ota xevipoompdtio. (McNally and Vale, 1993). Avtég ot 600
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VTOLOVASES elvarl cuvTnpnréveg o€ VYNAO Pabpd ota {da, oTa avdTEPU PUTA KOl 6TO TPOTOH ™.
Apketoi opyaviopoi draBétovv kar opdroyec g mpog v Katanin mpwreiveg, tig Katanin-like

(mpocparn avackonnon amd Roll-Mecak and McNally, 2010).

H pkpn vropovada g Katanin, n 60kDa (p60) mov amoteheiton amd 516 apvoléa,
meptéyel oto kapPfoluteAkd g Gkpo TN cvvinpnuévn mepoyl AAA mov g mPocdidel
gvepyotnra. ATPdonc. e avtr v meployn epmepiéyovton ta. potifa Walker A ko Walker B mov
napéyovv Béon npocdeong oto ATP (Frickey and Lupas, 2004). ‘Eva dAAo potifo mov Bpioketon
010 KoapPo&utelkd dxpo g Katanin gival to VPS4 C, 1o omoio mpowbel tov ohyouepiopd tomv
Katanins (Vajjhala et al., 2008). Xto apuvoteiikd dxpo g 60kDa Ppioketor éva dAlo potifo, to
MIT, mov kotevBOvel T oHVOEST TNG KOATHALTIKNG LTOHOVASONS UE TOLG HKPOGMANVIGKOLG

(McNally et al., 2000).

H peydin vmopovada, n 80kDa (p80) mov amoteeitar omd 690 auwvo&éan, mepiéyet 6
enovolopfavopevoe WD40 potifa ta omoio  ouvOVTMOVTOL OTO  OULVOTEAIKO GKPO 1TNG
TOALTENTIOKNG aAvcidag. To WD40 potifo eivar amapoitnto yio Tov evOOKLTTOPIKO EVIOTIGUO
¢ Katanin ota xevipocopdtia. Eniong, oto kapPolutelikd dipo g puBUIcTIKiG vIopovadag
Bploketon po meproyn mov givar avarykoid Yo To SILEPICUO TNG UE TNV KOTOAVTIKY VITOUOVAIH KoL
v tetaptotayn ooun ¢ Katanin, aAAniemdpovtog pe 1o opvoTEAMKO GKPO NG HIKPNG
kotoAvtikhc vropovadog (McNally et al., 2000). H p80 dev dtabétetl tkovotnTa KOTATUNGNG TOV

pkpoowAnviokwv and povn g (Hartman et al., 1998).

H Katanin gvtoniletatl ota Kevipoosmpdtio Ko’ OAn ) S1dpKelo TOV KLTTOPIKOD KOKAOV,
1660 0N HECOHPAOT OGO Kol 0TI HiTOoT, KaBDG Kot o€ OA0 To avOTTLELOKE OTASI0. ZTO TOTIKE
kevtpoooudtio 1 Katanin exteiveror omd to kevipocoopdtia péypt Tovg mTOAOVS, KOAVTTOVIOG
TEPLPEPELOKA KVPIWG TOVG TOAOVG TNG UTMOTIKNG OTPAKTOV, G avTiBEST] e TN Y-TOVUTOVAIV OV
KOAOTTTEL TO KEVIPIKO péEPog twv moiwv (Ewova 1.4). Tvvemdg, av xor m Katanin xon n y-
TOVUTOVAIVY EIVOL KEVIPOCMUKEG TPMTEIVES, OEV GUVEVTOTILOVTOL, 00NYOVTIOS GTO GUUTEPUCLO
ot n Katanin givotl mpoteivn kupimg Tov mepikevipidlokon ydpov. Eniong evd o kevIpoooukodg
EVIOMIGUOG TNG Y-TOVUTOLAIVIG deV emnpedleTOl O TNV EXDMOOT LE OVGIES TTOV AMOTOALUEPILOVV
TOVG HKPOCOANVIGKOVG OTIMG 1) VOKOJALOAN, 0 KEVIPOSMUKOG evtomiopudg g Katanin vo avtég
TIG oLVONKEC YaveTal, Yeyovdg mov vrodeikvoetl 0Tt 1 Katanin dev amoteAel Oepelmon mpwteivn
TOV TEPIKEVTIPLOOKOD YDPOL KOl OTL OOLTEITAL 1] TOPOVGCie GAOIKTOV UIKPOGOANVIGK®OV Y100 V.
dwatnpeitar o kevipoowukog evromopudc (McNally et al.,, 1996). Av kat in vitro n Katanin
Tpocdévetal 6Tovg pkpocsmAnvickovg (McNally and Vale, 1993), in vivo dev £ywve katopBwoti n
Tavtomoinor otafepol cuveviomicpov petald g Katanin kot tov uKposoAnvickwv, odnymvTog
GTO GUUTEPAGHA OTL THAVOV GVVOEST TOVG EMITEAEITOL LE YOUNAT GLYYEveln Kot givarl svaicOntn

og duapopeg mapapstpovg (McNally et al., 1996).



Onoc kot Ta vrodloura Voo KOTATUNONG TOV UKpoowAnviokmv, 1 Katanin oynuatilet
e€apepn pop povo agotov ocvvdebei pe ATP. To yeyovog avtd odnyel oty avénomn g
ovyyévelag g Katanin pe toug HKpoo®ANVIGKOUS, TNV E00YOYN TOV UKPOCOANVIGK®OV GTOVG
nopovg tov efapepdv Katanin, xor telMkd oty katdtunon tovg (Ewova 1.1) (mpdopotn

avaokonmon and Sharp and Ross, 2012).

Ewova 1.4: Evéokvtrapikég evromopdg g Katanin o€ awopovopéveg atpaktong ayivo.
A. Xpdon pe avticopa Evavtt g Heydang vropovaodag g Katanin, kot

B. Xphon pe avticopa Evavit g pkpng vropovadag e Katanin katadeikvhovy Tov coouipikod
KOIAO TPOTTO YPAOOTG TOV KEVIPOSMOUATIOV TNG UITOTIKNG OTPAKTOV.

C. Xpoon pe avticopo EvavTt TG Y-TOLUTOVAIVNG Kal,

D. pe avticopa évavtt g B-toupmovAivig Yo cOyKpLon.

E.F.G.H. Ot avtictoyyeg ypdoeic too DNA ue DAPI (McNally et al., 1996).

1.2.3.2 Asgtovpyio

1.2.3.2.1 Kvotrapwkn owipeon

H Katanin nailer onpoavtikd poilo ot pitwon, oe didpopa €101. XT0 ®OKLTTOPO TOV
Xenopus eivar pia amd T1g KOpleg mpmteiveg mov puOuilovv ™ doun g HITOTIKAG oTpdkTov. Ot
UIKPOGMANVIGKOL TNG aTPAKTOL amomoAvpepilovtal amd v Katanin ®ote va dwotnpeitor pio
6oppomic. 660 APopPd ToV APlBUd TOV PIKPOSMANVIGK®V TOL KIVNTOYM®POL OV GLVOEOVTOL LE TO.

ypopocopata (McNally and Thomas, 1998, Loughlin et al., 2011).

Ztov C. elegans, n xataAvtikr vropovadoe tng Katanin, MEI-1, kot | pvOuotiky MEI-2
yPEWGLOVTOL Y10 TO GYNUATIOUO TNG OTPAKTOL POVO 6T HElwoN Kol Oyl 6T HTOoN. XuyKeKpLUEva
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BonBovv otn petoatdmion G SUTOAKNG ATPAKTOL TPOS TNV TEPLPEPELD. TOL KLTTAPOL, DOTE VU
emteleotel 1 aovupeTpn KuTTopiky Saipeon tov C. elegans (Yang et al., 2003, Srayko et al.,
2000). H anoieto g dpdong tov MEI-1 kot MEI-2 odnyei 610 oynpoticpd atpakton ympig
TOAIKOTNTO, EV® G TIO NMIEG TEPUITMOELS OE UEYOADTEPEG MTOTIKEG OTPAKTOVG. AKOUN 1
TOPOLGIQ TOLG EIVOL KATOAVTIKY] Yol T OMpovpyic vE®V LKposwAnvickwv otnv atpokto (Ewkova
1.5A). Méow g KATATUNONG TOV TPOTOV HKPOCOANVICK®OV TNg OTpAKTOV, dNUIOVPYodVTIaL Ot
PATPES Y. TNV OVATTLEN VE®V HKPOCOANVIOK®V, HE TEMKO amoTéAecpa v ovénom g

nokvottog toug (McNally et al., 2006).

>t Drosophila melanogaster n Katanin kotatépvel Tovg pKpOSOANVIGKOVG KOVTE ota
fetikd tovg dxpa Ponddvtag GTOV OTOTOALHEPICUO TMV MKPOSOANVIoKk®V Kovtd otn 0éom
oLVOEONG UIKPOCOANVIoK®OV Kol  ypopocopdtov, ©octe vo emrevyfel m xivinon tov
YPOUOCOUAT®OV TPOG TOLG TOAOLVS Katd Tnv avagacn (Ewova 1.5B). Tnv 16w otryun, ot Spastin
Kot Fidgetin KoTatévouy ToUg PIKPOSMOANVIGKOVS GTo apVNTIKG TOvg dKpa mov Ppickoviotl ota

KEVIPOOMUATLO, DOTE VO, EXLTOXVVOLY TNV Kiviomn Tov ypopocoudtov (Buster et al., 2002).

>t Chlamydomonas n Katanin npokalei v kotdtunon tov (E0y®dV HIKPOGOANVIGK®V
oV a&oVAIOTOG, GTNV TEPOYN KOvid ot peTafatikn {dvr, TPOKOADVIOS TNV OTOSEGUEVCT) TOV

Boocikod copatiov, ®oTE 0 opyaviopdg vo eil6éAbel og pdon pitwong (Rasi et al., 2009).

210V TovTiKo o petddhaén oto potifo WD40 tov yovidiov Katnbl, to omoio kwdikomotel
T puOotikn vropovdda g Katanin, mpoxadel otepdtnta ota apoevikd {do mov cuvodeveTaL
and oAtyooacBevotepatoomeppio. H @ouotoloywkn Aettovpyion g Katanin eivar avaykaio yio to
CYNUOTICUO TNG UEIMTIKNG OTPAKTOL, KOl Yl TOV KOTOAANAO OCYNUOTICUO TNG KEQOANG TMOV
onegpuatolwopiov. Emiong ovppetéyer kor oty  kvtokivnorn, pécm TG povduiong Tov

HKPOSOANVIoCK®V TOV evotdpecov ampatog (midbody) (O'Donnell et al., 2012).

e SLAQOPEC KVTTAPIKES GEPEG APOLPAIOD, 1 KATAALTIKY VIopovada po0 evtomiletar 6T0
evOllPeso oodpo omd TV avdeacn g tv kvtokivnon. H amocidmnon g p6b0, elye og
OTOTEAECLLOL TNV OTEAT KLTOKIVIION Kot TV avénon tov Smdpnvev Kuttdpov. Oaiveror 6t 1 p60
nailel pOLO OTNV ATOSI0PYAVMOCT] TOV UIKPOCOANVIGK®OV GTO €VOLAUECO GMUA, GULUPAAAOVTOG

ovoloTikG otn dradikacio g kvutokiviong (Matsuo et al., 2013).

Xe avOpMMTIVEG KVTTOPOGELPEG GTIC OTTOlEC amoc1mTONKe 1 Ekepact Tov yovidiov Katnbl
MG PLOUIGTIKAG VTOUOVADNG, EUPAVICOY OVOUOAES OOUEG WTMTIKNAG ATPAKTOL Kol LEEPAPLOLO
apfud kevpdiov pe amotélespa vo ennpedletat 1 kavotnta Tovg vo todlamiactoctovy (Hu et

al., 2014).
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Ewova 1.5: Ta éviope ketatpnong Katd T pitoon kot T peioon.

A. Kotdtunon tov (ukposoAnviok®v 6Ta, apvnTiKd dKpa, OcTE Vo dNUtovpynBoldv véeg UNTpeg Yo
va mopnveobovy véol pikpocoinviokol. Mo kdBe véa puntpa mov omuovpyeiton, €vo poplo
matpovivig (Lof ypdpe) koAvmtel to apvnTikd g dxpo. Kdbe véog pikpocwAnviokog mov
onuovpyeitar, Bo xotatunBel kot Oa mpooteBovV vEn KOADUUOTO TATPOVIVNG, HE TEAMKO
omoTéAEC LA TNV AOENCT TNE TLKVOTNTAG TOV UIKPOGOANVIGK®V.

B. Kotdtunon tov kpocoAnvickov Tov Kivntoy®pov ot BeTikd Toug dkpo KoTd TNV avAa(eoom

A, ®ote va cuppPKveBoHY Ol HIKPOGMANVICKOL Kot Vo LeTaKivn0ohv Ta Yp®UOGMUOTO TPOG TOVG
dvo moAoVG (Tpdoatn avackdnnon and Sharp and Ross, 2012).

B
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e d1dpopeg peréteg Exel omoderyfel dti n Katanin amotelel onpovtikd mopdyovta yio tnv
avATTLEN TOV VELPOVAOV. ZVYKEKPIUEVA, GE KVTTOPOCELPE VELPOV®Y 0povpaiov dlapdvnke OTL 1
dpdion TG TPOKAAEL KOTATUNGT TOV UIKPOCOANVICK®OV GTO KEVIPOCWOUATIO, DOTE VO, d1EVKOAVVOEL
N HeTaPopd Toug TPog Tov vevpa&ova yia Ty emunkvvon tov (Ewdva 1.6) (Ahmad et al., 1999).
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Ta mo whve evicydovtor omd to eOpnua ot n ékepoon g Katanin avédvetor oe meptdodovg
tayeiog empnkuvong Tov agovav, Kol Ueimvetal 0tov ol agoveg Ppouv Tov oTOYO TOVLG Kot
otopatovv vo, emekteivovion (Karabay et al., 2004). Axéoun, mpdoeote epeuvnTIKG SedOUEVOL
éoe1&av 0Tl 1 vrepékppacn ¢ po0 6g VELPOVEG TOKAUTOV OPOVPAIo, EIYE MG GUVETELN TNV
£€KQUOT TOAMA®OV KOl HEYOAWDV OEVOPITOV OTO TO KLTTAPIKO OO0, VO okpPdg T0 avtifeto
OTOTEAEC U TPOKAAESE 1 amocidnnon ¢ p60. Bdaocel avtdv, mpoxdmtel 611 1 dpdon g p6b0
SUUPBIAAEL OTNV AVASIOPYAVMGT TOL SIKTVOV TOV HKPOSMOANVIoK®V, TOV givol avaykaio Yo Tnv

avanTuén TOV VELPITOV TOV VELPOVOV Kal TNV enéktact tov vevpa&ova (Chen et al., 2014).

H xotdtpunon tov pikpocowinvickov otov vevpavo pubuiletol omd katddinieg MAP
TPOTEIVEG, HE MO YOPAKTNPOTIKEG TNV tau kor 1 NAP, mov ovvdéovtor pe TOLG
HKPOSOANVIoKOVG, TpooTatevovTag Tovg amd v evluuikn dpdon g Katanin (Qiang et al., 2006,
Sudo and Baas, 2011). X& d1400peg VEVPOEKPUMOTIKEG AGOEVEIES, LE O YOPAKTNPIOTIKY TI VOGO
Alzheimer, n npwteivn tau givol vVIEPEOGEOPLM®UEVT, YEYOVOG TOV 0dnyel oty aveEéheykn
KOTaTunon tov pkpoocoinvickwv and v Katanin (Baas and Qiang, 2005), n omoio evogyopévmg

etvan emProfng yio v emunkovven tov d&ovo (Karabay et al., 2004).

Ewkova 1.6: O porog g Katanin 6tnv avartoén TV veupavoy.

270 KLTTOPIKO COMO TV vevpodvov, N Katanin katatéuvel Toug PKPOSOANVIGKOVS BOTE Va
OMUOVPYNOEL VEOLG UIKPOTEPOVG, O1 0Toiol eVKOoAN Ba pmopohv va petapepBodv otov vevpasova
pe 1 Ponbela TpwTEividV Kivntipov, dote va, fondnbel n empnikuven tov dEova Kat 1 avantuén
TV veupalovikav aroinéemv. Ztov vevpdéova, 1 tpdcsdeon Tmv tau kot NAP otovg pikpotepovg
HKPOGMOANVIGKOVS, TOVG TPOCTUTEVEL O TEPAUTEP® dpdor ¢ Katanin (mpdoeoatn avackdanon
a6 Ghosh et al., 2012).
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1.2.3.2.3 Ble@upideg kot pootiya

H Katanin éyet  omodeyBel OT1  eumiéketor ot GuvOppoAdYNoN KOl GTNV
omocLVVapPHOAdYNoN TV PAEEapidOY Kol TOV HAcTlyimv, opyavidla mov 1 dopnq tovg Pacileton
GTOVG HKPOSMANVIGKOUS. METUAAEELS GTa YOVISLN TOV KMATKOTOL0VV TIG bIopovades tng Katanin
oto, €idn Chlamydomonas kot Tetrahymena, odfyncav otn dnpovpyio. okivitov pootiyiov Kot
PArepapidov aviicTtorya, To 0moio. oTEPOLVTAY TO KEVIPIKO (e0Y0C TOV HUIKPOCOANVIGK®OV TOV
aovruotog (Dymek et al., 2004, Sharma et al., 2007). ®aivetar 611 | Kordtpnon ond v Katanin
TOV WKPOCOANVICK®V oTIG PAEQOPIdE] KOl GTO LOOTIYLO, 1 AKOUN KOl G7t0 TO KVTTOPIKO GO0,
dnpovpyel PIKPOTEPA TOAVUEPT] TTOV GAMOGTOAT TOLG EIVOL 1) CLYKPOTNOT TOL KEVTIPIKOV {gVuyoug

TOV KPOCOANVIGK®V 6T0 a&Ovnua (Tpdceatn avackomnon omd Sharp and Ross, 2012).

>t Chlamydomonas n amocionnon g Katanin avoaotédlel v omodiopydvoon tov
HaoTylov kotd v évapén g UiTmong, mov elval avoykoio Yoo TNV ETavVaypnoLOToinoTn TV
Bacikdv couatiov Tov HooTyiov o kevepidia Tov kevipocouotiov. [TiBavotata n Katanin pe
dpdon ¢ aneAevbep®dvel TO fOCIKO COUATIO 0O TO aOVNUA, HECH TNG EMAEKTIKNG KATATUNGOTG
TV [KpoooAnvickov g petopotikng (ovng (Rasi et al., 2009). v Tetrahymena n dpdon tng
Katanin eivon emilextiky), o kol O0gv  MPOKOAEL KOTATUNON TOV KEVIPIK®OV (EVYDV
HKPOSOANVIoK®V Tov a&ovnpoTog, oAld dpa povo ota mepipepelokd (evyn (Sharma et al., 2007).
Axoun, og mopdctta TG OKOYEVEWNS TV TpuIavocomuddv (Leishmania major, Trypanosoma

brucei) n Katanin p60 coppdiiel otn peioon tov peyébovg tov paotryiov (Casanova et al., 2009).

H amocidmnon tov yovidiov Katnbl tng puOuiotikig vmopovadog, o€ avOpomiveg
KUTTOPOCELPEG, TPOKAAEL TNV EUPAVIOT] VIIEPAPIOL®V KEVIPLOIV Kot PAEPAPIO®V, ATOJEIKVIOVTOG
oV onuavtikd poio tng Katanin otn cuvappoAidynon Kot amocvvapuordynon tov PAEeoapidwov

(Hu etal., 2014).

1.2.3.2.4 Kvottopikni HETOVAGTEVGT)

H oavaotod) g Opdong g Katanin p60 mpokoiel peimwon g HETOVAGTELONG TOV
vevpovov otov movtikd (Toyo-Oka et al., 2005), evd n amocidrnon g p80 emPpadvvel tnv
kivnon og emOniaxd kottapa apovpaiov (Sudo and Maru, 2008). Ztov Gvbpwmo, n apyétonn
Katanin ekepdletor oe peyorvtepo PBabud omd 10V QUGIOAOYIKO, GE 0CTA TOV £YOVV LTOGTEL
petdotacn and kapkivo Tov Tpootdtn. Avt n avénon oty ékepoon ¢ Katanin cuvodevetan
a6 evioyvpuévn kuttapikn kvntikomto (Ye et al., 2012). And avtd ta dedopéva TPOKHTTEL OTL 1)
dpdon tng Katanin gvioybetl Tnv KuTTOpIKn Kivon Kol KOTG ETEKTACT] TN HETOVACTELST. O ThOvOg
TPOTOG OV TO KAVEL VTO, ivVOL HEGH KATATUNONG TOV WKPOCOANVIOK®OV GTO KEVIPOCMLATLO Kol
TPOMOMON NG UETAPOPAG TOLC GTNV Oy TOL KLTTAPOL 7oL Kavel v kivnon (mpoéceat

avackomnon amd Sharp and Ross, 2012).
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Ye avtifeon pe to evpHpata oto KotTapa Onlactikdv, otn Drosophila n arocudnnon g
P60 €xel OG OMOTEAEGUA TN ONUOVTIKY 0OENCT GTNV KIVITIKOTNTA TOV KUTTUP®V, DITOSEKVIOVTOG
ot 1 Katanin pmopet va dpo Kot ¢ apvnTikog pubuioTig Tng KVTTAPIKNG LETOVAGTEVONG. L€ OUTY|
v mepintoon 1 Katanin evtomiletor oty mEPLPEPELD. TOV KVLTTAPOV KATATEUVOVTOG TOVG

pikpoowinviokovg (Ewova 1.7) (Zhang et al., 2011).

Ewéva 1.7: H dpaon tnc Katanin o€ peravaostevtikd kdtrapa ot Drosophila.

Y76 puoioroyikég cuvinkeg n Katanin katatépvel Toug prikpos@Ainvickovg ota BeTikd Tovg dpo
Y10, OKOTOVG KVTTOPIKNG HETOVAOTEVONG. YO cuvinkeg anocidnnong g Katanin, to dikpa tomv
UIKPOGOANVICK®V OEV KOTOTEUVOVTOL KOl ETLUNKOVOVTOAL, IE OTOTELEG IO KATO101 VA, YupilovV Tpog
To oW, eV GAAOL EKTEIVOVTIOL TPOG TIG MAELPIKEG EMPAVEIEG TOL KuTtdpov. Ta KvTTOPO
LETOVOGTEVOLV LE To ypriyopo puvBud otav m Katanin dev ekopdletar. Me mpdoivo ypdpa
Qoivoviol Ol HIKpOG®ANViokol, pe kokkwvo ypape m Katanin, pe pop ypope m mpoteivn
otafepomomtig TV pikpoowinvickwv, EB1 (npdopatn avoackdémnon and Baas and Sharma,
2011).

With katanin

Without katanin

e Microtubules ¥+ EB1 =2 Tubulin subunits === Katanin
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1.2.3.2.5 H Katanin 61ovg ¢uTiKovg 0pyoviopovg

H Katanin mailer onpoviikd poédo kot ota @utd. Xtmv Arabidopsis thaliana, oe
petoAdaypéva wg mpog v Katanin otedéym, énwg ta fra2 ko luel, xotd v Kuttopikn dwaipeon
mopoatnpeiton  AavBaopévn  gvBuypdpuon,  TPOCOVOTOMGUOC — KOU  TOAIKOTNHTO — TOV
UIKPOGOANVICK®V 7OV 00NYel 6€ GALOIMON TOV TPOGOVOTOAIGUOD TNG OLIPECTC TOL UNTPLIKOD

kuttdpov (Panteris et al., 2011).

O1 pkpocwAnviokot tov @Aoov Ppickoviar devdetnuévol oe TOPAAANAN SudTaén Kot
glvar vevBovvor yuo Tov Eleyyo ¢ katevbbvvong evamdbeong T KLTTOPIVIG, KOl KOTA ETEKTOCT
TOV KLTTOPIKOD OYNUATOC. AVTOL Ol UWIKPOGMOANVIGKOL TPOEPYOVIAL Omd KOTOTUNGN OAA®V
UIKPOGOANVIGK®V OV PpicKovTal mo e6mTEPIKE 6T0 PUTIKO KOTTOPO. MetaArdtelg otnv Katanin
001 YOOV GTIV TOOGT TNG GVYKEKPIUEVNC KATATUNGNG, OTNV OIOVGio TN TaPAAANANG StdTaéng TV
UIKPOGOANVIOK®V TOL QAOIOV, OTNV EAATTOUOTIKY evomdbeon wvttapivng, kot TeMkd og

aAlotopévo KutTapikd oxnua (mtpdéoceatn avackoénnon omd Roll-Mecak and McNally, 2010).

Y& gutd pvllod, n opdroyn mpwteivn ¢ Katanin, DGL1 gumAéketor 6TV KLTTOPIKA
EMUNKVVOT Kol 6TOV dmAacilacud. Eriong mpoxkadel avénon g Ekppoong Tov Yovidiov yio

BrocvvOeon yipPeptirivig (Komorisono et al., 2005).

1.2.3.3 TMpot€iveg Tomov Katanin-like 1 ko Katanin-like 2

Av Kot 1 peYAAN TAEOYN QIO TOV EPEVVNTIKAV EPYUCIOV TOV SNUOGIELTNKOV (O GYLEPO
apopobv v apyétomn Katanin, 1o YOVIOIOUOTO OPKETOV OPYOVIGU®OV KOOIKOTOWOVV OPKETES
opoteg mpmteiveg, Tig Katanin-like 1 ko tig Katanin-like 2, wov ot kvuttapikég tovg Agsttovpyieg dev

&xovv axoun drokevkavei (Sonbuchner et al., 2010).

1.2.33.1 MpoTt€iveg Tomov Katanin-like 1

>t Drosophila, n mpwteivn Kat-60L1 eunAéketor oty avadlopdpmon GUYKEKPIUEVOV
Ao TIKAOV VELPLTOV, d1001KAGI0 TOL TPOKVTTEL KATE TNV MPILOVOT] TMV VELPLTAOV TOV EKPVOVTOL
07t TO KVTTOPLKO GO, KO GTIV OTOi0 TOPATNPELTAL ATOKOTY TV oypeiacT@V Kot TAeovaldovimv
vevpudv. Xvykekpéva 1 Kat-60L1 coppetéyel oty Katdtunon tov HKposOANVICK®V GTovg
ayPEIGTOVG BEVIPITEG, MOTE AVTOL VO LITOPOVV Vo, oopakpuvOohv and to kuttapikd oopo (Lee et

al., 2009).

Ytv Arabidopsis thaliana éyst amopovebei pio mpoteivn Katanin-like 1, m AtKSS
(Arabidopsis thaliana Katanin-like protein small subunit) mov ot doun TG VEAPYEL M TEPLOYN
AAA «xor 1o potipo Walker yio mpdcodeon tov ATP. Zta pecopoocikd wkvttapa m AtKSS
evtomiletal otV mepLoyn YOPw omd TOV TUPNVA, EVED GTI UITMOT TEPIKVKADVEL TOVE TOAOLS TNG

atpdKTov. O gvOOKLTTOPIKOC TNG EVTOMICUOG e€apTaTal 0d TN (PAGT TOL KLTTOPIKOD KOKAOL, Kot
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glvor mpo@avadg €EAPTHEVOC Omtd TNV KOTATUNGON TGOV WKPOCOANVIoK®V, OAAG ypetdleTon

nepartépm HeAET Yo va e&axpiBobei o pdrog g (McClinton et al., 2001).

Xtov avOpmmo €yel perlembei o porog e KL1 (Katanin-like 1). H KL1 mopovoidlet
onuovtiky apvolikiy opototnta otny AAA meployn pe v apyétunn Katanin, g 1d&emg oV
85%. Emiomg mepiéyet Kot ta vrdroma tpoteivikd potifa mov cuvavidvrol kot oty Katanin, to

MIT xot to VPS4 C (Sonbuchner et al., 2010).

H vmepékppaon e KL1 og avBpomvn kvttapooceipd U20S mpoxoiel v mAnpn
KOTATUNOT TOV UIKPOCOANVICK®OV, amodsikviovtag v 10totntae tg KL1 ¢ evidpov katdtunong.
[Mewpapoato avocopBopiopod kotédei&av v mapovoia g KL1 otovg moéAovg TG WTOTIKNAG
aTPAKTOL, UE JLUPOPETIKO OU®G EVTIOTICUO o€ oxéon pe v apyétuan Katanin. Evéd n Katanin
EKTEIVETOL OO TO, KEVIPOOMUATIO MG TOVG TOAOLG TG atpditov, N KL1 givor amodoo amd ta
KEVTIPOOWOUATIO Kot evtomifeTor povo 6tovg moAovg. O eviomioudg avtdc ivol opatodg HOVo o
Quololoykny mapovsio pukpocwAnvickwv. H amocivnnon g KL1 &iye og anotéiecpo tnv
EUPAVIOT] POVOTOTIOV HE OVOUOMES 6TN dOUN TNG IMTOTIKNAG OTPAKTOL KOl TOV SIMAAGLOCUO TV
HTOTIKOV KOTTAP®V, £VOEEN kafuotépnong otnv oAoKApoon g pitwong. Ot pikposmAnvickot
NG ATPAKTOV EUPOVILOVTAV IO EMUNKVUEVOL, HE KPOTEPT OUMG TLKVOTNTO, EVA 1| avénbnke M
€VIOOT KOl 1 EMPAVEIN TOV EVIOMGUOD 1TNG Y-TOLUTOVAIVIG, KEVIPOL TUPNVAOGCNG TMV
pwikpoooinviokwv (Ewova 1.8). Aev Ppébnke xoud ocvoyétion g KL1 pe ) kivnon tov
YPOUOCOUATOV KATE TNV ovAQOoT A, eV 1 OTOLGI0. GUVEVIOTIGUOD KOl O OIOKAEIGUOS TNG
aAinAenidpaong pe v p80 katadeuvoouy 0Tt dev ypetaletar T puOeTIKn vVITopovada p8O Yo

™ dpdon g (Sonbuchner et al., 2010).

Amd avtd ta dedopéva mpoxvmrel 6t KL1 gpydleton yio v adEnom g mukvotnTog Tov
LIKPOCOANVIOK®V NG WIOTIKNG OTPAKTOL. XUYKEKPIUEVO KOTATEUVEL TOVG UEYOAAVTEPOVG
LIKPOGOANVIGKOVS OV OlomEPVOVY TOVG TOAOVG TNG OTPAKTOVS, GE HKPOTEPOLS Ol omoiol Oa
OTOTEAEGOVV TOVG «ITLPTVEGY Yl T1 dNUovpYia VE®V peydlov pikpocwAnvickov. H andigia g
dpdong g emnpedlel T QLGIOAOYIKNY GOPPOTID TOV KvNTNPwV duvapewy mov kabopilovv to

uMKog ¢ prtTikng atpdaktov (Sonbuchner et al., 2010).
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Ewova 1.8: Ileipapoto vrepékepaocns ko omocwdnnong tng KL1 og avOpomivy
kvttapocepd U20S.

A. Tlopotnpeitar oMKOG ATOTOAVUEPIGUOG TOV UIKPOCOANVIOK®V 24 ®PEG UETA TNV EMPOALVOT
ue GFP-KL1

B. ITopamnpeitor peptkdg amomoAvUEPIGUOC TOV KPOGSOANVIGK®V 15 dpeg petd v empoivvon
pe GFP-KL1.

C. H oamocwwmnon tg KL1 mpokaAiel avénon tov pPNKoOvg TNng OTPAKTOL Kot Uei®mon TG
TUKVOTNTOG TV WKPOSMANVIoK®mV Tov v armotelodv (Sonbuchner et al., 2010).

Microtubules C a-tubiilin Behistithe

Microtu buls GFP-KL1

2N
L%

1.2.3.3.2 Iporsiveg Tomov Katanin-like 2

Ot mpwteiveg Tomov Katanin-like 2, dev €yovv pekemBei kaBolov cOppova pe T d1ebvn
Broypaeio. H mapodoo didaktopikn dtotpiffny anotehel tnv Tp@TN AmOTEPO SlEPEVVNONG TOV
POLOL QLTAG TNG KOTNYoplog TPOTEIVOV. ZVYKEKPYEVE PEAETHONKAV Ol TPOTEIVIKEG 1GOUOPPES
Katanin-like 2 otov movtikd. O Adyog yio T HEAETN TOV GUYKEKPIUEVOV TPOTEWVIKDOV 1GOUOPPDOV
NTav 1 TovTomoino g oAAnieniopaong petad Tov Katanin-like 2 kot tov tpmteivdv Nubpl kot
Nubp2 cto gpguvnrtikd pag epyactipro Mopilakng Broioyiog kot Bioynueiog tov [Havemonuion
Kompov and 11¢ Xprotive Kaunddapn kot Apa Avipn Xpiotododrov (Koaunidapn, 2010). Extog
QVTOV TOV JESOUEVOD, GTO EPYUOTNPLO pHog PBpébnke amd mepduata e Mapiag Xpiotoedpov, OtL
N vaepékppaon tov Katanin-like 2 mpokadel peioon oty euedvion Tpetoyevav PAepapiowy,
{o®g AOY®M KATATUNGONG TOV MKPOCOANVIGK®OV TOL aEOVALOTOC, EUTAEKOVTAS Y0 TPOT POopd

npwteiveg Katanin-like 2 otn BAepapidoyéveon (Xpiotopdpov, 2014).
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1.3 Hpwrivec Nubpl kot Nubp?2

Ot Nubp1 kot Nubp?2 givar mpteiveg mov avikovv oty vrootkoyévelo MRP/MinD twv P-
loop NTPdcwv. AAAnAemidpovv petal&d tovug, Ommg kol 1 kdbe pia EEYplotd pe TNV TPOTEIVT
kvnmpa KIFCSA, xot gpmiéxovror oieg poli oty pOOwon tov dumhaclocpod Tov

KEVIPOOWOUATIOL 0TO KOTTAPA ONANCTIK®V.

Ot Nubpl kot Nubp2 mopovcidlovv ONuOvTIKA OHOOTNTO UE TNV TPOTEWVN TOV
TPOKoPLOTIKOV opyavicudv MinD (Christodoulou et al., 2006). H MinD egivar avaykaio yio tov
owoto Kabopiopd tov onueiov kuttapikig dwipeone ota Paxtpio (de Boer et al., 1991). Xtov
Copopdknta ot 800 aVTEG TPMOTEIVEG OPOVY GOV GUUTAOKO Kol EUTAEKOVIOL GTN cOVOeoT T®V
odnpoberovymv tpoteivov (Netz et al., 2007). Tnv ida Aeitovpyio cOVOEGNG TOV CUYKEKPLUEVOV
TPOTEIVOV d10TNPodV Kot 6Tov AvBpwmo, otov omoio mailel emiong poOAO GTNV OUOOGTUCT TOV
G1ONPOL, UING KOl GCUUUETEYEL 0TV ®pipaven g npwteivng IRP1 mov pubuilel tov petafolopod

tov ownpov (Stehling et al., 2008).

Ot Nubpl ko1 Nubp2 evtomifovtolr oTov Tupnive G€ LEGOPACIKY KOTTOPO, EVO KATH TN
pitoon n Nubpl cuykevip®vetol 6To KEVIPOCSMUATIO KATA TNV TPOPUCT] KOl TNV TPOUETAPAOT),
EVA OTIG VITOAOIMEG NTOTIKEG PAGEIS EKTEIVETAL KOL GTOVG UIKPOCMANVIGKOVG TNG OTPUKTOV, GE
avtiBeon pe ™ Nubp2 mov mapapéver KoBOAN T Sdpkeln NG PUTOONG OTO KEVIPOSMUATLO
(Christodoulou et al., 2006, Kypri et al., 2014). e K0TTOPOGEPES OO TOVTIKO, 1) OTOCIONNOCT TNG
Nubpl 1 1 duth] anocuwanorn twv Nubpl xoir Nubp2 odnyodv otnv ueavion onpovtikon
TOGO0TOD KLTTAPWV e VIEPAPOUN KEVIPOSOUATIO, TO OmOid HE TN OEPd TOvg EXOVV G
OTOTEAEGUO TNV TOPOVGIN TOAVTOAK®DOV HTOTIKOV oTpdktov. [Tapduolog gaivdturog speavileton
Kol KOTO TNV 0mooudnrnon g oAniemdpacag tovg mpoteivng KIFC5A (Christodoulou et al.,
2006).

[Ipdopata gpevvntikd dedopéva oto epyactiplo pog evémie&ov 1ig Nubpl kot Nubp2 ot
PArepapidoyéveor. Zuykekpiuéva TPOKELTOL Yo BePeEMMDIELS TPMTEIVES TOV KEVIPLOIWY, Ol OMOiES
GLUVOVTAOVTOL 6T0 PAGIKE COUATIO TOCO TOV asONTIK®V 0660 Kol TV Kvntiplov PAepapiowv. H
arooidnnon g Nubpl mpokaiel v avénon tov Prepapidmv 6Tovg a160NTAPLOVE VEVPAOVESG TOL
C. elegans. TTapouoing, omv kvttapooelpd NIH 3T3 oamd movtiko, 1 HETAYPAPIKY OTOGIORNGCH
gite ¢ Nubpl eite g Nubp2 av&dvel onpavtikd 10 T0600TO TV PAEPAPIOOPOPOV KLTTAP®V.
[Ipokbmtel T0 GUUMEPOCUO OTL Ol dVO OVTEC TPMTEIVEG OMOTEAOLV OPVNTIKOVG PLOMGTEC NG
Brepapidoyéveong (Kypri et al., 2014). Ot Nubp1 kot Nubp2 aAAnAiemdpodv poli pe to cdhpumroko
tov CCT/TRiC chaperons, anoteAdVTOG {00C CUUTAPAYOVTES Y10 TIG CLYKEKPIUEVEG chaperones
ot Odkocio NG TEAIKNG avadimlmong dpopwv TpoTelvdy. O GUVEVIOTIGHOG, Ol KOLVEG
Aertovpyieg Kot o1 Kowvég aainiemdpaoelg t@v Nubpl kar Nubp2 agrivovv va vonbel 61t ot dvo

npwteiveg dpovv pali g coumhoko (Kypri et al., 2014).
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14 Kevipiow

Ta kevtpidia glvor gVOOKVTTOPIKES KVAIVOPIKES OOUEG, TOV GLVOVIMVTOL G OAOVG TOLG
EVKOPLMOTIKOVG OPYOVIGHOVS, €KTOC OMO TO OvVMOTEPO QPLTA kol Tovg Moknteg. H dopnq tov
Kevipdiov otnpiletol 6ToVg PKPOSMANVIGKOVS © GUYKEKPIUEVE, AITOTEAOVVTOL OTO EVVLA TPITAETES
LKPOGOANVIGK®OV, SLOTETAYUEVES GE OKTIVOTH cvpupetpio (mpocparrn avackdénnon arnd Marshall,
2009).

Eivar omopaitnto yio 10 oynuotiopd TV KEVIPOCSOUATIOV, TOV PAEQapidmv Kol TV
poaotyiov. [To avolvtikd, ta kevpidia oynuatifovv o facikd copdtie, Tov eival avaykaio yio
T dounon tov PAepapidwv Kot Tov paotiyiov. Exiong, éva {evyog kevipidiov Ppioketorl evtog Tov
TEPIKEVTPISIOKOD YDPOL, MG POCIKA CLGTATIKA TOV KEVIPOSMUATION, TOV KEVIPOL OPYUVAOCTG TOV
pikpocoinvickewv (MTOC) oto kOTTOPO. XT0 SoPOVUEVH KOTTAPO, T KEVIPIOI SmAactalovTot
pio eopd avd KuTTapkd KOKAO, EVD 08 CLYKEKPLUEVA EEEIOIKEVIEVA EMONALOKA KOTTAPO LTOPOVY
Vo oYNUaTiotodv ekatoviades Pfacikd copdtia tavtdypove (Ewova 1.9) (rpdoeatn avackdnnon

and Nigg and Raff, 2009).

Mo vo xotockevaotel éva TANp®G Aettovpykd Kevipido ypeldloviar dVo KVLTTOPLKOl
KOKAOL, TO ooio ot cuvéyEla Ba KANnOel vo oynuUaTicEl Eva KEVIPOSOUATIO 1 Kot ol PAepapida 7
HOOTIY10. ZTOV TPMTO KVTTAPIKO KVKAO, 1] dNUovpyic Tov Kevipdiov Eekvd katd T @don S, Ue 1o
GYNUATIGUO TOL TPOKEVIPLOIOV. LTO KEVIPO TOV TPOKEVTPLOIOL, BpioKeTal £va KEVIPIKO GOANVAPLO
T0 omoio mePIoTOYILETOL OO EVVIL TPUTAETEG HKPOCOANVIOK®OV GE OKTIVOT] CLUUETPIO. XTI
oaoeic G2, M kot G1 mov akolovBovv To KeEVIPIOO EMUNKOVETOL, YOPIG VL £XEL KOTAGTEL OKOUN
Aertovpyikd. Kabmg eiépyetar otov 0e01Ep0 KLTTOPIKO KOKAO TO Kevrpidio apyilel va omoktd
YOPOKTNPLOTIKA OPOV KEVTPLOion. Tt devtepn S @don O amoteAésel TV TAATEOPLO, Y10 TO
oynuaticpnd evoc mpokevipdiov. Xtn oevtepn G2, 10 avopo akdéun kevipido (uoli pe to
TPOKeEVTPIO0) Ba avéNcel Tov TEPIKEVTPIOOKO TOV YDPo, o EEKIVIOEL TNV TUPNVOGY UGTPIKMDV
pikpocomAnvickav kot Bo Eekvioel vo, dpa ¢ aveéaptnto kevipoowpdtio. Xy Gl ¢domn, to
opuo mAéov Kevipiolo Oa amoxthiosl TG mepipepelakés omoevoelg (distal appendages) mov 1o
BonBovv vo aykvpofoincel otnv TAAGHATIKY HEUPpdvT, amd Omov umopel vo amoteréoel TV
TATEOpUA Y10, TN 6VVBeon Tov afoviuatog Tov Prepapidwv (Tpdceatn avackonnon and Avidor-

Reiss and Gopalakrishnan, 2013).

Avoporieg ot Proyéveon kot otn Asttovpyio tov Kevipdiov, oyetiCovtarl pe mAnbopa
avOpomivov acbeveldv, onoc Tic Prepopidonddeieg (ciliopathies), Sid@opo VOCHUOTA TOV

gyke@ailov, kapkivo kKAt (mpdogatn avackdénnon ond Nigg and Stearns, 2011).
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Ewova 1.9: Ta kevrpidia oynpatilovy 10 KeVIPosmNATIY Kol TIS PAEQAPTdES.

A. Zynuatikn avaropdotacn (e0youg KeVTIpdlny Kol pmTOYpapio. TOLG LE TN PNoT NAEKTPOVIKOD
pikpookomiov (HM). Xmv HM 1o molotepo, pntpikd kevipido Eeyopiler Adyo tov
TEPLPEPELOKDY OTOPVCEMV TOV OLAOETEL.

B. X¢g dwopovpeva kottopa, to kevipidn pali pe tov mepkevipdlokd ydpo (Kitpvo ypoua), o
omoiog av&avetal KaTd T HECOPOOT), O ATOTEAEGOVV T KEVIPOGMUATLA.

C. Xg un dapodpeva KOTTOPO, TO KEVIPIOI HETOVACTEDOVY GTNV TAUCUATIKN HEUPPAvT, Kot pio
Prepapido (kapé ypodua) cvykpoteital amd ™ UNTptkd KevIpido. Xe ovykekpiuéva emtOnilokd
KOTTOPA, TOAAG KEVTPIOL OMUIOVPYOVVTIOL TOVTOYPOVE, OONYDVTAG OTNV OvATTLEN TOAAGDV
BAepopidmv amd Eva kottapo (tpodseatn avackonnon arnd Nigg and Raff, 2009).

A B Centrosome formation

Centrioles G1 G2

Mother e e Ciliogenesis

" | \ l EPITHELIA
- 1N e A

141 Kevrpoooudtia

Ta Kevipoompdtio givatl ta Kuplo, KEVTpo, opydvoong tov pikpocwAinvickewv (MTOC) oto
Kkotropo. Kabopilovv tn ddtaén tov UIKPOGOANVIGK®V KOOOAN TN O1dpKEWN, TOV KLTTUPLKOD
KoK ov, ennpedlovtag To KLTTOPIKO GYNUC, TNV KVTTOPIKN TOMKOTNTO, KOl KVNTIKOTNTO, OT®G
emiong kai ™ dnuovpyio TG WTOTIKNG ATPAKTOV, TOV JYOPIGUO TV YPOUOCOUATOV Kol TNV
KuTTOpIKn Olaipeon. AmoteAovvial omd SO0 KEVIPIO Kol TOV TAOVGI0 GE TPMTEIVIKG LOPLO,
ePIKeVTPIOoKSO yopo (PCM). Mepkég amd Tig mpwteiveg tov PCM gumiékovior Gueca otnv
TUPNVOCT] TOV WKPOCOANVIOK®Y, OTMG TO GOUAAEYUO OUKTUAIOL TNG Y-TOVUTOLAIVNG KOl 1)

pericentrin (mpdogateg avackonnoelg and Nigg et al., 2014, Vitre and Cleveland, 2012).

H x0Opia Aettovpyia TV KEVIPOGOUATIOV €ival KOTA TN UITOGON, GTOV 6MOGTO S ®PIGUO
TOV YPOUOCOUATOV oTo Ouyatpikd kvttapa. Omog Kol To, ¥POUOCHUOT, £TGL KOL TO VO
KEVIPOOWOUATIO, TOV UNTPIKOV KLTTAPOL B0 JlaymploTodvy KATé TNV KLTTAPIKY Oloipeon, UE
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omotéleopa Kabe Buyatpikd kdTTapo mov Ba wpokvyel Ba Exel £va Kevtpoowpdtio. Me 1 fondeta
€VOG QLOTNPOD UNYOVICUOV EAEYYOV, TO KEVIPOS®UATIO Bo SimhaclooTel LOVO pia @opd, Kotd T
@aon S Tov KLTTOPIKOV KOKAOVL, KoL TO OVO TAEOV KEVIPOOWUATIO Oa  TupnvOcoLV
UIKPOG®ANVIoKOVS, oynuotilovtag Tovg dVo TOAOLE TNG OTPAKTOV KATO TV €mMOUEVN UiT®ON

(Ewova 1.10) (mpdogartn ovackoénnon ond Vitre and Cleveland, 2012).

Avopoleg oy €KQpacon TV TPOTEIVOV Tov gumAékovial otn  Ployéveon ToV
KEVIPOOWOUATIOV, UTOPEl va. 0dNYNGOVV G€ SLCGAELTOVPYID TV &V AOY® opyovidiov 1| og U
QLOIOA0YIKO aPlOOd TOVG EVTOG TOV KUTTAPOL AOY® GPOAUATOV GTOV EAEYYO SIMAUCIAGLOD TOVG,
HE ovVvETElEG TN AaBeuévn onpuovpyic TG UITOTIKNAG ATPAKTOL, TOV EGPUAUEVO SLOY®PICUO TOV
YEVETIKOD DAIKOD KOl TN YEVETIKY ovicopporia (Tpoceatn avaokonnon amd Vitre and Cleveland,
2012).

H yevetikn avicoppomia eivar pali pe tig peTaAAAEELS Ol KOPIEG aUTiEg KAPKIVOYEVESNC. Z€
UPKETONS TOTOVG KAPKIVIKAV KUTTAP®V EUPAVICOVTOL KEVIPOCMUATIO TO. OTTOl0, Elvat vepaplOpa 1
&yovv dbpopeg dopikég avoporiec. H mapovsio vrepdpBumv kevipocopatiov opeiletal eite
GTOV VIEPOUTAOCIOGHO TOVG, Eite Gg amoTLYia KuTTapIKNG dtaipeons. Agv €xel axoun exabapiotel
av autd omotehel oution KopKivoyéveong, emeldn €xel opavel OTL KOTTOPU WUE TOAVTOMKES
aTPAKTOVG OTAVIO OlPOVVTOL TOAVTOAKE, Kol OTAV TO KAvouv To Buyatpikd KVTTOpPA TOL
TPOKOTTOVY TOAD dVoKOAN emPidvovy. AmO v GAAN, opketd KVTTOpa Ue LIEPAPOua
KEVIPOOWOUATIO. YPTOLUOTOIOVY  UNYOVICHOVG ONHOLPYING TG OTPAKTOV, HECH TMV OToimV
TOPATNPELTOL OTEVEPYOTOINOT 1 OOdOTOINGT T™V VIEPEPOLOY KEVTIPOSMUATIOV 68 600, DOTE Va
TPOYWPNOEL KAVOVIKA 1) dnpiovpyic SUTOAIKNG atpdkTov, kal vo emPidcovv (Ewova 1.11). Avtoi
ol UNYovicpol omotehoVV GLYVEC olTieg AavOOoUEVOL SLoOPIGHOD TOV YPOUOCOUATOV Kol
YEVETIKNG avicoppomioc. Ot SOUKEG AVOUOAEG TOV KEVTPOoOUATIOV, TOV GUVHOMOE 0eEilovTal G
U @uololoyikn pobuion g Ekepacng M TNG  UETOUETOQPOCTIKNAG TPOTOTOINCTG TOV
KEVIPOOOUIKDV TPOTEWVAOV, OV £Youv akoun ueretnOel ektevdg Yo T0 pOAO TOVG GTNV
kapkivoyéveon. Elvar mbavo duwme, avaldywg g mpwteiving mov amopuOuiletal, vo avénbei ) va
pelmBel o Pabudc TOPNVOGCNG TOV WKPOGOANVICK®V, UE ATOTEAEGLLO VO EXNPENCTOVY TO GYNMUA, M
KUTTOPIKY KWVNTIKOTNTO KOl TOMKOTNTO, MOTE VO, LIToPonOnbel TuyOV HETAGTACT TOV KOAPKIVIKOV

KuTTdpov (Tpdootn avaokodnnon and Nigg et al., 2014).

Emiong, ta kevipocopdtio @aivetal vo eUTAEKOVTIOL GE SLAPOPEC VEVPOUVOUTTLELNKES
dwtapayéc, wog kot 10 amd to 13 yovidio Tov EUTAEKOVTOL OTY| LUKPOKEPOALD, KM®OTKOTOLOUV
TPOTEIVEG TOL EVTOMILOVTIOL OTO KEVIPOSMOUATIO KOUT GTOVG TOAOVG TNG MTOTIKAG OTPOKTOV.
Axoun, peTtaAAdEelg mov enNPedlovy KATOEG KEVIPOCMMUKEG TPAOTEIVEG EYOVV cuvdelel pe Tov

vaviouod (mpoéopat avaokonnon and Nigg et al., 2014).
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Ewova 1.10: H dopn kot 0 KOKA0G SUTAUGLOGHOD TOV KEVIPOCOUATIMV.

O SmAaCLOGUOG TOV KEVIPOCSHLOTIOV YIVETOL GE GUVAPTNON HE TOV KUTTUPIKO KOKAO. TNV 0pyng
g pecoQaons, otn eacn Gl, yiverol amoy®piopoc T@v dVo KEVIPOIMY OV GLYKPOTOLV TO
KEVIPOoWUATIO. TN @don S, durhacidlovral To kevipidia, To omoia otn ovvéxewn (edon G2)
empunkovovtat. Zmn edon M, ta KeVIposmudtia fpickovial 6Toug TOAOVS TNG LITOTIKNAG ATPAKTOV,
KOl 0TOTEAODY KEVTPO TUPVOOTS LIKPOGCOANVIGK®V (Tpdoparn avackdénnon and Fu et al., 2015).

Dwplication
< .+ Elongation

Disengagement

Disjunction
Separation
Maturation
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Ewova 1.11: YaegpaprOpo kevTpidto Ko (poRocOUIKY 0oTtasia.

A. Mitwon og €éva QUGIOAOYIKO KOTTOPO HE OV0 KEVIPOSOWUATIO (KOKKWVO YpOUa), OTOL 1
onuovpylo g OWMOMKNG WIOTIKNAG oTpdktov €£ac@aAilet Tov 100 Oly®PICUO T®V
YPOUOCOUATOV.

B. Mitwon o€ KOTTopo LE TEGGEPA KEVTPOSMUATLO, KOl ONLLOVPYI0 TETPATOMKNG OTPAKTOV TTOV
umopei vo, 00N yNoetL: i) ot dNUovpyio TEGGAPMOY VEOV KVTTAPMOV LE YEVETIKY OVIGOPPOTia, ii) 6N
dnuovpyio SUTOAIKNG OTPAKTOV HEGH UNYXOVICU®MV 7OV OUOOOTOOVV 1) OTEVEPYOTOOLV Ta.
EMIPOCOETO. KEVIPOGMUATIO, T OMOl0L UTOPEL VO TPOYWMPNOEL KOVOVIKG 1 1ii) v omotOyel
001 YOVTOG GE VIO OO ®MPIoUO TOV YPOUOCOUATOV 1| KOl GE QITOTVYI0 GTNV KVTOKIVIoT AOY®
YPOUOCOUATOV TOV TAPAUEVOLY GTO 1oNUePVO emtinedo (mpoopartn avaokomnon and Nigg and
Raff, 2009).

A Normal cell

— )
W’ﬁ‘

B Tetrapolar spindle

AN

.

1.4.2 Kvutropkég re@apidsg

O1 Brepapideg (cilia) eivor opyovidia wov Tpoe&éyovy amd TNV TAUGUOTIKY UEUPPAVY, Kot
TOV omoimv M doun tovg otnpiletal 6Tovg pKpoowAnvickovs. Eival e£gliktikd cuvtnpnuéva kot
CUVOVTAOVTOL GE OAOVG GYEOOV TOVG OVOPAOTIVOLG KVTTOPIKODG TOUTOLS. AlOKPIvOvTIOl GTIg
KWW TAPLEC KOl GOTIG TPOTOYEVEIC aoOnmpieg Preapidec. O kivnthpleg PAepapideg cuvovtdvTal
Kuping o€ OEGUEG KOl TUALOVTOL GUYYPOVAOS Y10 VO SNUIOVPYHCOVY pon 6€ VYPE péca GE dpyova,

ommg N Tpayeio kot ot @oywyoi. Ot aucOnthpieg sivar akivnteg Kot 1 kébe pio Aettovpyel avtovoua,
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EVD 0V oLVOVTAOVTOL TEPLOcOTEPEC amd pio oe KABe kvTTapo Tov dwnbétel. Mmopovv va
GLALAPOVY PLGIKA Kot PloyNUIKE EEMTEPIKE GUATO LECH TOV JAPOPOV UEUPPUVIKAOY VTOSOYEMV
7ov Slabétouy, dote va pLOUicOVY KPICIUES KLTTAPIKEG AELTOVPYIEG OT®G TNV OUOLOGTOOT), TOV
TOAOTAOGLOOUO Kat TN dlapoporoinot (tpdcpateg avackomoelg omd Kim and Dynlacht, 2013,
Ishikawa and Marshall, 2011, Sung and Leroux, 2013).

H Brepapida cvvapuoroyeital amd dppo kevipidio T omoio peTOTPETOVTOL GE PociKd
COUATLO, UETAVOOTEDOVY OTNV TAACHOTIKN HEUPPAVN, KOl YPNCIUELOLV OTNV TVPNVOGCT TMV
a&ovnudTov TV dVo JaPopPeTIKOV eWd®V Prepapidwv. To Pacikd coudtio amoteieitar and 9
TPUMALTEG LKPOCOANVIOK®V, EVD TO 0EOVNUO 0TI KIVNTIKEG PAEQOPIdEg OTMG Kol GTO, PACTIYoL
amotedeitan amd 9 (evyn mepipepelokdv Kot 2 {e0yn KeEVIPIKOV HIKpOoSwANvickwv (9+2), oe
avtifeon pe Tig TpwToyeveig arsntipleg PAepapidec oTig omoieg cuyKpoteital and 9 mepLpepeLoid
Cevyn povo (9+0). To agovnua mepifdrieton amd eEedkevpévn LepPpavn Tov omoTEAEL GUVEYELN
™G TAACUOTIKAG pepPpdvng (mpdceatn avackommon omd Satir et al., 2010). Ot ocOntipreg
BAepapidec oynpatilovior cuvnBmg o paomn Kuttaptkng adpdvelag 1 katd ) edaon GO 1 G1 Tov
KutTopkov kukhov (Ewodva 1.12). To fackd copdtio amoterel ) Pdon move otnv omoio Oa
ovvtebel to afdévnuo. H eméktaon tov afoviuotog eivar avaykoio yw Tnv ETPKLVON NG
Prepapidoc kot yivetow otn pakpwvny mAgvpd mpoc T pepPpdvn. H empmroven Omog kot m
GLUVTNPNOT TOV PAEQOPIO®V OTALTOVV TN LETAPOPA TOV OTAPUITTOV DAIK®OV 00 TO KUPIMG GMUM
TOL KULTTAPOV, HECH TMV UIKPOCOANVIOK®V TOL 0afOVAUOTOC, HE €va cOOTNUO apeidpoung
UETOPOPAG YVmoTd ¢ evdoPrepapidikn petapopd (IFT) (mpdéopateg avackonnoelg omd Kim and
Dynlacht, 2013, Ke and Yang, 2014).

H amocuvappordynon tov aicntpiov PAepapidwy yivetor Tpotod 10 KOTTapo E10EA0EL
o™ witwon, katd ™ edon G2 (Ewdva, 1.12), wog kot ot mopovcio PAe@apidmv dev gival copuparn
ue m dadkacio g Kuttapikng daipeong (Tpocearn avackémnon ond Ke and Yang, 2014).
Axoun ot Prepapidec pmopel vo amocuvapoAoyndodv Katd tn S1dpKeLd KUTTOPIKOD GTPES N Yo
vo. Tpoy®pnoel M kuttapikn dagoporoinon (Hu et al., 2015). To péyebog twv Preopidmv
UELDVETOL LECH TNG UETOPOPAC EVTOG ToL a&ovniuatog Tovg (intraflagellar transport, IFT), 6tov o
pLOUOC NG peTapopds amd Tig Prepapideg mpog o KuTTapikd chpa avéndei (Wang et al., 2014).
Me ovtd TOV TPOTO 1) OTOCLVOPUOAOYN OGN TOV PAEQPId®Y YiveTOol amd TO KOPLEAIO GNUEID TOVG.
‘Evag debtepog tpomog mov Umopel vor Yivel 1 amodlopydveon Eivol UEC® TNG KATUTUNONG TV
piKpocoAnvickwv g Prepopidag, otnv meployn mov PpiokeTor kovid o10 Pocikd GmUATIO

(rpdopatn avoackdénnon and Plotnikova et al., 2009).

Avoparieg oty Topovcia Kot TN Soun TV PAEPapidmv, KaOmMG Kol TV cueyeTILONEVOV
TOVG TPOTEIVOV, TPOKAAOVV TNV amoppOOUIoT] TOV KLTTOPIKOD TOAAATAOCIAGHOD Kol TNG
EUPPLIKNG avATTVENG, 0ONYDVTOG GE YEVETIKA GUVOPOLN OTIMG TNV TOAVKVGOTIKT] VOGO TMV VEQPOV,

T0 ovvopopo Joubert, To cvvdpopo Meckel-Gruber kot dAla, mov O6Aa pali cvvoyiloviol otnv
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Katnyopia tv PAepoapidomabeidy, ot omoieg €yovv TEPACTIO €VPOG KAVIKDOV (QOIVOTUTMV.
[Ipdéopata dedopévo KOTYOplomolovy aKOUn Kot Tn voco tov Alzheimer wg PAepopidonddeta,
H0G Kol TopoLGtalovTol avmIaAieg 6TIg TPMTOYEVEIG ausOntnpleg PAepapideg TV KUTTAPOV TOV
acbevov (mpocpateg avackomnoelg and Ke and Yang, 2014, Armato et al., 2013). Exiong ot
Prepapidec €xovv CLCYETIOTEL HE TOV KOPKIVO. ZUYKEKPWEVO, GE TOVTIKIA, 1) OTMOAEW TOV
PArepapidmv £xel ooV amOTEAEGUE TV ADENCT] TEPICTATIKMY PAGIKOKLTTUPIKOD KOPKIVAOUOTOG KOt
poelofroctOpaTog. ATTOAEW TV PAEQapidv Tapotnpeitol Kot og JdPopovs avlpmdITIVoLS
Kapkivovg, Ommwg TOv KOpKivo TOL  TAYKPEATOS, TO  VEQPPOKLTIOPIKO  KopKivopa, T0
YOLOYYELOKOPKIVOLO, TO HEAGVOUA, TOV KOPKIVO TOV 0oONnKdV Kol ToV KopKivo TOV TPOooTiT.
Towe N un ELPEVIOT AVTOV TOV 0PYAVISIOV VO, TPOAYEL TNV 0YKOYEVEST GE GLYKEKPIUEVOVG 1GTOVG
(Menzl et al., 2014).

Ewkova 1.12: Kokhog oirhacrocpod Tov PrEQapidmy.

H BAepapidoyéveon Eexwvd petd ) pitwon ot ¢don G, xotd v omoic To UNTPIKO OPILO
KEVTPIO0 Spopomoteital o€ PACIKO CMOUATIO KOl HLETOVUGTEVEL TPOG TNV TAACUOTIKT LEUPPAvVT.
To Pacwod copdtio Bo ypnowedoer o¢ Pbon yw ™ ovvBeon Tov 0EOVNUATOS, TO OTO{o
emunkoveral péow tov IFT. Anuovpysiton eykdATmon amd v omoia empoPdAiel n PAepapido.
2m edaon G2, n Preeopida omocvvapuoloyeiTal, ®OTE TO KOTTOPO Vo €10EADEL OTN pitoN
(mpooeatn avackomnon omd Ke and Yang, 2014).

"'“ G2
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1.5 Emompuovikng vro0eon Kol 6TOY0L TNC O10UKTOPIKNC EPYOUGLUC

Atevepynnke odpoorn PifAlodnkng pe m yxpnon tov cvotHuatog 6v0 VPPinY cTov
Copopvknta and v etoupeion Hybrigenics (France), kotomy mopayyeriiog. Méow avthg dtapivnke
ot n movtikiola mpwteiv Nubpl, mboavov vo aAiniemdpd pe pio mpoteivn Katanin-like 2 mov
evtomiletal o€ S1A(POPES 1GOUOPPES GTOV TOVTIKO. AT 1 aAAnAenidpoon emPefoaidbnke péow
TEWPAUATOV GVVETIAOYTG Tov dteEnyOncav amd Tig Xpiotiva Kaunidpn kot Avipn XpiotodovAov
(Kouniapn, 2010). EmmpdcBeta dSapavnke o6t m mpoteivy Katanin-like 2 (KATNALZ2)
oAAnAemidpd kor pe tn Nubp2, n onoio aAniemdpd pe T Nubpl kor epmiékovior otn pouduion
TOL SMAOCIAGUOD TOV KEVIpoowuatiov katl otn pitwon (Christodoulou et al., 2006). Exiong, ot
Nubp1 kot Nubp2 amotelodv apvnrikovg puuietéc g dadikaciog e PArepapidoyéveonc (Kypri
et al., 2014). TIpoceata TEPAUATE 6TO EPYUCTAPLO Uag, amd ™ Mapia Xpiotopdpov, £dsi&av ot
vrepékppacn tov KATNAL2 og kuTttopocelpés movilkov, 7POKoAel Tn peioon g

BArepoapidoyéveong (Xpiotopopov, 2014).

EAdyiota otoyeio eivor yvmotd ywo tic mpoteiveg Katanin-like 2 amd 1t d1ebvn
BiBAoypapia, oe avtiBeon e v Kahd yapaktnpiopévn apyétomn Katanin, 1 onoio euniéketon o
d1apopeg Aettovpyieg OTmC T PAEQAPOOYEVEST KoL TN HITMOT|, AVIAOY®OE TOL EVOOKLTTUPLKOD TNG
EVTIOMIGHOD KOl TOL KVLTTOPIKOD TOTOV oV cuvovtdtol (mpdoeotn avackodnnon omd Sharp and
Ross, 2012). Mo, GAAn cvyyevikn otkoyévelo gival ot tpwteiveg Katanin-like 1, yuo tig onoieg ta
televtaia ypovia Exovv delaybel PeAETEC TOV TIC EUTAEKOVY EKTOG TV GAAMV Kol 0T UiTmoN
(Sonbuchner et al., 2010). H aAAnienidpaon g KATNAL2 pe tig Nubpl kot Nubp2, eysipst
vroyieg yuo mhovn epmiokn tg KATNAL2 ot phbuion tov dSmhactaciod Tov KEVIPOSOUNTION

Kot ot PAeQapdoyéveoT).

Méow avthig ™G OWOKTOPIKNG OaTPIPNG, Yo TPAOT QOPA EMYEIPEITOL CLGTNUATIKOG
YopaKTNPIoUog pag tpmteivig Katanin-like 2. ‘Etot 6 k0p1og o160g avtig TG €pyasiog sivat o

YOPAKTNPIGUOC TG Asttovpyiag ¢ Tpoteiviic KATNAL2 oto movtikt, o onoiog mepthapavet:

o) Tavtonoinon npwteivav Tomov KATNAL?2 oto movrikt.

B) Avélvon tov tomkod kot avarntvuélakol TpoTuIoL £kppacnc tne Katnal2.

v) E&ETaiom Tov €vO0KLTTOPIKOD EVTOMIGHOD TNG VIO HEAETY TPMOTEIVIC.

0) Evpeon mporteivikedv adiniemidpdocmv tng KATNAL?2.

€) Amocoa@nvion Tov BloAoyikol TG pOAOL GTO KOTTAPO, KOl GUYKEKPLUEVE KOTA TN UiT®GN, TOV

SMAOCIIGUO TV KEVTPOSOUATIOV, Kol TN PAepopidoyéveo.
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1.6  Aopun tnc mopovcoc 0100KTOPIKNC oraTpLBnc

H mapovoa didaxtopikn datpifn amoteleitol amd To TOPOKATO TEVTE KEPAAOLO KoL £Vl

TOPEPTILLOL.

o Keopdlaro 1 — Ewocoymyn: Avackomnon g npoécseatns debvovg Pipitoypagpiag yio tnv

TapoLvGiaoT Tov BempnTikov VTOPabpPov Tov AVTIKEWEVOL TG SlaTtpiPrg.

o Keopdhoo 2 — Yk kor Mé£0Oooorw: [lapovcicon Tov TEPIUATIKOV TEYVIKOV Kol

TPOTOKOALMY TOL YPNCLUOTOON KAV KOTA TN d1eaymyr| TG EPEVVNTIKNG EPYOCTIOG.

o Kepaloo 3 — Amoteiéopata: [lapovoiaon, Aentopepng avaivon Kot Eneéepyacio TV

OTOTEAECUAT®V TTOL APONGOV Katd TN SleEaywyn TG TOPOVCAS EPYUGIOC.

o Keopahoo 4 — Yvlmon: [lapdbeon tovV CLUUREPAGUATOV OV TPOEKLYOAV OO TO

omoteAéopato TG OTpiPng, He oyxoAlacud kot ovlftnon oto mhaiclo tng debvoig

BipAoypapiog. KatdBeon mpoontikdv Yo mlavi) LEAAOVTIKT EMEKTACT) TG EPYUGIOC.

o Keopdlaro 5 — Bifhoypagio: Kataypapi A0V TV ava@opmdv oL YpNoLoTotmonKay

Yl TNV gpYacio, o€ aApoPNTIKN CEPAL.

o IMapdptnpe: Ilepigyel to vroPefinuévo dpbpo mov Paciletor ota omoteAéouatao Tng
ddaxtopkng £pgvvag. To dpbpo vrofrnbnke oto meprodikd Cellular and Molecular Life

Sciences mov ekdidetar amd To Springer Basel pe tov €€n¢ titho:

Ververis A., Christodoulou A., Christoforou M., Kamilari C., Lederer C.W. & Santama N.
“A novel family of Katanin-like 2 protein isoforms (KATNALZ2), interacting with
nucleotide binding proteins Nubpl and Nubp?2, are key regulators of different MT-based

processes in mammalian cells”
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2 YAIKA & MEOOAOI

2.1 Mé£OBooorw Mopraknc Biwoloyioc

2.1.1 Xtedéym Paxtnpiov E. coli

Ta otedéyn tov Paxtnpiov E. coli mov ypnoiporombnkoy yio thv kKAwvonoinon kat v

éxppaon tov isopopemv KATNAL2 nopatifevrol otov [Tivaxo 2.1.

Hivokog 2.1: Ytedéym poaxtnpiov E. coli mov ypnoiporomdnkay.

MDES3) [pLysS Cam']

2TéNENOG Bm_cn]pion Tovétumog Evdoyeviic avtictacn
E. coli o€ avTIfloTiko
XL1-Blue E.coli lambda” F* recAl endAl gyrA96 thi-1 | Tetpaxvkiivn
hsdR17 supE44 relAl lac [F’ proAB
lac/fZ4M15 Tn10 (Tet")]
TOP10F’ (Invitrogen) | F’ mcrA A(mrr-hsdRMS-mcrBC) | Tetpakvkiivn
D80lacZAMIS  AlacX74  recAl araDI139
A(ara-leu)7697 galU galK rpsL endAl nupG
BL21(DE3)pLysS E. coli B F ompT dcm hsdS (rs” mg) gal | Xhopapeovikdin
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2.1.2 IThoopdrokoi gpopeic

Ot mhaopdtakol Oopeig Tov ¥PNOLOTOONKAY Yio TNV KA®VOToinon 1 TV £KQPocT TV

woopoppadv KATNAL?2 og Boktipla 1] 6€ EVKAPVOTIKEG KUTTAPOKAAMEPYELEC, TapATIOEVTAL GTOV

ITivaxa 2.2.

Hivokag 2.2: [Mlooodrokoi gopeig mov ypnoipomon)Onkay.

M.ocudraxoi gopeic Meprypoon AvT1ploTiKo Méyz8og
K0l KOTOOKEVAGTIG EMAOYNG (kbp)
MMAAXZMIATA KAQNOITOTHXHX
pPGEM-T Easy (Promega) lacZa fragment, amp' AUTKIAAIVY 3.0
pCR2.1 (Invitrogen) lacZa fragment, amp', kan' Apmucidiv, 3.9
Kovapwkivn
AXMIATA EK®PAXHY I'TA BAKTHPIA
[Miaopidio Ekppaocng 6xHis emtémo (apvoteriod), Apmiciddivn 2.9
PRSETg (Invitrogen) apwvoteAkd  Xpress®  gmtomio,
aAAnAovyia evtepokvaong, amp'
MMAAXMIATIA EK®PAYHY I'TA EYKAPYQTIKA KYTTAPA
[Maopidio Ekppacng Koxkivn pfopifovso mpmteivn Koavapvkivn, 4.7
pmCherry-C1 (Clontech) Cherry (auwotehikn), kan', neo” Ievetioivn
IMoouidio ékppaong Emtémo Flag (apvoteid) Apmuciddivn 4.7
pFlag-CMV-2 (Sigma) N-terminal Met-preprotrypsin leader
(PPT), amp’
[Maopidio Ekppaong [pdaown eBopifovoa tpwteivn (GFP) | Kavapvkivn 4.7

pEGFP-C2 (Clontech)

(opwvotehkn), kan', neo’

2.1.3 Opentikd péca Yo TS POKTNPLOKEG KOAMEPYELES

2.1.3.1 MHoapackeon vypov Opemtikov pécov LB yia Tig faktnproxég kalMmépysieg

YAka:

- ddH0, amootelpmuévo Simhoamioviouévo vepd

- Xxovn LB Broth Base (86.2 mM NaCl, 10000 mg/L peptone, 5000 mg/L. Yeast Extract)
(Invitrogen 12780-052)

- ApmidAivn 100 mg/ml (Sigma A9518)

- Xhopoueowikoin 35 mg/ml
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MéBodoc:

o &~ o b

2.1.3.2

Yo

Awvtornoinon 20 g okovng LB Broth Base ava Aitpo ddH,0.

PvOion tov pH tov Bpentikov vAKOY MGTE Vo ExEL TN 7.

Amooteipwon tov Opentikod VAIKOO o€ KAPavo amocteipmong.

Amobnkevon og Beppoxpacio dwpatiov.

Edv oto Openticd viikod yperdleton va mpootedel to avtifloTikd apumikidAdiv, avtod yivetol
akpPmg Tpv 10 Bpentikd ypnoipomonBel Kot 1 TEAMKY CLUYKEVIPOGT TOV GUYKEKPIUEVOD
avtiflotikod Oa mpémer vo givar 100 pg/ml. To 60 oyvel kol yio 10 avtifloTiko

YADPAUPAVIKOAT TOV YPNOLUOTOLEITOL GE TEAIKT GVYKEVTpWO™ 35 pug/ml.

HMopoaokevi atepeov Opentikod pécov LB 1o Tig faxtnprokéc kaihépyseieg

ddH,0, amootelpmuévo SIMAOATIOVIGUEVO VEPO

Ykovn LB Agar (86.2 mM NaCl, 10000mg/L peptone, 5000 mg/L Yeast Extract, 12000
mg/L Agar) (Invitrogen 22700-025)

Apmuciddivny 100 mg/ml (Sigma A9518)

XAopapeoavikoin 35 mg/ml

Tpoupric 90mm (Sterilin 101VR20)

MéBodoc:

1
2
3.
4

Awvtornoinon 32 g okovng LB Broth Base Agar oe 1 Aitpo ddH,0.

P0OOion tov pH tov Bpenticod vikod dote va £xel Tun 7.

Amooteipwon Tov Opentikod VAIKOL 6g KAIPavo amooteipmong.

Endaon tov {eotob Opemnticod vAkod o Beppokpacio dopatiov émg 6tov 1 Oepuokpacio
tov peiwbei otovg ~50 °C. e avtd 10 onueio av ypeldletal, yivetoaw mpocbnkn tov
avtifloTikod oumIKIAAIVY] og tehikh] ovykévipoon 100 pg/ml M/xor tov avtirotikon
YAOPAUPAVIKOAT GE TEMKN cuykévTpwon 35 pg/ml. Apeon dovoun oto, tpuPiia (~15 ml
070 Kabéva), Kol endoon o€ Beppokpacio d®UATION PEXPL TN GTEPEOTOINGT] TOV OPENTIKOD
VAKOD.

Amobnkevon tov TpuPriov otovg 4 °C péypt va ypnoyonoinbovv.

32



2.1.4

Kotayuén poxtnprokov eteleydv

Ta Baxtnprakd oteléyn doarnpovviar og kateyvyuévo arobépata (-80 °C) oe yAukepon.

Yhucd:

- Yypn Paxtnprok KoAAEPYELD G VYNAT TUKVOTITO

- Amoocteipopévn 50% (v/v) yAokepoin

- Xoiveg eppendorf 1,5 ml

MéBodog:

1. Tomobétnon oe cwAinve eppendorf 500 pl 50% yAvkepoing kot 500 pl Boxtnproxng
KOAAEPYELOG KAT® od 0oNTTIKEG CLVONKEC.

2. AxolovBel avaueitn kat amobnkevon otovg -80 °C.

2.1.5 TIlapackevi] PokTnpiov OEKTIKAOV 6£ UETUCYNUOTICHO HE YpHon  YAoplovyov
aoPeotiov
Yhucd:

- Yypo Opentikd péco LB yopic avrifrotucd

- TpvuPAria pe oteped OBpentikd péco LB ympic avtifioticd

- 0.1 M CaCl,

- 50% (v/v) amootelpmpévn yAukepoin

- XL1-blue 1 BL21(DE3)pLysS dektikd foktriplo

- XoAnveg Falcon tov 50 ml

- XoMveg eppendorf 1,5 ml

MéBodog:

1. Xg tpuvPArio pe LB dyap yivetow gpPoriiacuodg tov Paktmpiov mov Ba ypnoyiomombovv
(XL1-blue 7 BL21(DE3)pLysS), omd kateyvyuévo omobéporto kot a@ivovial va
avomtuyfodv otovg 37 °C yia 16-20 hrs.

2. Emloyn piog povipoug amotkiog amd 1o TpuPAio Kot LETOQOPA NG o€ LYPN KoAMEPYELD 3
ml vypov LB. Exdacn otovg 37 °C yuo 16-20 hrs.

3. Metagopd 1 ml and v koAAiépyeia kKou enéktacn Tov o 100 ml vypod LB, og kmvikn
e1dAn tov 1 L. AxorovBei endaon otovg 37 °C vd avadevon péypt 1 OTTIKN TUKVOTNTOL
¢ kaAMépyelag ota 600 Nm va ptdoet Ty Tiun 0.4 (ODggo = 0.4).

4. Metaeopd TG KOAMEPYEWS o Ovo maympévovg coifveg Falcon tov 50 ml ko
tonoBétnon Tovg atov Tayo yio 10 min.

5. ®uyokévipnon tev kuttdpov otig 4000 rpm yuo 10 min, otovg 4 °C. Amopdxpuven tov

VIEPKEIIEVOD KOl OTEYVOLO TOV COAVOV LE 0vVaT0d0yDpIoia Tovg Yo 1 min.
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6. Emavadiacnopd tov kuttopikov inudtev oe 10 ml tayopévov 0.1 M CaCl, to kabiva.
Eravéinym tov Prudtov 4 kot S.

7. Emavadiacnopd tov nudtov og 2 ml mtayouévov 0.1 M CaCl, 1o kaféva kat avipeitn
GTOV 1010 COANVA.

8. TIpocbnkn ota kdttapa 2.4 ml 50% yAvkepoing kot torofétnon otovg 4 °C yia 16-18h.

9. Awyopiopdg tov kuttdpov oe coinveg eppendorf 1,5 ml, ce pepidec tov 50 pl ko

amobnkevon otovg -80 °C yio peAdoviikn yprion.

2.1.6 MetaoympaTicpég dEKTIK®OV faktnpionv

H teyvicn ovt) ypnoomombnke yio tov UETACYNUOTIONO Poktnpiov pe odpopa

TAOOUId0 TTOV KOTAOKEVAGTIKAY KOTA TN SIIPKELN TNG TAPOVCTG EPEVVITIKNG EPYOGING.

YAka:

- Mioowdokd DNA
- Aextikd paxtipla tomov XL1-blue 1 BL21(DE3)pLysS
- Yypo Opentikd viuco LB

- LB tpuPria pe ta katdAinia avtfrotikd

MéBodoc:

1. Eendyopo 50 pl dextikav Paxtnpiov XL1-blue n BL21(DE3)pLysS ce ndyo.

2. TlpooBnkn ota Paktpio 100 ng miacudiokod DNA 1 2 pl tov mpoidvtog avtidpacng
ovvévoong (ligation). AkolovBei ehappid avadevon.

3. Endaon yio 30 min otov méyo.

4. Ogpuikd ook otovg 42 °C yia 45-50 Sec kot EMGTPOPT TOL COANRVA GTOV Thyo Yio 2 min.

5. TIpocsbnkn 400 ul Bpertikod péoov LB otov coifva pe ta Paktiplo, Kot emdoon Ue
avadevon otovg 37 °C yia 1 hr.

6. Emiotpwon 200 pl g petaoynuotiopévng kaAMépyeiag Paktnpiov o€ TpuPAio pe oteped
Opentikd péco LB pe ta katdAAnia aviifrotikd.

7. Endaon tov tpuPriov otovg 37 °C yua 16-18 hrs. Ot khdvor mov Oo epeavictoy givar
0VTOl TOV Elval LETOCYNUATIGUEVOL LE TO TAOCUIOW, Kot epeaviCouy avBektikdtnto ot
KOTAAANAQ OVTIPLOTIKA.

8. Avdlvon tov KA@VeV pe aroudvmon tov TAacpdlakol tovg DNA kot téym meploptopon

yia tavtomoinor tov CDNA mov 16ay0nKe 010 TAAGHId10.

34



2.1.7 Klovomoinon DNA pe ™ ypiion tov pGEM-T Easy Vector System ko emioynq TV
KAOVOV in Situ pe £heyyo evepydtnrog ™S f-YohaKTOGLEG6NC

Avto 10 ovotnuo ypnowomombnke yw v KAwovomoinom mpoidviwv g PCR. To
mhoopidto pGEM-T Easy é&yet ypoppixn Swopopemon pe eievbepa 3’ dxpa deo&ubpivng (T).
Avrtiotorya, o mpoidv pog PCR avtidpaong £xel oto 3° dxpo deo&vadevosivn (A), Tov TPokHTTEL
eEartiag g opaong g DNA moivuepdone. Ta coumAnpopotikd dkpa tov mpoidovrog g PCR

Kot Tov TAacdiov cuvevavovtat, e T Pfondeta tov evidpov Arydon.

H emioyn tov KAh@vov mov éovv evoouatdcel to tpotdv PCR yivetar gdkora pe
SlaKplon TOV KA®VOV 08 Aompoug Kot umie. O miacudiokog eopéag pGEM-T Easy mepiéyet to
yovido lac, to omoio kwdwomotei o Eviupo B-yaraxtoosiddon. H B-yoriaktooiddon, g omoiag n
petaypaen emdyetor and 1o IPTG, dwond 1o teyvntd vmootpopa X-gal mov mpootifeton 610
o1eped OPenTIKO VAIKO UE OMOTEAECUO TNV TOPOY®YN UTAE adOAVTOV TPOIOVTOG OV amodidet
0TOVG KAMVOLG kvave ypopo. H meproyn xkAwvomoinong omov ewcdyetar to mpoidv PCR otov
TAOoUIOIOKO PopEn Elval vTOg TOL Yovidiov lac, pe amotélecua T S10KOTT TOV OVOIKTOV TANGIOV
avayvmong Tov, TV oVOCGTOAN TNG UETAPPACTC TNE B-YOAXKTOGIOAONG KOl ETOUEVMG TNV TOPOLOVT
TOV AELKOV YPOUOTOS GTOVG OVOGUVOLOCUEVOLG KAMVOUG. ZVVETMC TO AEVKO YpdUo givar €va
TPOKTIKO KPITHPLO EMAOYNG EOIKA TOV AVOGUVIVUGUEVOY KADOV®OV, KOTA TV avOADCT| LETO Omo

Boaktnplokd PETOCYNULOTIGUO.

Yo

- pGEM-T Easy Vector System | (Promega A1360):
i.  mhaocudiaxog popéag pPGEM-T Easy (50 ng/ul)
ii. T4 DNA Aydon (4 ng/ul)
iii. 2x puOotikd drdAvpo Arydong
- XL1-blue dextikd Paxthpio
- ddH20, anaAlaypévo amd VOuKAEAGEG
- Mwpoowinveg yio PCR tov 0.2 ml
- IIpoidv PCR
- TpuPrio pe oteped Bpentikd péca mov meptEyet apmkiaiivn (100 pg/ml)
- Opentikd péco SOC (Invitrogen 15544-034)

MéBodoc:

Avtidpoon cuvévaonc v to pGEM-T Easy Vector System

1. Etoyooio avtidpaong cuvEVOoNg 6 LIKPOSMAN VA O¢ EENG:
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Hivokag 2.3: H TeMK1] GUYKEVTPMOO TOV GVTIOPACTNPIMOV TOV OTOLTEITOL VIO L0 OVTIOPaOY

ovvévoeng (Promega pGEM-T Easy).

AVTIOpAGTIPLO Telun ovykévipoon
ddH,0 uéypt teEAkod dykov 10 pl
2x puOuoTikd d1dAvpa Atydong 1x
Maopidio pGEM-T Easy 50 ng
[Ipoiov PCR 25ng
T4 DNA Aryon 4ng
2. Avddevon Tov TEPIEYOUEVOL TOV LKPOCMOANVO, LUE EAAPPO TTETAPIoUA Kat Enmact Yo 1h

o€ Oegpuokpacio dopatiov. Akohovdel o fakTnploKog LETASYNUOTIGHOG.

Boaxmnpuokoc petacynuoticuoc yio. to pGEM-T Easy Vector System

1.

2.1.8

Eembyopo otov whyo 50 pl dextikdv Paktnpiov XL1-blue, mov frav arodnkevuéva 6tovg
-80 °C.

Metagopd 2 pl avtidpoong cvvévoong otov colfva mov Ppickoviol ta Pakthpla, Kot
EAOPPLA OVASELOT).

Enmoon otov wéyo ya 20 min.

Oepuikd ook 6Tovg 42 °C yio 45-50 Sec kot ETGTPOPT TOV COARVO GTOV TAYO Yio. 2 Min.
IpooOHnkn 950 pl Bpertikod pécov SOC otov cOARVA pE TO PoKTAPLO, KO ETOOCT| LE
avadevon otovg 37 °C yia 1.5 hrs.

Eniotpowon 100 pl g petaoynuotiopévng kaAlépyelag Paktnpiov oe TpuPAio pe oteped
Opentco péco LB pe apmucidhivn.

Endaon tov tpuPriov otovg 37 °C yo 16-24 hrs. O Aevkég anotkieg mov Ha euavicTovy
glval oTEG OV EYOVV UETACYNUATIOTEL EMTVYDG UE TO TAACUIOI0 TOV TEPIEXEL TO TPOIOV
g PCR, o¢ avtifeon pe Tig umhe amoikieg mov mepiEyovy "kevo" mAacuiono.

AvVALvoTn TOV AEVK®OV OTOIKIOV LE AmOUOVMGCT Tov TAacHdtokod tovg DNA kot méym

TEPLOPIoUOV Yo TowToToinon Tov PCR wpoidvtog mov lodydnke oto mAacuido.

Amopovoon mhacpidorokov DNA and faktiipra

2.1.8.1 Amopévoon mhacspidorokod DNA o pikpni khipoxo amé Paxtipio

H amopdvmon miacuidiokod DNA yiveton pe dvo tpdnove. Edv 10 mlacudioxd DNA

mpooplloTav Yoo mEPApaTe aAANAODYNONG N EMUOAVVONG TOTE YPNCIUOTOLEITO TO TOKETO

omopovmong g Qiagen Tov AVUPEPETOL O KAT® KL TO OTOT0 TEPIEYEL AVIOOVTOAANKTIKT GTHAN

QLYOKEVTPNONG. AV 0 okomdg amopdvmong Tov TAacudiokod DNA ftav dayveoTtikoc, Kuplog
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HECH TEPAUATOV TEYNG TEPLOPICUOV, TOTE YPNOULOTOIEITO 1 OATAOVGTEPT TEYVIKN TNG

katafv0iong TAacudiokod DNA pe aoavoin ympic tepartépm Kabapiouo.

YAka:

IMoxéto amopovoong niacudiakod DNA og pukpn kiipaxa (Qiagen 27106):
Awdhopo P1: 50 mM Tris-Cl, pH 8.0, 10 mM EDTA, 100 ug/mL RNase A
Aéiopa P2: 200 mM NaOH, 1% SDS

Aéiopa N3: 4.2 M GuHCI, 0.9 M KAc, pH 4.8

Avddopa PE: 10 mM Tris, pH 7.5, 80% (v/v) atBoavoin

Awdhopo EB: 10 mM Tris-Cl, pH 8.5

O O O O o o

Yiec puyokévrpnong QIAprep

Awdhopo P3: 3.0 M potassium acetate, pH 5.5 (Qiagen 19503)
ddH,0, amolhoyuévo amd VOUKAEAGEC

YoMveg eppendorf 1,5 ml

70% (v/v) ouBavoln

100% (v/v) abovoin

MéBodoc:

Amopdvoon mtAacmdiakod DNA e ) ypion avioovTaALAKTIKNS OTAANS

1.

duyokévipnon 1-5 ml vyprig Poktnplaknc kodAiépyelag ot 6000 rpm vy 5 min.
AToppyn 1OV vrEPKEipEVOL Kal emovadiacmopd Tov Boaktnplakod Whuatog o 250 pl
dwAvpoatog P1.

ITpocOnkn 250 ul dreivpatog P2 yio Avon tov Boaktmpiov kot ovadeuon Tov UetyUaTOC e
avaxivinon tov cornva 4-6 popég. Endaon og Oepuokpacio dopatiov yio 5 min.
IpooHnkn oto cowinva 350 pl dwwddpatog N3 yio emidextikn dtodlvtonoinon tov DNA kot
avdoevon pe avakivnon 4-6 popéc.

Axolovbel puyokévtpnon otig 13000 rpm yia 10 min, kot HETOQOPE TOV VIEPKEIUEVOL GE
omin QlAprep.

duyoxévrpnon g otAng otig 13000 rpm yio 1 min, kot amdppLyn TOL VIEPKEIUEVOD.

"‘ExnAvon pe mpocOnkn otn othAn 750 ul Stodvpartog PE kou guyoxkévrpnon g otig 13000

rpm yw 1 min. Amdppiyn TOL VIEPKEIUEVOD KOl ETAVOANYN TNG QLYOKEVIPNONG TNG
oming otig 13000 rpm yiwe 1 Min yio v OAIKY OTOUAKPVVOT TOV VIOASIUUATOV TOV
dtoAvparog PE.

Tonobétnon g oting o véo cwinva eppendorf 1,5 ml kot mpocBikn otn othin 50 wl
dtoAvpatog EB v ékhovon tov decuevpévonv mAacpidiov amd v otnArn. Akoiovdel

ovyokévtpnon otig 13000 rpm yuo 1 min.
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8.

IIpocdiopiopds g ovykévipwong tov DNA pe ) yprion eacpotoontopetpov (Thermo
Scientific Nano Drop 2000), kot anofrikevon tov nAacudiov otovg -20 °C yio peAlovtikn

xpNon.

Amoudvoon mtAacmdiakod DNA pnéow katafodiong pue abavoin

1.

2.1.8.2

Yo

duyoxévipnon 1.5 ml vypic Paktnpuoxng keAlépysiog otig 6000 rpm yio 5 min.
AToppyn 10V VIEPKEIIEVOD KOl dtodlvTomoinem Tov 1ipatog e 150 ul dtodvpotog P1.
IpooOnkn 150 ul droddbpoatog P2 kot avadevorn Tov HEIYHOTOG LE ovaKivion TOL GOATVOL
4-6 popég. Endaom og Oepuokpacio dopatiov yio 5 min.

IIpocHnkn oto cwAirvo 150 pl dwwAdpotog P3 kot avddevon pe avokiviorn 4-6 @opés.
TomoBétnon Tov cwiva otov wéyo yio 10 min.

dvyokévipnon tov coifva otig 13000 rpm yuo 15 min, otoug 4°C, ko petapopd tov
vrepKeinevoL og véo cwinva eppendorf.

ITpocsbnkn 1000 pl 100% o1Bavoing yo katofvoion tov mlacdiov, Kot avadevorn Tov
peiypotog pe avakivnon tov coifva. Erdaocn otovg -20 °C yio. 30 min.

Axohlovbel @uyokévipnon otic 13000 rpm yio 15 min, otoug 4°C. Amdppuyn oL
VIEPKEIEVOU.

Eémiopa tov colva pe 200 pl 70% aBoavoing yuo omopdkpuven Tov oAdTtov Kot
GTEYVOLLO TOL GTOV 0EPQL.

AwAvtomoinon tov WK\uaTog o tepiéyet To miacuido o 40 ul ddH,0.

Amopdévoon traspidorokod DNA og pecaio khipoxka amrd foxtipro

Avt M TeviIKn PBaciotnke oTn (PO AVIOAVTOALAKTIKIG oTHANG (Qiagen)

IMoxéto amopdvoong mhacudioxod DNA og pecaio khipoko (Qiagen 12143)

0 Awlvopo P1: 50 mM Tris-Cl, pH 8.0, 10 mM EDTA, 100 pg/mL RNase A

Avdopa P2: 200 mM NaOH, 1% SDS

Aéivpa P3: 3.0 M potassium acetate, pH 5.5

Adiope QBT: 750 mM NaCl, 50 mM MOPS, pH 7.0, 15% (v/v) comnpomavorn,
0.15% (v/v) Triton X-100

Adivpa QC: 1.0 M NaCl, 50 mM MOPS, pH 7.0, 15% (v/v) wcompomavorn

Adhopo QF: 1.25 M NacCl, 50 mM Tris-Cl, pH 8.5, 15% (v/v) 1comporavoin
Adopo TE: 10 mM Tris-Cl, pH 8.0, 1 mM EDTA

O O O

O O O

o0 Qiagen-tip 100 ovioavToALOKTIKT GTAAN
100 % (v/v) loompomavoin
70% (v/v) ABovoin

Ywoinveg falcon 50 ml
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YoMveg eppendorf 1.5 ml

MéBodoc:

1.

10.

11.
12.

2.1.9

Yhka:

duyoxévipnon 50 ml vypnc Paktnproxng koAlépyelag o cmAnveg falcon 50 ml, otig
6000 rpm yio 5 min. Amoppuyn T0V VIEPKEIUEVOL KOl dlahvTomoinon tov iinuatog o€ 4 ml
dwAvpoatog P1.

ITpooBnkn 4 ml dodvpatog P2 kot avadevomn tov Pelyuatog Pe ovakivion tov coAnve, 4-6
popéc. Emmaon o Beppoxpacio dopotiov yo S min.

IIpocHnkn oto coiiva 4 ml dwivpatog P3 ko avdadevorn pe avokivinon 4-6 @opéc.
TomoBétnon Tov cwiva otov wéyo yio 15 min.

duyokévipnon tov coiiva otig 13000 rpm yuoe 30 min, otovg 4°C, ko petapopd Tov
vrepkeipevov og véo cwinva falcon twv 50 ml.

Axolovbel dedtepn QuyokévTpnon tov vrepkeipevov otic 13000 rpm yia 15 min otovg 4
°C, kot petapopd Tov vepkeipevov o véo cwifva falcon.

E&icoppdmnon avioavtairaxtikng otiing QIAGEN-tip 100 pe 4 ml Stoddvpotog QBT.
IIpooBnikn o1 oTAn, ToL vEepkeipevov omd To PApa 5, Kol AENVETOL VO TEPAGEL
SLEGOL TNG OTAANG.

Eémlopo g oTHANG 6vo eopéc pe 10 ml dredduatog QC.

Axolovbel éxkhovon tov DNA pe 5 ml dwAddpatoc QF. Anyn tov vrepkeipevov mov
nepiéyel 1o DNA og véo colnva falcon.

IIpocHnkn oto ékhovoua 3.5 ml wompomoavoing kar euyokévipnon tov ot 13000 rpm
v 30 min otovg 4 °C. Adppuym 1oV VIEPKEIUEVOD.

EémAvpo Tov mhacpdtakow Wnnatog pe 70% atbavoin kot GTEYV®UO TOV COANVO.
Awdvtonoinon tov WAuatog og 600 pl dwwivpotog TE og véo cwinqva, eppendorf 1,5 mi

ko anofnkevon otovg -20 °C.

Amopévoon RNA

[Moaxéto amopdvmong oducov RNA RNeasy mini kit (Qiagen 74104):
0 Buffer RLT (d1dAvpa Abong)

Buffer RW1 (d1dAvpo ékmAvonc)

Buffer RPE (816Avpo ékmivong)

Nepd amorraypévo omd RNdoeg

YAeg KabBapiopov

O O O O o

YoMvec cvAhoyng 1,5 ml
0 XwAnveg cvAloyng 2 ml
14.3 M B-pepkamtoouBavorn (Sigma 63689)
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Aovorn 70% viv

Amooteipopéves cvpryyes 30Gx 8mm (BD Micro-Fine)

Amoxorlng kuttapwv (cell scraper), Aapr 18 cm (BD Falcon)

DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio ko poyvicio (Gibco 14190-
169)

TpoPAio pe v KatdAAnAn KutTopoKaAAEPYELD (KAALYT emeavelag 80 %) 1 KaAvTTpideg
o€ TPLVPAIo0 pe TNV KatdAANAN KuTTapokeAlépyeta (kdAvyn empdvelag 80 %)

MéBodoc:

10.

Aq@aipeon Bpentikon VAIKOV and T0 TPLPAIO LE TNV KLTTOPOKAAAEPYELQ

Eémivpo pe DPBS kot agaipeon tov and to tpuPrio

IMpooHnkn dddpatoc RLT  wor  pepkoamroobovoring (600 ul RLT + 6 ul
pepkamroatfavorng yio. oAdkAnpo to tpuPrio towv 10 mm © 350 pl RLT + 3,5 ul
pepkamtoofavoAng yio 600 KaAVTTPides) Yoo va AvBovv ta KhTTopa. Me Tn yprion Tov
OTOKOAANTH YivVETOL GLALOYT TV KVTTAP®Y 6€ oAV cvAAoyng 1,5 ml.

Avappdenon kot EKYuoT TOL KLTTOPLKOV EKYLAICUATOC LLE TN ¥pNoT ovptyyas. Emaviinym
ToV PHartog 5 popéc.

IIpocOnkn o710 ekydiopa icov dykov 70% abavornc. AxorovBel avadevon pe T xpnon
TTETOC.

Metagopd tov ekyvAicpatog yia déopevon tov RNA ot omiAn xabapiopod (péyiom
yopntikodtta 700 pl) n omoia eivar tomobetnuévn o coAnva cviloyng 2 ml. AxoAovBei
ouyokévipnon v 15 sec otig 10000 rpm, amdppiyn TOL TEPIEYOUEVOL TOV GOANVA
GLALOYNG KOl ETOVATOTOBETN O TG GTNANG GTOV 1010 COANVA GVALOYNG. MeTapopd TVYOV
EVATOUEVOVGOG TOGOTNTOG KVTTOPIKOD EKYVAICUATOG GTNV 1010, GTHAN QUYOKEVTPNOTG KoL
EMOVAAN YT TOV Prpatog.

IpocOnkn 700 pl dwwddvpoatog RW1 ot othin kot goyokévipnon yo. 15 sec otig 10000
rpm. AToppuym Tov TEPLEYOUEVOD TOV COAVO GLAAOYNG KAl ETAVATOTOOETNON TG GTHANG
GTOV GOANVO GLAAOYNG.

ITpooBnkn 500 pl draidpatoc RPE yio ékmlvon tng 6ThAng Kot guyokévipnon yia 15 sec
ot 10000 rpm. Amoppiyr TOV TEPLEYOUEVOD TOV COANVO GUALOYNG KOl EXOVOTOTOBETNON
NG OTHANG GTOV COANVO GLAAOYTG.

IpocBnikn Eoavd 500 ul dokdpatog RPE oty othin ko guyokévipnon yio 2 mMin otig
10000 rpm. To mepieydUeEVO TOV GOANVO GVALOYNG ATOPPITTETAL KO 1) OTNAN ToToOETEITON
o€ véo cmAnva cvAloyng 2 ml.

duyokévipnon g othAng vy 1 min otig 13000 rpm. Amdppiyrn 1oV TEPLEYOUEVOD TOV
oMV GLAAOYNG Kol TOTOBETNON TG 6THANG o€ VEO cmARvVa cuAloynrg 1,5 ml.
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11.

12.

13.
14.

ITpocOnkn 30 pl vepo, amodlayuévov and RNdaoec yio ékhovon tov decpevuévon RNA.
duyoxévrpnon ywo 1 min otig 10000 rpm. TomoBétnon tov cowAfva GLALOYNC, OV TAEOV
nepi€yel 1o olkd RNA, og mayo.

IIpoodiopiopodg cvykévipwong RNA e ) gprion eacpatopmtopetpov (Thermo Scientific
Nano Drop 2000).

Amoudxpovon tov yevopkod DNA on6 ta deiypota RNA (M£00d0g 2.1.10).

Amobnkevon Tov derypdtov 6toug -80 °C £mg dtov va ypnoiponon0oiv.

2.1.10 Amopdxpuvon yevouwkov DNA and ociypota amopovopévor RNA
Yhucd:
- Agilypa RNA (ropackevacBévtog 0nmg oto 2.1.9)
- DNdon 2 units/pl (NEB M0303S)
- 10x pvBotiko didAvpo DNaong
- 0.5M EDTA (Invitrogen 15575-020)
- ddH,0 amootelpmuéVo SIMAOOTIOVIGUEVO VEPO
- XoMveg eppendorf 1,5 ml
MéBodog:
1. Erowooia avtidpaong og cwinva eppendorf 1,5 ml wc eénc:
Hivokag 2.4: H TeMK1] 6GUYKEVTPMOOT TOV OVTIOPUCTIPIMOV TOV UTCLTEITAL VIO HLK OVTIOpaoT)
DNéonc.
AVTIOpAGTIPLO Tehn ovykévrpoon
ddH,0 UEYPL TEAKOV Oykov 100 pl
Aglypo RNA 10 g
10x pvOuotikd ddivpo DNaong 1x
DNéon 2 units
2.  AxoAlovbei avadevon pe mmeTdpiopa Kol endact Tov coAfva otovg 37 °C yior 10 min.
3. TIpocbnkm 1 ul 0.5M EDTA yio teppaticpd g aviidpoaomng Kot avadevo Ue TIMETAPIO AL,
4. Erdoon tov corfvo yio amevepyoroinon g DNéong, otoug 75 °C yio 10 min.
5. Amobfkevon tov RNA Seiypatoc otoug -80 °C £mg 6tov va emavoypnotporoin e
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2.1.11 IMapackevi] CDNA pe ™) pé00d0 TG avtioTpoPng NETAYPUPNS

Yhucd:
- Tlokéto avtiotpopng petaypaenc iScript cDNA Synthesis Kit (Biorad 170-8891):
0 iScript avticTpoen peTaypopdon
0 5x iScript pelypa avtidpaong
0 ddH,0, araAlayuévo amd vovkiedoeg
- Asgiypo RNA
- Miwpoooinveg yio. PCR twv 0,2 ml
MéBodoc:

1. Etowooia avtidpaong og pkpd coinvakt yio PCR og e&nc:

Hivokag 2.5: Ov TeMKOL 0YKOL TOV OVTIOPAGTNPIOV TOV CTALTOOVTOL YO M0 OVTiOpaot
avTioTpoONG HETAYPUPNS.

AVTIOpOaGTIPLO ‘Oykog ava avtiopaocn
ddH,0 uéypt TeAkov dykov 20 pl
OMké RNA 0yKoc mov avtiotolyei og 1 ug
5x iScript petypo avtiopoaong 4 ul

avTIoTPOPN HETAYPAPAON 1w

2. Elogpid avapei&n tov peiylotog 6To GOANVAKL.

3. H avtidpaon yivetar oty cuckevuny PCR (MJ Research PTC 200 Thermal Cycler) otig €€ng
ouvOnKeG:
e 25°C y10. 5 min
e 42°C yw 30 min
e 85°C yw 5 min

4. TIpocdiopiopdc ovykévipwong CDNA pe m ypion o@acpoatopotopetpov (Thermo
Scientific Nano Drop 2000).

5. Apaioon tov deiypudtov pe vepd omaALOyUEVO amd VOUKAEAOEG O TEAKN GUYKEVIPMOT)
50 ng/pl.

6. Amobnkevon tav derypdtov otoug -20 °C £m¢ 6tov va ypnoionoindovy.

2.1.12 Alverdot avridpacn g molvpepdong (PCR)

H PCR pe ) yprion cvppatikng Tag DNA molvpepdong, ypnoiponombnke koping yio vo
TPAYLOTOTONOOOV 1MLUTOCOTIKEG OVTIOPAGELS Yo, TN HEAETN TNG OlPOPIKNG EKQPOONC T®V

oopopeav Katnal2.
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YAka:

[Moxéto Taq DNA Polymerase (Qiagen 201205)
Taq DNA moAvpuepdon, S5 units/pl
10x puBeTiKd dtdAvpo ToAvpepdong

O O O O O

- Miwpoc

5x ddivpa Q
dNTPs, pelypo tov tecodpav deofpvovkreotidimv, 10 MM to kabéva

ddH,0, amootelpmuévo SITAOUTIOVIGUEVO VEPO

oAfvee ywo. PCR tov 0,2 ml

- cDNA evdiagépovtog

- KatdAiniot olryovovkieotidwol ekkwvntég (2 yuo «kdBe avrtidpaon) ot omoiot O

EVICYVLOOVY TNV YOVIOLOKT TTEPLOYT TOV EVILAPEPOVTOG

MéBodoc:

1. Etowyocio avtidpoaonc o€ LIKPOSOANVO G ENG:

Hivokag 2.6: H TeMK] 6UYKEVTP®ON TOV OvTIdopooTpiov mov amarteitor Yo poe PCR

avtiopoon.
AVTIOpaGTIPLO Tehxn ovykévipoon
ddH,0 UEYPL TEAKOV OYkov S0 pl
dNTPs 200 uM
OAYOVOUKAEOTIONKOG eKKIyNThG 1 400 nM
OAYOVOUKAEOTIONKOG EKKIVITIG 2 400 nM
10x puOuoTiKo didAvpo 1x
5x ddivpa Q 1x
Taq DNA moAvpepdon 2,5 units
cDNA 1 pg
2. Axolovbei avadevon e TIMETAPIGHO Kal TO TOTOHETNON TOV WKPOGMANVA GTNV GVOKELN
PCR (MJ Research PTC 200 Thermal Cycler) mov givar puBuicuévn otig e€ng ouvonkeg:
i. 94°Cyw 3 min (Apyn amodidroaln)
ii.  94°Cyw0.30 sec (Amodiatotn)
iii.  55°Cyw 30 sec (YBpdopde: 1 Oeppokpocio vppidicpod eéaptator amd
™ Beppokpacio THENS, TM TV ekkivnTdOV Kot cuvhdmg ivar 5 °C o yaunAn omod
0 Tm)
iv. ~72°Cyw 1 min (Emunicoveon: Av 1o avapevopevo péyedog Tov mpoiovtog
¢ PCR eivan peyoldvtepo amd 1 kb 16te 1 S1dpketo Tov 6Tadion TG EMUAKLVOTG
Oa givon 1 kb /1 min)
v.  Ta pAuota ii og iv emovarapupavoviot 29 @opéc
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2.1.13

vi.  72°Cyuw 10 min (Tehxn empmkvvon)

vii. 4 °C en’anepov
Xpron 10 ul g avtidpaong yio EAeyX0 TV TPOIOVI®V, UE NAEKTPOPOPT|ON GE THKTMLLOL
ayapocng.

AlodOT avtiopaon g molvpepdong pe ™ ypron peiyporog DNA molvpepaocov
VYNMIG TeTOTNTOG

Otov n mototTa oty oAniovyio Tov wpoidvtoc g PCR amotteiton va givar vynin,

Y., XOPIG ONUEIOKEG HETOAAAEEIC 1 0AAaYEC 6TO 0pHd TANIGIO aVAYV®OGOTG, OTMG GE TEPUTTOCELS

KAovomoinong yia ékepaocr evog cDNA 1 yu aAlniodynon vémv cDNA, téte ypnoiponoteitaol

petypo DNA moAvpepdoov vyning motoéttag. ALt 1 TEYVIKN YPNOLomombnke vy v

KAwvonoinon tov oopopeanv Katnal2.

Yo

IMoxéto Expand High Fidelity PCR System (Roche 11732641001)
i.  Expand High Fidelity petyua DNA nolvpepdowv (3,5 units/pl)

ii.  10x pvOuotikd diddvpo tov Expand mtolvuepdoov pe 15 mM MgCl,

iii.  dNTPs, petypa tov teccdpov dcovvovkieotidinv, 10 mM to kabéva

iv.  ddH,0, anootelpwpévo SITAOOTIOVIGUEVO VEPO
Mikpocwinveg yio PCR tov 0,2 ml
cDNA evdiapépovtog
KotdAAniot olyovovkAeotidwkol ekkwvntéc (2 ywo kabe avtidopaon) ot omoiot Oa

EVIGYDOOVV TNV YOVIOLUKN TTEPLOYT TOV EVOLOPEPOVTOC

MéBodoc:

1.

Etowacio 600 160mocwov pelypUdTtov avTidpaotnpiov yio kébe avtidpaon. Xto peiypo 1
nepiéyovran to. ANTPS, ot oAryovovkieotidikoi exkivntég kobmg kot to CDNA tov
EVOLOPEPOVTOG EVMD 6TO Metypa 2 TepEyovTal To pubuoTikd didivpo kol ot Expand DNA
ToAVUEPATEG. AKOAOVOEL avANEIEN TV 6V0 LEIYUATOV GE EVO LIKPOGMANVA LE TIG TEMKEG

GUYKEVIPMGELS TOV JAPOPOV avTIOPACSTNPieV va givar ot &NG:
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Hivoxkag 2.7: H teMK)] 6UYKEVTPMON TOV OVTIOPAaOoTIPi®V oy amarteitor Yo puo PCR
avtidpaon vyniig TeTOTNTUS.

AVTIOpAGTIPLO Teln ovykévipoon
ddH,0 uéypt teEAkod dykov 50 pl
dNTPs 200 uM
OAYOVOUKAEOTIONKOG eKKyNThg 1 400 nM
OAYOVOUKAEOTIONKOG EKKIVNTIG 2 400 nM

10x puOuoTiKo didAvpo 1x

Expand DNA molvpepaoeg 2.6 Units

cDNA 250 ng

2. TomoBémon tov pikpocwinva oty cvokevy PCR (MJ Research PTC 200 Thermal

Cycler) mov givan pubuouévn otig €€ng cuvonkec:

V.
Vi.

Vii.

94 °C yi 2 min (Apyxn amodidraén)

94 °C yw 15 sec (Amodiatoén)

55 °C yia 30 sec (YPBpuiouods: m Bepuoxpacio vpidiopod e&oaptdtor amd
™ Beppokpacio THENS, TM TV ekkivnTdOV Kot cuvhdmg ivar 5 °C o yaunAn omod
0 Tm)

72 °C yio. 1 min (Emyumrovon: Av to avapevopevo néyebog tov mpoidvtog

g PCR eivar peyaAdvtepo amd 1,5 kb toéte 1 Sudpkeio tov otadiov g
gmunkovvong Oa givon 1.5 kb / 1 min)

Ta Prpara ii o¢ iv emavaiopuBavoviat 29 @opic

72 °C yio. 7 min (Tehxn empmkvvon)

4 °C en’ dmepov

3. Xpnon 10 pl g avtidpaong yio ELEYY0 TOV TPOIOVTIOV LE NAEKTPOPOPTON GE TNKTMOUA

ayapolng, Kot TomofETnon Tov VITOAOITOL GTOV TAYO YO VO YPNOoToIndel Eviog g

Nuépag Yo Khwvomoinon tov mpoidviov g PCR e to svetua T/A cloning (Invitrogen
K4550-01) 1} pe to ovomua pGEM-T easy (Promega A1360).

2.1.14 Alodoth avtidpaocn T molvuepdong o apoypotiko ypovo (Real-Time PCR)

T'a tov axpif] mocotikd éleyyo Tv emumédwv MRNA TV VIO HEAET TPOTEVGOV,

YPNOLOTOMONKE 1 TEYVIKN TNG SLYKPLTIKNG avdAivong (Comparative Ct) tng Real-Time PCR. I'a

vo. umopohv va, GUYKPOBOLV Ol UETPNOELS amd T OlPOPETIKE deiypota, yio kdOe deiyuo

petpnnkav kot to exinedo mRNA tov L19 mov amotedel yvooTod StoeploTikod Yovidlo Le GYeTIKA

otabepr| €KQpact, Ue GTOYXO TNV KAVOVIKOTOINOTN TOV TUOV. [0 T OTATIOTIKY] OVAALGT T®V

anoteleopdtov g Real-Time PCR ypnoipomomnke 1o e&gidikevpévo Aoyiopikd REST-384©, to

omoio devepyel Pair Wise Fixed Reallocation Randomization Test©, yio c0ykpion Tng GYETIKNG
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€kppaong ovykekpipuévov mRNA e d1dpopeg KOTTOPOSEPEG KAOMDE Kat Yo T dlepevlvnom G

OTOTIOTIKNAG onpavTikdTTog Tov anoteléopatog (Pfaffl et al., 2002).

YAka:

- Aglypata cDNA (50 ng/pl)

- KotdAAniotr oAryovovkAieotiducol ekkivntég (2 yio kdbe avtidpaoct)

- 2x Meiypa v avtidpaon PCR (ABI Fast SYBR Green Master Mix, ABI 4385612)
- PCR plates pe 96 anyadaxio (ABI 4346907)

- Ewdum dudpovn pepPpdvn (ABI 4311971)

- ddH0, amooTtelp®UEVO SITAOATIOVIGUEVO VEPD

MéBodog:
1. Etowooia g xdbe avtidpacng €1g TPImAODV Y10, EAAYIGTOTOINGT TOL TUTIKOV GOAALOTOC.

e kd0e mnyadaxt tng mAdkag 96 derypdtov 1 avtiopaon £yl oG e&NG:

ivokog 2.8: H telMK1] 6UYKEVIP®OGT TOV OVTIdpUGTNPioV Tov omotteiton o o Real-Time
PCR avtidopaon.

AvVTI0paoTiPLO Tehkn ovykévrpoon
ddH,0 uéypt TeAkov dykov 10 pl
OAYOVOUKAEOTIONKOG eKKIvyNThg 1 400 nM
OAYOVOUKAEOTIONKOG EKKIVNTIG 2 400 nM

2X Meiypa yuo avtidpacn PCR 1x

cDNA 100 ng

2. Kdéioyn e mAdkog pe g1k dSaeavn Lepppavn.
3. @uyokévipnon g mAdkac yia 1 min, otovg 4 °C, otic 1000 rpm.
4. TomobBétnon g mAdkog otn ovokevy Real-Time PCR (Viia 7, ABI), n omoio eival
puOuepévn Yo cuykprtikn avéivon (Comparative Ct) oto £€ng npwtdKOALO:
i.  95°C y10.20 sec
ii.  95°Cyuw 1 sec
iii.  60°C yw 20 sec
iv.  Ta pAuoto ii £og iii erovaiappdvovtar 39 eopéc
V. 95°Cyia 15 sec
vi. 60 °Cyw 1 min
vii.  95°C yw 15 sec
6. Avdivon amotedecudtov pe ™ Ponbdeia Tov Aoyiopkod g ABI kon TtapdAiniog Eleyyoc
SeYUATOV e NAEKTPOPOPTOT| GE THKTOUO, ayapolng.
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2.1.15 Xp11o1 TEPLOPIGTIKAOV EVOOVOVKAENGOV Y1d T1| d1domact Thacudtakod DNA

Me 1 ypnon avtdv tov evlouwv, eléyydnke n mapovcsioc tov PCR mpoidvioc oe

TAOGLUOLOKOVG QPOPEIS LETATYNUATIOUEVOV BaKTnpimy.

Yo

- "Evlopo 1 évlopa mepropiotikig evdovovkiedong (New England Biolabs)

- 10X xatdAAnio pvBuiotikd didAvpa evdovovkieacmv (NEB)

- 100x BSA (NEB)
- IThoowdokd DNA
- ddH0, amailoypévo amd voukiedoeg

- XoMveg eppendorf 1,5 ml

MéBodoc:

1. Erowooia avtidpaong ot éva coifiva eppendorf 1,5 ml og e&ng:

Hivokag 2.9: H TeMK1] 6GUYKEVTPMOO TOV GVTIOPAGTNPIMV TOV OTOLTEITOL VIO L0 OVTIOPaOT)

TEYNG TEPLOPLGUOV.

AVTIOpOaGTIPLO Tehn ovykévrpoon
ddH,0 uéypt TeAkov dykov 20 pl
"Evlopo il évlopa neploplotikng | 1 unit/pg DNA 1o kabéva
€VOOVOLKAEAOTG

10x pvOGTIKS S1dALLLO EVOOVOVKAENCHY 1x

[Ipoiov PCR 25ng

T4 DNA Aryon 4ng

2. A@o? pe avadevon, e£acPaAGTEL 1) OLOIOYEVELD TOV TEPIEYOUEVOD TOV COANVO, AKOAOVOEL

endaon otovg 37 °C (] otnv KatdAAnAn yw to évivpo Beppokpacio mov VITOSEIKVOETAL

amd Tov Kataokevaoth) yia 2 hrs.

3. Xpnon 5 ul and xkéPe avtidpoon ywo Eleyyo TG oviidpaong, HE MAEKTPOPOPNOT OF

TKTOUH oyopdlne.
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2.1.16 Hiektpopopnon DNA oc miktopa ayopoing

H nAextpopdpnon oe miktopo ayopolng ypnoylomombnke yioo v oavaivon Kot
TOVTOMOINGT] VOUKAEIVIKOV 0EEMV UE SLOQOPETIKO HOPLakd PAPOS, CLYKPVOULEVOV HE OeiKTE

YVOGTOV HLOPLaKoy BApouc.

Yo

- Ayapoln (Nippon Genetics)

- 1IX TBE pvbuiotiké didivpo niektpopdpnong (89 mM Tris-Borate, 2 MM EDTA)
- 10 mg/ml Bpouobdyo aibidio (EtBr)

- 5% AdAopa opTOUATOC OEYHATOV

- Acgikteg popakov Bapovg (1kb plus Invitrogen 10787-018, 100bp DNA Ladder NEB)

MéBodoc:

1. IIpogtoyacio TrtdpaToc oryopding:
i.  AwAvtomoinon katdAANANg mocodtnTOg ayapding pe T Ponbeia Béppovonc, oe
puooticd dtedvpo 1X TBE. Avoroymg tov avaykdv mapackeun gite 0.8% (W/V), gite
2% (w/v) mxtoua oyapolne.
ii.  TIpocOnkn Bpopodyov aifidiov cto didAvua ayopolng oe telkn cvykévipoon 0.5
ug/ml.
iii. ‘Exyvon tov TNKTOUOTOC GTN GLOKELY MAEKTPOQOPNONG, OTNV Omoio £yl Mon
tonmofetnOel (o ktéva mov o oynuatiost Tig 0€cElg PopTOHOTOG TV detypdtov DNA
OTOV TO TKTOUO GTEPEOTOINOEL.
iv.  Metd ) otepeomoinoeT TOL TNKTMUOTOG, AKOAOVOEL apaipeosn TG KTEVOGS, KOl KAADYN
TOL TNKTAONOTOC e puOuoTikd dSidivpa 1X TBE.
2. TIpocHnkn KaTdAANANG TOGOTNTAG SX SOAVUUTOC POPTMUOTOC OTA VIO UEAETN Oetypota
DNA, ®ote 1 TEMKN TOL GLYKEVTP®OT 6T Oetypa vo eivar 1X.
3. Doptoua TOV SEYUATOV Kol TOV SEIKTOV UOPLOKOD BAPOVE GTO TNKTMLO KOl EQOPLOYT
niextpikov ediov 90V.
4., Me Vv olokApwon g Oadikaciog, €EETOON TOL MNKTMOWUOTOS GE TNYN VAEPIDOOVS

OoKTVOPoALNG Kot TOYPAQIon Tov Le TN forfeta ymelokng Kapepoc.
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2.1.17

Amopdévoon DNA on6 miktope ayapolng

T'a v amopdévoon evdoc PCR mpoidvioc 11 evdg mlacudiov amd miktopo oyopolng

YPNOLOTOMONKE TO TAKETO AmopOVmoNg tne Qiagen.

Yhud:

- Astypa pe 1o emBounté DNA

- TTokéto anopdveong DNA and miktoua ayopoing (Qiagen 28704):
0 XmAn evyokévrpnong QIAquick Spin
0 Auwivpa QG (Tpdcdeonc)

0 Awdivpa PE (éxmlvonc) To omoio mepi€yet abavoin
0 Auwivpa EB (éxhovonc)
0 XwAnveg cvAloyng 2 ml

- 100% (v/v) loompomavoin

- Amooteipouéveg Aemideg

- Zwohveg eppendorf 1,5 ml

MéBodoc:

1. Hlextpoedpnomn tov deiypatog oto embountdo DNA og miktopa ayopolne. (Mé0odog
2.1.16)

2. Evrtomiopog tov vid perétn DNA oto aktopa e T xpnomn anyng vreptddovg poTtoc.

3. TIpocextikn amoKonn ToL TNKTOUATOG ayapolng otnv meployn ¢ umdvtag DNA, pe
ypnon Aemidag. Zvyiopa kot torofétnon og véo cwAnva eppendorf.

4. TlpocOnkmn otov coAVA pe TNV uravta, 3 oykov dtodvuatog QG yio 1 0yKo TnkT®UOTOG
ayapolnge, 0 omoiog ovtioTolyel pe to Bapog Tov (100 mg ~ 100 ul).

5. Emdaon otovg 50 °C yia 10 min émg 6tov draAvtomomndei mARpmg to mhKToua ayapding.

6. IIpocHnkm oto peiyua 1 dykov 100mpPomavornC Kot avauel&n tov.

7. Metagopd Ttov peiyuatog oe othin euyokévipnong QIAquick Spin, n omoia &ivan
tonoBeTnuévn o cowinva cvAAoyhg tov 2 ml. duyokévipnon otig 13000 rpm yio 1 min.
Amoppryn TOL VIEPKEILEVOV.

8. Eémlvpa oting euyokévrpnong pe 750 pl daivuartog PE kor guyokévipnon otig 13000
rpm yio 1 min. Amoéppuyn tov vaepkeipevov.

9. Amoudxpuvon g mepicosag tov doAvpatoc PE amd v omin pe puyokévipnon oTig
13000 rpm yi 1 min.

10. Tomobétnon g oAng o véo cminva eppendorf 1.5 ml kou éxhovon tov DNA pe 50 pl
dwivpatog EB. duyokévtpnon otig 13000 rpm yuor 1 min.

11. Apeon ypnon tov DNA 1 amobnkevon tov otovg -20 °C yia ueAlovtikn xpnon.
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2.1.18

KotapvOien DNA pe ypiion abavéing

H teyvikn avt) ypnoipomomonke yuo v avénen me cvykEvipwong (CULTUKV®MOT) TOL

DNA tov skhovopdtov g texvikng g armopovoons DNA amd miktopa ayopdling (PAére

2.1.17).

YAka:

Agiypo DNA

Addopa 3M o&kov vatpiov (sodium acetate, Co;HsNaO,)
100% (v/v) a10avorin maywuévn (-20 °C)

70% (v/v) a1bovorn mayouévn (-20 °C)

MéBodoc:

1.

2.1.19

UEAETT

popimv

e coinva pe to DNA deiypa yiveror mpocstikn 3M o&ikov vatpiov og mocotnta 1/10 tov
oykov tov DNA deiypatog. AxoiovBel avddevorn pe avakiviorn Tov TEPLEYOUEVOD TOL
COANVA.

IIpocbnkn 2.5 6ykwv 100% aBavorng (Pdost Tov GLUVOAIKOD OYKOL TOV GOANVO TOV
ocupmepthappavel 1o 0E1Ko vatplo). Avadevon e avakivnom.

TomoBétnon tov cwliva otovg -20 °C o 30 min.

duyokévipnon tov colfiva otig 13000 rpm ywe 15 min otovg 4 °C, xat andppuyn Tov
VIEPKEIEVOL.

Eémivpa tov coinvo. pe 1 ml 70% abavoing kot oTéyveo o Tov 6ToV aépa.

Enavadiaivtonoinon tov DNA otov emiBountoé dyko.

Avtidopaon cvvévoeng DNA (ligation)

H avtidpaon cuvévoong DNA ypnoyomomfnke yio v kKAwvomoinon tov cDNA tov vt
TPOTEIVOV o€ €0IKA TAAGUIdI EKppaong, Kot T dnuovpyic avacvvovacuévov DNA

LE OmOTELECHO TNV TOpaY®YN €TEpOAOY®V TTpwteivdv. H cuvévoon tov DNA otnpileton

o™ dOpdon Tov evivpov T4 DNA Arydon.

Yo

Mhaopido éxepacng kot CDONA tov vrd perétn mpoTElVOV KOpuEva HE TG 101Eg
TEPLOPIOTIKEG evOOVovKkAedoeg (M£00dog 2.1.15)

T4 DNA \ydon (400,000 units/ml) (NEB M0202S)

10x pvOuoTikd dtdhvpo Atydong

ddH,0, amolloyuévo amd VOUKAEAGEC

Mikpocwinveg yio PCR tov 0,2 ml
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MéBodoc:

1. H avtidpoomn cuvévemong yiveTal o LIKPOGOANVA MG EENG:

Hivokag 2.10: H TeMK1] 6VYKEVTPOGT TOV GVTLOPUCTIPI®V TOV TULTEITAL Y10, P OVTiOpao
ovvévoens DNA (NEB M0202S).

AVTIOpOaGTIPLO Telun ovykévipoon
ddH,0 uéypt teEAkod dykov 10 pl
10x pvOuoTikd dtdhvpo Aydong 1x

IMhaopidio ékppacnc 50 ng

cDNA v7td perétn npmteivng 50-150 ng

T4 DNA Aydon 400 units

2. To mepleyOUEVO TOV UIKPOCHOANVA OVAOEDLETAL IE TIMETAPIGLLO. Ko encdleTan yio. 16-18 hrs
otovg 16 °C. Ztn ovvéyela gite akolovBel Gueoca o PakTnplokog HETAoYNUATICUOC, £iTe N

avtidpaon puidooetotl otoug -20 °C.

2.1.20 OMyovouKAE0TIOWW KOl KOTOGKELY] OVAGLVOVUGHEVOV TAUGHIIOV Yo EKQPUCT)
npoteivov KATNAL?2

2.1.20.1 OMyovovkicoTioa

Ta Cebyn oAryovovkAieoTdiov mov ypnoiworomdnkoy otig ddpopeg PCR mopatifevron

otov Ilivaxa 2.11.

Hivaxkag 2.11: Ta olryovovkieotiota wov ypyoponomnkay ye tig PCR avridpdcsis.

OA\ryovovkieoTiow YKOmOG

Katnal2 FW: ATG GAG CTT TCT TAC CAG | Tw tov moAlamAaclacud Kot v

ACT CTCA KA®VOmoincn  TOL  OVOlKTOD  TAOLGIOL

Katnal2 RV: TAC AGA CTC AAA CTT CTC | avayvoong tov CDNA 6LV TV 1GopopeGV

TTGCCAG Katnal2.

K2Flag FW: CGC GCG GCC GCC ATG GAG |Tw 10ov  molomlacloopd kot TNV

CTTTCT TACCAGACTC KAwvomoinon  Tov  avolkTtoy  TANLGIOL

K2Flag RV: GCT CTA GAT TAT ACA GAC | avayvoong tov CDNA tov 1copopemv

TCAAACTTCTCT TGC CAGG Katnal2, oto mhoouido éxepoong pFlag-
CMV-2.
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OAryovovkieoTiond. YKOTOG

K2GFP-pRSET FW: CGC TCG AGC ATG |[Tw tov  moAlamiocloocpud — Kor TNV
GAG CTTTCT TAC CAG ACT CTCAAAC KAwvomoinon  Tov  ovolKTov  TAOLGiov
K2GFP-pRSET RV: CGG GTA CCT TAT | avayvowong tov CDNA tov 1copopemv

ACA GACTCAAACTTCTCT TGC CAG

Katnal2, oto mhacpido éxppaong pPRSET B.

KL2B FW: TGG TGA GCC GGG ACA TTT
ATC

KL2all RV: CAG TCC AGC TCC CAT GGC A

[Na tov @OAAOTAAGLOGUO — OlYVEOGTIKOD

Koppatiod tov CDNA dAwv TV 100HopPDV

Katnal2, yio numocotikd éheyyo.

Ktnl2LargeF: TAC GAG ATG AGA ACA GAA
GCA CGG

[Na tov @OAAOTAAGLOGUO — OLYVAOGTIKOD

koppatiod tov CDNA  tev  peyoldtepwov

Ktnl2R: CGA CTC CAG CTC ATC CAG GAA | wopopoov  Katnal2 (L1, L2, L3), yw
NUTOGOTIKO EAEYYO.

KL2B FW: TGG TGA GCC GGG ACA TTT
[Na tov @OALOTAAGLOGUO — OlYVEOGTIKOD

ATC

KL2B RV: GCT TCT TTG ACT AGC TGC
TTGG

Koppotod tov CDNA dAwv TtV 100HopPDV

Katnal2, yio oxonovg Real-Time PCR.

KL2L FW: CAC AAG AAG GCT ACA TGG
ATGC

KL2L RV: CCT CCA CTT CGT GAC GGT
AAAT

lNoa tov wolMomhoclooud — JlyVOGTIKOD

koppatiod tov CDNA tov Katnal2-L1 , L2 &
L3 ywa oxonotg Real-Time PCR.

mCherry FW: GGA CGG CGA GTT CAT CTA
CA

mCherry RV: TTG TAC AGC TCG TCC ATG
CcC

lNa tov molMomhoclooud — SlyVOGTIKOD

Koppatiod Tov emroniov mCherry.

mCherry FW: GGA CGG CGA GTT CAT CTA
CA

KL2isof RV: CGT CTG AGA GCA GTC CTC
GGA

Mo tov éleyyo €loay®YNG TV 1GOUOPPDV

Katnal2 oto nhacuidto pmCherry-C1.

mL19 FW: CAT CCG CAAGCC TGT GAC TG

mL19 RV: GGC GCT TTC GTGCTT CCT TG

[Na tov @WOAAOTAAGLOGUO — OlYVEOGTIKOD

koppotiod Tov CDNA ¢ L19 otov movtiko.

PUMI_UP: TGA GGT GTG CAC CAT GAAC

PUMI_DO: CAG AAT GTG CTT GCC ATA
GG

lNa tov molMomhoclooud — SlyVOGTIKOD

koppoatiod tov CDNA g PUM1 otov

TOVTIKO.
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2.1.21 Kotaokevn TAUSUISIOV Y10, EKOPUGT] UVUGUVOIVUGUEVOV TPOTEIVAOV

2.1.21.1 Koaraokevn 6xHis-Katnal2-S1

H wopopen Katnal2-S1 evieydnke pe PCR pe tn ypfion €101k oyeSGUEVOV EKKIVIITOV
(K2GFP-pRSET FW & K2GFP-pRSET RV), ot omoiotl glyav ota dkpo Tovg TIg OAANAOVY)iEg
avayvapiong tov evéovovkiedowv Xhol xor Kpnl avtictoya. To c¢cDNA ¢ Katnal2-S1
KhovoromOnke oto mAacpidio kKAwvomoinong pCR2.1, ka1 akoAovbwg pe ™ ypnon Tov Vo
gvdovovkiedonv &yve katopbmt) 1 EveOUAT®ON Tov oT0 TAAcUido €ékepacng pRSET B. O
OGUYKEKPIUEVOG (QOPENG KaTaokevdotnke omd Tnv Xpilotiva KapnmAdpn ota mhaico g

petamtuyaknig thg epyooiog (Kaunidpn, 2010).

2.1.21.2 Karaokev Flag-Katnal2-L1 ke Flag-Katnal2-S1

Ot wopopeég (Katnal2-L1 & Katnal2-S1) evioyvbnkav pe PCR pe m ypnon ewdwd
oyeoacpévav ekkwvntov (K2Flag FW & K2Flag RV), ou omoiot &iyav oto dkpo TOLG TIG
aAAniovyiec avayvdpiong twv gvdovovkiedowv Notl kou Xbal avtiotoya. Ta cDNA twv dvo
Katnal2 khovomomfnkav oto mhacpido khovoroinong pCR2.1 (amd v Mopio Etélikov ota
TA0io10, TNG LETOMTUYLOKNG TG EPYOCING), Kol akoAoVO®G Le TN ¥pNoT TV 300 EVOOVOVKAEUCHOY

£ywve KatopBwt 1 evemudtmon tov vd perétn cDNA oto mhacuido Ekppaong pFlag-CMV-2.

2.1.21.3 Karaokevi] pmCherry-Katnal2-L1 kax pmCherry-Katnal2-S1

Ta ¢cDNA tov icopoppav Katnal2-L1 kor S1, mov Bpickoviov 6Tovg ovacuvoLaGUEVODS
mAacdokog eopeic pFlag-Katnal2-L1 ko pFlag-Katnal2-S1, kiovorombnkav oto mlacpioo
éxppoong pmCherry-C3. Avto €ywve katopOmTtod pe TN ¥prioT TOV TEPLOPIOTIKMY EVOOVOVKAEACMV
Smal kon HindIII ywo v eayoyn tov cDNA tov dvo 16opopedv omd 1o TAacuidio pFlag, kabwg
Kol ywoo Ty €looyoyn tovg oto mioouidolo pmCherry-C3. Ot ovykekpluévol  Qopeig
KatookevaotTkay amd v Mapia Xpioto@dpov oto mAaiclo TG UETAMTUYIOKNAG TNG EPYOCIOG

(Xpiotoeopov, 2014).
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2.2 Mé£Oodor Broynusioc

2.2.1 Mé£0060c mpocdLopiopod cuYKEVTPpMGNS TPpoTEivay katd Bradford (Bradford, 1976)
Yhucd:

- Avtudpaotipo Bradford Pierce Coomassie Plus Protein Assay Reagent (Thermo Scientific

23238)

- Koyelidog yopntikotntag 1 ml

- 1 mg/ml BSA c¢ dH,0

- dH0
MéBodoc:

Kotaokeun kapmvAng avopopag:

1.
2.

Etowooia dtodvpdtav BSA duupopav cuykevipodoemv (0.125, 0.25, 0.5, 1 mg/ml).
Metagopd 800 pl dwAdupatog BSA oe «kdbe wvyeAida xor mpoobikn 200 ul
avtidpoaotnpiov Bradford. AxoiovBei endacn yio 20 min ce Bgppokpacio dmpotiov.
Tavtdypova yivetar etolacio TVEAOD deiypotog, to onoio amoteAsiton and 800 ul dH,O
kot 200 ul Bradford.

DoTouéTpnon TOV SEYHATOV, e HETPNOT TS amoppdenong ota 595 nm.

Kotaokeun g kaumdAng avapopds Asesnm= f [C].

DdotopéTpnon derypdtov:

1.

2.2.2

Etowooia petypatog dH,0 kat tov Tpoteivikod deiyporog mov Oa petpndel o€ tehkd dyko
800 ul kou Tpoodkn 200 pl Bradford.

Tiveton endaon tov detyudtov yio 20 min og Oeppokpocio dopatiov kot pe ) Pondeia
QOTOUETPOVL dlevepyeital LETPNON TNG amoppOPNoNG 6Ta 595 nm.

O VTOAOYIOUOG TNG GLYKEVIPMOONG TOV TPOTEIVOV TOL Oeiypatog yivetor Pacet g

KOUTTOANG OVOQOpPAg.

Erayoyn ék@paocng eTeporoyNG TPOTEIVIG o€ fakTipra

o mopaymyn oyeTikKd UEYEA®Y TOGOTHTOV TPMTEIVIC NTav omapaitntn (Ty dote vo

ypnowomomBel v ™ Snuovpyics AVIIGOUATOG), YPNOLOTOmONnKay BokTnplokd cuoTALTO

£KQPpaomng, ONAadn Paktnplokd oTeAE) LETACYNUATIOHEVO [LE TAAGUIOI0 EKQPOCTG TOV £PEPE TO

cDNA ¢ oyetiking mpwteivng. To IPTG (ioompomdA-B-D yolaktomupavociolo) emdyst tnv

£KQPOOT TNG TPOTEIVNG, EVEPYOTOLDVTAG TOV VITOKIVNTY] TOL TAOC IS0V,
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YAka:

LB tpuPria pe @péokeg amowieg BL21(DE3)pLysS PBoktnpiov HETOOKNUATICUEVOV UE
mhacpido pRSETs mov @épet to cCDNA g Katnal2-S1

100 mM IPTG (Santa Cruz sc-202185A)

Yypo Opentikd vikd LB pe apmuciddivy (100 pg/ml) ko yAopopeoivicéin (35 ug/ml)

MéBodog:

1. Metagopd PeETacyNUATICHEVNG amotkiog o€ 2 vypég kKaAMépyeleg Tov 10 ml LB n ke
po, pe aumkiAhivn ko Ao popgavikoin. Endacn vrnd avadsvon otovg 37 °C yuo 16-18
hrs.

2. Metagopd katdAAning mocomtag amd TV KoAAEpyelo o 4 KaVikég @idieg Ttov 1L mov
mepteiyov ovvolkd 2 L LB pe avtifiotikd, oote vo emtevyBel apaimwon g apytkng
KaAAEpyetag 1:100.

3. Emndaon vad avadevon otoug 37 °C éw¢ 6TOL 1 OTTIKN TOKVOTNTO TG KOAMEPYELNS VL
otdoet Tiuf ODge=0.6. AxoloObw¢ yivetor mpocHnkn tov emaywyéo IPTG oty
KaAAEpYELD o€ TEAKT| ovuyKEvTpmon 0.05 mM.

4. Erndoon vrd avadevon otovg 20 °C yia 16-18 hrs.

5. ®uyokévipnon tov detypdtov otig 6000 rpm yia 20 min otovg 4 °C, kot andppuyrn TOL
VIEPKEIUEVOU.

6. Amobnkevon tov Baktnplakdv Inpatev otovg -80 °C yio peAdovtikn ypnon.

2.2.3  Buoymmkog kafapiopog eTeporoyns TpOTEIVIIG NE YPOUUTOYPUPIO. CVYYEVELNGS

H eteporoyn KATNAL2-S1 @épel to emtdmio 6xHis. O kaBapiopog €ywve e v TELVIKN

™G XPOUATOYPOEiaG cvyyevelag pe TN ypnon ceupdiov ayopdling eepdviwv CUUTAEYLOTO

vikeMov, ota omoia TPocsdEvovTal ot 10Tiveg Tov emtomov 6xHis. H ékiovon g mpoodepévng

TPOTEIVNG £ytve pe v mpocstnim daoiiov, To omoio avraywviletor TV Tp®TEIVN Yoo TOL 1OVTA

ViKeALiov.

YAka:

Baxmpioxo i{nua oto onoio &yet emaybei n Ekppaon tng eteporoyng KATNAL2-S1
Teorpidio Ni**-NTA ayapoing (Qiagen 30210)

Adhopo Aong: 50 mM Tris-Cl pH 7.5, 150 mM NaCl, 1 mg/ml Avceoloun

Awdhopo B (Sraivtonoinong) pH 8.0: 8 M Ovpia, 100 mM NaH,PO,, 10 mM Tris-Cl, 10%
(V/v) yAokepoin, 5 mM B-MeprantoaBavorn, 0.5% (v/v) Triton-X, 8 mM Iudaloiio
Awdhopo C (éxkmioong 1) pH 6.3: 8 M Ovpia, 100 mM NaH,PO,4, 10mM Tris-Cl, 10% (v/v)
yAokepoAn, S mM B-Mepkomtoa®avorn, 0.5% (v/v) Triton-X, 20 mM [pudaldio
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Addvpa D (ékmlvong II) pH 6.3: 8 M Ovpia, 100 mM NaH,PO,4, 10mM Tris-Cl, 10%
(V/V) yYAokepoin, 5 mM B-MepramntoaBavorn, 0.5% (v/v) Triton-X, 50 mM Iudaloio
Aidvpa E (ékhovong) pH 6.3: 6 M Ovpia, 100 mM NaH,PO,4, 10 mM Tris-Cl, 300 mM
Idaloro

5x SDS-PAGE Sample Buffer (0.5 M Tris pH 6.8, 50% (v/v) yAvkepoin, 10% (w/v) SDS,
5% (w/v) B-peprantoofavorn, 0.5% (w/v) Bromophenol blue)

- Zohveg falcon 50 ml
MébBodog:

1. Eemdyoua kor dodvtomoinon tov Poktnplokod Wnuatog o€ didivpo Avong (5 ml ava
ypappapto tqpetog). Exdaon vmd kukiikn avaxivion yuo 30min.

2. Mnyoviki] A0oT TV KOTTAPOV UE 3 GET VIEPYOV.

3. ®vuyokévipnon otig 4000 rpm yia 30 min. To vrepkeipuevo PETAPEPETAL GE VEO COANVA
falcon ko puyokevrtpeitar otic 13000 rpm yio 20 min.

4. EmoavadioAvtomoinon tov inUITov amd TG 0V0 PLYOKEVIPNGELS Tov Pripatoc 3, o€ véo
dtdAvpa Avone. Eravéinym tov fnudtov 2 kot 3 Kot Ay 0Aov tov itnpdtoy.

5. Awdwtomoinon tov ilnudtov oto dtdAvua B (5 ml avé ypoupdpio iCnotog). Endoon vwd
KuKAkn ovakivinon ywo 1 hr og Ogppokpacio dmpatiov.

6. Eoappoyn vrepiyov yuo v Opvppatoroinon tov yevoukod DNA. dvuyokévipnon otic
13000 rpm yia 20 min. Metoagopd tov vrepKeipevoy o véo cowinva falcon.

7. Bpdowo pkpng mocdmrTog Tov vIepkeiyevov oe 5X SDS-PAGE Sample Buffer ko
amobnkevon otovg -20 °C. Avto amotelel TO apyIkd delypo TOL TPOTEIVIKOD EKYLAGUATOG
(input) ko Ba ¥pPNOIUEDGEL O HAPTVPOG TNG APYIKNG TOGOTNTAG TG TPMTEIVNG.

8. IIpocOnkn oTo vEEpKeipevo ™S KatdAAnAng mocdtnrag opapdiov Ni*-NTA ayapolng
2 ml cpupdiov ava 4 ml vrepkeipevov). Exmaon vro kokhikn avakivnon yw 1 hr og
Oepurokpacio dmpatiov.

9. Mwpn mocdmTo 0md T0 vrepKeipevo Ppaletan o 5X SDS-PAGE Sample Buffer kot
armobnkevetoar otovg -20 °C. Avtd 1o deiypa (unbound) Ba amoteléocel deiktn TOL
TOGOGTOV TPOTEIVIG TOL OEV SEGUEVTNKE GTO. GPAPIdI ViKELOV.

10. Eémopa tov opoipdiov apykd pe to dtdlopa C, kot otn cuvéyela pe to dtdivpa D. Ta
Eem\duoto yivovron yioo 10 min 1o kabéva vmd kvkAikf avokivion otovg 4 °C. To
VIEPKEIUEVO OMOUAKPVVETOL KGOE popd pe puyokévipnon otig 2000 rpm yia 5 min otovg 4
°C.

11. 'Exhovon etepdroyng mpmteivg amd To oPatpidla e t xpnon tov dwAdpotog E, e

endacn Vo KVKAKNY avokivion yia 10 min otoug 4 °C. To Prpoe avtd eravorappaveror 5
QopEG, Kol ool ereyyBel 1 KabBapoTnTa TNG TPOTEIVNG TOL KABE KAAGOTOC £KAovoNG e
ovocoamotutmor katd Western, ta deiypota pe v peyaAdtepn kabopotnta yio TV

etepOLoyN TpOTEIVN B0 avaperBovv ko 0o uiaybodv otovg -80 °C.
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2.24 KaBapiopnog avricdpatog pe péBodo ynpuikng cvyyéverog emi g peppfpavng

H Beltictonoinon g €wikdttoc tov aviicopatoc évavtt e KATNAL2, éywve pe
KaBoplopd GLYYEVELNG EVAVTL TNG OVOCLVOLAGUEVNG BOKTNPLOKNG TPOTEIVNG. XpnoyLoromonke
wo in situ pébodoc pe v axkwnronoinon ¢ mpoteiviig KATNAL2-S1 oe peufpbvn
VITPOKLTTAPIVIG, TNV EXMOCT TOV OVTIOPPOV otV HeUPpdvn, Kot Téloc TV £€KAovom TOL

KAGGLLOTOG TOL OVTIOPPOV OV Ovoyvopilet E101kd TNV VIO HEAETT TPOTETVY.

YAka:

- Aglypa éxhovong kabapiouévng eteporoyng mpoteivng KATNAL2-S1

- Avtoppog

- IIMxrtopa akpoiapiong (8%)

- Meufpavn virpokvttapivng (drootdoesig 9 cm x 6 cm) (Porablot NCP, Macherey-Nagel
741280)

- Adwua 1x PBS pH 7.4: 13.5 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.75 mM
KH,PO,

- 100 mM pH 2.0 yAvkivn

- Auopa kopeopov (Blocking buffer): 5% (w/v) droyo ydio Regilait g diGAvpe PBS

- 5x SDS-PAGE Sample Buffer (0.5 M Tris pH 6.8, 50% (v/v) yAvkepoOhin, 10% (w/v) SDS,
5% (w/v) B-pepxantoafavorn, 0.5% (w/v) Bromophenol blue)

- Xpowotikr) Ponceau

- Aemideg

MébBodog:

1. Hiextpopodpnon SDS-PAGE ce miKtouo, axpLAauiong 2 mg et1eporoyNng mpoTeivg, apon
avapeydei pe Ty KatdAAnin tocotnto 5X SDS-PAGE Sample Buffer. (M£00d0g 2.2.8)

2. Metagopd TG TPOTEIVIG & LEUPPAVN VITPOKLTTOPIVIG LE EPAPUOYT NAEKTPIKOD TTESIOV
taong 100V yio 1 hr. (M£0060¢ 2.2.9)

3. Endaon yw 1 min pe v ypwotiky Ponceau ®dote vo yivouv opatéc ol mPMTEIVIKEG
UmavTeG TG HEUPPavNe. MapKkapiopo tng Teployng g LepPpivne otnyv omoia evromileTon
N €1EPOAOYN TPOTEIVI HE TN YPNON LOAAKOD LOAVB100.

4. Endoon vrd avadevon og didAvpo kopsouod yio 1 hr. Akolovbolv 3 nAdoelg twv 5 min
ue dtaivua PBS.

5. Endaon g pepPpdvng ved avadevon pe 2 ml avtioppod vwd apaimon 1:5 oe PBS (1 pl
apalopEVOD avtioppod yia ke 1 pg mpwteivng) yia 16-18 hrs oe Bepuokpacio dopatiov.

6. Tpeig mAvoeig twv 10 min pe diddlopo PBS.

7. Amoxomn tov Tepoydiov ¢ HeEUPpavng, oTo omoio Ppicketar 1 €TEPOLOYN TPWTEIVN, ME

T ypnon Aemidog.
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2.2.5

Yo

‘Exlovon towv deocpevpévav otny pepPpdvn vitpokuTTapivig avIicOUAToVY, HE EmdOon
o avadevorn ywo. 10 min ce Sdlvpo ylvkivng 0.1 M, pH 2.0. AapBdvovral tpia

dradoykd kKhdopoata tmv 500 pl, ko puidocovtot otovg -20 °C.

20AAOY] KOl TPOETOLNOGCIO EKYVAIGUATOV 00 KUTTOPOKOAMEPYEIES Y10, avdAvon
TPOTEIVOV pe nhektpo@opnon SDS-PAGE

TpoPAio pe v katdAAnin KvttapokaAiiépyeta (kdAvyn empdavelag 80 %) 1 Kaivmtpideg
o€ TpLPAIo pe TNV KatdAANAN Kuttapokarlépyeta (KdAvyn empdvelag 80 %)

2x SDS-PAGE Sample Buffer (200 mM Tris pH 6.8, 20% (v/v) yAvkepoin, 4% (wW/v)
SDS, 2% (w/v) B-puepkantoatfavorn, 0.2% (w/v) Bromophenol blue)

YwoMveg eppendorf 1,5 ml

Epyodeio andEeong kottapwv (cell scraper)

DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio kar payvioio (Gibco 14190-
169)

MéBodoc:

1.

2.2.6

EémAvpo Tov TpuPiiov (100 mm) pe DPBS, ko nAnpng anopdkpoven tov. [Iposbnkn oto
tpuPAio 400 pl 2x SDS-PAGE Sample buffer (oe tpupiio 60 mm avtictoryodv 250 ul ko
oe a kaivmepida 20 ul 2x SDS-PAGE S.B.).

AxoiovBel Ehappid avokivnon tov TpuPriov yio vo keAvebel ohoKANPN 1 EMPAVELD TOV
TpuPAiov pe 1o dtdlopa SDS-PAGE S.B., kau pe t Ponbeta evog epyodeiov amdéeong tov
KUTTAPOV ATOKOAANOT| KO TTETAPIGL TOVG G€ VEO cwAfva eppendorf.

Me 1 Bonifeto vrepny®V YiveTol ADOM T®V KLTTAP®V.

Bpdoipo tov mpoteivikod delypatog otovg 95 °C yia 5 min kot uyokéVIpnom Tov GTIG
13000 rpm yiw 10 min. ZvAloyn Kol HETAPOPE TOV VTEPKEIUEVOL GE VEO GMANVO

eppendorf. Apeon yprion yia nhektpoeopnon SDS-PAGE 1 anofnkevon otovg -20 °C.

HekTpo@opnon TpOTEIVOVY 6€ MKTORO ToOAVOKPVAaNidNg (SDS-PAGE)

H miextpopopnon oe TKTOUO TOADAKPLAAUIONG €lvar €va TOAOTILO epyaleio Yo TV

avGALoN Kol TNV TOVTOTOINoT TPOTEIVAV TOV SUPEPOVY GTO LOPLOKO TOVS BAPOg, G GUYKPIoT UE

TPOTEIVIKOVS OEIKTEG YVOGTOV HOopLokoy Bapovg.

Yo

dH,O
Axporapion: Bis Acrylamide (19:1) 40% (w/v) (Biorad 161-044)
1.5 M Tris-Cl, pH 8.8
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1 M Tris-Cl, pH 6.8

10% (w/v) APS (vrepbetixd appmvio)

10% (w/v) SDS

TEMED (N,N-tetpapebdvroatboievodapivn) (Scharlau TE00500100)

20% (v/v) loompomavoin

1x puBuotikd ddivpa niektpoeodpnong (1x Running buffer) pH 8.3: 25 mM Tris, 250
mM yivkivn, 0,1% (w/v) SDS

Ipwteivikol deikteg yvootod poplokod Pdapovg (NEB Colorplus Prestained Protein
Ladder, Broad Range 10-230 kDa)

IIpowteivikd detypota

I[Mkrtopo dwayopiopod 8% (running gel):
375 mM Tris-Cl (pH 8.8), 8% (w/v) AxpvAiauion, 0.1% (w/v) SDS, 0.1% (w/v) APS, 0.1%
(v/v) TEMED

IMktopa cueempevong 5% (stacking gel):
125 mM Tris-Cl (pH 6.8), 5% (w/v) Akpvropidn, 0.25% (w/v) SDS, 0.1% (w/v) APS,
0.125% (v/v) TEMED

MéBodoc:

1. Zvvapuoroynon tov yvdlvov miokov (Biorad) yi v Topookevy TOV ANKTOUATOS
OKPLACUIOTG.

2. Etowocio TOL TNKTOUOTOG SloY®PICHOL Kol dueon €kyvomn otig midkes. Kdaivyn tov
TNKTOUATOG UE 1GOTPOTOVOLT, MOTE VO EUTOJIOTEL TO ATHOSPALPIKO 0ELYOVO AO TO Vo
OVAGTEIAEL TOV TOAVUEPIGIO TOV TNKTMOHOTOC.

3. A@ob oroxAnpwbel  oTEPEOTOINGT TOL TNKTOUATOG dOYOPIGHOD, aKOAoLOEl amoppy
NG 16OMPOTOVOANG, Kat EEmAvpa Tov mnkTmdpotog pe dH,0.

4. Etouaocio Tov TNKTOUOTOS CLGCMPEVCTG KoL ALEST EKYVOT TOV OTIC TAUKES, TAVE® 0O TO
TNKTOUO Sl ®PIopov. Apeorn tomofétnon ¢ €0IKNAG KTEVAS oL Ba dNUIOVPYNOEL TIG
0£0€1C POPTOUATOC TOV TPOTEIVIKAOV dEIYUATMV.

5. A@ol ohoxAnpmBel 1 0TEPEOTOINGT TOL TNKTAOLATOS GVOCCMOPELONGS, OKOAOVOEL apaipeon
™G KTEVAG KoL TOTO0ETNON TV YLAAMVOV TAAKOV 6T cLoKELT NAekTpo@Opnong (Biorad)
N omoia mepiéyet 1X puOoTiKd d1dAvO NAEKTPOPOPTONC.

6. Eemdyouo TOV TPOTEVIKOV SEYUATOV Kl TOV TPOTEIVIKOV SEIKTOV YVOOTOD UOPLoKOD
Bépovg Kot eOpT®LLO TOVE OTIC BEGEIC POPTMUATOC.

7. Egappoyn niektpikov mediov 100V €wg 6Tov TO UETOTO TOV OEIYUATOG PTAGEL GTO TEPUQ

TOV TNKTOUOTOG S OPIGHOD.
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2.2.7

Meto@opd TpoTeivey o pspppavn virpoxvrropiviyg (Wet Transfer)

H teyvikn ot xpnoomonke yiol T HETAPOPH TV TPOTEIVOV TOV £XO0VV JAWOPLOTEL

OTO TAKTOO TOAVUKPVAAUIONG o€ pepPpdvn vitpokutTopivng.

Yhucd:

- Meufpavn virpokvttapivng (draotdoeig 9 cm x 6 cm) (Porablot NCP, Macherey-Nagel
741280)

- Ambntikd yaptid (Sraotdoeig 10 cm x 8 cm)

- ZEovyyapdaKio vYPNG LETAPOPAS

- Adivpa petapopdg (Blot buffer): 48 mM Tris-Cl, 39 mM T"'Avkivn, 20% (v/v) Mebavoin

- dH,0

- IIMktopo akpoAapiong oto omoio xovv niektpopopndel Tpmteivikd detypata (2.2.6)

MéBodoc:

1. Eumoticudg v oQovyyopltdv Kol TV dndnNTIK®OV YapTidv 6To JEAVUN LETOPOPAS Yid
tovAdyotov 10 min. Eumotiopog g pepppavng virpokvttapivng oe dH,O yio 2 min ko
axoAoV0mG og StdAvpe HETOPOPES Yio. TovAdylotov 15 min. EémAvpa TOV ANKIOUOTOS
OKPLACUIONG G SIEAV L0 LETAPOPES.

2. TomoBétmon dwadoyikd evOc GPOVYYOPIOD OTNV HEPLY TNG KOoETIVAG Tov PBpiokeTal oTov
apvNTIKO TOAO, EVOG TEUAYIOL d1MONTUKOD YOPTIOD KoL TOL TNKTOUATOS OKPVACUIONG.

3. Méaveo ond to mRKtopo yivetor tomobétmon g ueuPpavng vitpokvttapivng. Eivan
OMNUOVTIKO VO 0mo@evyDel 0 oynUATIOUOG PLOUAId®Y UETAED TOL TNKTOUOTOG Kol TNG
pepPpavng.

4. TomoBétnon méve omd ™ pepPpdvn evdg dmbntikod YopTIon, Kot c@ovyyaptod Tov Ba
Bpioketor ot peptd tov BeTikod TOAOV TS GLOKEVTC.

5. Metoagopd g cuvapuoloyNUéEVIG KOGETIVOG 6T CLOKELT VYPNG petagopdg (Biorad), n
omoio etvat yepdTn HE SIIAV O LETAPOPAG,.

6. Eoeoppoyn niektpikod nediov 100V yia 1 hr.

2.2.8 Avocoamotonmon katd Western (Western Blot)

H teyvikn auth xpnoipomom)dnke yio TNV aviyveuon GUYKEKPILEVOV TPOTEIVDV-GTOYWOV e

™ xpnon €WKV aviicoudtov. H pepPpdvn vitpoxvttopivng enmaletol e TO TPOTOYEVEG

OvTicOO, TO 0Toio €lvol GYESIOCUEVO Yo VO, OVIYVEDEL TNV VO UEAETN TPpwTEiv. Akolovbel

ENMOOT UE TO OEVTEPOYEVES AVTIGMLA, TO OTOI0 LIE TN OEPA Tov avayvapilel Tnv otabepn Teployn

(Fc) tov mpwtoyevoidg avticdpatog. To devtepoyevég avticmpa givar culevyuévo pe to évlvpo

vrepo&ewddon (HRP) mov 1 dOpdon tov petaoynuatilet v AOVLUIVOATN, TPOKOADVTOAG

YNUEOPOTOVYELD 1| 0700, €ivar aviyvedotun Kot petpioun pe to ChemiDoc MP System (Biorad).
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YAka:

Mepufpdvn vitpokuttopivng oty omoia £xel oAokANpmOel 1 LETAPOPE TOV TPOTEIVHV
Aéropa 1x PBS pH 7.4: 13.5 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.75 mM
KH,PO,

Adivpa PBS/Tween-20: 1x PBS, 0.1% (v/v) Tween-20

Adiopa kopeopov (Blocking buffer): 5% (w/v) dmoyo yélo o€ okdévn o€ StdAvpa
PBS/Tween-20

IIpwrtoyevéc avticoua apaimpévo oe Blocking buffer

Agvtepoyevéc avticoua apaiopévo o Blocking buffer

ECL buffers:

Buffer A: 0.1 M Tris-Cl pH 8.5, 2.5 mM Luminol, 0.45 mM Coumaric Acid

Buffer B: 0.1 M Tris-Cl pH 8.5, 0.006 % (v/v) H,O,

MéBodoc:

1.

2.2.9

Aopaipeon g HeUPpavNg VITPOKLTTOPIVIG, OTNV OTolo £Y0VV LETOEEPDEL TO TPOTEIVIKA
delypata omd To TAKTOUN OKPLAAUIONG, 0O TN GLOKELT| UETAPOPAG KOL EXDACT TNG VIO
ovveyn avadevon yo 1 hr og Bepuokpacio dopatiov, oe Blocking buffer.

Eémlopo g pepuPpdvng oe didivpua PBS/Tween-20 yuo 10 min.

AxolovBel encdoom TG HEUPPAVNG LE TO TPOTOYEVEG OVTICMO, VIO GUVEYT OVAOELCT V10!
16-18 hrs otovg 4 °C.

Eémlopo g pepuPpdvng 3 gopég yia 10 min pe didhopo, PBS/Tween-20.

Enmooaon g pepppivng e To de0TePOYEVES avTIcMpO, VIO cuvey avadevon Yo 1 hr cg
Oeppokpacio dmpatiov.

Eémlopo g pepPpdvng 2 eopéc yio 20 min pe diddvpo. PBS/Tween-20 kot pio gopd yia
10 min og &iGhvua PBS.

AvdpeiEn tov 8o dwdvudtov ECL (Buffer A & Buffer B) ko endoon g pepufpdvng
VITPOKLTTAPIVIG UE TO UElYpO TOVS Yia 1min, vtd avdédevon.

ToAypo g peuPpdvng pe Odoavo ceho@dy KOl EUGAVION TOV  ONUAT®V
AMHELOPOTOVYELNG TPOEPYOUEVMV OO TIC AVOGOUVIYVELDEIGES TPMTEIVEG, |LE T YPNON TOV
ChemiDoc MP System (Biorad), o cuvdvaoud pe 1o Aoyiopikéd Image Lab.

AmoBnkevon TV EIKOVOV TG AVOGOATOTOTTOONG 6€ apyeio Tumov TIFF.

IMocoTikn péTpnon TS TPOTEIVIKNG EKPPUCNS GE UVOGOUTOTOTMOT IUE TO AOYIGUIKO
ImageJ

Mo v mocotikn HETPNOT TOV S0POPOV TPOTEIVOV TOV aviveLTNKaY HE TN HEBodO NG

avocoamotummong katd Western, ypnoonomdnke to Aoyiopkd Imaged 1.49n, to omoio eivan

KATOAANAO Y10l TNV TOGOTIKOTOINGT TNG £VINOTG TOV O10POPOV TPMTEIVIKOV UTAVI®V 00 opyEia
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tomov TIFF. Méow tov Imagel eivar duvatiy n pérpnomn tov eufaddv OA®V TOV TPOTEIVIKOV
UTOVTOV TS 0VOCOUTOTOTTMONG, YWPIS VO TPOGUETPEITAL TO POVIO TNG EKOVAG, MOTE VO €ivol
KaTopOMTOG 0 VTOAOYIGHOG TG EKPPOCTG TOV €V AOY® TPAOTEIVOV. Ta 0moTEAéCUATA LTOPOVY VO
petapepfovv oty Microsoft Excel ywo meportépo emefepyacio Kol oTATIOTIKY OVOALGT pHE TN

yp1on tov student’s t-test, yio v gdPecT GNUAVTIKG GTOTIGTIKOV S10(POPGOV.

2.2.10 Xpoon tnktdpotog axpuiapnione pe dtdhopa Coomassie Brilliant Blue

H teyviki avty ypnoomomidnke yioo v Un €W01K7 ¥pMOON TOV TPOTEIVOV TOV
Staympilovror pe NAEKTPOPOPN O GE TNKTMUN OKPVAAUIONG. Me auti TV TEXVIKN NTaV duvaTh M

aviyvevon pravidv ol ortoieg mepleiyav émg ko 0,1-1 pg mpwteivngc.

YAka:

- IIfktopo akpoAapiong oto omoio xovv nhektpopopndet ta vd perétn deiypota (2.2.6)

- Ao ypoong: 50% (vIv) ueboavorn, 10% (v/iv) o&wd o&n, 0,1% (w/v) Coomassie
Brilliant Blue R-250 (Sigma B7920)

- Adwua amoypopatiopov: 7% (VIV) o&kd o0&, 20% (VIV) pebavoin

- ddH0, amocTtelp®UEVO SITAOATIOVIGUEVO VEPD

MéBodoc:

1. Metd to mépag NG MAEKTPOPOPNONG, OKOAOLOEl UETAPOPE TOL TNKTOUOTOG GE ELOIKO
doyelo ko enmacn vo avddevon yio 15 min og didhvpa xpoonS.

2. Eémivpa tov mnktopatog pe ddH,0.

3. Amoypopoaticpds Tov INKTOUATOS Yo 2 hrs vd avadevon 6€ SIIAV L0 ATOYPOUATICUOD.

4. dotoypdoion Tov TNKTONOTOG pe T Pondeia tov ChemiDoc MP System (Biorad), oe

ovvdvaoud pe 1o Aoyiopuko Image Lab.

2.2.11 Amodéopcvon avTIGONATOS 06 HERPPAVI) VITPOKVTTUPIVIG Y10 ETUVAYPICLLOTOINGT)
™me

Metd 10 TéA0g TG avosoamoTOTwong Katd Western, etvatl duvati 1 emavoypnoyLonoinon
™G MeUPpdvng Yo emmaocTm HE OPOPETIKG avtioodpota. [a vo yiver avtd mpémel va
OTOOEGUEVTOVY TO GOUTAOKO TOV MON YPNOCLLOTOMOEVIOV TPOTOYEVODS KOl OEVTEPOYEVOVC

OVTICONOTOG OO TN HEUPPEVT TPV TV EMMOCN LE VEO CET AVIIGOUATMV.

YAka:

- MepBpdvn vitpokvttapivig 1 omola £xel NN ENMOCTEL LE TPMTOYEVES KOl OEVTEPOYEVEG
ovticopo

- 0.2 M NaOH
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Aédvpa PBS/Tween-20: 1x PBS, 0.1% (v/v) Tween-20

MéBodoc:

1
2
3.
4

2.2.12

Eémlopo g pepuPpdvng yio 5 min pe didiopo PBS/Tween-20.

H anodéopevon tov avTiicOUdTov Yivetal pe enmoomn yio 5 min og didAvpa 0.2 M NaOH.
H peuPpdvn Eemhéverar tpeig popéc yio 5 min 1 ke popd pe didivpa PBS/Tween-20.

H dwdkacio g avocoamotummong (2.2.8) Eexvd amd v apyn Ue ETOAON o€ OV

KOPEGLOV.

IIpocTolpacio IPOTEIVIKOV EKYVMORATOV 06 16TOVG

H péBodoc ot e€@oppocTNKE Yoo TNV OTOUOVEOOT TPOTEVAOV Omd 10TOVG (KOl 7o

GLYKEKPIUEVO TOVG OPYELS), Y10 GKOTOVS 0LVOGOKATUKPILUVIGTC.

Yo

- Opyec and movrikt

- Yd&hvog yepokivitog opoygvormomtig pe éupoiro, yopntikotntag 10 mi

- Yypo alwto o €101KO doyElo PETAPOPAC

- Adwua Avong: 50 mM Tris-Cl pH 7.5, 150 mM KCI, 2 mM EDTA, 0.5% (v/v) Triton x-
100, 1x Awdhvpa Avactoréwv [pmtedcmv Complete (Roche)

- Zohveg falcon 50 ml

- Zwohveg falcon 15 ml

MéBodoc:

1. E&oywyn opyewv omd movtikt pe tn Pondeio amooteipopévov Aofidmv, kot tomrodétnon
tovg o€ cwAnva falcon 15 ml otov mdyo Yo va emPpadoviei ) dpdon tov tpmTedcny.

2. Apéowmg petd, tomobétnom tov Opxemv oto doyeio mov mEPEXEL TO VYPO Gl®TO YO VOl
dupeon woén. Axolovbei gite amobfkevon Tav detypdtov otovg -80 °C yio peAlovtikn
¥PNoM, i€ OLOYEVOTOINGT TOVG Y10l AUEST) XPNON.

3. Ouoyevomoinon T@v OpYE®V GE UTOCTEPMUEVO YEPOKIVITO OUOYEVOTOWTH TOV TEPLEYEL
™V KATOAANAN mocdTTe Tayouévoyv OloAdpatog Abong (v xkabe ~5 mg 1otov
amortovvrol ~300 pl StaAvuatog Avong). Metagopd ToL OLOYEVOTOIUOTOS GE VEO GOANVA,
falcon Twv 50 ml.

4. Eg@oppoyn moApmy vrepiy®v oto ostypa yio va vrofondndel n Adon tov xuttdpov (3X
naApoi tov 10 sec pe evdidueca droAeippata tov 10 sec).

5. Encdaon tov mpwTeivikod Ogiypotog otov miyo yiwe 30 min, kot ot cuvérgld
euyokévipnon otic 13000 rpm yia 20 min otovg 4 °C. Metogopd Tov viepkeipevon o€ vEo
coAnva falcon.

6. TIpoodiopiopog g GLYKEVTPOOT|G TOV delypatog pe tn pébodo katd Bradford.

63



2.2.13 AvocokaTokpiuvion

H teyvikcn ovt) ompiletal omnv kavdtTo TOV OVTICOUUTOS VO, SEGUEVETOL EOIKE LE TIG
TPOTEIVEC MOV avayvmpilel o€ GLUVONKEC OV EMTPEMOVY T SLATHPNOT TVYOV GLUTAEYUATOV NG
TPOTEIVNG VTG UE OAANAETIOPDGEC AAAEG TPMTEIVEG. AV 1] TPOGOEST] TOV OVTIGAOUATOC YIVEL OE
NmEG OLVONKEC CANTOTNTAG KOU OTOLGIO 1 YOUNAN OCLYKEVIPWON OMOPPLTOVTIKAOV Kol
OTOOLATOKTIKOV TapoyoVI®V, TOTE GE OVTE TO GUUTAOKO SOTNPOOVTOL Kol GAAEC TPOTEIVES, Ol
OToleC AAANAETIOPOVV LE TIC TPOTEIVEC OV avayvmpilel TO aVTICOHO. TNV €PYOcio OLTH 1
OVOCOKOTOKPTLLVIOT] ¥pnoiponombnke toco yio vo emiPefoiwbel n avoyvodpion Towv vmd HEAETN
TPOTEIVOV om0 TO oYeTkd avticopo (e€edikevon), 060 Kol Yoo TNV OEPEDVIOT TPAOTEIVIK®OV

oAAnAemidpaceny Tov tpoteivovy KATNAL2.

Yo
- Ipoteivikd ekydAopo
- Zoopidia G oepapolng (GE Healthcare 17-6002-35)
- KotdAinio avticopo
- Auopo avocospopiveov U avocomomuévou i010v €idovg {Hov amd To 0moi0 TPOEPYETOL
T0 avticopo (normal goat 1gG, Santa Cruz sc-2028)
- Adwua 1x PBS pH7.4: 13.5 mM NaCl, 2.7 mM KCI, 10 mM Na,HPQO,4, 1.75 mM
KH,PO,
- 0.2 M Sodium Borate pH 9.0
- DMP (Dimethyl Pimelimidate)
- 100 mM I'hvkivn pH 2.0
- 250 mM Tris-Cl ph 8.0
- Adwpua Avong: 50 mM Tris-Cl pH 7.5, 150 mM KCI, 2 mM EDTA, 0.5% (v/v) Triton x-
100, 1x Arddopa Avactorémv Ipotedowv (Roche)
- 5x SDS-PAGE Sample Buffer (0.5 M Tris pH 6.8, 50% (v/v) yAvkepoin, 10% (w/v) SDS,
5% (w/v) B-peproamtoaifavorn, 0.5% (w/v) Bromophenol blue)
- Xoiveg eppendorf 1,5 ml
MéBodoc:

1. Metagopd katdAAnAng mocotnto oeopdiov G oepapdlng (~150 ul dwAddpartog
opoipdiov yio 28 ug avticoporog) oe cwinva eppendorf 1,5 ml. e dedtepo cwinva
yiveTon PeTapopd cOapdimv Tov 1310V OYKOV Yo ¥PNoT TOVS Y10, ApPVTIKO EAEYYO.

2. Eémopa tov opapdiov pe PBS. H amoudkpouven tov PBS yivetan pe puyokévipnon otic
2000 rpm yio 2 min.

3. TpocHnkn T0L KOTAAANAOL OVTICOUOTOG GTOV €VO, GMANVA, KOl TPOcONkn tng idio
TOGOTNTOG GVOGOCQUIPIVIG A U1 0vOGOTOMUEVO (MO, GTOV GMOANVE TOL OPVNTIKOD

eréyyov. Endaon vd kukhikn avadevon yo 16-18 hrs otoug 4 °C
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10.

11.

12.

13.

2.2.14

Amoudkpoven pe guyokévrpnon otig 2000 rpm yio 2 Min, Tov avIIcOUATOC KAl TOL 0pov
OO TOVG OVTIGTOLYOVG COANVEG.

Eémlopo tov cornvev 2 eopég pue 0.2 M Sodium Borate.

Axolovbel emdaon Vo KukAkn avadevorn yio. 30 min og Beppoxpocio dopatiov TV
opuipdiov pe dtdiopo 20 mM DMP e 0.2 M Sodium Borate. To DMP 6a kotoAvcet Ty
OLLOOTTOAKT] GUVOEGT] TOV OVTICAOUATOG LE TO COUIPIOLAL.

Eémopo Tov oparptdiov 3 popéc yio 15 min ue 250 mM Tris-Cl.

Bpdoyo pkpng mocdtntag Tov apyikod ekyviicpatog oe 5X SDS-PAGE Sample Buffer
ko amobnkevon otovg -20 °C. Avtd oamotehel TO apyIKO JEiypo TOV TPOTIEIVIKOD
gkyvMopatog (input) kot Ba YPNOIUEVGEL ®G HAPTLPOGC TNG OAPYIKAG TOCOTNTAS TNG
TPOTEIVNG.  AlQpolpacudc  Tov  LTOAOUTOL  TPMTEIVIKOD  gkyLVAiopotoc 7ov  Ba
ypPNoporonBel 6Tovg 0VO GOANVES (TOV OVTICAOLOTOG KO TOL CPVITIKOD EAEYYOV) OE 10€Gg
nocotNTEC. AkorovBel endoom viTd KukAkA avadevon yia 16-18 hrs otovg 4 °C.

Mikp1| TocdTTO KoL 0 Toug dvo cmAnveg Bpaletar oe 5X SDS-PAGE Sample Buffer kot
amobnkeveton otoug -20 °C. Avtd ta detyuoaro (unbounds) Ba amotedécovv deikteg Tov
TOGOGTOV TPMOTEIVNG TOV JEV SEGUEVTNKE GTO. GUUTAOKO COOIPOIMY Kol OVIIGMUATOC.
AmopdKpuVeT| TOL TPMTEIVIKOD EKYVAMGLOTOG Kot EETAVILA TV GQALPLIIOV TPELS POPES Y10
10min pe 1o Sudlvpo Avone. Axkolovbel TARPNG amopdkpuvon OANG TG TOCOHTNTAS TOV

SLAVUATOG ADOTC TOV TAPAEVEL GTO, GPALPIdLO.

"Exhovon tov tpoteivov, ne pochnkn oto opaipidio e katdAining mocottag 0.1 M

vivkiving (~75 ul ylokivg v kdBe 150 pl apywod SwAdduatog oeaipdiov mov
ypMolorodnie). Akolovbel avadevon pe TIMETAPIGUO KO LETAPOPE, TNG VIEPKEIUEVNS
yAvKivng oe véo cwinva eppendorf.

Emavéinyn tov Pripatog 11 pe véa mocdtta yAvkivng. Metogopd Tov vrepKeipevmv
TOGOTHTMOV YAVKIVIG 6TOVG 0vTioToove cwinves eppendorf. AToppiym tov ceaptdioy.
[Ipocbnkn ota ekhovouata tng avarioyng mocotntog 5X SDS-PAGE kol otn cuvéyeia
Bpdoipo otovg 95 °C yio 5 min. AxolovBei puyokévipnon otig 13000 rpm yia 10 min, kot
LETOQOPA TOV VIEPKEILEV®V o€ VEoug cwinveg eppendorf 1.5 ml.

Amobfkevon Tov detypdtov otovg -20 °C | gite dueon nAeKTpoPOHPNON TOVE 68 TAKTMLUO

OKPVAAUIONG.

Xpoon akTOpatog oxpviapidng pe srdgiopa Brilliant Blue G-Colloidal

H teyvicn vt ypnoomombnke yoo tnv YpoOOT Kol OTOKOT] OO TO TAKTOUO TOV

TPOTEVIKOV ~ UTOVTOV oL Jloyopilovtor  HE  MAEKTPOEOPNON  METE  amd  mElpopa

OVOCOKOTOKPNUVIONG O10TL gival cupfat pe TNV mepoTépm enelepyocio. TOV TPOTEIVOV Y1

avGAvon TOVG LE PACUATOCKOTIN HAL0G.
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YAka:

IMMktopo akpvrapidng oto onoio £xovv niektpopopndei Ta vd perén deiypata (2.2.6)
AdAvpa povipomoinong: 7% (VIV) 0&ikd 0&0, 40% (VIV) pebavoln

Adropa ypdong: 20% (v/v) ueboavorn, 80% (v/v) 1x Brilliant Blue G-Colloidal (Sigma
B2025)

Adivpa omoypopatiopod: 10% (VIV) 0&ikd 00, 25% (vIV) puebavoin

25% (v/v) peBoavorn

YoMveg eppendorf 1,5 ml

Amootelpopéveg Aemideg

MéBodoc:

5.

10.

Metd 10 mEPAG TNG MAEKTPOPOPNONG, OKOAOVOEL LETOPOPH TOV MNKTMUATOS GE ELOKO
TOOTEPOUEVO doYElo Kal enmdacn Vo avadsvon yo 1 hr og Sidlvpo poviporoinong.
Axolovbel endoom vd avadevon pe ppécko didAvua ypdong yo 2 hrs.

AToYp®UATIGHOC TOV TNKTOUATOGS Y10 30 SEC Lo AVAdEVOT) GE SIAAV L OTOYPOUUTIGHLOV.
Eémiopo pe 25% peBavoln, kot amoypopatiopdc pe véa mocsdtnta 25% pebavoing vmo
avadgvon yuo. 2 hrs.

Ddotoypdpion Tov TKTOUNTog Ue T Ponbewa tov ChemiDoc MP System (Biorad), ce
ovvdvaoud pe 1o Aoyisukd Image Lab.

Koyipo tTov TpoTeivik@v UTOVIOV TOL EVOLLQEPOVTOS UE TN XPNOT AETIOOC UG YPNOEDS
Kot omofKeELOT TOVG 6 AMOGTEP®UEVOLS cmAnveg eppendorf otovg -20 °C, éwg 6tov

GTOAOVV Y10, THVTOTTOINGOT LECH QOCUATOSKOTIOG LALoG.

2.3 Mé£0ooor Kvtrapiknc Blroroyiac

231

o ok~ w DN P

Kvttapoosipég
Xpnopomomdnkoy ot e&Ng KLTTOPOCELPEG:

IvoBAdotec tomov NIH 3T3 (movrtikioia)
Kwntwoi vevpaveg tomov NSC 34 (movrikicn)
Neppka kotrapa tomov IMCD 3 (novtikiota)
Sertoli kbtrapa 6pyemv tomov TM 4 (noviikicio)
Nevpoprdaoteg tomov Neuro 2A (movtikicia)

Neopka epuppvovikd kottapa tomov HEK 293T (avOpdmivn)
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2.3.2  OpeRTIKG VMKG Y10 TNV avVATTUEN TOV KUTTUPOKUAMEPYEL®V

To ovtidpactiplo Tov ypnoilwonmomonKoay yow ™ Onpovpyio TV TANP®V BPENTIKOV

VAIK®OV givon ta ENG:

- Opentkd Yakéo DMEM (Dulbecco's Modified Eagle Medium) to omoio mepiéyet 25 mM
YALKOLN, 3.97 MM yhovtapivn, xopic Topocstapviko vatpio (Gibco 61965-026)

- Opentkd Yawé DMEM/F-12 (Dulbecco's Modified Eagle Medium/Nutrient Mixture F-
12) to omoio mepiéxet 17.5 mM yAivkoln, 2.5 mM yiovtapivn kou 0.5 mM mupocta@uiid
vazpio (Gibco 11320-033)

- Operntikd vAikd MEM Alpha (Minimum Essential Medium) to omoio mepiéyet 5.33 mM

yALKOLn, 2 MM ylovtauivny kat 1 mM mopootaguiikd vatpro (Gibco 22561-021)

Boetog EpPpuikog opog Oepuikd anevepyomomuévog (FBS, Fetal Bovine Serum) (Gibco
10082-147)
Opog ALdyov Bepukd amevepyomowmuévog (HS, Horse Serum) (Gibco 26050-070)

Meiyua avtifrotikev: ITevikidivy (5000 units/mL) kouw Ztpemtopvkivny (5000 pg/mL)
(Gibco 15070-063)

Me 1o mo mave avipoaotiplo eToludotnkay to €ENG Opentikd vAMKA Yoo TV KdOe

KLTTOPOCELPAL:

NIH 3T3 & NSC 34 & HEK 293T: DMEM, 10% FBS, IMevikiAivn (5 units/mL) kou Xtpemtopvkivn
(5 ng/mL)

IMCD 3: DMEM/F-12, 10% FBS, TTevucikivn (5 units/mL) kou Ztpertopokivn (5 ug/mL)
™™ 4: DMEM/F-12, 5% HS, 2,5% FBS, TTevuikikivn (5 units/mL) kou Ztpertopvkivn (5 pg/mL)

Neuro 2A: MEM Alpha, 10% FBS, ITevucidivn (5 units/mL) kot Ztpentopokivn (5 pg/mL)

2.3.3  Avaktnon KuTTopoKIAMEPYELNG 06 KOTEYVYREVA 0mo0épaTa
Yhucd:

- Koreyvypéva kottapa NIH 3T3 1 NSC 34  HEK293T 1y IMCD 3 1 TM 4 1} Neuro 2A og
kpvoowAnveg (Nunc).
- 100 mm tpuvPria yia kuttapokoriépyeieg (Sterilin DCT100)

- II\peg Bpenticd vAKO yio TV Kabe KutTapocelpd (2.3.2)

MéBodoc:

1. Tomobétnon 7 ml TAfnpovg Opentikod VAIKOD KOTAAANAOL Yi0. THV KLTTUPOGELPD, 6€ VEO

TpvPAiio Twv 100 mm.
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2.

2.34

I'piyopn emavapopd otoug 37 °C g kateyvyuévng xuttapokorépyeiog (1 ml) mov
Bpioketon o€ cOANVA KpvoGLVTNPNONG, UE TN YPNoN vdatoAovTpov. Enavadiacmopd Tov
TEPIEYOUEVOL TOV 6TO TTpobepuacuévo TpuPiio.

AxohovOei endoon oe 1k OdAapo (37 °C, 5% CO,), émog 6Tov Ta KOHTTAPA KAADYOLY TO

80% g empavelog Tov TpuPAriov.

Emovadioemopd KuTTap®V Y10 avOKOAMEPYELD TOVG

T'a ™ Stpnon ¢ KLTTOPOKOAMEPYELONS, TO KOUTTOPO, OPUIDVOVTAY GE GUYKEKPILEVN

avoroyio katl avakaAiiepyovvtav. H avaroyio apaiwong yio ta NIH 3T3 eivon 1:8, yio 1o NSC 34

glvon 1:8, yio o HEK293T 1:8, yia too IMCD 3 1:10, yio. tao TM 4 givon 1:10, kot yio ta Neuro 2A

givon 1:8.

YAka:

TpoPArio pe v KatdAAnin kuttapokoriiépyeto (80% kaivymn emipavelog)

100 mm 7 xor 60 mm tpvPrio Yoo kKvutTopokarhépyeteg (Sterilin DCT100, Sterilin
DCT060)

ITpeg Bpemtikd vAKO Yo TV KdBe KuTTOpOocEpd (2.3.2)

DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio ko poyvicio (Gibco 14190-
169)

0.25% Opuyivn - EDTA 1x (Gibco 25200-072)

MéBodog:

1. TIAmpng apaipeon tov Opentikod VAIKOD 0o To TPVPAO KUTTOPOKAAMEPYELNS.

2. Eémhopa pe 8 mL DPBS 610 tpuPrio xutTopoKaAAEpYELOC,

3. ITMpng agaipeon tov DPBS.

4. TlIpocOnkn oto TpuPiio kutTapokairiépyetag 1 mL 0.25% Opuyivng - EDTA.

5. Emdaon otovg 37 °C, 5% CO, yio mepimov 2 min do1e vo amokoAAn000v ta kuttapa Aoy®
™mg dpdaong g Opuyivng

6. IIpooBnkn oto tpuprio 7 ml (v apaiwon 1:8) 1 9 ml (ywo apaioon 1:10) kordAiniov
TAPOLE OPETTIKOD VAIKOD KOl ETOVUOLOGTOPA TOV KVTTAPMV.

7. TIpooBnkn 1 ml kvttapokaAliépyelog oe véo TpuPiio 100 mm mov mepiéyel TANPES
Opentikd vAKO. AkorovBel Ehappld avadevon.

8. Endaon ot £181k6 Odhapo (37 °C, 5% CO,), £wg 6tov to KutTape kaldyovv 1o 80% Tng

eMPAaveLng Tov TpLPAiov.
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2.35

Kpvodwatiipnon KuttapokarMépyeLog

T'a va dwtmpnBodv amoBépata KLTTAPOKUAMEPYEI®Y, TO KOTTOPO QUAACCOVIOV GF

Oepuokpooio -196 °C oe vypd Glwto, tomobetnuéva o6& KATIANAOVS GOANVEG KPLOGLVTIHPN OGS,

GTIV TOPOVCIN KPLOTPOSTUTEVTIKOV pEcov (DMSO).

Yhucd:
- TpouPAio pe v katdAAnin Kuttapokariépyeta (80% Kaivymn emipdveloc)
- II\peg Bpenticd vAMKO Yo TV KAOE KLTTOPOGELPE
- DPBS (Dulbecco's phosphate-buffered saline) ympic acpéotio kar payvioto (Gibco 14190-
169)
- 0.25% ®puyivn - EDTA 1x (Gibco 25200-072)
- ZolMyveg kpvoovvnpnong (Nalgene Cryogenic Tubes 5000-0012)
- Kpvoybktng (Nalgene Cryo 1 °C Freezing Container)
- XoMveg Falcon 15 ml (Sterilin 15CTB)
- 100% (v/v) DMSO (Sigma D2650)
- Opentikd péco KaTayvéng (95% minpeg Openticd vid, 5% DMSO)
MéBodoc:
1. IIwpng agaipeon tov Opentikod LAKOV 0o TO TPLPAMO KUTTUPOKAAMEPYELNS.
2. Eémhopa pe 8 mL DPBS 610 tpuPrio KutTopoKaAAEpyELOg.
3. IIApng agaipeon tov DPBS.
4. Tlpocbnkn oto TpuPrio kutTapokaiiiépyelag 1 mL 0.25% Opuyivng - EDTA.
5. Endaon otovg 37 °C, 5% CO; ywo 2 min ®ote va. armokoAAnbodv ta kdttapo Adym g
dpdong g Bpvyivng.
6. IIpooBnkn oto tpvPiio 5 ml mAnpovg Bpemtikod LVAIKOD, EnAvVOSIOCTOPE TOV KUTTAP®Y,
Kot 6LAAOYT Tovg og cwinva Falcon 15 ml.
7. ®vyokévipnomn ywa 5 min otig 1000 rpm.
8. A@uaipeon Tov VIEPKEILEVOL SOADUATOS KOl avadlaoTopd Tov KutToapikoy 1lnuatog o 1
ml Bpenticod pécov Katdyvéng, Kot LETAPOPE TOV GE GMANVO KPLOGLVTIHPNONG.
9. TomoBétnomn Tov OV 6€ KPLOYOKTH Kot peTapopd otovg -80 °C.
10. Tnv emdpevn pépa yivetal 1 amwofNKELGN TOL COANVO KPLOGLVTNPTONG G VYPO GlwTo.
2.3.6 Métpnon KuTTAP®V KVTTAPOKULMEPYELOV

T'o ™ pétpnon Twv GLVOMK®OV KLTTAP®V Tov Ppiockoviol G€ [ KLTTOPOCELPH

ypnoponodnke o avtopotog kKuttopouetpntig Countess (Invitrogen).
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YAka:

TpoPAio pe TV VO LEAETN KUTTOPOKAAMEPYELL

Kvttapoperpntg Countess Automated Cell Counter (Invitrogen C10277)

Koyéreg pétpnong xvttdpov Countess Cell Counting Chamber Slides (Invitrogen
C10228)

Adhopo Trypan blue 0.4% (Invitrogen 15250-061)

ITAnpeg Bpenticd vAKO Yo TV KGBe KuTTapocElpd (2.3.2)

DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio kar payvioto (Gibco 14190-
169)

0.25% Opuyivn - EDTA 1x (Gibco 25200-072)

YoMveg eppendorf 1,5 ml

MéBodoc:

1
2
3.
4

2.3.7

ITAMpNg apaipeon Tov OpenTikod LAIKOV amd T0 TPLPAL0 KVTTOPOKAAMEPYELQG,

EémAvpo pe DPBS 610 tpufAio KuTTOPOKOAALEPYELOC.

ITAqpng apaipeon tov DPBS.

[Ipocbnkn oto TpuPAio KuTTAPOKOAAIEPYELNG TG KATAAANANG TocoTnTOG 0.25% Opuwivg
- EDTA.

Endaon otovg 37 °C, 5% CO; ywo 2 min ®ote va amokoAAnbodv ta kdttapo Adym g
dpdong g Bpvyivng.

[Ipocbnkn oto tpuPiio TANPOLE OPEmTIKOD VAIKOV, EMOVASIAGTOPH TOV KLTTUP®V, Kol
oviroyn 100 pl xuttépov ce véo cwiniva eppendorf 1,5 ml.

IpooHnkn otov cwAinve eppendorf 100 ul dtoddpatog Trypan blue 0.4% kot avdpei&n pe
TO, KOTTOPOL.

IMinetdpiopa 10 pl petypatog kuttdpov — Trypan blue og koywéAn pétpnon Kuttapov.
TomoBétnon g KuWEANG te o pelyua KuTTapmv oTov avtouato katouetpnty Countess

KOl VTOAOYIGHOG TG GUYKEVIPMOOTG TOV KLTTAp@V avd ml.

Kotaokgo kapmding avartoéng KuTTaposEIp®y

YT KUTTOPOOoEPEG TTOL kpidnke avaykaio 1 diepedvnon tov puduod avantuéng twov

KUTTAP®V TOVE, KATACKEVAGTNKOV Ol KAUTOAEG avantuéng tovc. H dadikacio emavainednke tpeig

QOPEG Y10, TNV €£a0PAAIoN TNG A&LOTIOTING TOV UTOTEAECUATOV.

Yo

TpoPAia pe TIC KATAAANAES KOTTAPOGEIPES

ITAnpeg Bpemtikd vAKO Yo TV KGBE KuTTOpOocEPd (2.3.2)
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DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio kar payvioto (Gibco 14190-
169)

0.25% Opuyivn - EDTA 1x (Gibco 25200-072)

Kvtrapoperpnrig Countess Automated Cell Counter (Invitrogen C10277)

Kuyéheg pétpnong xvttdpov Countess Cell Counting Chamber Slides (Invitrogen
C10228)

Awdhopo Trypan blue 0.4% (Invitrogen 15250-061)

YoMves eppendorf 1,5 ml

IMidxo pe 6 de€apevég (6-well plate)

MéBodog:

1. Métpnon ToV KVTTAPIKOV GUYKEVIPDOGE®DY TV VIO HEAETT KUTTOPOKAAAIEPYEIDV (2.3.6)

2. Metopopd GUYKEKPIUEVIC TOGOTNTOC KVLTTAPOV TOV VIO UEAETN] KLTTOPOCEIPDV GE
de€apevic 6-well plates. T va eivar o a&loOmoTa To OTOTEAEGUATA, HETAPEPOVTOL
Kkottapa og tpeig dsEapevec 6-well plate, yio kébe pétpnon mov yperdleton va yivet.

3. Métpnon 1oV KLTTOPIKOV GuyKeviphoemv ot 24 hrs petd v enovadioomopd, Kot
gmavainym g pétpnong kabe 24 hrs péypt tig 96 hrs.

4, Xpnomn TV omoTEAECUATMY Y10 TV OMEIKOVIOT] TNG KOUTOANG AVATTUENG GE SLAYPOLLLLLOL.

2.3.8 Emoyoyn Preaprdoyiveong in vitro pe amostépnen opod

Orav xutrapocepég (NIH 3T3, IMCD 3 kar TM 4) agpeBovv va avartuybovv oe Opentikd

VAIKO yopic opd Yo 24 dpec, TOTE 00N YOVVTAL GTN ONLLOVPYIO LOVIPOV TPOTOYEVDV PAEPOPIO®V.

YopPaivel t6co oe KOTTOpa TOL dev gppavifovtal cuyvd ot Brepapideg (my NIH 3T3), 600 kot

ov&AveTal T0 TOc0GTO TOV PAEPAPLIOPOP®V KVTTAPOV GE KVTTAPIKOVS TOTOVS 6oL gupavilovtan

ovyvd ot PAepapideg (my IMCD 3). 'Etot £ytve kotopBmTi 1 TPUYLOTOTOINGT TOV TEPAUATOV UE

otoHY0 TN HEAETN TNG PAeapLdOYEVEDTC.

Yo

TpoPAio pe v KatdAnin Kuttapokariépyeta (80% Kaivymn emipdveloc)

Opentikd VAIKS pe avTiloTikd, Yopic Tnv mapovcio opov

MéBodoc:

1.

2.

Aogaipeon TAqpovg Bpentikod VAKOD omd TNV KLTTOPOKOAALEPYELN, KOl OVTIKOTAGTOON
TOV UE OpenTIKO VAMKO pE ovTIPLOTIKG, X0pig TNV TPpocshnkn opov.

Endaon oe £181kd Odhopo ya 24 hrs oto Odhapo endoong (37 °C, 5% CO,).
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2.3.9 Meraypogiki] amoocwdnnen pe ) xpion ShRNAS péom pévipng smporvvong pe

Bon0s1a poxoimv (lentivirus)

Mo v oamocidmNGN NG YOVIOWOKNG EKQPOCNC TOV VIO UEAETN) TPAOTEIVOV
ypnoonomdnkay €dikd oyedoopéva popre. ShRNA  (short hairpin RNA) (ITivakag 2.12)
gloMyUéVA oToV 11KO TAacdokd popéa ekppacng PLKO.1, ta omoia avayvopilovv kot Stocmovv
70 MRNA 10V GUYKEKPIUEVOV TPOTEIVAOV Yo TO. 0Ttoio €ivol oyedlooUEV, LEGH TOL UNYOVIGUOD
g RNA mapepporng. H empdivvon tov KuTTOPOKOAMEPYEI®V £YVE WE TN YPNON PAKOIOV.
AxoAoVB®C, O UETUCYNUOTIOUEVOG TAUCUIOIKOG (OPENS eKQPALETOL OTIS EMUOAVGUEVES
KUTTaPOKaAALEPYELES péom emaymyéa (U6) mov vrapyet oe owtdv (Moffat et al., 2006). H puoviun
EMPUOALVON NG  KLTTOPOKOAMEPYEWS TOL  YPNOOTomOnke emtedynke ydapic otV
avBektikotnto tov Popéa PLKO.1 oto avtiflotikd movpopvkiv, Kot Tn ¥pHoT ToV GUYKEKPIUEVOD

avTiBloTikod yio emhoyn Tov KA@vav mtov épepov toug eopeic pPLKO.1 pe ta kordAinio ShRNA.

2.3.9.1 MHapodikn empolvven g kuttapocelpas HEK293T ywo v kotookevn tikav
TAUGULOLIKAV QOPE®V

YAka:

- ShRNA oAryovovkieotidia e1dikd oyedacpéva Evavtt tov MRNA ¢ novtikiciog Katnal2
glonyuéva otov mAacudlokd  eopéa pLKO.1 (Erasmus MC TRCNO0000090749,
TRCNO0000090751) (ITivakag 2.12)

- shRNA olyovoukAeotidwa yio apvnTikO £Aeyy0 €10MYUEVO. GTOV TAOGLUSIOKO @opéa
pLKO.1 (Addgene plasmid #1864)

- IMaopidio: ENV, pMDLg/pRRE, REV, pADVANTAGE

- 150 mm tpuPAria yia kutTopokeriiépyeteg (BD 353025)

- TpvuPAio pe kutrapokariiépyeta omov HEK293T (80% kdAivymn empdvetoc)

- IIpeg Opentikd vikd IMDM: IMDM (Gibco 31980030), 10% FBS, Tleviidivn (5
units/mL) kou Ztpentopwkivn (5 ng/mL)

- 2.5M CaCl, (amooteipmpévo pe gidtpo 0.22 um)

- 0.1XTE &dopa: 1 mM Tris (pH 8.0), 0.1 mM EDTA (pH 8.0) (amooteipmpévo pe gidtpo
0.22 pm)

- 2X HBS: 281 mM NaCl, 100 mM HEPES, 1.5 mM Na,HPO,, pH 7.12 (arocteipmpévo e
¢iktpo 0.22 um)

- 1 mM Na Butyrate

MébBodog:
1. (t = -24 hrs) Awomopd kat endaon oe TpuPrio dopétpov 15cm, 9 x 10° wvrttdpov

HEK293T o¢ 20 ml teliko 6yko mAfpovg Opentikod vikod IMDM.
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2. (t =2 hrs) Alhayn Opentikod vAKoD pe @péoko mAnpeg Opentikd vikd IMDM (22 ml
TEAIKOG OYKOG).

3. (t =0 hrs) Etowuacia tov petyporog mhacudiov yia kdbe tpufrio oe tehkd dyko 1125
0.1X TE/dH,0 (2:1):

i. IMaocpido ENV, 9 ug
ii. TTaopidio pMDLg/pRRE, 12.5 pg
iii.  IMacpido REV, 6.25 ug
iv.  IThoopidio pADVANTAGE, 15 ng
v. IMoopidio pLKO.1 oto omoio &yxet etoayBei n kotdAinin ShRNA oiiniovyia, 32
ng

4. Xto pelypo mlooudiov mpootibeviar 125 pl 2.5 M CaCl,. Exdaon ywo 5 min og
Oeppoxpacia dwpatiov.

5. TIpocbnkn otoydvoc-otayovag 1250 pl dwddpatog 2X HBS, oto 1250 ul Sahduartog
DNA-TE-CaCl, evoocw vyiveton avaueiln pe tm ypnon vortexX. Moiig olokAnpwbei n
avapelEn tov 000 dAvpdTov, To Pelypa tovg mpootifetal dueca oto tpuPAiio pe Ta
HEK293T.

6. Endaon tev kuttdpov yia 12-14 hrs, kol avtikatdotacn Tov Opentikod vAKoD ue QpécKo
mAfpeg Opentikd vAkd IMDM, 1o omoio mepiéyel emmpdobero 1 mM Na Butyrate (16 ml
avd TpuPAio).

7. (t = 30 hrs) ZvAloyn tov Bpentikod VAIKOD TNG KLTTAPOKAAMEPYELNG, TO 01010 Oor mTPEmEL
vo mepEyel tov 10 pe 1o mhoouidio pLKO.1, guyoxévipnon otig 1500 rpm y 5 min,

GLALOYT| TOL VTEPKEIUEVOD KOl PIATPAPIGHO LE TN ¥pNon iltpwv 0.22 pum.

Hivokog 2.12: Ta olyovovkieotiore ShRNA mov ypnowomouiOnkav yio to mTEPGROTO.
RETAYPUPIKIS TOCLAOTN GG,

Alniovyia oTOYEVONG
Koduog shRNA Ioopopopég Katnal2
oAvyovovkieoTidiov shRNA
TRCN0000090749 CGGGACATTTATCTCCATAAT L1, L2, L3, 81,32
TRCN0000090751 CTTCGGATGAAGACGGAGTTA L1, L2, L3, 31,32

2.3.9.2 Awgpeovnon kKoataAining ovykEVIPpmMONS avTifloTiKoV TOVPOPVKIVIG Yo TNV
kvttaposepd NIH 3T3

To mloopidto pLKO.1 @épert v oAindovyio Yo avBextikdTnTo 070 OvTIPLOTIKO
Tovpopvkivr. ETedn n LeTaypapik amocidnNct anopaciotnke vo yivel ota kottapa NIH 3T3,
énpene va Ppebel  KOTAAANAN GUYKEVTIPMOOT TOVPOUVKIVIG YLl GLTH TNV KLTTOPOGELPE, MOTE Vi

yivel EmA0Y TOV KVTTAP®Y TOL EMTLYMG Exovv Ogytel Kal ekppdost To mAaouidio pLKO.1. H
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KOTAAANAN oLuYKEVTP®O™N €ivar 1 UIKPOTEPT OTNV ONOiol O TO [N HETUCYNUOTIGUEVO KOTTOPO

nebaivouv evtog 24 mpmv.

YAka:

Avtifrotikd Tovpopkivn (Sigma P8833)

TpoPArio pe v kvttapocepd NIH 3T3

[TAnpec Bpemticd vAKO Yo TV KuTTapocspd NIH 3T3
ITAdxo pe 6 de€opevég (6-well plate)

MéBodoc:

1.

2.3.9.3

YAka:

Enmavadiacnopd icowv mocotitev kuttapov NIH 3T3, oe de&apevég 6-well plate, ot omoieg
TEPIEYOVV TANPEG BpemTIKO VAIKO pe movpouvkivn oe ddpopeg ovykevipmoelg (0.5 - 10

pg/ml).
Endaon ywa 24 hrs oto Bdropo enmdoong (37 °C, 5% CO,).

"Eleyyog Brwopotntog kuttdpov. Exléyetar n tikpotepn cuyKEVIP®OT| GTNV OToio OAM

ta, kutrapa NIH 3T3 éyovv amoréoetl Vv BloctudTnTo TOVC.

Ewayoyn aiinrovyiog olryovovkieotidiov ShRNA ot kidtrapa NIH 3T3 pécw
pévipng empoioveong pe ™ ypion eoxoidv (lentivirus)

I6¢ pe 10 mhoouidio pLKO.1 1o omoio mepiéyer v KatdAinin oAiniovyic ShRNA
(2.3.9.1)

Kvtropooepd NIH 3T3

ITApeg Bpemtind vAKO Yo v KutTapooepd NIH 3T3 (2.3.2)

DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio ko poyvicio (Gibco 14190-
169)

Mo pe 24 de€opevég (24-well plate)

Polybrene (800 pg/ml)

Avtiflotikd Tovpopkivn (Sigma P8833)

MéBodoc:

1.

o o b~ w D

Enoavadiaomopd oe de€opevn 24-well plate mov mepiéyer 900 pl mAnfpovg Bpemtixod vAkoo,
2x10° kvttépov NIH 3T3.

IIpocOrkn 100 ul 100.

IIpocBnkn 10 ul polybrene (800 pug/ml) dote 1 telk ToL cLYKEVTP®ON Vo givar 8 pg/ml.
Endaon ywa 24 hrs oto Odhopo endoong (37 °C, 5% CO,).

Moo pe 1 ml DPBS ko mpooBikn 1 ml minpovg Opentikod vikod yio NIH 3T3.

Endaon yua dAleg 24 hrs oto Oddapo endaong (37 °C, 5% CO,).
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Moo pe 1 ml DPBS kot posbikn 1 ml minpovg Opentikod viuov yioo NIH 3T3 1o
omoio TEPLEYEL TNV KOTAAANAN GUYKEVIP®GT Tovpopvkivng (2.3.9.2).

Endaon oto 0dhapo endaong (37 °C, 5% CO,).

E&étoon tov xuttdpov ot kabnuepwvn Pdom, Kol ETOVOOIAGTOPAE TOLG OTOTE gival
amapaitnto. [Tavtote to Opemticod vAKO Tov Ba ypnoiponoteitol Bo Tpémel va TepLE el TNV
KATOAANAY  OCUYKEVIP®ON TOVPOULKIVNG, ®ote va  emheyfBobv to  KOTTOPO 7OV

LETACYNUATIGOV ETTVY®OG TO TAaoido pLKO.1.

10. Etadiokn LETOPOPE TG KVTTAPOGELPAG GE UEYUADTEPNG 0PN TIKOTNTOG plate kot TpuPAia.

2.3.9.4 Emdoy] KhOVOL pE TNV HEYIGTI] HETAYPUPIKY] OTOGLOMGN TOV VIO peréTn

TPOTEIVOV

Ot petaoynuatiopévol kKAmvol e kuttaptkng oepdc NIH 3T3, mov emipoAdbvOnke pe 1o

mAacpioo pLKO.1, to onoio gépet Ty KatdAAnAn aAinlovyia shRNA, tapovsidlovv etepoyévela

ocov apopd tov Pobpd NG EMTLYYOVOUEVNG HETOYPOPIKNG OTOCLOMNONG. XUVERMG. £YVE

OTOUOVMOOT HEUOVOUEVOV KADVOV Omd TNV ETOAVGUEVN KLTTOPOKAAMEPYELD, Kol HETE oo

oapwon yo avaivon tov emmédwv Ekepaong e KATNAL2 emAéybnke o KAGVOS 1e TN HEYIOTN

LETOYPAPIKT] ATOGLOTN G|, Y10 TN SIEEAYWOYT TEPULTEP® TEIPAUATOV.

Yo

- IT\peg Bpemtikd vAkd yio v kvttapooepd NIH 3T3 (2.3.2) pe v katdAAnAn
oVYKEVIPOOT TovpouvKivig (Sigma P8833)

- DPBS (Dulbecco's phosphate-buffered saline) ywpic acpéotio kot payvioro (Gibco 14190-
169)

- 0.25% Opvyivn - EDTA 1x (Gibco 25200-072)

- 100 mm tpvPAria yio kutrapokariépyetes (Sterilin DCTO60)

- Holvxkhovikn emporvcuévn kouttapokailiépyeia NIH 3T3 pe to mhacpidio pLKO.1 mov
@épel to emBountd odryovovkieotidio ShRNA (2.3.9.3)

- TTAdxa pe 96 de&opevég (96-well plate)

MébBodog:

1. Emavadwomopd 7 ml miqpovg Opemticod vAKoD pe TV KOTIAANAN GLYKEVIP®ON
TOVPOUVKIVIG, TOAVKA®VIKNG ETUOAVGUEVIC KUTTAPOGEPAS o€ TpuPAia tov 100 mm, ce
ovykévipoon 10 kottopo avd ml Bpentikod vikov. ‘Etol kébe tpuPrio Bo mepiéyel
nepimov 70 drapopacuéva EexwploTd KHTTOPO.

2. 'Eleyyog tpuPrinv kabe 24 hrs yio tnv mopatipnon thg Tpoddov avamtuéng anotkimy ord
TO, KOTTAPO, £OC TN LEPA TTOV Ol AMOIKIEC YIvOVTOL 0paTEG LE TN XPTOT UIKPOGKOTIOV.

3. Eémlopa pe DPBS, kot endaon pe 0.05% Opuyivn - EDTA (aparopévn pe DPBS).
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Avappdenon Tov EeYmpIoTaV OTOIKIOV KATM om0 UIKPOGKOTIO LE TN YPNOT TUTETOC Kot

HETaPOPd ToVg Yo kaAMépyela o€ Eexmprotég dekapevég 96-well plate.

5. Ztodwokh HETOPOPE TV AMOIKIOV GE PEYOADTEPNG YopMTikOTTag plate kor tpuPiic. Xto
Openticd VAMKO TG KOAAEPYELOG OLOTNPEITAL 1] TOVPOUVKIVY, DGTE VO UMV OTOAEGEL 1|
amotkia To mAaouidlo pe tnv oAiniovyioa ShRNA.

6. Avdivon g amoocwwanong pe Real-Time RT-PCR (2.1.14) kot ¢ Tp@Teivikng EKppoaong
NG VIO PEAETN TPMTEIVNG LE TNV TEXVIKT TNG AVOGOUTOTUT®MONG kotd Western, kot ypnon
NG OMOIKIOG e TN UEYOADTEPN UETOYPOPIKT OTOCIOTNGCT TNG LAO UEAETN TPOTEIVNG GE
SLAQOPES TEPAUOTIKEG SLOOIKOGIES.

2.3.10 Ewaymyn mhaopiorokod DNA 6 kuttopocelpéc péom mapooikig empuéivvong pe
MmoekTapivny
Yhkd:

- IThoopidio evdlaeépovtog

- Opentikd VAo Opti-MEM (Gibco 51985-026)

- Autogekrtapivny 2000 (Invitrogen 11668-019)

- TpoPArio pe v KatdAAnin kuttapokariiépyeta (80 % kdAvyr empavelng)

- 100 mm tpvPiria yio kutrapokariépyetes (Sterilin DCTO60)

- ITAnpeg Bpentikd vAKO

- Opentikd LAIKO EUTAOVTIGUEVO UE 0PO, YWPIG AVTIPLOTIKA

- Amootelpopéveg KOALTTpideg

MébBodog:

1. (t=-24 hrs) 24 hrs mpv v enUOAVVOT YIVETOL GLAAOYT] TOV KVTTAP®OV TNG KVTTAUPOCELPAS
(80 % xdroyn emoedvelag) mov Ba ypnoionombel Kot exavadlacmopd Tovg o dVO VEL
tpuPrio. Twv 100 mm mov mepiéyovv and 6 Ml Opemtikod vVAKOL pe 0pd aAAd ywpig
ovTIPLoTIKA KaB®G Kot 6 ATooTEPOUEVEG KAAVTTPIOLS, e TETOlN apaimon €161 OOTE TNV
OPO NG EMUOAVVONG TV ENOUEVT LEPA TO KOTTOPA VO KaAOTTTouY Ttepimov 10 90-95 % g
EMPAVELNG TOV TPLPAIOV.

2. Axolovbel endaon tmv keAlepyeudv otovg 37 °C, 5 % CO, yia 24 hrs.

3. (t=0 hrs) Xe téooepic cowinveg tomov eppendorf 1,5 ml npootiBevtar otov kabéva 1500 pl

Opti-MEM. Ztouvg dbo npootifevion 20 ul Mmogektopivn kot otovg dAlovg 600 24 pg
mAacdtakod DNA (otov éva 1o avacvuvdvacuévo mhacpdtokd DNA kot otov dhdo o
KEVOG TAUGLUOLOKOG POPEAG Y10 apVNTIKO EAeYy0). AkolovBel avddevon kol exdacmn Yo 5

min o€ Beppokpacio dopatiov.
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4, Metoeopd TOL TEPLEYOUEVOD TOV COANVO, UE TNV AUTOPEKTOUIVI) OTO GOANVO [E TO
mloopdtokd DNA. Avtd 1oybdet kot yio to dAAo (g0yog. AkoAovBel avadevon kol emmdoom
v 20 min o€ Ogppokpacio Smpotiov.

5. TpocOnkn otdyonv tov kdbe peiypoatog DNA-Mmogektapivng oto avtictoryo tpuPiio
KuTTOpOKaAMEPYELaG. EAappid avadevon kol petagopd tov tpuPliov oto OdAapo
endaong (37 °C, 5 % CO,) ywa 6h.

6. Aogaipeon tov vepkeipevoy OpenTiKod LAIKOD amd Ta TPLPAIN TOV KOTTAPOKOAMEPYEI®Y
Kot Tpocstnkn ato kabéva 7 ml TAfpovg Opemticod vALKOD.

7. (t=24 hrs) 24 hrs petd mn empdAvvon yivetan cuykopdn Tov &1 kaAvnTpidwv amd to 2
TpuPra. Avo kaivmrpideg Bo ypnowomomBovv Yo amopdvoon RNA, técoepic yo
ovocoPBopiopd, Kol To LLOAOUTO KLTTOPLIKO VAIKO Bo cvAAeyxBel Yo 0VOCOOTOTUTTMON

katd Western.

2.3.11 AvacTtoAi] PETAYPUPIS GE KUTTUPOKALMEPYELES

To avtipiotkd axtvopvkivi D og cuykévipmon 1 ug/ml avaoctélier ) dpdorn tov RNA
noivpepacav I, IT kar IIT (Olson, 2011), eved oe cvykévipoon 0,04 pg/ml avactéAlel e101kd ™
dpaon ¢ RNA molvuepdong 1 (Lindell, 1976). To DRB (5,6-dichloro-1-beta-D-
ribofuranosylbenzimidazole) avactédder ewdikd ) dpdon g RNA moivpepdong 11 (Stoimenov et
al., 2011).

Yo

- Axtwopvkivn D (Santa Cruz, sc-200906)

- DRB (Santa Cruz, sc-200581)

- 100% (v/v) DMSO (Sigma D2650)

- 60 mm tpuPiria yio kutTapokaiépyeieg (Sterilin DCTO060)

- TpouPAio pe v katdAinin Kuttapokariépyeta (80 % karivyr empdvelog)
- II\Wpeg Bpenticd viko

- Amootelpopéveg KaAvmTpideg

MéBodoc:

1. (t=-24 hrs) 24 hrs mpwv TV eNMOACT LE TOVG UETAYPOPIKOVS OVAGTOAEIG, YiveTal cuAloyn
TOV KVTTépv G KutTapocelpds (80 % wkdivyn empdvelag) mov Ba ypnotpornombel kot
uetapopd tovg oe €L véa TpuPrio Twv 60 MM mov o kabéva mepiEyel 4 ml mApovg
Opentikov VAIKOD Kabdg Kot 6 amosTeEp®UEVES KOALTTTPIOES, e TETOlN apaimoT Tl OOTE
TNV MPO TNG EMMACNG TNV EMOUEVT HEPA Ta KOTTOPO Vo KaAvTTovV Ttepinov o 70-80 % g

EMPAVELNG TOV TPLPAIOV.
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2. (t=0 hrs) Etowuacio tov aAgpov Opentikdv vAko®v tov Ba ypnoporomody. 1o npdto
tpuPhio viverar ewcaywyn mApovg Opemtikod vAwov pe 1 pg/ml axtwvopvkivy D
dwivpévn oe 10 pul DMSO, oto devtepo mifpeg Opemtikd vikd pe 0,04 ug/mi
axtwvopvkivi D dtahopévn og 10 ul DMSO, oto tpito minpeg Opentiko vikod e 50 ug/mi
DRB 6wivpévo ce 10 ul DMSO, kot ota vrdrowra tpio TpuPria (apvntikod eréyyov)
mpeg Bpemtikd vAko pe 10 ul DMSO povo. Axolovbei endaon yio 3 hrs oto Odlapo
endaong (37 °C, 5 % CO,).

3. (t=3 hrs) Tiveror ovykoudn tov kolvmtpidov amd ta €&t tpuPhic, or omoieg Oa

YPMNOILOTOIN 000V Y10 TEPAUATO AVOG0PHoPIGHOD.

2.3.12 Avoco@Bopiopdg

IMa mv epappoyn g nebodov tomobetinkay KaAvmtpideg o TpIAia pe KLTTOPOCELPES,
TOV OMoiV To KOTTOPO TOLG, OGOV HOVIHOTOMONKAV KOl EMMACTNKOV HE TO KOTOAANAQ

OVTIOMUOTO, TOPATNPNONKOY 08 LKPOGKOTIO POOPIGHOD.

2.3.12.1 Mg06d0r povipomoineng yio avocopOopiopno

IIpotoh €n®OCTOVV TO KOTTOPO E TO OVTICOUOTO Yol OKOTOVS oavocopBopiopon, Bo
TPEMEL TPMTO VO LOVILOTOMB0VV Kot vo, d1omepatomon 0oy, yio vou LWtopEGOLV TO, OVTICOLOTO VO
EI0YOPNOOVY GTO EVOOKLTTOPIKO TEPPdAlov. Avti M dwudikacio pmopel va yivel e didpopeg

TEXVIKEC.

2.3.12.1.1 Movipomoinen pne Topo@oprordction

Xe ot Vv péBodo m povipgomoinom yivetar pe T ypNon TOPOPOPUIASEHONG Kot M
dlamepatomoinom Ue T YPNo™N ToL amoppLTavTikoy Triton-X. Ydpyovv dvo dapopeTikol TpomoL
oL pmopel va yivel avt 1 dtadkasio, avarldywe Tov ov Tponyeitol 1 poviponoinon (Mébodog A')
N n Owmeparonoinon (Mébodog B'). To xpurfpro emhoyng frov 1 PBEAtiomn Asttovpyia TV

OVTICOUATOV o€ KOO TepinTwon.

YAka:

- TpvuPirio kutrapoxoriépyeog pe kaavmTpides (80% kdAvym empdvelog)

- PuBuotikd sidivua PHEM pH 6.9: 60 mM PIPES, 25 mM HEPES, 10 mM EGTA, 2 mM
MgCl,

- Adwua poviporoinong: 4% (W/V) Topa@opprardeton o puduiotikod didivpo PHEM

- Adwua damepatomoinong: 0.5% (v/v) Triton-X og pvBuictiko didlope PHEM

- Adwua kopeopov: 50 mM NH4CI ce pvuBuietikd diéivpa PHEM

- Hompdaxia {éoewg 10 ml
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- ITAGxa pe 12 de€apevég (12-well plate)
- AmOnTwo yoprti

- Amootelpopévn Aopioa

MéBodoc:

MébBodog A' (Classic protocol):

1. Aqaipeon tov kolvntpidmv ond 1o tpuPAio pe ) ypron Aapidac, EEmivpa oe ddAvpa
PHEM mov eivon tomoBetnuévo oe motpdkt (oeme, otéyvoua og dmdntikd yopti Ko
HeTOQopd TG KAOe piag KoAvmTpidag o€ Eva mnyadakt pog mAdkog pe 12 de&opevég, ota
omoia &xel mpoatedel amd mpv SidAvpe povipomoinong. Akoiovbel endaocn yio 10 min.
Eémlopo kolortpidwv og dtdivpo PHEM yo 5 min.

Enmaon og didlvpa damepatonoinong yio 10 min.

Eémlopa og didAvpua PHEM yia 5 min.

Enmaon o€ d1dlopo kopespo yuo, 10 min.

Eémlopa og didAvpua PHEM yia 5 min.

N o g bk~ w DN

Téhog, eite dGueom yprnoyomoinon KAALTATPIO®YV Yo TEPAUOTO 0vocopBopiopol, eite

armobnkevon otovg -4 °C yio peAAOVTIKY Ypon.
MébBodog B' (Pre-extraction protocol):

1. Agaipeon tov kolvntpidomv ond 1o tpuPAiio pe ) yprion Aapidac, EEmivpa og ddAvpa
PHEM mov sivon tomoBetnuévo oe motnpdxt {Eoems, Kot apéows petd eupfantion o Eva
de0TEPO TOTNPAKL (E0EMC OV TTEPIEYEL OLBAV L SLOTEPOTOTOIN GG Yia 5S.

2. X1 ouvéyela akolovbel oTéyvapa g dNONTIKO yopTl Kol LETAPOPE TG kaBe kaAvmTpidog

o€ évo TNyaddKt pag TAdkog pe 12 degapevéc, ota omoia £xel Tpootedel amd Tpv dStdAvua

poviyonoinong. Ermacn yio 10 min.

Eémlopo kodlvrtpidwv og dtdAvpe PHEM yio 10 min.

Enmoaon o€ d1dlopo kopespo yuo, 10 min.

Eémlopa oe didAvpa PHEM yia 5 min.

o g &~ w

Téhog, eite dGueom ypnoyomoinon KAALTTPIO®V Yo TEPAUOTO 0vocopBopiopol, eite

armobnkevon otovg 4 °C uéypt po efSopdda yior LEAAOVTIKTY xprion.

2.3.12.2 Tegyvkn avoco@Bopiopot
Yhucd:

- Movipomoinpéveg KOADTTPIdES
- Hapaeirp
- Auwwopa Blocking: 2% (v/v) FBS, 2% (w/v) BSA, 0.2% (w/v) fish skin gelatin
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Avdopa 1x PBS pH 7.4: 13.5 mM NaCl, 2.7 mM KCIl, 10 mM Na,HPO,, 1.75 mM
KH,PO,

Adivpa PBS/Tween-20: 1x PBS, 0.05% (v/v) Tween-20

[Ipwtoyevny KOl OEVTEPOYEVH OVTICOUATO OTNV KATAAANAN apaioon oe 5% Owdivua
Blocking

Adivpa ypoaoticig Hoechst (1:20000 oe ddH,0)

Avticeipevopopeg mhdkeg (Globe Scientific Inc)

Avddopa emkdAoyng, mounting media (DAKO)

- AmOnTwo yoprti
MéBodog:

1. Metapopd TV LOVILOTOUEVOV KOAVTTPIOWMV O TAPOUPIAL, KoL AUEST] TAVCT| LE StdALLA
PBS/Tween-20 yia 3 min.

2. Axkolovbei enmdaon og didiopo Blocking ya 30 min.

3. Avo mibdoeig pe Sdiopo PBS/Tween-20 yio 3 min n kabe pua.

4. Endoon pe 10 mpowtoyevig avticmpo yo 1 hr.

5. Avo mibdoeig pe Sidlopo PBS/Tween-20 yio 3 min n kaOe pua.

6. Endaon ue dgvtepo npwtoyevég avticmpo v 1 hr (Av dev Oa ypnowwonombei dedtepo
TPWOTOYEVEG AVTICO A, 1 dtadkasio cuveyiletan oto Prina 8).

7. Avo mAboelg pe dtddvpo PBS/Tween-20 yia 3 min 1 kabe o,

8. Emmaon e 10 deVTEPOYEVEC QVTICMUA 1] TO GUVOLOCUO TOV SEVTEPOYEVAOV UVTICOUATMOV
(av €yovv ypnopononBel 6VO TPMTOYEVH OVTICOUATE TOV TPOEPYOVTOL UG OLOPOPETIKO
Cmo) yw 1 hr 610 6K0TASL.

9. Avo mioelg ue ddhopa PBS/Tween-20 yio 3 min n kdBe o, kot pio Thvon pe Stdivpa
PBS yia 3 min, 6Aeg 60 0KOTAS

10. Erooomn pe to diddvpa ypootikng Hoechst yua 1 min, kot 600 nAiveelg pe didAvua PBS yio
3 min 1 k4B Lo, 6To GKOTASL.

11. TIpocOnin ctaydvev dtrvpatog exucdrioyng (DAKO) 6Tig avTiKeluevopopec TAGKEG.

12. TIapng agaipeon tov PBS, otéyvope oe dmOntkd yopti kot tomobémon twv
KOALTTPIO®V OTIG GTAYOVEG TOL OLHADUATOG EMKAAVYG OTIG OVTIKEILEVOPOPEG TAGKEG. Ot
KoAVTTpideg Bo mPEMEL Vo, EPATTOVTOL LE TO SIAAVLO ETKAAVYNC, LE TNV EMPAVELD TOVG
otV onoia Bpickovial To KOTTOPO.

13. Ztéyvopo o€ 6kotewvd uépog yio 16-18 hrs, kot mtapatipnon 61o pkpookdnio hopiopon.

2.3.12.3 Miwkpookomia

Mo v mapatipnon kot v e£€Taon TOV KAALTTPIdMV TTov £TuYaV Eneéepyaciog pe Ty

TEYVIKN TOL avocoPBopioov, ypnoiorotnke To ikpookomo ehopiopov Zeiss Axiovert 200M
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KOl GUYKEKPLUEVE 01 EAOKATASVTIKOL TOV QoKoi Zeiss Apochromat 63x (NA 1.4) ko Zeiss Plan
Apochromat 20x (NA 0.75), o€ cuvdvacud e to Aoyiopkd AxioVision (v 4.8.2.SP2, Zeiss 2012).
O potoypapieg mov ANedncav, vréotnoav emnelepyacio pe ™ ypnon Tov Aoyiopukov Adobe

Photoshop CS6 kot Adobe Illustrator CS6.

2.3.12.3.1 Avaivon peyé0ovg KUTTUPIK®OV TAN0VGUOV

Tt peAétn g emidpaonc TG OMOGIOTNONG TOV VIO UEAETN TPOTEIVAOV GTO KVTTOPIKO
uéyebog, apdtov dievepynnke SimAn ypdorn oto VIO peAéTn KOTTOPO pE aviicwua anti-a-tubulin
ka1 ypwotik] Hoechst 33342, omtoypaendnkav. I'a kdbe mepintmon avaidbnkav mepimov 130
KOTTOPO, 7OV Yo, TO KoBEva peTprnke To gufadd Tng KLTTOPIKNAG KOL TNG TLPNVIKAG TOV
EMPAVELNG, Ie TN ¥PNon Tov Aoyiopikov AxioVision (v 4.8.2.SP2, Zeiss 2012). ' v e&aywyn
CLUTEPOOUATOV  TpaypatoToOnKay o1 katdAAnAeg otatiotikég avoivoelg (2.3.12.3.4). O

GUYKEKPIUEVOG KUKAOG TTEPAUATOV £ytve amd T Apa Niopn Zaviopd.

2.3.12.3.2 Avaivon KuTTOPIKoD KOKAOD SLULPOVUEVOV KUTTAP®OV

Mo v pedét 1oV eMTOGE®Y TOL TPOKAAOVVIOL GTOV KLTTOPIKO KOKAO e&attiag g
OTOCLOTNONG TOV VLWO UEAETN TPOTEVGOV, dlevepyndnkav tpia aveEdptnro mepdporta
0vocoPBopiopov Yo kiBe TEPITTOON (ATOCIOTNONG KAl [T ATOCIMTNCNG), 6TO, OToio ToL KOTTOPM
onuavinkav pe anti-a-tubulin, anti-y-tubulin kotr Hoechst 33342. ¥to «@fe meipapo yuo kdOe
nepintoon avolvdnkov 1000 kTTOp, KOU KATOYPAPNKOV HE WIKPOOKOTIKY HEAETN Ta €€NG Yo

Kké0e xOTTOPO:!

o Kvttapwikiy @don [pecoéOpaon M pitwon (TpodQoct, TPOUETAPACT), LETAPACT], avAQoom,
TEAOQOOT, KuToKivnon)]

o ApBudc moprvev

o ApBudc kevipdiov

o  Kuvttapikéc dopég OTmG YEQUPEC YPOLOTIVIG

o  Aldpopec avopaiieg

Mo mv eéayoyn cvurepacudtov Slevepyndnkav ol KOTAAANAEG OTOTIOTIKEG OVAAVGELS
(2.3.12.3.4).

2.3.12.3.3 Avahivon PrEQUPLOOYEVESTS OLIPOVREVOV KUTTAPOV KOODG Kol KuTTdpOv TO
omoia giyav arootepn0si opod

Mo v perém tov emrtdoeny ot PAEQAPOOYEVEST JLULPOVUEVOY KVTTAP®Y KOODS Kot
KUTTAp®V T omoia giyov amoatepndel opd, eEartiag TG ATOGIOTNONG TOV VIO PEAETT TPOTEIVAY,
dtevepynonkav tpia aveEdptnto mepdate ovoco@Bopicoy Yoo kdbe mepinton (OmosIOINONG
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KOL 11 OTOGLOTNGONG). ¢ YVOOTO 1 OMOGTEPNON 0poV Yo 24 DPEG MPOKUAEL TNV EMAY®YN TNG
Prepapidoyéveong. Xto kdbe meipapa ylo kaOe mepintmon avorlvdnkav 1000 kotTopa, Ta omoia
elyav onpovOei pe anti-y-tubulin, anti-aceteylated-tubulin xow Hoechst 33342, kot kotoypdonkov

Ta €€NG Yo KABe KOTTOPO:

o  ApBudc twv Prepapidmv
o ApBudc moprvev

o ApBudc kevipdiov

e Adpopeg avouaiieg

Mo mv egaywyn ovunepacudtov devepyndnkav ol KATAAANAES OTATIOTIKES OVOADGELS

(2.3.12.3.4).

2.3.12.3.4 XratwoTiki] Avaivon

TI'o v otototik) avdAvon Kot TV GUYKPLoN TV OlopOp®V  HETPHGE®Y GTOLG
TANOLVGLOVG TOV ATOCIOMNUEVOV KOTTOPO EVOVTL TOV TANBLOUDOV TOV KLTTAp®V €AEYYOV,
ypnoiporoOnkoy to Aoyisukd Microsoft Excel 2010 kot GraphPad Prism 6. Xvykekpyéva yuo
TNV OVAALON TNE KOTAVOUNG TWV OAKOV KVTTAPIKOV LEYEBDY Kol TV LEYEDDV TV TUpHVOV TOV
dvo TAnBucumv, dievepyndnke two-tailed Mann Whitney test. "o Tnv avaAvomn ¢ KaTavoung Tmv
UITOTIKOV KOTTAP®V 6TIG 018p0opeC PACELS TNG IT®OONS, KOOME Kol Yio TNV avAAVGT| TV TOGOGTOV
TOV KUTTAP®V avaloya, ue tov apliud tov kevipoocouotiov, ypnoiworodnke stacked two-way
ANOVA and post hoc test with Sidak correction, To omoio dievepynfnke and tov Apa Carsten
Lederer. T Tig vdroumeg avaAvoelg ypnowonomdnke to student’s t-test. And Tic Mo wAVD
OUYKPIGEIS, VTOAOYIOTNKE 1 OTOToTIK  onuoviwkotnto  (P-value) g dwpopdc Tov
UTOCIOTNUEVOV TANOUGUOV Kot TOV @UGLoAoYIKOV. Tiég kato amd 1o 0.05 Bewpodviar g
OTATIGTIKA ONUAVTIKES, TIHEG KAT® omtd 10 0.01 axdpn Mo GTATICTIKG CNUAVTIKES, Kot TILES KAT®

amo 10 0.001 eEopeTiKd GTATIGTIKG ONUOVTIKEG.

2.3.13 Kvtrapopetpia poig

H wvttapopetpia pong omoteiel pior teYViKn, yio T UETPNOYN KOL TOV YOPAKTNPLGLO
KUTTAp®V Kabdc avtd Ppickoviol o £va péov vypo. Ta kdTTapa onuaivoviot pe Boploeopo, T0
omoio dieyeipetar and 6éoun EOTOG TPoepyOuevn omd laser, mote vo egivor aviyvedowua. H
KUTTOPOUETPIO PONG EPAPUOCTIKE Y10 TNV SIOAELKAVOT TOV TPOTVITOV KATOVOUNG TV TANBucu®dY
SPOP®V KVTTAPOGEPDY, OTIC PAGEIS TOV KLTTOPIKOV KOKAov. H onfpaven tov kuttdpov &ytve

o010 DNA tovg pe ) ypnon iwdovyov pomidiov (Pl).
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2.3.13.1 XvAAoyN Kol TPOETOLNOGIN TOV KVTTAP®V

Yhkd:

- TpvuPirio kutrapoxoriépyerag (70% kdloyn enpdavelag)

- DPBS (Dulbecco's phosphate-buffered saline) ympic acpéotio kar payvioto (Gibco 14190-
169)

- 0.25% ®puyivn - EDTA 1x (Gibco 25200-072)

- 70% (v/v) mayopévn oabovoin

- Audopa ypoong: 1 ml DPBS, 20 ul Iodiovyo wpomnidio PI (1 mg/ml), 20 ul RNase A (100
mg/ml)

- XoMveg Falcon 15 ml (Sterilin 15CTB)

- KotdAAnAol cAveg Y10 TOV KOTTOPOUETPNTH PONG

MéBodoc:

1. Awevépysia tov  Pnuatov  1-7 g uebBddov 2.3.5, @dote to  kOTTOpPO  TNG
KUTTOPOKAAALEPYELNG VO, polgvtovy og éva coAinva falcon tov 15 ml.

2. Aopoipeomn TOL VIEPKEIPEVOL SLHADLOTOC Kol avOdIOoTOPA TOL KuTToptkoD nuatog o€ 0.5
ml DPBS, kot avadevomn yio Ty amo@uyr SNUovpyiog CLCCMUUTOUATOV.

3. Tpocbnkn 5 ml 70% noyouévng aibavorng, avadsvon kot endact Tov cowAve otovg 4 °C
v 2 hrs.

4. ®dvyokévipnon otic 900 rpm yio 2 min, a@aipeon VIEPKEILEVOL SIOADUOTOG Kol TAVGN Yo
pe 10 ml DPBS.

5. ®vuyokévipnon otic 900 rpm vy 2 min kot akoAoVOmS a@aipect VIEPKEIUEVOL
StoAdpoToG.

6. Emoavadiaonopd tov kuttapov oe 1 ml diaddpatog ypdong kot avadevon. Exmdoon otovg
37 °C y1a 40 min.

7. Metagopd Tov delyotog 68 COANVO KOTAAANAO Y10 TOV KUTTOPOUETPTTN POTC.

2.3.13.2 Métpnon KuTTap®V Kol AVAAVGT] TOV ATOTELECUATOV

O petpnoelg Tov derypdtov devepyndnkav otov kuttapouetpnty pong MACSQuant

Analyzer 10 (Miltenyi) pe ypfion g Tpoemieypévne pooBIong GIATPOL Yo TV avdAlvon pe ypoon

1otovyov mpomdiov. Ta amoteAéopato avaivOnKav pe Tt ¥pnon Tov €Wkov Aoyioutkov FCS

ModFit LT 4.0 (Verity Software House). T v ototiotikny oavéivon kot v eEoymyn

GUUTEPUCUATOV Y10 TOV KLTTOPIKO KOKAO, emAéyOnke 1 otatiotikn ovdivon stacked two-way

ANOVA and post hoc test with Sidak correction. H cvykekpiuévn avéivon £ywve omd tn Apa

Avtpn Xp1o10d00A0V. AVTIOWLATA TIOU XPNOLLOTIoOnKay
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2.3.14

1.

10.

11.

IIpwTtoyevi aviicoOpaTo

IToAvkAwviKO avticopo évoavit oAOKANpNG ¢ ovacvvovacuévne 6XHis-KATNAL2-S1
(anti-KATNAL2) tov movtikod amd katoike. To aviioopo KOTOoKELAGTNKE PETE amd
napayyerio ond v etaupeio Sicgen (TToptoyaria). Aeod £ywve kabapiopudc e yNUIKAG
ovyyévelong Tov avtioppod (2.2.4), 10 avticopo ypnowomombnke oe  mEPAUATO
avocopbopiopod  oe  apoaiwon 1:100. Emiong ypnowomoinke oe mepduota
0vVOcOoOmoTUTTMOTG Katd Western og apaiwon 1:250.

Movorklevikd avticmpo £vavtl g o-tovumovAivng (anti-a-tubulin, clone B-5-1-2) amd
novtikt (Sigma T9026). Xpnoworomdnke oe mepauato avoco@bopiopod og apaiwon 1:
6000. Emiong ypmopomombnke oe mepdpata ovocoomotumwong katd Western oe
apaionon 1:4000.

IMoAvkhovikd avticopo évavtt g y-tovpmovdivng (anti-y-tubulin, H-183) and kovvé
(Santa Cruz sc-10732). Xpnowonomnke og mEWPAUATO 0voco@Oopiopod og apaimon
1:50.

MovVoKA®VIKO ovTicmpa £VovTL g Y-TovumovAivng (anti-y-tubulin, GTU-88) and movrtikt
(Abcam ab11316). Xpnopomomdnke o€ melpdpato avocopbopiopov og apaimon 1:75.
MOVOKA®VIKO avVTICOMO EVAVTL TG AKETVAMOMEVNG ToLVUTOVAivNG (anti-acetylated tubulin)
a6 movtikt (Sigma T7451). Xpnouomodnke e TEPAUATA avocoPHOPIGUOD GE 0paino)
1:500.

Movorlmvikd ovTicouo Evovtl TG aKeTLAM®UEVTS TovuTovAivng (anti-acetylated tubulin)
amo kovvérl (Cell Signaling 5335S). Xpnoiponomdnke g nepdpoata avoco@bopiouov o
apaioon 1:500.

MovokAwvikd aviicopa évavtt tng euumpiiapivng (anti-fibrillarin, 72B9) amd movrtikt
(Cytoskeleton AFBO01). Xpnowomomfnke o€ mepduato avocopbopiopod o€ apaicmon
1:200.

Avticopa évavtt g PSP1 (anti-PSP1) amd kovvéAl (gvyevikn mapaympnon omd tov Dr
Angus I. Lamond, University of Dundee). Xpnowomombnke oe mepdpozo
avocopBopiopov o apaimon 1:250.

Movorxkovikd avticopa Evavtt g mpoteiviig GAPDH (anti-GAPDH, 6C5) amd movtikt
(Santa Cruz sc-32233). Xpnoyomomdnke o€ TEPAUATO 0VOGOUTOTITMONG Kotd Western
o€ apaimon 1:500.

Movorkkovikd oviicopa évovit tov emromiov cherry (anti-mCherry) amnd movrtixt
(Clontech). Xpnowomomnke og melpdpoto avocopbopiopov og apaioon 1:1000. Eniong
YPTOILOTOONKE KOl GE TEPAUOTO avocoarotinwong kot Western o apaicnon 1:1000.
Movorxkovikd ovticopa évoavtt tov emttomiov flag (anti-flag M2) ono movtikt (Sigma
F3165). Xpnowomomdnke ce mepdpato avocopBopiopov oe apaimon 1:1000. Emiong

YPNOUOTOMONKE KOl GE TELPALOTO 0VvOcOOTOTUTTMOTG Katd Western og apaiwon 1:1000.
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12.

13.

14.

15.

2.3.15

2.3.16

IToAvkAovikd aviicoua évavtt tng kaive&ivng (anti-Calnexin, H-70) and xovvéil (Santa
Cruz sc-11397). Xpnowomombnke o€ mepdpoto avocoamotinmong katd Western oe
apaioon 1:200.

Avticopo  évavtt g Nubpl (anti-Nubpl) oané wovvém (Kypri et al., 2014).
Xpnoworomonke og mepauato avosoarotinwong kot Western o apaicnon 1:300.
MoAvkhovikd avticopa Evavtt g Nubp2 (anti-Nubp2) and xovvé (Kypri et al., 2014).
Xpnoworomdnke o mepauato avocoarotinwong kot Western o apaicnon 1:300.
Movorkovikd avticopa évavtt g B-axtivig (anti-p-Actin) and movrtikt (Sigma A1978,
Clone AC-15). Xpnowomombnke oe mepdpate avocoanotdnomong katd Western og

apaioon 1:10000.

AEVTEPOYEVI] AVTICONATO,

Avticopa amd yaidovpt évavtt g IgG g xotoikag, cuvelevypévo pe 1o évlopo HRP
(Santa Cruz sc-2020). To ovticopa ypNCUOTONONKE GE TEWPAUATO OVOGOATOTOTMOONG
katd Western oe apaimon 1: 5000.

Avticopa and tpofato Evavtt tng 1gG tov movtikod, cuvelevypévo pe 1o Evivpo HRP
(Amersham-Pharmacia). To avticopo ypnoHOTOONKE GE TEPAUATO AVOGOUTOTITMOONG
ratd Western og apaimon 1: 10000.

Avticopa and yaidovpt évavtt g 1gG ¢ katoikag, cvvelevyuévo pe FITC (Jackson
705-095-147). To avticoua ypNcUonomOnKe o€ TEPAUATH 0vOcoPHoPIGHOD OE apainon
1:200.

Avticopa and katoika évavtt g IgG tov movtikod, cuvelevypévo ue Alexa Fluor 488
(Molecular  Probes A-11017). To avticopo ypnowomomdnke o TEPOUATOL
avocopbopiopov og apaimon 1:1000.

Avticopa amd kotémovAo évavtt g 1gG tov kovvellod, cuvelevyuévo ue Alexa Fluor
488 (Molecular Probes A-21441). To ovticouo ypnowuonomdnke o mePphpoTo
avocopBopiopov oe apaioon 1:1000.

Avticopo ord yaidovpt évavtt g 1gG tov movtikov, cuvelevypévo pe Alexa Fluor 555
(Molecular Probes A-31570). To ovticopo ypnowomombnke o€  TEWPAPOTO
avocopBopiopol og apaimon 1:1000.

Avticopo and yoidodpt évavtt tng IgG tov kovvelov, cuvelevypévo pe Alexa Fluor 555
(Molecular  Probes A-31572). To ovticopo ypnowomombnke o€  wEWPHpOTO

avocopBopiopol og apaimon 1:1000.

XpooTikég

Xpwotiky Hoechst 33342 (0.5 mg/ml). Xpnowonombnke og mepdpozo avoso@bopiopon

yuo ) gpdon tov DNA o¢ tehkr cuykévipoon 0.25 pg/ml.
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3 ANOTEAEXMATA

3.1 Ewoayoy

Y& moAa1dTePN pYacio TOL epyacTnpiov pog eiye derybel 6t o1 Tpwteiveg Nubpl, Nubp?2
kot KIFCS5A aAdniemidopodv peta&h Toug Kot EUTAEKOVTIOL GO KOWVOL GTOV UNYOVIGHO puduiong
0V dimhaolacpoy Tv kevipooopotiov (Christodoulou et al., 2006). Tlepoutépw, o TpdsPoTO
gpevvnTikd omoteléopato katédei&av 6t ot Nubpl kor Nubp2 evrtomiovtotl oto Bacikd coudrio
TOV TPOTOYEVAOV KOl TOV KIVNTIKOV BAEQOPIO®OV - OTIG KIVITIKEG GUVAVTMOVTOL Kol 6T a&ovrua,
dwadpapatifovrag onuoviikd poko wg apvrtikoi pvBuotéc g Prepapidoyiveong (Kypri et al.,
2014). Q¢ emékTaom GLTAC TG YPOUUNAS EPEVVOC KO OTO, TAQIGLO TOL AEITOVPYIKOD YOPOKTIPLGHOD
¢ Nubpl, &ievepyndnke, emi mopoyyelio yioo 1o gpyactipio pog, odpwon PipAodnkng
guppvovikod CDNA gykepdiov omd movtikd évavtt tov CDNA tng Nubpl pe 1t yprion Tov
ovoTuatog dvo VPRpLdinv otov uuoudknta and v etaipeion Hybrigenics (France) ue otdéyo ™mv
TOVTOMOINON TPOTEIVIKOV aAAnAemidpacemv yio T Nubpl. Meta&d dAAwv, n cdpmon avidelle ot
n Nubpl mbavde arAnAemidpd ue o oAlnlovyia mov kmdkomoleitar and éva un TAnpeg CDNA,
ueyébovg 374 bp (Zynuo 3.1.Al), n omnoia avoyvopictnke uéow ovykpiong (UE ypNoN TOL
gpyareiov BLAST, Blast Local Alignment Search Tool) évavti tg vouvkAeotidiknig Phong
dedopévov tov EMBL/EBI. To amotéheopo g tovtomoinong €de1ée 0Tl T0 GUVOAO OWTNG TG
aAiniovyiog pn mAnpovg CDNA, gumepiéyetar oto CDNA nov kwdwkomnotel pio mpwteivn TOTOL
Katavivneg, v Katanin-like 2 (Katnal2) pe apiBud avagopiag XM 006526437 (Zynue 3.1.B).
Ewdkdtepa, to aviyvevBév cDNA avtiotoyel pe v adiniovyio mov kwdikonotel o aptvoléa 73-

184 tng mpoPrendpevng npoteivng KATNAL2 (Zynua 3.1.A2, Zyfua 3.2).

IToAd Adyo otoryeio eivan yvootd ywo Tig npwteiveg Katanin-like 2, ev avtiféoel ue v
KoAG yopaktnpiopévn apyétonn Koravivy (Katanin), n omoio péom g 1810tnTag TG va dpo. g
évlupo  KATOTUNONG TOV WKPOCGMOANVIOK®V, GULUUETEXEL ©F PLOWOTIKO HOPlO G€ MoKl
EVOOKLTTOPIKA Pavopeva, Otmg Tt Prepapidoyéveon kat TV KuTTapiky dwaipeon (mpdoeatn
avookommon ond Sharp and Ross, 2012). Eniong mpdopata £peuvnTikd SE00UEVA POVEPDGOV
eumiokn tng Katanin otov unyaviopd pdbuiong tov dumhactocpov tov kevipdiov (Hu et al.,
2014). Avtd to otoyeio kabiotoboav gvolopépovoa T duvnTiky oAAnAEmidpao petald TV
npoteivav Nubpl kor KATNAL2, eneidn dnpiovpyodsay capeic VITOVOLEG Yo TV EUTAOKY €VOG
véov maiktn, g KATNAL2, otig {otikng onuaciog Asttovpyiec mov cvpuetéyxet 1 Nubpl, otig

omnoiec epumAéketan ko 1 Katanin.

To apylkd amoTeEAEGHOTA TTOV TPOEKLYOV Oamd TN CApmoTN HE TO cVLOTNUA TV 00O
vPpWiwV, evioyONKay, HEGH TEWPOUATOV GUVEMIAOYNC oL dlevepyndnkav amd Tic Xpiotiva
Kopniapn kot Apa Avipn Xptotodo0Aon 610 £pYOcTAPLO Uag, mov amédeiav 0tL Toco 1 Nubpl
660 ka1 Nubp2 aAiniemidpoiv pe qv KATNALZ2 (KounAdpn, 2010). Zvvendg n diepgbhvion Kot
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0 Aertovpykodg yapoktnpiopds e KATNAL2, wg 1 mpdtn npoomdBeia pehétng g Aettovpyiog
wog Tpoteivng tomov Katanin-like 2 ot Piprioypopia, anotélece 10 BEpa TG SIO0KTOPIKNG OV
dwrpipfrg. H épevva avty Bo pmopovoe emimAéov vo givol onUovTIKh Kot yuo. TV &ayoyn
TEPALTEPM GLUTEPAGUATOV TEPT TOV BroroyikoD poiov Tmv NUbps aAld kot yevikdTepa Yio TV O
AEMTOUEPT] KOATAVONOT TOV KUTTOPIKOV AEITOVPYLDV OTLS OMOiEg EUTAEKOVTOL OLTEG Ol

OAANAETIOPMOES TPMTEIVEG.

Tpe 3.1: A. H voukieoTidwkn] aiiniovyia Tov pn wifipovg cDNA Tng mpoTeiviig mov
mOavov aiiniemopd pe ™ Nubpl kor 1o molvenTiono mwov kK®owkonolel. B. Avriotoiynon
Tov pun wAjpovg cDNA pe v adiniovyio XM 006526437

Al. H aAlndovyio tov un miipovg CDNA 7mov tovtomombnke amd ocdpwon Pifiiobnkng
euPfpvovikod CDNA eykepdiov moOVTIKOD, PE TN ¥PNON TOV GLOTHUATOG dVO LPPLOI®Y, Kol TOL
cDNA ¢ Nubpl w¢ doldpatog (“bait”). H avdivon dievepyndnke amd v etaupsio Hybrigenics.
A2. To moAvmentidio mov kwowkomoleiton omd to un mAnpec CONA.

B. Zuykpitik] avdivon He VOUKAEOTIOKN OVTIGTOlYNoN Qavépwoe OTL M oAlniovyio twv 374
voukAeoTdimv tov un aAipovg CONA eumepiéyetar emaxppaog oto CONA g XM 006526437
(meproyn peta&d tov 1800V Kot Tov 5530V VOVKAEOTIOOL TOV GVOIKTOD TANLIGIOL AVAYVOGTG),
amodetkvoovtag 0Tt To Vo perétn CDONA avtictoyel oy ev Aoy mpoteivn, KATNAL2. H
avéivon de&nydn pe ) xpron tov epyareiov BLAST.

Al

TGAAGTTTGTGACAACGTTGACCTGGAAACTATTTTGATGGAATATGAGAGCTATTATTTTGTAAAGTTCCAGAAGTACCCCAAAG
TGGTTAAGAAGGCCCCGGACCCAGTGGAAAATAATTTACCGTCACGAAGTGGAGGGAAGAACAAAAGGCTGACGAATGACAGTTGT
CAAAATCTCCCCAAGATATGTCACCAGAAGTCACGACCTAAAACTTCAGCAGTGAAGACAGGGGACACCAAATCTGTCAAGGAACA
CCTTAAACAGGTCAAGGAGAGTGTCACTGACACTCAAGCAGAGAGCACTGACTTCGGCCTGAACATATCAAAAATCCACAAAGACC
AGCCAGAGGAAAAGGCCCAACCACGAAGAG

A2.

EVCDNVDLET ILMEYESYYFVKFQKYPKVVKKAPDPVENNLPSRSGGKNKRLTNDSCQNLPKICHQKSRPKTSAVKTGDTKSVK
EHLKQVKESVTDTQAESTDFGLN I SKIHKDQPEEKAQPRRX

B.

Partial cDNA 1 TGAAGTTTGTGACAACGTTGACCTGGAAACTATTTTGATGGAATATGAGAGCTATTATTT 60

LEEELERRE R e e e e e e e e e e e e e el
XM 006526437 180 TGAAGTTTGTGACAACGTTGACCTGGAAACTATTTTGATGGAATATGAGAGCTATTATTT 239

Partial cDNA 61  TGTAAAGTTCCAGAAGTACCCCAAAGTGGTTAAGAAGGCCCCGGACCCAGTGGAAAATAA 120

FEEEERE R e e e e e e e e e e e e e e e e
XM 006526437 240 TGTAAAGTTCCAGAAGTACCCCAAAGTGGTTAAGAAGGCCCCGGACCCAGTGGAAAATAA 299

Partial cDNA 121 TTTACCGTCACGAAGTGGAGGGAAGAACAAAAGGCTGACGAATGACAGTTGTCAAAATCT 180

EEEERELEE e e e e e e e e e e e e e e el
XM_006526437 300 TTTACCGTCACGAAGTGGAGGGAAGAACAAAAGGCTGACGAATGACAGTTGTCAAAATCT 359

Partial cDNA 181 CCCCAAGATATGTCACCAGAAGTCACGACCTAAAACTTCAGCAGTGAAGACAGGGGACAC 240

LELLEEEEE e e e e e e e e e e e
XM_006526437 360 CCCCAAGATATGTCACCAGAAGTCACGACCTAAAACTTCAGCAGTGAAGACAGGGGACAC 419

Partial cDNA 241 CAAATCTGTCAAGGAACACCTTAAACAGGTCAAGGAGAGTGTCACTGACACTCAAGCAGA 300

LEELRE LR e e e e e e e e e e e e e el
XM 006526437 420 CAAATCTGTCAAGGAACACCTTAAACAGGTCAAGGAGAGTGTCACTGACACTCAAGCAGA 479

Partial cDNA 301 GAGCACTGACTTCGGCCTGAACATATCAAAAATCCACAAAGACCAGCCAGAGGAAAAGGC 360

NN RN RN NN NNy
XM 006526437 480 GAGCACTGACTTCGGCCTGAACATATCAAAAATCCACAAAGACCAGCCAGAGGAAAAGGC 539

Partial cDNA 361 CCAACCACGAAGAG 374

NRLRRNRIN
XM 006526437 540 CCAACCACGAAGAG 553
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3.2 Avoyvopien Kol TOVTOTOINGN WWOC KOIVOUPLOC OLKOYEVELNS TPOTEIVIKOV
wopopo@v torov Katanin-like 2 (KATNAL2) ctov movTiko

Q¢ exkivnon yw TV avalvon Hog, EMEPNONKE 0 TOAAATANGIOOUOC KOl 1] OTOUOVOOT)
Tov ovvoAlkol, mAnpovg CONA mov kwdwomotel v mpwteivn KATNAL2 péocwm dievépyelag
avtidpaong RT-PCR and v kuttapikn oeipd NIH 3T3 woPfAiactdv movtuco. o 1o okomd avto,
YPTOILOTOONKOY OALYOVOUKAEOTIOKOL EKKIVITEG E101KAL GYXESICUEVOL Y10 T GKPO, TOV OVOIKTOV
mhaiciov avayvoong (ORF) g Katnal2 pe oapBpd avapopdc XM 006526437 pe 6t6)0 TOV
nolamlactooud tov (exkwvntég: Katnal2 FW & Katnal2 RV, TTivaxoag 2.11).

H nAektpoedpnon tewv mpoidviav g PCR £&dei&e pion umdvia m omoio MTOV GTO
avapevopevo péyebog (1.6 kb) pe paon mv verotauevn oAiniovyio XM 006526437 g Paong
dedopEvmV, 0ANG ETTioNG EPEAVICE KOl GAAEG 4 pmdvteg pkpdtepov peyéboug (peta&d 1.1 kb kot
1.6 kb) ot omoieg Nrav un avopevopeva mpoiovta (Ewova 3.1). Avtég ot anpooddknTeg UTavieg
epupaviCovtav pe ovvénela oe Oheg Tic PCR mov €ywvav ata NIH 3T3 kottapa, 0nmg emiong kot o€
dAAeC KUTTOPIKEG oelpég TovTikoD omtmg Tig IMCD 3, ka1 TM 4 (Ewdva 3.2). T va dievkpivictel
Katé 7TOGO OVTEC Ol UAAVIEG OVTIOTOOVCOV O UN EWIK0 TTOPpAmpoiova, 1, EVOEYOUEVMG
AVTITPOCHTELOV AYVOOTES, VEEG 1Ioouopeéc ¢ Katnal2, éha ta mpoiovta g PCR vrofAantnkav

o€ avaivon).

Ewkova 3.1: Hiektpoodpnua ayapolng tov npoiovrav avriopacns RT-PCR ywe tov éleyyo
¢ mopoveiog Tov MRNA/cDNA g Katnal2 6g olikd ¢cDNA wvofAa6T@OV KUTTUPIKNG 6E1pag
NIH 3T3.

Iapatnpeiton evioyvon piog praviog 1.6 kbp, mov eivar kou 10 avapevopevo péyebog yio v

Katnal2, aAlé eivar gpeovig kal 1 mapovsio da@dpov GAA®Y WIKPOTEP®YV UMAVIOV, TOV O
TOALOTAAGIOG OGS TOVG OEV MTAV OVOUEVOUEVOG.

kbp NIH 3T3

3.05
2.00
1.65

Mmrévta avapevopevou
peyébovg
— Mn avopevopeveg
pmbivieg

—

1.00
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Ewova 3.2: Hiektpooopnpa ayapolng tov npoiovtav avriopacsns RT-PCR ywe tov éleyyo
¢ mapovsioc Tov mMRNA/cDNA g Kathal2 o€ olkd cDNA KUTTOPIKAOV GEPAOV TOVIIKOV
NIH 3T3, IMCD 3, xon TM 4.

H mapovoio tov un avapevopevov PTavtov eivol EmavoAyin Kol Topatnpeitol Le 1o 1010
TPOHTLTO GE OAEC TIG KVTTOPIKES GELPES TOL YPTCLUOTOM ONKOLV.

\9% ﬂ(){‘) C?ﬂ-_, .

ol

wp & $

2.00
1.65

1.00

Ewwotepa, yoo v tavtonoinon 6Awv Tov mpoioviwv, oevepynnke RT-PCR pe
¥PNON TOV 1010V EKKIVITOV, OTMOG TPONYOLUEVMG, TTOL EVIGYLOV OAOKANPO TO OVOIKTO TAMIGLO
avayvoong tov Katnal2 (exkwnrtéc: Katnal2 FW & Katnal2 RV) pe ) ypfon peiypotog
TOAVUEPAOTC VYNANG TOTOTNTOC AT TN @opd, o olkd CDNA omd kvttapooepd NIH 3T3. Ta
npoidvta ¢ PCR khovomombnkav oe mhacuidio pGEM-T Easy, kot akolob0mg, o TAacuidio pe
To EVOOUOTOUEVA TAEOV evBEpoTo petaoynuatioTnkoy o€ Baktnplakd dextikd kdtrapa XL1-blue.
Mo mv avayvopion tov dweopwy evbesudtov Pdost tov peyébovg tovg, mpaypotomodnke
€VOOVOLKAEOALTIKY dtdomacn He To €vluuo meplopiopod Notl (kotdhAnAin ywoo v mAnipn
amelevfépwon Tov evOEUATOG 0o TO TAAGUIO0), akoAovBobuevn amd nAekTpoedpnon. Metd amd
avéivon 98 cuvolikd kAdvov, tovtomomOnkav 5 dtagopetikod peyébovg mpoidovio CDNA
(Ewova 3.3, Zyquo 3.2). Axorovbog ta mlacuidio pue to dopopetikod peyébovg evBéparta
vroPfAndnkav og voukieotidikn aAiniovynon (Etapeioc MWG Eurofins, Germany).

H alAnAodynon amoxdAvye v Omapén mévie dapopetikdv oopopemv ¢ Katnal2. Ot
1GOHOPPEG ovopdoTnkay Pacel Tov peyéboug toug, 6mme mapotifevtar avolvtikd otov Iivaxa 3.1.
e auto To onueio Tpémel va avoeepbel 0Tt 01 KAovomomoeelg TV woopopemv L1, L2 kon S1 éywvav
OO TOV LETOMTUYLOKO GOttt AdGUo AdGpov, 6Ta TAAIGIO TNG LETOTTUYLOKNG TOV SITAMUATIKNG

gpyaciog (Adauov, 2009).
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Ewova 3.3: Hiektpopopnuo ayapolng pe evoovovkreorvtikég méyelg Notl og deiypata mov
UVTITPOCMOTEVOVY TOVS 5 O10PopeTIKOD peyé0ovg TOmovg cDNA (ne kKOKKivo Pelaxt) mov
KhovomromOnkav pe ) yprion Tov pGEM-T Easy Vector System.

L1 L2 L3 S1 S2 W kbp

3.05

2.00
1.65

1.00

IMivaxkog 3.1: Ov 5 dwkprtég wopopeéc Katnal2 mov klhovomomiOnkav pe T yprien tov
pGEM-T Easy Vector System.

Iocopopon Méye0og cDNA (bp) Mpopremopevo TPpMTEIVIKO
néyebog (kDa)
L1 (Large 1) 1617 61.13
L2 (Large 2) 1611 60.91
L3 (Large 3) 1518 57.59
S1 (Small 1) 1215 45.58
S2 (Small 2) 1116 41.84

Me ™ ypnon tov epyoreiov Prominpogopikig BLAST (http://blast.ncbi.nim.nih.gov/)
delynke Ot o1 mévte 1oopoppéc Katnal2 amotelodv mpoidvio evaALOKTIKOD UATIOUOTOG TOV
yovidiov g Katnal2, to omoio &dpaleton oto 18° ypoudompo tov moviikod (petal&d TV
voukAeoTdiov 76976029 - 77047618 g cvuminpopatikig aiveidag). To yovidio g Katnal2
GTOV TOVTIKO amoTteAeital TovAdy1oTOV 0o 16 drapopetikd eEDvia, To OTOl0 GLYKPOTOVV TIG TEVTE
oopopeég Katnal2 pe dapopetikodc cuvdvacuoig eEmviov, dnmg ansikoviletor oto oyfuo 3.2.
Ewdwotepa, m Katnal2-L1 (movopototvomn pe v XM 006526437 g Pdong Sedouévov)

cuykpoteiton kat omd ta 16 eEdvia, Omwc ko 1 Katnal2 L2, e ) diapopd opme 6Tt oto 5° eEdvio
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N L2 otepeiton 6 vovkheotidiov oe oyéon pe v L1 (mpdkertal poAlov yio moAvpopeiopd kabmg
Ta 6 0VTA VOUKAEOTIOW OgV OTOTEAOVV HEPOG Olakpltol €wviov). And v L3 amovcidlel poévo 1o
6° e€dvio, amd v S1 amovoialovy 4 eEmvia (amd 1o 2° £m¢ Kot to 5°) kot and v S2 anovolalovv

oLVOMKA 5 eEdvia (amd to 2° péypt kon to 6°).

Me 1t ypnion tov epyoreiov EXPASY (http://expasy.prosite.org) dievepyndnke avdivon
TOV TPOTEWVIKOV oAANAovyov Tov mévie oouopeav KATNAL2 yuw v e€bpeon toyxdv
TPOTEWVIKOV poTifov. Atopdvnke 61t OAeg ot KATNAL?2 givar P-loop NTPdoeg, mov avikovy oty
vrepokoyévelo T@v AAA mpoteivov (ATPdcec mov eumiékovtol o€ TOWKIAES KLTTOPIKEG
Aertovpyieg), OTmg Kol o1 ovyyevikég tovg Katanins. Oleg ot ioopopeéc dabétovv to portifo P-
loop, to omoio cuvavtdtal oTig TPOTEIVEG OV Eouv KavoTnTo, cOvdeong pe ATP 7 ue GTP
(Saraste et al., 1990). Exiong 1 avéivon £de1&e OTL 6TIC QUVOTEMKES GAATAOVYIEG TV 1GOUOPPDOV
L1, L2 xou L3 oamoxieiotikd mepiéyetor to potifo LisH, 1o omoio gvvoel 1o Sipepiopd puog
TPOTEIVNG, TNV CAANAETIOpaON TNG UE GALEG TPOTEIVEG ] T CVVOEST] TNG GTOVG MKPOCSOANVICKOLG
(Emes and Ponting, 2001), evd evdéyeton va emnpedlet eniong kat Tov xpdvo nulong e Koddg
Kot Tov gvookuTToptko g evromiopd (Gerlitz et al., 2005). Ta anotedéopato tng avaivong tov

TEPIEYOUEVOV TPOTEIVIKMDY HOTIPOV aivovtot dtaypoupatikd oto oxfuota 3.3 kot 3.4.
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Yympoe 3.2: Ouv wopopeéig Katnal2 amotelodv mpoiovra evorloktikoV potiopatos tTov 16
e€oviov Tov yovidiov Katnal2 etov movruko.

Katnal2 yovibio
Katnal2  Katnal2 Katnal2 Katnal2 Katnal2 18° ypwpd cwpa

L1 L2 L3 51 52 OVILKO
1 1 1 1 1 1

| | | T
2 2 2 2

| | | T
3 3 3 3

| | | T
4 4 4 4
| | | T
5 5~ 5 .

| | |

| | | T
7 7 7 7 7 7
| | | T l |
8 8 8 8 8 B
| | ] [ ] [
9 9 9 g g 3
[ | | [ | [
10 10 10 10 10 10
T T ] I ] T
11 11 11 11 11 11

| | | | | |
12 12 12 12 12 12

| | | | | |
13 13 13 13 13 12

T l | l l T
14 14 14 14 14 14

| | | | | |
15 15 15 15 15 15

| | | | | |
16 16 16 16 16 16
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Type 3.3: Avriotoiynon pe evBuvypappion TV auvolk@V gAANAOVYLAOV TOV TEVTE
woopoppav KATNAL?2 pe ) (pfion tov gpyaireiov ClustalWw2.

Me kitpwvn okioon omeikoviletan to potifo LisH, kot pe yaddlio oxioomn to potifo P-loop.

L1
L2
L3
S1
S2

L1
L2
L3
S1
S2

L1
L2
L3
S1
S2

L1
L2
L3
S1
S2

MELSYQTLKLTHQAREAYEMRTEARRKNLL I LI LHYL TQEGYMDAAKALEEETKPGLRRF
MELSYQTLKLTHQAREAYEMRTEARRKNLL I LI LHYL TQEGYMDAAKALEEETKLGLRRF
MELSYQTLKLTHQAREAYEMRTEARRKNLL I LI LHYL TQEGYMDAAKALEEETKLGLRRF
MELSYQTLKLTHQAREA= = == — = m oo
MELSYQTLKLTHQAREA= = = — - — - m oo

KAk AdAdAd Ak Ak Ak Ak

EVCDNVDLET ILMEYESYYFVKFQKYPKVVKKAPDPVENNLPSRSGGKNKRLTNDSCQNL
EVCDNVDLET ILMEYESYYFVKFQKYPKVVKKAPDPVENNLPSRSGGKNKRLTNDSCQNL
EVCDNVDLET ILMEYESYYFVKFQKYPKVVKKAPDPVENNLPTRSGGKNKRLTNDSCQNL

PKICHQKSRPKTSAVKTGDTKSVKEHLKQVKESVTDTQAESTDFGLN I SKIHKDQPEEKA
PKICHQKSRPKTSAVKTGDTKSVKEHLKQ--ESVTDTQAESTDFGLN I SKIHKDQPEEKA
PKICHQKARPKTSAVKTGDT I SVKEHLKQVKESVTDTQAESTDLGLN I SKIHKDQPEEKA
ESVTDTQAESTDFGLN I SKIHKDQPEEKA

QPRRGQ I IDFRGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAF IGMNSEMRELAAV
QPRRGQ I IDFRGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAF IGMNSEMRELAAV
QPRR-—=== === ERLLKPLSAFIGMNSEMRELAAV
QPRRGQI IDFRGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAF I GMNSEMRELAAV
--—-GQI IDFRGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAF IGMNSEMRELAAV

VSRDIYLHNPNIKWND I IGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTG
VSRDIYLHNPNIKWND I IGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTG
VSRDIYLHNPNIKWND I IGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTG
VSRDIYLHNPNIKWND I IGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTG
VSRDIYLHNPNIKWND I IGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTG

KTLLAKAVATECKTTFFNISAST IVSKWRGDSEKLVRVLFELARYHAPST IFLDELESVM
KTLLAKAVATECKTTFFNISAST IVSKWRGDSEKLVRVLFELARYHAPST IFLDELESVM
KTLLAKAVATECKTTFFNISASTIVSKWRGDSEKLVRVLFELARYHAPST IFLDELESVM
KTLLAKAVATECKTTFFNISAST IVSKWRGDSEKLVRVLFELARYHAPST IFLDELESVM
KTLLAKAVATECKTTFFNISAST IVSKWRGDSEKLVRVLFELARYHAPST IFLDELESVM

SQRGMVPGGEHEGSLRMKTELLVQMDGLAHSEDLVFVLAASNLPWELDCAMLRRLEKRIL
SQRGMVPGGEHEGSLRMKTELLVQMDGLAHSEDLVFVLAASNLPWELDCAMLRRLEKRIL
SQRGMVPGGEHEGSLRMKTELLVQMDGLARSEDLVFVLAASNLPWELDCAMLRRLEKRIL
SQRGMVPGGEHEGSLRMKTELLVQMDGLARSEDLVFVLAASNLPWELDCAMLRRLEKRIL
SQRGMVPGGEHEGSLRMKTELLVQMDGLARSEDLVFVLAASNLPWELDCAMLRRLEKRIL

VDLPSQEARQAM I YHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSD IKLVCREAAMRP
VDLPSQEARQAMI'YHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSD IKLVCREAAMRP
VDLPSQEARQAM I YHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSD IKLVCREAAMRP
VDLPSQEARQAM I YHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSD IKLVCREAAMRP
VDLPSQEARQAM I YHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSD IKLVCREAAMRP

60
60
60
17
17

120

120

420
418
387
286
253

480
478
447
346
313

VRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESYV 539
VRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESV 537
VRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESV 506
VRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESV 405
VRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESYV 372
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Type 3.4 Awoypoppatiky oretkovion Tov eopop@ev KATNAL2 kol TOV TPpOTEIVIK®OV
potipov mov mepLéyovv.

Me kokkvo ypopo arekoviletar  kown meployn (70 émg 160 e&mvio) 1 onoia Tepiéyel To potifo
P-loop, kou pe kitpwvo ypdpo po teployn (20 £og 50 e€mvio) N omoio cuvovtdton povo otig L1, L2
ko L3 ko mepiéyer to potifo LisH. Me yolalio ypopo eugaviletar 1 opvoteMKn Ko
TPOTEIVIKY aAANovyio TV 1opopemv (1o e£dVio), EVa e TPAGIVO YPMLLO. 1) TPMTEIVIKN TEPLOYN
OV K®OKOTOlEITAL 0T TO 60 EEDVIO Ko GuvaVTATAL LOVO 0TI Ioopopeég L1, L2 wan S1.

L1

LisH P-loo

L2

L3

S1

P-loo
S2

3.3  Avdlvon Tov avemTLELEKOD KOl TOTIKOU TTPOTVTOV YOVIOLOKNC £KOPUGNC TOV
wonopo®v Kathal2 eto movriky

Y10 mhaioct g dtodgvkavong tov Prodoyikod poiov tov KATNAL2, diepeuvinke 1o
TPOTLTO TNG YOVISWKNG EKQpaong TV woopopemv Kathal2 pécm numocotikdv aviidpdoewv RT-
PCR. Xkxomdg tng avéAvong Ntav 1 HeAétn o) Tov peyéfovg kot Tov Tpomov g e£amAmong tng
éxppoaong Tov KATNAL2 otovg 161006, Kat B) Tng Tuyov €£ApTNONG TOV UTOPEL VL EYEL 1] EKPPOOT)
TOVG aVOAOY®G TOV ovamtuélakod otadiov mov Ppioketan évag opyovicpdc. o avtd T0 oKOTO
ypnowonomonkav: (o) ot exkwvnrég KL2B FW & KL2all RV yu evioyvon eowtepikon
Stayvootikov koppotiov peyébovg 508 bp, mov givar koo og dleg T1g 1oopopeés (Ewova 3.3), (B)
ot ekkivntég Katnal2 FW & Katnal2 RV ywo evioyvon olokAnpov tov avoiktod mioiciov
avayvoong tov wopopemv Katnal2 (Ewodveg 3.4, 3.5, 3.6), kobodg kot (y) ot ekkivntég
Ktnl2LargeF & Kitnl2R yw evioyvon dSwyvootikod koppotiod mov Ppicketor povo oTIg
peyadotepes woopoppéc Katnal2 (L1, L2 & L3) (Ewodveg 3.4, 3.5). ITapdro mov cyeddoTnKay Kot
eKKvNTEG OV avoyvopllov aAiniovyiec mov d€oyllav To. ekatépmbev Oplo. TG «KiTPIVNG

aAAnAovyiogy (Zynua 3.5) kot 6tdyo giyov va gival E101KOL LOVO Y10l TIG KUIKPES) IGOUOPPES TOHTTOV
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S1 ko S2, og mpokaTapKTIKODG EAEYYOVG amodeiydnke OtL dev mapovsiolov TNV ATOITOOUEVT

eEe1dikevon kol £T61 SgV YPNCULOTOIONKAY TEPAUTEP®.

Tyfqua 3.5: AwoypoppoTtiKy aneElkovien Tov weopopeav Katnal2-L1 & Katnal2-S1, etnv omoia
gp@aviferar n 0éon 10V KAOE OMYOVOUKAEOTIOIKOD EKKIVITY] TOVL YPriGLHOTOMONKE Yo TV
avalven G yovidlakis ékgppaons tov Katnal2.

Kinl?] argeF Kinl2R
— -
— - <« -
Katnall FW KL2B FW KELZall R¥ Katnal2 RY
—r
Katnal2 FW

AeEnynoav avtdpaoelg ol onoleg mepleAdupavay avaAvon SetyHAT®V amod: o) 16TOVG Kot
OpyavaL TOL TOVTIKOD, B) S10POPETIKEG TEPLOYES TOV VELPIKOD GUGTHHOTOG OO EVAAIKA TOVTIKO 3
UIVOV, ¥) ovoarTuEloKE 6TAdl0 ITOKOUTOY TOVTIIKOD TO OToid TEPIAaUPivouy Kol delypata Tov
Mednoav and veupdveg avamtuccOUeVoDg in Vitro, e1dikdtepa Tov otadiov 2 (Srpoporoinon Tov
glaouatonodiov oe pikpég amonelg), tov otadiov 3 (dnuovpyio Kot @pipovern vevpdova) Kot
0V otodiov 5 (mMpwg dpuot vevpoveg) (Dotti et al., 1988), kot 1éhog, &) SaPOPETIKEG
Kuttapikés oglpés moviikod (Ewoveg 3.3, 3.4, 3.5, 3.6, Ilivakag 3.2). Ta v moGOTIKN
€€160ppoOTNOT TOV JEYHOT®OV 7OV Ypnoiporomdnkoy, devepyndnke mapdiinio PCR ywo v
gvioyvon dwyvootikod koppatiod Tov CDNA ¢ ppocoukng Tpoteivng L19 movtucon (Ewkoveg
3.3, 34, 35, 3.6). H L19 &sivau mpoteivn pe otabepn yovidiakn £kepoot, aveoptnTog
avantvuélokol otadiov kot wotod (Al-Bader and Al-Sarraf, 2005) ka1 yio owtd t0 AdYyo pmopsi vo
ypnolomon el g deiyua KOVOVIKOTOINGNG G€ TEPAUOTO GVYKPLITIKNAG AVAALONG TNG YOVIOLOKNG

£KQPUoNG GAA®V TPOTEIVOV.
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Hivokag 3.2: To dciypoto amé TovTiKL TOV YPNGLROTOU|ONKAY Y10, SLEPEDVIGT TOV TPOTVTOV
YOVISLOKIG £KQPacT|S TOV leopopedv Katnal2.

Iotoi/Opyava | Ileproyés vevpikov | Avartoéloka otaolo mnokapmov | Kutrapukés osipég

GUGTI|LOTOG
Negpoc DLo16¢ eyke@dlov Xtéd1o 2 in vitro NIH 3T3
ITveduovag Iopeykepaiida Xtéd10 3 in vitro NSC 34
Opyeig Innékoumog Xtéé10 5 in vitro TM 4
Qobnkn Notwiog poedodg E13 (Epppviko otdoto 13 nuepav) IMCD 3
Innéxapmog E18 (Euppvikod otdoto 18 nuepav)

Neoyévvnto (2,5 efdopddmv)

EviAikag (3 unvav)

I'loia veoyévvntov

Oocov agopd ) yovidiakn ékepacn tov Katnal2 g 161ob¢ kot 6pyave tov movtikov, ta
amoteAéopata £deiEav 611 ot Iopop@ég Katnal2 exepalovion oe oAb vymAd eninedo otovg dpyelg
KOl GE GYETIKO UIKPOTEPO GTOV WMMOKAUTO, GTIC MOONKEC, GTOVEC TVEVHOVEG KOl GTOVS VEQPPOUS
(Ewova 3.4). e dGAlovg 1oto0g dev mapotnpeitol Ekppacn Tav 1couopeav. Eival eppavéc 6t ot
Katnal2 exepalovtor kupimg o€ 16T00¢/0pyava DYNANG UITOTIKAG OpaotnplotnTag, 0PN, TOV

TOPUTEUTEL GTO GUUTEPAGLO OTL Ol IGOUOPPEG EKQPALoVTaL KVPIG GE S101POVLEVE KOTTOPA.

Ewova 3.4: Hiextpo@opnpa ayapolng GUYKPITIKAG 0vVAAVGIG TS YOVIOLUKNG EKPPACS TMV
wwopopeov Katnal2 o d149opovg 16100¢ Kol 6pyave TovIIKov.

H RT-PCR yia tig Katnal2 dievepyndnke pe evioyvoon piag kowng aAiniovyiog TV 160popemv
peyéBoug 508 bp. To ynAdtepo eninedo £KQEPACTC TOPOTNPEITOL GTOVG OPYELS.

S
bt
3 & o o
Q“’Q QP .QQ'\“ ot

o -
@Qﬁ‘ 0"\6‘
o q}’q\?
kbp <

0.50
0.30

Katnal2

0.50

0.30 Lis

Aoym tov OtTL aviyvevOnke ékppaon tov Katnal2 oto deiyua mpoepyduevo amd tov
mrokouno (Ewkova 3.4), dievepynnke 6T GUVEYELD GUYKPLTIKN OVAALGT GE SLAPOPEC VITOTEPLOYES

tov eykepdiov (Ewova 3.5) n omoia gavépwoe 611 o1 Katnal2 (kar xvpimg n Katnal2-L1)
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exepalovior o€ VYNAO Pabpd oIV TEPLOYN TOV IMTOKAUTOV, GE OYECN LE TIG VTOAOUTES TEPLOYEG
TOV VELPIKOD GLOTNUATOG TOV HEAETHONKOV. AVTO TO omoTéAeoua emPePfaindnke kol PEGH NG

AvVAALGNG LE TNV YPNON EKKIVNTOV EBIKGOV yia TG loopopeég Katnal2 L1, L2 & L3.

Agv dievepynOnke avaAvon 16TOAOYIKGOV TOUMY TOV EYKEPAAOV pEe VPPLOGUO i Situ yia vo
depevvnBel €bv 0 WMOKOUTOG €ivol M HOVOSIKN TEPLOYN TOV EYKEPAAOL 7OV OTOKAEICTIKA
ekppalovtor ot Katnal2 og onpavtikd enineda. Opog Ady® g OXETIKO GNUOVTIKNG EKQPOCTS
OTOV WNOKAUTO, aKoAovONoe 1dikevuévn avaivor Tov e&eTaloviag T060 To OVOTTLELNKE GTAdL
ToV IN ViIVo (avaAidovtog deiypoto and eufpuikd otddio E13 kot E18 péypt kot evijdiko dropo) 660
Kol adlopOoPOTOiNTOVS TLPAUSIKOVS VELPAOVEG ITIOKAUTOV TTov eEdyovTol amd EuPpvo otadiov
E13 xout dtapopomotodvtat TANpwg iN Vitro 6€ dpiovg AEITovpykods VEVPMOVEG HEGH amd EVa KOAGL

yapaktnpiopévo otepeodtumo npdypappa (Dotti et al., 1988) (Ewova 3.6).

Ewova 3.5: Hiextpo@opnpa ayapolng GUYKPITIKAG 0vAAVGIG TS YOVIOLUKNG EKPPACS TMV
woopope®v Katnal2 o d1a¢popes meproyés Tov veupikod GVGTIHATOG TOVTIKOD.

H RT-PCR yw tic Katnal2 dSevepynOnke pe evioyvon olOKANpov Tov avolktoh TAOIGiov
avAYVOoT g TOV IG0HOPE®V, KoM Kol LLE EVIoYLOT KOUUATION TOV GLVOVTATOL LOVO OTIG HEYAAES
wopopeég (Katnal2 L1, L2, L3). To ynidtepo eninedo ékppaong tov KATNAL2 otov gyképaio,
TopOTNPEITAL GTOV TTOKAUTO.

kbp

2.00
1.65

1.00

Katnal?2 all
isoforms

2.00
1.65
Katnal2-L

1.00 EE :
isoforms

1.00
0.50
0.30

L19

To omoteléopota g peAétn Tov avartuélokdv otadiov édsiéav o6t or Katnal2
ekppalovtol e onuavtikd Pabud ota in Vitro otddio avartuéng Tov VELPOV®V TOL ITOKOUTOV.
SUYKEKPLUEVO KATE TN SL0POPOTOINGT TOVG G MPLOVG VEVPMVEG 0KoAovBeitar Lo avodikn Téon
éxeppaong tov Katnal2, n omnoia wotdco peidveton 0tav QTAGOLY GTO GNUEID TNG TARPOVG
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drapoponoinong tovg. Xto. in Vivo otddia, 1 ékepacn tov Katnal2 Eexivd katd ta televtaio
eUPpLikd oTAOIO KOl KOPVPDVETOL UETA TIC TPpDTEG €PdONAdES YEvvnomg Tov moviikov. Emiorg
mopaTnPNONKe YOVIOLOKY EKQPACT KOU OTO OLOPOVUEVO KVTTOPO TNG YAOLOG. XTOLG TANP®G
SL0(POPOTOIOVUEVOVG VEVPADVEG DPLUMV TOVTIK®OV, 1 Ekppacn eivar apeintéa. [lapopoto mpdTLTO
EkQpacong £0E1EE Kot 1) VGADGT LE TNV YPNOT EKKIVITOV EIIKOV Y1a TG 1copoppéc Katnal2 L1, L2
& L3. Amo to o mhve eoivetot 0Tt oo T otiyur] Tov EEKva 1 ékppacn Tov wopuopemv Katnal2,
auTéEG KLPImg eKPpalovtol og avoarTuéloKd oTadio Ta omoia yapaktnpiloviol amd Yynid T0GocTd
SlpovpEVeY 1/Kotl VIO S10pPOPOTOINCT KLTTAP®Y. L& TANPAOS SOPOPOTOUEVE KOTTOPO 1|

ékppaon tov Katnal2 peidvetor onpovtikd av oyt mAnpog.

Ewkéva 3.6: Hiektpo@opnpa ayopolng cuykpriikilg avaiveng TG YOVIOLIKIG EKQPUGTG TOV
wopopedv Katnal2 oc dwogopetikd in Vitro avamtvilokd otddle vevpoviKig avamtoéng
WIAOKOUTOV KoL 6€ iN ViVO avartTuEloKd 6Ttdo1o TTOKoUTov TOVTIKOD.

H RT-PCR ywr 11c Katnal2 dSievepynbnke pe evioypon oAOKANpoL Tov 0ovolktod mAoiciov
avAyvVooTg TOV 1IG0H0PE®V, KoM Kol [LE EVIoYLOT KOUUATION TOV GLVOVTATOL LOVO OTIG HEYAAES
woopopeég (Katnal2 L1, L2, L3). Xta in vitro otddia, 1 yovidiakn EKQpocn OTavel 6To PEYIGTO TG
Katd 1o XTdd10 3, evd in Vivo Alyo petd tn yévvnon.

Katnal2 all
isoforms

Katnal2-L
isoforms

Li9

H ovykpitikr] avélvon tov kuttapikav oep@v (Euova 3.7) katédei&e 0Tl ot 100HopPES
Katnal2 exppaloviol oe OAeC TIC oelpéc OV peAeTHONKAY, HE TO YNAOTEPO EMIMESO YOVIOIOKNG
éxppaong g Katnal2-L1 vo mapatnpeitar oto xotrapa IMCD 3. Ot pukpotepeg 1GOHOPQEG
Katnal2 exppalovton kupimg ota kdttapa NIH 3T3 kot NSC 34. T avtd 1o Adyo éyive aAwote

Kkatopbmt N KAwvoroinon tovg omd to kuttapa NIH 3T3.
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Ewova 3.7: Hiextpo@opnpa ayapolng GCUYKPITIKAG 0VAAVGIG TS YOVIOLUKNG EKPPACSNS TMV
wopopeov Katnal2 o d14Qopec KVTTUPIKES GELPES 0TO TOVTIKO.

H RT-PCR yw tic Katnal2 dievepynfnke pe evioypon OAOGKANPOL TOL OVOIKTOD TAGLIGIOL
OVAYVOONG TV IGOLOPPDV.

C
kbp ‘@é 2 ‘Q@ >

2.00
1.65

el K atnal?2
1.00

0.50

0.30 LI19

SOUTEPOUGUOTIKG 0 16TOG E TNV O LYNAN YOVISLOKY EK@pact TaV 1oopoppav Katnal?
givar 0 1010¢ TV Opxewv. Or Katnal2 sxppdlovior oe onuovtikd eminedo o6TIS TEPLOXES TOV
OOUOTOC TOL TOPOLCIALOLY LYNAN UITOTIKN dpacTnploTNnTe, VA 1 YOVIOIOKN TOVG EK(PPOCT|
nepropiletar oe TANPwS dapopomoinpéva kKotropa. Ocov apopd ta Eeywplotd eninedo Ekepacng
g kéOe piag, dSopavnke OTL OV KOl TAPOLGLALOVY EKTETAUEVT] OLOLOTNTO OTIG CAANAOVYIEG TOVG,
Stobétovtog kdTEP KOO OpyIkd Kol TEAMKO eEMVIO, OV QOIVETOL VO LETAYPAPOVTOL OAEC LE
Tov 1010 pvOuo. IMbavd va vedkewtal o€ EAeYY0 amd SAPOPETIKOVG VITOKIVNTES. Ot IGOUOPPES e
v vynAdTePN £kppaon eivar ou Katnal2-L1 & Katnal2-L2 ot onoieg 6o mpémetl vo, Aoyilovtan mg
pio 1copope Mo Kot €ivol TPOKTIKMG odOVATOS 0 Sl ®plopog toug oe avtiopdoelg PCR, kot
axoArovfei n Katnal2-S1. H Katnal2-S2 exepdaletan og pukpodtepo Pabud otov mmdkaumo Kadmg
KO GTIC KVTTOPOGEPEG TTOL avorvOnkav, evd 1 Katnal2-L3 gaivetar va £xst apeAntéo yovidiokn
éKppooTn e mopovoio pwovo oe kuttapocelpés. Ot dapopég oty EkEpach Tovg, Tavo va
oyetilovtal pe d10popomoincT ot AEttovpyia ToL EMLTEAEL 1] KAOE Uia, IGOUOPPT, EVD PAVEPDVOLV

Eexmp1oTtd TpdTO PYOUIONC TNE YOVIOIOKNG EKQPACNC Y1o. TNV KAOE pia.

100



3.4 Tapoockevn oviieOuotoc £vavit Tov weopnopo®v KATNAL2 kol avalvon tnc
TPOTEIVIKNE TOVE EKQPUOCTC

341 Topackevn OvVIICONOTOS

INa va yiver xatopbwt n perétn tov copopemv KATNALZ ce mpoteivikd eminedo,
KOTOOKEVAGTNKE TOAKAMVIKO OVIIoOUO 0 KOToike, &vavil Tng oavacuvovacuévne 6xHis-
KATNAL2-S1, dote va eivar o 0éon va aviyvedoel e&icov koAl TOGO TIC UIKPEG OCO KOl TIG
peyaiec woopopeéc. Ot BéEATioTEG cLVONKeEG emayyng g EKppoong oe Paktipla (2.2.2) v ™
GUYKEKPIUEVT €TEPOLOYT TTpWTEIVY giyov peretnBel and ™ Xpiotiva Kapnidpn katd tn didpreia
™m¢ petamtuyokng dumdopatikng ™me epyociog (KounAdpn, 2010) xar cvvoyilovtal ce ypdvo
enoywyng v 16 éwg 18 dpeg oe ocvykévipmon 0.05 mM IPTG. Xt cuvégeia dievepynonie
Broynuucog kabapiopog g avacuvovacuévng tpoteivig (2.2.3) kotd tov omoio ekAovotnKay €51
KAGopaTo, €K TV omoinv ta Téooepa televtain eiyav ™ peyaivtepn kobapdmta (Ewova 3.8).
Avtd ovvevobnkov (Ewova 3.9) kot akodovbwg otdAdnkav otnv gtapeia Sicgen (Portugal), yu
™ dnuovpyia. Tov avticodpetos. To oaviicoua mov ANednke amd v Sicgen vmoPAndnke oe

KaBaplopd ynuUkng cvyyévelag (2.2.4) yuo va fertimbei n eldikdtnta, Tov.

Me avocoamotdnwon katd Western, to kabopiopévo aviicopo emitoymg ovayvoplle
Baxtnplokd ekppaopévn tpwteivy 6XHIs-KATNAL2-S1, évavtt g onoiog mopnyOn, 1060 ota

oMKa Baktnprakd ekyvAicpata 660 Kot 6to cuvdvaopéva ekAovouato 3-6 (Ewova 3.10).

To xoBopiopévo avticopa dokipudotnke eniong og kottapo IMCD3 petacynuaticpéva pe
t0. Thaopidie mCherry, mCherry-Katnal2-L1 ka1 mCherry-Katnal2-S1 ta omoia katackevdotKoy
and ™ petamtuylakn eottiTpia Mapio Xpiotoeopov (Xpiotopdpov, 2014) (Ewdva 3.11). Eniong
dokdotke og kottapo NIH 3T3 petaoynuaticpéva pe to thaopidw Flag-Katnal2-L1 ko Flag-
Katnal2-S1, n katackevn tov onoiov neprypdpetol 6to vrokepoiato 2.1.21.2 (Ewova 3.12). Xg
OAEG TIG TEPUTTMCEIS TO OVTIICOUA OVAYVOPLE TIG ETEPONOYEC VIEPEKPPOGUEVES 1GOUOPPES

KATNAL2, 6mwg GAA®OTE TAV OVOLEVOLEVO.

Metd amd dibpopeg dokyés, Ppénke OtL ov PEATIOTEG OPALDOELS Yoo TN XPNON TOV
kaBapiopévou aviiodpotog etvor 1:100 v nepdpota avocopbopiopov, kot 1:250 yuo mepporta

avocoamotumwong Katd Western.
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Ewova 3.8: Xpoon anktopatos axkpvropidng pe dwdlopa Coomassie Brilliant Blue, émov
ToPoVGLAleTal o froynuikég kKabapiopog g eteporoyns mpotsivg 6xXHis-KATNAL2-S1.

Ta kKhdopata Ekhovong 3 wg 6, epeaviiav T peyoivtepn kabapdmra.
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Ewova 3.9: Xpdon anktopatog akpvropidng pe swdiopa Coomassie Brilliant Blue, éwov
napovortalovtor 1o 000 HEIYNOTO TOV £KAOLOPATOV TOL Proynuikov kabapiopod TNng
greporoyng mpoTeivng 6XHis-KATNAL2-S1.

To dlvpa exkhovopdtov 3-6 ivar avtd pe t peyaivtepn kabapdmta (Ewova 3.8).
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Ewova 3.10: Avocoamotimtmon katd Western, pe ypion tov ko0upiopévov GVTIGCOUATOG
évavt g 6xXHis-KATNALZ2-S1.

To xaBapiopévo avticopa Evavtt g KATNAL2 eaivetor vo avayvopilel emitoymg v
aVOCLVOVOGUEVT TTPMTEIVN o€ oMK Paxtnplokd ekyvAiopoto kobmg kot oto koabopiopéva
KAopoto and ) dadikacio kaboapiopov g (neipoua Ewdva 3.9).
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Ewkove_3.11: Avocoamotimmon katd Western 1y Tov £Aeyy0 TG EKOPUONS TOV
ovoovvovacpivav apoteivav mCherry-KATNAL2-S1 kov mCherry-KATNALZ2-L1, pe ™
xpon Tov kabapropévov avricopatog évavtt g KATNAL2.

To xoBopiopévo avticopo évavtt g KATNAL2 oaivetor va oavoyvopilel smrtoymg Tig
ovooLVOLOGHEVEC TIPMTEIVEG (KOKKIVOL PBEAdKIN) O TPMTEIVIKA EKYVMGUOTO ETLUOAVGUEV®V
Kkuttépov IMCD 3.
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Ewkove3.12: Avocoamotimmon katd Western yw Tov €Aeyyo NG EKOPUONS TOV
avacvvovacuévov apotsivav pFlag-KATNAL2-S1 ko pFlag-KATNALZ2-L1, pe ™ xpnion
70V KaBapiopévov avricopatog évavtt tng KATNAL2.

To xoBopiopévo avticopo évavtt g KATNAL2 oaivetor va oavoyvopilel smtoymg Tig
ovooLVOLOGHEVEC TPMTEIVEG (KOKKIVOL PBEAdKIN) O TPMTEIVIKA EKYVMGUOATO ETLUOAVGUEV®V
rxuttépov NIH 3T3.
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3.4.2 Avaivon TG TPOTEIVIKIG EKQPacS TOV 1eopopp®dv KATNAL?2

To xaBapiopévo avticopa Evavtt g KATNAL2, ypnoomomdnke yio Ty avaivon e
TPOTEIVIKNG Ekppaons Tov wopopeav KATNAL2 ce dtdpopeg KuTTOPOGEPEG OTTMOC EMIONG Kot
GTOV 10TO TV 0pYe®V (TOV UE PACN TO ATOTEAECUATO TNG CLYKPLTIKNAG GVOAVONG TNG YOVIOLIKNG
éxepaong tov Katnal2, Oswpeiton 0 1616¢ pe TV mo vVynAn EKepact TV Vd UEAETN IGOUOPPDOV).
H avocoamotinwon xatd Western eoavépwoe d1dpopeg avocoavtidpactikés pmdvieg (Euwova
3.11), kovtd oto poploKad UEYEON To omoio NTOV CVOUEVOUEVO VO EVTOTILOVTOL IGOUOPPEG TNG
KATNAL2 Béoetl tov ariniovyidv tov CDNA tovg (ITivaxag 3.1). Zvykexpipéva epupavifovral
TE00EPIG UTAVTEG: a) pio ToAD évtovn pmdvto oty meployn tov S0 KDa n omoia moAd mhovo va
avtotoryel oty KATNAL2-S1, B) wo purdvia moAd kovtd oto 60 KDa n omoio mbavotata
avtotoryel oty KATNAL2 L1, y) wo purdvta Ayo mo wéveo amd ta 40 KDa mov mibovo
avtotoryel oty KATNAL2-S2 ko 8) pia pmdvto Aiyo wo wéve amo to 80 KDa yio tnv onoia dev
&xel amopovmbel kamowo adiniovyic CDNA mov va Kmdikomolel Tpoidv e avTd T0 TPMTEIVIKO
péyebog, yopig puowd va Aapfdvetal veoyn mbovhy advénon g poprokng palog Aoyom petd-

LLETOQPOCTIKMY TPOTOTOLCEMV.

To yeyovog 6t 1) o €vrovn pmdvta Tov avayvoplle To KaBopiGUEVO OVTICOLL, TAV QUTY
ov mBavo avtiotoryovce oty KATNAL2-S1, epyotav oe avtifeon pe to amoteAéopoto Tng
NUocoTIKNG availvong twv CDNA towv wopopedv, 6mov dwpawvotav n Katnal2-L1 wog n
LGOLOPPT LE TN LEYOADTEPT EKQPACT|. ZVVETHDGS, Oa émpene mpmdTo va Eekabapiotel av To avticopa
OV KOTAOKEVAOTNKE, OVI®G avayvaplle Tic wwopopeés KATNALZ2, mpotod va pmopovpe va
poPovpe og aSOTIOTEG EIKAGIES Y10 TNV TALTOTNTA 1) TO EMITEDQ EKPPaONG TNG kabe 1oopopong. H
UEBOSOC NG AVOGOKOTUKPIUVIONG GE GLVOLOGUO HE Qacpotookomio ualeg, 0o umopovoe va
00N YNGEL OTNV TAVTOTOINGN TOV 0VOCOOPUCTIKOV UAAVIMV KOl VO OIOVINGCEL Kol To 600 ovTd

EPOTNHOTAL.
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Ewova 3.13: Avtopadtoypdonpa tng avocoanotinmens Katd Western, 670v mopovotdleTol
N $KQPUG TOV EVOOYEVAV TPOTEIVIKAOV 160popPav KATNAL2 o€ TpmTEIiVIKA gkyviicpata
KUTTApV movTik®v tomov IMCD 3, NIH 3T3, TM 4, Neuro 2A ka0®g Kol 6€ TPOTEIVIKO
eKyOMoNO OpYEMV TOVTIKOV.

O mpwteiveg €xovv evtomiotel pe v ypnon tov ovti-KATNAL2 avticopotoc. Me kOKKivo
Beldxt @aivovtar ol pmdvieg mov wOOvOC vo avtiotoryovv oe toopopeés g KATNALZ.
Xpnoporomdnke 10 oviicouUo £vavtl Tng a-TOVUTOVAIVIG Y10 EAEYYO TNG GUVOMKNG TOGOTNTOG
TPOTEIVNG TOL YpNOLLOTOONKE AT KAOE EKYOMGHLAL.
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3.43 Tavromoinon Tov wopopedv KATNAL2 pe ™ pé0odo TG 0vVOGOKATOKPUVIOTG,
akolovOovpeviig 0m6  avAALGY  OTOROVOUEVAOV  TPOTEIVIKOV  UTAVIOV €

POORATOOKOTIO nalag

Tao peyédn tov pmaviov mov avoyvopiloviolr og OeTikéc pe To oviicopo EVovil Tng
KATNAL2 omv avocoorotomwon katd Western (Ewova 3.13) eaivovion ek mpdtg Oyemg va
GLVAdOLV e Ta TPOPAemOpevVa LeYEDN Yo TIG O18pOopeg 1IGOHOPPES TNG. Eedn opmg mpoxeiton yio
VEEG KO [UT] YOPOKTNPIOUEVEG TPOTEIVES KOl 1] AViXVEVST] OEV Elval OLTATOOEIKTN, XPTOLUOTOONKE
N evdewkvoopevn péBodog TavTOTOINoMG, ONANSY] OVOCOKATOKPNUVION KOl OVAALGT T®V
OTOUOVOUEVOV DETIKOV TPOTEIVIKOV €0V pe @acpatookomio pdloc. H peBodoroyia avth
(2.2.13) oy povo givon amapaitm yo v emPePoinon g vrapéng tov wopopemv KATNAL2
KoL TNG €01KNG avayvopiong toug amd 1o avticopa Evavtt g KATNAL2, alid evdexopévmg Oa
UTopovGE Vo 0ONYNOEL OKOUN Kol OTNV €VPecT] MOUVAV OAANAETIOPOCOV TPOTEIVOV UE TIC

KATNAL2. Eniong, péom g Eexmplotig avaALoNG TMV TEGGAPHOY AVOGOOPUCTIKOV UTOVIMY TOV
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aviyvevel 10 ovykekpipévo avticopo (Ewova 3.13), 0o umopodooue va Eexabapicovpe o mol

woopopen KATNAL2 avtiotoyei n kébe pia.

TI'a v avocokatakprjuvion, 8 pg ovticopoatog évavtt g KATNAL2 mpocdédnioy
OUOIOTOAIKA OTNV KOTOAANAN Tocotnto. opapdiov G oeeoapdlng. AkolovOnce endoorn Ue
TPOTEIVIKO eKYVAICUA amd 4 dpYES TOVTIIKOD, KOl EKAOVOT) TV decUeLPEVOV TPpoTEivav. To 80%
TOL OYKOL TOV €KAOVGUOATOS NAEKTPOPOPNONKE GE TAKTOUO AKPLAOUIONG, KAl GTN) CUVEYELD TO
mKTOpe. vréotn ypoon pe didAvpo Brilliant Blue G-Colloidal, yio va diapovodv tpeig umdvieg
(umavteg 1, 2, 3, Ewova 3.14A) MOV 0VOGOKOTOKPNUVIGTIKOV LE TN YXPNOT TOL OVIIGMUOTOG
évavtt g KATNAL2, eved gppdvifov Kot 0voGodpacTIKOTNTO 08 VOGO ToTOT®mon katd Western
mov deENyOn pe to vwoéromo 20% tov dykov Tov ekhovouartog (Euova 3.14B). Avtég ot Tpelg
unavteg komnkav amd 1o mAKtopo mov eixe Pagtel pe Colloidal kot amobnkevTnrav yia
peAlovtikn avdlvon pe eoacpatockonio palog (umavteg 1, 2, 3, Ewova 3.14A). Erniong komnke
kot amofnkevtnke plo pmévra (3n, Ewova 3.14A) and tov apvntikd €reyyo, avtiotoyn Tng
UTAVTOG 3 TOu TWEPAPOTOC, Yo OKOTOLG GUYKPIoNG, ®ote va gieyyfel 1 €dikdmTo NG
avocoovtidpaong (Ewova 3.14A). O Ad6yog mOv OMOQAGIGTNKE 1 OMOKOMN TNG GLYKEKPLLEVNG
UTAVTOC, MTOV M ovTloTolion TG Me KOPLO OVOGOdPACTIKN Umdvta Tov mepduatog (umdvto 3,
Ewoéva 3.14B) ce meployn] OvapeEVOUEVOD TPAOTEIVIKOD UeyEBoLg Yoo TIC veoavakailvpbeiosg

KATNAL2.

H avayxn yio éheyyo g emavaAnyipdTrog g E0IKOTNTOG TG 0VOGOKATOKPTUVIONG LE
T xpnomn tov avticopatog Evavtt g KATNAL2, odynoe oty emavdinyn g dwdikaciog n
omolo. Oumg Olevepyndnke oe peyoAvtepn kAipoaxo, dote vo avénBovv ot mbovotnteg yio
TavToToinon MOAVOV OAANAETIOPOCHV TPOTEVAOV. ZVYKEKPIUEVA ypnoipwomodnkay 28 ug
avtioopotog Evavtt e KATNAL?2, to omoia apod mpocsdédnkay e KOTAAANAO OYKO GQalpldimv
G oepapdlng, ETmACTNKAV E TPMTEIVIKO EKYVAIoUN 0O 8 dpyelc TovTikov. H avocoomotdmmon
katd Western povépwoe dtdpopeg pumdvteg petatd tov meploymv 45-80 KDa mov eppavietnkay
010 ékAovopa Tov aviioopatog Evavtt g KATNAL2 eve amovcialav amd 10 EKAOLGO TOL
nelpapatog apvntikod eréyyov (Ewova 3.15B). Etol kdémnkav kot amodnkevtnkay €L vphtepeg
C{dvec (kor Oyl pumdvteg vt TN GOPA) amd TO THKTOLO OV EiYe VROGTEL Y¥PHOON UE TO ddAVUA
Colloidal (Ewcova 3.15A), tpeic (Coveg 1, 2, 3, Ewdva 3.15) and tnv meptoyn) Tov EKAOOGUATOS TOV
avticopotog évavtt g KATNAL2, ot onoieg kdivntav abfpototikd OAn v meployn petald 45
kot 80 KDa, ®mote va koivebei m gopOtepn mePOY] TOL TNKIMUOTOS TOV TEPIEXE TIG
avocodpactikég pe 10 ovii-KATNAL2 avticopo mpoteiveg kobdg Kol VTOYNQLEg
oAAnAemdpmoeg e avtéc mpoteiveg. Ot vmoloweg tpelg {oveg (1n, 2n, 3n, Ewova 3.15) kénmnkav

OO TIC OVTIOTOLYEG TTEPLOYES TOV EKAOVCLATOG TOV OPVITIKO OEIYUATOG OVOPOPAS, Y10 GUYKPLON.

Ot pmdvteg kat ot {mveg Tov amodnkedTnray omd o SO0 TEWPAUATE AVOCOKUTOKPAUVIONS

OTAAONKOY Y0 AVAALOT TV TOAVTEMTIOIOV 7OV TEPLElYaV UE QAGUOTOOKOTO WAalag, ©To
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Epyaomplo [Ipwteopkng tov EMBL oty XaideABépyn g ['epuaviag. H avdivon katédeiée
(TTivaxag 3.3 yio t0 TpdTo TMElpapa pukpng kAipakog kot [ivakag 3.4 yio o meipapo peyorldtepng
KMpoKag) 0Tt OAec ot pmavteg kot ot {OVEG TOL EKAOVGUOTOG TOV OVTICOUNTOG EVOVTL TNG
KATNAL?2, mepeiyav nentidw ta onoia avikay oty wopopeny KATNAL2-L1 (ZyAua 3.6), g
omolag 1 TPWOTEIVIKN TNG aAANLovYio VITEPKAADTTEL OAES TIG VITOAOUTEG IoopopPES. Emmpdobeta og
Kapio prdvra 1 {dvn Tov EKAOVGUOATOG TOV (UGIOAOYIKOD 0pol (delypa apvnTikod eAEYyoL) dev
Bpébnke mentidio mov va aviwotoryel otic KATNAL2, yeyovog mov emPefoidvel tnv €101kn
avayvopion Tov wwopopeav KATNAL2 and 1o avti-KATNAL2 avticopa. H avayvapion oe OAeg
T1g {oveg/umdviec mentidiov €WKV Yo Tnv L1 (akdun kol og Teployég KPOTEPOL TPOTEIVIKOD
ueyébovg and v Khovomompévn L1, otic omoieg Oa mepuévape vo, evtomifope mentiol wov va
AVTIGTOTYOVV HOVO GTIC ICOHOPPEG S) dev emttpénel Ty €vOgio. OVTIGTOLYNON TOV UAAVIDOV TOL
aviyvevel To avtioopa pe tig Khovoromuéves ioopoppéc KATNALZ2 (IMivakag 3.1). Mia e€qynon
Y. ovto givor M Thav TEPOLGIN PETA-UETAPPUCTIKOV TPOTOTOCEMV OTIC UEYAAES 1GOUOPPES
7oV ALEAVOVVY 1 LELDVOLV TO TP®TEIVIKG péyeboc. Emiong dev pumopel va amokAeiotel n mibavotarta,
omopéng oe avtéc Tig umiviec/(dveg ko dAlmv eopoppdv KATNAL2, ot omoieg dev eiyav
KhovoromOel efaitiog SAPOPETIKOV OQUIVOTEAIKOD 7 Kol KopPo&uTelkoDd AGKPOv, TOL Ogv
EMETPEYAV OTOVG EKKWVNTEG 7OV  ypnolpomombnkav vo Tig moAlhamlacidcovy. Adyo® g
avumap&lag 0KV TEXTISIOV TOV VO AVTIGTOLOVV OTIG WKPEG (S) 100H0pPES, 1 EOIKT aviyvevon
Tovg glvar advvarn, aAdd Bewpodpue apeintéo v mlavotnta va punv avayvepiloviol ond 1o
avTiCOUO pog Kot o) Kataokevdotnke évovit otnv S, B) emPeforopéva avayvopilel 16opopeEs
KATNAL2 «xoi, y) ko1 oto d00 TWEPAUATO OVOCOKOTUKPUVIONG ELYOUE TNV €01KT Tapovsio
VOGOJPUCTIKOV UTAVT®OV 6T0 TtpofAremdpevo péyebog yio tnv S1. Ev kotokAeidt, To avticopa wov
glyape ot 0160eon pog NTOV KOVO ylo TNV OViXVeELSN CPKETAOV, av Oyt OADV, TOV LCOHOPPOV
KATNALZ2.

[opdAinio, tawtomomOnKay Kot kKdmoteg AAAeG TpTEIVEG, LEAN TG Okoyévelag Tov Heat
Shock Proteins, ot onoieg cuvavtdvtar 6to Ekhovopa Tov avtio®patog Evovtt g KATNAL2 evd
glte amovoidlovv, eite Ppiokovial 6€ OMNUAVIIKG YOUNAOTEPES GUYKEVIPMOGELS GTO Oelypol
apvnTIKoD eléyyov. Avtég o1 mpmTeiveg mbovoTate aAANAETIOPOVV LE TIG 1Ioopopeéc KATNAL?Z,
TO YEYOVOG OUMG OTL Ppickovtol o€ UIKPEC TOGHTNTEC GTO MEIPOALLA OPVITIKOD EAEYYOV, OTMG KOl TO
ot kdmoleg Gidec Heat Shock Proteins tavtomombnkov 1660 610 £KAOLOUA TOL PLGLOAOYLKOD
0pov 0G0 Kol 6T0 EKAovcpa Tov aviio®uatog Evavtt g KATNAL2 ce peydiec moocoTNTES Ko
ota 000 TEPAUOTO OVOCOKATOKPNUVIONG, Ogv emtpémel v eEaymyr] OomoADTOS AGPUA®YV
CLUTEPACUATOV OGO 0QOPE TIC CLYKEKPUEVEG OAANAEmOpdoelg Ko eivor kdtt mov ypnlet
mepatEPp® depedvnong. Agloonueiomto givor o 6L o1 kVpleg Tpwteiveg HSP mov tavtomomdnkay,
avikovv oto camepovio HSP70, tov omolov pio amd Tig Agttovpyieg givor kol 1 Tpdcdecn oTa
piocoduata, yio. TV @pigavon Tov vrd ovvbeon molvrentidikdv aivcidwv (Willmund et al.,

2013). IMBavév avtd 1o camepdvio vo givar vrevbovvo yuo. TV KOTAAANAN avadimlworn Tomv
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woopoppav KATNAL?2. Eriong otig mbavég aAnAemidpmoeg mpwteiveg Ppiokovial, £0T®m Kol 0

HIKPEG TOGOTNTEG, Kot KATOleg dopkég pifocmpukéc tpoteives (TTivakeg 3.3 & 3.4).

Ewova 3.14: Anoteréiopnoto TPOTOV TEPANOTOS OVOCOKATAKPIIVIGNS TO omoio deliyOn oc
ppn KAipokao.

A. Xpohon mnkrdpatog akpvrouidng pe didiopoa Brilliant Blue G-Colloidal, 6mov mapovoialeto
TO OMOTEAEGLO. TOV TPADOTOL TEPAUATOG OVOGOKOTUKPTLUVIOTG, TO 0Toio dtevepynonke pe tn ypnon
8 ng avticopatog évavtt g KATNAL2 oe mpoteivikd ekyvAlopa amd 4 dpyelg movikod. Me
KOKKvVO BeAdkio @aivovtot ot 3 pmdveg Tov evtomilovtal HOVO HECH TNG VOCOKATOKPTLLVIONG LE
10 avticopa évavtt g KATNAL2, kafdhg kot 1 avtictoyn prdvta 3n Tov apvnTikoy eAEYYOV,
OV OMOKOTNKOY om0 TO TNKTOWUO Kol TovTtomombnkav ot mePlEOUeves TPOTEIVEG e
eoopatookomio palog (TTivaxag 3.3).

B. Avrtictoyn avocoamotinwon koatd Western, pe to avticopo évavtt g KATNAL2, mov
e€etdler to 0w Odeiypato Omwg oto (A). Ot edwég yuw 1o Ogiypa g KATNALZ2
OVOGOKUTAKPNUVIOUEVEC umdvteg 1-3 gival Kol ovooodpaCTIKES, YL OUTO KOl OITOKOTNKOV Yo,
TOVTOTOINCT| TWV TEPIEYOUEVDV TPOTEIVAOV LEGH QacHOTOoKOTIO LALag 6T THKT®U (A).
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Ewova 3.15: Anoteléopata 0£0TEPOV TEPANATOS UVOGOKUTAKPTUVIGNG TO 070i0 deliyOn oc
peyarn kKiipoka.

A. TIfktope akpoiauidng mov &xel vmootel ypmdon pe dudvpo Brilliant Blue G-Colloidal, émov
eaivovtol ot Koppéveg (mdvec Tov OgDTEPOV TEIPAWPNATOS TNG OVOCOKATAKPNUvVIonS. Kommkav
ovvoAkd 6 Cmveg: (o) tpewc (1, 2, 3) otig omoieg dev pumopovoe vo, dtakplfel 01K UTAVTO GTO
éKhovopa tov avtioopatog évavit g KATNAL2, aAld n avocooamotvmmwon xoatd Western
(Ewova 3.15B) katédei&e v Dmopén avosodpucTIK®V UTUVIMV GE AVTEG TIC TEPLOYES, KUl B) TPELS
{dvec amd T0 EKAOLGLO TOL PLGLOAOYIKOD 0poD (TEipaLa OPVNTIKOD EAEYYXOV), avTioToyeg TV 1, 2
ka1 3 (1n, 2n, 3n), Yo GOYKPLON TOL TEPLEYOUEVOL TOVG UE OVTO TOL EKAOVGLOTOC TOV OVTICMUOTOG
évavt g KATNAL2.

B. Avtopadioypdenua avocooanotonmong katd Western, 6mov mapovctdletal 10 anoTéAEGLO TOV
devTEPOV TTEPANNTOC TG avocokatakpruvione. Daivovral Eexdbapa didpopeg umdvteg amd to 45
KDa og to 80 KDa mov gvtomifovtot e101kd HEGH TG 0VOCOKATOKPTLVIONG [LE TO AVTICOU EVAVTL

g KATNAL2. T'o Tov €VIOMIGUO TOV UTAVIOV YPNOCILOTONONKE TO OVIICOUO £vavTl TNg
KATNAL2.
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Type 3.6: H avocoKaTOKPIVIGY] HE T1] {P1GT] TOV KUOUPIOUEVOVL AVTIGONOTOS EVOVTL TG
KATNAL2, o¢ ocvuvovoopd pe @oopotookomioo paloc, KOTEOEEE TNV 101K OvVOyvAOPLeT)
nenToiov g KATNAL?2.

H apwvo&in ariniovyio g KATNAL2-L1. Mg kitpivn okioomn o1 TEXTIOKEG TEPLOYEG TOV PECH
NG PACUATOOKOTIOG HAL0G, EVTOTIGTNKOV GUVOAKE E101KA 6€ OAEC TIC (DVES TOL EKAOVGLLOTOG TNG
ovoookotakpnuviong pe to ovticopo évavtt g KATNAL2. Ta tavtomompévoa memtiown
EKTEIVOVTOL TOGO GTO OUIVOTEMKO GKPO TNG TPMTEIVNG, 0G0 Kol 6T0 KopPfosutelkd g dkpo, Kot
opkeTd elval kowvd oe dheg TiG 1oopoppéc KATNAL?2, yeyovoc mov dev pmopel va amokAgioet Ty

vrapén kat GALov woopopedv KATNAL2 og avtéc tig {dvec.
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KKAPDPVENN
STDFGLNISK
NSEMRELAAY
KTLLAKAVAT
HEGSLRMKTE
SKNHALELHT
FLDVLAHTKP

ILILHYLTQE
LPSRSGGKNK
IHKDQPEEKA
VSRDIYLHNEP
ECKTTFFNIS
LLVQMDGLAR
QLEYSVLSQE
SAKNLTERYL

GYMDAAKALE
RLTNDSCQNL
QPRRGQIIDF
NITKWNDIIGL
ASTIVSKWRG
SEDLVFVLAA
TEGYSGSDIK
AWQEKFESV

EETKLGLRRF
PKICHQKSRP
RGLLSDAIKG
DAAKQLVKEA
DSEKLVRVLF
SNLPWELDCA
LVCREAAMRP

EVCDNVDLET
KTSAVKTGDT
ATSEFALNTF
VVYPIRYPQL
ELARYHAPST
MLRRLEKRIL
VRKIFSVLEN

Hivokag 3.3: O ApOTEIVES TOV TAVTOTOMONKAY HECH PUGNOTOCKOTING NALUS OTIS PUTAVTES
70V 10V TEPARATOG AVOGOKUTUAKPTUVIGNG GE EKYVAMOUA OPYEDV TOVTIKOV.

Aviyvebnkav mentidio tov KATNAL2 (xitpwvn okiaon) otig pnavreg 1, 2 & 3, emPefardvovtag
v opbn avayvopion tovg amd 1o avticopa évovtt g KATNAL2. O katdAoyoc mov otdAbnke
amd TV povada gacpatockoniog tov EMBL ftov capdg peyoddtepog, aAAd omoKAEioTKOY 0L
TPMTEIVEG O1 OTOIEC NTAV TAPOVGEG GTNV UTAVTO TOV apvnTkov eAEyyov (3n) tov 1ov mepdpatog
(avtiotoymn ¢ wrdvtag 3 tov eklovopatog tov avii-KATNAL2), 1 tov tpiov {ovadv Tov
apvntikod eréyyov (1n, 2n & 3n) tov 20v mepdpotog. Ot heat shock proteins mov avagpépovtal og
avtd Ttov mivako, omovcldfovy OmO  TOLG APVNTIKOUG EAEYYOLG T®V 000  TMEPAUATOV
OVOGOKUTAKPNUVIONG, 0AAG ypelaletal Tepattép 0EIOAGYNOT TVYXOV OAANAETIOPOGT TOVG UE TIG
KATNAL2, Loym g tawtonoinong dtopopav Aoy heat shock proteins 1660 oto ékhovouo Tov
avtiomnpotog Evavtt g KATNAL2 660 kot 6Toug apvntikobg EAEYY0VG TV S00 TEPAUATOV.

Ipwteiveg mov avayvopicTKAY AprOpog Mopuwoxi) | Mravra | Madvto | Mravra
(Mus musculus) KOTO)OPNONS pato 1 2 3

Katanin p60 ATPase-containing

subunit A-like 2 Q9DSR6 61 kDa 23

Katan!n p6(_J ATPase-containing D37432_ 56 kDa 7 20 12

subunit A-like 2

60 kDa heat shock protein, sp|P63038|CHE0 61 kDa 2

mitochondrial

Heat shock cognate 71 kDa protein HSP7C 71 kDa 17

Heat shock protein 1-like AlL347 71 kDa 5

Calcium/calmodulin-dependent 3',5'-

cyclic nucleotide phosphodiesterase E9Q7V6 71 kDa 4

1C

Cytosolic 5'-nucleotidase 1B Sp|Q91YE95NT1B 65 kDa 6

Eukaryo_tlc translation initiation factor IF2B 38 kDa 2

2 subunit 2
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Hivakag 3.4: Ov tpoTEiveg mov TOVTOTOMONKAY PECH QUGNATOCKOTIOG Palog TV {Ovav
670 20 TEIPUNO. OVOGOKUTUKPT VIS GE EKYVMONA OPYEMV TOVTIKOV.

Onwg kot oto 1o pukpotepng KAipakog meipapa, to avticopo évavtt g KATNAL2 avayvepilet
EexdBopa Tic oopopeéc KATNAL2 (kitpvn okioon). Ztig {dveg opvnTikod eAEYYoL Oev
tavtoromOnkav mentidin twv KATNAL2. O katdloyog amd TV HOVAdN QUCLATOCKOTIOG TOV
EMBL mepihdupove capmg meplocdtepeg TPMTEIVES, £0M OUME TOPOLSIALOVTaL LOVO 01 TPMTEIVEG
0l OTO1EG O) AVTITPOCOTEVOVTAL OO TPlo TOLAGYLIGTOV JAUPOPETIKA TENTIOW, Kot B) amovsialovy
and tov apvntikd édeyyo. E€aipeon amotelodv pepikd péAn g owoyévewag tov Heat Shock
Proteins (mpdoivn okioon), Ol 0MOIEG EVIOTIGTNKAV KOl GTOV 0pVNTIKO EAEYY0, aAAG elval 1diaitepa
EUTAOVTIOUEVEG OTO €KAovoua Tov oviiomdpotog evovit g KATNAL2. Avtég ov mpmteiveg
evoeyopévmg aAiniemdpoiv pe Tig 1oopopeég KATNAL2, aAld yperdleton tepartépm a&loAdynon
yoti ko dwdpopeg Grheg heat shock proteins tovtomomOnkav tdoo 610 EKAovopo TOL
avtioonpatog Evavtt g KATNAL2 660 kot 6Toug apvntikobg EAEYX0VG TV d00 TEPAUATOV.

Avticopo,
®voLoroyKiég
[poTeiveg Tov avayvopicTnKay Ap1Opdg MW | évavti g ’
opo
(Mus musculus) katayopneng | (kDa) | KATNAL?2 pos
(éxhovopa)
(éxhovopa)

Katanin p60 ATPase-containing subunit A-
like 2 D374J2_ 56 94 0
Katanin p60 ATPase-containing subunit A-
like 2 Q9D3R6 61 73 0
60S ribosomal protein L7 (Fragment) F6X162_ 33 5 0
Histone H1.1 H11 22 10 0
Eukaryotic translation initiation factor 2
subunit 2 IF2B 38 11 0
ELAV (Embryonic lethal, abnormal vision,
Drosophila)-like 2 (Hu antigen B) B1AXZ0 38 4 0
39S ribosomal protein L39, mitochondrial RM39 39 8 0
Galactokinase GALK1 42 4 0
28S ribosomal protein S9, mitochondrial RT09 45 12 0
26S proteasome non-ATPase regulatory
subunit 6 PSMD6 46 4 0
Protease (Prosome, macropain) 26S subunit,
ATPase 5 B1ARK2_ 46 4 0
Desmin DESM_ 53 10 0
Protein misato homolog 1 D3YX87_ 64 4 0
ATP-dependent Clp protease ATP-binding
subunit clpX-like, mitochondrial CLPX 69 4 0
Heat shock-related 70 kDa protein 2 HSP72_ 70 44 17
Probable ATP-dependent RNA helicase
DDX41 DDX41_ 70 4 0
Calcium/calmodulin-dependent 3',5'-cyclic
nucleotide phosphodiesterase 1C E9Q7V6_ 71 9 0
Heat shock 70kD protein 5 (Glucose-
regulated protein) A2AUF6 72 39 19
Heat shock protein 9 Q7TSZ0_ 73 43 23
Pentatricopeptide repeat-containing protein
3, mitochondrial PTCD3 78 4 0
Plakophilin-1 PKP1_ 81 7 0
Heat shock protein HSP 90-alpha HS90A 85 6 0
Treacle protein E9PYV2 130 4 0
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3.5 EvOoKvuTTUplKOC EVIOTIGUOC TOV TPMOTEIVIKAOV 1eonop0@v KATNAL 2

Metad v emPefaioon g avayvopiong tov KATNAL2 ond 10 oviicopo mwov
oyeoldortnie évavtt tng KATNAL2-S1, enduevo Pripa Tov AEITOLPYIKOD YOPOKTNPIGHOD TOVG 1TOV
0 gVOOKVTTAPIKOC TOVG EVTOMICUOG. [ T HEAETN TOV EVOOKVTTAPIKOD EVIOTIGLOD TOV IGOUOPPDY
SeEnyniav d1dpopa TEPAUATO, TOL TEPEAGUPAVAY TNV OViXVELOT] TOGO CNUOCUEV®OY OGO Kol

EVOOYEVAV 1IGOLOPPOV.

3.5.1 Evdokvttapikog evromonog wsopopeav KATNAL2 cuyyovevpévov pe 1o emtomio
Flag

Mo TpmTN TPOGEYYIoT Yo T HEAETN TOV evdokvTTapikoy gvtomicpov tov KATNALZ,
NTOV Kot 1 TOPOSIKN ETLUOAVVOT] KUTTOPOKOAAIEPYEL®V e TAAGUISI TOV €EEPPALaY LOPPES TG
KATNAL2 cuyyoveouévec 010 auvoteMkd dkpo pe to emtomo Flag. Tha tov okomd avtd

KOTAGKELAGTNKOAY KATAPYNY Ol KOTAAANAOL TAAC ULOLOKOL POPEIC.

3.5.1.1 Koataoksv] avacvvévoopivov thacuidtokav eopénv pFlag-Katnal2-L1 & pFlag-
Katnal2-S1

TMo TV KOTooKELT TOV ovacuVELacHEVOY TAacdlokdv gopéwv pFlag-CMV2-Katnal2-
L1 ko pFlag-CMV-Katnal2-S2, ypnoipomombnkov o1, TPOKOTOUCKELOGUEVOL OO TPOTYOLUEVL
TEWPALOTO OTO EPYAOTNAPLO, OvacLVOVacpévol TAacudiakol @opeic PCR2.1-Katnal2-L1 o
pCR2.1-Katnal2-S1. T v KATAGKEDT] TOV OVOGLVOIVOCUEVOY TAOGHSIKGOV Popémv PCR2.1,
nponynonke evioyvon tov CDNA tov 1oopopemv Katnal2 and de&apevy CDNA g kuttapikig
oepdc NIH 3T3, péoo PCR pe ™ ypnon uHelypatog moAVPEPAC®Y VYNANG MIGTOTNTOGC.
Xpnowonombnkav ot ekkivntég K2Flag FW ka1 K2Flag RV, ot omoiot oyedidomrkav yio v
gvioyvon TN TANPOVG TPOTEIVIKNAG OAANAOVYI0G T®V IGOUOPP®Y EVD TOLTOYPOVE TTEPLeiyay BEoelg

avayvapiong yio Tig evoovovkiedoeg mepropicpon Notl (K2Flag FW) kou Xbal (K2Flag RV).

Ytovg macpdtokovg eopeic PCR2.1-Katnal2-L1 kon pCR2.1-Katnal2-S1 kobd¢ kot oto
mhacuido pFlag-CMV?2 dievepynfnke méyn meploptopod pe  tawtdypovn ypnion tov eviopmv
Notl kot Xbal. To mpoidvta g méyng niextpopopndnkay e TKToUa ayapolng Kot To evOéuata
Katnal2-L1 xou Katnal2-S1, 6mwg kot o "koppévoc" adelog mhaouidioxdc eopéag pFlag-CMV2
aropovadnkoy amd To TKTORN ayopolng Kot cvykevipmbnkav pe kotapfvbion oibavorng.
AxolovBwc dievepynbnke avtidopaon cvvévoong tov DNA peta&d o) tov evbéuatoc Katnal2-L1
kot Tov "koppévov" pFlag-CMV2 kot B) tov evbéparog Katnal2-S1 kot tov "kopuévov" pFlag-
CMV2. Xt ovuvégelo To TPoidvVIo TNG OLvEVeOoNG Tomv &vleudtov pe 10 TAOCSUId0
petaoynuotioTnkoy og dektikd Paxtipro. tomov XL1-blue kot e€gtdotnkay didpopotl KAdVOL yia
EMTVYN EVOOUATOON TOV dVo evhsudtov Eeywpiotd oto mhacuidio pFlag, pe dutdn méyn Notl kot
Xbal.
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To amotéleopa NTaV 1M EMTLYNG KA®@vomoinorn twv evlepdtov kot 1 Onovpyio TV
avacuvovacpévey Thacudioxedv eopémv pFlag-Katnal-L1 kol pFlag-Katnal2-S1 (Ewova 3.16). H
emPePaioon g amovciog TLXOV HETOAAGEE®V OTIG oAANAovyieg TV evBeudTOV OV
evoouaT®@OnKay 6to TAAGUIS0 Kol 1 dteThpnon Tov opfod TANGIOV AVAYVOONG, EYIVE UE TNV

aAANA0DYMON TOV OVAGVVOVAGUEVOY TAAGSIOKOV Qopémv amd v etaupeio. MWG Biotech.

Ewkova 3.16: Hiektpo@opnpa ayapolng 6wov mapovoidietan o ELEYY0G TG EVOOUATMOONS TOV
evlepndrov Katnal2-L1 ko Katnal2-S1 eto mhaopnidro pFlag-CMV2, petd and duwrhfi méyn pe
NotI ko Xbal.

Ta evBépota TOV aVOGLVOLOCUEV®Y TAAGHIOOKOV POPEMV PpioKovTal 6To avauevopevo péyedog
(~1.6 kbp yw v Katnal2-L1 xou ~1.2 kbp ya tqv Katnal2-S1).

5’&

S ;
ey

o
QQ\% &Oﬂ Q\‘D'%

Q

o e

kbp

5.00
3.05

2.00
1.65

1.00

3.5.1.2 Evromopog pe mopodiki) empudéivven snuoacspuiveov pe emromia Flag popodv g
KATNAL?2

To TAAGUIdI TOV KATOOKELAGTNKOY OTMOC MO TAVD ¥PNCILOTOmONnKaY 6e TEPA LT
Topodtkng empodivvong (2.3.10) oy kutrapocepd NIH 3T3. Zta empolvopéve kdtTopa
de&nydn akolovBwg avocopbopiouds (2.3.12) e ypron aviicouatog Evavit g emnttoniov Flag,
vy €EETOCT] TOV EVOOKLTTOPIKOD EVIOMIGUOD TOL OGNUOTOC OTe KOTTOPA Tov eE€ppalav Tnv

npoteivn Flag-KATNAL2-L1 1 Flag-KATNAL2-S1.

H Flag-KATNAL2-L1 moapovciale xvpimg kvttapomlacuatikd evtomicpo, evo 1 Flag-
KATNAL2-S1 ftov 01dyvtn kol 610 KLTTopOmAacua, oAAG kot otov muphva. Emiong, ota

neplocoTepa emtporvopéva Kottapa (>50%) e v Flag-KATNAL2-L1, evtomilovtav motkiiov
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ueyébovg mpwteivikd cvcoopatouata (aggregates) (Ewodve 3.17). H mapovsio avidv Tov
CUGCOUATOUATOV NMTOV  EVOEIKTIKA TPOTEIVIKNG omoddtaéng (iowg ovvodevduevng amod
TPp®TEOAVON) KOl KOTA mhoa mhavotnta NAoTiKd advvopicg opfod eviomopod KAT® omd
oLVONKEG VITEPEKPPAONC, KOOMG OV paivovTay vo, Guvadovv e TNV TomoAoyio mov Oa avapéveto
HE BAcT TOV YOpOKTAPO TOV TPOTEIVOV avT®dv TVTov Katavivng kot m BipAoypapia mov vrdpyet
Y10 GYETILOUEVEG TPOTEIVEC. ZVUVETMG, KOOGS 1 TPocEyyion avth dev £0woe PAcIIEG TANPOPOpPIEC,

gyKoToleipOnke.

Ewova 3.17: Evromopog Tov eteporoymv Flag-KATNAL2-S1 («S1») ko Flag-KATNAL2-L1
(«L1») péo® mapodikig empdéivvonc.

H «hipoka otig potoypoeisg stvar 50 pm.

DNA Flag-KATNAL2 Overlay

3.5.2 EvooKuTTUPIKOS EVIOTIGUOG TOV EVOOYEVAV TPOTEIVIKAOV toopopedv KATNAL2 ne

xpNon Tov avricopatog évavtt g KATNAL2-S1

21N GUVEYELN TIPOYMPNCOLE UE TOV EVIOMIGUO T®V evooyevav toopopeav KATNALZ,
ypnowomowwvtag 1o avticopa évavit g KATNAL2, to omoio Pdoel twv melpopdtov
OVOGOKOTOKPUVIONG amodeiynke mowg dSwbétet v amortovpevn e&ewdikevon. T tov
€VOOKVLTTOPIKO TOVG EVIOMICUO, YPNGLLOTOMONKE 1) TEXVIKT TOL 0VOGOPOOPIGLOV GTIC KUTTAPLKES
oepéc NIH 3T3, IMCD 3 koau TM 4. Zvykekpyéva devepynnkav cuvdvacpol ypmdoe®y Tov
avtioopatog vovtt tng KATNAL2 pe avticopato Evavtt Tng o- Kot Y- TOOUTOVAIVNG, Tov Ba pog

EMETPEMAV TNV YEVIKOTEPN €& Y®YT) CLUUTEPACHUAT®V GYETIKAOV pe Tov eviomoud tov KATNAL2Z.
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EmnpocOetor Adyor ¢ ¥pNoNg TV GCLYKEKPLUEVOV OVIICOUAT®V, MNTOV 1 TICTOTOMUEV
napovsio g aAlniemdpococ Nubpl ota kevipocwpdrtia (avti-y-tovumovdivn), kot 1 wbavn
eumhok”] Tov KATNAL2 oty katdtunon Tov HWKpOSOANVICK®OV (0vTi-0-TOUUTOVAIVY), i

1010t TOL YopakTNPilEl TNV cuyyevikn apyétunn Katanin.

H ypnon tov avti-KATNAL2 oavticopoatog amokdivye Ot Katd Tn HeGOQOCM, Ol
oopoppéc KATNAL2 mapovoialav évtovo kuttapomiacpotikd evromiond (Ewova 3.18A), evod
amd 1 owmAn ypwon pe ovii-KATNAL2 kot avticopa €vavtt TG a-TOVUTOVAIVIG SlaAvVIKE
ovveviomicpog tov KATNAL2 pe tovg pecopooikodg pikpoosmAnviokovg (Ewdve 3.18B),
gvioyvovtag T1g voyieg yio eumiokn tov KATNAL2 otnv Katdtunon Tov cUYKEKPIUEVOV SOUMV.
H dutq ypdon pe avticopa Evovtl TG Y-TOLUTOVAIVIG GE HECOPAGIKA KOTTAPH QOVEPMCE 0!

péAadov woyvi tapovcio Tov KATNAL?2 ota pecopacikd kevipoocopdtio (Ewkova 3.18A).

270, LITOTIKA KOTTOP, O0pPAVIKE OTL KOTA To apyIkd, oTddta TG pitmong (Tpogacn Kot
TPOUETAPAOT)), 1] YPADCT OTA KEVIPION TOV KEVIPOSMUATIOV GTOVG GYNUATILOUEVOLG OOTEPEG NTAV
TOAD O €VTOVI GE GYEOT HE TO LEGOPUGIKA KOTTOPO, QPOVEPDVOVTIOS TNV £VIOVI TOPOLGIN TOV
wopopedv KATNAL2 61oug TOAOVS TG ITOTIKNAG OTPEKTOV. LT HETEMELTO GTAdIN TNG UiTMONG,
ot KATNAL2 gvtomifovtav otoug HikpoowAnvickoug mov tposKPdAlovy amd Tovug aoTéPES TV
000 TOA®V TNG WMTOTIKNG 0TPAKTOL, Kabmdg kot 610 mupnvomiacua. Kotd v kvtokivnon ot
KATNAL2 cvvavtdvior oto evdtdpeso copa (Ewova 3.19). Tlapdpoo protikd @ovotumo
eneaviCouv kot ot aAiniemdpmoeg Nubpl ko Nubp2 (Kypri et al., 2014), arokolvntovtog éva
onueio oto omoio ot KATNAL2 pmopei va ovvepyalovtar pe tig Nubps, yio va emtelécovv
GUYKEKPIUEVN Agttovpyia katd TN pitwon. H éviovn mapovsio kot 1 mbaviy Aettovpykdtra TV
KATNAL2 oto ptotikd kOTtopo, €VOEXETOL VO omoteAel évav amd TOLg AOYOLG 7oL Ol
GUYKEKPIUEVEG TPMTEIVES ek@PAloVTOl TTEPIGGATEPL GE OLOLPOVUEVO TTAPH GE SLUPOPOTOINLEVD,

KkotTapa (3.3).
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Ewkova 3.18: Evookvuttapikog eviomioniog tov evéoyevav KATNAL?2 kota T pecogac.

A. Aut\ ypoon pe avticopa Evovtt g KATNAL2 kot avticopo Evavtt g y-TOVUTOVAIVIG 6E
kottopa NIH 3T3 mov deiyver o011 ot woopopeég KATNAL2 evromiloviar kuvpiowg o©T0
KUTTOPOTAGGUO TOV HECOPACIKOV KVLTTAPWOV, €VO Eglval €miong Ol0KPITEG OTO LECOPUCIKE
KEVIPOSWOUATLOL

B. Authy ypdon pe ovticopo évavtt g KATNAL2 kot avticopo évavit Tng o-TOLUITOVAIVIG e
kottopa IMCD mov @avepadvelr tv otevip ouvdoeon tov toopopeov KATNAL2 pe toug
UEGOPOOIKOVG  LWKPOCOANVIGKOUG Kol  Kevipooopdtie (kokkwve BéAn). H  kAiuoxo otic
QEMTOYPOPieg etvar S um kot oTig peyebopéveg etcdveg 3 pum.

NIH 3T3

Ewkova 3.19: Evookvuttapikog eviomicpog tov evéoyevav KATNAL?2 kota ) pitoon.

A. Aut\q ypwon pe avticopo Evavit g KATNAL2 kot avticopo Evavit g o-TOVLITOVAIVIG e
kottopa IMCD mov Bpickovtar otnv mpopetdeaoctn, omov ot KATNAL2 evromifovtar otouvg
TOAOVG TNG TOTIKNAG OTPAKTOVG KOOMG KOl GTOVG LIKPOSMANVIGKOVG TOL TPOEKPAALOVYV OO TOVG
500 moOLovG,.

B. Authy gpddon pe avticopo évavtt g KATNAL2 kot avticopo évavit g o-TOLUITOVAIVIG oE
rkottopa IMCD mov Bpickoviar otnv 1elogaot, 6mov ot KATNAL?2 gvromifovtol 610 gvdldpeso
odpa (Midbody) kat di1éyvTeg 6TO TVPNVOTAAG A

C. Aut\q ypdon pe avticopa Evavtt g KATNAL2 kot avticoua Evavtt g Y-TOLUTOVAIVIG o€
kottopa NIH 3T3 mov Ppickoviar otnv TPOUETAQPOOT), OTOL €ival EUPAVIG 1 TOPOVGIO TMOV
KATNAL2 otoug mOAOVG TG LITOTIKNG OTPAKTOV Kol EO01KE GTO KEVIPOGMUATLA.

D. AutAn ypmon pe avticouo Evavtt tng KATNAL?2 kol avticoua £vavtt Tng 0-TOVUTOVAIVIG 6€
kottapa TM 4 ov Bpickovtar oty mpopetdpaot, 6mov ot KATNAL?2 gvtoni{ovtat 6Toug moAovg
MG HMTOTIKNAG OTPAKTOVG KABMG Kol 6TOVG MKPOCMANVIGKOVG oV TpoekPdAlovy and Tovg dvo
TOAOVC.

E. Aut\q ypwon pe avticopa Evavtt g KATNAL2 kot avticopa £vavtt Tng o-TOLUTOVAIVIG G€
kottopa TM 4 mov Bpiokovtal oty petdoacn, 6mov 1 mopovsia tov KATNAL2 6tovg morlovg
MG UTOTIKNG ATPAKTOVG deV €ivorl TOGO évtovn 0G0 gival 0TV TPOUETAPACT, 0AAG gival TAEOV
EexaB0pOC 0 EVTOTIGIAC TN GTOVG UIKPOGMANVIGKOVE TG MTOTIKAG aTpdktov. H hipaka og Oheg
TIC oToYpaPiec elvar 5 um.
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MpopeTtdpaaon MpopeTdpaon TeAdgpaon Mpopetdpaon

Metdagaon

3.5.3 Evdokvttapikog eviomicpnog tov weopopedv KATNAL2 kota ™) Pre@aprdoyéiveon

Ady® TOL onpavTIKOD poOAoL Tov emiteAel M apyétvnn wpwteivn Katoavivny katd tnv
BArepapidoyéveon (mpdopatn avaockonnon omd Sharp and Ross, 2012), kafd¢ kot g eumAoKNS
™m¢ oAniemdpooac Nubpl omyv ida dwdwkacio (Kypri et al., 2014), 6swpnibnke oxdmipo vo
eleyyfei o eviomiopdc tov oopopemdv KATNAL2 otig povipelg aicOntipleg KLTTOPIKEG
Prepapidec. O éleyyoc éywve pe dumhn ypdomn e to avticoua évavtt tng KATNAL2 kot avticouo
£VOVTL NG OKETVM®UEVNG TOVUTOVAIVIG (ToV eivan deiktng Tov afoviuatog Tov PAepupidmv) ce
kuttapikég oepéc IMCD 3 kau TM 4 (Ewova 3.20), otig omoieg &ixe dievepyndei emaymyn
Prepapidoyéveong (2.3.8). Kot otig dvo mepumtdoelg oo KATNAL2 evtomiotnkov Kol 670
a&ovnua, 0AAG Kot 670 Bacikd coUATo TV PAEQupidmv (UNTPIKO KEVTPOSMUATIO) KaO®DC Kal 6TO
OuyaTpIKd KEVIPOCOUATIO TOL TOPAUEVEL, EMPEPOIOVOVIOC TNV TOPOLGIN TOV VIO UEAETT
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WGOHOPPAOV oTIG PAepapidec KvOVTOG TOpAAANAC Kot LWOVOLEC Yo MBOvV] EUTAOKY TV
KATNAL2 ot Brepapidoyéveon, kot mbavi cvvepyacio tovg pe t Nubpl ywa ) dexnepaioon

TOV POAOV TOVG GTNV OAN diepyacia.

Ewova 3.20: Ov KATNAL2 gvromilovior 6710 0&6vNHO Kot 6T0 POCIKO COUATIO TOV
TPOTOYEVOV Pre@apiowy.

A. AutAn ypoon pe avticopo évoavtt g KATNAL2 kot avticopo Evavil TG oOKETUA®UEVNG
tovumovAivng og kuttopa IMCD mov epeaviler T wopoppég KATNAL2 va evtomilovtal 610
0EOVNILA KoL 6TO Pacikd GoUdTIo TV PAe@apidny.

B. AutA ypoon pe avticopo évavit g KATNAL2 kat aviicopo vavil TG OKETLA®UEVNG
TovumovAivng og kuttapa TM 4 wov epeaviler 11 wopopeéc KATNAL2 va evromiovior 610
a&oévnua kol 610 PBacikd copdtio Tov Prepapidmv. H kiijoko otic potoypapieg sival 5 um, kot
oTig peyebupéveg etkdveg 1 um.

3.54 Awgpeivnon ToV EVOOKVTTUPIKOD EVTOMIGHOV TMV EVOOYEVOV TPMOTEIVIKMOV LGOLOPPDV

KATNAL2 etov mopnvicko

Kotd ™ dudpkela tov mepopdtov avocopbopiopov, éva khdcpo tov KATNAL2
oowvotav va gvtomtileton o€ dlaKkpitég BEoelg Héoa GTov TVPNVO, EOIKOTEPE MG KOKKIO EVIOG TMV
mopnvickov. H dimhnq ypdon pe avticopota Evavtt tov KATNAL2 kot g tpmteivng-ogiktn tov
vroneploy®v Tov wmdovg kévpov (fibrillar center) kot tov Tokvod wddovg dapepicpatog (dense
fibrillar component) tov mvupnvickov, urprhapivng (Chen and Jiang, 2004), £dei&e 6Tt ot dvo
aVTEG TPWTEIVEG cuvevtomifovtol gviog tov mupnvickov (Ewodva 3.21). Avti gival kot 1 Tpd
@opad mov pia mpwteivn tomov Koatavivig, eaivetol va gumAéKeTon e OTOOONTOTE TPOTO OTN
Aertovpyia. TOL TLPMVIGKOL, TOL APOPH KVPIWS TN cvvOeon TV PPOCOUKOY VTOUOVAI®Y KoL

Katd eméxtoon v tpoteivocivieon (Olson and Dundr, 2015).

Bdoel avtdv tov dedopévov, Yo TOV TEPUITEP® YOPAKTNPIOUO TOV KAUCUOTOS TMV
KATNAL2 mov evtomilovtar otov mupnvicko, Olevepynnkav mEPAUATE OVOSTOANG NG
petaypaens Tov DNA ce xuttopokailiépyeteg (2.3.11). Yo cvvOnkeg HETOYPOUPIKNAG OVOGTOANG,
0l TPOTEIVEG TOL TVLPNVE, TOV TLPNVICKOL Kol TOL TVPNVOTAGGUOTOS OVOKOTOVELOVTOL,

OMUIOVPYDVTOG CUCCOUOTMUOTO, KOl TPOKUADVTAG TO GYNUATICUO S1apopmv TOHTOV dUKTLAMY
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(caps) yopw amd TovLE TLPNVIcKOVG, €K TOV omoimV Ta KLPLOTEPA gival: o) ta moAlomAd Dark
Nucleolar Caps (DNCs) pe yopaktnpiotikd kvptd oyfue Bdong, ta omoia mepistoryilovv Tov
mopnvioko cav daktvAidt kot B) Ta Arydtepa cvyva Light Nucleolar Caps (LNCs) pe koptod oynua,
T omoio eppavifovtarl vo gival Guvoedeuéva [LE TO KEVIPO TOL TLPNVIGKOL 1 Kol v Tpoe&Eyovy
a6 avtd. ‘Etotl owtdév 1 kuttopocepd NIH 3T3 enwdotnke pe 1 ug/ml Axtvopwkiving D yio va
emtevyel avactoln g dpdong tov RNA molvpepacov I, IT kou I (Olson, 2011). AxorovOmg pe
TNV TEYVIKT TOV avocoPBopIoHoy dlevepyninke SuTAN ¥pMON TOV KVTTAPOV LE TO AVTICOUN EVOVTL
tov KATNAL2 kot gite avticopo &vavtl g IpoTeivng QUUTPIAAapivig, 1 omoio Vtd cuvOnKeg
HETOYpOo@IKNG avactoing cuvabpoiletor ota LNCs | gite g mpoteivng PSP1 (paraspeckle protein
1), n omoio evtomieTon ota opyavidio Tov gival Yvmotd wg mupnvika otiypoato (paraspeckles) kot

VIO GLVONKEC PETAYPaPIKTS ovaoTolng cuvadpoiletar oo DNCs (Shav-Tal et al., 2005).

Yno guoioroyikég ocvvinkeg ot KATNAL2 evtomilovtar otov mupnvicko pali pe v
DumpiAdapivn, Kol G GUVONKEC WETOYPOQIKNG OvOoTOANG pe Axktwopvkivn D (1 pg/ml)
avakatovépovior Kot eEakolovBovv va ovvevtomilovtar ota LNCs. Or KATNAL2 dev
ovvevtonifovtol pe v PSP1 ovte vd puolohoyikéc ocuvOnkeg ota Tupnvikd otiypato, ovte vd

ovvOnkeg petaypaeikng avactoig (1 pg/ml Axtvopvkivny D) ota DNCs (Ewéva 3.21).

H petaypapixn avactorn pe to DRB (50 pug/ml), n onoia avaotédiet e1dikd ) dpdon g
RNA molvpepdong I, aAdd dev wpokoAel TNV EKTETAPEV OVAKOTOVOUN OV cLpPaivel pe ™
xpnon g Axktwvopvkivng D (1 pg/ml) (Stoimenov et al., 2011), édwoe mapdpola anoterécpata,
onAadn tov ocvveviomcopd twv KATNAL2 pe ta ocvoocopotopate Oympiriapiving kot tnv

amovoia Tovg oo ta cvvadpoicparta g PSP1 (Ewodva 3.22).

To ovumépacpo mov e&dyetor and To Mo TAVE Oedouéva givar OTL T0 KAAGUO T®V
KATNAL2 tov mupnviokov, oaivetar vo ovvobBpoileton pe 1 Dyumpilhopiv 1660 o€
(QULOIOAOYIKEG GUVONKEG OAAG OKOUO Kol OTOV Ol dV0 TPOTEIVES OVAKOTOVELOVIOL GTOV TUPTVAL
AOY® LETOYPOPIKNG OAVOCGTOANG, EKTETAPEVNC I amokAgloTikd tng RNA molvuepdong II. [TiBavov
o1 000 mpwTEIveg va mapovotdlovy dueon 1 Eupecn aAlnieniopacn, épa mov ypnlel meputtépm
dlepevvnong Yo vo avaAivbel kot o mlavog Aertovpyikog porog piag TpmTeivng Tomov Katavivng

GTOV TLPNVICKO.
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Ewkova _3.21: ‘Eva khdopo tov KATNAL2 gvromileTal 6Tov Tupnvicko Kol vad cuvOnkeg
RETAYPUPIKAS ovaeToAMS e Aktivopvkivny D (1 ng/ml) evvevromiletar pe tnv ®rumxpriiapivy
oto LNCs, dev gvromiletar opmg ota DNCs ota kdtrapa NIH 3T3.

A. 2 pecodépaon éva kKAdopo tov KATNAL?2 evtoriletol 6Tov Tupnvicko Kol GUVEVTOTILETOL [UE
™mv Oumpiopivn.

B. Yno ocvvOnkec petaypagikng avactoAng pe Axtwvopvkiviy D ot KATNAL2 tov mupnvickov
avaxotoavépovtol 6ta LNCs 6mov cuvabpoiloviat pe tv Oyumpidiapivn.

C. Ot KATNAL2 tov mupnvickov dev cuvevtomilovton pe v PSP1 ota mupnvikd otiypora.

D. Yn6 cuvOnikeg petaypoaeiking avactoAng pe Axtivopvkiviy D ot KATNAL2 cuveyilovv va unv
ovvevtonifovton pe v PSP1 ota DNCs.

Control 1 +ActD Control 2 +ActD
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Ewova 3.22: ‘Eva khaopo tov KATNAL2 gvromileTal 6Tov Tupnvicko Kol vad cuvOnkeg
peraypo@ukis avactor)s pe DRB (50 png/ml) ovvevromileton pe tqv @yumpirlhapivi, dgv
ovvevrorileTon 6pmg pe v PSP1 6ta xotrapa NIH 3T3.

A. X pecodpaon éva kAdopo tov KATNAL2 gvtomiletol 6tov Tupnvicko kol cuveviomileTal pe
™mv Oumpiopivn.

B. Yno ocvvOnkeg petaypapikig avactolng pe DRB (50 pg/ml) oo KATNAL2 tov mupnvickov
avaxotovéovtol Kot evtomiloviol og cuvabpoicpata Oumpidiapivig.

C. Ot KATNAL2 tov moupnvickov dev cuvevtomilovton pe v PSP1 ota mopnvikd otiypara.
D. Yn6 ovvOfkeg petaypoagikng avaotoing pe DRB (50 ug/ml) ot KATNAL2 cuveyifovv va. unv

ovvevtorifovtol pe To ovooopatopato tng PSP, av kol to dvo vmochvorn TPpOTEIV®V
Bpiokovtol og TOAD KOVTIVI] AOGTACT] 1] OKOLLO KOl GE ETOP.

Control 1 +DRB Control 2 +DRB
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3.6 Meroypaoikn oroctdnnen tTov weouopodv KATNAL2 ps ™ ypion £0kda
oyedocnévey oAryovoukieoTidicv ShRNA

Metd kot T0 TEPUG TOV TEWPAUATOV EVOOKLTTOPIKOD EVIOTIGHOD, ETOUEVOG GTOOLOG TOV
yopaktnpiopod tov KATNAL2 ftav 1 petoypagikn tovg arocidnnon. H peiowon g éxepaong
TOV VIO UEAETN 1GOUOPO®V, KOL 1) TOPOTIPNON TOV GCLVETEIDV OVTNG, OTO EVOOKVTTUPIKO

nep1PAALOV, TPOGEPEPE TOLDTILO GTOLYEID GYETIKA LE TN AELTOVPYIQ TOVC.

Mo to mepduoto TG UETAYPOPIKNG OMOCIOTNONG akoAOVONONKE M oTpatnykn NG
xpNong olyovovkieotidimv ShRNA (TTivakog 2.12), €181kd oyed10GUEVOV EVOVTL KOG TEPLOYNG
tov MRNA Slov tov Khovomomuévev tcopopeav Katnal2, yw ) peiwon tov emmédov
ékppaong Tov ovvolkod KAGopotog tov KATNAL2. Ta ocvykekpéva ShRNA frtov Mon
evoOUaTOpEVE otov TAacdlokd opéa PLKO.1, kot ypnopomomnkay (to kabéva Eeyopiotd)
Yoo T povun empoivven kutrapocelpdv NIH 3T3, péow g dapecordpnong eakoivv (2.3.9).
AxoloOOnoe emAoy TV KLTTAP®V OV glyav emTUYDS EMPLOALVOEL pe TO TAAGUIOO [ TN XPHoN
OV avTIBLOTIKOD TOVPOpVKiv og cuykévipoon 4 ug/ml (2.3.9.2). H tiun avty Bpébnke va givar n
pikpoTepn mov wpokodel Oavato oe ola o un empoAivcouéva kottapa NIH 3T3 evtog 24 wpov.
AkoAlovONnGE AmOpOVOGT KADOVOV KOT® 070 TO UIKPOGKOTIO, TOALUTANGLOGHOG TOVE KOl GAPMOT
TOVg UE avocoomotimmorn kotd Western @ote vo emonuaviodv kKAdvor pe vymio Pabuod
UTOCIAOTNONG Kol va ypnoiworombodv yio ™ deCaymyn mepapdtov mov Bo Bondncovv otnv

amocaPNVICT] TOL POAOL TV Isopopemv KATNALZ.

3.6.1 Meraypagik) omocidmon TOV eopopedv KATNAL2 pe q ypiion TOL
oAryovovkieoTidiov ShRNA pe tov kwdiké TRCNO000090749

3.6.1.1 Emloyn kA®vov wov @épel To olyovovkieotidro ShRNA TRCN0000090749

Amd tov mAnfBvoud tov empoivopévov NIH 3T3 pe 1o odtyovovkieotidio ShRNA pe tov
kwdwd TRCN0000090749, anopovodnkoy kot kaAlepyndnkav cuvoAikd 52 kAdvoraroikieg. Ot
amolkieg eAéyynkav pe avocoumotumtmon kotd Western pe tn xpior Tov avTIc®UNTOS EVOVTL TNG
KATNAL2. Tn péylotn UETAypaQIK] OTOCLOTNOT ELPAVICE 0 KADVOG UE TNV KWOOIKT OVOuaGio
2.43. Tho avaivtikd, n defayoyn TPV aveEdpTTOV TEWPUUATOV £01EE OTL 1| £KQPOCT] TMV
MRNA 6Lov tov Katnal2 otov khdvo 2.43 petddnke pe otatiotiky onpovtikotro (p=2.68x107)
010 42.17£4.62% t@v @uooloyikdv emmédwv (dNAadn oe un empoivopévn kvttapoocepd NIH
3T3), evd M ékppoon towv MRNA tov peydlov Katnal2 (L1, L2, L3) psuwbnke onpoviikd
(p=3.40x10"") o0 44.37+8.47% (Ipaonua 3.1). Qc yovidio avagopdc ypnotpomordnkay ta L19
kot PUML. T ™ otatiotikn eneéepyacio ToV OmMOTEAECUATOV YPNOIUOTOMONKE TO0 AOYIGUIKO
REST-384 (Pfaffl et al., 2002).
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Y& mopoOUoLo. TOGOGTE, Ueimong Kuudvinkay Kot ta TpoTeivikd enineda tov KATNALZ,
KkaBdg Tpio aveEapnta mepdpata E6e1Eay TNV EKEPACT TOV IGOLOPPROV Vo, BpioKETAL HOVO GTO
38.04+13.78% (p=0.02) ¢ evoioroywkrg (Ewova 3.23, Tpapnua 3.2). H xavovikomoinorn £yve
®C TPOG TIG OVTIOTOWYES TOGOTNTEG TG TPWOTEIVIG TOV €VOOTAAGHATIKOD otktvov, Calnexin
(Spencer et al., 2004). Agv éywve KoTopb®T 1 OTOUOVEOGT KADVOL UE UEYAADTEPT EAGTTOGCT GTA.
npoteivikd enineda tov KATNAL2, yeyovog mov apnvel vadvoleg yuo. TPOKANGY KLTTOPIKNG

to&kdTNTAG 1 Kot BovATOL 08 TEPIMTDOGELG TAPOVS ATOCIOTNGNG TV EV AOY® TPMTEIVAOV.

‘Eva. evoapépov amotélecpo mov KOTESEEE 1 GVAALON HE OVOGOUTOTUMWOT KATA
Western, Ntav n eAdttmon otov kKhavo 2.43 kat e TpOTEIVIKNG Ek@paons tov npoteivav Nubpl
(47.974£8.93% g puoloroyikng ékppaong, P=0.04) kot Nubp2 (58.34+8.06% tng ULGIOAOYIKAG
éxppaong, p=0.01), ot onoieg aArniemdpovv pe 1ig KATNAL2. H ékppaon mpoteividv mov dev
oyetiCoviar N oAAnAemdpovv pe tig KATNAL2, énwg g Aktivig, ftav o€ TapoOuUole. emineda
GTOV QLGOA0YIKO TANBLoUG Kol 6Tov KAOVO 2.43, vrootnpiloviag v edkdTTe TG pElmoNg
tov Nubpl kot Nubp2 (Ipaenuo 3.2). To yeyovog avtd evioyDEL TEPOUTEP® TN GLOYETICN TOV
éyovv peta&d toug ot KATNAL2 pe tig Nubpl kot Nubp2, ota didpopa pubuiotikd povordtio tov
TOKIA®V KUTTOPIKOV AELTOVPYIOV TOL gumAékovtal. YrevOvuiloope Ot aAAniemdpodv uetal&d
TOVG, &v® ovvevtomiloviol oOT0 UEGOPUCIKO KEVIPOGMUATIO, OTOLG TOAOVG KOl  GTOVG

UIKPOGOANVIGKOVE TNG HTMOTIKNAG OTPAKTOV, KOl OTIC PAEQPIdEC.

Cpaonupe 3.1: Métpnon tov emridov axocidmnong Tov Katnal2 6tov amosionnuévo khovo
2.43, néom Real-Time RT PCR.

Aldypappo Tov ometkovilel o) T peimon pe ototioTiky onpavtikdmta (t-test, p=2.68x107°) ¢
ékppaong tov MRNA oAov tov oopoppov Katnal2 oto 42.17+4.62% 1oV QUGIOAOYIKGOV
emmédmv ko B) T mrdon (t-test, p=3.40x10™) g ékppacng Tov peydhov wwopopedy Katnal2
(L1, L2, L3) oto 44.37+8.47% tov @uotoloyik®dv emmédwv. To amotedéopata ANeOncav pe
dievépyeia avtidpaong Real-time PCR pe ) yprion (edyovg oAyovoukAEOTIOIKOV EKKIVITOV TOV
gvioybouov ta CDNA OAov 1tov oopopeonv Katnal2 (o) kot (edyovg oAyovoukAEoTIOIKOV
EKKIVIITOV 7oL gvigyvouv to. CONA povo tov peydrov woopopedv Katnal2 (L1, L2, L3) (B). Qg
yovidwa avaeopdc ypnowomombnkav ta L19 wor PUMIL, ko de&nybnkav tpia oaveEaptnta
TEPALLOTOL.

Real Time RT-PCR oT1ov kA.2.43
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Ewova _3.23: Métpnon 1tov emumédnv anocidnnong tov KATNAL2 ctov amocionnpévo
KAOVO 2.43, néo® avocoamrototmong katd \Western.

Avtopodioypdenua g avocoaroturtmong katd Western, omov eaiveton Eexdbapa n peioon g
£KQPOOTNG TNG KVUPLG Hrdvtag mov avayvopilel to avticopo évavtt g KATNAL2 otov Kidvo
2.43. H kovovikomoinon tov Ssrypdtmy £yve og mpog Tig avtiototyeg mocdtnteg Calnexin.

kDa
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4v]
58 — @
e o
46— =
. el E
32| §

_.e‘-__—__‘l _.g-‘-'-—--_-l
NIH 3T3 WT KAwvog 2.43

Cpaonuo 3.2: Alypoppotiky) OTEIKOVION] TNG MEIOONS 6TNV $KPPUGT] TOV LGOHOPPDOV
KATNAL2 ko tov poteivov Nubpl kot Nubp2 ctov amocionnpévo kidvo 2.43.

Avdypoppa wov amewcovilel a) v erdttoon (t-test, p=0.02) g TPOTEIVIKNG EKPPACNC TV
KATNAL?2 cto 38.04+13.78% tav gucloloyikdv emmédmv kot B) v ntoon (t-test, p=0.04) g
TPOTEIVIKNG £KPpaons s Nubpl 610 47.97£8.93% t@v pucsoloyikdv emmédwv, y) T peimon (1-
test, p=0.01) g mpwteivikng Ekppacnc e Nubp2 oto 58.3448.06% TtV PUGIOAOYIKOV ETTES®V.
0) H éxoppaon g Aktivng dev mapovcioce PETAPOAT oToV KAMVO 2.43 €vavtl TNG QUCLOAOYIKNG
£KQPOONG OTNV UNTPIKN KLTTOPOcEpd Tov KAdvov, NIH 3T3. H kavovikoroinon tov detypdtov
£&ywve o¢ mpog 1§ avrictoryeg mTocdteg Calnexin. Ae&nydniay tpia aveaptnta mepdpoto Kol 1
TOGOTIKOTOINGT TOV TPOTEIVIKOV CNUAT®V £YIVE LE TN YpNoM Tov Aoyicpukov Imaged 1.49n.

Western blot
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3.6.1.2 Xopoktnpiopog khdvov 2.43

T'a tov yoapoktnpiopd tov KAdvov 2.43, 0 omoiog Tapovctdlel HeldUEVN EKPPOoT TOV
KATNAL2, apylkd KoTaoKELAOTNKE 1 KOpmOAn oavartuéng tov (2.3.7). Zvykekpiuéva
KOTOOKEVAGTNKOV KOUTOAEG OVATTTUENG Yo TOV KADVO 2.43 Kot Tn Untpikn Tov kuttapooelpd, NIH
3T3. Av ko ot apywol mAinBvcpol Tov 600 kaAiiepyeidv Ntov icot (6860 khtTOpa), oTO ETOUEVA
onueio TG KOUmTOANG avamTuéng o Kuttaptkdc mAnbvoudg tov 2.43 frov Katd ToAD UikpoOTEPOG
(Tpaonuo 3.3). Avtd pmopei vo o@eiletarl €ite oe onuUOVIIKA YOUNAOTEPO PLOUO KVTTOPIKNG
dwipeong otov Khmvo 2.43, gite o€ vyMAOTEPO PLOUO KVTTAPIKOD Oavdtov otov 0o kKhmvo. Eivar
TPOPOVEG OTL 1] OTOGIMOANCY TPOKOAEL OVOUOAMES OTN (UVOIOAOYIKT AELITOVPYiK T®V KLTTAPWYV,

KaBLOTEPOVTAG TNV ETEKTAON TNG KVTTUPOKAAALEPYELOG.

H avdivon tov cuvoAikod kuttapikov peyébove, kabmg kot Tov peyéboug tov Tupnvev ce
peyaro apOud kvttdpov (2.3.12.3.1) katédeiée 6Tt o KOTTOPO TOL KA@VOL 2.43 Tov UeEYaADTEPQ
(p<0.00001) amd ta kotrapo NIH 3T3. Zvvorkd avoivdnkav 127 kdtrapo tov kAovov 2.43 kot
129 wottapa NIH 3T3. Evd 10 ohikd wvttapikd péyebog tav kuvttdpov NIH 3T3 wopowvotav
peta&d 100-1000 um?, ota capmg peyokbtepa kottapa 2.43 o péyeboc frov petald 100-70,000
um? (Tpaenpua 3.4A). Ta peyédn tov mupfvev Kopoivovtoy petatd 200-800 pm? ota puotoloyikd
KoTTOpa, kat petaéd 200-3,000 pm? ota khTTopa TV Khdvoy 2.43 (p<0.00001) (Ipaenua 3.4B).
AvTég 01 dtopopég pPetah TOV KUTTAPIKOV UEYEDDV TOV OTOCIONNUEVOV KOl TOV PUCLOAOYIK®OV
KuTTap®V Qaivoviol EexdBapa oto pkpookomio (Ewkova 3.24), tovilovtog to yeyovog 0TL av Kot Ta
UTOCIOTNUEVE, KOTTOPA gReovilovy apyd puBud KutTopikng dtaipeong, v Tovtolg cuveyilovy va
peyodmvouy og péyebog pe avénon g KuTTapikng kot mupnvikng nalag. T€tolog earvotumog givan
mOava cvvdedepévog pe avopoiieg katd v kvtokivnon (Nakaya et al., 2009), évag oyvpiopog
7ov evioyvetar and tnv mopovcio Tov KATNAL?2 oto evdidpeso copa (Ewkova 3.19B). EmmAiéov,
aduvapio oTNY KOTATUNGN MEYOAOL UEYEOOLC LIKPOCOANVICK®Y, 1 Omolot UTOPEL VA, TPOKVTTEL
e€artiag g amociowmmong tov KATNAL2, uropel vo. cuvteivel 6TV aAAoimon Tov KLTTOPIKOD

OYNMOTOG Kal 6TV 0ENGT TOV KVTTOPIKOD peyéboug.

"Exovtog voym 1 Ospueldon Asrtovpyia g apyétumng Katanin, g evibpov katdtunong
TOV WMKPOCOANVICK®V, e£ETACONKAV GTN GUVEYELD Ol GUVETELEG TNG UEIMONG TNG EKOPACTG TOV
KATNAL2 omnv opydvoon Tov KpoowANVickov otov KAovo 2.43. Mg tn ypron ovTicOUOTOC
£VOVTL TNG O-TOVUTOVAIVIG, dgV TTapatnpNONKe Kopio 0poT POIVOTUTIKY OPOPE GTN GUVOALKT|
opyGvmon tov piKkpoocoinvickov ota pecoeootkd kottapa (Ewdveg 3.25A1, 3.25B1 & 3.25C1).
H ypnon 6pmg ovTio®UOTOC EVaVTL TG AKETVAIOUEVTG TOVUTOVAIVIG, amoKGAVYE EVIoYLON TOL
TOGOGTOD TOV AKETVAIOUEVAOV HIKPOCOANVICK®V 6Ta amociomnuéva kottapo (Ewoveg 3.25A2,
3.25B2 & 3.25C2), pavepmdvovtag OTL 1 0KETVAIMOT], Lo KOPLO, LETA-UETOPPACTIKT TPOTOTTOINGT),
oV amoteAel deiktn Mo otobepdv kol Aydtepo Suvaukedv pkpocwAnviokmv (Janke, 2014),

EVIGYVETAL OTNV omovGia TS dpdong tav ioopopeav KATNAL?Z.
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Cpaonpa 3.3: Aldypoppa wov amelkovilel TIG Kapmoreg avamrtuéng yia Tov Khdvo 2.43, kadog
KOL Y10, T pnTpKi) Tov kKurtapossipd NIH 3T3.

O «Khovog 2.43 mapovotdlel onUovTIKG HEWUEVN ovaTTLén o€ OAo. To YPOVIKG ompeion TG
detypoToAnyiog kot ) didpketo 96 hrs, e oyéon pe 1o puotoroyucd NIH 3T3.

KapTtruAeg
avaTTuéng
100
~+NIH 3T3 WT
= KAwvog 2.43
80

Kottapa x 10%/ml
3 3

[3%]
o
- 6860 kUTTapa

0 T .

0 24 48 72 96
Xpoévog emwaong (hrs)

Cpaonpa 3.4: Avaioon g emxidpaong TG amostdm)ons Tov KATNAL2 6tov amocionnpuévo
KAOVO 2.43, 6T0 KVTTOPLKO KOl 6TO TUPNVIKO péyeboc.

Avdivon Tov 0AKoD KVTTaPKod peyéBoug (A) kot tov mopnvikod peyébovg (B) otov Khmvo 2.43
Kol otnv unTpikn tov kuvttapocepd NIH 3T3, n omolad @avépmoe OTATIOTIKMOG OTNUOVTIKEG
avéNoelg 1060 610 oMKO péyeBog 060 kol 6To pEYEDOC TOL TLPMVO GTO ATOGIOTNUEVE YO TG
KATNAL2 xbdtropa. H oAk KuTTOpIKn ETIPAVELD KOL 1) TUPTVIKT] EMQAVELL HETPONKAY KoL Ot
nugﬂg TOVG KaTNYoplomotANKay 6e opddes mov kvpaivovtay omd 0-70,000 pm? (A) 1 200-3,000
um< (B).
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& ek W Khivog 2.43 * d k% O Khivog 2.43
228 23]
5] =}
g, 5%
=
dé :'i_ES-
'E 15 E 204
= =
154
2 10 E
= & 104
5 l 5- H
. 1l
1 2 34 5 8 T B 8 10 11 12 13 14 15 20 30 TO 23 34 45 56 67 T8 86 010 1015 1520 2030
Karavopn peyéBoug 10% umd] Karavopr) peyeBoug  poe? und)
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Ewkova 3.24: To kOTTOpa TOV amocIOANPEVOD KAOVOL 2.43 £ival ERQPOVAS peyordTepa amd Ta
kvttapo NIH 3T3 guowkov tomov.

Xphon pe aviicopo évavtl g a-tovumoviivig kot Hoechst 33342 oe toyoio media tov A.
@voloAoykoV kuttdpmv NIH 3T3 ko B. xuttdpov tov kAd@vov 2.43 oty omoia givol EUeovig 1
peYdAn dtapopd peTa&d Tov peyEBovg Twv KuTTApOV TV dVo TANBvoumy. H kiipoka kot yio Tig
dvo potoypapieg etvor 20 pum.

™
3
o~
wn
o
>
-
-
A
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Ewova 3.25: H amocidnnon tov KATNAL2 npokaliel Ty evioyvon TG OKETVAIOGNG GTOVG
HIKPOG®OANVIGKOVG.

ZUvOVacHOC YPMONG HE OVIICOUO EVOVTL TNG O-TOVUTOVAIVNG, HE OVIIOOHO EVOvTl NG
akeTVMOUEVNG TovumovAivng kot Hoechst 33342. A1-B2. Xtov omocwwmnpévo khmvo 2.43
gupavifetonr €va TPOTLTO  EKTETOUEVIC OKETLAM®MONG TV MiKpoowAnvickev. C1-C2. Xta
ovooroyikd wottapo NIH 3T3 1 aketvdioon tov pukpocoAnviokwv eugoviletor vo eival
TEPLOPICUEVT] OE GYEOT LE TO KUTTOPA Tov KAdvov 2.43. H ékBeon tov Tpdotvov kavaAlov otnv
gwova A2 givor 2500 ms, oy ewova B2 5243 ms, kot oty gwkdva C2 givor 6000 ms (mov
avtictotyel oto 250% g €kBeong oto A2, kai oto 114.4% ¢ éxBeong oto B2). H hipaxa yio
OMeG TIC poTOYpaPieg etvar 20 um.

KAwvog 2.43

Control
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3.6.1.3 Avaivon KuTTOPIKOY KOKAOV KA®VOD 2.43

Me Bdon 10 GoQdg OAPOPETIKO TPOTLTO KLTTOPIKNG OVATTVENG OTOV OMOCLOTNLEVO
KAdvo 2.43 (Tpdonua 3.3), kpibnke evolo@ipovoa 1 LEAETN TNG EMLOPAGNC THG ATOGLOTNONG TOV
KATNAL2 otov xuttapikd kOkAo cuvolikd. o 1o okond avtd, dievepyndnkav tpio aveEdptnra
TEPALOTA [LE TN ¥PNON TNG TEXVIKNG TNG KLTTUPOUETPIOG PONG, OTA Omoia avaAvOnKe 1o TPOTLTO
TOV KLTTOPIKOD KOKAOU €VOC TOAD UEYAAOL 0plOpod KUTTAP®Y TOGO TOV OMOGIOTNUEVOD KADVOV
(n=92,577) 600 ko Twv guctoroyikav NIH 3T3 (n=197,664). Alapdavnke 0TL 1| ATOGIONNCT TOV
KATNAL2 eanpedlel T QUGIOA0YIKT) TPOOS0 TOL KLTTOPIKOD KUKAOL. AVOAVLTIKG, TO TOGOGTO
TOV KLTTAP®V ToL KA®VoL 2.43 mov Ppickovtay ot ¢aon S (19.45+£2.25%) tav nepinov 1o pcod
TOV OVTIGTOLYOL TOGOGTOV TOV PLGLOAOYIKOL TANBuGLoV (36.46+1.07%), oe avtifeon pe T @don
G2/M, xatd v onoia T0 To606TO TV KLTTAP®Y Tov KAdVoL 2.43 (34+0.51%) fitov avénuévo og
oyéon pe ta euotoroywkd NIH 3T3 (21.1+0.83%) (ko otig 800 mepurtdoels ta p-values frov
pikpoétepa tov 0.0001) (I'pdenua 3.5). Avtd To OTOTEAEGUOTO KOTOOEKVOOUV U0 GTLLOVTIKN
Kabvotépnon N akoun Kot mopateTopévn otabuevon tov kbkAov ot @don G2/M. Avtd to
yeyovog umopel vo epunvevbei xoping wg e€ng: o) dapopes PAdPeg oto DNA dev emitpénovy 610
KOTTOpO vo. €10éA0el ot @don g pitwong €og 6tov Owpbwbodv amd Tovg Jrabéciovg
emdlopbwtikodg pnyoviopovg (Stark and Taylor, 2006), B) kabvotépnon 610 GYNUATICUO TNG
UITOTIKNG 0TPAKTOL KaBuotepouv TN JSlevépyeln, TG MiTOone kot y) mpoPAnuata Katd v
KLTOKIVNON, €V EMTPETOLY GTA, KOTTAPO VO OAOKAT|POCOLY TNV KUTTAPIKT Sloipest, 0duvaTdvVTog

va tepdoovv ot eaon G1.
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Cpaonpe  3.5: Avdivon KUTTOPIKOV KOKAOV TOU KAOVOL 2.43 Kou TNg MNTPLKNG
kvtropocelpdc NIH 3T3 péoo kutrapopetpiog pons.

Aagaiverol 1 peimon Tov KuTtapmv otn edon S, kot 1 avénorn tev Kuttdpov ot edon G2/M
(p<0.0001 ka1 yo Tig TEPUTT®OELS). TTpoKDMTEL TO SCLUTEPAGUa OTL 1] aroctdnnon tov KATNAL2
npokorel kabvotépnon 1 dwakom Tov KOKAOL ot @don G2/M. Ot TWég avTImpocmIEVOLY
amoTEAES AT OO TPio oveEAPTNTA TEPALATO KOl GUVOSEVOVTOL GO TNV TUTIKY OTOKALGT TOVG.

AvAdAuon KUTTOPIKOU KUKAOU

B NIH 373 WT
O 50
S B KAivoc 2.43
40 ok k

(o]
o

]
o

% KUTTapwV oToV TTANBucH
o

o

G1 S G2/M

Mo v olokAnpopévn SHAEDKAVOT] TOV GUVETEIDV TNG GMOGIOTNCNG TMV IGOHOPPOV
KATNAL2 otov kuttapikd kokAo, entyelpridnke Aentopepfc pikpookomikn avéivon (2.3.12.3.2)
€VOG TOAD HeYGAOL 0ptBpoD S1opovIEV®Y KLTTAP®VY TOL KA®VoL 2.43 (N=2978) Kol pUCIOAOYIK®OV
kuttdpov NIH 3T3 (n=3128). Awénybnkov tpia ave&dptnta TEPAUOTA, OTO OTOi0L KOTG TOV
avocopBopIod ¥pNoOTOMONKAY TO CVTICOUATO EVOVTL TNG O-TOVUTOVAIVNG Kol EVOVTL TNG Y-
TOVUTOLAVIG, Y10 TNV KOTAAANAT S1GKPIOT TOV HTOTIKAOV KUTTAP®V. Alapavnke 0Tl 0 PTOTIKOG
deiktng otov Khwvo 2.43 (2.55+0.80% TtV GUVOMKGOV KVTTAP®OV) NTAV KOTA TOAD pkpotepog (1-
test, p=0.00018) amd 611 ota avtictoyo euolorloyikd NIH 3T3 (11.78+0.89%). H xatovoun tov
LITOTIKOV KLTTAPOV OTIC SLOKPLTEG PAoelg g pitwong ntav dweopetikn (two way ANOVA,
p=0.0011) otovg dVo mAnBvouove, pe TV KLPLOTEPT daopd vo. evtomiletor ot Gdon ™G
npopetdaacns (two way ANOVA, p=0.0007) otv omoia PBprokodtav 1o 18.4% tov ptotikdv
KLTTap®V T0v KA@vov 2.43, gv avtiBéoetl pe to avtiotoryo 2.2% twv NIH 3T3 @uowkod tdmov

(TTivakag 3.5).
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Hivoxkag 3.5: Exiopaon g anoctamnons tov KATNAL2 ot mtoTiki dpactnpétTnTa Tovu
KUTTAP®V TOV KAOVOL 2.43.

H omocidnnon tov copopeov KATNAL2 ctov kAdvo 2.43 mpokaAel onuavtikn PEION TOL
GUVOAKOV aplBpol TV TOTIKOV Kuttdpov (t-test, p=0.00018). Ermiong, ota amocionnuéva
KOTTOPO 1) KOTOVOUTY TOV KUTTAP®V OTIC SLOKPLTEG PACELS TNG UiTmoNg eival O10popeTIKN amd OTL
ota evotkov tomov NIH3T3 (two way ANOVA, p=0.0011).

shRNA ®vororoyikog TAnOvopdg Anocwonnpévog Khd@vog
(NIH 3T3) 2-43

Kvttapa mov petprinkav 3128 2978

Muotikd kbtrapo 368 (11.8% tv cuVOMKOV) 76 (2.6% TtV cVVOMKOV)

€K T®V OTOl®V:

IIpopaon 15 (4.1% tov toTikK®v) 2 (2.6% 10V pTOTIKOV)

[pouetdpacn 8 (2.2% 1oV LITOTIKOV) 14 (18.4% tov pITOTIKOV)

Metdopaon 4 (1.1% tov (toTtikov) 3 (3.9% 10V pLTOTIKOV)

Avéaopaon 16 (4.3% tov TOTIKOV) 3 (3.9% 10V pTOTIKOV)

Telogoaon 160 (43.5% tov pTtoTtikov) 22 (28.9% tov pItOTIKGV)

Kvtokivnon 165 (44.8% tov LTtOTIKOV) 32 (42.1% tov it TiK®V)

O kevipoooukdg eviomopdc twv KATNAL2 ce cuvdovaoud pe tov yvootd porlo g
oAniemdpmooog Nubpl oto pnyavioud poduong SMAOCIAGHOD TOV  KEVIPOCOUOTIOV
(Christodoulou et al., 2006), pag 0d1ynoe oty diepehivion tov aptBuod TV Kevipldinv otovg 600
TANOVGHOVE, Yio TOV EAEYY0 TVYOV EMOPAUCEDY TG AMOCIOTNONE OTA GLYKEKPLUEVO Opyavidla, Kot
ovvenwg eumhokng tov KATNAL2 ce avtd 1o povomdtt. H amocidmnon tov KATNALZ
TPOKAAESE TNV QLENUEVT TOPOLGIia KUTTAPV pe vIepdpdua kevrpidia (t-test, p=0.00055) (Ewkova
3.26A). Avaivtikd to 32.93£3.15% tov kuttdpov Tov KA@vov 2.43 eiyav mepiocdtepa ond 2
kevrpidia (Ewdva 3.26A), evd 10 avtictoyyo mocootd oto puotoroyikd NIH 3T3 frav udvo
6.57£3.27%. Q¢ emaxorovbo avéndnke kot 0 pEcog Opog TV Kevipwdiov ava kottapo (t-test,
p=0.00026) otov khwvo 2.43 (3.02+0.12) oc oyéon pe to NIH 3T3 (2.12+0.05) (ITivaxag 3.6).
Ao M GLVOMKT KOTavouT| TOL aplBpod TV KEVIPIOI®V ava KOTTOPO GTOVG dVO SOPOPETIKOVG
nAnbvopovg epeaviiotay  dopoporomuévn (two way ANOVA, p<0.0001) (I'paonuo 3.6).
Ap1Bp6g TOTIKOV KVTTAP®V OYNUATILE OVOUOAES TOAVTOAMKESG OTPAKTOVS EEQLTIOG TG TOPOLGING
vrepapipwv kevipdiov (Ewova 3.26B). Avtd to amoteléopata gpmiékovy 11 KATNAL2 otov
UNYOVICHO SITANGLOGHOD TV Kevipdimv, kabopiloviog Tovg kol Koo AEITOLpYIKd pOLO UE TIG
Nubp1 kot Nubp2, tov oroimv 1 anocudanon divel mapdpola amoteléopata (Christodoulou et al.,
2006).

Yvvoyilovtog To OmOTEAEGUOTO LOG, UTOPOVUE Vo TOVHPE OTL O €AOTTOUEVOS optdudg
LITOTIKOV KOTTAPOV VTOINADVEL adLUVaLio TOV KUTTApV va e16EA00VY 0N HitOoT, evd paivetot
OTL OTOV TEAIKA TO KATAPEPOLY, KAOVGTEPOUV GTN PAON TNG TPOUETAPUOTG, TEPLUEVOVTOS LAAAOV
TOV TANPN OYNUOTIOUd TNG HITOTIKNG OTPAKTOV, Yl VO GLveXIoOLV OTIS E€MOUEVES QUCELS

(Hardwick et al., 1999). ITi0avotata N kabvotépnon avth ot dNHovPYio TG ATPAKTOV, VO, LNV
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glvol Toyado, pog Kot Evag aKOUN ovOTLTTOG TOV TOPATNPNONKE NTAV 1 N QLGLOAOYIKT StdTaén
TOV YPOUOCOUATOV KoTd T0 otddo ¢ petapaong (Ewova 3.26C), pawvouevo mov cvvibog
opeileTal oTn PN OAOKANPOUEVY GLYKPOTNOT TNG MTOTIKNG cvokevng, eéartiog kabvotépnong
oTNV ovadloPYIvVmMGT TOV HEGOPUCIKOV Kpocwinviokmv (Hardwick et al., 1999), mov mbavo
opeileTol 6€ PEIUEVT KOTATUNGOT TOVG AOY® TG omocidnnong g opdong tov KATNAL2. ‘Eva
EVICYVTIKO OTOXEI0 QLT TNG Gmoyng lval Kol 1 TAPovsio KVTTAP®V oV dlabéTouy HeydAovg
TLPNVEG E TPVTEG, TIG OTOiEG Olamepvd decpida pkpocwinviokmv (Ewkova 3.27C), evdektikd g
TPOPANUOATIKNG KATATUNONG TOV LECOPACIKOV UIKPOCOANVICK®V, OV ERNPEAlEL TO TLPNVIKO
péyebog kot oynua. Amd v GAAN, 1 TEPOVGiK TOAVTOMK®OV aTpdKT®V, e&ottiag TG avénong Tov
pécov Opov TV KevIpdimv, umopel va dtkawoAoynoel v kobvotépnon ¢ pitwong oty
npouetdpact (AOY® TV SpOp®V SUVAUE®DY TOV 0oKODVTOL TOVTOYPOVO ad TOVE LIEPAPIOOVS
TOAOVG, TOV JEV EMTPETOVY TNV COGTH OPYAVMGT] TOV YPOUOCOUATOV GTO IGUEPVO EMITEDO Yia
TOV KATAAANAO S10®@PIoUO TOVG), EVD EVOEYETAL VO TPOKAAEGEL UEYPL KoL TNV €£000 OO TN LUTOOT
TPOTOL 0T 0AOKANPWBEL (Tpdopatn avackdnnon and Gergely and Basto, 2008), dikoioAoydviog
M UEIMOoN TOV WTOTIKOV KUTTap®mV otov KAdvo 2.43. Téhog m un ouclodoyikn didtaén tov
YPOUOCOUATOV KATH TO OTASIO TNG LETAPOONC, OMOTEAEL OKOUN £V POIVOUEVO TTOV UTOPEL Vo,

e&nynBei Aoym ¢ Topovsiag tov vrepapBumy kevipdiov (Ewova 1.11).

‘Evag dMog evola@épov  QavOTLUTTOC TOL  KOTOYPAPNKE NTOV OUTOS TV YEPLPOV

ypopotivng (chromatin bridges) (Ewoveg 3.27A & 3.27B) (Papamichos-Chronakis and Peterson,

2013), o1 omoieg cuvavtdvTal GuYVA 6Tov KAdvo 2.43 (6.51+0.51%), o cOykplon pe To UNTPIKG
NIH 3T3 (0.61+0.11%) (t-test, p=0.0027). Bdoetl g BifAoypoeiag 0 oyNUATIGUOC TOV YEPUPDV
YPOUOTIVIG omoTeAEl GuVETELN [T 0pBOD O1OYMPIGLOD TOV YPDOUOCOUATOV TOV 0QEIAETAL GUVHBWE
GE: 0) EAATTOHOTIKOVG EMIOPHDTIKOVG pnyovicpovg tov DNA, B) cuyymvedoelg yp®uocoudToy
OV 03NYOUV GTN ONLOLPYIC SIKEVIPIKDY YPOUOCOUATMV KOl Y) EANTTIOUATIKY KATATUNOT TOV
HKPOGOANVIGK®OV TOV KIVINTOX®POL KOTH TO oTddo g avaeoong (Stewenius et al., 2005,
Schroder-Heurich et al., 2014, Rogers et al., 2005). 'Eyovtag vndyn tn dpdon ¢ apyETumng
Katanin, vroBétovope 011 1 abEnon oty EUEAVIOT TOV GUYKEKPIUEVOV dOpdV, TOAD Thavd vo
oyetiletol pe EMUTTOUOTIKY KOTOTUNGT TOV UIKPOCOANVIOK®V TOV KIWWNTOXDOPOL KOTG TNV
avdpaor. Qotdco, dev Ba mpénel vo amokielotel | TOOvVOTNTO, £VO ONUOVTIKO TOGOGTO TOVG Vo
OQEIAETOL KO GTNV TOPOLGIO TOAVTOMK®OV ATPAKTMV, oG Kot T0 35.6+9.9% tov yepupdv otov
OTOCIOTNUEVO KADVO MTAV TOAVKEVTIPONKEG, OV Ogv emTpEMOLY Tov opBd duywpiopd TV
ypopooopdtov (Ewoéva 1.11). H mopovcio twv yepupdv ypouativig €VOEXETOL VO UV
TPOKUAECGEL TEMKA OSVOAPESTEG GUVETEIEG Y10 TO. EUTAEKOUEVO, KOTTOPO, UTOPEl OU®MG KOl val
00MNYNGEL GTNV OTOTTOOT, CTNV GLYXDOVELCT TOV OLYUTPIKOV Yo TOV GYNUOTIGUO Swbprvev
Kuttdpov, omv avénon Ttov  opluod  TOV  KEVIPOCHOUOTIOV, KOl O©E KOTUGTAGELS

avevmloediog/mrolvmhoediag (Huang et al., 2008).
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Téhog, apketd kOtropa 2.43 moapovsiolav avouaiiec Katd T0 oTAO0 TNG KVTOKIVNONG,
YEYOVOC oV UTopEl Vo 001 yNoEL og un okpipn dayopiopd tov ypopocopdtov (Ewkoveg 3.27A &
3.27B) ka1 cg katactdoelg avevmioeldiag/molvmioediog (Matsuo et al., 2013). Emnpocbeta, 1
ELOLAKPLTN KOl EVTOV TAPOVGI0 SEGUIS®V PIKPOSOANVIGK®OV 6T0 evoldueso cmpa (Midbody), wov
yopoktnpe tov mnbuvopd tov amociwrnuévev kuttdpov (Ewoveg 3.27A & 3.27B), sivan
YOPOKTNPLOTIKO TOL GUVADEL LE TN ELVTTOUATIKY] KLTOKIVNON, 0(poD MG YVOGCTO, Y1 VO LTOPEGOVY
dvo BuyaTpikd KOTTOPO VO ATOYWOPLETOVY, Ba TPEMEL VO KATUTUNO0OV TANPOG Ol LIKPOGMANVIGKOL
ToV evdtdpecov ompatog (Elad et al., 2011). Ta wo wéhve cuvnyopovv oty TpdkAnomn PAGPNS ot
dlodkacia TNG KLTOKIVNoNG, KOTd TNV amocidnnon Tev wopopeov KATNAL2. Ot tpofAnuotikég
KUTOKIVAGELG EVOEYOUEVIG OTTOTEAOVY KOPLXL auTiol, Yio TV evioyvuévn mapovsia (t-test, p=0.0001)
TOV TOATUPNVOV (SITOPNVOV Kupimg) KuTtdpmv otov KAdvo 2.43 (7.12+0.70% t@Vv GUVOMKOV)
oe oyéon ue o euotoroykd NIH 3T3 (1.66£0.01%), tnv avénon tov apibuod tov kevipidiov avd
KOTTOPO, Kot TNV peyébuvon tov kuttapikoy Kot Topnvikod ueyéboug (3.6.1.2). Ot katactdoslg
OVELTAOEISING/TOAVTAOEISIOG TOV TPOKAAOVVTOL AOY® TNG EAUTTOUATIKNG KUTOKIVIONG, WTopel va,
Oewpnbovv vIevbuveg Yoo TV TOPOLGIN TLPAVEOV TOIKIA®V UeYEODV (amd TOAD MIKPOVG MG Kot
tepdotiong) (Ewova 3.26A), aAld Kot yloo TNV TPOKANGT SL0QOP®Y OVOUOM®Y GTN dOUN TOV

mopnva (Ewova 3.27A), 0nmg ftav 1 Ledvion ToAAOBIKOV Kot GAA®V TEPIEPYOV GYNUATOV.
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Hivoxkag 3.6: Exidopaon tg amocionneng 1ov KATNAL2 ctov apifpdé tTov kevipioiov Tov
KUTTAP®V TOV KAOVOL 2.43.

H amoocidnnon tov wwopopeav KATNAL2 ctov kAavo 2.43 mpokoiel avénon Tov KuTttipmy LE
vrepdpOpo kevrpidia (t-test, p=0.00055) kot dvodo tov PEGOL OPOL TV KEVTIPWOIMV 0V KOTTOPO
(t-test, p= 0.00026). Ot Tpég avtimpooonedhovy anoteléopoto amd tpio aveEapTnTa meypdpoTo Kot
GLVOOEVOVTAL OO TNV TLTIKN OTOKALGT| TOVC.

hRNA Dyororoyikog TAndvopog AToc1OANPEVOG
S (NIH 3T3) KhGvog 2.43
Kvtrapa mov petpndnkav (tocootd + 1.00.)
ApBudg kevipdiov ova 3128 cvvoikd 2978 cvvolkd

KOTTOPO
2921 (93.38+3.28%)
68 (2.17+1.66%)
119 (3.80+1.73%)
4 (0.13+0.21%)
11 (0.35£0.37%)

1997 (67.0623.15%)
178 (5.98+2.73%)

477 (16.02+3.32%)
35 (1.18+1.53%)
132 (4.43+1.41%)

2 kevipiow
3 xevpioln
4 xevipidw
5 kevpioln
6 kevtpidwn

7 kevipiow
8 kevrpidia
9 kevrpidwn

1 (0.03+0.06%)
4 (0.13+0.06%)

18 (0.6+0.79%)
67 (2.2520.30%)
6 (0.20+0.26%)
37 (1.24+0.83%)

10 xevtpioia -

11 xevpiow -

12 xevtpion -

>13 kevpioln
Kvotrapa pe >2 kevrpionn
(% 1OV GUVOMKAOV = T.0.)

11 (0.37+0.21%)
20 (0.670.35%)

207 (6.57+3.27%) 981 (32.93+3.15%)

Méoog 0pog TOV KEVTPLOI®V 2.12+0.05 3.02+0.12

ova KOTTOPO =+ T.0.
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Cpaonue 3.6: Al0ypOppoTIKY OTEIKOVIGT TNS GUVOAMKIG KUTAVORNG TOV KEVTPLIiOV G6TOV
0mocLOMUEVO KAAVO 2.43 kKan 6Ta puororoyiké NIH 3T3.

[Mapovciaon TG GLVOAIKNG KATOVOUNG TOV KEVIPOIMV GTOVE KLTTOPKOVS TANBLGHODE TOGO Tov
KAhovov 2.43 (umke) 600 ko T@v uotoroyikav NIH 3T3 (ykpilo). H cvvoAin xotovoun tomv
Kevipdiov avd kottapo sivarl dwapopetikn (two way ANOVA, p<0.0001) ota amocionnpévo
Kkottapa. Etvor gpoovig n peimon tov kuttdpov pe 2 kevipida kot 1 avénon tov Kuttdpov L
vrepdpBpo kevipidin otov KAmvo 2.43. Ot TIEG avIUTPOCHOTELOLY OMOTEAEGHOTO Oond Tpio
aveEApTNTO TEPALLOTO KOL GUVOSEVOVTOL OO TNV TUTIKT| ATOKALGT) TOVG.

OANIKA KaTavour) KEVTPIBIWV OTOV KUTTAPIKO TTANBUCUO

100

95

o ke Bnnswi| |
85 B Khdvog 2.43

% KUTTAPWYV oTOV TTANBUCHO
&
|

T T i T A e LT
2 3 4 5 6 7 8 9 10 11 12 >12
ApIBPOG KEVTPIBIWY avd KUTTapo
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Ewova 3.26: H amocidnnon tov KATNAL?2 npokaiei Ty avénuévn mapovcia vrepapOpmv
KEVTPLOiOV 1060 0€ PEGOPUOIKA 060 KOl 6€ MITOTIKA KOTTOPU, KOODS KOl TNV ERPAVIGT)
PULVOTOTTMV TOV ETLIELKVOOVY [1] GUGLOLOYIKT O14TAS TOV YPOUOCORATOV KATH TN pitwon.

2UVOVAGUOC YPAOONG HE OVTICOUN EVOVTIL TNG O-TOVUTOLAIVNG, HE ovTicoOpo &vavtl g Y-
tovpunovAivng kou Hoechst 33342 ota kdtTopo Tov Khdvov 2.43 amokaAdnTet:

A. Mecogaoikd kottapa pe vaepdpdua kevipidio (Khipoko 10 um).
B. Mutotikd kotTopa pe vrepapiBpo kevpidwo (Khipoka 3 pm).

C. Muotikd KOTTope. HE UN QLUGIOAOYIKY O1dTaén TOV YPOUOCOUATOV KOTG TN HETAQaon
(KAipoko 5 um).
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Ewova 3.27: H anocidnnen tov KATNAL2 napepmodilel T UOL0AOYIKT] KVTOKIVIGT] KOl
TPOKUAEL TNV ERPAVIGT] AVOUUAIDV GTOV TUPNVO.

2UVOVAGUOC YPAOONG HE OVTICOUN EVOVTL TNG O-TOVUTOLAIVNG, HE OvTicOUo &vavtl NG Y-
TovpumovAivng ko Hoechst 33342 ota kdttapa Tov KAdVoL 2.43 pavepdVEL TV TapovGia:

A. TTopadetypdtomv omosionmnuéveoy KOTTapmy He avopoAeg otny Kutokivion: pe Kitpvo Beldkt
VTOJEIKVVETOL YEQUPO YPOUOTIVIG HETOED SVO  avicoueyeddy BuyaTplkdv KLTTAPWOV OV
eupavitouv avopoiovg moAvioPwovg mopnveg (pol Perdxia), Kot To omoio  dloTnpovv
KUTTOPOTAOCUATIKY o0vdgon Metalhd Tovg Kotd tnv  kvtokivnon. Me yoldalio PBeldxkio
VIOBEIKVVETAL ) TAPOVGi0 EVIOVOV deouidmv pikpoowinviokov oto midbody.

B. TMopaderypdtov oavopolodv KoTE Ty KLToKivnomn, UE TNV Tapovcio 000 JOpmV YEQULPOG
ypoUaTivig peTa&d Tov 600 BuYaTPIKOV KUTTAPWV, TO 0TToio PEPOVY LIEPAPIOLLN KEVTPIOIL. AKOUN
glvan gpeovig N évrovn topovcia deopidmv pikpoocwinvickov oto midbody.

C. Tephotiwv KuTTdpv pe peydrlo opBud (>12) kevipdiov, to omoio 68 KOTOIEG TEPUTTMCELS
£QEPOY AVOUAAO TUPTVA LLE TPOTO, TV OTTOi0 SLOTEPVOVTE SO0 pKposwANviokwv. H kAipoka
v OAEG TIC PwTOYpaPieg etvat 10 um.
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3.6.1.4 Avalvon prepoprdoyéveong kKhavoo 2.43

E&oattiag tov eviomiopod tov KATNAL2 oto afdévnuo Kot 6to PBacikd COUITIO TV
Prepapidwv, Twv ddpopmv porlmv g apyétunng Kataviving otn PAEQap1doyEvesn apKeETOV E10GV
(Sharp and Ross, 2012), oAl kot tn Asttovpyio tov ariniemdpwodv Nubpl kot Nubp2 g
apvnTikov puOuotodv g 6Ang dudikaoiog (Kypri et al., 2014), diepgvvhbnkay TuyoOV EXTTOGCELG
mg omoowdnnong tov oopopeav KATNAL2 ot PAepapidoyéveon. Ta avtd to Adyo
dlevepynoOnke HKPOGKOTIKN aVAALGT NG PAEPAPIOOYEVEST|C OLOPOVIEVOV KVTTAP®OV KOOMS Kot
KUTTap®V TO. omoia eiyov amootepnbdei opd (2.3.12.3.3), pe ypnon avIICOUAT®OV EVOVTL TNG Y-
TOVUTOLAIVIG KO TNG OKETLMMUEVIC-TOVUTOVAIVIG, Ta OToia aviyvevovV T0 PacIKO COUATIO KOl
10 a&ovnua tov Prepopidmv avtiotorya. Aenyxdnkav tpio avedptnto TEPdpoTO Yoo TV KOO
nepintmon, ota omoia peTprinkav cuvorkd 2090 dranpovpeva euctoroykd Kottopo NIH 3T3 ko
2093 Swpodpeva kuttapa kAdvov 2.43. Avtictoryo 6T TEWPAPATO LE TNV OMOGTEPNON 0PoY,

petpnOnkav cuvoiikd 2076 kottapo puoikov tomov NIH 3T3 kot 2063 kdtropa kKhdvov 2.43.

AmodeiyOnke 6t1 oo KATNAL?2 givon avaykaisg yio T cuvapporoynon tov reeopidowy,
piog Kot o€ kKotTopa oto onoia SteEnydn emaymyn g Prepapidoyéveong HEGH OmOGTEPNONG 0POD
vy 24 dpeg, mopatnpionke peiwon (t-test, p=0.0165) tov Preeopidov ota amOcIOTNUEVO
kotTopa (16.70£4.15%), o€ oyéon pe ta puotoroywkd NIH 3T3 (37.39+8.02%) (I'paenua 3.7). Xe
dtopovpeve, KOTTapo dgv Tapatnpninke KOl onUovTIK) S0Qopd HETAED TOV OTOCLOTNUEVOV

v 1ig KATNAL2 kvttépov tov kKAdvov 2.43 kot Tov pucstoroywkadv NIH 3T3.

Av16 10 onpoavtikd amotérecua, epumiékel Tic KATNAL2 ot Prepapidoyéveon mbavov
péom ouvepyooiog e T aAANAemdpmoeg tpwteiveg Tovg Nubpl kar Nubp2. Avt givar ) devtepn
@OpPa OV 6T TANIGLO VTG TNG AUTPIPNG SLUMIGTAOVETOL KOWT| GLUUETOYN TV TpmTEivdy Nubpl,
Nubp2 kot KATNAL2 og kxuttapikn Aettovpyio, HETE Kot TO pnyavicpud poouiong tov aptipod tomv
kevipoocopatiov. Eivor mbavo n ttdon tov emmédwv tov KATNAL2 va mpokaiel tn peioon g
BArepapidoyéveong, AOY® NG ELATTOONG TNG KOTATUNTIKNG OPAoTG EVAVTL TOV IKPOGSMOANVIGK®V
6T0 €VOOKLTTAPIKO TEPPAALOV, OV OV EMITPEMEL TNV AVOSIOPYAVAOOT] TOV TOAVUEPDOV YO TOV

GYNUATICUS TOV AEOVILLATOG, 00TYDVTOS GE KPOTEPQ TOGOGTA PAEPUPLOOPOP®V KLTTAPM®V.
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Cpaonpa 3.7: H anocronanon tov KATNAL2 npokoiel T peioon tov Pre@aplido@opmv
KVTTAp®V 6TOV KAOVO 2.43.

Awypoppa mov amewcovifel o) TV un VmapEn ONUOVTIKAG OldPOpPiG OTO TOGOCTO TMV
PAe@ap1d0pOp®V SOPOVUEVOY KLTTAP®V HETAED TOL KADVOL 2.43 kal TV @uotoroyikav NIH
3T3 kot B) vd cvvOfKeg amooTépnong opov, v peimon (t-test, p=0.0165) Tov TOGOGTOV TWV
Brepapdopop@v KLTTAPOV TNV OTOCIOTNUEVT] KuTtapocepd 2.43 (16.70+4.15%) évavtt tov
ovoloroykov NIH 3T3 (37.39+8.02%).

Emidpacon n¢ amrooiwtnong Twv KATNAL2 otn BAcpapidoyéveon

* %

45

40 O Control

B KAwvog 2.43]

35 —

30 F_a ¢

25 v

20 4

15 & R

% BAeQapIdOQOPWY KUTTAPWY

10 o h_4

diaipolpeva uE atmrooTépnon opou

3.6.2 Meraypagik] omocidmon TOV eopope®dv KATNAL2 pe 1 ypijon TOL
oAryovovkieoTidiov ShRNA pe tov kwdiké TRCNO000090751

3.6.2.1 Emloyn kA®@vov mov @éper To oMyovovkieotioro ShHRNA TRCNO0000090751

IMa v emPePainon g e01KOTNTAG TOV GUVETEIDV TG anocidnnong tov KATNAL?2 pe
10 ohyovovkieotidio ShRNA TRCN0000090749, devepyndnke akoun £vag KOKAOG TEPAUATOV
amoolOdTNoNG He TN ypRHon  devtepov  oAryovovkieotidiov  ShRNA (TRCNO0000090751),
KaTdAAnAov yio OAeg T1g amopovmbeioeg ioopoppéc KATNALZ.

Amo6 tov TAnbuopd tov enpoivopéveov NIH 3T3 pe to odryovovkieotidio ShRNA pe tov
k@dikd TRCNO000090751, amopovoddnkoy kol kaAlepyndnkoyv cuvoikd 94 khdvoranotkieg. Ot

amoiwkieg eAeéyyOniav pe avocoamotumwor kotd WESLErn e tn ypnomn tov avIio®UoTog EVOVTL TG
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KATNAL2. Tn péyliom HETAYPOQIKY OTOCLOTNGCN EUEAVICE O KADVOC OV OVOUAGOUE LE TNV
koo ovopocio 3.81 (Ewova 3.28). EmléyOnke Aowdv, 0 GUYKEKPIUEVOG KADVOS Y1oL ETOVOANYN

TOV KUPLOTEP®V OO TIG OVAAVGELC TOV SlevepyNnONKav yia Tov KAdvo 2.43.

Ewova 3.28: Msimon tpoteivikig ékppacns Tov KATNAL?2, otov amoctoanpévo KOV
3.81.

Avtopadioypaenua g avocoarotonwong katd Western, émov gaiveton 1 peimon g Ekepaong
g KVpLg umavtag mov avayvepilel to avticopa évavtt g KATNAL2 otov khovo 3.81. H
KOVOVIKOTIOINoN TV Setyudtov £yve o¢ Tpog TI¢ avtiotoyeg mocotnteg Calnexin.
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3.6.2.2 Xopoktnpiopos & avdivon KuTTapikoV KOKA0v Khdvoy 3.81

Oco apopd T HEAETN TOL KLTTOPIKOD KOKAOV, dlevepynnkav tpia ave&aptnta Telpdpoto
oToL omoio EMEPNONKE M AENTOUEPNG WMKPOGKOMIKY] GVAALGT €VOG TOAD HEYAAOL aplBuov
dtopovpevav Kuttdpwv (2.3.12.3.2) tov kKAdvov 3.81 (n=2997) kol T@V PUGIOAOYIK®Y KUTTUP®V
NIH 3T3 (n=3007), pe tn ¥pNon TV avIIcOUATOV EVOVTL TOV o- KOl Y-TOVUTOVAIVIG. ATO TV
UIKPOGKOTIKT] TOPUTAPNON TV KLTTOP®V SopAavnKe OTL Kol To, KOTTOpo TOL KAMvou 3.81
opovciolov HEYAAO KUTTOPOTAAGLOTIKO Kol TupNnviKd péyedog, OTmG Kot To. KOTTOP TOV KADVOL

2.43 (Ewova 3.29A).

Onwg ko otov KAdvo 2.43, o pitotikog dgiktng otov kKAovo 3.81 Ntav HKpOTEPOG
(2.55+£0.80% 1@V cvVOAIK®V KLTTAP®V) amd 0Tl oto, euotoAoyikd NIH 3T3 (10.44+1.2% twv
oLVOMKOV KutTapnv) (t-test, p=0.0006). Akdun, otov omociRNUEVO KAGVOo 3.81 dtatnpndnke to
VYNAO TOGOGTO KLTTAP®V 7oL £pepav vrepdppo kevpiown (32.76+£0.84% évavtt 8.25+0.30%
oto. puotohoywcd NIH 3T3, p=1.18X10°), énwc emione kat o ynhotepoc (t-test, p=1.09X107)

pécog 6pog Kevipdiov avd kovttapo (2.79+0.039) ce oyxéon pe to uowkov tomov NIH 3T3
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(2.16%0.012) (ITivakag 3.7). Emmpdobeta, 1 GUVOAIKT Kotavour Tov aplOpod tov Kevipidimv avd
KOTTOPO GTOVG 60 TANBVGOVG Tapéueve dlapopeTikny (two way ANOVA, p<0.0001) (T'pdonuo
3.8). Téhog, mapatnpinke Gvodog (t-test, p=2.24X10") Tov T060GTOD TOV ITOTIKOV KVTTAPMY
TOV ATOGIOTNUEVOL KADVOL (15.8311.01%) ov Epepav vaepdpiBpa KevTpidia EvavTt TG UNTPIKNAG

Tovg KuTTapocelpdg (1.56+£0.40%) (Ewdva 3.29B).

210 1610 TpdTLTO pE TOV KA®VO 2.43 NTav ko 1 odEnon (t-test, p=0.0006) twv durdpnvev
Kuttdpov otov kKimvo 3.81 (3.9+0.35%) évavtt twv NIH 3T3 (1.36+0.25%). Akoun 1 epeavion
TOV YEQLPAOV YPOUOTIVIIG GUVENIGE VO €lval o cvyvy otov anoctornuévo yuo i KATNAL2

KuTTapikd TNBvoud (2.33£0.23%) omd 61t oto NIH 3T3 (0.40£1.15X107) (t-test, p=0.0045).

Eivar EexdBapo o611 n ypron 600 Slapopetik®dy oAtyovovkieotidimv ShRNA yia 1
petaypagikn] amoctonnorn tov KATNAL2 npokoiel OLOIEC POIVOTLTIKEG GUVERELES, YEYOVOS TOL
EVIOYVEL TNV 0EI0TIOTIO TV CUYKEKPEVOV OTOTEAECUATOV Kol emPefaidvel TNV €0IKOTNTO TOV
EMATOOE®V TNG OMOCIONNONG. Zvpumepacpatikd 1 arocionnon tov KATNAL2 eaivetor va
ennpedlel dOUEC Kol opyavidle Tov GYETILOVTAL [IE TOVG UIKPOSMANVIGKOVS KT T S1APKELN TOV
KUTTOPKOD KOKAOV, KaOmG Kot Tov 1010 ToV KUTTAPIKO KOKAO. AVTA T 0ES0UEVE GLUVASOVY LE TNV
aiobnon mov omoktHOnKe Kotd TN Jlevépyeln Tng mopovcsag olatpPng, o6t ot KATNALZ2
OUUUETEYOVY G KOWwEG Aettovpyieg pe tig Nubps, omwg ot pvbuon tov dimhaclocpod Tev
kevtpooopatiov (Christodoulou et al., 2006). And ta amotehéopata eniong cvumepaivetTal, 0Tt ol
KATNAL2 gumdéxovtol katd Tr GLUVOPUOAOYNON TNG UITOTIKNAG OTPAKTOL KOl TNV KLTOKivNomn,

Aertovpyieg otig omoieg mg yvwoto cvppetéyovy kot ot Katanins (O'Donnell et al., 2012).
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Hivoxkag 3.7: Exidpaon tg amocionneng 1ov KATNAL2 ctov apifpdé tTov kevipioiov Tov
KVTTap®V TOV KAGOVOUL 3.81.

H amoocidnnon tov wwopopeav KATNAL2 ctov khavo 3.81 mpokoiel avénon tov Kuttipmy LE
vrepapbpa kevrpiow (t-test, p=0.0006) ka1 dvodo tov PEGOL OPOL TV KeVTPLdiny avd kbttapo (t-
test, p=1.09X107°). Ot TG OVTITPOCONEDOVY ATOTELEGLATA OO TPLO AVEEGPTITO TEPAUOTA KoL
GLVOOEVOVTOL OO TNV TLTIKT OTOKALGT| TOVC.

h ®vor0roykoc TA0vopog Amocronnpévog
ShRNA (NIH 3T3) Khévog 3.81
Ap1Buog Kuttépmv mov petpinkay (m0cooto + 1.0..)
ApBudg kevipdiov ova 3007 cvuvolxka 2997 cvvolkd
KOTTOPO
2 KevTpido 2759 (91.75+0.30%) 2015 (67.23+0.84%)
3 kevpida 106 (3.53+0.65%) 300 (10.01+0.70%)
4 kevtpidwo 111 (3.69+0.52%) 410 (13.68+1.15%)
5 kevtpidia 9 (0.30+0.20%) 62 (2.07+0.76%)
6 kevpida 10 (0.33+0.32%) 123 (4.10+1.30%)
7 kevpida - 10 (0.33+0.32%)
8 kevrpidia 5 (0.17+0.06%) 51 (1.70+0.35%)
9 kevtpida 1 (0.03+0.06%) 2 (0.07+0.06%)
10 kevtpida 6 (0.20£0.17%) 14 (0.47+0.38%)
11 xevrpiown - -
12 kevtpidw - 10 (0.33£0.15%)
Kvtrapa pe vrepapiOpo 248 (8.25+0.30%) 982 (32.76+0.84%)
KevTpiowa (% TV 6UVOMK®OV
+1.0)
Méoog aprOpog Kevrproimv ava 2.16+0.01 2.79+0.04

KUTTOPO £T.0.
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Cpaonpa 3.8: AlaypoppoTiKi 0TEKOVIGT T1G GUVOMKNAG KATAVOUNG TOV KEVIPLOI®MV GTOV
amoctOTNrévo Khovo 3.81 ka ota puotoloyika NIH 3T3.

[Mopovcioon 1Tng GUVOMKNAG KATOVOUNG T®V KEVIPWIOV ovd KOTTOPO OGTOLG KLTTOPIKOLG
mAnBvcpovg T6s0 tov KAGVoL 3.81 (Kapé ypopa) 660 kal Tov eucstoroyikav NIH 3T3 (umkie). H
OUVOAIKY KOTOVOUT TV KEVIpLdimv avd kbttapo sivar dtapopetiky (two way ANOVA, p<0.0001)
ot omocstOTNUéEva kottapa. Eival epeavig n pelowon tov Kuttdpov pe 2 Kevipidlo Kot 1 ovénon
TOV KLTTOp®V pe vmepdpifpa kevipidin otov kKAdvo 3.81. Ot TWEG OvVIUTPOCOTEDOVV
amoteléopato amd Tpio aveEdpTnTa TEWPAUNTE Kol GUVOSEHOVTOL amd TNV TUTIKY ATOKALGT TOVC.

OAKA KATOVOUA KEVTPLSiwV 0TOV KUTTOPLKO MANOUGO
100%

)
o
X

80%

70%

60%

% KUTTApwV oTov NTAnOuocuo

50% m NIH3T3
40% m KAwvog 3-81
30%
20%
10%
0% | —=
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Ewova 3.29: H amocidmnon tov KATNAL2 #mpokoiei tv mopovcia vrepdpiOpmv
KEVTPLOL®V TOG0 6T0 HEGOPUGIKE 0G0 KOl 6TO HITOTIKA KUTTAPO TOV KAOVoL 3.81.

2UVOVAGUOC YPAOONG HE OVTICOUN EVOVTL TNG O-TOVUTOLAIVNG, HE OvTicOUo &vavtl NG Y-
tovpumovAivng ko Hoechst 33342 o¢ kottapa tov kKAdvou 3.81.

A. Tlapovcio vrepdpBumv kevipdiov (kitpwva PBeAdxia) ce HeGOEAGIKO KOTTOPO, TO OMOI0
OlaBétel peydho KLTTOPOTANGHATIKO Kot Tupnvikd péyeboc. To évBeto oto A2 mopovoidletl ta
KevTpidla oe peyarvTepT peyébuvon).

B. H mopovcia vrepdpOumv Kevipldiov oTo omosiommuéve KOTTopo 0dnyel oty epedvion
TOAVTIOMK®OV [UTOTIKOV ATPAKTOV. ALOKPIveTal ITOTIKO KOTTOPO GTN LETAPOOT LE TETPOTOAKN
prtotikn drtpokto. H khipoka yio 0leg Tic potoypapieg Al-A4 givor 20 um, 5 pm ywo tic B1-B4
Kot 2 um yio To €vheto g A2.
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3.6.2.3 Avaivon pregoprooyéveons khdvov 3.81

Onwc kot oty mepinton Tov KAdvov 2.43, dievepyndnke avaivon g Prepapdoyéveong
SLPOVUEVOV KVTTAP®V KOOMG Kol KUTTAP®V To omoio, eiyav amocstepn el opd (2.3.12.3.3), péow
UIKPOOKOTIKNG OVAALONG LE TNV ¥PNON TOV OVIICOUAT®OV €VOVTL TNG O-TOVUTOLAIVIG KOl TNG
OKETVMOUEVNG-TOVUTTOVATVIG. Ate&nyOnkoav Tpia aveEaptnto Tepduota yio Ty kébe mepintwon,
ota omoio, peTpnOnkov cvvolkd 3004 dSapodueva @uotoroywkd kottapo NIH 3T3 wor 3023
dwopovpeve, kottopo kKiovov 3.81. Avrtictoyyo oTO WEPAUATO UE TNV OTOGTEPTOT OPOV,

uetpnnkayv cuvorikd 3020 kdtrapo guoikov tomov NIH 3T3 kat 3013 kdtroapa kKhaovov 3.81.

Yy wepintoon tov KAdvov 3.81 mapoatnpnonke ueimon (t-test, p=0.0062) otnv epedvion
Prepapidmv oy amociomuévn yio tic KATNAL2 kvttapooepd 3.81 (2.35+0.71%) évavtt tov
evotoloyikdv NIH 3T3 (5.69+0.83%). To 1610 povtélo eviomiotnKe Kol 6 KOTTAPO, GTO OTOi0l
Selnyon emayoyn g Prepopidoyévecons UEGC® OMOCTEPNGONG 0poL Yo 24 dPES, POV
napatnpinke eldttoon (t-test, p=0.0014) tov kuttdpmv mov pepav Prepapidec otov mAnBuoud
o0V KAdvov 3.81 (21.47+2.12%) évovtl tov guotoroyikdv NIH 3T3 (38.06£2.97%) (I'pdonuoa
3.9).

Avtd to amoteAéopota, TO omoiol Pplokovial GE CLUE®VIN WHE TO AVTIOTOLYO TOV
AmoC1OTNUEVOL KAGVOVL 2.43, emPefaidvouy Tnv €101KOTNTO GTOV PAIVOTUTO TOV TPOKVTTEL KUTA
v onocwonnon tov KATNAL2, ot omoieg ¢aivetar vo pvOuilovv ™ Phepapidoyéveon,
Aerrovpyio. oV omoia epmAékovTotl Kot ot aAANAemdpdoeg tovg, Nubpl kot Nubp2 (Kypri et al.,
2014), adAd ko 1 cvyyevikn Tovg, apystonn Katanin (Sharp and Ross, 2012).

Téhog, Tta amoteléopata NG MOPovGOC OOOKTOPIKNG EPYUCIONG OTOTEAODV  UEPOC
katatebeuévon dpbpov: Ververis, A., Christodoulou, A., Christoforou, M., Kamilari, C., Lederer,
C.W., and Santama, N. “A novel family of Katanin-like 2 protein isoforms (KATNAL?2),
interacting with nucleotide binding proteins Nubpl and Nubp2, are key regulators of different MT-
based processes in mammalian cells”, to omoio PBpicketar V7O eMGTUOVIKT KpioT| Yo dnpocigvon

oto meprodko Cellular and Molecular Life Sciences (emovvanteton og IAPAPTHMA).
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Cpaonue 3.9: H arocidnnen tov KATNAL2 zwpokoiei ™ peioon tov Prepapldo@opov
KUTTApOV 6tov Khdvo 3.81.

Avdypoppa mov omeikovilel a) tnv mroon (t-test, p=0.0062) 610 060010 TOV PAEPAPLOOPOP®V
drapoduevov kuttdpov otov kAdvo 3.81 (2.35%0.71%) évavtt twv euoioloywkodv NIH 3T3
(5.69£0.83%) kot B) vmd ocvvbnkeg amootépnong opov, Vv upeiwon (t-test, p=0.0014) tov
TOGOGTOV TV PAEQUPLOOPOPOV KUTTAPMV GTNV OTOCLOTNUEVT Kuttapooelpd 3.81 (21.47+£2.12%)
évavtt Tov euolohoyikov NIH 3T3 (38.06+£2.97%).
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41 Avayvopion moc Kowovpwac owkoyévewne mpoteivov Katanin-like 2 ko
YOPOIKTNPIGUOC TOV AAAAETIOPAGEWY TOVS

H apyéromn Katanin givon pio koAd yopoxtnpiopévn Kot evpimg Stadedopévn TpoTteivn, Le
AVTITPOCHOTOVG Kl 6To TEVTE Pocileln oto onoio TaIvoUEiTal TO GOVOAD TOV OPYOVIGU®V. L€
avTISIGTOAY, Ol GLYYEVIKEG NG pwteiveg Katanin-like, amotelodv pio okoyévela yio Ty omoia
dev éyel deEaydel 1600 exteTapévn épevva, 6co yia tnv Katanin. ®aivetar oumg 6tL Kol ovTEG
gupaviCovtol gvpéme, e KaTayeypaupuévn Tapovoio oe Onhactikd 6rmg tov GvOpmmo, e QuTQ
onwg v Arabidopsis thaliana, kot e acndévdvia 6mwg T Drosophila (Sonbuchner et al., 2010,
McClinton et al., 2001, Lee et al., 2009). Ennpdodeta, n Omopin 1£1010V Tp®TEIVOVY TpofALneTon
KOl 6& O1dpopovg GAAovg opyovicpode péom tov Phoswv dedouévav Pubmed ko Phytozome,
omwg to mwnvd kovpovva (Corvix cornix cornix), aAld Kol 6€ HOVOKDTTOPOLS EVKOPVMTIKONG
opyaviopovg omwg 1o yAwpogvkoc Chlamydomonas reinherdii. Zvykexpipéva, n Crel0.g446400
¢ Chlamydomonas, sivor pia npwteivy Katanin-like 2, n onoia eugaviler opoidmro 44.1% pe
v KATNALZ2-L1 tov movtikod (mpocmmiky] emtkowvavio g Apog Nopng Zavioud pe tig Ap
Mette Lethan kot Ap Lotte B. Pedersen).

Y10 mAoiclo VTG TG O0aKTOPIKNG STtpPic, Yoo TpdTN Qopd d1enydn avaAvTiKh
uekétn tov poélov piog mpwteivng Katanin-like 2. Katd tnv mpoonddeia amopdvoong e,
amokaAOPONKe paloTo OTL 6TOV TOVTIKO VILAPYOVY TEVTIE dlaPOopeTIKES 1oopoppéc Katnal2, mov

TPOKVITOVY A0 EVOALUKTIKO HATIoU TV 16 e£mvinv g yovidlakng €6 oL T1g KOAKOMOtEl.

O kvplotepog Adyog tng evacydinong pog pe tv Katanin-like 2 frav apywéd n vrd
diepedvnon aAlnienidpoon g pe ™ Nubpl, mov mpoikvye oto TAaiow capmong PiAtodnkng
guppvovikod CDNA omd moviikd €vavtt oo CDNA ¢ Nubpl. Avty 1 oyéon peto&d tov 600
TPOTEIVOY, emPefourdbnke PECH TEPOUATOV GULVETIAOYNG, TOL TPOYUATOTOWNONKAY Omd TIC
Xpiotiva Kapniapn koar Ap Avtpn Xpiotododrov (Kauniapn, 2010), ta onoia anédei&av 0tL 1
KATNAL2-L1 kouw 1 KATNAL2-S1 adiniemdpodv 1o pe ) Nubpl 6co ko pe ™ Nubp2, mov
EUMAEKOVTOL GTO OIMANGIOCUO TMV KEVIPOCOUOTIOV Kol ot pOduion g PAepapidoyéveong
(Christodoulou et al., 2006, Kypri et al., 2014). To mo TAV®O ETKLPOUEVO, OTOTEAEGLLOTOL
eumiékovv g KATNAL2 otig Aettovpyieg mov emttelovv ot Nubps, kat yio tovg okomodg g
dwatpPrg €ywve mpoomdbeln vao amocapnvictel o tpodmog mov yivetar awtd. Ot Adyor Yo TOvG
omoiovg dtepeuvnnke 1 oAinAeniopacn povo twv KATNAL2-L1 kot -S1, fjtav enedn o) nrov ot
TPMTEG YPOVIKA TOL omopovadnKay, B) exdNimvay v vYynAdTEPN YOVIOIOKTN £KPPUCT O GYEoN
LLE TIG VTTOAOUTEG IGOUOPPES, OTMG E0E1EAV TO TEWPALOATA AVAAVOTG TPOTVITOV YOVISIOKNG EKPPACTG
(3.3), xat y) N peydAn opotdtnTo OV TapaTNpEiTaL PETAED TOV Wopopedv (Zynuota 3.2, 3.3 &
3.4), xobiotd ™MV adAnienidpacn tov Nubps kot pe Tig vrorouteg 16opopeég t0 TOUVOTEPO

GEVAPIO.
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‘Eva akoépn mopiopa mov wpofkuye omd To TOPOTAVED TEPAUOTO GLVETIAOYNG, NTOV M
dwmiotwon vroapéng aAinienidpaong g KATNAL2-L1 pe tov eantd g, Kabmg kot pe OAn tnv
ykdpo evdooyevaov KATNAL2 mov avayvapile to avticopa évavtt tng KATNAL2. Emunpdcbeta
kot 11 KATNAL2-S1 Bpébnke va oAANAEmidpd TG0 He TOV €00TO TNG OGO KOl LE TIG VITOAOLTEG
KATNAL2. H aAAnienidpaon tov KATNALZ pe tov g0vtd tovg, dgv givar KATL KOvovplo 6Ty
owoyévewr tov AAA ATPdcov, apod og yvootd n Katanin p60, n Spastin kot n Fidgetin
oynuatilovv M kéOe pio opoeEapepeic dopég yia T oHVIEST TOVG 6TOVS HKpoowAnviokovg (Roll-
Mecak and Vale, 2008, Sharp and Ross, 2012, Roll-Mecak and McNally, 2010, Peng et al., 2013).
Emiong ot aAAniemdpdoelg netald S10QpopeETIK®V IGOUOPPADY, TOPUTEUTOVY GTNV AAANAETIOpAoN
¢ Katanin p60 pe v Katanin p80 (McNally and Vale, 1993), miotomoudvtag akoun upio

opototnto petold v KATNALZ2 kot tov apyétonmv Katanin.

[TBavoTata,  Slopopikn YPNoN TOV IGOUOPO®Y Y1t TOV CYNUATICUO OLO-OALYOLEPDY Kot
étepo-olyopepmv copmidkov tov KATNALZ, va givarl anapaitnt v Tov evOoKLTTOPIKO TOVG
EVIOMIGUO 1 OKOUN Kot Yy Tr Agrrovpywkn tovg e&ewdikevon. o mapdderypa, Sopopeticd
GUUTAOKQ £TEPO-OAIYOUEPDV UTOPEL VO KATOTELVOLV EEYMPIOTH VITOGVVOAN KPOGSOANVIoK®V. g
YVOGTO, 1| ETEPOYEVELD, TTOV GUVAVTATOL GTIG OLUKPLTEG KOTNYOPIEG IKPOGCOANVIGKWOV, 0QEIlETOL EiTE
0N SLOPOPETIKN GVOTOCT] TOV ICOUOPPAOV TOVUTOVAIVIG, EITE OTIC OLAPOPES LETA-UETAPPOCTIKEG
TPOTOTOGELS TV OOUIKDY TOVE TOVUTOLAIVOV. H dmtapén Aomdv tétoimv S10KpItdv VITOGVVOAWDY
UIKPOGOANVIOK®V, TPocdidel otnv kdbe opddo HOVAdIK AELTOLPYIKOTNTO Kol OLOPOPETIKY
GLYYEVELNL MG TPOC TO. VTOGTPOUOTO TOVG, OAAG KOl OC TPOG TN GVUVOESN TOLg e Evivua Tov
KOTATEUVOUY TOVG HKpoowAnvickovg (mpdoeatn avackomnorn and Janke, 2014). H doun tov
EexoploTOV cLUTAOK®V TV toopopeav KATNALZ, kabdg kot  Asttovpyia tov kabevog, sivol
SVGKOAO VO OTOCAPNVIGTOOV AOYM TNG EKTETAUEVIG OLOLOTITAG TMV OAANAOVYIDV TV IGOUOPPDV,
EVD AYVOOTN TAPOUEVEL KOL 1] GLYVOTNTO ELPAVIONG TOVS OTO EVOOKLTTOPIKO TEPPAALov. AvTtd
nov givar Eekabapo Ouwg, eivon 6t o potifo LiSH, mov Bswpeitan potifo ohyopepiopov (Emes
and Ponting, 2001), dev givar omopaitnto yo Tig &v AOY® EvOo-0AANAETIOpAcES HETAED TOV
1oopopPGV, pog kot 1 1oopope] KATNALZ2-S1 mov cuppetéyetl 6€ antég TIG OAANAETIOPAGELS OEV
10 droBétel ot dopn te. Emiong n aAAnienidpoon g S1 pe tig Nubps, arnodeikvoet 61t o potifo
LiSH dgv givan avaykaio ovte kat yio avtég Tig oyéoeilg tov KATNALZ2, acyétmg av 1 aAlniovyio
OV TO KOAKOTOLEL ovumeptiapPdveror oty apyikn un TAnpn oAlniovyia CODNA (Zynua 3.1A),
nov Bpébnke va adAniemdpd pue ™ Nubpl, péow g cdpwong pe n gpNHon ToL GLGTAUNTOS 60

vPpLdiwV.
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4.2 Holviertovpyikotnta tv KATNAL?2

Or KATNAL2 egivar mpwteiveg mOov 0 €VOOKLTTOPIKOG TOVG EVTOMICUOG €lvar dpeca
GUVVQUOUEVOC LE TOVG HIKPOCMANVIOKOVG. XVYKEKPLUEVO EVTOTILOVTOL GTOVG UEGOPUGIKOVG
UIKPOGMANVIGKOVE, GTO KEVIPOCMUATLO, OT WTOTIKN GTPOKTO, GTO EVOIGUESO GO, KOl OTO
Baocwkd copdtio kot to a&dvnua Tov Prepapidmv (3.5). Emiong, éva xhdopo tov KATNAL2
cuvavtdrtal kol otov mopnvicko. O cuvleTog eVIOomMIGUOG TOVg apnvel vo, vonbel ott dabétovy
SLOQOPETIKOVG AELTOLPYIKOVG POAOVG, GTO O1APOPE EVOOKVTTOPIKA Opyavidlo Kol VITo-opyovidlo
mov gvromilovtar. Ilepdpota anocidnnong g dpaong twv KATNALZ2 smifefaiocav avty v
vroyia, WOG Kot YoV ¢ AmOTEAEGI TOV EMNPEUCUO OPKETOV OO TO, EVOOKVLTTOPIKG QUIVOUEVQ
OV TOPATNPOVVTOL GE OVTEG TIG TEPLOYEG. AVTH 1 TOAVAEITOVPYIKOTNTO QOIVETOL VO OTOTEAEL
YOPAKTNPIOTIKO TOV TPOTEivOy Tomov Kotovivng, [og kol mopatnpeitolr kot oty apyETumn

Katanin (mpdéogatn avackdénnon and Sharp and Ross, 2012).

Ed® Oo mpémer vo avaeepBei 6tL 1 ékppaocn tov KATNALZ2 ctovg amocionnuévoug
KA@voug ftav yopw oto 40% tmv Quotoroyik®v emmédwv. Ilapd v evtatikn Kot eKTETAPEVN
npoonabeln, 6ev &yve KatopHOT 1 ATOUOVEOCT] OTOCIOTNUEVOV KADV®V e UEYOADTEPT UEi®ON
010 T0000TO ékppacnc. Ilapodupoleg dvokorieg ocuvavthnkav kol Katd Tnv mTPooTadsio
amocidnnong g apyérumng Katanin oto yhopoeidkog Chlamydomonas (Rasi et al., 2009).
®aiveron 61 ot KATNAL2, émwg ko np Katanin, sivar amapaitnteg yio thyv kKuttapikn fioocipnotnro,
KOl Y10, 00TO XPELALETOL 1] TPWTEIVIKY TOVG EKPPaoT Vo puOuileTol 6 cuyKekpéva emimeda ywpig
ONUOVTIKEC HeTABOAEC. AVT M AmOYN EVIGYVETOL KOl OO TOPATNPNCELS TOL TAPONKaY amd
amomelpeg vrepékepacns Tov KATNALZ2, 6mov ftav eueoavig to moco To&kn ftav n ovénon tov

EMTESWV TOVG, Y10, TOV TANBVGUO TOV ETHOAVCUEVOY KVTTOPOGEp®Y (Xpiotopopov, 2014).

A& avagopdg ftav to yeyovog Otl 1 anoctdnnorn tov KATNALZ2 mpokaiel evioyvon
OTNV OKETLAIOON TOV HEGOPUCIKMOV UIKPOCOANVIOK®V, evd Ogv Tpokoiel kopio aAloyn otnv
opydvwon tov diktoov tovg (Ewodva 3.25). H axetvdioon amoteAel pio and T1g KupltOTEPES UETA-
UETOPPOCTIKES TPOTOTOGELS TNG O-TOVUTOVAIVG, Kal yopakTnpilel LKpOoo®ANVIGKOVG oL eival
7o otabepoi Kol GYETIKG TAAOTEPOL OO TOLEC VITOAOUTOVE, KOl 7OV OTOTEAOVV EOIKO GTOYO
Katdtunong Aoym g dpdong tng Katanin (Janke, 2014, Sharma et al., 2007). Katakver tnv
vmapén evog oyxetikd otabepod avti SLVOUIKOD JIKTOOL UIKPOGMANVICK®V, TOVL OTOoioL M
OVOTOTEAEGLLOTIKT] KOTATUNGOT] EVOEXETAL VO GUVTEAEL OTNV EUOAVIOT] TOV UEYAA®V KOl OVOUOADY
OYNUATOV OV TOPATNPNONKAY GTO ATOCIOTNUEVO KOTTAPO, KOl GTOVG TUPNVES TOVG. AKETVAI®ON
OLVOVTATOL KUPIMG GE MKPOCMANVIOKOLS Tov Ppiokovior 610 KLTTAPOTAAGHO, GTN HITOTIKN
dtpaxrto, ota kevrpidla kot oto a&ovnua (Wloga and Gaertig, 2010), pa kotovoun mov Bopilet tov
gvookvuttopwd evtomiopnd tov KATNAL2. Edv n eumhoxn tov KATNALZ2 oto diktvo tov
LIKPOCOANVIOK®V 0QOPE OTOKAEICTIKA TOLG OKETLAOUEVOLG, TOTE TO Yeyovog OTL dev

mapotnpnKe oAAOI®ON TOL SIKTVOL TOV HKPOCOANVICK®Y KATO TNV OTOCIOTNCY Tovs, Oa
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mpémeL vo. Bempeitar avopevOUeVo oG Kot 1 TpocHnkn 1 Kot 1 apaipeon TG aKeTVAIwGNG dgv
TPOKOAAEL Kapio aAlayn otV opydvoon tov pkpoocoinvickov (Howes et al., 2014), adAd péilov
KkaBopilel v wovotnTa ochHvOEsNG TOVG LUE TIS JIAPOPEG TPMTEIVES e TIG OTOleS AAANAETOPOHY
(Nagai et al., 2013). Av ka1 dev VILAPYOLVY APECES ATOOEIEELS Y10 KATATUNTIKY SPOCTNPLOTNTA TV
KATNAL2, n evioyvon tng aketvAiwong Aoy g EAATIOONG OTN OpACTIKOTNTAG TOVG, VITOVOET
ott oo KATNAL2 péAdov ovuPdriiovv GQUECH OTNV  KOTATUNOT TOV  OKETVAIOUEVOV

HIKPOGOANVIGK®V, £X0VTaG TapOLO10 AetTovpyikd poro pe v mpomtdturn Katanin.

421 Asgrrovpyies Tov woopoppav KATNAL?2 og dwopodpeva kvtTapa

H avéAivon tov avoartu&lokod Kol TOTIKOV TPOTHTOL YOVIOLHUKNG EKPPOOTG TV IGOUOPPDY
Katnal2 oto novtikt (3.3), £6€1Ee OTL AVTEG O1 IGOHOPPES GLVAVTAOVTOL KUPIWG GE 16TOVG LE £VTOVN
PITOTIKN dpaoTnplotnta Tov Yopaktnpilovial and tnv mapovcic SlopodUEVOV KUTTAPOV, EVED GE
TANPOG SLOPOPOTOINIEVO KOTTAPA 1] OpdoT Toug pewdveTal. Emopévac n Broloyikn Asttovpyio twv

KATNAL2 Ba mpémel va €xel GUEST] CLGYETION LLE TOV KUTTOPLKO KOKAO.

4211 O1KATNAL2 gpuriékovton 6TV KVTOKivI|oN

H amociomnon tov woopopedv KATNALZ2 mpokaiel T onuaviikn avénoem Ttov
KUTTOPIKOD Kot mopnvikod peyébovg. O eovotumog avtdc givol dueco cuvoedeuévog pe un
QLGIOAOYIKN dlekmepaicmon g eaong g kutokiviong (Nakaya et al., 2009), n onoia evdgyopévmg
TPOKVTTEL AOY® OVOTOTEAEGUATIKNG KATATUNONG TV OEGUIOMV OKETVAIOUEVOV UIKPOCOANVICK®V
oto evildpeco oopo (Midbody). H évtovn mopovsio pKposmANVIGK®OV 6T0 EVOIAUECO GO0 GTO
anociwnnuéva kottopo (Ewoveg 3.27A & 3.27B), oe ouvovaopd HE TOV EVIOMICUO TOV
KATNAL2 oty 610 meproy (Ewova 3.19B) evioydovv avtd tov ioyvpiopd. Odnyovpacte
Aowrdv, eite otV OMKN amotvyio TNG KLTOKIVNoNG, €lT€ 0TOV GVIGO Jay®PIoHO TV Buyatpikdv
KUTTOP®Y, UE  OMOTEAEGUO TNV EUEAVIOT]  QUVOTOT®V  ToLv  yopoktnpilovior  oamd
ovELTTAOESIO/TOAVTAOED (D, TOV TEAIKMG Ba 0dNYNGOLV G HEYAAN KLTTOPIKE Kol TLPMVIKA
Hey€tm, kot v mapovsio dmdipnvev Kuttdpwv. H peyébuvon tov yovididpatog, Tov og autn v
nepintoon yivetal HEc® Tng TOAVTAOEWinG, umopel vo, avénoel avoloyucd to Topnvikd péyebog,
omog dapavnke ota ayyedomepua (Jovichev et al., 2006). T vo oviinebodue mwhC 1
TOAVTAOELI0L UTTOPEL VO EMMPEACEL KOl TO KLTTOPWKO péEYeBog, avapépovpe 0Tl 0 aplOudg Tv
avTypaewv tov yovidiov tng kukAiving CLN3, exnpedlel avaroyikd to péyebog mov mpémet va Eyel
éva kOTTOPO, MaTE Vo mepdoel and ™ ¢edon Gl oty S. ‘Exovtag vmoyn 0tL 1 cuyvotnta g
KUTTOPIKNG dlaipeong dev emnpedletol omd TNV KOTACTOOT TAOEWiag, Kot Tov avénuévo pubud
peTaypaeng AOy® NG TOALTAOESIG, PaiveTal OTL Y10 Vo avTamokpldel To KOTTOPO OTIS OVAYKES
Tov embountov peyéBovg Ba ypelootel o avdioyn avénon tov pvBuov Ployéveong Twv
pPocopatiov ko g tpoteivochvieonc (Di Talia et al., 2007, Verges et al., 2007, Wu et al.,
2010).

152



ITapopotlot eUIVOTLTIOL GUVAVIMVTOL KOl GTNV TEPITTOGY, OMOGIONTNONG TN OPYXETLTNG
Katanin p60, Aoyo avopoiiov kotd v kvtokiviion (Matsuo et al., 2013). Exniong Adyo ™c¢
atelohg M NG AGVUUETPNG KLTOKIvVNoNG avapévetal vo mopatnpnfodv avénuévor aptBpoi
Kevipdiov ota  S1dpopa  KOTTOPO TOL  OMOCIOTNUEVOL  TANBUGHOL, Om®G Kol  TEAIKA

TopoTnPNOnKay.

To oevipro gumroxng tov KATNALZ2 oty kutokivinon evieyvdnke mepattépm amd T
SteEaymyn TEWPAUATOV HEAETNG TOV SLUVOUIKOD KOKAOL {®1G TOV OTOCIONNUEVOV KOl L1 KUTTAPOV
in vivo, pe ™ ypfon Pvteopkpockorniog SaPopds Gaong oe mPAyUATIKO ¥pdvo oe {mvtavd
KOTTOPA, TO OTToia TpoypatomomOnkay arnd toug Apa Nikoro MactpoyliavvormovAio kot Apa Avipn
Xp1o10000A0V. MEC® OUTOV, KOTOYPAPNKAY OPKETEC OVOUOAIEG KoTd Trnv Kutokivnon ota
OTOCIOTNUEVE, KUTTOPO, OMMG 0) EMAVACVVOEST], TOV BuyaTpiKadv KLTTApOV Kot dnpiovpyio
duthpnvov Alyo Tpotov oAoxkAnpwbel n domn g Kutokivinong, B) EAMING oynUaTIoHOg TG B€omg
dtbomaong oe IMTOTIKE KOTTOpe ota omolo glyav NON OloywPloTel OL TLUPNVES PE GUVETELDL T
dnpovpyia SUTLPNVOV KLTTAP®V, KoL Y) TNV YEVEST] dVO avicopeyeddY BuyaTpikdV KLTTApOVY 0T
éva UNTpIKo, AOY® acVLUUETPIOG KOTA TNV KUTOKIVIOT, UE OTOTELECLO TO £VOL VO EVOL OTHLOVTIKA
UEYOADTEPO amd TO GALO. AVTEG Ol TOPATNPNOELS GUVASOVY KOl LE TOV YOUNAO pLOUd avarTuéng
7OV TTOPOVGLALOVY TO ATOCIOTNUEVE KOTTOPN, KOO®DS Kol [LE TO SUTOPAYUEVO TPOTLITO KVTTOPLKOD
KOKAOL 00D TO KOTTOPH OVOKOAELOVIOL VO OAOKANPMOGOLV TN WITOGON, HE CLVETEW VA

napapévovy otn edon G2/M.

Yvunepaivoope Aomdv, 61t  Aettovpyio tov KATNALZ eivan avaykaio yio tnv emitoym
dteEaymyn tng Kutokiviong, mBovov HECH TNG KATATUNGNG TOV OKETVAIOUEVOV KPOCOANVIGK®OV

TOV EVOLAUEGOV COOTOC.

4212 Ov KATNAL2 gpmiékovion otov pnyovicpé podpiong Owrhacloopov Tov
KEVTPOSOUATIOD

O unyoviopog pouduiong SIMAAGLOGHOD ToL Kevipocouatiov Paciletor 610 0TI T0 KAUOE
UNTpKd kevTpidlo pmopei vo, SimAacioctel povo pic gopd ce kdbe KLTTOPIKO KOKAO, OOTE VO
oynuotiotel uovo éva Buyatpikd kevipido avd puntpkd (rpoéceatn avoaokodmnon and Nigg and
Stearns, 2011). Ot Nubpl kot Nubp2 amotedlodv pubuiotéc avtod Tov UNYevVIGHoD, (oG Kot amd
TEPALOTO TOV £YVOV GTO EPYUCTNPIO HOG SomoTd®Onke OTL 1 OMOGIORNGCY TOVG 0dMYel GTNV
avénon tov kevipwiov ava kottapo (Christodoulou et al., 2006). Ou dvo mpwteiveg Nubp
aAnremdpodv pe tic KATNALZ2, divoviag éva mpdto otoryeio yio mbavhy GUUUETOYN TGV
KATNAL2 610 SIMAOGOGHO TOV KEVIPOOWOUATIOV. AVTO Ogv TPOKETOL VO OTOTEAECEL KATL
Tpotoyvopo yuwo Tig Katanins, wog kot n amoocidmnon g P80, puvbuiotikng vropovadog g
Katanin, og avOpdmiveg KLTTOPOGEIPES, £0WOE TAPOUOI0 PAVOTLTIO PE KOTTOPO pe LTEPAPOQ

kevtpidwa (Hu et al., 2014).
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Xta. mAaiowe avtig tng dwtpPng, n amocwdnnon tov Katnal2 ue tn ypnon €dikd
oyxedloouévav oAtyovoukieotidimv ShRNA, odnynece otnv dvodo tov apBuod tev Kevipidiov ava
KOTTOPO, KOBOAN TN Sudpkeln Tov KLTTAPIKOL KOKAov. Ta vrepdpiBua Kevpida Statnpody
AELTOVPYIKOTNTO TOVS, 0OV €ival KAVA Vo TPOBoHYV GTIV TUPNVAOCT] UIKPOSOANVICK®V KATH TN
pitoon oty dtpoakto, Onwe akpPmg cupPaivel Kol KOTG TNV OmOCIONNGCT TG OAANAETIOPMOGCOG
Nubpl 7 katd v tovtdypovn anocuwnnomn tov Nubpl kot Nubp2 (Christodoulou et al., 2006).
Apeorm GLVETEIL OVTOD TOL QUIVOUEVOD EIvOl 1) CLYKPOTNOT UIl QUGLOAOYIKAOV TOAVTOAMK®OV
aTpdKTOV, TOL OT®G avapépinke vopitepa (Ewkova 1.11) pmopel va odnynoovy otn dnpiovpyio
Buyatpikdv KLTTAp®V pe YEVETIKN aoTAOED 1) AKOUO KOl GTNV EUPAVIOT] SUTHPTVOV KLTTAPOV
MOy amotvyiag g kvtokivnong (mpéoeartn oavackdmnon amd Nigg and Raff, 2009). Qg
emPefaioon Tov mo TAve, mapotnpHOnKe onuavtikny adENCT TOV TOPNVOV KLTTOPMOY GTOV
aroctonnuévo Yo tnvy KATNALZ2 7Anfucpo, kot peyébuvon tov Kuttédpav Kot TmV Tupiveoy ToVS,
001 YOVTOG O OPKETEC TEPUTTMOELS GTIV EUPAVIOT] YIYOVTLOI®V TOADTAOEIOMV KVTTAP®V OVAOUAAOD
GYNUOATOG. AKOUN, 1) TOPOVGIO TOAVTOMK®OV OTPAKT®MV, d1KaoA0YEL TNV KabvoTtépnon ¢ pitwong
oTNV TPOUETAPUOT] (SLOKOAEDOVTOC TN CMOTH OATAEN TOV YPOUOCOUATOV KATE TN UETAPUOT)),
VO pnopei va mpokarécel uéyptl kat £€0d0 amd T pitwon (zrpécpatn avackomnorn ond Gergely

and Basto, 2008).

EmumAéov N anociovnnen tov Katnal2, odfynce otn peimon g mpoteivikng kepacng
1600 ¢ Nubpl 660 kot g Nubp2. Eyeipetan to evdeyduevo 6t ot KATNALZ railovv poro ot
O®OTN 0PYAVOOT Kol Agrtovpyic Tov cvoumAdkov tv Nubps, kot mfavotata, sival HEcm avTHG TG
oY€0NG MOV EUTAEKOVTOL GTO UNYavioud dmAaclacpuol Tov kevipoocouatiov. H eAdttoon tov
emmeédov 1ov KATNAL2 peidver ) otabepotnra tov Nubps, datapdocovtac tov unyovicud
POOUIONG JITAAGLOGUOD TOV KEVIPOCOUOTI®OV, 001YDVIUG GTOVS (OIVOTOTOVS TMV LIEPUPIOU®Y

KEVTPLOl®V OV TopoTpHOnKay.

Eivar edAoyo va vrotebei Ot pion cuvéneln amd TNV amotuyio TG KUTOKIVNoNG eivat Kot 1
TapoLvGio. VIEPaPOU®Y KEVTIPOIOY, TOpOAo mov mBuvoV dev givar To povadiko aitio. Omwg
avoEEPONKE, TO ATOTEAECUATO TOV TEWPAUATOV TG HLEAETNG TOL KOKAOL (ONG TV KLTTAp®V In
Vivo, o€ cuvovacud pe v éviovn mopovoio tov KATNALZ2 oto evdidpeco oopo (Ewdva 3.19),
emPefardvovv Tov pulUIoTIKO pOAO T®V 1GOUOPPOV KaTd TNV Kvtokivinon. 'Etel pmopovue va
vrootpitovpe pe oxetikn Pefordotnra 6t 1 amocionnon tov KATNALZ2, mpokaiel PAAPN won

KaTd TNV KuTokivnon, aAAL Kot KoTd T pOOLGT TOV SITAAGLOGHOD TV KEVIPOSMUATI®OV.

4213 Ov KATNAL2 eupmiékovtor oTNV  OVOOLOPYAVOGT TOL  OIKTUOV TV
HIKPOGOANVICK®V

Eivor dgdopévo ot m katatuntiky dpactnpromro tng Katanin ennpedler dueco v
TPO0O0 TOL KLTTOPIKOV KUKAOV, EVD ovtd givorl Kot KATL TOL 16YVEL KOl QVTIOTPOQO UG KOl 1)
dpaon g Katanin exnpedletor and tov kutTopikd kOKA0. Tuykekpipéva 1 otabepdTnTa. Kot 1
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dpaotikdtnTa ¢ Katanin eléyyetol péowm ynUIK®V TPOTOTOIGE®Y TOL UOPIOL NG, KOl UECH
OAANAETIOPACEDV TNG HE AAAEG PLOLOTIKEG TPOTEIVES 1 KOl e d1dpOopa. COUTAOKE TPOTEIVIKNG
OTOIKOOOUNONG, OVOAOY®MG TNG (ACNG TOVL KULTTOPIKOD KOKAOV. G GUVETEWW OLTOV TOV
unyoviopov, n Katanin epeaviCer peyodvtepn opactikdOtnTo, KOTA T WT®MON 08 GYEoT HE TN
pecdeaon (McNally and Thomas, 1998, Lohret et al., 1998, Ghosh et al., 2012). X& avtd T0 onpeio
Oa mpémel va avapepbel 6TL 6T peGOQOOT, Kol Witepa Kotd ™ @don G2, emtedeiton €viovn
KOTATUNOT LIKPOCOANVICK®OV MOTE VO avadlalloppmbei To dikTvo Toug Yo TNV €i60d0 0T pitmon
(Zhai et al., 1996). Evdeiktikd avopEpovpe OTL 1] GUYKEVIP®OT HKPOD HEYEHOVG LIKPOCMOANVIGK®V

QTAVEL 670 PEYIOTO TG Katd to Téhog TG Tpdeacns (McNally and Thomas, 1998).

2V mopovoa SoTpifn), To TEWPALATO KUTTAPOUETPIOG pong £0e1Eav OTL TA AMOGIOTNUEV
KotTapa epgavitovior erattopéva ot edon S kot avénpéve ot eaon G2/M. H pukpookomikn
KOTOUETPNOTN TOV KVTTAPOV KOTESEEE TNV aucOnTi HEIMON TOV MTOTIKOV KVTTAP®V AOY® TNG
petplaong g éxepaong tov KATNAL2. O cvvdvoopds tov mo ndve dedopévov vmodnimvel
OVLGLOOTIKG UEWOUEVT] TAOT] TOV KLTTAPWOV Vo, EI6EAD0VY 0T PTMON KOl GCLUGGMPELCT) GTN PAoT
G2. Mdhota avtd ta amoteléopata emPeforddnkav ot pe  Oevépyeln emmpocHetmv
TEWPOUATOV LETAYPAPIKNG OTOCIOTNONG HE TN XPNOoN OHTEPOV OAIYOVOUKAEOTIONKOD EKKIVIITH
ShRNA. Toa dedouéva ovtd amotehovv 1oyvpég evoeilelg avemdpkelog otn  dwodikacio
avadlopYAVMCNG TOV UIKPOCMOANVIGK®OV OV GLUPiVEL 6TO TEAOG TNG HEGOPACTC, Y10, TNV €l0000

o1 ptoon.

Avo gmmAéov gupnpata 6ToV TANBLCUO TOV ATOCIOTNUEVOV KUTTAP®VY, NTOV o) OTL T
KOTTOPO 7OV EMTLYYGvOLV TEMKAE Vo €loéABovv o1 pitwon, kobvotepodv otn @dorn g
apouetdpaong ([ivakag 3.5), kot B) mapatnpeitor un UoIOAOYIKY ddTaén TOV YPOUOCOUATOV
katd to otado g petdeoons (Ewova 3.26C). Q¢ yvmotd, yio va KoTapEpeL TO KOTTAPO Vo
TMEPAGEL OO TNV TPOUETAPACT) OTI LETEMEITA UITMOT), B TPEMEL TAL YPOUOCOUATO VO, GTOLYT B0V
HE TOV KOTAAANAO TpdmO GTO oNUEPVO €MIMEOO TOV KLTTAPOL, KOL Ol KWVITOYMDPOL OA®V T®V
YPOUOTIO®V Vo, GUVIEBOVV LLE TOVG KPOGMANVICKOVS TG aTpdKTOV. AV 08V 1KOVOTTOmBovv ovTég
ot mpotmobicelg, T0Te T0 WTOTIKO KOTTAPo Oo mapaueivel otnv npouetdpaon (Uetake and Sluder,
2010, Hardwick et al., 1999). Tuyév ovoucriec kot mpofiquata otV KatdTtunon Tov
UEGOQOOIK®MY WKPOCMANVIOK®Y, Yo TN ONUovpyio TV WKPOTEPOV KOUUOTIOV 1oV Oa
GUYKPOTNOOLV TN UITOTIKN dtpakto, eéattiog g peimong g dpaotikdtnrag tov KATNALZ,
umopel vo amoteArel v €nynon g KaBLGTEPNONG TNG PUGIOAOYIKNG AVATTUENG TNG UITOTIKNAG
aTPAKTOL, TPOKOAMVTIOG £TGL TNV KOOLGTEPNOT OTNV TPOUETAPOCT UEYPL Vo OAOKANpwOel M

dounon g aTpdKTov.

ducikd, 6lol ol o TAVED QUVOTLTTOL (J10POPOTOINGT TPOTHTOV KLTTUPIKOD KOKAOUL,
UEIMOT TOGOGTOV UITOTIKMOY KLUTTUP®V, KABLGTEPTION GTNV TPOUETAPAGCT]), LTOPOVV VA 0Itod0fovy

GTNV TOPOLGIN VIEPAPIOU®Y KEVIPIOIMV, PAIVOUEVO TO 0TT0i0 00dideToL TOGO GE GPAAUATO KATO,
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TOV SUTAUGLOGHO TOVG, 000 Kol 6TV TPoPAnuatikny kvtokivnon. Emiong to avénuévo kutroapikd
Kot TopnviKd péyebog amodidetanr o€ cpAAipata Katd TV Kutokivinon. Ev toutolg éva vrepfoiikd
otafepd OIKTVO KPOCOANVICK®V OmOTEAEL €vOav TAPAYOVTO. TTOL GUVIEIVEL OTNV EUOAVION
avouolmv oynpatov. Xty Arabidopsis yio mapddstypa, n xototuntikny opdon tng Katanin
emnpedlet 1o xvttopikd péyeBog kor oynua (Uyttewaal et al., 2012). Kotd to mepdpota
PBwrteopikpookomiog  mapatnpnOnke O  OPKETEC MEPWMTMOES OTOVG  OMOCLOTNUEVOLG
KUTTOPOTANOVGHOVGE, 1 TAPOVSia HEYAA®Y TUPNVAV, Ol OTTOI0L TEPICTPEPOVTIOV Y10 TUPUTETOUEVO
YPOVIKO SIoTNUE TOGO KOTA TN UESO(QOCT 00O Kol KoTd TNV Kutokivnor. Avtd 10 QuivOpEVO
amodideTOl oTNV HeYEBUVON TOV LIKPOCOANVICK®OV TOL (PAOL0D, T®V OToimV Ta BeTikd Tovg dKpa
OTPOYVOLV TOV TUPNVIKO PAKEAO, EEACKMVTAG SVVAUEIC TTOL CAAOLMVOLY TNV EVOOKLTTOPIKT 0E0m
tov mopnve (Szikora et al., 2013). daivetar OTL 01 «ITEPIGTPEPOUEVOLY TUPNVES OPEILOVTOL GTHV
OVOTTOTEAEGUOTIKTY] KOTATUNGOT HECOPACIKOV MiKpoowAnvickwv and 1i¢ KATNAL2., Axkdéun, 1
EUPAVIG TOPOVGIO, OVOUOADY GTOV TLUPNVO, OTMG KTPLTOVH, LECH TOV OmMOimV JEPYOoVTL

UIKPOGMANVIGKOL, EVIGYVEL TNV TO TAV® ATOYT).

O ouvvdvoouds tov mo Tave omoterespdtov cvvnyopel oto Ot or KATNALZ
EUTAEKOVTOL GTNV KOTATUNGN TOV LECOPAGIKDOV UIKPOGMANVICK®V, TOV ¥pedleTal va yiver yuo tnv
avadlopYAvVmGT TOVG MOTE o) TO KOTTAPO VO SLOUOPPDGEL TO KOTAAMNA0 péyebog kol oynua wov
yperaletar va éyel B) To KOTTOPO va PeTAPEl amd TN LETAPOUCT OTN LTOGT), YPNOUOTOLDVTAG TOVG
UIKPOTEPOVG UIKPOGMANVIGKOVE 7OV TPOKVATOVV 0omd TNV KATATUNGT, Yo Tn Onuovpyio g

HITOTIKNS GVOKEVTG.

4214 O KATNAL2 mBavov gumiéKovtol 6TOV OTOYMPLOUO TOV UOEAPAOV YPOUATIOMV
Katd TV avédeacn

H gAdtioon tov emnédov tov KATNALZ, tpokadiel v avénpévn mapovsio yepupdv
ypopativiig ota amoctomnuéva  kottapa. Ot yépupeg YPOUOTIVING OmOTEAOLV douég mov
euPaviCoviol OTIG TEPUTTMGELS OVOUOAIDY KATO TOV OYOPIGHO TOV OOEAPOV YPOUATIO®V OT
pitoon, evtomilovtal 610 €vOOKLTTOPIKO KavAAL Tov Guvdéel tor 6vo Buyatpikd KOTTOpO, Kot
umopel voo odnynoovv otn oatdpaln 1 Kol oTNV OmOTLYiO TNG KLTOKIVIONG, WE GLVEMELN TNV
avevmhoedia kot molvmhogdio (Papamichos-Chronakis and Peterson, 2013). Xe o tétown
nepintwon, Ta Ouyarpikd kOtropa eite Ba mopapeivouy evopéva (duthpnva kvttapa), €ite Oa
mpokAnBel Bpadion twv cuvdedepévov ypopocopdtov mov araptilovv T YéQupa, Yo vo Yivet

KotopBwTog 0 draywpiopds Twv kuttdpmv (Germann et al., 2014).

‘Exovtag vmoyn o0tL 10 35% mepimov 1oV YEQLUPAOV YpoUOTIVIG agopd kOTTOpO pE
vrepapOpa kevIpidta, pHmopope va vroBEcovpe OTL £VOC amd TOVE AOYOVS ONULOVPYING TOVS lval
n oavénon otov apBud v kevipwiov. Gaiveror OpmS, 0Tl VITOPOSKOVY Kol GAAOL TOPAYOVTEG
GYNUOTIGHOD TOV €V AOY® SOUMY TOV GTNV TPOKEWEVT TEPIMTMOT), TO 7o ThavO cevdplo gival ot
KATNALZ2 vo gumhékovtal 6Ty KOTOTUNGoT TOV WKPOCOANVICK®V TG WTMOTIKNAG GUGKEVNG Y10,

156



v Kivnon tov YpOHOCOUITOV TTPo¢ ta Buyatpikd KOTTOpa KOTE TV avdeacn. Aviictoyn
Aertovpyio kotéyel ko 1 Katanin (mpdogartn avaokomnon omnd Quarmby, 2000, McNally and
Thomas, 1998), kow 1 eAdttwon g ékppaocng tov KATNALZ2 mbovov vo kabvotepei v kivnon
TOV YPOUOCOUATOV KOTO TNV avAQacT, Ue ETakOA0V00 TNV EUPAVIOT TOV YEQGUPOV YPOUOTIVIG

(Rogers et al., 2005).

422 Agrrovpyieg tov ioopoppav KATNAL?2 o€ un dwonpodpeva Kottapa

4221 OuLKATNAL?2 gpmiékovror ot frc@oprooyéveon

O e€oxpifopévec ariniemodpdoeic tov KATNAL2 pe tig Nubpl kot Nubp2, ot omoieg
amoTeEAOVV apvrTikong puOuotéc g Prepapdoyiveong (Kypri et al., 2014), denvav vroyisc yio
mhavr GUUUETOYN TOLG OTOV KUKAO (ong avtdv Ttov opyovidiov. Q¢ smiPePaioon, évag
@ovoTLTOG OV TopotPNONKe Katd v amocwwmnon tov KATNALZ ftav 1 eldttoon tov
PAe@aP1d0POp®V KLTTAP®Y, G€ Un dloupovuevo kottapa. Emiong, mponyovueve melpdpoto wov
£YVav GTO €PYOOTNPLO OGS, eiyov Ogi&el emiong OTL TO TOGOOTO TV PAEPAPISOPOP®V KLTTAPMV
UEIDVETAL 68 GLVONKES UOVIUNG 6TOBEPTG EKPPACTC TOV OVAGVVIVAGUEVOVY 1ouopedy MCherry-
KATNAL2-L1 ko1 mCherry-KATNAL2-S1 (Xpiotopdpov, 2014). To yeyovog 6Tt 1060 1 TTMON
660 kot 1 avénon g éxepaocng tov KATNALZ, siyov o¢ amotéAespo Tn HEIDON TOV KLTTAPOV
oV £QepaV TPMTOYEVELG ausOnTrpleg PAepapides, vTodNAdveL TV VIAPEN VO PLOGTIKOD POLOV
v tic KATNAL2 kotd ) Swadwacio e PAe@apldoyévecng, mov mpoimobétel v avotnpn
TOGOTIKN pOOMON TOVG oTO KOTAAANAO emineda, ®ote vo givol oe Béon va emrelécovv TOV
Boroycd tovg poro. H dvodog g kuttapiking Bvnotudtnrag, o€ TEPITAOCELS VIEPEKPPACTG 1|
pulikng amoocidnnons tov KATNALZ2, evioydovv avtr t 0éom. ITIiBavév oo KATNALZ péom g
KOTOTUNTIKNG TOVS dpdong, N TG pOBLIONG TG KATATUNTIKNAG OpacTnpOTNTIS GAADV TPOTEIVAV,
va cUUPEALOVY GTI GUYKPATNOT WKPITEP®VY HKPOSOANVICK®V, BAGEL TV OTOlMV dnuiovpyeitan
10 afovnuo tov Prepapidov. Avty n euniokn tov KATNALZ pe 115 Breeopideg, dev amnotelel
KOTL Kovovplo yuoo Tn owkoyévelo towv Katanins, pog ko apketég mpwteiveg Katanin éyouvv
GLOYETIOTEL GE O1A.POopa €101, LLE TI GLVOPUOAOYNON KOL TNV CTOGLVAPUOAOYNOT TOV PAEQUPId®OV

(mpocpatr avackoémnon amd Sharp and Ross, 2012).

Ot apvntikoi puBuiotég g Prepopidoyéveong Nubpl kot Nubp2, ot omoieg pdiiov dpovv
®G GUUTAOKO, OAANAETIOPOVV LE OAEG OYESOV TIG GATEPOVIVEG TOL GLYKPOTOVV TO GUUTAOKO
canepoviov CCT/TRIC, to onoio gvromiletan otic Prepapides. Exei to ovumioko CCT/TriC givon
vrevfuvo Y ™V KatdAANAN ovadimAwon TG TOvumovAivng, g oktivng Kabdg kot dAA®v
TpoTEiVOV Tov evtomilovial ot PAeeapideg kol oTo, KEVTIPIOW, €EAOKMOVTOG £TGL GMUAVTIKN
dpaon katd ™ Prepapidoyéveon (Kypri et al., 2014, Seixas et al., 2010). Ta mo whvo yeyovota
ovvnyopodv 1o 01t ot Nubps umopel va amotelovv cvumapdyovieg Tov cvpnidkov CCT/TRIC,

OAANAETIOPOVTOG LE JIAPOPES TPWOTEIVEG 1 TPOTEIVIKG GOUTAOKA, eXnpedlovtag TNV avadimtimon

157



Tovg kat puduiCovtag ) dpactikdtnta tovg (Kypri et al., 2014). Ot Nubps propei va e€ackobv Tov
pOLO TOVG MG APVNTIKOV pLOMGTN TG PAEPAPIOOYEVESTG, HECH TG CAANAETIOPACT|G TOVG LE TIG
KATNAL2, xotaoTéAAOVTOG TN KOTATUNTIKY OpAcT TOV TEAELTOI®MV, KOl UN EMITPETOVIOG TN
dnuovpyio PKpOTEP®V KpooOANVickov mov Oa amotelécovv TN PACT GYNUOTICUOV TOV
aovrpotog Tv PAepapidmy. H peiowon tov emmédmv tov Nubps evdeyopévog va mpokolel tnv
avénon tov dbéciumv kot Asttovpykav popiov KATNAL2, odnydvtog og peyaldtepa T060oTd
BArepapidopopwv kuttdpmv. ‘ETol, avapévetal 0Tl 6 TEPITT®ON TOVTOYPOVIG OTOCIDONNONG, HaG N
Ko tov dvo mpoteivaov Nubp kot tov KATNAL2, o @owdtunog mov Bo vrepviknost Oa givar
avtog g peioong tov KATNAL2, wag kot ot Nubps ackodv tnv emidpacn Tovg o1

Prepapidoyéveon eppécms, péom g emppong toug otic KATNALZ.

Bdoel tov mo tavo, Kabdg Kot Tng mapatnpnpévng peimong tov emmédwv tov Nubpl kot
Nubp2 katd mv arnocidmnon twv KATNAL2, givor mold mbavd ot in Vivo ta tpoteivikd eninedo
tov KATNAL2 dgv mopovotdlovv peydreg S10kuUAVOELS, Kot auTO Etvol KATL TOV GUVASEL LE TIG
dvuokoArieg Tov cuvavtiOnkay KOTA TIS TPOCTAOEIEG AMOCIOTNONG Kol VIEPEKPPUCTS TOVG. Me
avtd oV Tpomo daoearileton 1 otabepdnta twv Nubps, mov pe ) ogpd tovg pubuilovy
dpactikomra tov KATNAL2, péow ¢ avéoucimong toug 6t S14popa 6TAdlo TOL KLTTOPLKOD

KkokAov (Kypri et al., 2014).

423 OvKATNAL?Z gvronilovtal oTov Toprvicko

‘Eva. a&loonueioto amotélecpo NtV Kol 0 EVOOKVTTOPIKOC EVIOMICUOG £VOG KAAGHOTOG
tov KATNAL2 ctov mopnvicko, kot péiota oe cvvevtomiopnd pe to évippo dumpiirapivn,
axoun Kol oe cuvOnkeg petaypagikig avactoing ota Light Nucleolar Caps. O mupnvickog
amoTeAel (ol €VOLAKPLTN dOUN TOL TLPNVA, TOL KVPLO TNg Agttovpyio glvar 1 ovvBeon kai M
GUVOPUOAOYNON TOV PPOCOUKOV VTOUOVAd®Y. AKOUN oTov mupnvioko zweptlapfdavovrol
mpoteiveg kot RNAS mov dev oyetiCoviar pe ) Proyéveon tov plpocouatiov, ahld eumiékovio
o1 oVYKPOTNON SOUATIdiOY Tov avayvopilovv ddeopa onuota, KoBdg kKot oty aichnon
Kotootdoemy  kKuttopikod otpeg (Olson and Dundr, 2015). H ®wmpillapivny eivar pia
peBvATpovepepdon mov evtomileTol 6ToV TUPNVICKO UETOED TOV VMO0V KEVIPOU KOl TOV TUKVOL
wmoovg dapepiopatoc, 6mov yivetar 1 petaypaen tov IDNA, Kot 610 TUKVO VDG SLOUEPIGLLAL,
omov oetdyetan n emefepyasia tov pre-rRNA, cvupetéyovrog ota apylkd otddlol avtng NG
dwdicaciog (Sobol et al., 2013). Xta LNCs cvykevipdvovtal TpOTEIVEC TOV GLUUETEXOVY GTN
dpaon ¢ RNA moivuepdong I kaw oty enelepyacio twv rRNAS (Shav-Tal et al., 2005, Chen et
al., 1999, Adamson et al., 2001, Nakamura et al., 2002, Ballarino et al., 2005). O cvykekpipuévog
gvookvtTopwkcog  evtomopudg towv  KATNAL2, oe  ouvvdvoopud pHe To  OTOTEAEGUOTO
avocoKATAKPAUVIoNG Me TN xpfion tov avticopatog anti-KATNAL2, 1o omoio katédsi&ov

dupopeg dopikéc pifocopikéc mpwteiveg ([livakog 3.4) ¢ mbBavég aAlniemdpdoeg ToOV
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KATNALZ2, aenver vmovoleg ywoo mwbov eumiokny tov KATNALZ2 otic Aettovpyiec tov

TuPNVIGKOV.

4.3 MeglhOVTIKEC TPOSKTAGELC

Kotd v exmdévnon g mopodoog S10aKTopikig oatpiPng, oeénydn yoo mpodtn @opd
QTOTELPA YOPOKTNPIGHOD oG Tpwteivig Tomov Katavivng 2 (Katanin-like proteins 2). Tha vt
TNV OIKOYEVELD OEV LIAPYOVV KOTAYMPNUEVEG TANPOPOPIEG GTOV UEYAAO OYKO TNG VLIUPYOLGOG
Broypaeioc. H mpoondbeio ot otépbnke pe emttuyio, Hog Kot opKeTd ototyeio fynkav otnv

EMPAVELD, HECH OO TNV EMTOVT TPOOTADELD TTOV CLVIEAEGTNKE.

Yvvoyilovtog To OMOTEAECUOTO HOG, LTOPOVUE VO TOVUE OTL Ol OLAPOPES LGOUOPPEG
KATNAL2 cuykpotohv Op0- Kol £TEPO-OALYOUEPT], Y10 VO ETITEAEGOVV T OPACT] TOVS GTO SLAPOPaL
gvdokvtTopkd Owpepiopata. Or mowideg Agitovpyieg TOvg TEPAAUPAVOLY POAOVLS @) TOV
ompiloviol otV KOTATUNGCT TOV UIKPOSOANVICK®V, ON®OC KATd Tnv ovadlopydvmorn Tov
LECOPUCIK®Y KPOCOANVICK®V, TNV Kutokivnomn, kot m PAepapidoyéveon kot ) mov dev
ompilovior 610 KOYIHO TOV UIKPOCOANVIOK®OV OT®C KOTG TOV HNYXOVICUO OUTANGLOCLOD TMV
kevipdiov. To epdtnua mov mpokvatel ival tdg ot KATNALZ2 avaueryvoovtal o 100G TOAAEG
KOl TOVTOYPOVA OLPOPETIKEC dladtkacieg. Onme Qavep@OVOLY Kol TO EVPNUATO, TNG UEAETNG TOV
TOTIKOV KOl ovOTLEIOKOD TPOTOTTOL TOV 160Uope®Y, ot topoppés KATNALZ mapovsidlovv
EexPLOTH YOVIOLOKY EKQPOCN. ZVUVEM®MC, 1 OMAVINGT GTO TPOTYOVUEVO EPMTNUC, UTOPEL Vo
Bpioketon ot SlPOPIKN PO TOV IGOUOPPROV Y0 TO CYNUOTIGUO OUO- KOl ETEPO-OALYOUEPDV.
Al0QOpETIKEG  1GOUOPQEC Umopel vo  amoaoyoAovviol Yo tn Opdon tov KATNAL2 om
PArepapidoyéveon, e oyEon e OVTEG TOV EUPOVICOVY KATOAVTIKY dpaom KOTA TNV KLTOKivno.
Axoun, umopel oe S10KPITEG AEITOVPYIEC VO GUUUETEYOVV Ko OKPLPAOC 01 101EG IGOUOPPES, Ol OTTOIEG
OUmG Vo oynuotilovy Sl0QOPETIKNG OTOLEIOUETPIOG £TEPO-OALyouepT], aAAGlOVTOC TN SOUIKN

1G0PpPOTHia KOt TN AEITOVPYIKT KaTELOLVGT).

H amocoaefvion g dopng tov dpo- Kol £TEPO-OALYOUEPMY TOV CLUUETEYOLY O KAOE Lo
ddwkasia, Oa TpOcHeTE TOADTILO GTOLYELD Y10, TV OTOGOPTVICT] TNG AELTOoVpYiag TV VIO HEAET
1opopPav. DuoiKd, 1 LEYAAN OLOIOTNTA LETAED TOV IGOUOPEOY KaOIGTA 0VTO TO £pY0 TAPA, TOAD
d0oKOAD. AVGTUY(DC, OV UTOPEL VO KOTOOKEVOOTEL €OIKO OVTICOUN EVOVIL TOV  HKPOV
GOUOPPOV, N VO, omoctOaNfody Hovo auTég, Yoo vo dlepevvnOel pe pueyoddtepn AEmTouépPELn M)
dpdon tovg. Oumg, éva Prpa mpog ovt) tnv mopeia, evdeyopévog Oa eivol 1 katackevn
AVTICOUATOC E01KOD G TPOog TG Heydreg woopopeég (L1, L2, L3), 1o omoio o Ponbncer oty
KATOAANAY avTioTOlYNoN TOV POA®V, 1 TOLAGYIOTOV OTNV GUECT GLOYETION TOV UEYAA®V
COHOPPAV OTIG AEITOVPYIEG TOL OVIMG EUTAEKOVTAL. AKOUN, 1) E01KT OTOGIONNCT TOV HEYAA®DY
ICOHOPPAV, KOl 1) GUYKPION TOV OTOTEAEGUATOV 7OV B TpokdWouLV pE TO. OVTIGTOWO NG

Tapovoag epyaciag, propet va fondnoel mpog avth TV KatevBuvon.
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‘Eva dAAo onpueio mov ypnlel Tepaltépm omocaPviong eival Kot o akpiPic AEtovpytkog
porog tov KATNALZ2 otov mupnvicko. I'o va amavindel avtd to epotnua, Bo mpémel va
e€axppwbeil mépav maong apeiPoriog N oAinAemiopacn tovg pe ™ Dyumpidiapivny (Ady® Tov
GUVEVTOTIGHOD TOVG), koBdg kot pe ddpopeg GAleG plPocOMKEG TP®TEIVES, Ol Omoieg ot
TEPAUATA  OVOGOKOTOKPNUVIONG, €U@avifovioy ©T0 £KAOUGHO TOVL TEPAPOTOS, GE YOUNAEG
oLYVOTNTEG. AKOAOVOMG 0 OYESNGHOG VENG TEWPOUATIKNG dtadtkaciog, O mtpémel va meptlapfavet
TIG KATAAANAEC LeBOSEVOELS VIO TOV TANPY YOPOKTNPICUO YO TPMTN (OPd, TNG AELTovpyiog KOG
Tpmteivng ToTov Katavivng, otov mupnvicko. ['a mapdderypna, n e&oxpifoon g oAAnAeniopaong
tov KATNALZ2 kot pe dAdeg mpoteiveg Tov TUPNVICKOL KOl 1] OTOGUPNVIOT] TOV CUYKEKPIUEVDV
LGOLOPPAOV TOV GLUUETEXOLY, B0 LTOPOVGE VO TPOCOMGEL TEPLGCOTEPEG AEMTOUEPELEG OTT YVOGOT

LOG, MOTE VO UTOPECOVUE VO, EKTTOVIIGOVLE EVOL LOVTELO Yia Vo, e€nynoovpe TNy OAn Asttovpyia.

Xe avtn ™ SwrpiPn], avapepbnkape TOAAEG QOPEG OTIG OUOLOTNTEG OTn dpdomn TV
KATNAL2 pe avtv g apyéromng Katanin, evd og apketég mepmtdoelg cuvevtomiCovat. Av kot
dev vIapyel KATL oYeTIKO ot PifAloypaeia, icwg ot dvo mpwteiveg va oyetiCovtal. H peiétn tov
ovveneldv g anocidnnong twv KATNAL2 oty ékepoon tg Katanin, kot 1 dievkpivion tov
KOTO TOGOV QVTEG Ol TPOTEIVEG AAANAETIOPOVY, UTOPEL VO TPOGPEPEL TOADTIUEG TATPOPOPIES Yia

TOV AEITOVPYIKO yopaktnpiopnd tov KATNAL2.

Ev xotaxdeidl, avty elvor po mpoomdbeio mov Sabételt mpodopopo €60a¢poc Yo vo
ocvveylotel, emedn n TANpNG dwwigvkavorn tov poérov tov KATNALZ2, Ba mpocepipel molvTieg
TANPOQOPIEC Y10 ONUOVTIKEG Olepyaciec mov ovufaivovy evtdg TV KLTTApoV, OTWG M
PArepapidoyéveon, o unyoviopds pOBIGNG TOV SUTAAGIUGLOD TOV KEVIPOSOUATIOV, 1 KUTOKIVIOT

KOl YEVIKG OADV TV AELTOLPYIOV TTOL Yapaktnpiloviot amd tn cvupetoyn tov KATNAL2Z.
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ABSTRACT

Katanins are microtubule (MT)-severing AAA proteins with high phylogenetic conservation
throughout the eukaryotes. They have been functionally implicated in processes requiring MT
remodeling, such as spindle assembly in mitosis and meiosis, assembly/disassembly of
flagella and cilia and neuronal morphogenesis. Here we uncover a novel family of katanin-
like 2 proteins (KATNAL2) in mouse, consisting of five alternatively spliced isoforms
encoded by the Katnal? genomic locus. We further demonstrate that in vivo these isoforms
are able to interact with themselves, with each other and moreover directly and independently
with MRP/MinD-type P-loop NTPases Nubpl and Nubp2, which are integral components of
centrioles, negative regulators of ciliogenesis and implicated in centriole duplication in
mammalian cells. We find KATNAL2 localized on interphase MTs, centrioles, mitotic
spindle, midbody and the axoneme and basal body of sensory cilia in cultured murine cells.
shRNAi of Katnal? results in severe phenotypes of enlarged cells and nuclei, significant
amplification of centrioles throughout the cell cycle and the manifestation of aberrant
multipolar mitotic spindles, mitotic defects, chromosome bridges, inefficient cytokinesis,
multinuclearity, increased MT acetylation and an altered cell cycle pattern. Both, silencing
and stable overexpression of KATNAL?2 isoforms drastically reduces ciliogenesis.

In conclusion, KATNAL2s are multitasking enzymes involved in the same cell type in
critically important processes affecting centriole arithmetics, MT dynamics, cytokinesis,

cellular and nuclear size and ciliogenesis and are also implicated in cell cycle progression.
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INTRODUCTION

The temporal or localized dynamic re-organization of microtubule (MT) high order arrays is
of critical importance to a multitude of fundamental developmental and cellular processes
through its role in cell motility and migration, intracellular transport, mitotic and meiotic
division, targeted flow of extracellular fluid and sensory input by cilia. MT-end dynamics,
with rapid growth by a/f tubulin heterodimer subunit addition or shrinkage by subunit loss,
can determine polymer length, which can be further modulated by MT-interacting proteins
that stabilize or destabilize MTs, such as microtubule-associated proteins (MAPs), MT plus-
end-tracking proteins (+TIPS) and bundling/depolymerising motors [1-6]. In parallel, a lot has
been learned about additional mechanisms underlying MT plasticity. Following the initial
discovery of katanin [7], the uncovering of a still expanding superfamily of proteins with MT-
severing activity that can introduce breaks into the polymer lattice and generate shorter MT
fragments, has provided some understanding on how existing MT architecture can be
modified and re-modeled locally or how structures can be organized de novo using such
released MT fragments, sometimes transported to other intracellular domains, as seeds [8-11].
Currently, the three main classes of MT-severing proteins, katanins, spastins and fidgetins, all
belong to a subgroup of the protein superfamily of “ATPases associated with diverse cellular
activities” (AAA), bearing the highly conserved ~230aa signature AAA domain that harbors
the ATPase activity. Their functional form is believed to consist of ~15 nm hexameric rings,
which are formed in an ATP-stimulated and template-dependent manner on the MT lattice,
and able to bind on the C-terminal tail of tubulins possibly with some preference for f-tubulin
[12-15]. ATP hydrolysis is thought to induce translocation of the tubulin polypeptide through
the hexamer ring pore and its local unfolding, which enables weakening and breaking of
interdimer bonds and causes severing of filaments [16].

Katanin was purified as a heterodimer of the p60 AAA-bearing catalytic subunit and the p80
centrosome-targeting and regulatory subunit [17, 18]; both subunits are very highly conserved
in animals, plants, and even unicellular eukaryotes, such as green algae and protozoa [9, 10;
Table 2 in 11]. In some invertebrates and vertebrates, additional katanin p60-like proteins
(KATNAL 1 or 2) have been reported [19, 20] in others, including unicellular organisms, they
can be predicted from their genome sequence. Katanin p60 appears to be a multitasking
enzyme implicated in an impressive number of MT-based processes (meiosis and mitosis,
ciliogenesis and neurogenesis), as either a positive or a negative regulator of MT polymer
mass. In oocyte meiosis of C. elegans, katanin contributes to an amplification of spindle MT
number and density by providing severed short MTs for nucleation of new MTs [21, 22]
while also exhibiting MT bundling activity independent from its severing activity [23].

Conversely, in Drosophila mitotic spindles, katanin promotes severing, release and uncapping
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from end-binding (EB) proteins of chromosome-attached MT (+) ends to enable kinesin 13-
induced MT (+) end depolymerization and thus allow pacman flux and poleward chromatid
mobility and segregation in anaphase A [24]. Additionally, severing by katanin at the MT (-)
ends at the centrosome promotes the redistribution of y-tubulin rings to enhance new MT
nucleation [25]; Katanin-like protein 1 (KATNALT1) also seems to boost the formation of
spindle MTs and increase spindle MT density in human cells by altering y-tubulin ring
kinetics [20] and is also involved in spermatogenesis [26]. The role of katanin in cytokinesis
has been highlighted in protozoa such as Tetrahymena, where katanin-null cells can
successfully complete nuclear division but not cytokinesis, resulting in chains of non-
separated cells [14], while in Trypanosoma and Leishmania both p60 and p80 are essential for
distinct steps of cytokinesis [27, 28]. In vertebrate cells, where the mechanism of cytokinesis
is different, katanin p60 is present on the midbody constriction, where it is proposed to
influence its resolution [29], possibly involving katanin interactions with tumor suppressor
protein LAPSER1 [30]; however its role and molecular mechanism in vertebrate cytokinesis
remain sketchy.

Katanins have a highly conserved function in ciliary dynamics as shown in unicellular
eukaryotes, where their loss of function results in the formation of immotile cilia due to loss
of the central pair of axonemal MTs in Chlamydomonas and Tetrahymena [31, 14], possibly
through lack of a pool of short MT precursors earmarked for axoneme assembly. In
Tetrahymena, katanin’s severing selectivity for ciliary MTs may be based on specific tubulin
posttranslational modifications [14]. In Chlamydomonas, katanin is also responsible for
deciliation [32], facilitated by the release of basal bodies from the ciliary axoneme through
selective severing of MTs at the transition zone, in preparation for mitosis [33]. Ciliary-based
Hedgehog signaling seems to be compromised in fibroblasts derived from p80 katanin-null
mouse embryos and in neocortical development of these animals, displaying severe
microlissencephaly [34, 35].

The need for fine-tuned regulation of katanin activity/concentration remains a particularly
important aspect for its cellular multitasking functions and it is exerted via its intricate
network of protein interactions, its reversible phosphorylation and by discrete degradation
routes [36, 37, comprehensively summarized in Fig. 3 and 4 of 11].

Intriguing outstanding questions remain in our current understanding of the functional roles of
katanins and related proteins in MT dynamics in diverse cellular processes. What is the
distinct role of so many MT-severing activities, even within the same family, given that both
higher and unicellular eukaryotes have several katanins and katanin-like proteins in addition
to multiple spastins and fidgetins? What is the balance between “division of labour” [38] and
functional redundancy amongst the multitude of MT-severing enzymes? Additionally, do the

different katanin-like proteins also acquire an oligomeric form to be functional (akin to p60
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katanin) and what is the nature of such oligomers (homo- or hetero- oligomers)? Is there a
possibility for combinatorial (mix-and-match) utilization and, given the impressive
multitasking of katanins, does the process of oligomerization also assign spaciotemporal
specificity to the enzyme, i.e. to bind and affect different subsets of cellular MT as substrates
or MTs at different cell-cycle or developmental stages? Or is specificity determined by
differential gene expression of such katanins in different cell types and/or times? Finally,
given the intimately reciprocal relationship of the dynamics of MTs, cilia and centrioles with
cell cycle progression, should katanins and katanin-like proteins, affecting all three structures,
be investigated in the renewed light of potential cell cycle drivers or contributors?

In this work, we uncover a novel family of KATNAL2 proteins in mouse cells and present
their first functional characterization. We find these new members of the katanin family to be
involved in many aspects of MT-based processes taking place in the same cell type, affecting
spindle formation, cytokinesis, centriole arithmetics, ciliogenesis and influencing the cell
cycle. For some of these processes, such as ciliogenesis and regulation of centriole
arithmetics, this is the first time that a katanin-like protein has been implicated in mammalian
cells. We show that these novel katanin-like isoforms can interact with themselves and with
the other isoforms and, importantly, with nucleotide binding proteins AAA ATPases Nubpl
and Nubp2, which we previously showed to be negative regulators of ciliogenesis in
vertebrates and invertebrates [39] and also important for centriole duplication [40]. These new
findings provide significant insights to in the emerging definition of the molecular

mechanisms and protein interactions underlying katanin-like cellular function.
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MATERIALS AND METHODS

Mouse cell culture

Mouse NIH 3T3 and NSC34 cells were cultured in DMEM containing 10% v/v fetal calf
serum (FCS), 2 mM glutamine and 50 U/mL of penicillin/streptomycin. IMCD3 (IMCD) cells
were cultured in DMEM/F-12 (1:1) medium with 10% v/v FCS, 2 mM glutamine and 50
U/mL of penicillin/streptomycin. TM4 cells were grown as for IMCD but FCS was replaced
by 5% v/v horse serum and 2.5% FCS. Neuro2A cells were kept as NIH 3T3 but with MEMa
instead of DMEM. All lines were maintained at 37 °C in 5% CO,. For induction of
ciliogenesis, cells were grown in serum-free media for 24 h and sampled for

immunofluorescence (IF) or Western blotting (WB).

RNA extraction, RT-PCR for the identification and cloning of Katnal2 isoforms and
quantitative real-time RT-PCR (RT-qPCR) to analyse Katnal2 gene expression
Polyadenylated RNA was affinity-purified from mouse cell lines or tissues, using the RNeasy
mRNA purification kit (Qiagen). cDNA was synthesized with the iScript cDNA synthesis kit
(Biorad). For the identification of Katnal? transcripts, PCR amplification with
oligonucleotides flanking the full-length open reading frame (ORF) of Katnal2
(XM_006526437) was employed (Table S1), using the Expand High Fidelity PCR system
(Roche). RCR products (Fig. 1A) were cloned by T/A cloning into vector pPGEM-T Easy
(Promega) or pCRII-TOPO (Invitrogen) and identified by DNA sequencing (MWG GmbH).
For in-frame subcloning of ORFs into different plasmid vectors, a range of oligonucleotides,
bearing appropriate restriction sites, were designed (see Plasmid Constructs and Table S1).
For relative quantification of mRNA in silencing experiments, RT-qPCR was conducted on
the LightCycler (Roche) as described in [41] and primers specific for either Katnal2-L
(amplifying a diagnostic fragment specific for Katnal2 isoforms L1-L3) or Katnal2-ALL (co-
amplifying a diagnostic product derived from all five Katnal2? isoforms). Melting curve
analysis was performed at the end of each experiment to determine the specificity of the
amplification. All experiments included two no-template controls, and samples were analyzed
independently three times. Crossing Point determination and quantification was achieved
using the Second Derivative Maximum Method of the of Viia™ 7 Software (ABI). For data
normalization, expression of the reference genes for mouse ribosomal protein L19 (Rp/19)
and pumilio homolog 1 transcript variant 2 (Puml) was used. Oligonucleotide primer
sequences for PCR are given in Table S1. For statistical analysis of RT-qPCR data, the
REST-384° software was used, based on a PairWise Fixed Reallocation Randomization
Test”, to compare the relative quantification between two groups and determine the

significance of results [42].
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Expression plasmid constructs, yeast two-hybrid screen

For antibody generation, KATNAL2-S1 was expressed in E. coli [BL21-(DE3)-pLysS] as a
His-tagged fusion protein from vector pRSETg and affinity-purified over Ni*-NTA beads
(Qiagen) under denaturing conditions. For in vitro co-selection assays to study KATNAL?2
interactions (Fig. 2), GST-fusions of KATNAL2-S1 and -L1 were generated from pGEX-4T-
1 constructs and used together with His-tagged fusions of Nubpl and Nubp2 in pRSETjs.
Mammalian expression (transient or stable) of KATNAL?2 isoforms, tagged with different
epitopes was driven from plasmids pEGFP-C2 (Clontech), pmCherry-C3 (Ellenberg group,
EMBL), pFLAG-CVM-1 (Sigma) and pSVmycl.0 [43]. Construction of plasmids and
oligonucleotides used for cloning are summarized in Table S1. Standard molecular biology
techniques were as per [44]. A yeast two-hybrid screen was conducted for this project by
Hybrigenics (France), using full-length mouse Nubpl cDNA as bait (hgx1836vl) against a
mouse embryo brain RP1 cDNA prey library in pB27 (LexA, C-terminal fusion) and
analyzing 58.04 million interactions. A partial Katnal2 cDNA (aligning with mouse Katnal2

XM _006526437) was amongst 43 putative interactors identified in this screen (see Results).

SDS-PAGE and WB

SDS-PAGE was performed on a Mini-Protean II Electrophoresis Cell (Bio-Rad), and WB on
a Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad), using 48 mM Tris pH 9.2, 39 mM
glycine and 20% v/v methanol as transfer buffer. Visualization of immunoreactive bands was
performed with the ECL System (GE Healthcare) using ChemiDoc™ MP (Biorad). For
quantification of protein levels, intensity volumes (area x height) of WB signals were
extracted with ImageJ 1.49n (NIH, USA) and normalized using same-sample and same-
membrane band intensities for the housekeeping protein calnexin. Significance of knockdown
for KATNAL?2 (three independent experiments) was assessed for log-transformed normalized
values by one-tailed paired t-test and deregulation of Nubpl, Nubp2 and actin normalized

protein quantities was assessed by two-tailed paired t-test (Excel 2010, Microsoft).

Antibodies

An antibody against recombinant mouse KATNAL2-S1 (accession number LN831865),
expressed as a 6xHis-fusion in E. coli and affinity-purified (see Plasmid constructs), was
custom-made in goat by Sicgen (Portugal). The goat antiserum was affinity-purified on a WB
membrane: 2mg of Ni*-NTA-affinity-purified 6xHis-tagged KATNAL2-S1 were run on a
preparative SDS-PAGE gel, transferred onto nitrocellulose and stained with 0.1% w/v
Ponceau in 5% v/v acetic acid to identify the position of the recombinant protein, which was
outlined with a soft pencil. The membrane was incubated with 2 ml anti-KATNAL?2 crude

serum (1:5 dilution in PBS) at 4 °C overnight and the marked strip excised with a sterile
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scalpel and washed extensively with PBS. The antibody bound on the strip was eluted with
2x1ml of 100mM glycine containing 50% v/v glycerol at pH 2.2; fraction 2 of the purified
antibody was used in 1:100 dilution for IF and 1:250 for WB. Affinity-purified rabbit
antibodies to Nubpl and Nubp2 [39] were used at 1:300 dilution for WB. Additional primary
and secondary antibodies are listed in Table S2. Nuclei were counterstained with Hoechst

33342 (0.5 ug/ml).

Immunoprecipitation (IP) and LC-MS/MS analysis

For IP, 8 ug of affinity-purified goat anti-KATNAL?2 antibody (fraction 2) or 8 ug goat IgG
(negative control) were each covalently bound onto 40 ul Protein-G Sepharose CL-4B beads
(GE Healthcare) by DNP crosslinking. Eight adult-mouse testicles were homogenized in 50
ml of 50 mM Tris-Cl pH 7.5, 150 mM KCI, 2 mM EDTA, 0.5% v/v Triton x-100, 1x
Complete protease inhibitor cocktail (Roche) and divided in two equal aliquots of 25 ml (2.2
mg/ml total protein). Each extract aliquot was incubated overnight at 4 °C with one set of
beads (KATNAL?2 or goat IgG), washed 3 times with lysis buffer and eluted with 2x20 ul of
100 mM glycine, pH 2.0. The eluate was boiled with 10 pl of 5x SDS-PAGE sample buffer.
Thirty percent from each eluted IP sample were analyzed by WB to identify KATNAL2-
immunoreactive bands and 70% were run on an SDS-PAGE gel, stained with 80% v/v 1x
working solution of Brilliant Blue G-Colloidal (Sigma B2025) in 20% v/v methanol. Three
bands, unique to the KATNAL2-IP samples and immunoreactive by WB, were cut out (Fig.
1D). For the larger-scale experiment in Fig. S3, the same protocol was used but 16 testicles
were lysed in 100 ml homogenization buffer and used in conjunction with 28 ug KATNAL?2
antiserum and 150 ul bead slurry. Bands or zones excised from gels were trypsin-digested in-
gel and eluted, and tryptic peptides were separated and analyzed by LC-MS/MS (Orbitrap
Velos, Thermo Scientific) at the EMBL Proteomics Core Facility. Full scan MS spectra (mass
range 300-1700 m/z) were acquired in profile mode in the FT with resolution of 30,000. Data
were filtered by Software MaxQuant (version 1.0.13.13) and searched in species-specific

mode (mouse) against the Swiss-Prot database.

In vivo and in vitro co-selection assays to study KATNAL?2 interactions

For in vivo co-selection experiments, FLAG-tagged-KATNAL2-S1 or -L1 (Table S1) were
expressed by transient transfection into the IMCD-pmCherry-KATNAL2-S1 stable cell line,
(see later section). Two 10 cm dishes of the transiently transfected stable cell line were
extracted in a total of 0.5 ml lysis buffer (150mM KCI, 20mM Tris, pH 7.5 and 0.5% v/v
Triton-X 100), containing 2x of Complete protease inhibitor cocktail. The extract was mixed

with 10 ul anti-FLAG beads (Anti-Flag M2 Affinity Gel; Sigma) and incubated for 3 h at 4
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°C. Negative controls included parallel reactions without FLAG-tagged bait proteins. Beads
with bound complexes were collected at 2000 rpm for 5 min, washed three times with 10x
bed volumes of lysis buffer, re-suspended in 20 ul SDS sample buffer and boiled. From each
sample, 20% was subjected to WB with anti-FLAG antibody and the remainder to a parallel
WB which was cut into two segments for the detection of bound, interacting proteins with
antibodies to mCherry and KATNAL?2 (segment above 45kDa) and to Nubpl and Nubp2
(segment below 45kDa).

In vitro co-selection experiments were conducted to confirm and characterize pairwise
interactions between KATNAL2-S1/L1 with Nubp1/2. The four proteins were expressed in E.
coli strain BL21(DE3)pLysS; KATNAL2-S1 and -L1 were produced as soluble GST fusions
(Table S1), after a Sh-induction with 0.5 mM IPTG (-S1) or a 3h-induction with 0.05mM
IPTG (-L1), or a 5h-induction with 0.5mM IPTG (GST-only, negative control), all at 20 °C.
Nubpl and Nubp2 were expressed as soluble His-tagged fusions from pRSET4 [39], under
the same conditions as for KATNAL2-S1. Bacterial pellets (1.5ml of liquid culture) were
sonicated in 200 ul lysis buffer (150mM NaCl, 20mM Tris, pH 7.4, 1% v/v Tween 20, ImM
B-mercaptoethanol and 1x Complete protease inhibitor), centrifuged at 13,000 rpm for 15 min
at 4 °C and the soluble fraction, containing the recombinant protein retrieved (1/20 in each
case was used as “Input” in Fig. 2). KATNAL2 and Nubpl or 2 protein interactions were
tested in pairwise combinations by mixing the selected protein extracts, incubating for 30 min
at room temperature and combining for another 30 min at room temperature with 25 ul
glutathione sepharose 4B bead slurry (GE Healthcare), pre-equilibrated with lysis buffer. In
some experiments, GST-tagged proteins were first bound on glutathione beads, washed and
then mixed with His-tagged Nubp protein extracts. In all cases, beads were subsequently spun
at 2000 rpm for 5 min at 4 °C, the supernatant collected (“unbound” fraction), beads washed
three times in 100 ul lysis buffer and bound proteins retrieved by boiling in SDS-PAGE
sample buffer for 5 min at 96 °C. The eluate (“bound fraction”) was split in two and together
with the other fractions subjected to WB, using anti-GST and anti-His antibodies to probe for
KATNAL2 and Nubp proteins respectively. Negative controls consisted of identical parallel

experiments but with the use of GST-only protein in conjunction with His-Nubp1 or -Nubp2.

Immunofluorescence (IF) and live imaging.

IF was performed as described in [39]. Samples were analyzed with a Zeiss Apochromat 63x
NA 1.4 oil lens on a Zeiss Axiovert 200M inverted fluorescence microscope, equipped with an
AxioCam MRm camera. For live imaging, cells were seeded in a 6-well plate and after 24 h
were transferred onto the stage of a temperature- and CO,-regulated Zeiss AxioObserver.Z1

automated microscope, equipped with a Plan-Neofluar 5x NA 0.16 air objective lens. Phase
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contrast images were acquired every 7 min for 24 h using the Zeiss AxioVision program (v.

4.8.2) and an AxioCam MRm camera.

shRNA-mediated silencing and analysis

Two pLKO.l-based Ilentiviral shRNA vectors [The RNAi Consortium (TRC);
www.broadinstitute.org/rnai/public/], expressing a puromycin resistance gene and targeting
different areas of the mouse Katnal2 ORF (TRCN0000090749 and TRCN0000090751) were
obtained from the Erasmus Medical Center (University Medical Center Rotterdam, The
Netherlands). Lentiviral shRNA production, lentivirus particle packaging, harvesting and
transductions of NIH 3T3 mouse fibroblasts were carried out with standard procedures [45].
Stably transfected, puromycin resistant, single clones were hand-picked under the microscope
after several days of puromycin selection (4 ug/ml), expanded and subjected to initial
screening by WB, using anti-KATNAL2 antibody, to identify those clones with reduced
KATNAL?2 protein expression. Clone 2.43 (shRNA targeting ORF area 1, yellow in Fig. S1)
was identified out of 52 clones and clone 3.81 (shRNA targeting ORF area 2, light blue in
Fig. S1) out of 94 clones in this initial screen, and Katnal2 silencing was quantified by RT-
gPCR and quantitative WB (3 independent experiments in each case). To confirm their
genotypes, PCR of genomic DNA from clones 2.43 and 3.81 was employed using appropriate
insert-flanking oligonucleotides (Table S1) to amplify the shRNA-bearing cassette and the
product was sequenced (MWG GmbH).

To assess phenotypic effects of silencing, we carried out IF analysis in cycling cells or cells
subjected to a 24-h serum withdrawal. Cycling cells were scored for the morphology of the
mitotic spindle as visualized with a-tubulin staining, the number of centrioles, as determined
by y-tubulin staining, the count of nuclei per cell and the presence of chromatin bridges or
chromosomal misalignment as labeled with Hoechst 33342. For each parameter, the average
+s.d. of three independent experiments each of NIH 3T3 control cells and cells of Katnal2-
silenced clones 2.43 or 3.81 was determined. Total sample sizes of the datasets (from 3
experiments) were: dataset I with a total of n=2978 clone 2. 43 silenced cells vs. a total of
n=3128 NIH 3T3 control cells and dataset 2 with n=2997 clone 3.81 silenced cells vs. n=3007
control cells. For each parameter, equality of variance within the dataset was confirmed with
the F-test and statistical significance of differences across samples evaluated by
homoscedastic two-tailed Student’s t-tests (Microsoft Excel 2010). Statistical significance to
compare differences in the overall distribution of cells in distinct subphases of mitosis or in
the overall distribution of numbers of centrioles per cell across the population in control and
silenced cells was determined by stacked two-way ANOVA and post hoc test with Sidak

correction for multiple comparisons.
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Serum-starved cells were assessed for the presence of a cilium, as visualized by double y-

tubulin (basal body) and acetylated tubulin (axoneme) labeling. The average percentage of
ciliated cells was calculated in three independent experiments (dataset 3 with a total n=2063
clone 2.43 cells vs. n=2076 NIH 3T3 control and dataset 4 with n=3013 clone 3.81 cells vs.
n=3020 control cells). For each pairwise comparison between silenced and control cells, F-
tests indicated equality of variance, and thus statistical significance of observed differences
was evaluated by homoschedastic, two-tailed Student’s t-test.

To compare total cell size and nuclear size in clone 2.43 vs. control NIH 3T3 cells, cell or
nuclear surface areas were measured with the AxioVision software (v. 4.8.2.SP2) on
fluorescence images acquired after double a-tubulin and Hoechst labeling and photographed
with a Zeiss Plan Apochromat 20x NA 0.75 lens on Axiovert 200M (n=127 cells in clone 2.43
and n=129 cells in control). The difference in size distributions of total cell size or nuclear
size between the two populations was evaluated for statistical significance by a two-tailed

Mann Whitney test.

Generation of IMCD™ " Y KATNALZ gaple cell lines

Sug of plasmids pmCherry-KATNAL2-L1 or pmCherry-KATNAL2-S1 (Table S1) were each
transfected into a 10 cm dish of IMCD cells, using Lipofectamine 2000 (Invitrogen). After 18
h, medium containing 400 pg/ml G418 was added to select for cells that had stably
incorporated the plasmid into their genome. Several days later, resistant individual colonies
were picked and expanded for biochemical and microscopic analyses. Phenotypic analysis of
cycling or serum-deprived cells was carried out in the same manner as described for shRNA-
silenced cells. For cycling conditions, populations of IMCD-KATNAL2-S1 (n=2608 cells),
and IMCD-KATNALZ2-L1 (n=1972) were compared with corresponding control IMCD wild
type cells (n=5868) (dataset 5). Statistical analysis of differences was determined by one-way
ANOVA with Dunnett's post-test for multiple comparisons (GraphPad Prism 6). The
proportion of ciliated cells was compared within populations of IMCD-KATNAL2-S1
(n=8826 cells), IMCD-KATNAL2-L1 (n=6664) and control IMCD wild-type cells (n=6708)
(dataset 6). Statistical evaluation of differences was performed by one-way ANOVA with

Dunnett's post-test for multiple comparisons.

Cell cycle analysis

The determination of the mitotic index (percentage of mitotic cells in population) and
assignment to mitotic subphases was performed in three independent experiments by
microscopic analysis of Katnal2-silenced stable cell lines 2.43 and 3.81 and their parental line
NIH 3T3 (control) (datasets 1 and 3 as per “shRNA silencing” section), or of stable lines
mCherry-KATNAL2-S1, mCherry-KATNAL2-L1 and their IMCD parental line (dataset 5),

11
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all immunofluorescently labeled for a- and y-tubulin and counterstained with Hoechst 33342.
Statistical evaluation of pairwise differences between silenced and control cells was
performed by homoscedastic two-tailed Student’s t-tests. For the Cherry lines and their
parental IMCD cells, statistical significance was assigned by one-way ANOVA with
Dunnett's post-test for multiple comparisons (GraphPad Prism 6).

To generate growth curves (Fig. 4C), multiple cultures of control and clone 2.43 cells were
seeded each with 6860 cells in six-well plates, and triplicate measurements of cell counts
were recorded with a hemocytometer every 24 h for a total of 96 h. Growth curves for 2.43
and NIH 3T3 control cells were compared by stacked two-way ANOVA for analysis of
parameter means with Sidak post-test for multiple comparisons with explicit reporting of p
values down to 0.0001.

For flow cytometry, cell lines were harvested from 10-cm culture dishes at 70% confluence,
washed in PBS, fixed with 70% v/v ethanol, washed, treated with RNase A and stained with 1
mg/ml propidium iodide. Cell cycle data were acquired in independent triplicate repeats for
clone 2.43 and NIH 3T3 control cells using a MACSQuant Analyzer 10 flow cytometer
(Miltenyi) and the default filter setting for propidium iodide. Output was analyzed using
ModFit LT 4.0 (Verity Software House) diploid modeling with automatic linearity detection
without range restrictions except for restriction of debris recognition below the maximum
value of the putative G1 peak. All RCS values, indicative of goodness of fit, were below 3.3.
The modeled G1, S, G2, Aggregate and Debris values were analyzed by stacked two-way
ANOVA, as described for analyses of growth curves.

12
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RESULTS

Identification of a novel family of katanin-like 2 (KATNAL?2) isoforms in mouse

We have recently shown that nucleotide binding proteins Nubpl and Nubp2, conserved
proteins localized at the basal body of the primary cilium in mouse cells or C. elegans sensory
cilia and in the axoneme of motile cilia in mouse and the flagella of Chlamydomonas, are
critically involved in ciliogenesis [39]. In mouse cells, when either of the Nubps is
downregulated by siRNA-mediated silencing, there is a marked increase in the frequency of
cilia formation, demonstrating a role of these proteins as regulators of ciliogenesis. A starting
point of the current investigation was a yeast two-hybrid screen aiming at identifying novel
protein interactions for Nubpl. Fifty-eight million interactions were screened between a
mouse embryonic brain ¢cDNA library and mouse Nubpl ¢cDNA as bait: several candidate
clones were identified, amongst them a partial cDNA clone of 374 bp. Upon BLAST query of
the EMBL database, it was shown to align with sequences within a predicted murine katanin-
like protein 2 cDNA (Katnal2; accession no. XM _006526437) and encoding 112 amino acids
of its predicted open reading frame (ORF; aa 73-184; Fig. S1). This candidate was
particularly interesting, given the important role of katanin and other MT-severing proteins in
many MT-based processes, including ciliary dynamics (see Introduction), and we thus
decided to characterize it further.

When we performed RT-PCR using oligonucleotide primers that hybridized to the extremities
of the predicted ORF of mouse Katnal?2 XM 006526437, we noticed that, in addition to the
expected full-length Katnal? ¢cDNA product (1.6 kbp), we consistently obtained several,
closely migrating products with cDNA from the NIH 3T3 mouse cell line (Fig. 1A) and also
from the IMCD, NSC34 and TM4 mouse cell lines and mouse testis (data not shown). Upon
cloning and sequencing of these discrete bands from NIH 3T3 cells, we identified 5 distinct
cDNAs containing ORFs that range in size between 1.62-1.12 kbp and correspond to
alternatively spliced products of the Katnal? genomic locus (Fig. 1B, E). The Katnal? gene
(localized on the complement strand of mouse chromosome 18:76,977,147-77,048,225, Build
GRCm38.p3) is composed of 16 exons and the 5 cDNAs reflect alternative exon usage, as
shown in Fig. 1E. We named these 5 members of the novel KATNAL2 protein family as
Katnal2-L1 (identical to database entry XM 006526437), Katnal2-L2, Katnal2-L3, Katnal2-
S1 and Katnal2-S2 (in descending order of size; their accession numbers are given in the
legend of Fig. 1E). We detected Katnal? gene expression in several mouse tissues by RT-
PCR, using oligonucleotide primers that would amplify a short diagnostic fragment common
to all five Katnal2 transcripts, with notable high-level expression in the testis (Fig. 1C).

All five Katnal2 alternative transcripts encode katanin p60-like proteins bearing the typical

diagnostic protein sequence elements of katanin (i.e. the AAA, MT-binding and Walker motif
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signature sequences), ranging in expected molecular masses between 41.8-61.1 kDa, with
sequence variations close to their N-terminus, and with three of them harboring a
characteristic LiSH motif, stipulated to be important in self-association, MT-binding or
protein-protein interactions with ATPases and -propeller-containing proteins [46] (Fig. 1E
and Fig. S1). We generated a polyclonal antibody raised and purified against recombinant
His-tagged KATNAL2-S1, which was expected to recognize the endogenous S1 isoform as
well as all other KATNAL2 isoforms, given their extensive sequence similarity. This
antibody recognized the recombinant protein against which it was raised as well as
KATNAL2-S1 and KATNAL2-L1 fused with different tags (mCherry-, GFP-, Myc- and
FLAG-) in transfected NIH 3T3 or IMCD mouse cell lines (Fig. 2, 7 and data not shown).
Western blot (WB) analysis revealed several KATNAL2-immunoreactive bands in various
mouse cell lines and in mouse testis in the range of ca. 45-80 kDa (Fig. 1D lane 1 and Fig.
S2), being compatible with the expected sizes of KATNAL?2 isoforms, as predicted by cDNA
cloning. We employed immunoprecipitation (IP) in conjunction with liquid chromatography,
coupled with tandem mass spectrometry, to identify these signals using mouse testis. We
excised 3 bands (migrating close to the 50-, 60- and 80-kDa markers; red arrows in Fig. 1D,
lane 3’) that were uniquely visible in the bound fraction of the KATNAL2-IP sample and
absent from the equivalent negative control in a colloidal blue-stained gel and, at the same
time, corresponded to the main immunoreactive signals on the WB that was carried out
concurrently with a smaller quantity (20%) of the same samples (red arrows Fig. 1D, lane 3).
MS analysis confirmed the existence of KATNAL2 signature peptides in all three bands
(Table S3). We repeated the experiment at a larger scale, using twice as much starting
material (testis) and cutting out contiguous broader zones (rather than bands) flanking the 50-,
60- and 80-kDa markers in both the KATNALZ2 IP and also the negative control sample (goat
IgG) (Fig. S3A2). We identified by MS analysis all proteins in each broad zone: this analysis
confirmed the existence of KATNAL2 proteins in all 3 zones (the sequence coverage map
indicates peptides throughout the KATNAL2 length, including its N- and C-termini; Fig.
S3B) and comparison between the positive and corresponding negative samples revealed
KATNAL2-derived peptides uniquely in the positive samples, illustrating the specificity of
the IP test reaction (Table S4).

In conclusion, therefore, the combination of cloning, immunodetection and IP/MS confirmed

the existence of a novel family of alternatively spliced KATNAL?2 isoforms in mouse cells.

KATNAL?2 isoforms interact with themselves, with each other and with Nubpl and
Nubp2
Having identified and confirmed the existence of a novel protein family of KATNAL2

isoforms, and prompted by our initial finding of the yeast two-hybrid screen, we next sought
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to characterize putative interactions of KATNAL2s with Nubpl and Nubp2 proteins. Because
in initial pilot experiments we became aware of evidence indicating likely self-interactions of
the KATNAL2s, we set up the experiments in a manner that would allow us to probe their
putative interactions with the Nubp proteins but also amongst themselves. Specifically, we set
up in vivo pull down assays using as bait transiently transfected FLAG-tagged KATNAL2-S1
or -L1 in a constructed stable cell line that expressed tagged Cherry-KATNAL2-S1 (see later
Results section for full characterization of this stable line). When we pulled down the FLAG-
KATNALZ2-S1 or -L1 as bait in extracts of such cells with anti-FLAG sepharose beads, we
consistently and specifically detected both Nubpl and Nubp2 by WB as co-selected proteins;
Nubpl and Nubp2 were absent in the equivalent negative control reaction, lacking the bait
protein (compare lanes 1’ vs. 2’ and 3’ in Fig. 2A). Interestingly, in the co-selected complex
we also clearly detected the “endogenous” Cherry-KATNAL2-S1 (Fig. 2A; “CS” for Cherry-
KATNALZ2-S1) as well as several native KATNAL? isoforms migrating close to 40-, 50- and
60-kDa markers (Fig. 2A, lane 2°), indicating that the FLAG-KATNAL2-S1 bait was pulling
down with it the whole range of available KATNAL2s. Again, all these KATNAL2s were
absent in the negative control IP reaction (Fig. 2A, compare lanes 1° and 2°). In the parallel
experiment, using this time FLAG-KATNAL2-L1 as bait, FLAG-KATNAL2-L1 was not
only able to specifically pull down both Nubpl and Nubp2, but, as before, it co-selected both
Cherry-KATNAL2-S1 as well as native KATNAL?2s (Fig. 2A, lane 3”). Together these results
give consistent evidence for interactions within the KATNAL2 family, both self-interactions
(i.e. S1 with itself, and L1 with L-isoforms), as well as interactions between S1 and L1
isoforms and between L- and S-isoforms in general. This is not unprecedented within the
katanin family, given the well-characterized interactions between p60 monomers or between
p60 and p80 katanin proteins [17, 18].

These assays from mouse cells clearly indicated the co-selection of both Nubpl and Nubp2
with either S1 or L1 KATNAL2 isoforms. However, because of the well-established
interaction between Nubpl and Nubp2 in mouse cells [40], these assays could not
discriminate whether the presence of both Nubpl and Nubp2 in the bound fraction was a
result of an interaction of each protein individually with the KATNALs or could have
occurred because of the interaction of one of the Nubps with the KATNALSs and the “passive”
concurrent co-selection of the other Nubp protein. To resolve this important point, we next
tested in vitro whether each of the KATNALS interacts directly with Nubpl or Nubp2, using
tagged recombinant proteins expressed in bacteria. GST-tagged forms of KATNAL2-L1 or
KATNAL2-S1 were incubated in pairwise combinations with His-tagged Nubpl or Nubp2.
Following incubation, the proteins were mixed with glutathione sepharose beads, the beads
collected by centrifugation, washed extensively, and bound and unbound fractions were

separated by SDS-PAGE and then transferred to nitrocellulose and probed with anti-GST and
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anti-His antibodies to detect the presence of KATNALSs and Nubps, respectively (Fig. 2, B1,
B2, C1, C2). These experiments showed that Nubpl and Nubp2 were each, individually,
recovered in the bound fraction only when incubated in the presence of KATNAL2-L1 or
KATNAL2-S1; in the negative control with GST-only, all of the His-Nubp1 or Nubp2 protein
was recovered in the supernatant, unbound fraction (Fig. 2 B1, B2, C1, C2 compare lanes 1-3
with negative controls in lanes 1°-3”). These results with the recombinant proteins thus
strongly support the conclusion that KATNAL2-L1 interacts directly with Nubpl and also
Nubp?2 and, similarly, that KATNAL2-S1 also interacts directly with Nubpl and Nubp2.

KATNAL? is localized on interphase MTs, centrosomes, mitotic spindle, midbody and
cilium

We next probed the intracellular localization of KATNAL2. Immunofluorescence (IF)
analysis in mouse NIH 3T3 and IMCD cells (Fig. 3), using double labeling combinations of
the anti-KATNAL2 antibody with antibodies to a- or y-tubulin, revealed prominent
KATNAL?2 labeling of the cytoplasm, associated with the MT cytoskeleton at interphase (Fig.
3A). Although at interphase the concentration of KATNAL2 immunoreactivity at the
centrosomes specifically was modest (Fig. 3A and B), the protein was highly enriched in
centrioles at the center of MT asters at the onset of mitosis (prophase and prometaphase) and
in later mitotic phases labeling extended locally to MTs emanating from the two asters at the
two spindle poles and to the spindle MTs in general; the nucleocytoplasm was also labeled
throughout mitosis (Fig. 3 C, D). The same pattern of labeling at interphase and mitosis was
observed in several other mouse cell lines that we tested, namely TM4, NSC34 and N2A
(selected examples in Fig. 3 panels F and G and other data not shown).

Because of the important role of katanin in ciliogenesis and axoneme dynamics
(Introduction), we were prompted to probe specifically KATNAL2 localization in cilia, and
examined IMCD and TM4 cells induced to form primary cilia by serum deprivation
(Materials and Methods). In both cases, we detected KATNAL?2 signal at the axoneme itself
and its associated basal body, as well as in the daughter centriole that did not form a cilium, in
both cases at levels comparable to interphase centrioles (Fig. S4). These results therefore
indicated the presence of KATNAL? at the cilium; to date the localization of katanin and MT-
depolymerising kinesin-like proteins have been documented at the ciliary axoneme and basal
body [32, 31, 14, 47-49] and thus KATNAL?2 proteins can now, too, be added as putative

players in axonemal dynamics.

KATNAL? affects centriole arithmetics and MT dynamics, is involved in cytokinesis and is

implicated in cell cycle progression
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We found the MTs and centrosomes in interphase cells and the mitotic spindle and
centrosomes at its poles in dividing cells to be prominent sites of localization of KATNAL2
proteins, consistent with reported roles of related proteins katanin and KATNALI
(Introduction); they were thus a logical target for further functional investigation. We
therefore next attempted to address the functional role of KATNAL?2 at these sites in cycling
cells by manipulating its concentration in vivo.

We first attempted to impose Katnal? downregulation with the use of siRNA-mediated RNA-
silencing. By using different Katnal2-specific siRNAs, we noticed that while efficient
reduction of Katnal2 RNA and protein could be achieved, silenced cells were particularly
sensitive to very low Katnal2 expression which appeared toxic and caused massive cell death
(data not shown). We therefore turned to shRNA-mediated silencing instead that would offer
the possibility of antibiotic selection of viable clones and generated a stable NIH 3T3 line via
transduction with lentivirus expressing a Katnal2-specific silencing vector, targeting an area
in its ORF that was common to all Katnal2? isoforms and would thus simultaneously silence
them all (Fig. S1, yellow highlight to indicate the protein sequence of the targeted area). As
our protein-protein interactions experiments had indicated that KATNAL2 isoforms
interacted with each other, possibly forming oligomers in vivo, the alternative strategy of
targeting individual KATNAL?2 isoforms was not pursued. The latter approach might mask
effects of individual silencing through redundancy of different isoforms and would therefore
be less informative on its own. After selection and screening of isolated puromycin-resistant
clones, we identified clone 2.43, which showed considerable reduction of Katnal2 expression.
Specifically, total Katnal2 mRNA was reduced to 42.17+4.62% of the normalized average
control value of the NIH 3T3 parental line, as quantified by RT-qPCR using oligonucleotides
to amplify sequences common to all Katnal2 isoforms (p=2.68x107; or was reduced to
44.37+8.47% of controls using PCR oligonucleotides specific for the large Katnal2 isoforms,
p=3.40x10"* (Fig. 4A). Consistently, KATNAL2 protein normalized average levels were
similarly reduced relative to control levels as quantified by WB (to 38.04+13.78% of
normalized average control values, p=0.02) (Fig. 4B1, B2). Interestingly, protein levels of
KATNAL2-interacting proteins Nubpl and Nubp2 were also found to be significantly
reduced (to 47.97£8.93% of control value, p=0.04 for Nubpl, and to 58.34+8.06%, p=0.01
for Nubp2; while the expression of actin, as an unrelated protein, was essentially unaffected;
Fig. 4B2).

Characterization of the Katnal2-silenced clone 2.43 revealed a series of its distinctive
features. First, this clone displayed an extremely significantly altered growth pattern
(p<0.0001) compared to the control parental clone (wild-type NIH 3T3 cells), with markedly
reduced cell numbers at each time point of its growth curve, sampled over a period of 96 h

after seeding, suggesting a drastically lower rate of cell division or increased cell death (Fig.
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4C). Combined with this growth defect, Katnal2-silenced cells had a significantly larger total
size compared with controls; while total cell size (measured as cell surface) of control cells
ranged between 100-1000 umz, the size distribution in silenced cells extended between 100-
70,000 um?® (difference of distribution p<0.00001; Fig 5D1). This was accompanied by a
significantly larger size of nucleus, extending between 200-800 um® in controls and between
200-3,000 um? in silenced cells (difference p<0.00001; Fig. 4D2). A random wide field view
of control and of silenced cells, photographed at the same magnification, is shown in Fig. 4E1
and E2, respectively, illustrating the remarkable difference in cellular size. This indicated
viability with low rate of cell division combined with a steadily increasing cell size for
silenced cells, in the absence of typical apoptotic phenotypes.

Live imaging of control parental NIH 3T3 cells and clone 2.43 cultures, over a period of 24
hours, provided an intriguing first insight into the mechanisms underlying the observed
phenotypes. The often bi-nucleated enlarged cells with enlarged nuclei, typical of Katnal2-
silencing, often had clear difficulty in progressing through the complete mitotic sequence,
which was visibly disturbed and lengthy or even anomalous (movie S1), or in successfully
executing cytokinesis; incomplete ingression of the cleavage furrow in late mitotic cells in
which nuclei had already divided resulted in many cases in the formation of one binucleated
cell (movie S2). Even when cytokinesis was almost complete, occasionally the daughter cells
re-fused to give a large, visibly binuclear cell (movie S3). Alternatively, the result of mitosis
was the formation of two daughter cells that were not fully separated but were connected with
a persisting narrow cytoplasmic bridge and remained close to one another long after mitosis
(movie S4). When complete cleavage was achieved, it was sometimes asymmetrical (movie
S5). These observations were indicative of severe cytokinesis and also mitotic defects when
KATNAL?2 was depleted, leading to multinucleated, polyploid and aneuploid cells that could
grow in size, but not divide effectively. Such defects were consistent with the observed
impairment in their growth curve.

Furthermore, the cell cycle profile of populations of silenced and control cultures, as
determined by flow cytometry, revealed that silencing of KATNAL2 affected normal
progression through the cell cycle in silenced cells. In particular, in clone 2.43 the percentage
of cells in phase S was significantly reduced and in G2/M significantly increased, compared
to controls (both with extreme statistical significance p<0.0001) (Fig. 4F); this indicated
stalling in G2/M phase, being consistent with mitotic and cytokinesis defects underlying an
altered cell cycle progression pattern, caused by reduction of KATNAL2.

To analyze in more depth and to quantify these phenotypes further, we next performed a
detailed microscopic analysis of a very large number of cycling cells (Materials and Methods)

with triple fluorescence for a- and y- tubulin and DNA labeling, scoring in each culture the
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mitotic index, the percentage of cells in each mitotic subphase, the number of centrioles in
interphase and mitosis, the morphology of the mitotic spindle, the number of nuclei per cell
and incidence of chromosomal abnormalities (such as chromatin bridges). This revealed a
statistically significant 4.5-fold reduction of the mitotic index in silenced cells, with
2.55+0.80% of silenced cells in mitosis as opposed to 11.78+0.89% in control cells (Table S5;
p=0.00018). Analysis of the distribution of mitotic cells in different mitotic subphases gave a
highly significant overall difference between the two populations (p=0.0011), with a main
difference in the apparent accumulation of a sizeable proportion of cells (18.4% in silenced
vs. 2.6% in control mitotic cells) in prometaphase (p=0.0007; Table S5). The most striking
observation was the high incidence of marked centriole amplification in silenced cells,
throughout the cell cycle, both in mitosis and interphase: a third of all silenced cells had
supernumerary centrioles, representing a 5-fold increase relative to control cells (p=0.00055)
and the centriole number distribution was remarkable and different overall for control and
silenced cells (p<0.0001) (Table S6 and Fig. 4G). The numbers of supernumerary centrioles
per cell ranged from 5 up to >>15 in silenced cells (Table S6 and Fig. 4G) and, as a
consequence, the average number of centrioles per cell was significantly elevated (3.02+0.12
centrioles on average per silenced cell vs. 2.12+0.05 in controls, p=0.00026; Table S6) (with
Fig. 5A1-A4 giving an example of a multicentriolar interphase cell). As a result of centriole
amplification, many mitotic cells possessed anomalous multipolar spindles (Fig. 5B1-B4) and
some exhibited chromosome misalignments (Fig. 5C1-C4). The presence of such multipolar
spindles most likely accounted for the observed increase of the proportion of cells in
prometaphase (indicating difficulties in the accurate sorting of chromosomes due to
simultaneous forces exerted by multiple poles) and for abortive mitotic sequences (observed
by live imaging) with a concomitant reduction of the mitotic index in silenced cells. The
presence of multipolar spindles is also an established contributor to chromosomal aneuploidy
and polyploidy as a result of inaccurate chromosome segregation on the spindle. Aneuloidy
and polyploidy are further exacerbated by inaccurate cytokinesis; we had already observed
cytokinesis defects by live image, an observation corroborated by aberrant or unequally
dividing daughter cells in silenced cultures (Fig. 6 series A and B). Consistent with chromatin
segregation and cytokinesis failure was the elevanted incidence (a) of multinucleated cells
(with 7.12+0.70% of silenced cells having more than one nucleus vs. only 1.66+£0.01% in
controls, p=0.0001), as well as the enlarged size (already analyzed above) accompanied by
the presence of multi-lobed nuclei, mini nuclei, adjoining nuclear “buds” or nuclei with
abnormal size or shape (Fig. 6A3, purple arrowheads, 6C3), all features being indicative of
polyploidy and aneuploidy, and (b) of long chromatin bridges in post-mitotic cells (Fig. 6A3
and B3 yellow arrowheads) or imperfectly aligned chromosomes in mitotic cells (Fig. 5C3-

C4), landmark aberrations stemming from inaccurate or incomplete chromosome segregation.
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A notable observation in silenced cells in cytokinesis was the frequent presence of
pronounced, elaborate and persistent MT bundles at the midbody (as exemplified in Fig. 6A
and B series), often visible in post-mitotic cells that had not fully separated and were still
attached to each other.

Prompted by these observations and given the role of katanin proteins in MT severing, we
studied the overall organization of the MT network in silenced cells: there was no discernible
gross morphological change of the MT network in interphase cells, as revealed by anti-a-
tubulin labeling of Katnal2-silenced cells and compared with control cells (Fig. S5, panels
A1-Cl1). Interestingly, however, when we concurrently compared this same network with an
antibody to acetylated tubulin, we observed a notable signal increase of the proportion of
acetylated microtubules within the MT network in silenced cells, implying that acetylation, a
major post-translational modification of MTs often used as a marker of older, more stable and
less dynamic MTs, is enhanced in the absence of KATNAL?2 activity (Fig. S5 compare
control in C2 and silenced cells in A2, B2).

Given that we could not carry out rescue experiments with silenced clone 2.43 (see
subsequent section), in order to consolidate our findings and to exclude the (remote)
possibility that its phenotypes derived from chance insertional effects of the shRNA-encoding
cassette into the genome, we went ahead to generate an independent Katnal2-silenced clone,
using a different shRNA construct targeted to another ORF area, common to all Katnal2?
transcripts and downstream from that affected in clone 2.43 (Fig. S1, area highlighted in
blue). We isolated clone 3.81 after screening lentivirus-transduced, single puromycin-resistant
clones; Katnal2 mRNA levels (not shown) as well as protein levels were both reduced,
compared to controls (Fig. S6 panel C for WB). After careful repetition for clone 3.81 of
analyses undertaken for clone 2.43, including triple fluorescence labeling of test and control
cells and compiling large datasets by fluorescence microscopy, our findings closely paralleled
those obtained with clone 2.43 and replicated all the tell-tail features described for the
downregulation of Katnal? in clone 2.43 cells. Specifically, clone 3.81 cells exhibited
increased cellular and nuclear size (Fig. S6 A1-A4), acquisition of supernumerary centrioles
and multipolar spindles (Fig. S6, A1-A4, detail in A2; B1-B4) so that a third of silenced clone
3.81 cells had more than two centrioles (with 32.76+0.84% vs. 8.25+0.30% in control,
p=1.18x10; Table S7), the average number of centrioles per cell was significantly
augmented as compared with control wild-type cells (2.79+0.039 centrioles per cell vs.
2.16£0.012, p=1.09X10, Fig. S6D; Table S7) and the overall distribution of their numbers
per cell different (p<0.0001; Table S7), the incidence of multipolar mitotic spindles was over
an order of magnitude higher than in controls (with 15.83+1.01% of mitotic cells vs.
1.56+0.40% in controls, p=2.24x10'5). As before, the incidence of binucleated cells was
increased (tripled to 3.9+0.35% vs. 1.36£0.25%, p=0.0006), the frequency of chromatin

20



O©CoO~NOOITA,WNPER

bridges, indicating chromosome segregation and cytokinesis defects, quadrupled (to
2.33+0.23% vs. 0.40+1.15X10° %, p=0.0045) and the mitotic index reduced to a third of
controls (to 3.37+0.0025% vs. 10.44+1.2%, p=0.0006). Our findings with two differently
targeted and totally independent Katnal2-silenced stable clones showed remarkable
consistency of phenotypic characteristics and thus confirmed the specificity of the silencing
phenotypes.

In conclusion, the combination of highly complementary evidence with different experimental
approaches indicated that Katnal? downregulation appears to affect MT-based structures
throughout the cell cycle and likely has an impact on the cell cycle itself; these findings are
consistent with different aspects of MT-based function of katanin in discrete biological

processes.

Katnal? is also involved in ciliogenesis

Additionally, because of the localization of KATNAL?2s at the ciliary axoneme and basal
body, their interactions with the Nubp proteins, shown to be regulators of ciliogenesis [39],
and the known involvement of the archetypal katanin in axoneme dynamics in motile cilia
[14, 50], we also wished to investigate the possible role of KATNAL2 proteins specifically in
ciliogenesis.

We thus first subjected silenced clones 2.43 and 3.81 and normal control NIH 3T3 cells to
serum deprivation to induce the formation of sensory cilia. We compared them to equivalent
cultures grown in parallel in full growth media by microscopically scoring the number of
ciliated cells, as revealed by double labelling for y-tubulin (basal body marker) and acetylated
tubulin (ciliary axoneme marker), in each of the silenced and control populations.

We observed that while uninduced silenced cells had essentially the same, low basal-level
proportion of ciliated cells as control cultures, upon induction by serum deprivation the
incidence of cilia of Katnal2-silenced cells of clone 2.43 was less than half that of controls,
resulting in a significantly lower number of ciliated cells. Specifically, the average percentage
of ciliated cells in the Katnal2-silenced 2.43 population was reduced to less than half,
compared to the average of control-silenced levels (with 16.70+4.15% in Katnal? silencing
vs. 37.3948.02% in controls, p=0.0165) (Fig. S7). The equivalent results with silenced clone
3.81 reproduced the significant decrease in the proportion of ciliated cells to about half the
control value (with 21.47£2.12% vs. 38.06+2.97% in controls, p=0.0014; Fig. S6E). These
results suggested that in the absence of KATNAL2, there is a decline in the propensity for
ciliogenesis or in the stability of newly-formed cilia, resulting in a reduced population of
ciliated cells.

To elaborate our investigation, we next wished to assess the impact of increased KATNAL2

expression on ciliogenesis, initially by overexpression of KATNAL2 via transient
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transfection. We consistently observed that overexpression of tagged forms of either
KATNAL2-L1 or KATNALZ2-S1 or their combination resulted in pronounced cell apoptosis
and in the vast majority (>80%) of non-apoptotic cells to the mislocalization and aggregation
of KATNAL?2 in large cytoplasmic inclusions/aggregates, irrespective of the tag used or its
position in the fusion protein (examples of FLAG-, Myc-, GFP- and mCherry-tag in Fig. S8).
These observations, in conjunction with our observations with initial siRNA-mediated
silencing attempts (previous section), led us to speculate that in vivo there is a strict regulation
of KATNAL2 levels of protein expression and that deviation to very low or high-level
expression may be toxic to cells. As an alternative strategy, we proceeded to construct IMCD
cell lines stably expressing fusion proteins of either Cherry-KATNAL2-S1 or -L1 following
integration into the genome. Clones were cultured under antibiotic selection, isolated,
screened and characterized: the final selected clones exhibited relatively moderate fusion-
protein transcript levels, as assessed by RT-PCR using oligonucleotide primers specific for
the Cherry-KATNAL2 fusions (Fig. 7A), moderate fusion-protein expression and comparable
to that of the endogenous protein (Fig. 7B), and correct Cherry-S1 or -L1 localization
(cytoplasm, mitotic spindle and cilia) identical to that of the endogenous KATNAL2 protein
(examples in Fig. 7C-K series). We further characterized these stable clones by evaluating
their cell cycle profiles by flow cytometry (Fig. 7I) and quantifying their mitotic indexes (Fig.
7)) and mitotic phase distribution by microscopic analysis of a large number of cells (Fig.
S9). Cell-cycle analysis for S1- and L1-expressing cells, compared to wild-type IMCD cells,
revealed a significant difference between the overall distribution of cells in different phases of
the cell cycle (G1/0, S and G2/M) (p=0.0139), and also a marked increase of cells specifically
in the S phase for both S1-transgenic (p=0.0208) and L1-transgenic (p=0.0111) cells (Fig. 71).
Consistent with differences in the cell cycle profile, both KATNAL2 S1- and L1-expressing
populations showed a lowered mitotic index (p=0.0007 for S1-transgenic cells and p=0.003
for L1-transgenic cells; Fig. 7J). Moreover, overall distribution in mitotic subphases was
different between cell populations (p=0.0011) and for S1-transgenic cells compared to wild-
type cells revealed significant (p=0.0122) and extremely significant (p=0.0006) differences in
particular for telophase and prophase percentages, respectively (Fig. S9). Despite these clear
differences in their cell cycle parameters, all stable clones maintained a good proliferation
rate, normal morphology, stable but moderate expression and correct localization of the
fusion proteins, and were thus used for further experiments.

We proceeded to quantify ciliogenesis in the mCherry-KATNAL2-S1 and -L1 stable cell
lines, comparing them with the parental IMCD cell line from which they were derived, after a
24 h serum starvation regime. Results with both stable cell lines showed a consistent and
drastic reduction of the percentage of ciliated cells. Specifically, while the average percentage

of the control IMCD line was at 18.73+£2.38 %, it was only 4.84+0.82 % for the KATNAL?2-
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L1 stable line (i.e. 26% of the wild type control value) and was even further reduced in the
KATNAL2-S1 line to a mere 1.29+0.48 % (i.e. 7% of the wild type), a difference with
extreme statistical significance (with overall and individual p-values compared to wild-type
cells <0.0001, Fig. 7L). It was also apparent that the length of those rare cilia was reduced
compared to the controls, although it was difficult to quantify this observation due to the very
small numbers of cilia observed in the cultures of KATNAL2-S1 and -L1 cells. This set of
experiments supported the notion that increased KATNAL?2 expression reduces the number of
ciliated cells in the population by either negatively impacting on their assembly or their
stability. Although these results could appear unexpected in the face of our silencing results,
demonstrating the same effect. i.e. reduced numbers of cilia in the absence/downregulation of
KATNALZ2s, this finding may in fact point to the idea that what is critically important in this
MT-based process is balanced and appropriate MT-severing activity.

In conclusion therefore, our results with both silencing and increased Katnal? expression
strongly support a regulatory role of the KATNALZ2s in ciliogenesis, suggesting the need of
highly regulated activity, ranging within a defined window, as critically important for correct
biological output. Overall, finely balancing KATNAL?2 activity may be critical for the control
of many, if not all, MT-dependent processes, including centriole arithmetics, cell division and

cytokinesis and cellular and nuclear size.
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DISCUSSION

In this work we uncovered the existence of a new family of Katanin-like 2 protein isoforms in
mouse, arising from alternative splicing of the Katnal2 genomic locus. It is interesting to note
that in addition to the archetypal katanin, it would appear that katanin-like proteins are
phylogenetically as ancient given that, besides their reported existence in both vertebrates and
invertebrates (KATNAL1 and 2) [51, 20], such sequences can be predicted in unicellular
eykaryotes like Chlamydomonas [(chromosome 10) Crel0.g446400 (phytozome database) is
a C. reinherdii KATNAL2-predicted protein (44.1% identity with mouse KATNAL2-L1) in
addition to Chlamydomonas katanin p60 (Cre10.g427600, also on chromosome 10 at a ca. 4.5
Mb distance); Mette Lethan and Lotte B. Pedersen, personal communication].

Here we show that the different mouse KATNAL?2 isoforms are capable of forming protein-
protein interactions between them and this finding could suggest an oligomeric functional
form, akin to p60 katanin. It is plausible that differential usage of isoforms in a combinatorial
manner to form discrete homo- and hetero-oligomeric complexes could underlie their
intracellular targeting and/or functional specialization (i.e. determine the subset of MT with
which each different complex could interact). Conceivably, the distribution of specific tubulin
isoforms or post-translational modifications to distinct MT subsets can create discrete MT
subpopulations with unique functionality [52, 53] and severing enzyme affinities and thus
also contribute to substrate specialization. Given the extensive sequence similarity between
the KATNAL?2 isoforms and likely low abundance of specific complexes, it would be
technically challenging to address such scenarios directly. It is clear in any case that the LiSH
domain is not essential for inter-isoform interactions since these occur even between LiSH-
less (S-type) isoforms.

KATNAL2 is localized on interphase MTs, centrosomes, mitotic spindle, midbody and at the
basal body and axoneme of the cilium, raising the question what functional roles KATNAL?2s
might have at these diverse sites in mouse cells? The battery of phenotypes documented in
Katnal2-silenced cells indicate an impressive multitasking functionality of KATNAL2s,
affecting different MT-based processes in these intracellular locations: downregulation was
characterized by centriole amplification throughout the cell cycle, the consequent formation
of aberrant multipolar spindles in mitosis, absence, deficiency or inequality of cytokinesis
with a concomitant significant number of binucleated cells, a strikingly enlarged cellular and
nuclear size likely accompanied by polyploidy and occasionally by abnormal nuclear shape, a
disturbed cell cycle profile with increased accumulation in G2/M phase, an altered mitotic
profile combining reduced mitotic index and some stalling at prophase, and a seemingly
normal organization of the MT network at interphase, albeit with indications of enhanced

acetylation. Acetylation at K40, a major post-translational modification of a-tubulin, is a
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molecular hallmark of older MTs that are hotspots of katanin binding and severing activity
[14, 54] and its increase in silenced clone 2.43 was not only consistent with the
downregulation of KATNAL2 but could be at the basis of several of the observed phenotypes.
For instance, depletion or reduction of KATNAL2 would hinder efficient resolution of a
highly acetylated and particularly stable bundle of long midbody MTs to allow cytokinesis
progression, thus contributing to inability of or unequal daughter cell segregation and
consequent anomalies in cellular and nuclear size and ploidy and the acquisition of multiple
nuclei. Furthermore, it is well documented that MT severing by katanin is implicated in cell
cycle progression and, reciprocally, also regulated by the cell cycle with low MT-severing
activity at interphase and highly stimulated activity in mitosis [55, 32]. Notably, MT severing
by katanin, that accelerates the generation of unstable and highly turning over MTs, enables
G2/M transition and mitotic entry and the concentration of MT fragments with the smallest
length reaches a peak at the end of prophase [56]. In this context, the observed increase of the
proportion of Katnal2-silenced cells at G2 was a clear indication of a depletion of sufficient
MT severing activity and thus a reduction in the ability to efficiently transform MTs at a
critical transition, causing consequent delayed entry into mitosis. Therefore, KATNAL?2s
appear to influence cell cycle progression through directly modulating MT dynamics.

The enlarged cellular and nuclear size (and presumed altered ploidy) of silenced cells is a
remarkable morphological landmark of Katnal2? silencing and a clear consequence of
ineffective cytokinesis. Enlarged cell size and polyploidy have been linked [57]: it is thought
that polyploidy does not affect the frequency of cell division [58] but rather, it may enlarge
cell size by boosting the rate of ribosome biogenesis [59], which could provide an indicator of
cellular growth and fitness for mitosis. Additionally, an overly stabilized and less dynamic
MT network is a likely contributor to the acquisition of this abnormal size (up to 70 times
larger than controls). In Arabidopsis, cellular size and shape were found to be affected by
katanin-dependent cortical MT dynamics and orientation that influence the ability of the cell
to respond to mechanical stress [60]. A frequent observation in the live imaging recordings of
Katnal? silenced cell populations was the occurrence of large nuclei, “rotating” widely over
prolonged periods of time at both interphase and cytokinesis. Spinning nuclei have been
reported in a variety of tissues and cells [61, 62] and a model for nuclear “wriggling”, based
on this phenomenon in Drosophila follicle cells in egg primordia, entails that the
polymerizing (+) ends of cortical long MTs poke the nuclear envelope and exert forces that
induce changes in nuclear positioning [63]. The long-lived and elongated MTs in Katnal2-
silenced cells may likewise contribute to the observed nuclear rotations. It is conceivable that
excessive such forces exerted by unusually stable MTs may also account for nuclear shape

deformities (like the hole traversed by a MT bundle in Fig. 6C1-C4).
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An additional phenotype in the population of silenced cells is a reduced frequency of cilia, a
feature also detected in cells stably expressing Cherry-tagged KATNAL?2 isoforms; these
findings may indicate that KATNAL2 activity needs to be strictly regulated within a
functional range that is compatible with the assembly of the ciliary axoneme using severed
seeds of the appropriate length and concentration; an activity of KATNAL2 either below or
above a distinct gradient may be detrimental to the process. The increased cellular toxicity of
both overt silencing or protein overexpression is compatible with this concept and may
explain the difficulty in the katanin field in producing viable or long lasting cellular or animal
models with katanin depletion [for example 33]. We find that KATNAL2s interact directly
and independently with Nubpl and Nubp2 AAA proteins. Our previous work showed the
Nubps acting as negative regulators of ciliogenesis and also raised the possibility that the
Nubps may be acting as cellular co-chaperones [39]. It is known that some AAA enzymes can
disassemble or modulate stable protein-protein complexes [64], conjuring up the intriguing
possibility that Nubpl&2, through their direct interactions with the KATNALs, may form
part of KATNAL2 complexes and thus modulate their activity. Through its suppression, for
instance, Nubpl&2 may keep ciliogenesis at low basal levels by reducing KATNAL?2-
induced severing of MTs and limiting the supply of MT seeds for the formation of the ciliary
axoneme in cycling cells. Upon serum deprivation and cell cycle exit, when Nubp1&2 levels
are reduced, ciliogenesis was shown to be enhanced compared to cycling cells and, when
serum deprivation was combined with Nubpl or 2 siRNA-mediated silencing for further
reduction of Nubp protein levels, ciliogenesis was augmented even further [39]. In the light of
the current work, in both cases appropriate increased levels of KATNAL2 activity may be
established within a physiological range that is conducive to axoneme formation and thus
ciliogenesis can proceed. Consistent with this model, we report here that in conditions of
significant KATNAL2 depletion through silencing, the frequency of ciliogenesis drops
considerably (to half that of control levels). Interestingly, we found that KATNAL2 depletion
appears to cause a decrease of both Nubpl and Nubp2 protein levels, an observation
suggesting decreased stability of the Nubps in the absence of their binding partners. This
observation could further suggest an intricate reciprocal relationship between the KATNAL2s
and the Nubps: while the Nubps may be acting as repressors of KATNAL2 downstream
activity, the absence of KATNAL?2 protein may cause degradation of Nubps. It may be the
case that in vivo KATNAL2s don’t significantly fluctuate (contrary to the Nubps) or get
downregulated (unpublished observations). However, it may be that upon reduction of both
protein classes under experimental conditions, for instance by depletion of Nubps under
serum starvation combined with KATNAL2 silencing, the phenotype associated with
KATNAL2 loss of function (reduction of the percentage of ciliated cells in the population) is
epistatic to that of the Nubps.
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A striking feature of the Katnal2 silencing phenotype is the significant amplification of
centrioles throughout the cell cycle with the inevitable formation of multipolar spindles in
mitosis. These centrioles appear functional as they appear to be able to nucleate MTs in the
spindle and this phenotype is highly reminiscent of the situation that arises from the silencing
of the KATNAL?2 binding partner, Nubpl [39]. Very recently, centriole amplification was
described as a feature of primary cells derived from patients suffering from severe
microlissencephaly found to be caused by mutations in the non-catalytic p80 subunit of
katanin [34, 35]. Thus it would appear that many, if not all, katanins affect centriole numbers.
While no mechanism was proposed for p80 katanin and centrioles and no specific reference
was made regarding cytokinesis defects in asymmetrically dividing human progenitors in the
diseased cerebral cortex [34, 35], it is obvious that centriole amplification must, at least in
part, be caused as a consequence of cytokinesis defects, as the present study has documented
in the case of KATNAL2. However, given that silencing of either Nubpl (which does not
affect cytokinesis) or Katnal? result in the same phenotype, an additional pathway, likely
pertaining to centriole duplication licensing [40], may be at play and is an obvious target for
further analysis.

A final consideration is to what extend there is functional redundancy between the different
types of katanin in a cell, given that they mostly seem to execute similar functions and to be
active within the same cell type; from work in the field and our results it seems, rather
paradoxically, that different katanin and katanin-like protein family members do not rescue or
substitute the missing function of other knocked-out katanins. This raises the possibility that
each katanin may be strictly regulated by distinct upstream partners, such as the Nubps for
KATNALZ2s, which are not interchangeable so that, despite their functional relatedness, the

katanins themselves are not interchangeable either.
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FIGURE LEGENDS

FIGURE 1

Identification of a family of KATNAL?2 isoforms with N-terminal sequence variation

(A)

(B)

©

(D)

(E)

RT-PCR amplification of cDNA derived from NIH 3T3 cells, using oligonucleotide
primers (SET1 in Table S1) at the extremities of the predicted ORF of mouse Katnal2?
XM 006526437. Several distinct bands (1.2 to 1.6 kbp) were obtained (bracket).

The mixed PCR product from (A) was subcloned in vector pGEM T easy, and after
screening of 100 clones, five distinct types of cDNA, shown here as products of
Sacll/Sacl restriction digests (arrows), were identified by DNA sequencing and
assigned names Katnal2-L1, -L2, -L3, -S1 and -S2.

Semi-quantitative RT-PCR analysis of Katnal2 expression in selected mouse tissues,
using primers (SETS in Table S1) that resulted in the amplification of a diagnostic
product of 508 bp, common to all Katnal? transcripts.

Analysis of IP experiment from mouse testis, using the affinity-purified anti-
KATNAL?2 antibody. IP samples were analyzed in parallel by WB (25%, left) and on a
colloidal-blue-stained gel (75%, right) to identify unique bands in the KATNAL2-IP
that were immunoreactive. Three such bands were identified (red arrows bands 1-3)
and cut out of the gel for MS analysis. Lanes: 1, 1' input; 2, 2' negative control IP (goat
IgQG); 3, 3' KATNALZ2 IP. Results from MS analysis of the 3 cut bands, shown in Table
S3, confirm the presence of KATNAL?2 proteins in these immunoreactive bands.

Sketch of the Katnal? genomic locus on mouse chromosome 18. Exons (1-16) are
shown colour-coded and to scale (introns are not to scale). The five distinct cDNAs in
B correspond to transcripts designated Katnal2-L1, L2, L3, SI and S2 with differential
exon combinations, as shown on the left of the panel. Corresponding encoded proteins
are shown on the right-hand side; isoforms L1 and L2 differ only in two additional
amino acids (VK) in L1; their position is marked by a red line in L1. Protein motifs are
shown: LiSH domain as a yellow box, Walker sequence motif as a blue box and SNPs
in L1 and L2 (H instead of R) are indicated as a green line. Full protein sequences in
Fig. S1. ¢cDNA sequences were deposited to the European Nucleotide Archive as

entries LN831862-LN831866 (www.ebi.ac.uk/ena/data/view/LN831862-1.N831866).

FIGURE 2
Nubpl and Nubp2 interact with KATNAL?2 in vivo and in vitro, and KATNAL2s

interact with themselves

(A)

The Cherry-KATNAL2-S1 (“Che-KATNAL2-S1”) stable cell line was transiently
transfected with plasmids expressing as bait either FLAG-KATNAL2-S1 (“FLAG-
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(B1-C2)

S1”) or FLAG-KATNAL2-S1 (“FLAG-S1”) (as indicated at the header for each set)
or mock empty vector plasmid (negative control) and subjected to IP with anti-
FLAG beads. The presence of Cherry-KATNAL2-S1, KATNAL2s, FLAG, Nubpl
and Nubp2 was probed by WB with appropriate antibodies as shown. Results show
that the FLAG-KATNAL2-S1 or -L1 bait co-immunoprecipitates Nubpl and Nubp2
but also the “endogenous” Cherry-KATNAL2-S1 and several native KATNAL2
(different bands migrating in positions within ca. 40-80 kDa). All these proteins are
absent from the negative control IP reaction (lane 1’). Other abbreviations: CS:
Cherry-KATNAL2-S1; FS: FLAG-KATNAL2-S1; FL: FLAG-KATNAL2-L1).
Recombinant GST-KATNAL2-L1 or -S1 and His-Nubpl or His-Nubp2 were
expressed in bacteria and probed for pairwise interactions (as indicated for each set
in the blue header). GST-only was used in conjunction with His-Nubpl or His-
Nubp2 in parallel negative control reactions. Complexes were immobilized on
glutathione beads, eluted, and two equal parts were analyzed by WB, either using
anti-GST (to detect the KATNALSs) or anti-His (to detect the Nubps). Results show
that Nubp1 or Nubp? is detectable on the glutathione beads only in the presence of a
KATNAL2 and indicate that both KATNAL2-L1 and KATNAL2-S1 interact
individually with both Nubp1 and Nubp2.

Abbreviations: “input” corresponds to 1/20 volume of the lysate used for the
reaction; “unb” is the unbound fraction after incubation of the mixed recombinant
protein lysates with glutathione beads; “B” is the bound fraction corresponding to

preformed protein complexes, captured on the beads.

FIGURE 3

Intracellular localization of KATNAL2 on MTs, centrioles and mitotic spindle in

different mouse cells by immunofluorescence

(A,B) At interphase, immunostaining for KATNAL2 (green) revealed a pronounced,

detergent-resistant, cytoplasmic network and some concentration at the centrioles of the

centrosome, as shown in NIH 3T3 fibroblasts (A; double labeling of centrosomes with

anti-y-tub in red; detail of centrioles at higher magnification in small side images) or

IMCD cells (B; double labeling of MTs with anti-a-tub in red; arrowheads point at the

two centrioles). Nuclei were counterstained for DNA with Hoechst (blue).

(C-F) Series of examples of localization of KATNAL2 (green) during mitotic subphases,

showing double labeling for a-tub (red) or for y-tub (red, panel E) and counterstaining

for DNA (blue) in different mouse cell lines (IMCD in panels C-D; NIH 3T3 in E;
TM4 in F-G). KATNAL?2 is highly concentrated at the centrosome and MT asters at
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early mitotic phases and extends to the whole spindle in metaphase. The

nucleocytoplasm is also strongly labeled throughout mitosis.

Scale bars 5 um; 3 um in detail of panel A

FIGURE 4

Characterization of stable clone 2.43 generated with shRNA-mediated silencing of

Katnal2

(A)

Efficiency of Katnal2-specific silencing in stable clone 2.43, assessed by quantitative
RT-qPCR, using oligonucleotide primers specific for all Katnal2s (lane 1) or
Katnal2-L1+L2 (“Large”; lane 2), depicts respectively, a normalized average
knockdown in silenced cells, expressed as a percentage of the normalized average
control values (parental NIH 3T3 line). Error bars correspond to s.d. of three
independent experiments. L79 and Puml housekeeping gene mRNA levels were used

for sample normalization.

(B1,B2)Representative WB to confirm silencing of KATNAL2 isoform proteins (B1).

©

Concurrent detection of calnexin in the same samples was used as a loading control
for sample normalization. The quantification of 3 independent experiments shown in
(B2), depicting the average normalized value of KATNAL2 protein levels as a
percentage of the control value (set at 100%), reveals reduction of KATNAL?2 protein
levels as well as reduction of interacting proteins Nubpl and Nubp2, but not of actin.

Growth curves of clone 2.43 (blue) and parental control lines (gray) reveal a severely
reduced growth rate in Katnal2-silenced cells. Shown are the average valuests.d. of
three replicate cultures, each seeded with 6680 cells, grown in parallel for 96 hours in

6-well plates and sampled every 24 h.

(D1,D2) Analysis of total cellular size (D1) and size of nucleus (D2) in clone 2.43 (blue) and

parental control line (gray), revealing large increases of both total cellular and nuclear
size (yellow vs. purple) due to Katnal2 silencing. The total cell surface area and the
nuclear area were measured and plotted out as a size distribution in groups ranging

from 0-70,000 umz (D1) or 200-3,000 um? (D2).

(E1,E2) Visualisation of the remarkable difference in cell size between control (E1) and

(F)

Katnal2-silenced clone 2.43 (E2) in two random fields, photographed at the same
magnification. Labeling for a-tub in red and for DNA in blue. Scale bars 20 um

Cell cycle analysis of clone 2.43 and parental control line by flow cytometry,
illustrating extremely statistically significant reduction of S-phase and increase of
G2/M-phase cells (3 independent experiments, n=75-200 thousand events each from

control and clone 2.43 silenced cells). This indicated that Katnal2 silencing causes
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stalling in G2/M phase, being consistent with an altered cell cycle progression
pattern.

(G) Quantification of the Katnal? silencing effect on centrosome numbers, compared to
the control, in a bar chart depicting the overall distribution of the number of centrioles
per cell in the population of silenced clone 2.43 (blue) or the control parental line
(gray). While most cells possess 2 centrioles, in the silenced cells supernumerary
centrioles can reach very high numbers (>12 per cell). Shown are the means (+s.d.
values) from three independent experiments (see also Table S6). Sample size

corresponded to “dataset 1” (Materials and Methods).

FIGURE 5

shRNA-mediated silencing of Katnal2 causes a battery of aberrant phenotypes (I)

In all images, a-tub labeling is in red, y-tub in green and DNA in blue.

(A1-A4) IF in silenced clone 2.43 shows excessive supernumerary centrioles (yellow
arrowheads and square) in an interphase cell. The inset in panel A2 shows the detail
of a cluster of amplified centrioles (contained in the yellow square) at higher
magnification.

(B1-B4) The presence of supernumerary centrioles in silenced cells induces the formation of
multipolar mitotic spindles: here a cell in prometaphase with eight centrioles and a
multi-polar spindle as an example.

(C1-C4) The depicted silenced cell shows mis-aligned chromosomes in the metaphase plate.

Scale bars 10 um in panels A1-A4; 3 um in inset of panel A2; 5 um in B and C series

FIGURE 6

shRNA-mediated silencing of Katnal2 causes a battery of aberrant phenotypes (II)

(A1-A4) Aberrant cytokinesis in silenced cells: a persistent chromatin bridge (yellow
arrowheads) is visible between two cells with anomalous multi-lobed nuclei (pink
arrowheads), which are still linked through a cytoplasmic connection despite being at
an advanced stage of cytokinesis. Pronounced and persistent MT bundles, revealed by
a-tub labeling and also visible with y-tub staining, can be observed at the midbody
(blue arrowheads). DNA labeling in blue. The dividing cells are unequal in size (the
field does not contain the entirety of the cells) and unusually shaped.

(B1-B2) Another example of aberrant cytokinesis of multicentrioled dividing cells, linked
with a double chromatin bridge (yellow arrowheads) and persistent and elaborate

MTs at the midbody (a-tub), also immunoreactive for y-tub (blue arrowheads).
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(C1-C4) An excessively overcentrioled cell (>12 centrioles) with an anomalous enlarged
nucleus harboring a large hole that is traversed by a bundle of MTs (blurred in the
image as they are in a different focal plane).

In all panels, cells were immunostained for a-tub (red), y-tub (green) and

counterstained for DNA (blue). Scale bars 10 um

FIGURE 7

Generation and characterization of stable cell lines expressing Cherry-KATNAL2-S1 or

-L1: increased expression of KATNAL?2 decreases the percentage of ciliated cells

(A) Confirmation by RT-PCR of the integration of mCherry-KATNAL2 constructs into
the genome of IMCD cells in each case (top panel), and equivalent reactions for
housekeeping gene L/9 as internal normalizing control (bottom panel). Forward
oligos to mCherry and reverse oligos either to mCherry (lane 1) or an internal
Katnal? sequence (lanes 2-5), were used to generate specific diagnostic products
(oligo sequences in Table S1). From left to right: stable cell line IMCD-pmCherry-
KATNAL2-S1 (lanes 1&2), IMCD-pmCherry-KATNAL2-L1 (lane 3), IMCD wild-
type (neg. control 1; lane 4), IMCD-pmCherry-KATNAL2-S1 minus RT (neg. control
2; lane 5). M: size markers in kb.

B) Confirmation by WB of expression of mCherry-KATNAL2 fusion proteins, using
anti-mCherry (top panel), anti-KATNAL2 (middle panel), as well as anti-GAPDH
antibody as loading control (bottom panel). From left to right: IMCD wild-type (neg.
control; lane 1), stable cell line IMCD-pmCherry-KATNAL2-S1 (lane 2) and IMCD-
pmCherry-KATNAL2-L1 (lane 3). In lanes 3&4, bands consistent with the
appropriate size for Cherry-fusion proteins KATNAL2-S1 and -L1 are detected (red
arrowheads) with expression levels comparable to the native KATNALSs (all lanes).

(C-K) Series of examples to show correct localization of mCherry-KATNAL2-S1 or -L1 at
interphase (C and D), mitosis (prophase in panels E1-E2 and F1-F2; prometaphase in
G1-G2 and metaphase in H1-H2) as well as at the primary cilium (panels K1-K3 and
magnified images of cilium in the detail). mCherry labeling in red, acetylated tubulin
in green and DNA in blue. Scale bars 5 um; panels C, D 10 um; detail of K1-K3
series 2.5 wm

@D FACS analysis of the cell cycle profile of the three cell lines (IMCD and mCherry-
KATNALZ2-S1 or -L1) reveals a significant difference in the overall proportion of
cells in different cell-cycle phases (G1/0, S and G2/M) in the populations expressing
KATNAL?2 fusions, and, in particular, a significant increase of cells in the S phase for

both -S1 and -L1 cells.
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Q)

L)

Determination of the mitotic index of the Cherry fusion KATNALs shows a lowered
value, compared to the control line from which they are derived: with extreme
significance for -S1 cells and high significance for -L1 cells. Values shown are the
means of 3 independent experiments +s.d. Sample size corresponded to “dataset 5”
(Materials and Methods).

Quantification of the percentage of ciliated cells in populations of mCherry-
KATNAL2-S1 (“S17), and -L1 (“L1”), compared with corresponding control IMCD
cells (“Control”). Shown are the average percentages from three independent
experiments +s.d. values. Differences are statistically extremely significant for both -

S1 and -L1. Sample size corresponded to “dataset 6” (Materials and Methods).
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SUPPLEMENTARY MATERIALS

SUPPLEMENTARY FIGURE LEGENDS

FIGURE S1

Primary protein sequences encoded by all the Katnal2 cDNAs identified in this work.

Protein motifs and SNPs are indicated. The sequences within the ORF that were targeted for

the shRNA-mediated silencing of Katnal2s in clones 2.43 (yellow highlights) and 3.81 (blue

highlights) are also indicated. In magenta highlight, the amino acids corresponding to the

initial, partial cDNA sequence identified by a yeast two-hybrid screen is indicated.

FIGURE S2

Detection of KATNAL?2 proteins in four mouse cell lines and tissue by WB.

(A,B) Anti-KATNAL2 WB of total protein extracts from the indicated mouse cell lines and

from mouse testis consistently detects three main immunoreactive bands migrating in
the vicinity of 50, 60 and 80 kDa (blue arrowheads). These signals correspond to the
signals also obtained in the IP experiment shown in Fig. 1D, in which the three bands
were excised from the gel, analyzed by MS and found positive for the existence of

KATNAL?2 proteins. Abbreviations: M, molecular mass markers.

FIGURE S3
Results of LC-MS/MS analysis at larger scale and of the 3 cut-out bands of Figure 1D.

(A1,A2) Shown is a larger scale KATNAL?2 IP experiment starting with more material, as

(A3)

(B)

described in Materials and Methods. Proteins were visualized by SDS-PAGE followed
by colloidal-blue staining (A1) and 3 broad zones (boxed), ranging, respectively,
between 80-60 kDa (zones “17), 60-50 kDa (zones “2”) and 50-45 kDa (zones “3”),
were cut out from the KATNAL2-IP sample (“POS” series) or the negative control IP
(“NEG” series). MS identification of the proteins contained in the 3 positive and 3
negative zones shown here is given as a list in Table S4.

WB analysis of the same samples as in A1/A2 to indicate the existence of several major
and minor KATNAL2 immunoreactive bands within the 3 excised zones. KATNAL2
positive identification was obtained in all 3 zones, indicating the existence of multiple
KATNAL?2 isoforms in this size range specifically in the IP KATNAL?2 and not in the
IP neg.

Aggregate sequence coverage map for KATNAL?2 protein, derived from KATNAL2
signature peptides, uniquely detected in the “positive samples” (see Table S4) reveals

extensive coverage, throughout the sequence and spanning both termini of the protein.



FIGURE S4

KATNAL? localizes at the axoneme and basal body of primary cilia

(A,B) Examples of localization of KATNAL?2 (green) at the axoneme and basal body (white
arrowheads) of primary cilia in serum-deprived IMCD cells (A) and TM4 cells (B),
showing acetylated tubulin (axonemal marker, red), DNA labeling (blue) and
accompanying magnified detailed views of the cilia. The daughter centriole also
shows comparable immunoreactivity (yellow arrowheads).

Scale bars 5 um; 1 um in detailed views

FIGURE S5

shRNA-mediated silencing of Katnal2 is accompanied by a pronounced increase in the

acetylation of the MT network

(A1-B2) Two examples of extensive acetylation of the MT network in Katnal2-silenced cells
of clone 2.43, as revealed by double a-tubulin (red) and acetylated tubulin labeling
(green). DNA is counterstained in blue. Exposure of panel A2 for green channel was
2500 ms; for B2 5243 ms.

(C1-C2) Equivalent double staining in a wild type NIH 3T3 control cell for comparison
showing relatively restricted or no acetylation of the MT network. Exposure for panel
C2 is 6000 ms (that is 250% of exposure in A2 and 114.4% of exposure in B2).

Scale bars 20 wm

FIGURE Sé6

Characterization and phenotypes of Katnal2-silenced stable clone 3.81

In all images, a-tubulin labeling is in red, y-tubulin in green and DNA in blue.

(A1-A4) IF in silenced clone 3.81 shows excessive supernumerary centrioles in an interphase
cell (yellow arrowheads and square). The inset in panel A2 shows the detail of a
cluster of amplified centrioles (contained in the yellow square) at higher
magnification.

(B1-B4) The presence of supernumerary centrioles in silenced cells induces the formation of
multipolar mitotic spindles: here, as an example, a cell in metaphase with four
centrioles and a spindle with 4 poles. Scale bars 20 um for A1-A4; 5 um for B1-B4; 2
um in inset of panel A2.

©) Representative WB to confirm silencing of KATNAL2 isoform proteins. The
concurrent detection of calnexin protein in the same samples was used as a loading

control for sample normalization.



(D)

(E)

Quantification of the average number of centrioles per cell in Katnal2-silenced
populations of clone 3.81 (red), compared with corresponding control-silenced
populations (gray), showing the average value from three independent experiments
and bars representing s.d. values. The 30% increase of the average number per cell,
caused by silencing, is extremely significant (****). Sample size corresponded to
“dataset 3" (Materials and Methods).

Quantification of the percentage of ciliated cells in Katnal2-silenced populations of
clone 3.81 (red), compared with corresponding control-silenced populations (gray), at
growth conditions (cycling cells) and after induction of ciliogenesis by serum
deprivation for 24 hours (cell cycle arrest), respectively. Shown are the averages from
three independent experiments and bars represent s.d. values. The reduction in the
percentage of silenced ciliated cells after induction of ciliogenesis by serum
deprivation is highly significant (**). Sample size corresponded to “dataset 4~

(Materials and Methods).

FIGURE S7

shRNA-mediated silencing of Katnal2 in clone 2.43 causes significant reduction of the

frequency of sensory cilia in the cell population

Quantification of the percentage of ciliated cells in Katnal2-silenced populations of
clone 2.43 (blue), compared with corresponding control-silenced populations (gray),
at growth conditions (cycling cells) and after induction of ciliogenesis by serum
deprivation for 24 hours (cell cycle arrest). Shown are the averages from three
independent experiments and bars represent s.d. values. The reduction in the
percentage of silenced ciliated cells after induction of ciliogenesis by serum
deprivation is highly significant (**). Sample size corresponded to “dataset 2”

(Materials and Methods).

FIGURE S8

Transient overexpression of KATNAL2-S1 or -L.1 tagged fusions leads to cytoplasmic

aggregation of the protein in mouse cells

(A-D) Representative examples of common overexpression phenotypes, resulting from

transient transfections of differently tagged versions of KATNAL2-S1 or -L1, as
indicated. Fluorescence corresponds to GFP emission (green, A), mCherry emission
(red, B), anti-FLAG (C) and anti-myc (D) immunofluorescence (green). DNA was
counterstained with Hoechst (blue). Panels A, C and D display NIH 3T3 cells and
panel B is with IMCD cells.

Scale bars 10 um



FIGURE S9

Cell cycle analysis of IMCD stable cell lines expressing mCherry-KATNAL2-S1 and -

L1, and the control line IMCD
Analysis of the distribution in mitotic subphases of the same cells as for the datasets in
Fig. 7J (dataset 5 in Materials and Methods) reveals that it was highly significantly
different between cell populations (p=0.0011). Additionally, for -S1 cells, compared to
wild-type cells, it revealed significant (p=0.0122) and extremely significant (p=0.0006)

differences for telophase and prophase percentages in particular.



SUPPLEMENTARY TABLE LEGENDS

TABLE S1
List of oligonucleotides for the generation of plasmid constructs and diagnostic PCRs. Details
of the cloning strategy for each construct and PCR purpose and specificity of oligo sets are

included.

TABLE S2
Detailed list of primary and secondary antibodies used in this work, additional to those listed

in the “Antibodies” section of Materials and Methods.

TABLE S3

Identification of proteins contained in KATNAL2 immunoprecipitates from mouse testis
(bands 1-3 in Fig. 1D) by LC-MS/MS.

In all three samples, the major component by far is several signature peptides for mouse
KATNAL2 (yellow highlights), providing its positive identification.

For compiling this processed table, the original, somewhat larger, list of proteins (available
upon request) was filtered to include only proteins that are unique (i.e. absent from the
negative control experiment at larger scale, presented in Table S4). Additional negative
controls included a band equivalent to band 3 (Fig. 1D) that was cut out from the negative
control sample, only yielding a low count (2-4 peptides) of various keratins which also
appeared in the KATNAL2 sample with the same frequency and was filtered out of the
analysis as noise/contamination. The specific heat shock proteins listed here are absent from
the negative controls in Table S4. Nevertheless, their presence (and potential as KATNAL2
interactors) should be evaluated with some caution as several other heat shock proteins had
come up both in the test and negative controls of this experiment as well as the larger scale

experiment in Table S4, and were thus filtered out as non-specific.

TABLE S4

Identification of proteins contained in KATNAL?2 immunoprecipitates from mouse testis
(“positive”) and corresponding negative controls (“negative”) (NEG1-NEG3 & POS1-
POS3 zones in Fig. S3 A2) by LC-MS/MS.

The results per zone for the 3 positive samples and, correspondingly, for the 3 negative
samples (full set available upon request) were pooled together for simplicity in this summary
table. Similar to the smaller-scale experiment shown in Table S3, in all three samples, the

major component was a high number of signature peptides for mouse KATNAL2 (yellow



highlights). In the negative samples, zero KATNAL2 peptides were identified, proving the
high specificity of the KATNAL2 antibody and the IP reaction.

For compiling this processed table, in addition to pooling the positive or negative results, the
original, much larger list of proteins was filtered more stringently to include (a) proteins that
are represented by at least 3 signature peptides, (b) only proteins that are unique (i.e.
completely absent from the negative control experiment). An exception to the second criterion
was made for some heat shock proteins (green highlights), which were highly represented but
were also present (albeit with reduced coverage) in the negative controls. Their putative
interaction with KATNALSs should hence be evaluated with caution (see also Table S3 and its

legend).

TABLE S5

Effect of silencing of Katnal2 in mitotic clone 2.43 cells.

The mitotic index of silenced cells is reduced 4.5 fold in silenced clone 2.43 cells, compared
to control cells (p=0.00018). The overall distribution of cells in distinct subphases of mitosis
is significantly different in silenced compared to control cells (p=0.0011). Sample size

corresponded to “dataset 17 (Materials and Methods).

TABLE S6

Effect of Katnal2 silencing (clone 2.43) on number of centrioles

The overall distribution of centrioles per cell is significantly different in silenced from control
cells (p<0.0001). The average percentage of cells with more than 2 centrioles is extremely
significantly higher in silenced than in control cells (p=0.00056), as is the average number of
centrioles per cell (p= 0.00026). Values represent results from 3 independent experiments and
are accompanied by standard deviation (s.d.). Sample size corresponded to “dataset 17

(Materials and Methods).

TABLE S7

Effect of Katnal? silencing (clone 3.81) on number of centrioles

The overall distribution of centrioles per cell is significantly different in silenced from control
cells (p<0.0001). The average percentage of cells with more than 2 centrioles is significantly
higher in silenced than in control cells (p=1.18x10"°). The average number of centrioles per
cell is significantly higher in silenced than in control cells (p=1.09x10). Values represent
results from 3 independent experiments and are accompanied by standard deviation (s.d.).

Sample size corresponded to “dataset 3” (Materials and Methods).



SUPPLEMENTARY MOVIE LEGENDS

MOVIE S1

A very large, binucleated Katnal2-silenced cell (clone 2.43) is struggling to complete mitosis
with what appears like a multipolar spindle (observe multiple MT asters). At the end of the
sequence, no cytokinesis has been achieved and the nuclear mass consists of multiple,
irregularly shaped multi-lobed fragments. The movie is composed of 87 frames, acquired at 7

min intervals (total time=10.15 hours).

MOVIE S2

Mitosis without cytokinesis in silenced clone 2.43

A large Katnal?-silenced cell (clone 2.43) with a large nucleus undergoes mitosis
(chromosome alignment on the metaphase plate is discernible) without the formation of a
complete ingression furrow and fails cytokinesis, resulting in one binuclear cell. The movie is

composed of 120 frames, acquired at 7 min intervals (total time=14 hours).

MOVIE S3

Failure of cytokinesis and re-fusion of mitotic cells in silenced clone 2.43

A Katnal2-silenced cell (clone 2.43) undergoes mitosis and cytokinesis, which is almost
complete. However, at the end of the sequence the two almost totally separated daughter cells
fuse again by re-extending cytoplasmic bridges and become a single binuclear cell. Note a
long MT bundle, which appears to be pulling the separated cells back towards each other and
causing their re-fusion. The movie is composed of 90 frames, acquired at 7 min intervals

(total time=10.5 hours).

MOVIE S4

Post-mitotic cells remain joined via a cytoplasmic bridge in silenced clone 2.43

A cell undergoes mitotic division and cytokinesis. However, the daughter cells remain
attached via a persistent cytoplasmic flexible narrow bridge (possibly containing MT fibers).
The movie is composed of 80 frames, acquired at 7 min intervals (total time=9.33 hours), the

bridge appears in the movie for 3.26 hours and persists beyond the duration of the movie.

MOVIE S5

Unequal cytokinesis in silenced clone 2.43

A cell with an enlarged nucleus (likely polyploid; at the top right corner of the frame at the
beginning of the sequence) undergoes mitosis and unequal cytokinesis, resulting in a visibly
binuclear large cell (right) and a miniscule cell with a small nucleus (left). The movie is

composed of 115 frames, acquired at 7 min intervals (total time=13.42 hours).



Isoform Katnal2-L1 (mass 61134.11 Da)
MELSYQTLKLTHQAREAYEMRTEARRKNLLILILHYLTQEGYMDAAKALEEETKLGLRRFE
VCDNVDLETILMEYESYYFVKFQKYPKVVKKAPDPVENNLPSRSGGKNKRLTNDSCQNLPKICH
QKSRPKTSAVKTGDTKSVKEHLKQVKESVTDTQAESTDFGLNISKIHKDQPEEKAQPRRGQIIDF
RGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAFIGMNSEMRELAAVVSRDIYLHNPNIKWN
DIIGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTGKTLLAKAVATECKTTFFNIS
ASTIVSKWRGDSEKLVRVLFELARYHAPSTIFLDELESVMSQRGMVPGGEHEGSLRMKTELLVQ
MDGLAHSEDLVFVLAASNLPWELDCAMLRRLEKRILVDLPSQEARQAMIYHWLPPVSKNHALE
LHTQLEYSVLSQETEGYSGSDIKLVCREAAMRPVRKIFSVLENNQSESNNLPGIQLDTVTTQDFL
DVLAHTKPSAKNLTERYLAWQEKFESV

Isoform Katnal2-L2 (mass 60906.80Da)
MELSYQTLKLTHQAREAYEMRTEARRKNLLILILHYLTQEGYMDAAKALEEETKLGLRRFE
VCDNVDLETILMEYESYYFVKFQKYPKVVKKAPDPVENNLPSRSGGKNKRLTNDSCQNLPKICH
QKSRPKTSAVKTGDTKSVKEHLKQESVTDTQAESTDFGLNISKIHKDQPEEKAQPRRGQIIDFRG
LLSDAIKGATSEFALNTFECNPDPSERLLKPLSAFIGMNSEMRELAAVVSRDIYLHNPNIKWNDII
GLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTGKTLLAKAVATECKTTFFNISAS
TIVSKWRGDSEKLVRVLFELARYHAPSTIFLDELESVMSQRGMVPGGEHEGSLRMKTELLVQMD
GLAHSEDLVFVLAASNLPWELDCAMLRRLEKRILVDLPSQEARQAMIYHWLPPVSKNHALELH
TQLEYSVLSQETEGYSGSDIKLVCREAAMRPVRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDV
LAHTKPSAKNLTERYLAWQEKFESV

Isoform Katnal2-L3 (mass 57.555Da)
MELSYQTLKLTHQAREAYEMRTEARRKNLLILILHYLTQEGYMDAAKALEEETKLGLRRFE
VCDNVDLETILMEYESYYFVKFQKYPKVVKKAPDPVENNLPTRSGGKNKRLTNDSCQNLPKICH
QKARPKTSAVKTGDTISVKEHLKQVKESVTDTQAESTDLGLNISKIHKDQPEEKAQPRRERLLKP
LSAFIGMNSEMRELAAVVSRDIYLHNPNIKWNDIIGLDAAKQLVKEAVVYPIRYPQLFTGILSPW
KGLLLYGPPGTGKTLLAKAVATECKTTFFNISASTIVSKWRGDSEKLVRVLFELARYHAPSTIFL
DELESVMSQRGMVPGGEHEGSLRMKTELLVQMDGLARSEDLVFVLAASNLPWELDCAMLRRL
EKRILVDLPSQEARQAMIYHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSDIKLVCREAAMR
PVRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESV

Isoform Katnal2-S1 (mass 45577.16 Da)
MELSYQTLKLTHQAREAESVTDTQAESTDFGLNISKIHKDQPEEKAQPRRGQIIDFRGLLSDAIKG
ATSEFALNTFECNPDPSERLLKPLSAFIGMNSEMRELAAVVSRDIYLHNPNIKWNDIIGLDAAKQL
VKEAVVYPIRYPQLFTGILSPWKGLLLYGPPGTGKTLLAKAVATECKTTFFNISASTIVSKWRGD
SEKLVRVLFELARYHAPSTIFLDELESVMSQRGMVPGGEHEGSLRMKTELLVQMDGLARSEDLV
FVLAASNLPWELDCAMLRRLEKRILVDLPSQEARQAMIYHWLPPVSKNHALELHTQLEYSVLSQ
ETEGYSGSDIKLVCREAAMRPVRKIFSVLENNQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKN
LTERYLAWQEKFESV

Isoform Katnal2-S2 (mass 41839.12 Da)
MELSYQTLKLTHQAREAGQIIDFRGLLSDAIKGATSEFALNTFECNPDPSERLLKPLSAFIGMNSE
MRELAAVVSRDIYLHNPNIKWNDIIGLDAAKQLVKEAVVYPIRYPQLFTGILSPWKGLLLYGPPG
TGKTLLAKAVATECKTTFFNISASTIVSKWRGDSEKLVRVLFELARYHAPSTIFLDELESVMSQR
GMVPGGEHEGSLRMKTELLVQMDGLARSEDLVFVLAASNLPWELDCAMLRRLEKRILVDLPSQ
EARQAMIYHWLPPVSKNHALELHTQLEYSVLSQETEGYSGSDIKLVCREAAMRPVRKIFSVLEN
NQSESNNLPGIQLDTVTTQDFLDVLAHTKPSAKNLTERYLAWQEKFESV

Green font: LISH domain
Red font: SNPs
Blue font: Walker motif

Yellow and blue highlights: (protein sequences of) targeted areas in shRNA-mediated silencing of clone
2.43 and 3.81, respectively

FIGURE S1
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TABLE S1

NAME | OLIGONUCLEOTIDE SEQUENCES | PURPOSE OR CONSTRUCT
SET1 atggagctttcttaccagactctca (F) For the amplification of the full-length ORF of
tacagactcaaacttctcttgccag (R) mouse Katnal2 cDNAs and cloning into vectors
pGEM-T easy or pCRII-TOPO (Fig. 1A).
SET2 cgececgggaatggagctttettaccagact (F) For cloning of full-length Katnal2-SI and LI into
gcetegagttatacagactcaaacttetettgec (R) vectors pGEX-4T-1 and pSVmycl.0 (Santama et
al., 1998) as an Xmal (Smal)/Xhol in-frame
fragment (Fig. 2, Fig. S8).
SET3 cgctegageatggagctttcttaccagactctcaaac (F) | For cloning of full-length Katnal2-S1 and L1 into
cgggtaccttatacagactcaaacttctcttgecag (R) | vectors pRSETg, and pEGFP-C2 as an Xhol/Kpnl
in-frame fragment (Fig. S8).
SET4 cgegeggecgecatggagctttcttaccagacte (F) For cloning of full-length Katnal2-SI and LI into
gctctagattatacagactcaaacttctcttgecagg (R) | vector pFLAG-CMV-2 as a Notl/Xbal in-frame
fragment. Katnal2 cDNAs were excised as
Hindlll/Smal fragments for subsequent in-frame
subcloning into vector mCherry-C3 (Fig. S8 and
Fig. 7).
SETS tggtgagecgggacatttate (F) For a diagnostic RT-RCR, resulting in a 508 bp
cagtccagctcccatggea (R) product, common to all Katnal2 isoforms (Fig. 1C).
SET6a | ggacggcgagttcatctaca (F) For the amplification of a diagnostic product of 351
ttgtacagctegtccatgee (R) bp within the mCherry ORF (Fig. 7A)
SET6b | ggacggcgagttcatctaca (F) For the amplification of a diagnostic product of 560
cgtctgagagcagtcctcgga (R) bp (mCherryKATNAL-S1) and a product of 962 bp
(mCherryKATNAL-L1). These products span the
mCherry/ KATNAL?2 junction in the fusion cDNA
(Fig. 7A).
SET7a | catccgcaagcectgtgactg (F) For the amplification of a diagnostic fragment of
ggcgctttegtgettecttg (R) 368 bp of mouse ribosomal protein L19 transcript,
serving as a reference internal control and
normalizing sample in RT-qPCR (Fig. 4A).
SET7b | tgaggtgtgcaccatgaac (F) For the amplification of a diagnostic fragment of
cagaatgtgcttgccatagg (R) 187 bp of mouse pumilio homolog 1 transcript
variant 2 (PUMI), serving as a second reference
internal control and normalizing sample in RT-
qPCR (Fig. 4A).
SET8a | tggtgagccgggacatttate (F) For the amplification of a diagnostic fragment of 91
gcttctttgactagetgettgg (R) bp, common to all katnal2 isoforms, by RT-qPCR,
following shRNA-mediated silencing, in order to
assess silencing efficiency (Fig. 4A).
SET8b | cacaagaaggctacatggatgc (F) For the amplification of a diagnostic fragment of
cctecacttegtgacggtaaat (R) 207 bp, specific to the L-type katnal2 isoforms, by
RT-qPCR, following shRNA-mediated silencing, in
order to assess silencing efficiency (Fig. 4A).
SET9 caaggctgttagagagataattgga (F) For the amplification of a 1272 bp product from the

cgatctcggcgaacacc (R)

shRNA-bearing cassette in vector pLKO1 by PCR
of genomic DNA for genotyping confirmation of
shRNA-silenced clones 2.43 and 3.81.




TABLE S2

PRIMARY ANTIBODIES (TO) SOURCE/REFERENCE WORKING
DILUTION
a-tubulin mouse monoclonal ab (mab) Sigma T5168 1:5000 (IF)
y-tubulin rabbit ab Santa Cruz sc-10732 1:50 (IF)
y-tubulin mouse mab Abcam GTU-88 1:50 (IF)
acetylated a-tubulin (Lys40) rabbit ab Cell Signaling #5335 1:500 (IF)
acetylated tubulin mouse mab Sigma T7451 1:500 (IF)
c-MYC mouse mab 9E10 Santa Cruz sc-40 1:800 (IF)
mCherry mouse mab Clontech 632543 1:1000 (IF), 1:500 (WB)
FLAG mouse mab Sigma F4042 1:1000 (IF&WB)
GST mouse mab Sigma G1160 1:4000 (WB)
His (penta) mouse mab Qiagen 34660 1:1000 (WB)
GAPDH mouse mab 6C5 Santa Cruz sc-32233 1:500 (WB)
Calnexin Santa Cruz sc-11397 1:200 (WB)
B-actin Sigma A1978 1:5000 (WB)
SECONDARY ANTIBODIES SOURCE WORKING
DILUTION
AF488 donkey anti-goat IgG Molecular Probes A11055 1:2000 (IF)
AF488 goat anti-rabbit IgG Molecular Probes A11034 1:600 (IF)
AF555 donkey anti-rabbit IgG Molecular Probes A31572 1:1000 (IF)
AF488 goat anti-mouse IgG Molecular Probes A11017 1:700 (IF)
AF555 donkey anti-mouse IgG Molecular Probes A31570 1:1500 (IF)
HRP donkey anti-goat IgG Santa Cruz sc-2020 1:5000 (WB)

HRP donkey anti-rabbit IgG

Santa Cruz sc-2077

1:60,000 (WB)

HRP sheep anti-mouse IgG

GE Healthcare NA931

1:8000 (WB)




TABLE S3

MS/MS View:ldentified Proteins (Mus musculus)

Katanin p60 ATPase-containing subunit A-like 2

Katanin p60 ATPase-containing subunit A-like 2

60 kDa heat shock protein, mitochondrial

Heat shock cognate 71 kDa protein

Heat shock protein 1-like

Calcium/calmodulin-dependent 3',5'-cyclic nucleotide phosphodiesterase 1C
Cytosolic 5'-nucleotidase 1B

Eukaryotic translation initiation factor 2 subunit 2

Accession Number
Q9D3R6

D3z4)2_

sp|P63038| CH60
HSP7C

A1L347

E9Q7V6
sp|Q91YE9|5NT1B

IF2B

Mol.
Mass

61 kDa
56 kDa
61 kDa
71 kDa
71 kDa
71 kDa
65 kDa
38 kDa

Band 1 Band 2 Band 3
23
7 20 12
2
17
5
4
6
2



TABLE S4

Identified Proteins (Mus musculus)

Katanin p60 ATPase-containing subunit A-like 2

Katanin p60 ATPase-containing subunit A-like 2

60S ribosomal protein L7 (Fragment)

Histone H1.1

Eukaryotic translation initiation factor 2 subunit 2

ELAV (Embryonic lethal, abnormal vision, Drosophila)-like 2 (Hu antigen B)
39S ribosomal protein L39, mitochondrial

Galactokinase

28S ribosomal protein S9, mitochondrial

26S proteasome non-ATPase regulatory subunit 6

Protease (Prosome, macropain) 26S subunit, ATPase 5

Desmin

Protein misato homolog 1

ATP-dependent Clp protease ATP-binding subunit clpX-like, mitochondrial
Heat shock-related 70 kDa protein 2

Probable ATP-dependent RNA helicase DDX41
Calcium/calmodulin-dependent 3',5'-cyclic nucleotide phosphodiesterase 1C
Heat shock 70kD protein 5 (Glucose-regulated protein)

Heat shock protein 9

Pentatricopeptide repeat-containing protein 3, mitochondrial

Plakophilin-1

Heat shock protein HSP 90-alpha

Treacle protein

Accession
Number
D3Z412_
QI9D3R6
F6X162_
H11
IF2B_
BIAXZ0
RM39_
GALKI _
RT09
PSMD6
BIARK2
DESM _
D3YX87_
CLPX
HSP72_
DDX41
E9Q7V6
A2AUF6_
Q7TSZ0
PTCD3
PKP1_
HS90A
E9PYV2

Molecular POSITIVE
Mass (“POS” series of
zones in Fig. S3:

(kDa) pooled result)

56 94
61 73
33 5
22 10
38 11
38 4
39 8
42 4
45 12
46 4
46 4
64 4
69 4
70 44
70 4
71 9
72 39
3 43
78 4
81 7
85 6
130 4

NEGATIVE
(“POS” series of
zones in Fig. S3:
pooled result)

S O O O O OO O o oo o o0

N — —_
w o o O

S O © O



shRNA

Control (NIH 3T3)

Silenced Clone 2.43

Number of cells counted
Number of cells in mitosis
of which:

Prophase

Prometaphase

Metaphase

Anaphase

Telophase

Cytokinesis

3128
368 (11.78+0.89% of total)

15 (4.1% of mitotic)
8 (2.2% of mitotic)
4 (1.1% of mitotic)
16 (4.3% of mitotic)
160 (43.5% of mitotic)
165 (44.8% of mitotic)

2978
76 (2.55+0.80% of total)

2 (2.6% of mitotic)
14 (18.4% of mitotic)
3 (3.9% of mitotic)
3 (3.9% of mitotic)
22 (28.9% of mitotic)
32 (42.1% of mitotic)

TABLE S5



shRNA experiments

Control (NIH3T3)

Silenced Clone 2.43

Number of cells counted (percentage + s.d.)

Number of centrioles per cell
(y-tubulin foci)
2 centrioles
3 centrioles
4 centrioles
5 centrioles
6 centrioles
7 centrioles
8 centrioles
9 centrioles
10 centrioles
11 centrioles
12 centrioles
>13 centrioles

3128 in total

2921 (93.38+3.28%)
68 (2.17+1.66%)
119 (3.80+1.73%)

4 (0.13£0.21%)
11 (0.35+0.37%)
1 (0.03+0.06%)
4 (0.13%0.06%)

207 (6.57+3.27%)

2978 in total

1997 (67.0623.15%)
178 (5.98+2.73%)
477 (16.02+3.32%)
35 (1.18+1.53%)
132 (4.43+1.41%)
18 (0.6£0.79%)
67 (2.25+0.30%)
6 (0.20+0.26%)
37 (1.24+0.83%)

11 (0.37+0.21%)
20 (0.67+0.35%)

Cells with multiple 981 (32.93+3.15%)
centrosomes (% of total+ s.d.)
Average number of 2.12+0.05 3.02+0.12

centrosomes per cell £s.d

TABLE S6



shRNA experiments

Control (NIH3T3)

Silenced Clone 3.81

Number of cells counted (percentage + s.d.)

Number of centrioles per cell (y-
tubulin foci)

2 centrioles

3 centrioles

4 centrioles

5 centrioles

6 centrioles

7 centrioles

8 centrioles

9 centrioles

10 centrioles

11 centrioles

12 centrioles

3007 in total

2759 (91.75+0.30%)

106 (3.53+0.65%)
111 (3.69+0.52%)
9 (0.30£0.20%)
10 (0.33+0.32%)

5 (0.17+0.06%)
1 (0.03+0.06%)
6 (0.20+0.17%)

248 (8.2420.30%)

2997 in total

2015 (67.23+0.84%)

300 (10.01+0.70%)
410 (13.68+1.15%)
62 (2.07+0.76%)
123 (4.10+1.30%)
10 (0.33+0.32%)
51 (1.7020.35%)
2 (0.07+0.06%)
14 (0.47+0.38%)

10 (0.33£0.15%)

Cells with multiple 982 (32.76+0.84%)
centrosomes (% of total (£s.d)
Average number of 2.16+0.01 2.79+0.04

centrosomes per cell £s.d

TABLE S7
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