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IEPIAHYH

H mopovca gpevvnrikn dwdaktopikny OwatpPfny  emintel tov  A£1tovpyikod
YOPOKTNPIGUO TNG VNG, HEPIKMOG YOPOKINPICUEVNC OvOPOTIVIG TUPNVIKNAG TPOTEIVNG,
hCINAP (human Coilin Interacting Nuclear ATPase Protein). H hCINAP
TPOTOOVOKAADQONKE LECH TOV CLOTHUOTOS TV OVO VPRPWIMY 610 {LHoUVKNTA, KOONDC
Bpébnke vo odiniemidpd pe v Tpwteivn coilin, cvototikd tov copatdiov Cajal (CBs),
EVOOTLPNVIKMOV dOUDV TOV SPOVV MG YMDPOL GLVOPLOAGYNONG KOl MPILOVONG TUPNVIKAOV
PBOVOVKAEOTPMTEIVIKMOV GUUTAEYUATOV.

H hCINAP mapovotdletor QUAOYEVETIKA CUVINPNUEVI] OTOL KOPLOL EVKOPVOTIKG,
eOAo. Av kot €xel oplotel ®g adevolkn kivdorn (AK6), sppavifel acvvhibicto gupeia
e€eldikevon ¢ mPog T0 LWOGTPMUO,  OOUIKA YOPOKINPIOTIKA TNG OKOYEVEWNS TV
ATPoocov/GTPacov (potifa Walker A kot B) ko dumAn evepydmnta AK/ATPdaonc.

[Tapovctalet dudvtn TLPNVOTAACLATIKY] KATAVOLUY, EEAPETEOD TOV TLPNVICKOL Kot
onavimg evromiletor ota 101 too CBs. Yrepékppaon g oe xuttapa Hela pe mopodikn
emuorvveon, €xet og amotéleoua T peiwon tov  apBpov tov  CBs/mupnva,
vrodnAdvovtag mog 1 oAnieniopaon hCINAP-coilin emmpedler ) ovykpdton tov
COUOTOIOV AVTOV.

Me Bdon v velotdpevn yvoon, otdyog TG €pYaciog HOL NTOV O TEPOUTEP®
yapaxtpiopog e hCINAP, yuo ) Kotavonon Tov AE1Ttovpytkod poOAOL OV ENLTEAEL GTOV
EVKOPLOTIKO TVPNVA.

H hCINAP kmdikonoleitar ¢ eVOAAUKTIKO UETOYPAPNUO Omd TOV YEVETIKO TOTO
TAF9 éyovtag kowvd ta 0vo mpmta e€dvio pe tov petaypapikd mapdyovra TAFIIDsy,
Yopig opmg mpoteivikny opotdmra. To petaypoagiuata tov TAFIID3; kot hCINAP,
exppalovion o ototyelopetpia 1:1 og 6A0VG TOVG AVOPOTIVOLG 1GTOVG KOl KVTTOPOGEIPESG
nov eEETAGTNKAY.

H alinkenidpaon tov mpoteiviov hCINAP kot coilin emBefarmbnke pe meypdpoto
CUV-EMAOYNG KOl 1M XOPTOYPAGNON NG TEPLOYNS GAANAETIOpaONG TV dV0 TPOTEIVOV,
avédeite ta 215 kapPolutehkd xotdrowto ¢ coilin. EmmAéov, emyeipnbnke n
TOVTOTOINOT TPOTEIVOV 7OV TaPoVolalovy Quotkn oliniemidpoon pe v hCINAP pe
dvo In VIVo teyvikég HolIKnig GapmOoNS TPOTEIVIK®OV aAANAemdpdcemv: o) cipmon CODNA
BPpAoOnNKng amd wuttapa HelLa, pe ypnon tov cvotiuatog tTov ovo LVPRpioV 61O
Copopdknra kot B) ovvdvootikn teyxvikn SILAC/@acpatockomio palog.  Avtég
ATOKAALY OV aplOId VITOYNPLOV TPOTEIVIKOV GTOYWOV TOV eMyelpnOnke va emPePormbodv

TEPULTEP®.



Kataokevdotnke  otafepd  petacynuotiopévn  kottapooeipd  Hela®r CINAP

YapoKTPioTNKE Kol ypnoyorombnke o€ oepd In Vivo zmepapdtov. Mécow FRAP
npoékvye 0tL 11 hCINAP Swyéeton ehevbepa otov mopnva (t12,=0.29£0.03s) ka1 moc006Td
™m¢ (11%+4) eivon otabepd mpocodedeuévn. EmmAéov, peretOnke @ovotumikd Kotd
SLapKEL TNG UITOONG LE TEYVIKT UIKPOOKOTIOG TPy ULATIKOD YPOVOL.

Téco n evdoyeviig hCINAP 660 xar m GFP-hCINAP, petd omd petoypo@ikn
katactoAny g RNA pol.ll, avakatavépovtar otovg daxtviiovg Dark Nucleolar Caps
(DNCs) ybpo amd tovg mMupnviokovg, OTOL GUVEVIOMILOVIOL UE TNV TPOTEVN TOV
napadldotiktov couatiov, PSP1. O cuvevtomiouog hCINAP/PSP1 mopatnpeiton emiong
o€ €0TiEG OTOV TLPNVO KOl GTOVG TLUPNVIOKOVG, UETO amd €kBeon TV KLTTAPWV GE
axtivoPfoiio UV-C.

Téhog, pe Paon v doun g hCINAP emAéybnkov kot petoAldydnkov
ouvtnpnuéva apvodikd KatdAoma e, STUaVTIKA Yo T opdon g oc ATPdaong (T17A
kot H79G). 'Exeppaon tov petorliaypdtov oe kottapa Hela, sixe og anotéhecpa aAloym
OV HEGoL Gpov Tov aptBpod Twv CBS avd KOTTapo Kot SPapaTIK aAloy TG KOTAVOUNG
oV apldpod Tovg 6ToV TANBVGUO, He KOTTOPA TOV TTapovsialay €ite TOAD pKpO apBpd
(0-1 CB) eite mold peydro apbpo (30 CBs) ava mopnve. Emiong mopotnpndnke
ToEIKOTN T KO pLelmon Tng KuTTaptkng ftoctpudmrag.

Ta evpruata swonyovvrar wlavh epmiokn g hCINAP og povomdtio amodkpiong
HETA OO KLTTOPIKO GTPEG KL GTOV EAEYYO TNG GLVOPUOAOYNONG KOl OTOGUVAPLOAGYNONG

tov CBS otoug mupnveg tov avlpodnivov KuTttapmy.



Abstract

The aim of this PhD thesis was the functional characterization of a novel, partially
characterised human nuclear protein, termed as hCINAP (human Coilin Interacting
Nuclear ATPase Protein). hCINAP was originally identified, using the yeast two-hybrid
system, as a protein interacting with coilin, a marker of Cajal bodies (CB), nuclear
organelles involved in the maturation of snRNPs and snoRNPs ribonucleoprotein
complexes.

hCINAP is highly conserved across its full-length in all species. Although previously
designated as an adenylate kinase (AK®6), its unusually broad substrate specificity,
structural features characteristic of ATPase/GTPase proteins (Walker A and B motifs) and
ATPase activity establish it as a dual-activity AK/ATPase.

hCINAP exhibits a diffuse nucleoplasmic pattern, excluding nucleoli, with
occasional concentration in CBs. Its transient overexpression in HelLa cells results in a
decrease of the average number of CBs per nucleus, indicating that the functional
interaction of hCINAP-coilin affects their assembly.

Based on existing knowledge, the purpose of my thesis was to further characterise the
functional role of hCINAP in the eukaryotic nucleus.

The hCINAP mRNA is an alternatively spliced transcript from the TAF9 locus,
sharing the first two exons with the basal transcription factor subunit TAFIID3;, without
having any similarities in their respective protein sequence. The TAFIID3, and hCINAP
transcripts are stoichiometrically expressed in a 1:1 ratio in all human tissues and cell lines
examined.

The interaction between hCINAP and coilin was confirmed through in vitro co-
selection experiments. The interacting domain was mapped within the 215 carboxy-
terminal amino acids of coilin. Furthermore, the identification of additional hCINAP-
interacting proteins was pursued, using two large scale in vivo technigues: (a) screening of
a HeLa cDNA library, using the yeast two-hybrid system and (b) the combination of
SILAC and mass spectrometry. These screens revealed a number of putative candidates
that were further validated.

A stable cell line HeLa®™ """ was constructed, characterised and used in a series of
in vivo experiments. Using FRAP, hCINAP was shown to freely diffuse within the nucleus
(t1/2=0.29£0.03) with only a small fraction (11%z+4) binding to nuclear structures. The
dynamic protein cycle was also monitored with time-lapse microscopy.

Upon specific transcriptional inhibition of RNA pol.ll, hCINAP or GFP-hCINAP
segregates in perinucleolar Dark Nucleolar Caps (DNCs), where it co-localizes with the

v



Paraspeckle protein 1 (PSP1). The co-segregation of these two proteins is also observed in
nuclear and nucleolar foci formed upon UV-C irradiation.

Finally, according to the solved structure of hCINAP, conserved amino acid residues,
critical for its ATPase activity, were selected and point mutated (T17A and H79G).
Expression of these mutants in HelLa cells resulted in the change of the mean number of
CB per nucleus, as well as the dramatic change of their distribution within the population,
having cells with either abnormally small (0-1 CB/cell) or high (30 CB/cell) number per
nucleus. Moreover, toxicity and severe reduction of cell proliferation have been observed.

Our combined findings suggest an involvement of hCINAP in stress response
signalling pathways and in the pathway controlling the assembly and disassembly of CBs

in the nucleus of human cells.
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Evyapioto Oepud,

™V KeOnynTple pov Nofn Zavtapd yio v eUmeTochV Tov Loy £0€1EE TAPEXOVTAG LoV
v gukopia va deEdyw avt) 1 dwaktopikn Atatpir). H cvveyne kaboonynon g, N
ameplOploTn Kot ToAvTiun Pondeia e Nrav yroo péva oAy onpaviikd. Kovtd g eiya v
evkapio. va. Yvopicm Kol VO GUVEPYOOT® HE EMGTNUOVES TOL Yoipovv deBvoic
avayvomplons Kot Kota&lmong, Kot vo KoTovono® TO EMIMEO TOV EMAYYEAUOTIGUOV, TNG
EMKOIVOVIOG Kol TNG ONUOVPYIKOTNTOS OV omatteital oty épevva, Pondoviag pe va

OPAC®O ETIGTNUOVIKA.

OTOVG UETASIOOKTOPIKOVG GuveEPYATES, Apo mopo Zoypaeo kat Apa Carsten Laderer yuo
™V dyoyn ocvvepyasio OAa ovtd ta xpdvia, TV avektiunt Pondeia tovg otV exTéAEON

TEWPAUATOV KoL Y10l TIG ATEAEIMTES EMOTNUOVIKES GLENTIOEL.

10 Apo. Angus Lamond yia ™ @iho&evia oo gpyactiplo tov (WTB), 0mov dieEdybnke éva
ueyéAo pépog tv mepapdtov pov (in vivo mewpduata pikpookomiag, teyvikn SILAC/MS),
KaOdg kot OAa ta drtopa tov gpyactnpiov Tov Yoo TV avektiuntn Pondewa Tovg oV

e€OKELMO L0V LE TPOTOTOPLAKESG TEYVIKES GTO YMDPO TG EMGTNUNG.

oA TOL TOALGL KO KOvoUpylo. LEAT TOV €PYAGTNPIOL HOG, O10HTEPO TOVG LETOTTUYLOKOVGS
porntég Aéomowva Xapaiaumovg, I'pnyopio Xatinyudvvn, kot Aviovn BepBépn kar
Apa 'Eleva Kumpn), yuo to mvedpo dpiotng cuvepyaciog Kot KoTovonong mov vanpye oo
avTA To YPOVIC OVAUECE LG, TN CLVEXY LIOCTNHPIEN TOLG KoL TNV anAdyepT Pondela Tovg

OTOTE YPELAGTNKE.
TOVG YOVEIG Hov kot To cL{LYO POV Yo TV OTEPLOPIGTN AYAmn, TNV KATavonon Kot T

OCLVEYY] CLUTAPAGTACT] KOl TTOADTAELPN VTOGTNPIEN TOVS GE OAN T SIUPKELD TOV GTOVODV

pov.

VIl
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KEDAAAIO 1

1. EIXATQI'H

H epguvntikr pov datpifn TpoayloTeveTal T0 AEITOVPYIKO YOPUKTNPIGUO Lo VEOC,
avOporivng rupnvikng npmteivne, g hCINAP, n onoia tpmtooavakeldednke ce capmon
cDNA HeLa Biprobnkng ¢ arinienidpmoo Tpwteivy g npwteivng coilin, tpwteivn tov

couatidiov Cajal.

1.1 Tavtomoinon e mpwteivic hCINAP (human Coilin Interacting Nuclear ATPase
Protein) (Santama et al., 2005)

Me ckomd TV €0PECT] MPMOTEIVAOV Ol 0TOlEC AAANAETIOPOVV pe TV TpwTeivn coilin,

nov gvromileton ota Cajal bodies, de&daydnkav mepdpoto pe ™ péBodo Twv dvo LRPLimV
oto cakyapopvknta (yeast two-hybrid system), péow g omoiag €ywve odpwon CDNA
BipAodnKng and kotrapa Hela, ypnowonoidvrag og «d6Ampoy to CDNA tng coilin. Metd
and clpmon 2x106 cDNA kA dvov, evevnvia Ntav Betwcol kor téooepic €€ aLTOV
KOOIKOToovsay TV 10t Tpmteivn 0nme amodeiytnke amd avdivon g aAAniovyiog tov
cDNA.

Mo v emPefaioon ot  oAAnAovyia aVT KOOKOTOOVGE o YVNOL0 ovOpOTIV
TPpOTEIVT, amopovodnke to petaypaenuo g and CDNA avBpodmivov mhakodvia pe v
pnébodo g RT-PCR xor 1o mpoiov g PCR aAinlovynbnke minpowg, oivovtag pio
mavopoldtunn aAAniovyia, peyéBovg mepimov 500 bp, pe avty mov ANeOnke omd T
kOttapa Hela, avtamokpivouevn oto TANpeg avoiktd miaiclo avayvoong (open reading
frame, ORF) (Zynua 1.1). £ avt) v mpwteivn 660nke 1o dvopa hCINAP (human Coilin
Interacting ATPase Protein) kot étuye mepautépm yopaKTnPLGHO.

To cDNA avtd, ypnowomombnke emmALOV G OVIYVELTNG YO OMOTOIMOT KATA
Northern blot yw &&étaon polyA+ RNA ond didpopovg avOpodmvovug totovg. To
anotélecpo £6€1E€ VPPIBIGO TOV aviyveLT o€ éva petaypagnuo tepirov 1.2 Kb, to onoio
ex@paloTav 6 GAOVG TOVG 1IGTOVG TOL HEAETNONKAY, Le LEYOADTEPT) EKOPACT GTOV 1GTO TOV
OKEAETIKOV PVOG,.

Xoykpion g aAlnrovyiog ™ hCINAP mov mpoékvye, pe dwbéoweg Phoelg
VOUKAEOTIOIK®V OEJOUEVOV, OMOKAALYE OTL KMOKOTOOVGE U0 TOTE EVIEAMG KOvovpyla
Kot un  xopoktnpwopévn mpoteivn. Ilapovsiole 90% opowdTo HE VOUKAEOTIOWKN
aAAniovyioa EST (expressed sequence tag), n omoia mpogpydtov amnd movikd, kot 100%
tavtion g pe avOpomvn EST 1n omoia mepieiye emmAéov arintovyio UTR omnv
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katevbuvon tov 37 dkpov. H oAAnlovyio avt) xotatédnke otn Pdon dedopévov

GenBank™/EBI, pe tovg kodikovg e10650v AJ878880 kon AJB78881.

1 atg ttg ctt ccg aac atc ctg ctc acc ggt aca cca ggg gtt gga aaa acc aca cta ggc

M L L P N I L L T G T P G \Y G K T T L G

61 aaa gaa ctt gcg tca aaa tca gga ctg aaa tac att aat gtg ggt gat tta gct cga gaa
K E L A S K S G L K Y I N Y G D L A R E

121 gag caa ttg tat gat ggc tat gat gaa gag tat gac tgt ccc att tta gat gaa gac aga
E Q L Y D G Y D E E Y D C P I L D B D R

181 gta gtt gat gag tta gat aac caa atg aga gaa ggt gga gtt att gtt gat tac cat ggt
\Y% \Y% D E L D N Q M R E G G Y I \Y% D Y H G

241 tgt gat ttc ttc cct gaa cgc tgg ttt cat ata gtt ttt gtg ctg aga aca gat acc aat
C D F F P E R W F H I v F v L R T D T N

301 gta ttg tac gaa aga ctt gaa aca agg ggt tat aat gag aag aaa cta aca gac aat att
\ L Y E R L E T R G Y N E K K L T D N I

361 cag tgt gag att ttt caa gtt ctt tat gaa gaa gcc aca gca tcc tac aag gaa gaa atc
Q C E I F Q \Y L Y E B A T A S Y K E E I

421 gtg cat cag ctg ccc agt aat aaa cca gaa gag cta gaa aat aat gta gat cag atc ttg
4 H 0] L P S N K P E E L E N N \Y% D o] I L

481 aaa tgg att gag cag tgg atc aaa gat cat aac tct tga
K W I E Q W I K D H N S *

Yympo 1.1: Novkheotiowkn (pavpo ypope) ko opvolikn (pmhe ypope) oiinrovyic g
hCINAP, 6ntog tposkvye amd kKhovoroinen Tov CONA g, amdé HeLa cDNA fifiro01kn.

H hCINAP kmdikonoleitor ®g EVOALAKTIKO UETAYPAPNUO OO TOV YEVETIKO TOTO
TAF9, nov Bpioketar otn Béon 68.7 Mb 6t0 ypopdowpa 5, 0 omoiog kwdikomotlel akdua 3
uetaypoenuata. To mpdto petaypdonuo (variant 1, NM_003187.4) kwdwomotel ™
peyoAvTeEPN 1oopnopeY () mov avtictoyel otov petaypoaewd mapdyovia TAFIID3; mov
Kmdkomoteital exiong kat omd 1o tétapto petaypaenua (variant 4, NM_001015892.1) mov
dwpépel povo oto 5° UTR og ohykpion pe to petaypdonua 1. To devtepo petayplonuo
(variant 2, NM_016283) &yet kowvd o 600 TpdTo £6VIO TOV KOSIKOTOLOUV TaL TpdTO. 141
VOUKAE0TIOW, pe TO petaypdonuae 1, oAAd ypnolonolel oG apyn ywo T UETAPPAON Lo
avoown TpumAétto ATG mov €xel 0g amoTELEGILO TV HETAPPOOT) LOG TEAEIDS OLOPOPETIKNG
npoteivnig  (toouopen b), g hCINAP. To 1pito petaypdenua (variant 3,
NM _001015891.1), to omoio Kmwdwkomolel v opopen C, dpépel oto 5 UTR won 3’
UTR ko dtapépet povo oto apvotelkd e€ovio pe v hCINAP, mov €xel g amotélecpio ot
dV0 160HOPPEG TTEPQ O T TPDOTA 6 JLOPOPETIKA alpvoEéa, Vo etvat Katd to GAla ot {d1eG.

To cDNA tg hCINAP kmdikomotei po tpmteivn anotehodpevn amd 172 apwvoéa,
pe vroroylopevo poprokd Papog 20.048 KDa. H cuykpion ¢ TpmTeivikng aAAniovyiog
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™me, ne Paon dedopuévav, amokdivye 6tt 1 hCINAP gival puAoyevetikd cuvimpnuévn and
oV AvOpomo péYPL To PUTA Kot To {upopdknTa Kot 6Tt dev Tapovstalel LYNAN opoldTNTA
pe kopd GAAn yvooty mpoteivr. [Hapdia avtd, mepiéyel xopoKTnploTikd pHotifo
TpOGOEoNC TPLIPMEPOPIKOD vovkAgoTdiov (ATP 7 GTP) tomov P-loop (GX;GKT),
YOPOKTNPLOTIKO TV TPOTEIVOV déougvong ATP/GTP. Avtd to cuvinpnuévo portiffo givat
TOPOUOL0 HE OVTO OV EUQOVILETAL GTOL LEAT TNG OTKOYEVELNS TV OOEVOAIKAOV KIVOGMV. X€
oLUE®VIN e aVTEG TIC TTPOPAEYELS deiyOnke O6TL N avacvvdvaouévy hCINAP mapovctalet
evlopukn evepyotnto ATPAaong pe ueydin ovyyévela yia 1o vrootpopa ATP (Kn=75.3 £ 5
UM, Viax=1.27 £ 0.2 umol oynuatiocpévov ADP/min.mg) (Zynqua 1.2).

1,2
- 1,0
[} 24 -
£ = L
< 08 Bao |
£ c I
E - g 16
@ 0,6 — § 12 +
[ L
E | go,a -
- 0,4 s /
> - 04
5 o‘o—llllllllllllllllll
’ -10 0 10 20
-1 1/ [ATP], mM"*!
0,0 T T T T T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0
[ATP], mM

Yypo 1.2: Evlopwkn evepyomnra g mpoteivic hCINAP g mpog 10 ATP. T'pagikn
TOPACTACT) TNG TOVTNTAC VOPOIVOT G Tov ATP 6 GuvapTnon pe T ovykévipmong tov ATP (0.05-
1 mM). H xopmdin dnuovpyndnke odpemvo pe ) oxéon Michaelis-Menten (GraFit) amd v
omoia. Tpocdlopiotnkay ot kKivntikég mapduetpor: Km=75.3+5 uM and Vmax=1.27+0.02 pmol
oynuotiopévor ADP.mint.mg®. H eootepiky ypagiky TOpPAOTOOT OVITPOSMMEVEL TNV

avTioTPoPn TaXOTNTA VOPOALGNG TNG 1010 AVTIdpAcNG GE GLVAPTNON LE TN cLYKEVTPp®ON Tov ATP.



1.2 Adevokéc Kiwvdoec (AKS)

H doun g hCINAP mopovotdlel apketés opoldTNTEG HE TIC OOUES TOV OAA®V
adevolikdv kvacdv (AKS), yio avtd 1o Aoyo mpotddnke g 1 6" 1GOHOPPT CVTOV Kot
ovopdotnke AK6 (Ren et al., 2005).

O1 Adevolikéc Kivaoeg [Adenylate kinases (AK)] omotelodv pior otkoyévela
evlopv mov dtadpapatiCouv onUAvVTIKO pOA0 6TO UETOPOAMGUO TV VOLKAEOTIOIWV Kot
070 KVTTAPIKO 16000Y10 EVEPYELOG, KATAADOVTOG TNV HETOPOPE TNG B- Kol Y- QOGPOPIKNG
opdoag amd Eva 00t eocspdpov (cuvnbwc ATP) oto AMP, ne v elevBépmon 2 popimv
ADP, cOppova Le TV aVIIGTPENTY avTidpao: Mg2+ADP + ADP & MgZ+ATP + AMP
(Noda, 1973).

H avtidpaon avt) eivar kpicun ywo ™ dratipnon g (ong kabmg dradpapatilet
oNUAVTIKO poOA0 otV opoldotacn TV adevivo-vovkieotwdiov ATP, ADP xor AMP
STNPAOVTOG TIS EVOOKVTTAPLEG CLYKEVIPMOOCELS OLTAOV GTA PLGLOAOYIKA emimeda. Or AKS
gyouv avayvoplotel ©¢ ooOnTpeg TG KLTTAPIKNAG  EVEPYEWONKNG  KATAOCTOONG,
netappalovrag pkpéc petaforés otig ovykevipwoelc ATP ko ADP og oyetikd vyniég
petoforés ot ovykévipoon tov AMP, evepyomowwvrog €vlopa kot peETOPOATKOVS
acOnmpeg, mov emnpedlovtar and to AMP, dote va avtamokpivovtol pe peyoldtepn
evooOnoio ko axpifeio oe e&mtepwcd epebiopata Kot onuate Kotamdvnons (oTpec)
(Dzeja and Terzic, 2009).

210 Onhootikd €xovv avoakaAvEel péxpt onuepa 8§ 16oévivpa TG OOEVLAIKNG
Kiwvdong (AK1-8), ta omoia dtapépovv oG mpog 10 Hoplakd PAPOS, TIG KIVNTIKES 1O10TNTEG,
Vv €£EBiKEVON OG TPOG TO VTOGTPMOUO. KoL THV £VOOKLTTAPL KoTavoun tovg (Bae and
Phillips, 2006). Avtd 10 diKTLO TOV OXTH OLPOPETIKOV AOEVOAIKDV KIVAG®V, &ival
dlloKOoPTICHEVO 6€ O To. KLTTOPKE dwapepiopata, pvOuiloviag ta evepyslakd kot
petaffoAikd povomdrtio avaioya pe TIg TomikEg petofolkég anartoets (van Rompay et al.,
2000; Dzeja and Terzic, 2009).

Ov AKI1 xor AK2, evromilovtol o©T0 KLTTAPOTAOGUO KOL GTO HTOYOVOLOKO
Swpepppavikd odotnuo avtictoryo, Kot vvoodv m ovvoeon tov ATP oe oyéon ue ta
AL TPLE®GPOPIKA VOUKAEOTIOWL evd deopevovy edkd to AMP (Tanabe et al., 1993).
"Exovv PBpebel drapopeticég vropopeéc g AK1 (AKI1-1 ko AK1-2) (Janssen et al., 2004)
KOl EVOALOKTIKEG LOPPES patiopatog tov yovidiov g AK2 (AK2A-D) (Lee et al., 1998)
HE  OlOPOPETIKEC MAEKTPOPOPNTIKEG KIWNTIKOTNTEG KOl  YOPOKTINPIOTIKEG  KIVNTIKEG
wwmteg. H AK3 givor o GTP:AMP owcpotpavopepdon €101kn Yo T OGOOPLAMOT)
0V gvdo-putoyovoplakohl AMP ypnowomoidviag g vroéctpoue to GTP v 1o ITP

(Tomasselli et al., 1979). H AK4 evtomiletol otn uitoyovoplokn URtpo Kot TapOA0 Tov
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dev €xet evlopukn dpaoTIKOTNTO, SLOTNPEL TNV IKOVOTNTA VO TPOGOEVEL VOUKAEOTIOWL KO VoL
aAANAemOpa pe ™ purtoyovoplaky ADP/ATP petatomdon (Yoneda et al., 1998). H AKS
EVTOMIOTNKE OTO KLTTOPOTAOCUE TOV OVOPOTIVOV PB-TAYKPEATIKOV KLTTAPOV KOt
gumhéketar otn pvuouon tov kavaliov K-ATP (Stanojevic et al., 2008). H AKS Swafétst
ONUOVTIKEC VELPO-EOIKES UETAPOMKEG Aettovpyiec, o©TIg omoieg mepthapfdvovior m
LETAPOPE EVEPYELOG LETOED TOV KVTTAPIKAOV SOUEPIGHATOV Kot 1] ovvBeon DNA kot RNA
(Ren et al., 2005). H AK6 (hCINAP) evtoniletar otov mupriva tov kuttdpov (Santama et
al., 2005), 6mov 1 d1oyétevon vovkieoTdimv katl evépyelog moilel onuavtikd poAO ot
ovuvBeon tov DNA kot oty enelepyacio g yevetikng manpoeopioc. H AK7 evtomileton
otic Prepapideg (cilia), 6mov @aiveror va cuVOEETAL e TNV KVLTTOPIKY Kivnon kot
Aerrovpyio Tov Prepapidikov ompoatog (ciliary) (Fernandez-Gonzalez et al., 2009), kot 6to

KutTopomiacpo 0rov evromiletal kot ) AK8 (Panayiotou et al., 2011).

1.3 Aopf TOV 0OEVUAKOV KIVOGOV

Ot aAMniovyieg tov AKS, mopovctdlovv HETOED TOVG OPKETEG GULVTIPNUEVES
nepoyéc. 'Eva vynmAd cuvimpnuévo potifo oto N-tedikd dkpo, pe opd@vn alAniovyio
G/AxxxxGK(x)S/T, mov ovopdleton Walker A potifo 1 Onid tpdcdeons ocEOPIK®V
(phosphate binding loop, P-loop), kot tig meproyég NMP bind domain xou LID domain (Bae
and Phillips, 2006).

Aopixd, etvor tomikég o/f mpwteiveg, ol omoieg polpdlovtol KOwn OpYLTEKTOVIKT).
[Teptéyovv pio kevipikn avtotedn dopkn meproyr] (CORE domain) kot tic mAgvpikéc
nepoyég, v LID domain kor tv NMP bind domain (meproyr Oécopevong
povosewcsopik®v vovkieotdiov). H CORE domain amoteieiton and €vav mopniva B-
TTUYOTOV EMPAVEIDVY, 0 0Toi0¢ mepikieietar and a-éAkeg (Schulz et al., 1990). H neploym
npdodeong tov ATP oynuoatiCetotl omd apvo&éa tng LID domain xat a6 v P-loop.

H xevtpu mepoyn kot 1 NMP bind domain eivor Swatmpnuéveg oe OAeg Tig
adevOAMKEG Kvaoeg, evd m LID domain givar apketd dapopetikny. Me Bdomn 1o unKog g
LID domain o1 AKS katatdocovtat g dvo katnyopies: g Ppayeiog popeng, 6mov n LID
domain givan po ] petafAnt Onid (AK1, AKS, AK6), kot tng paxpdg popons (AK2,
AK3, AK4) mov anoteheiton amd avit-tapdAinies B-aivcideg (Fukami-Kobayashi et al.,
1996).



1.4 Aopn Ty mpozeivne hCINAP

H hCINAP civor po tomkny o/f mpoteivng (Eyquo 1.3) mov mepiéyel Tpeig
AELTOVPYIKEG VITO-TEPLOYEG:
i) M kevipikn moymt emeadvewn pe mévie B-khaovovg (CORE domain), n omoia
nepuieietan and eptd a-EAkes kot mepthapPavet tn 0éon npodcdeong tov ATP.
i) Tnv NMP bind domain mov oynuatiCeton and t1c EAkeg a2, a3 kot 04 Kot Vo pokpod
Bpoyo petald tov apvoSikmy katodoinwmy 33-58.

iii) Tnv LID domain mov meptAapfavet Tig EMKeS 0.5 Kot ab.

LID
domain

Yypoe 1.3: Awaypappa g dopng g mpoteiviig hCINAP (H doun mopdybnke pe 1o
npoypappa PREPI v0.9). H npwteivn mepiéyet 7 a-élkeg (unhe Kopdéreg), 5 B-khdvor (MAG To&a)
Kot po pokprd Onid NMP (ykpiCo tunpa). 1o oynua emiong mopovstdloviol ot 3 AETOVPYIKES
VIO-TEPLOYEC: TO KOTOAVTIKO KEVTpO (core), n meproyn lid ko n meployn déousvong NMP. Exiong
eaivetar 0 WV oV Betikov ofémg, ®¢ opaipo Corey-Pauling-Koltun sphere (S: «itpwo, O:

KOKKWV0), T0 omoio evtomiletan otn P-loop (Avamapaywmyn sikdvag and Ren et al., 2005).



1.5 Avwooporoinon tne hCINAP amd tnv 01koyEvELD TOV AOEVUMKAV KIVO.GOV

Av ko 1 hCINAP katatdynke oty 0KoYEVELD TOV AOEVOAIK®OV KIVAGHV, AOY® TNG
opotdttog ot doun| (Ren et al., 2005), Tapovctdlel apKeETA YOPUKTNPIOTIKA YVOPIGHLOTO,
OGOV aPOPE TO VITOCTPOUL POCPOPLAIMGNG KOl TN OO, TOV TNV O10LPOPOTOLOVY OO TIG
dAleg AKs. H hCINAP oe oavtibeon pe tig ddkeg AKS, ot omoiec mapovoidlovv
EMAEKTIKOTNTO VTOGTPOUATOS, TOPOLSLAlel €va acvvnbiota peydAo €Opog EOIKMV
VIOGTPOUATOV dotdv Kot dektdv (Ren et al., 2005), kobdg Kot 0vGLAGTIKY EvEPYOTNTA
ATPase (Santama et al., 2005). H paxpid Oniié (33-58 aa) 1 onoio Bpicketor otn meptoyn
NMP binding domain, dgv éye1 mapatnpnOei otig dAreg AKS. Xe avtibeon pe Tic dopéc tov
aAAwv AKSs, 6mov ot meployég déopevonc NMP ko lid dev alAnAenidpolv, ot mepintmon
¢ hCINAP, oty «ovoikt» dtopdppwon, ot Teployég ovtég adniemdpovv (Ren et al.,
2005).

Télog, n doun g hCINAP amavtdtor cuyve Kot 6 KIVAGEG TOV POGPOPLAIDOVOLY
VIOGTPAOUATO SLLPOPETIKA ad vovkheotiowo. Katapynv, oto cuvinpnuévo potifo Walker
A otic AKI1-AKS 10 apvo&d oto téhog ¢ P-loop eivar yAvkivn (Gly). Zn hCINAP 1o
katdlowro avtd g Gly amovcidler, kot ot 0éon tov vrapyer po Opeovivn (Thr)
(apwvo&kd katdrowro 17). Avtd to yopaxtnpotikd givar kowd yo 1ig ATPdoeg ko Tig
GTPdoeg, 6nmg ) poooivn (Rayment et al., 1993; Fisher et al., 1995; Smith and Rayment,
1996) ko kamoteg G-npwteiveg (Pai et al., 1989; Kjeldgaard et al., 1993; Noel et al., 1993;
Coleman et al., 1994; Al-Karadaghi et al., 1996), 6mov t0 Kot@houmo g Opeovivng M
oepivng suvtovilet 1o 10v Mg2+, OV EIVOL ATOPALTNTO Y10 TV KATAAVOT).

EmumAiéov, n hCINAP, ce avtiBeon pe t1g GAleg adevoAikéc Kivdoeg, mepiéyetl Eva,
potipo Walker B (auwvoéikd wkoatdrowmo 74-80). To potifo avtd, pe oriniovyio
hhhDYHG (omov h omowodnmote vdpd@ofo apvoiy), eivar vynid datnpnuévo oTig
ATPdoec kor GTPaosc (Walker et al., 1982), mpocdévoviag Ty y-gmGEOPIKY Opdda TOL
ATP xot tov GTP kot vopiototor peydreg odlloyéc dtapopemong petd v kataivon (Pai
et al., 1989; Kjeldgaard et al., 1993; Noel et al., 1993).

OMa awtd suvnyopovv 6t 1 hCINAP icwc vo emitelel po Aettovpyia Stopopetikn/ 1

eMmPOCHETN Ad VTN TNG AOEVVAIKTG KIVAGTC.



1.6 Kawvovpyla dedonéva yro tn dour) Tnc hCINAP (Drakou et al., in review)

Xe TPOCOUTY| TEPAUOTIKY EPYACIO, TOV TPOYUATOTOMONKE OO TO EPYOCTAPLO TOV
Ap. Zmopov Zwypapov, Epyactipio Opyovikng & Pappokevtikng Xnpeiog, EBvikd
Topopa Epguveyv EALGSaG, €xovv mpokOyel KOvovpylol Kol CHUOVTIKA OE0OUEVOL TTOL
a@opovV TN doun Ko kot” enéktoom tn Asrtovpyio e npwteivig hCINAP.

Mo Tpd™ Popd, Exovv mpocdiopiobel pe peydin gvkpivelo 1 doun ™G TPWOTEIVIG
hCINAP c¢ ovumhioko pe to vrdotpouc ADP (ko dADP) kot to Tputhd GOUTAOKO
hCINAP-Mg?*ADP-Pi (Drakou et al., in review). EmumAéov, &xel mpoodlopiotel pe
ueyaAvtepn evkpivelo n doun tg hCINAP pe to Betikd 10v otnv meployn GEGUELONG TOV
AMP, mpocbétoviag emmpochHeta otoryei 6Gov aeopd TN dour, mov TapPovVGLalovtay
acoEn oty mponyovuevn tpocdiopiopévn doun (Ren et al., 2005).

Amo v avdivon g doung g hCINAP pe to popio ADP (Zynua 1.4), mpoékvye
611 10 popro ADP deopedetor o€ o KOLOTNTO KOVTE GTNV EMPAVELD TG TPOTEIVIG, LLE TO
OOKTOA0 TG adevivng va katalopBdver v €l6000 TOV KATOAVTIKOD KEVIPOL KOl TIC
POOPOPIKEG OHAdES Vo TpocavatoAiloviatl pog v mepoyn g P-Loop. H doun tov
KpVuoTdAiov £0ei&e OTL 10 deopevpuévo ADP dnpovpyel decpovg vdpoydvoL Kot dEGOVG
lower case Van der Waals pe ta xatdhowro g meployng déopevons tov ATP. Ot deopol
Vdpoyovoy cynuatitovior Kupimg LETOED TOV POGPOPIKOV opddwv tov ADP kot tov
apwvo&éwv g P-loop (apvo&éa 10-17) kar tg Argl09 tov LID domain. H adevosivn tov
ADP, coupetéyet povo oe tpelg 6eopohS vOPOYOVOL HE KOTAAOITO TNG TPOTEIVNG, TOV
gival 6€ GLHE®VIO [LE TO HEYALO €DPOG EOIKMY VITOoTPOUAT®V TToL Katéyel 1 hCINAP.

Emmpdcheta, n peydAn gukpivela tng doung enétpeye tov akpipn mpocdloptopd g
NMP binding domain (tov auvoéikdv kataloinwv 45-55), 1 omoio epunvedmKe OC pia
un dounuévn meployn o€ mponyoovuevn avdivon (Ren et al., 2005). Bpébnke ot 1 Onhd
NMP binding vioBetei pa dopn B mrvymm-otpoen-p mruymt (Drakou et al., in review).

Avt 1 popeoroyio g Onidg NMP binding mopovcialetar ko ot dopury hCINAP-
SO4%, vrodnAmvovtag Ot oev e€aptdton amd Tov vmokoTactdtr. EmumAéov, otn doun
hCINAP-SO,* mapatnprfnkay 800 16via SO SEGUEVIEVH 6TO KATOAVTIKO KEVIPO TOL
evlopov. To mpmdTo 10V Pplokotav cuvoegpévo oty P-loop, kat to degvtepo avapeca oty

His79 kot v Arg39.



Lys148

Yyqpoe 1.4: ATEIKOVION TOV SIKTVOV TV VOPOYOVOIESUAOV TTOL oynpatilel To ADP pe to

apvotéa TG TPWOTEIVIG KoL 1E Ta popLa Tov VOUTOG.

Emumpdcheta, Adym ™G SuGKOAING TOV AUECHV KPLGTAALOYPAUPIKAOV GTOLEI®V Yld
m 0éon déopevong tov AMP, mov amotteiton yoo v evepydmra g AK,
Tpaypatomoidnke TPoPAeYn Tov Tputhod cvpmhokov hCINAP-Mg? ATP-AMP, pe v
vroloytotiky uébodo docking (IFD), pe v omoia éywve TpdPreyn TV SOUIKGOV QALY DV
ol omoieg mpokaAoOviol o autny TV mepintoon. To poviého mpoPreye Ot 1 Béom
déopevonc tov AMP Bpioketon peta&d tov potifov Walker B ko tng Arg39.

H 0éom avt PBpioketor kovid otn 0éon ™¢ a-emc@optknig opddag tov AMP kot
glvol TOAD mapOUOle HE GVTN TOL TapATHPEITOL OTIC 0dEVOMKES Kvdoec and E.coli
(AKeco) kot Sulfolobus acidocaldarius (AKas), 1ANK (PDB ID) ka1 INKS (PDB ID)
avtioTolyo, ot omoieg 1o Oeukd 1OV OAANAEmOpd pe €va GUVINPNUEVO KOTAAOLTO
apywivng (Arg36 xor Arg54 avtiotorya) (Berry et al., 1994; Vonrhein et al., 1998). To
evpnua oavtd vrootnpilel 61t N Béon mov katadopuPdvetor and to Beuxd 16V 6E aLTH ™
dopn| avTImpocOTEVEL T BEoM avayvdplong g a-emoEopPkng opdoag tov AMP oto
évlopo hCINAP.

[ToAD onpavtikd Nrav Kot ta evpfpeto Tov poékvyay and ) doun ™ hCINAP ue
TO OECUEVUEVO GUUTAOKO Mg2+ADP-PO43'. H dopn avt mpoékvye petd amd ypnom tov
avactoréa APSA, Tov Opa MG OVOGTOALNS TOV AOEVUAIKAOV KIVOG®V e TPOGOEST] TOV Kot

ota 000 KEVTIPO GVVOESTG VITOCTPOUATOV. Xpnooromdnke yo va diepevvnei n Béon
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npdcsdeons Tov AMP ko va «cvAANEBel» o petafatikd oTAd0 NG AVTIOPAONS TNG
adevoAkng Kwvaong. H Angbeica kpvotadliiky doun (Zynua 1.5) avtictoyovoe oe éva
LETA-VIPOAVTIKO GTAS10 Kot amokdAvye OTL:

i. H 8éom mpocdeong tov ATP givar koteAnpupévn omd 1o cOUTAOKO Mg2+ADP Kot

o6 éva 1ov PO, mohd kovid otv His79 tov portifov Walker B.

. Yrapyer oo aAloyn otn yovia otpéyng g koplag aAivcidag g His79 mov
cuvodevETal Omd P PeTakivion tov dalodkod doxtvAiov katd 2.1A poxpid omd to
kévtpo tov ATP, ®ote va dnuovpynBovv deopol peta&d e H79 ko g ehedBepng
(POGPOPIKT] OULAOAS.

iii. To 16v Mg &yet oktoedpuch yeopetpio pe £En GTopa 0Evydvoy 6TV eEOTEPIKN
opaipa cOvtaéne. Avo amd ta o&uydva cuvelcPEpovTal amd TN B-GOGPOPIKY] OpLdda Kot
v vdpo&uiikt| opdda g Thrl7, eved ta vdoroma téccepa amd Pdpla VAUTOC.

iv. To uépio tov ADP katarapfaver akpipdc v idto OEon e 0T 6T0 GOUTAOKO
hCINAP-ADP.

A&iler va onpewmbel 6t avtd givar To TPAOTO TOPAGELYHO OOEVOAIKNG KIVAGNS OV

&yl deopevpévo 10v Mg? oty kpuotaddikn Sopn g,

Yyqpoe 1.5 Areikévion tov kTO0V deop@dv mov oynpotifoviar 6to cvprioko hCINAP-
Mg* ADP-PO,>. ‘Evo. ektevég diktoo moMkdv Seopdv oynuatiCetar petafd tov Mg” ADP, tov
PO,%, tov apwo&émv g P-loop (Lysl6, Thrl17 ko Thr18), g His79 tov B potifov ko g
Argl109 tov LID domain.
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Me Bdomn 1o dedopéva mov mposkvyav and Tig kavovpyleg dopéc g hCINAP,
ovvendyetot 6TL TO KATAAVTIKO KEVIPO TNG TPMOTEIVIG amotereiton amd ta aptvoséo 10-17
tov portifov Walker-A (P-loop), v Argl09 mov Bpioketoar oty mepoyn LID xot v
His79 tov portifov Walker B.

EmmAéov, n meproyn g OnMdg and v Asp77 ¢ v Pro8s, counepilappovouévon
kot Tov potifov Walker B, éxet d1apopetikd mpocavaTtOMGHO GE GUYKPLON UE TIG GANEG
AKs (Zynua 1.6), mapovotdlovtag Sopkd yapaKTNPIoTIKA TUTIKA Y10, TNV OIKOYEVELL TMV
ATPacov/GTPacohv mapd tov AKS. TIiBavotata, avtdg o S1opopeTikds TPOGUVUTOAGHOG

va givot oNUeVTIKOG Yo TV epueavion g evepyotntag ATPdaong.

Xyqpa 1.6: Amewkovien g doprig g hCINAP (npdowo) oe ocvykpion pe Tig GAleg
adevolkés Kivaoeg (AK1: pmie, AK2: pol, AK3: kitpivo, AK4: pof, AKS5: ykpr). To potifo
Walker A (P-loop) &ivat vynid covtnpnuévo evéd m meploy mov cuvoEeL TIC empaveleg B3 ko B4
ot hCINAP amoteAeiton amd puo peyddn Onia v omoion akorovBel o Edka 310. H meproyn
avt wepéyel kor évo Walker B potifo yapaxmpiotikd yia tig ATPaoec/GTPdoeg, oA oyt yio
TIG 00EVOMKEG KIvAoeG. O TPOGAVATOAMGLOG TNG TTEPLOYNS avThg emttpénel oty His79 va sioywpsi
ot 0éom mpdcdeong tov ATP, xotadsikvoovtag Eva mhavo poro tov auvo&Eog ovtod otV
KatdAlvon. Xtic GAlec adevolkég kwdoeg tov Onlactikov m ovtictoryn 0éom g His79
katodopBavetol amd £va v3POEoPo apvolh Tov Tpocavatoriletal mpog T 0éon mpdodeong Tov

AMP.
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O ovvovacprdg OAMV TOV SOUKOV GTOLEI®V TOL TPoEkLYAY, KABMG Kot 1 amddEIEN
6tt 1 hCINAP mapovoidlel acvvibiotny vynin evepydmnto ATPdong (Santama et al.,
2005; Drakou et al., in review), emmpocOeta g evepyotntog AK (Ren et al., 2005),
vrootnpilovv v vmapén dumAng evepyotntag AK/ATPAong yio thv mpmteivy hCINAP.

Télog, mpoteivetar évag mbavog dopukdg unyaviopog (Zymua 1.7), o omoiog emttpémet
v emioyn peta&y g evepyottag ATPdaong kot AK. O daktdilog Tov pidaloriov g
His79 umopei vo petofaivel peta&d 6vo mbovov devbiveewy. Xt npdTn Spdpemon
(«flip» M «xatdotaon AK»), 10 dlwto tov yudaloriov avtikpiler ) BEon déousvong
AMP ka1 cvv-katevBiver tov a-pmopopo oo AMP pali pe v Arg39. Xt devtepn
dapopewon («flop» 1 katdotaon «ATPdong»), to almto tov ydaloiiov aviikpilel to
KaToATKd Kévipo MgATP kot 1 v8potvon tov ATP pmopei va mpaypotomoteital
oOUPOVO PE TO UNYoVIGUO mov €xel mpotabel ywo ™ pvooivn (Okimoto et al., 2001).
2opeova pe to pnyoviopd avtd 1 His79 dpa cav katodvtikn Bdon yio va vepyomooet
éva LopLo KOUTOC, TPOAYOVTag ETGL TNV TUPNVOPIAN TPOGPOAT| GTY| YEITOVIKY] Y-OMGPOPIKT
opdoa tov ATP. To amehevbepopévo ewceopikd 160V oynuotiler ot véa tov Béom
deopovg vopoyovoy pe to ydalokd alwto g His79 wor tg Lysl6. To 16v Mg2+
dwtnpet ™ B€om Tov pe éva pdplo Hoatog va kotarappdvel TAéov ™ B€om Tov 0&VYOdVoL
™meg y-ewoeopikng opddac (Drakou et al., in review).

Yvvende, M His79 tomobeteitan oty evkivtn mepoyn upetald tov Oécemv
déopevong ATP kot AMP, mapéyovtag tn OvvatOTNTO NG EVOAAAYNG HETOEL TOV
dwapopemoemv flip kor flop. Q¢ ex tobtov pmopel va dwdpapatilet porlo dopkoD
SLOKOTTN TPOTIUAOVTAG i €K TV 000 SOUOPPDOCE®YV, e ETAKOAOVOO TNV EMAOYN LI0G EK

TV 000 evlupikov evepyotntav, AK 1 ATPdaonc.
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Yyfqna 1.7: Movtélo dopkod pnyovicpov petdfacng e hCINAP petaéd tov svepyotiitov
ATPéong ko AK. AvtutapdBeon tov dbo dapopedcenv g His79. Xt dwopdpemon g
ATPdong, 1o yudalolkd almwto ND1 g His79 sivan otpoppévo mpog ™ 0éon mpdcdeons tov
ATP ko evepyomotel éva popo ¥30T0G dGTE va Tpoypatomombel n avtidpaor. Xtn Soapoppmon
AK n His79 otpépetar dote va oynuoticel ) 0éon avayvapiong tov AMP poli pe tig opidég
ounadeg g Arg39.

Emnpocbeta mpaypotomonke petdAroln oto kpiciwo koatdrowro His79 e
petatponn ™G wotdivig oe yAvkivy (H79G) kot omd kivntikd mepdpota mov Eyvav
TPoEKLYE OTL N LETAAAAEN oV TN pelDVEL Ttepimov 72% v eviupukn dpactikdtnta g AK
kot 76% g ATPdong o cOykpion pe v TpoTeiv Tov euotkov tvmov. To yeyovdg avto,
dAdver 011 0 porog g His79 eivar onuavtikdg otny KoTdAvon Kot TV dV0 avTdpacE®Y
(Drakou et al., in review).

Ta dedopéva vodeikvoovy 6Tt N His79 cuuPdilel Kupimg otV avayvdPLo TOL
ATP (n Km y1a to ATP duthacialetar), aArd dev givar kpicipo apvo&d yio v katdivon,
aeov 1N HETAAAAEN TOL GCULVOOEVETOL OMO OCYETIKO WKPY EMIOPOCN OTN KOTAAVTIKN
tayvtra. Evowgeépov mapovcidlet 1o yeyovog 6t 1o évlvpo hCINAP-H79G gppavilet yio
10 AMP pkpdtepn Ky (peyordtepn ovyyévewn). H xwvntikn avdivon tov eviopov og
GLVOLOGUO e TO dopKd oTotyeio 00Myel oIV TPOTOOT OTL AVTN 1] LETAAAAEY «KAELODVEL)
™ 0éon mpodcdeong Ttov AMP ce pio To KAEWGTH SWOUOPP®OT| HE UEYOADTEPT GLYYEVELN
vy to AMP.

Yvumepoouatikd, Paost Tov SoUK®OV Kot KvnTikov anoteleoudtov, 1 hCINAP
npoteivetal vo Agttovpyel @ asONTpoc TG SBECILOTNTOS TOV VIOGTPOUATMY Kot 1)
emloyn ¢ kataivtikng evepyomntog (AK mpog ATPase) vo pvOuileton amd to

evooKLTTAPLo TTEPPAAAOV TOL €VIDUOL KoL TN OLVOUIKT] TPOGOPUOYN GTNV EVEPYELD KO
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OTIG LETAPOMKEG OTALTIGELS TOL KVLTTAPOL OTOLAONTOTE GTIYUN, dadpapatiloviog Kpiolo
POLO Yl TNV PUOUICT) TOV PUGIOAOYIKADV EMTEIMV TOV VOUKAEOTIOIMV GTOV EVKAPLOTIKO
TLPNVOL.

H mpwteivn hCINAP evtomiCeton dibyvtn oto mopnvomiacpo, eEoipetéon Ttov
Tupnviokov Kot omaviong oto copotidie Cajal (Santama et al., 2005), vromvpnvikdv
dopdv Tov TVPNVa. Q¢ ek TOOHTOV GTN GLVEXELWD divovTal TANPOPOPIES Yo T OLVOLLKNY
0pYAV®OGOT TOV TLPNVA GTO EVKOPLOTIKE KOHTTOPO LE EKTETAUEVT] OVOPOPE GTO COUATIOW

Cajal ko1 v mpwrteivn coilin, cvotatikd TV SoudV aVTOV.

1.7 O Hvpnvoc

2T0VG EVKOPLMOTIKOVS OPYUVIGHOVS, O KLTTOPKOG TLUPNVAG oamoterel pio. TOAD
opYaVOLEVT] OO, TTOL TEPLEXEL OOUKE KO AELTOVPYIKE d1oKpLTd LITodlapepiopaTa, TOAAG
a6 o omoia eE0koAovBoVY va UV givorl TANP®G XOPAKTNPIGUEVAL.

e ovTh T TVPNVIKG couaTid I dtapepiopata, copTeEPIAAUPAVOVTaL O TVPNVICKOG,
to dwdotikta (Speckles), ta mapadidotikta (paraspeckles), to couatidio Cajal (Cajal
bodies), to gems kot to. copatidie PML (Promyelocytic Leukaemia bodies) (Matera,
1999). Avtd ta opyovidia ov Kot dgv TEPIKAEIOVTOL OO HEUPPAvES, eivar dlakptTd amd To
TUPNVOTAACLO. TTOV TO TEPIPAAEL KO €lvol EUTAOVTICUEVO LE CLYKEKPUYLEVES TUPNVIKEG
TpoTeiveg | cvpmAéypata Tpoteivav-RNA, Tov odnyel 610 copmépacua 0Tt Aettovpyovv
O¢ TEPLOYEG GLVAPUOAOYNONG TEPITAOK®OV HOPLOKAOV GUUTAOK®OV (Y. LETOYPUPNG) Kot
EUTAEKOVTOL GE SLAPOPES TUPNVIKES OlAOIKOGIES, O™ 1 Proyéveon Twv plocompudtov, 1
petoypan Kot to patiopo tov RNA.

Ymapyovv apketd otoyeion OTL 1 €6MTEPIKN OPYAVMOOT TOL TLPNVO TAPOVCIALEL
SUVOIKT HOPPT Kol G €K TOVTOV Kot TOAAEG mpwTeiveg kot mapdyovteg twv RNP tov
VPNV TAPoLslalovy avtictorya dvvoutlky poper. H evdomupnvik| katovou] moAl®v
TPOTEIVOV KOl KOTA CUVETELD 1] OPYAVAOGT TOL TLPN VA, UETAPAAAETOL KOTA TN SLdpKELN
TOV KUTTOPIKOD KOKAOL KOl GE amOKPIoN GTNV KLTTOPIKN HETAfoAKn dpactnpiotnta. [
TOPASELYHO HETO OO TPOKANGT UETAYPOPIKNG KOTOOGTOAMG HE S1dpopeg ovoisg [my.
axtvopkvovny  (actD) ko 5,6-dyhmpo-1-B-D-pipopovpavocvrifeviydaloiio (DRB)]
ToALOl  TUPMVIKOL  TOPAYOVTIEC OMOOIOPYOVAOVOVTOL KOl  ETOVOOLOPYOAVAOVOVTOL GE
SLPOPETIKEG TUPNVIKEG TEPLOYES, METOPAALOVTAC UE OVTO TO TPOTO TN LOPPOAOYiD TV

vrodlapeptopdTev Tov Topnva (Shav-Tal et al., 2005).
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1.8 To conazidro Cajal (CB)

Mia omd avtég Tig evoomupnvikég dopég eivor to copdtio Cajal, to omoio &yxel
TPOCEAKVGEL TO EVOLOPEPOV LETA TNV OVOKAALYM OTL TTEPLEXEL YNAY CLYKEVTIP®OOT Ol
piomvpnvompoteivikd copotio (snRNPs) mov eumiékovion ot  dodikocio TOv

«uotiopatocy Tov Tpddpopov RNA (RNA splicing) (Lamond and Carmo-Fonseca, 1993).

1.8.1 Avakalown T@v Cajal Bodies

H doun mov givar onuepa yvoot oc Cajal body, avayvmpiotnke apyikd to 1903 amd
tov dldonuo Iomavd kuttapordyo Ramon-y-Cajal, o omoioc mapatipnoe 0Tl 01 VELPDVEG
TEPLELYOV YOPAKTNPIOTIKEG COUPIKES OOUEG GTOV TUPTVA, O OTTOiEG PhpovTay Evtova HeTd
amod ypwon opyopov. Emedn Ppiokoviav moAd kovid oTtov mupnvickKo TIG OVOUOGE
«e€optiuata Tov Topnvickov» (nucleolar accessory bodies). Apyotepa, to 1969, 1 16w
dopn| «Eavo-avakoAeOnKe» e TO NAEKTPOVIKO HKPOCKOTIO Kot TNng 060nke t0 Ovopa
«OTEWPOUEVO  COUATIO» AOY®D 1TNG HOpQoAoyiag TNng Oapdpewonse g (Umieypéva
onepopuéva onepdpata) (Monneron and Bernhard, 1969). Xruepo ovoudlovrar Cajal
Bodies mpog tiur; tov Ramon-y-Cajal mov ta tpotoavakdivye.

Ta Cajal bodies (CBs) givat mapdvta 68 GAOVE TOVG EVKAPVMOTIKOVG OPYOVIGHOVG TOV
&xouv efetaotel, €yoviag v Ol pop@eoAoyic TOGO GTO LTIKA 000 Kol oTo (KA
kOttopa. Evtomilovtor eite €lebBepa ot0 mupnvomiacpo eite ocvvdéovtar pe TV
neplpépeto. tov mopnviokov (Zynua 1.8). ‘Exovv axdpa oviyvevtel kot péco otov
TUPNVIGKO G€ avOpOTIVA KOPKIVIKG KOTTOpO LooToD Kot o€ nratikd kouttapa (Malatesta et
al., 1994). Ta CBs sueavifovtal og mupnvikée gotieg, ouvnbwg 1-6 ce aplBud kot to
péyebog tovg kvpoaiveton omd 0.2 um péypt 2 um 1M axopo HEYOADTEPO, OUMS, TOGO TO
péyebog 660 kat 0 aptBUdc TOVG Ve TVPT VO TOKIAEL OVAAOYO LLE TOV KLTTOPIKO TOTTO KO
tov opyaviopod (Platani et al., 2000).

Ta CBs gival meplocdTeEpo EUPOVI] GE KOTTOPO TOV TOPOLSLALovY VYNAA emimeda
LETOYPOPIKNG EVEPYOTNTOS, CUUTEPIAAUPAVOUEVAOV TOV KVTTAPWOV TOL O10(POPOTOIOVVTOL
N OtpovvTor TOAD YpIyopa OTMMG TO KOPKIWVIKG 1) To KOTTOPA OV £ivol PETAPOAIKMG

evepyd 0mmg ot vevpmveg (Carmo-Fonseca et al., 1993, Fernandez et al., 2002).
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Yyqpa 1.8: Cajal bodies.

A: Kottopa Hela mov exppalovv v vPpidkn mpwteivny FP—coilin (ta BéAn vrodsikviovy ta
Cajal bodies). B: Ewéva, pfopiopot amopovouévov CBs, mov éxovv onuaviei ue aviicopo Evavtt
g coilin. C: TTedio and ekdvo, anopovopévovr CB e cdpmon nAektpovikod pkpookomiov. D:
Ewova and miektpovikd pikpookdmo petaeopds, omopovouévov CB. H mporteivn coilin
onuavinke ue ypved 5 nm (BEAn) xar  SMN (Survival of Motor Neuron) ue ypved 10 nm
(keparéc Permv). Khipaxa: 10 pm (A kot B), 500 nm (C), 200 nm (D) (Avomapoywmyr eikévog amd
Ogg and Lamond, 2002).

1.8.2 Ta ovoTaTikd wov evromilovror oo Cajal Bodies (CBs)

H peyoldtepn mpododog dcov agopd v peAétn tov CBS, emrtedybnke pe v
AVOKOADYT €VOG OVTICMUOTOS TOL OTOpovVOOnke omd €vav acbevn, pe 0VTO-GVOCO
voonua, to omoio avayvaplle emAEKTIKA KAmolo aviyovo ota CBS. Xvykekpiyuévo éva
avTIyOvVO HE MAEKTPOPOPNTIKY KWNTIKOTNTO G TNKTOMO molvakpviapiong ~80 KDa.
Meléteg avoso@Bopiopoy mov £ytvov pE ¥PNOT TOVL OVTICOUOTOS 0LTOV €0eEov OTL Ta
CBs ntav ot kipiec mupnvikEG €0TIEC EVTOMIGUOD TNG MPMOTEIVIG OVTAG, TOL EMIONG
evromlotav dtdyvtn 610 TupNVOTAaGua. Ady®m Tov PEYEBOLE TS KOl TOV GLYKEKPIUEVOL

evtomopov g ota Cajal bodies ovopdotnke p80 coilin (Andrade et al., 1991).
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Extoc and v mpwteivny p80 coilin, 6nwg £ywve yvwotd péom avoldoemv
avocoPBopiopov Kot VRPOIoHOD, Evag HeYAAOS aplBog TUPNVIKGV avTlyOvmv eviomileTon
ota CBs, cvunepilappavopévov tov SNRNPs (small nuclear ribonucleoprotein particles-
LKPG TOPNVIKG PBOVOVKAEOTPMTEIVIKG GOUTAEYLOTA).

Ta SNRNPSs givatl odumhoka pikpdv mopnvikedv popiov RNA (SNRNA) kat e1dikdv
TpOTEIVOV, Tov Sm (Smith), ot omoiec &ivar omoapaitnTo GLGTATIKA TOV GOUATIOL
naticpotog (spliceosome), mov amotteito yioo TNV S1001KAGI0 LOTIGUATOG TOV TPOSPOLUO
MRNA (pre-mRNA).

Méypt onuepa €xel omoderytel 01t ota CBS mepiéyovtal Tpelg KOPLEC KATNYOPies
LIKPAOV TUPNVIK®V provovkieonpoteiviv. Avtég eivan ot ioopopeéc UL, U2, U3, U4, U5
kot U6 tov SNRNPS ot omoieg elvar vmopovideg ToV GLUTAOK®V  UATIGHOTOS
(emavacvvosoompatwv) (Carvalho et al., 1999), to U7 sSNnRNA to onoio icwg va amatteiton
Yoo Vv ovtrypagn tov 3’ dkpov tov MRNAS tov wtoveov (Wu et al., 1996; Pillai et al.,
2001) ko ta pikpd RNAS tov mopnvickov (SNORNAS) U3 kar U8 kar dAra SNORNPS, 1o
onoio, Aappdvovv pépog otn dadikacio eneEepyaciog tov mpodpouov rRNA (Jimenez-
Garcia et al., 1994; Bauer et al., 1994; Boulon et al., 2004).

Eniong ota CBs gvtomilovtor puOuiotikés mpoteives Tov KuTTaptkoy KUKAOVL, Kot
OepeMdoels petaypagikol mopdyovies. XvyKekpuuéva, mePAaUPvouy TIC TLPNVIKEG
npwteiveg Nopp140 koaw NAP57 (Meier and Blobel, 1994), v widwm mupnvikh mpmteivn
fibrillarin (Frey and Matera, 1995), tv pipocouikn tpoteivny S6 (Jimenez-Garcia et al.,
1994) kaBa¢ kot 11g tpwteiveg SMN kot SIP1 o1 onoieg evtomiCovton oty 1d1a B€om pe ta
SNRNPs kot gumiéxovtal ot Proyéveon tovg (Carvalho et al., 1999). Axopa to CBs
ovumeptAappdvouv éva apud mpmteivikdv kvacov (Kinases): vy eEaptdpevn and v
cdk kwéon, n omolo oAANAETSPA He Tov petaypopikd mapdyovta TFIL, v eaptdpevn
and 1o CAMP mpoteivikn kivdon kot v dumhoehkopévny RNA mpoteivikny kivaon DAL

(Jordan et al., 1997).

1.8.3 H svvamwkn ovon tmv Cajal bodies

Ta Cajal bodies givatl dvvapikég popeég, ot omoieg veicTavTal KHKAOVG 0pyavmoNg
KOl 0mod10pyaveoong, ™G TPog T Lopeoroyia Kot To mepileyouevo tovg. Emnpealovton amd
TOPAYOVTEG Ol OTO10l HETARAALOLY: TNV YOVIOLOKN £KPPAOT, OTwg &ival T0 6TAO10 TOL
KLTTOPIKOD KUKAOL, TO OTASI0 TNG KLTTOPIKNG Olopoponoinons, n Oeppokpacio Kot M
YPNON HLETOYPUPIKDY OVOGTOAE®V. AVTO £YEl G amoTéEAEGHO TN UETABOAN TOL peyéBoug

Kot Tov aplBpod Tovg ota KOTTAPa, TNV HETAPOAN NG cHVOEoNS KOl TG TOCOTNTOS TMV

-17 -



SNRNPs mov Bpickovion 6 avtd kot 1o Pabud ewoeopviiovong e mpoteivng coilin
(Lamond and Carmo-Fonseca, 1993).

‘Exovv mapoatmpnOel petaforég oto péyebog kot otov apBpd tov CBs katd
SLAPKELNL TOL KVTTOPIKOV KOKAOV. XT1 pitwon eivar og peydrio Poadbud amodiopyovouéva
Kot 1 Tpwteivn coilin givon didyvtn oto kKutTapdTAacua 6Twe kot ta SNARNPS. Movo pikpa
katdlowta Twv CBS pmopodv va aviyventovv katd tn SdpKelo TG UETAPOONG KO TNG
avdoeaong. Asv aviyvevovtarl kaboiov CBS ota Buyatpikd kdtTopa katd ™ ddpKelo TOL
mpopov Gl otadiov, aArd yivovion dlokpitd apyotepa Kol Topapévouy otadepd Katd ™
puecdéeaoct. O apdudc tov CBs kot 1o péyebog Touvg eivor HEYIOTA GTNV UETAY®YY| OO TNV
G1 omv S edaon (Andrade et al., 1993; Fernandez et al., 2002).

Eivaw evdiapépov 1o yeyovog Ot m mpmteivy coilin veiotatal vaepeoo@opvAinon
Katd 1N dwpkela ¢ pitwong. Eivor mbavév avt n poocpopurioon otn LETAQAcT Vo
anotelel évavoua yuo v amodopydveon twv CBs (Lamond and Carmo-Fonseca, 1993).
Ta CBs vrokewvtor 67 éva ypriyopo kOKAO opydvmong/ amodiopydvoons Omwg eaiveton
amd 600 otoryeio. Katd mpmtov, n eEwyevovg mpoélevong tpwteivn coilin mov ekppaletot
0€ KUTTOPOKOAAEPYELES, UTOPEL VO EVTOTIOTEL G° QLTE AUESH, KOt KOTA OE0TEPOV 1| YP1IoN
AVOOTOAE®V KOTO TNG TpwTeivocvvheonc mpokodel otadiokn e&apdvion twv CBs (Rebelo
etal., 1996).

Eilvar yvooto eni mapodeiypatt, 6tt n mopovoia twv SNRNPS ota CBs eivau
eCaptopevn amd v petaypoaer. Otav n petaypaen Bpioketarl o€ kotacToAn, To SNRNPS
dev aviyvevovtar mAéov ota CBS, ovte katl cuvdéovtar pe Ty mpwteivn coilin, aAld oe
avtifeon, ovvabpoiloviar o€ peydio ocvumiéypota mhveo oe  TEUA)L YPOUATIVIG
(Bohmann et al., 1995). Kdto omd ocvvOnkeg évtovov Bepuikod ook, Omov emiong
KOTOOTEALETOL 1 UETAYPOON TOV TEPICCOTEPOV YoVIdi®mv, mopatnpeiton  emiong
amodéopevon tov SNRNPS amd to CBs. Avtifeta, o apiBuog tov CBs ava muprva
avEavetol Kato and cvvOnKkeg mov To KVTTOPO dlEYElPOVTIOL MGTE v avamtuyBodv pe
YPYOPOUG pLOUODG 1 6TV TTpoKoAeitar yovidlakn €kepacn o ynid emimeda (Carmo-
Fonseca et al., 1992; Lamond and Carmo-Fonseca, 1993). And ta dedopévo ovtd
TPOKLTTEL OTL 1 oYéon mov vrapyel petald twv SNRNPS kot tov CBs eivar dvvapukng
QUOEMG Kol OTL 1] cLVOESN TOVG evicyveTol Otav véa aviiypaga cvvtifevral. EmmAiéov
vrodekvoetal 6Tt givor amiboavo ta CBS va evepyoldv ¢ ympotl amobrkevone ywo to
avevepyd SNRNPS ta omoia cuscmpevoviarl 6° avtd GTNV amovcio LETAYPAPNG.

Axopa o évoeién ot ta CBS amotelohv duvapikéc popeés, ival 1 evoomupnvikn
Tovg Kivnon. ‘Exet mapatnpnet Eva e0pog kiviicemv, coureptiapfoavopévev g kivnong

TOVG OOUECOV TOV TPMOTOTAAGOTOS TOV TLUPNVA, TNG CLVEVMOONG KOl TNG OTOUAKPLVOTG
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pepovouévav CBs. ‘Exet mapoatnpnbet eniong n kivnomn toug mpog Kot amd v Teploépel
T0L TVPNVickov kKot evtog avtov (Platani et al., 2000; Platani et al., 2002). Eropévag ta
CBs, elvat moAv gvkivnta Kot Tapovctdlovy anpocsdoknTa HeydAns eUPELELNG KIVIGELS, O
omoieg iomwg va elvatl GNUOVTIKES Yo TNV EVOOKLTTAPLO AELTOVPYia TOVG. AVTEG O1 KIVIGELG
fomg va glvol To CUVOVOGUEVO AMOTEAEGHO TNG EVEPYOV pLOUIONG NG OEGUEVONG OTA
EVOOTLPNVIKA GLOTATIKA KoL TG TOONTIKNG O18)VONG TOVG EVTOG TOL TVPTVOTAAGILOTOG,
O mepopotikég pekéteg pe Paon ovtd ta otoryeia, amokdivyay v Vrapén dvo
tonwv CBS, ta onoia dtapépovy oto péyebog, otn poplakny ovvOeEoN Kol 6T OLVOLIKN
CUUTEPIPOPE KOl EMOUEVIS EVOEYETOL VO EKTANPDVOVV SLOPOPETIKEG AELTOVPYIEG GTOV
nopnva. O mpdtog TOmog amoteleitor and CBs pe didpetpo 0.4-0.7 um evd o debtepog
tonmog and CBS pe ddpetpo <0.2 um. Xto CBs tov mpdTov tOmoL aviyvedovtol ot
npoteiveg fibrillarin koaw Sm SNRNP, ot onoiec dev aviyvevoviol g OAo T0. GOUATIO. TOV
devtepov tomov. Emnpdcheta, n poprokr| cvvleon twv CBs tov dedtepov tumov mowkiiet
om0 GOUATIO GE COUATIO, VTOONAD®VOVTAS TNV VIOPEN 10 Kot GAA®V VITOKATNYOPUDYV.
Ocov agopd v SUVOUIKY TOVG GUUTEPLPOPE, Ot dVO aVTOl TOTOL SUPEPOVY OTNV
TayvTNTo Kow oty guPéreta kivnong tovc. Ta CBS tov dehtepov THTOVL Kivovuvtol UE
LEYOADTEPES TaYDTNTEG KO GE LEYOAVTEPO EVPOC o’ 6Tt Tov TpdTov (Platani et al., 2000).
EmumAéov, melpdpata potoredkavong (FRAP) mov éxovv deaybet, setonyodvron pia
ovoveyn kivion kot toxeio evoAlayn tov mpoteivov petaéd tov CBs kot tov

nupnvomidouatoc (Sleeman et al., 2003; Dundr et al., 2004).

1.8.4 IBav Aertovpyio Twv Cajal Bodies

H mnpng Aettovpyia mov emttelovv to. CBS mapapével péypt otiyung adlevkpiviot,
Tapd TO YEYOVOG TOV GLVEYOVS EUTAOVTICLOD TOV dESOUEVOV TTOL aPopovV T chvOeon,
TOV EVIOTIGUO KOl TN OUOPO®MGT] OVTAOV TOV dOUDV. APKETA OLOPOPETIKE LOVTEAL EXOVV
npotabel yio v eENynon g Asrtovpyiag avtnc. [ToAld and avtd £xovv eykataielpbei,
AMOY® VEDTEPOV TEPAUOTIKOV OEOOUEVOV, VO GAAN OvVTOTOKPIvOvTol KOADTEPO, GTO
VOLOTAUEVO TEPOLOTIKO SEOOUEVOL.

Onwg  €xer  mpoovapepbei, ta CBs elvar mAovowa oe  pkpég mupnvikég
pipovovkieonpmteiveg (SNRNPS). Apyikd to pukpd mopnvikd RNA (SNRNA) cuvtifeviat
OTOV TLPNVO KOl EMETO EEAYOVTIOL OTO KVTTOPOTAAGHO OTOV GLYKPOTOUVTIOL UE TS 7
npwteiveg SM, pe ™ Pondeta Tov cupmAéypatog g SMN (8 mpwteiveg Gemins pali pe ™
SMN). Ot mpwteiveg SM, ypnoyedovy ®g onpa yo. TG dtodtkacies vep-peduiioong tov

KOADLUOTOC m’G tov 5° Kot ) domoon tov 3’ akpov twv SNRNA. Otav oAokAnpmbodv
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autd To  PpoTa,  ETOVEICAYOVTOL OTOV  TUPNVA ¢ PPOTPOTEIVIKE  copoTIOw
(emavaovvdcocmpota) (Wahl et al., 2009) (Zynua 1.9).

ApKeTd TEPOpOTIKG dedopéva dEKVOOLV OTL, OTAV TO CLUTAEYUATO QVTA EIGEADOVY
o010 TupNva, apykd cvvabpoilovtor oto CBS kot émeta petokivohvtal 6To. TuPNVIKA
speckles, o omoiog givatl 0 ydPo¢ amodNKeLONG TOV HETAYPAPIKGOV Topayoviov (Sleeman
and Lamond, 1999) kot avtictoyo ta U3 ko U8 SNORNAS cuvabpoilovtot mapodikd oto
CBs mpwv v kivinon tovg mpog tov mupnvioko (Narayanan et al., 1999). Eneéepyooia tav
KUTTAp®V pHE TOV avactoAén Aegmtopvkivn B, o omoilog avactélier v €000 TV
veoouvTiBéuevay petaypaenudtov SNRNA o6to kuttapdmAacue Kol ®g €makoiovbo
avayotiCeton n wapoaywyn tov SNRNPS, mpokadel eniong v kévoon tov CBS and ta
SnRNPs (Carvalho et al., 1999).

O evIoOmIGUHOG OVTAOV TOV TPOTEIVIKOV CLUTAEYHAT®OV oto. CBS vmodnidver v
EVOEYOLLEVT] EUTAOKT] TOVG OT1 dladtKaGio ToL poticpatog tov Tpoddpopov MRNA. Qotdc0
ot dopég avtég dev mepiEyovv ovte DNA (Thiry, 1994), ovte dAleg mpwteiveg, non-sSNRNP,
omwg Tic mpwteiveg SR Kkou tov moapdyovio U2AFSS, anapaitnteg Yo 1 Stadicosio Tov
potiopotog, ovte Ko ta idla ta Tpwtoyevy petaypapruoto (Carmo-Fonseca et al., 1992).
Enopévog, ta CBsS elvar amiBavo vo amotehovv Tig KOpleg eotieg OeEaymyng Tov
patiopatog tov mpddpopov MRNA, aAld @aivetor vo eUTAEKOVTOL OTIG OLOOIKOGIES
ouvappoAdynong, opipovong kot petagopds twv SNRNPs kot SNORNPS ota onpeioa
Aertovpyiog Tovg kot mOavov kol GAA®V pokpopoplok®v copmieypatov (Gall et al.,
1999).

To ooumieypo SMN cvvodedet ta SNRNPS and 10 KuTtapOTAAGHO GTO TLUPTVAL Kot
éneita oto. CBS. Ia ) otoyevopevn avt kivnon ota CBS givor amopaitnt 1 dpeon
aAANAETIOpaoT aVTOD TOL GLUAAEYHOTOG e TV TpmTeivy Coilin, péow ¢ GLUUETPIKNAG
duebvrlimong tov apvoikdv kataAoinwv apywvivng ot doun RG g coilin (Hebert et
al., 2001). Emuwdéov, m SMN olinkemdpd pe mapopowd opvivo&ikd  KotdAiotmo,
dpebviapywvivig pe oplopéveg oo TIc SM mpmteiveg Tov id10v cupmiéypatog (Friesen et
al., 2001). Emopévoc ta CBs, pmopei va amotehodv ydpovg 6mov 10 cvumieyuo SMN
elevbepmveror amd ta SNRNPS kot avakukKA®VETOL TGM GTO KLTTOPOTAACHLO, OEGOUEVOD
ot ot dopéc RG tov mpmteivav coilin kot Sm cvvaymvilovto yo ) déopevon e SMN,
evd M coilin aAAnAemdpd pe Sropopetikn mepoyn TV SM mpoteivov and 6t 1 SMN
(Hebert et al., 2001).
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Yyqpo 1.9: To povomatt Proyéveons TV MKPAOV TUPNVIKAV PLPOVOVKAEOTPOTEIVAY
(SNRNPs). a: Xto xvtrapdémiacpo or 7 mpmteiveg SM decpedoviar oty TpOTEvVY] pOBuiong
ayoywomrag yAopiov, pICIn (chloride conductance regulatory protein), pe 10 cOumAoKO NG
uebvrotpavoeepdong apywivng 5 (PRMTS) - n omoia dyuebviidvel coppetpikd tic SmB, SmD1
Kot SmMD3 — kot pe 1o odumreypa g SMN (survival motor neuron). b: To coumheypo g SMN
anoteheiton amd tig Tpwteiveg SMN (oe olryopepn popen), GEMIN2-8 ko tnv UNR-interacting
protein (UNRIP). ¢: ta SNRNA petoypd@ovial 6Tov Tupiva Kot 6T CLVEXELN SECUEVOVTOL GTIG
apwteiveg e€ayoyng, tov eocpopvlopévo mpoocapuoyéa tov RNA (PHAX), to odumieyuo
npocdeong koaivupotog (CBC), v exportin (XPO1) ko tqv mopnvikn mpoteivny GTP
owvoedepévn e tov Ras (RAN) ko e€dyovtol oto kuttapdémiacpa. d: To cOumieyua e SMN
tomofetei Tig mpwteiveg SM ota SNRNA. To kdvppa 7-pebviyovavosivig (M'G) tov SNRNA
vreppebvidvetor omd v cvvletdon g tpebvioyovavosivig 1 (TGSL), emrtpénoviog oto
oOumleypa vo. Tpocdécel TG snurportin kou importin, mov pecorafodv yio TV €i60d0 TOL
copmiéypatog SMN pe tig SNRNP otov moprva. e: Xtov mopiva, 10 cOumAeypo ovtd evtomileton
oto, Cajal bodies kot To SNRNPS voictavtar meportépm wpipovon (Avomopoyoyr £ovog amd

Burghes and Beattie, 2009).
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Eniong éxel Bpebei n dmapén pikpdv RNAS (scaRNAS), ta omoia evtonilovton e16ikd
ot CBS kot dwadpapatifouv onuovtikd poOAO GTIC PETO-UETAYPOUPIKEG TPOTOTOGELS TMV
mAovoiwv oe ovpdivn (U) snRNAs (Darzacq et al., 2002), 6nwg 2’-O-pipocopikn-
pebvAimon kot Yevudo-ovpldvAimoNg, evioyvovtog £16t 10 poio tov CBS ot Proyéveon
tov SNRNPs (Jady et al., 2003).

[ToAd mbavov ta CBs va dwdpapatiCovv kot emmAéov poAo otov muprva. Eyet
OeyBel, o611 ovvdfovtal  €0IKA  HE  CLYKEKPIUEVOLG  YOVIOOKOUS  TOTOLG,
ocvunepiiappavouévov twv totovav (Frey et al., 1999) kot tov coumieypdtov tov
yovidiov Ul kor U2 SnRNA kot U3 snoRNA (Smith et al., 1995), kot icwg vo. pubuilovv
TNV YOVIOLOKY EKQPOACT] GE GLYKEKPIUEVOLG TOTOVS 1| VL €QOIALOVY LE HETAYPOPIKOVG
TOPAYOVTEG 1} AAAG. GUGTOTIKG TOV EIVOAL ATOPAITNTO Y10 TNV OTOTEAEGLOTIKY EKQPOACT GE
avtd ta onueio (Frey and Matera, 2001).

H ocbOvdeon tov CBs pe to yevetikd tomo twv SNRNA, cuvdoéetan cuyvd pe ta
copotidole PML, ta omoia givor mlodowo o€ HETOYpOOIKOVS TOPAYOVTEG KOl OVTN M
obvdeon emtvyybvetan pe v aAAnAeniopoon peta&d g coilin ko g Tpwteivig tov
PML, PIASYy (Sun et al., 2005).

‘Exer mpotabet emiong 611 iomg vo pvOuilovv ™ cvvappordynon &vog peyaiov
€0POVG LOKPOLOPLOK®DY GUUTAEYUATOV, GUUTEPILOUPBOVOUEVOV TOV GUUTAEYUATOV TNG
petaypaenc. Avto Adym tov evtomiopob ota CBS tov Xenopus, ToAAamA®V HETAYPUPIKDOV
TOAPAYOVIOV (LETAYPOPIKMDV, CGYNUATIGHLOV KOAVUUOTOS, HOTIGHOTOS, TOALOOEVOAMMONG
Kot Suwomaong tov pre-mRNAS) g RNA moivpepdong I (RNA pol 11). Avtoi ot
peTaypaeikoi mapdyovieg cvumeprappdvoovv tig vropovadeg g pol Il (Morgan et al.,
2000; Doyle et al., 2002), tov yevikd petaypapikod mopayovra TFIF (Gall et al., 1999),
mv vropovado TBP tov TFIID (Gall, 2000), to mapdyovta ocdvdeong pe tov TBP,
TAFI170 (Bucci et al., 2001) kot tov mapdyovta expunkovong TEIS (Smith et al., 2003). O
eumhovtiopog Tov CBS pe petaypagikovg mapdyovieg, SnNAdVEL OTL GLVOPLOAOYOVVTAL 1|
Toyyavouv enelepyacioc ekel, mpwv petapepBovv oto onueia Asttovpyiog TOLG Kot
EVOEYOUEVOG TO ToALTTapayovTikd cvumAeyua g RNA Pol 11, vo mpocsuvappoloyeitot
apywd oto, CBs (Morgan et al., 2000; Smith et al., 2003).

H oloéva av&avopevn AMoto tov tpoteivov mov gvionilovtol ota CBs dievpiver kot
TO QAGLO T®V AELITOVPYIOV oL Thavov va emtteAovy to. CBS. MdAiota, ) mapovsio g
avOpoTvNng tedopepdions, pe eviomioud g ecmtepikng untpag RNA (hTR) (Jady et al.,
2004) ka1 g ékppaong T kataivtikng vropovadag hTERT (Zhu et al., 2004) ota CBs,

etonyeiton mBavny oyéon petald towv CBS kot g ynpavong. Ta CBs gumiékovtan, gite
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oV opipavoen tov cvotatikedv g RNA telopepdong n/kal otn cvvapuordoynon tov
evepydv RNP coumAdkwv.

[ToAlol amd tovg mapdyoviec mov ocvvabpoiloviar ota CBS givor Asttovpyikd
oVVOEdEUEVOL e TOV KLTTOPIKO moAlamAaciacud. H ovykévipworn tovg ota CBsS
avédvetal o€ KOTTOPO 7OV OLOPOPOTOIOVVTIOL KOL 1 €VOOKLTTAPLO TOLG GLYKEVTPMON
e€aptator omd T WIOTIKA OEYEPOT TOV KLTTAP®VY, OTMG 6T TEPITT®ON TOv TOAVOD
petaypoaeikov moapdyovta ZPR1, mov aAlniemdpa pe v SMN (Gangwani et al., 2001)
Kot Tov owéntikov mapdyovia FGF-2 (fibroblast growth factor 2) (Claus et al., 2003). H
napovoio ota CBs, e NPAT (Zhao et al., 2000) kot tov cvumiéypatog cdk2/cyclin E
Katd ™ dudpkelo e G1/S petdpaonc (Liu et al., 2000), vrootpilovv 61t icmwg To. CBS va
OLUUETEYOVV GE TOAAGL QOIVOUEVO TIOL £€YOVV GYECT HE TOV TOAAUTANCIOCUO TV
KUTTOP®V, OTMG €ivat 1 TPAOOOG TOV KVTTAPIKOV KUKAOL Kot 1 frochvleon TV 16TovmV.
Emmiéov, n NPAT aliniemdpd pe v CBP (CREB-binding protein), n omoio &ivot
ovotatikd Tov copotwiov PML ko eivor onpavtikr] yio v mpdodo Tov KuTToptkol
KOKAOD KO 1] VTEPEKPPOCT] OVTMOV TV VO £XEL OC OMOTEAECUO TNV ETMICTELON TOV
KLTTApOV Yo €i6000 Tovg otnv S edomn (Wang et al., 2004).

Axopa éva mapadetypa tng ovvoeong tov CBs pe v mpdodo tov kvtTaptkov
KOKAOV, givar 1 Topovoia oe owtd tov cvpmAéyuatog CAK (cyclin-dependent-activating
kinase) (Jordan et al., 1997), 10 omoi0 POCEOPVAIDOVEL KOl EVEPYOTOLEL TOL GOUTAOKA
ueta&y kvooov (CDKS) kot kokhvav, wbwitepo tov copmieypdatov cdk2/cyclin A kot
cdk2/cyclin E.

H napovoia g vrepo&upedolivne V (peroxiredoxin V) (Kropotov et al., 2004) kot
TOV TPOTEIVOV oV aAANAemdpovv pe v P53 (SMN ka1 PKR), 6mw¢ kat tng id10g g
p53 ota CBs, oe cvvinkeg otpeg, odnyel ot mbavhy eumhiokn towv CBs ce povomdtia
andkplong petd omd kutrapikd otpeg (Cioce and Lamond, 2005). H p53 amoterei éva
e€aipeto arcOntpa Tov KLTTOPWKOD OTPES Kot dadpapatilel onuovTkods pOAOLS GTN
pOOuIon TOL KLTTOPIKOL KUKAOL, otnv emdWpbwon tov DNA kot ehéyyov 1ng
Hetaypoeng kot e amomtwong (Jin and Levine, 2001).

AxOpo po eVOLQEPOVCA TPOOTTIKY| Yot TO pOAo mov dwadpapatiovv ta CBs, kot
KOT' EMEKTOOT TOV TPOTEIVOV TOL evtomilovial oe avtd, eivor 1 mbavi] cLVOESN TOVG LE
éva g0pog avBponiveov acheveldv, OTMC eivatl o1 VELPOEKPLAICTIKES acBéveleg. Avaivon
avOpodnvov vevpovev, oamd oobeveic pe vevpoekpuAoTikég acbéveleg [Huntington’s
(HD), dentatorublal-pallidoluysian atrophy (DRPLA) kot Machado-Joseph’s (MJD)], mov
opeihovtar oe emypmkovvon tov emavolnyeov CAG (polyQ) otic arAniovyieg twv

yovidiwv tovg, £0e1&e otevn obvdeon tov CBS pe ta mupnvikd vevpikd cVGoOUATOUATO
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(NIIs), mov mapotnpovviar o’ ovTEC TIG oobéveleg. AvTd 1O TUPMVIKA VELPIKG
CLGOOUOTOUOTO EIVOL YOPAKTNPLOTIKG Yio oKT® POlyQ acBéveleg, kabdg emiong kot yuo
GAAec vevpoekQLUMOTIKEG acBéveleg, Ommg Alzheimer’s xou Parkinson’s, mov d¢
YopakTNPifovion amd TV ETEKTOCT) TOV TOAVYAOLTOUIKAOV ETOVOAYEDY, VTOONADVOVTOG
0Tl {omg avTtég o1 acbéveleg va popdloviol Kowovg HopLokoDg HUNYOVIGHOUS 1| KOWVOoUg
HopLakovS TPOTOTONTEG. XVUVNOmG, oVt 1 ovvdeon mapovotdletal, gite pe amevbeiog
EMAPT TOVG, £(TE e pecoAdpnon peta&d toug dopmv widiov (Yamada et al., 2001).

Oa mpémel va onuelwOel 0TL aKOp KL v To o TAvVE poviéda Asttovpyiag tov CBS
Bewpnbodv opBd (Zyfuo 1.10), dev amoxieictar m mOavotnto VmopPENG EMTAEOV
Aertovpyudv mov Ba propoHoav vo entteAovv avtd to cwpotidle. Enl tov mopdvtog moArd
nepdpata Ppiokovtar oe €&EMEN pe v eimida ebpeong véwv otoyeiov mov Oa
odMnynoovv otnv vpeon g akpPoic Asttovpyiog 1§ Aettovpyidv Tov CBS dnwg kot GAA®V
EVOOTTLPNVIK®OV SOUADV, £XOVTAG MG OTATEPO GTOYO TNV EVPECT NG OKPPOVS AELITOVPYIKNG

0pYAVMONG TOV TVPTVAL.

Mitogenic stimuli
N

Yyqpe 1.10: Avaypoppotiké poviého mov Tapovctaiel T0 EDPOS TOV TOAVAV AELTOVPYLAV TOV

CBs. (Avamapayoyn ewovog and Cioce and Lamond, 2005).
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1.9 p80 coilin — To avtiyéve Twv Cajal bodies

H mpoteivn p80 coilin givar po mopnvikn apwteivy 576 apvolémv kot evromiletan
oto CBs, aAld kot dudyvtn o610 TUPNVOTAAGHA, JTNPAOVINS £vo SLVOUKO 160L0Y10
evtomiopob petad tov 0o avtmv meploymv (Platani et al., 2000). H npwteivn coilin givau
(QUAOYEVETIKO GUVTNPNUEVT, OAAG Oev Tapovctdlel Kapio oporoyion pe GAAN YvooT™)
TpOTEIVN, €KTOg and v mpwteivn Sphl tov Xenopus (Tuma et al., 1993), ue v omoia
Tapovstdlel YNAO T0c0oTd OUOOTNTOG HOVO GTNV ApIVOSIKY] OAANAoVYio TOL GUIVO- Kot
KapPBo&v- tehkov akpov (Bohmann et al., 1995).

[Mepdpoata mopodikng vrepékppaong tng coilin oe xottopo Hela, eiyov g
AmOTEAESUO. TV OOENCN TNG TUPNVOTAAGLOTIKNG GLYKEVIPOONG NG TPMTEIVNG, YOPIC
OU®G Kovéva omoTéEAESHO oTOV aplBud Kot T popeoroyia tov CBS, dnidvovtag 6t n
ovykévepwon g coilin dev givatl 0 kKaBoploTIKOG TAPAYOVTOG Y10, T GUVOPUOAOYNOT TOV
CBs (Hebert and Matera, 2000).

Meléteg anaroipng 1 peoppvbuiong g npwteivng coilin, édei&av o6tL N TpoTEIv
coilin eivar amapaitnn yo v euotoloyikr dnuovpyia tov CBS kot ¢ chotaong tovg
(Collier et al., 2006; Liu et al., 2009; Lemm et al., 2006; Whittom et al., 2008). Xtnv
Drosophila kot otnv Arabidopsis dev Topatnpnnke Kovévag GavoTuTTog otV avartuén
TOV PETOAOYHEVOVY opyaviop®y Tov amovociale n mpoteivy coilin (Liu et al., 2009;
Collier et al., 2006). Ev tovto1g, oe kvttapo Hela mov mpoayuatonomnke Kataotoln g
npwteivng coilin ue ™ pébodo RNAI, mapatnpndnke peimon 1ov TOAATAACIOGHOD T®V
kuttapwv (Lemm et al., 2006; Whittom et al., 2008), ev®d movrtikio oto omoio €yive
amaAolpn Tov yovidiov g coilin, mapovsiolov peimon g Procipotnrag, tov pLOPov
avénong kat g yovipotntog (Walker et al., 2009). Onog npoxvntel, n mpoteivn coilin kot
kat’ eméktacn to CBs, dev sivor amapaitmta yio v emPioon, oArd n covinpnuévn
vrapén toug (Nractikd, LTA, PHHYES) VTOONAEL KATOLO ONUAVTIKO POLO.

H coilin aAAnAemidpd pe tov €antd g kot avti N aAAnAenidpaon kabopiletor omod
ta 93 apivoléa TG OUIVOTEAMKNG TNG TEPLOYNGS, TO oTtoia elval amapaitnTa Yo T 6TdOYEVON
¢ ota CBs (Hebert and Matera, 2000). Anoudxpovon gite tng Gpvo-, gite g xkoapPpoév-
TeEMKNG aAAnAovyiag g coilin, eiye mg amotédeoua TNV OTOTPOTY TOV EVIOTGHOD TNG OTO
CBs. Emopévmg, yioo v mopovsio g 6° autd, amoitohvtol Kot UKo e TpoTteivng,
nolan &g, emavorapfovoueves aliniovyieg (Sleeman and Lamond, 1999).

EmmAéov PeETO-HETAPPACTIKEG TPOTOTOGELS, OTWS PMOPOPLAIWGT Kot peBvAiwon,
nov apovctaloviar 6to kapPo&utehkd dxpo g coilin eanpedlovv ™ cLykpOTHON TOV
copotdiov Cajal (Hebert and Matera, 2000; Hebert et al., 2002). H aAAniovyia tg coilin

neEPIAAUPAVEL HEYAAO TOGOGTO GEPIVAV, TOAAEG amd TIG OToiEg Elval POGEOPVAIOUEVES IN
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vivo (Carmo-Fonseca et al., 1993). Enuetaxég petodlhaéels (Ser oe Asp) oto mpofAemdpeva
onueio. OGEOPLAIMONG 0T GLVTNPNUEVN KOPPOELTEMKT TTEPLOYN, £XEL MG AMOTEAEGHLO
EVILTIOGLOKY 0ALOYT oTov aplBpd tov CBs kot onpovpyio avdiloyov dopudv péca Gtov
nupnvioko (Sleeman et al., 1998).

Avdioyo amotélecuo ANEONKe Kol petd amd €kBeon TOV KLTTAPOV G E101KO
avaotoréa TG ewoeatdong Ser/Thr, vrodnidvovtag OtL 1 SPOOoPOPLAI®OT NG
TpOTEIVIG gival avaykaia Yo v cvykpdton tov CBs (Lyon et al., 1997). Eniong, £xet
derybel O6TL ovppetpikn owebBvAimon tev Katodoimwv apywviving mov Ppickoviol 6To
potifpo tov RG box tng coilin givon {otikng onuociag yi v evooudtwon Tov
ovumAéypatog e SMN oto CBS, péow aiinienidpacng pe tmv coilin (Hebert et al.,
2002). Avtifétmg, Sm npwteiveg alAnAenidpoovy pe ) coilin kot ovt 1 aAAnAenidpaon
dev emmpedletar and v dpebviioon (Xu et al., 2005). Emopévog, ol petaypapikég
tpomomomoelg ¢ coilin icmg vo Tpokolodv adhoyr 6T dOUN TNG TPOTEIVIG OV Vo
SLEVKOAVVOLV TNV CAANAETIOPACT TNG LLE TOV EAVTO TNG N HE GALEC TPOTEIVES KpioIUES Yia
™ cuvapuordynon towv CBs.

Exto¢ and tov kpicio podo mov dwdpapatiCer n coilin oty akepardmra tov CBs,
AMya givon yvootd yio v Agrtovpyia mov enttelet  mupnvoriacpotikny coilin. Ipécpoateg
ueléteg, vmodekvoovy 0Tt M Tupnvomhacpotikny coilin icwg va AapPdver pépog otal
povomdria emdidopbwong tov DNA kot amokpiong oto kvttapikd otpeg (Gilder et al.,
2011; Velma et al., 2010; Morency et al., 2007; Cioce et al., 2006).

Eniong mopatnpnOnke, o0tL petd amd PAdPn tov DNA, mov emdyetor pe ypnom
Cisplatin 1 éxbeon oxtivofoAiog y, ot omoieg mpokaAovv Egywpiotd &idn PAdPng,
TPOKAAOVV TN ©LOCMOPELON NG TpwTeivg Coilin 6tovg mMVpnvickovg VIO pHopEN
GLCOCOUATOUATOV, YEYOVOS TOV GUUTITTEL YPOVIKA LE TNV KATAGTOAN TNG EVEPYOTNTAS TNG
RNA molvpepdong | (Pol 1). Emmdéov, tdc0 n cisplatin 660 kat  axtivoforia v, exdyovv
Tov cuvevtomopod g coilin pe tnv RPA-194, 0 omoia amotelel t peyolbtepn vropovado
™c RNA Pol |, ue v omoio aAAnAemidpa €101ka n coilin 6mwg kot pe tov mapdyovio UBF
(upstream binding factor) mov amotelel Tov kOplo pLOeT ™G evepydTtag ¢ Pol I. Mg
avocokatafvdion g ypopoativig, moapéxoviar otoyeia 6t n coilin cvvrovilel v
ovvdeom g Pol | ue 1o prpocwpkdé DNA (Gilder et al., 2011).

H npwteivn coilin, éxel Bpebel va alinAemidpd pe tic mpoteiveg Ku70 ko Ku80, ot
omoieg oladpapatiCovv tov Kupiapyo péAo otnv dadikacio g emodopbwong tov DNA.
2TOVG AVATUTOVG EVKOPLMTIKOVG 0pYovicHos, ot Ku dnpovpyodv coumAeypo pe tnv
KataAvTik vropovada g DNA efaptopevng kwvdong DNA-PK [DNA-dependent
protein Kinase catalytic subunit (DNA-PKcs)] (Carter et al., 1990) kot Bewpodvtan ot
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Aertovpyobv ¢ mpwteiveg kpiopata (scaffold), otic omoieg umopodv va mpocdebodv
GAec mpwtEivee mOL eumAékovTal oTn Oladikacio emOOpOBmong Tov un opdAoyov
Opavcpatoc g dumAng édkog Tov DNA [non-homologous DNA end joining (NHEJ)]. H
coilin givar wovn vo kataoteidet in Vitro ) dwadikocio avty Kot exedn ot mpmteiveg Ku
dev evtomilovtal ota CBS, moAd mbavév oty pvbuion g emddvpbwone tov DNA va
ovppetéyel n vovkieomloopatiky coilin (Velma et al., 2010).

H xapPo&utehikn meproyn g coilin [460-576] éyel amoderybei pe t pébodo NMR,
ot mepiéyetl doun Tudor, n omoia givar pia drvomn doun mov oeeiletarl ot Tapovsia 2 un
dounuévev oy, pe pio omd ovtéc va givor peyolvtepn amd 30 autvoééa o pnKog
(Shanbhag et al., 2010). Ot douéc Tudor €yovv evtomiotel o€ TOAAEG TPMOTEIVEG OV
ovvevtomifovtatl e TiG PIPOVOVKAEOTPMTEIVEG N L€ GUUTAEYLLOTO TTOV GLVOEOVTOL LE LOVN
alvcidoa DNA oto muprva, v putoxovolokr pepppdvn 1 6to kivntoxwpo. Eyet derybet
6t deapevovv DNA kot RNA kot tporomotovv apuvo&éa (Ponting, 1997).

H coilin éyst deyybei emiong va amokpivetar ot PAGPN TV KEVIpOUEPOI®V NG
HEGOQOONC, TOV dnuovpyeital and v TPosfoin Tov 10V Tov Epmnta tomov 1 [Herpes
simplex virus type 1 (HSV-1)] kot va cvvaOpoileton o avtd (Morency et al., 2007). O
HSV-1, emdyer v anoctabepomoinon twv Kevipopepdiov xotd T pecdPAoN,
QMOTPEMOVTIOG TNV GLUVOPHOAOYNOT  TOL  KIVNTOYMPOL Kol T  OEGUELOT  TOV
HKpoooANVick®v Katd ™ dtdpketo g pitwong (Everrett et al., 1999). O mopdyovtog mov
evBvvetat Yo avto etvon N tikn Tpwteivn ICPO, n omoia evromiletan ota KevTpouepidlo Kot
TPOAYEL TNV amotkodounon ord to mpwtedcmpo tov CENP-A, -B kat -C (Everrett et al.,
1999a; Lomonte and Morency, 2007). Q¢ amotéieopa avTo0, Ta KOTTOPO UTAOKAPOVTOL
OTO OPYIKA GTAdL TNG PHTOONG Kol TEAKE vOIGTAVTOL TPOWPT) KLTTOPIKY] OOUPEST, YOPIg
T0 SLOYOPICUO TOV YPOUOCOUATOV, 0dNydvTag o avevmiogdior (Lomonte and Everett,
1999). To @awvdpevo owtd pmopel vo, TPOKOYEL amd OTOL0ONTOTE GTPEG OV UTOPEL Vo
emoeépet PAAPN oto DNA 1 v ypopotivn.

[Tpwv ) pitwon, o¢ yvootd ta KOtTapa Tpoyuatorolovy EAeyyo yio AN octo DNA
tovg, kaBmdG emiong Kol yw TN oot oo TG oTpdktov. Katd 1 odpkela g
LEGOQUONG, TO KLTTOPO EMIONG EAEYYOLV TOL KEVIPOUEPIODL TOVG HE €va AYVOGTO
unyaviopo. O mpoteiveg coilin, fibrillarin kot SMN, Bpébnkav va cuvabpoiloviar cta
npooPePfAnuéva  kevipopepidw, yopic Ooumg va avtikabiotoov Tic CENPS  mov
amovctalovv. Ot mpwteives avtég evtomilovtal g yvmoto ota CBS, mov mepiéyovv pikpd
RNAS kot iowg 0 poOAOg TOLG v €lval M HETAPOPA OLTOV GTO. KEVTIPOUEPId, Yo vV

evepyomomoovy v emdidopbwon tovg (Morency et al., 2007).
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EmnAéov, éxbeon oe axtvoPoia mov emdyer v PAGPn tov DNA, éxet o¢
amotélecpo TV amodlopydvmorn tov CBS kot avakatovour €v HEPEL TV GLOTUTIKMV
tovg. O mpwteiveg fibrillarin, NPAT xou NOPP140 mapapévouv ota CBs, evd ot
npwteiveg coilin kar SMN kot ta SNRNP dev evtomifovtav mAéov oto. CBs. H coilin
EUQOVILETOL O EKATOVTAOEG UIKPOESTIEC GTO TLPNVOTANGHA Kol €V UEPEL EvTOoTiLeTAl GTO
speckles, evio 1 SMN mapovcidlel dtaomopd oto Kuttapdémlacua kat to. SNIRNAS kot ot
npwteiveg SNRNP mapovsidlovy voukAeomlaouaTiky] dl0oTopd Kot GUGCMOPELCT T
speckles. H andkpion avth tov CBS, 610 gpébiopa g axtivoBoriog UV-C, emtvyydveto
eV uépel pe v olapecordpnon tov PA28y (vmopovddo y TOL EVEPYOTONTH TOL
TPOTEACOUATOS), OV €xel detybel Ot oAAnAemdpd pe v coilin kon n vepékppacn Tov
npokael Tov 1610 povotumo pe avtd g aktvoforiag UV-C (Cioce et al., 2006).

To gupfjuata ovtd mov agopodv tn coilin, givar onuavtikd yoti vrodnidvovv
KOWVOUPYIEG AEITOVPYIEG TG TPOTEIVNG NG, Tov gival aveEdptnteg and T Proyéveon

Tov SNRNPs.

1.10 Megpikoc Xapaxktnpionoc hCINAP

1.10.1 Evéoxkvrraproc evromonoc tne hCINAP ko emBeBaioon tne alinienidpoons

™ pe v tpmTeivy coilin (Santama et al, 2005)

H avacvvévacpévn mpoteivn hCINAP, éyovtag oto apvoteMkd ™G  GKpo
oLYX®VELUEVO TO emtomo TG e€a-1oTdivng (6XHIS), ekppdotnke o vYNAG eninedo oe
etepOAOY0 chonua Ekppacns o Paktpila E. coli kot ot cuvéyelo ypnoyomombnke yia
TopAy®YN TOAKA®VIKOD avtioouatog oe  kKovvéla (anti-rec.hCINAP). Emumdéov,
dnuovpynnke TOAKAOVIKO OvVIIGOUO EVovil NG MEMTWOIKNG aAiniovyiog twv 19
apvo&ikmv Kotoloinwv tov kapBouteiikon akpov (157-175 a.a) g hCINAP kot ndh og
kovvéMa. Ta 600 aVTE CVTIGOUATO, HETO GO TPOYUOTOTOINGT] 0VOCOATOTOTMONG KT
Western, avoayvopilav toéco Vv avacvvovaouévny mpwteivny hisg-hCINAP petd oamd
ékppaon oe Paktipla, 660 kar v gvdoyevny mpwteiviy hCINAP og xdtrapa Hela.
Emumdéov, avayvopilov v vBpdwn ntpoteivn YFP-hCINAP, n omoia exopalotav petd
amd Tapodkn eMPOAVVON o€ Kuttapa Hela.

I'o tov mpocdopiopud tov gvdokvtTdplov evtomopod g hCINAP ota kidtTapa
HelLa, mpaypotomomOnke avocopBopiopdc pe 1o 000 €0KE avIIGOUOTE, TOGO Yl
OAOKAN P TNV TPOTEIV] OGO KOl Yo TNV TERTOKY oAAniovyio evtdg g mpwteivng. O

avoco@Bopiopudg mov mpaypatonomOnke Mrav OutAdg, aviYVELOVTAS TOVTOYPOVO TIC
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npwteiveg hCINAP ka1 p80 coilin. Kat otig 600 nepumtdoeic amokaddpdnke 6t 1 hCINAP
napovciale dudyvtn Katavoun 6to Tupnvorhacua pe eEaipeon tov mopnvicko (Zynquo 1.11
A, B). Ze opopéva kvttopo, umopovoav va  mapotnpndodv  vdidkplto oot
ovvevtoniopov ¢ hCINAP pe v coilin, vrodniovovtog 6t n hCINAP cuykevipdvetal
napodikd ota Cajal bodies. Zvvenmg, 1o mupnvomlaoua Bo uropovoe va Bewpnbel wc 1
KUPLOTEPT TEPLOYN TOV EVIOKLTTAPIOL &VTOTIGHOD Tov ovvorov ¢ hCINAP, wot M
aviyvevon g oto. CBS exnpocwnel pio mepiotaciokn aviyvevon.

O evtomiopdg kot 1 katavour tng evéoyevovc mpmteivng hCINAP, dmwc eEdybnke
and To mEPAUATO TOV ovocoPBoplopol, emPePourdOnke pe TEPARATO TOPOOIKNG
vrepékepaong (transient transfection) ce kOtrapa Hela, petd omd cvyydvevon ot
hCINAP tov emtomiov YFP (YFP-hCINAP). To anoteléopata ovtd MoV amoidTmg
GLYKPIGIUO UE TO AMOTEAEGLOTO TTOV TOPATNPNONKAY KATE TOV EVIOTIGUO TG EVOOYEVOVG
npoteivng hCINAP.

INa v enPePainon ™me arinienidpaong g hCINAP pe v mpwteivn coilin og
KOtTapa Onlactiko®v, tpaypatonomdnke mopodikny vrepékepacn ™ YFP-hCINAP og
rkottapo Hela kot akoAovBwe avosokataBvOion g pe avticopa Evavtt g eBopilovoag
npoteivne. apampndnke evtomiondg g coilin pévo ot mapovsia g YFP-hCINAP,
onimvovtag ¢S oAAniemidopocn tov 000 avtdv mpoteivov. EmmpdcOeta, yio
depedvnon av ta ocvumAéypato tov hCINAP-coilin in vivo, mapovoialov kot GAAovg
YVOGTOVG TOPAYOVTES LLE TOVG OTOIOVE MG YVOOTO aAANAETOPA 1 coilin 1} mapdyovieg Tov
evtoniCovtan oto. CBs, mpaypatomombnke ek VEOL TOPOOIKY VIEPEKPPACT KO
avocokatafvoion tng YFP-hCINAP og kdttapo Hela kot otn cuvéygia avocoamotinmeon
katd Western pe ypnon 8kaV aviioopdtov évavtt tov tpoteivov fibrillaring SMN, Sm,
Sp100 a1 ULA snRNP. To amotélecua €6eiée, 611 oe avtifeon pe v moapovsio g
coilin, kavévag omd avtovg TOovg TaPdyovteg dev cuv-avokotafuoilotav pe v YFP-
hCINAP, dnAdvovtag 6Tt 1 oAnienidpoon petaé&d v dVO TPOTEIVOV €ivorl 01K Kot

dev gumAéxel Kavéva, amd Toug mapdyovteg twv CBs mov egetdotniay.

1.10.2 Hapodikn vrepékopaon (transient overexpression) tne hCINAP og avOp@mva

koutTopo Hel a (Santama et al., 2005)

Onwc mpoavapépdnke, 6to TupnvoTAacuo gvioniletol exiong o1éyvTn TOGHTNTA TG
npwteivng coilin  extdég tov evromiopov g oto CBs. Emopévec evdéyetoan to
TopnvoOTAacUe Vo €ival 0 Y®Pog OAANAETIOpaONG TOV V0 OVTAOV TPOTEIVOV.

EmnpocHeta, n aAAnlenidopacn tov 600 ovtOV TPOTEIVOV {omMG va elval dVVOUIKNG
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evoewc. ‘Exel mapatnpnBel 6t1 n vrepékppaon g hCINAP ennpedlel tov apBud tov
CBs, peuwvovtag tov, 6Toug Tup1veS TV Kuttdpmv Hela mov peletinkav.

To ovunépacpo avtd eEqydnke and mepdpato Tapodikng vrepékppaons g YFP-
hCINAP ¢ kbttapa Hela, ota omoion mpoyuatomomdnke Sumhdg ovoco@boplopog pe
XPNON TOL aVTIoOUOTOg évavtt ¢ Ccoilin, ue ypnon mapdiinio, wc delypo er&yyov, to
mhaopio YFP. Ze po oepd amd toyoio emleypéves meploy€s KOTOUETPNONKE 0 aptOpnog
tov CBs g 200 kdtrapo oto omoio mpaypatonodnke vrepékppaon g YFP-hCINAP 1
™ms YFP povo xou oe 200 xottopo mov dgv mpaypoatomomOnke vmepékepaon. Ta
aroteAéopata £0eEay v actnt peiwon tov pécov dpov tov apBuod tov CBs ava
Kottapo (mepimov 3 @opég peimom) ota KOTTOpa 7oL €ywve vrepEékepaocn g YFP-
hCINAP, oe oOykplon pe ta KOTTOP 0T0 0oia £yve vrepékgpoot povo g YFP 7 dev
&ywe vmepékeppaon. To amotedéopoto avTtd emaindedTnkov pe ypnom g LPPOKNg
npoteivng myc-hCINAP (Zyfua 1.11 C2,C3).

OMlo ta o mhve mepapoticd dedopéva dnAdvouy v VTapEn oyéong oOvoeong

HETOED TMV OLO TPMTEIVOV.

Yympo 1.11: Evookvttdprog evromopos tng evooyevovg pateivig hCINAP (sukdveg Al ko
B1) kon vepék@paocn tnc myc-hCINAP (eikéva C2) o kotTaopa HelLa.

Al: avticopa évavtt oAdKANpNG TG aAlniovyiog g avacuvivacuévng npoteivng hCINAP (anti-
hCINAP). Bl: mentudwd oviicopo £&vavilt ovykekpiuévng oriniovyiog g hCINAP oto
kapPoluteikod akpo. A2, B2: avticopa évoavtt g mpoteivng coilin (anti-coilin) ota idlo KOTTOPA.
A3, B3: emucdioyn tov ewdvov Al kot A2 kot Bl xon B2, avtictoyya. Cl: gwodva cuvestiokod
pkpockomiov Tov kuttdpov C2: vrepékppacn ™ Myc-hCINAP ko aviyvevon g pe avticopa
évavtt tov emtoniov myc C3: aviyvevon g coilin pe aviicoua évavtt g oto id1o kOTTePO. XT0
KOTTapo ov vrepekPpaletal n MYc-hCINAP o apBudc tov CBS gival uikpotepog 6€ GOYKPLON UE
oVTA OV OgV TNV EKEPALOLV.
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1.10.3 Kataotor] tov petaypoonnatoc tne hCINAP (RNAI)

Ye mpoopatn dnuocicvon (Zhang et al., 2010), £xet deryOel o avtibeon pe dkd pog
nepapoTika aroteléopota (Santama et al., 2005), 6t n hCINAP, ce kottapa HEK 293 T,
aAMAETOPG pe onuoviikovg mapdyovieg tov CBs, onwg n fibrillaring 1 SMN ko
NPAT. EmumAéov, 1 id1o opdda £d€1&e O0TL kataoTtodr tov petaypoagnuatog tg hCINAP,
npokoiel mPOPANHa oty opyavmon tov CBs kot Satapdocel v evookvTTAPLL
Katavop] tov Bocik®v cvotatik®v tov CBS, cvumepilopfavopévov g coilin, g
SMN, twv spliceosomal snRNP, tn¢ fibrillarin ka1 tng NPAT (Zhang et al., 2010). Avtég
Ol TOPOTNPNOELS NTOV TOPOUOLES UE AVTEG TOL ANEONKOV HETA amd peloppvOUIon g
ékppaong cvototikdv tov CBs, onmg g SMN ka1 g FLASH (FLICE-associated huge
protein) (Lemm et al., 2006; Barcaroli et al., 2006). Xta «xOttOpa o©T0 OTOiCL
npaypatonomOnke n peiowon g hCINAP, ta 5°-m3G cap U snRNAS mov gvtomiCovtav
ota CBs, amodiopyavdbnkav kor S106KopmicTNKAY GTO TUPNVOTAOCLO, LE EVTOMIGUO
uovo ota speckles. Emmdéov, éleyyoc tov emmédmv tov SNRNAS, pavépwoe 0Tt 1) peimon
¢ hCINAP mpokaiovoe peimon emmiéov tov UL, U2, U4 ko U5 sSNRNAS (Zhang et al.,
2010). Q¢ yvwoto, n ovveyng Proyéveon tov U SNRNP eivor amapoitnn yio v
akeparotta Twv CBs (Lemm et al., 2006) kot mOavov, n Aabog katavoun e SMN kot
To younAd emimeda tov SNRNAS, va avactéddovv v Proyéveon tov pocouikov U
SNRNPs kot icwg avto va e€nyel yiati ta CBs anodiopyavavovtar.

H npwteivn NPAT anoteiet emiong cvotatikd tov CBS kot dtadpapatifel onpovtikod
POLO OTN UETAYPOON TOV YOVIOI®V T®V 10TOVAOV Kol otV €i6000 TG S @dong Tov
KLTTOPIKOD KOKAOL KUPIMG HE TNV GOGPOPLAIMGT TNG N HE TNV GLVAPUOAOYNCT GAAA®V
TOPAYOVIOV GTOVG LVITOKIVNTEG TV Yovidimv tov totovav (Ye et al., 2003; Ma et al.,
2000). H peiwon g hCINAP pe RNAI, glye og cvvéneia ) doTopoyn TOV KOvoviKoD
evtomopod g NPAT kot emumhéov TV KOTAGTOAN TNG HETAYPAPNS TOV YOVIOIOV T®V
16TOVMV, Opm¢ povo otn mepintwon mov to exinedo tov MRNA g hCINAP peutdvovtav
dpaotikd (oto 5% tov deiypatog avapopdc) (Zhang et al., 2010). Ta CBs cvvdéovton pe
T0 GOUTAEYUO TOV YOVIdiOV NG 1oTdvng Kot puBuilovy v petaypaer tovg (Gall, 2001)
Kot ¢ ek tovtov icwg n hCINAP va dwdpaportiCer éupeco podo ot pHbuion g
HETOYPOLPTS TNG 1GTOVNG.

Exto¢ avtov, n peiowon tov emmédov e hCINAP éxet o¢ amotélecpa ) peioon

™mME PLOCIHOTNTOG TOV KUTTAP®Y, HE abENCT TOV OTOTTOTIKOV Kuttdpwv (Zhang et al.,
2010).
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1.11 Onoroyec mpmzeivec Tnc hCINAP 6g Grlove opyovionove

Méypt otiyung éxovv peletnBei opBoroya g hCINAP oto Saccharomyces
cerevisiae (Fap7), oto Caenorhabditis elegans (CAK6) ka1 ot Drosophila melanogaster
(dAK®6).

1.11.1 H mpoteivn Fap/

H xalvtepa yopoakmpiopévn evoomupnviky doun €ivol ovtn Tov Tupnvickov, OTov
T yovidia tov pifocouikod RNA (rRNA) avtrypdgovtal kot to mpddpopo rRNA (pre-
rRNA) tuyydver eneEepyasiog kot cuykpoteital 6 pROCOUIKES VTOUOVADEC.

Ytov mupnvicko, 1 RNA mohlvuepdon | petaypdagpetl to mpddpopo rRNA (pre-rRNA),
10 omoio amoteheitar amd o 18S, 255/28S «at 5.8S rRNA, 6mog kot apKeETEG E0MTEPIKEG
Kot eEmTePKEG mEPLoYEG Ol omoieg dev kmowomotovvtat. To pre-rRNA tpomomoteiton
ANUIKA kol dtoomdtor amd €voo- kol E®- VOUKAEAGES Yoo TV TOPAY®YY] TOL OPLLOV
rRNA. Avt) n dwdikacio €xel peletnBel extevde oto cakyapopvknto (Saccharomyces
cerevisiae), omov to apykd 35S pre-rRNA daondror ota onueia Ag, A1 kat Az, yio vo
dwoel Ta evatapeca 20S ko 27SA; pre-rRNA. Avtd ta frpato Stdomacns ExTuyyavovot
ue T pecoAdPnon tov ovotatikdv g 80S pkpng vmopovadog (SSU) 90S mpo-
pocoudtmv. To 20S pre-rRNA, maxketdpetatl ota 43S npo-pifochpota kot eEGyeTol 6To
Kuttapoémlacua, 6mov dpuedviidvetar omd to Dim1 ko toyydver eneepyaciog ot 0éon
D 7 va onpiovpyndei to opyo 18S rRNA kot wg ek tovtov kot ™ 40S procmpikn
vropovada (SSU) (Venema and Tollervey, 1999; Raue, 2004).

270 COKYOPOUVKNTO, TO TEMKO KLTTOPOTANCSUATIKO Prino oty opipaven tov 40S
pocoudTov teptiapfavel  ddomacn tov 20S rRNA ya ™ dnovpyio Tov dpipov 3°
dicpov tov 18S rRNA. TToAhamlol cuuTANPOUATIKOT TOPAYOVTEG EUTAEKOVTOL GE QVTO TO
oTad10, HETOAAGEES TV omoiwv odnyovv ot ovccwpevon Tov 20S rRNA oto
KUTTOPOTANCLO, KOL TNV OmoTuYio. TG ONUIoLPYiog OPIU®V Kol evEPY®OV PlBOCOUATOV
(Peng et al., 2003).

‘Evag tétolog mopdyovtag eivar m Fap7, n omola mepiéyer opdroyn ariniovyio
ATPase xoi amotehei v opdroyn mpwteivn ¢ hCINAP oto caxyapopvxnto. H
npoteivn Fap7 etvar arapaitmtn yio v ddoracn tov onueiov D oto kuttapdmiacua Kot
OyL og omolodNmote GAAO Prina tng dadkaciag, dniovovtag 6t dtdpapatilel poro 610
TeEMKO Prpa Tov doy@piopod mov odnyel oty opun 40S pipocwopikn vropovada (SSU)
(Granneman et al., 2005).
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Kotactoln tov petaypagpnuotog e Fap7, elye o¢ anotéleopuo v cuGomMPELON
acvvinbota yniov emmédov tov 20S pre-rRNA oto xvttapomiacpa (20 @opéc
vynAotepa). Emopévag, n Fap7, mbavdv va punv amoteAet Sopkd cvotatikd tov 43S mpo-
pocoUdTOV, 0ALL VO OAANAETIOPE TOPOOIKA LE OLTO TO GUUTAEYUOTO UE TNV GUECT
aAnAenidopaon pe v Rpsl4, pe v omoia Ppédnke vo aAlnAemdpd, kot iomg vo v
tonofetel o€ queon emapn e to onpeio didoraong D (Granneman et al., 2005).

Emumiéov, petadraelg mov eiyav siooybel oe cuyKEKPIUEVO TPOTEIVIKG KATAAOUTO
¢ Fap7, oe yapoaktnplotikd covinpnuéva potifa mov eumiékovtal 6Ty VOPOALGT TOL
ATP, K20R (Walker A) xau D82AH8B4A (Walker B), £dei&av o011 givar kpioipa yio tnv
Aerrovpyio g Fap7 ko givar amapaitnta yio v dwdikacio tov 20S pre-rRNA in vivo
(Granneman et al., 2005).

H Fap7, éyev emiong evoyomombel yw v eumloxn tng otn pvouon g
LETAYPAPIKNG AmOKPIoNG HeTd amd o&edmtikd otpeg (Juhnke et al., 2000). H petaypagikn
EVEPYOTOINGT TOAAGDV YoVidimv, HETA amd 0EedmTIKO oTpeg, puBuiletar kupimg amd dvo
LETAYPOPIKOVG TTopayovtes, Tov Yapl kot Pos9 (Izawa et al., 1996; Stephen and Jamieson,
1997; Charizanis et al., 1999a). To yovidio g Fap7, tavtomomOnke w¢ enildv KAOVOG e
ONUEWKY] UETOAAOEN HETA amd GApwON UETOAAAEE®V TOL  EUTAEKOVIOV  OTINV
EVEPYOTOINGT TOV GLOTHUATOS AvaPOPEs oL Pacildtav 6To VPPISLO TOV UETOYPAPLKOD
napdyovta Gal4-Pos9, petd amd mpokAnon oEed®TIKOD GTPEG.

H onuewxn petdAroén mov egvbBuvdtav yioo T un €vepyomoinorn avtod Tov
OLOTNOTOG, avTioToryovoe ot petddraén Glyl19—Ser, n omoio evrom{dtav oto potifo
ATP/GTP (P-loop), to onoio givor cuvtnpnuévo oe OAeg TIG adeVOMKEG Kivdoeg. EmmAéov,
N petdAhaén mpocédde apyn avamtuén tov KAOVOL, OMAMVOVTAG OTL TO GUYKEKPIUEVO
KOTAAOUTO givarl onuavtiko yio tov molamiootacpd tng Fap7 (Juhnke et al., 2000).

Eniong, sionydnke petddroén ot 0éon 21 pe petorpomny Ser2l1—Gly, ya vo
peAetnOel mog avt N petdAialn emnpedlet v evepyotnta g npwteivng. H yAvkivn og
avti ™ 0éon elvan cvvinpnuévn oto potifo P-loop ce Oleg TIg 0deVOMKES KIVAGES, GE
avtifeon pe v Fap7, émov oe avt) 1 Béon mapovoialetar cepivn. O @avOTLIOC TOV
TOPOVGLICTNKE NTAV MO NTOG Ad AVTOV NG UETAALAENG OTO QUIVOEIKO KOTAAOUTO TNG
0éong 19, mopovcialovtog Oyt t0c0 éviovn KatactoAn tng ovamtvéng (Juhnke et al.,
2000).

Téhog, daypapn Tov yovidiov Fap7 frav Bvnorydvog yia ta kvtrapo (Juhnke et al.,
2000), kot ®¢ ek TOHTOL GLUEMOVOVGE UE TNV TOPOTNPNCT OTL TOAAOL TOPAYOVTEG OV

OULVOLOVTOL LLE TN UNYOVI LETOYPOPNG Eivar amapaitntot yio ta kottapo (Hampsey, 1998).
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1.11.2 H ipmteivn ADLP

H mpoteivin ADLP amd tov C. elegans, eivor pio mpoteivy 182 apvoéémv pe
bdyvootn Aetrtovpyia kot mapovctalel mepimov 40% opotdTnTa (6 €Mimedo aAAniovyiog)
ue tnv pwteivi) hCINAP, gvd 1 opoAoyia TG pe T VITOLOITEG AdEVOMKES KIVAGEG gival
yapmAotepn amd 1o 20%. Avt) 1 mpwteivy tapovoldalel ommg kot  hCINAP, mopnvikn
EVOOKLTTAPLO KATOVOU Kot eVOLUIKY EVEPYOTNTO OOEVOAIKNG Kivdong, pe to AMP kot
dAMP ka1 10 owyukd o&v (shikimic acid) va amotedodv To KOADTEPE VITOGTPDOLLOTO
AmOd0YNG TS POOPOPIKNG Opadag amd tnv vopdéAven tov ATP, 10 omoio kpidnke ®g tO
KaADTEPO TPIVOLKAEOTId10 d0NG (Zhai et al., 2006).

Metd omd amocidanon tov yovidiov g ADLP pe RNAI, mopamphibnke apyn
avantuén TV okovAnkiov oty F1 yeved kot emmAéov to péyebog Tovg Ntav pkpdTEPO
GUYKPWVOLEVO LE TMV CKOVANKLDV TTOV €V ETLYOV OTOGUOTNGCNG, oV Kot gV Tapovsiolov
dtpopd otn cvveon TV TunpdTeV ToVg 1 6T Kivnon tovc. Emopévag icwg n ADLP va

dwadpapariCel poro oto KuTTOPIKO ToALoTAactaoud (Zhai et al., 2006).

1.11.3 H npoteivn DAKG
To cDNA g DAK6 ot Drosophila, kmdikomotei pia tpwteivny 175 apvo&émv, mov

napovotalel 47.85% oupowotnta pe v avlpomvy AK6 (hCINAP). Xapoaktnpiopds e
evepyOTNTOG VTNG TNG TPWOTEIVNG, £0€1EE OTL TOPOLGLALEL EVEPYOTNTA ALOEVLMKTG KIVACTG
Kot o tpvovkAeotidle AMP kot CMP (UMP g éva Babud) amotedoboay ta mpoTiunté
vrnootpopota, pe to ATP va dpa @g o kaAdtepog 00tTNG PsOpov. O evOOKLTTAPLOG
EVTOTIGLOG TNG NTav Kupimg Tupnvikog (Meng et al., 2008).

H mpoteivn AK6 Omwg mpoékvye, mapovcstdletort ®¢ GOUTAEYHO SUEPOVS KoL
povopepovs LOPENG, AOY® T®V TPLOV KOTAAOIT®V KVGTEIVIG oL vIdpyovv o€ avth (Ren
et al., 2004). Ene1on n DAK6 mepiéyel téooepa katdAouma KVoTEIVIG, 0o T0, 0moio, To. VO
(Cys49 xou Cys77) eivar cuvtnpnuéva otnv otkoyévela g AK6, mbavov va dnuovpyel
dyepn M TOALUEPT] AOY® TOL GYNUOTIGLOD OIGOVAPOK®V deGU®V peTalld Tov popiov. Ta
amOTEAECUOTO NG  YpOUHaToypagiag poplakng omdnong €déei&av ot n DAKG
napovotaletat vd popen dipepovs kat povouepovg (Meng et al., 2008).
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1.12 Xt0y01 O100KTOPIKNG £PEVVAS

H mapovoa ddaxtopikn epyacio giye wg 0100, LLE GUVOLAGUO TEYVIKOV HOPLOKNG
Kol KOTTOPIKNG Proroylag, Proynueiog kol YEVETIKNG, TOV TANPN SOUIKO Kol AEITOLPYIKO
YapaKTPIopd G véag avipomivng mupnvikng mpmteivne, ™ hCINAP (human Coilin
Interacting Nuclear ATPase Protein).

H mpoteivn avt) eiye tavtomombel and mponyoduevn perétn, mov otdyo €ixe v
€0PEOT] MPOTEIVOV TOL OAANAEmdpovV pe v mpwteivn coilin, mov evromileton ota
couatiowe Cajal (CBs). H mpwteivn avty ovoudotnke cvvtopoypapikd hCINAP kot
yapaxtpiotnke pepikdg (vrokepdiato 1.10). To yeyovog 6t 1 hCINAP mapovcialetan
ouvTNPNUEVT 6€ OAO TO (QPAGLO TOV EVKOPLMOTIKOV QLAOYEVETIKOD dEvipov (OnAacTtikd,
ovtd kot Qopopvknta), exepaletar oe €va peydAo aplBud avlpoOmvev 16TOV,
QAANAETOPG e TV mpwTeivn Coilin mov cvppetéyet o€ o eEEMKTIKG cuvTPNUEVN doun
-t0 copatido Cajal- kot péddiota 1 oAAniemiopaocn TOVG ExEl SLVOUIKY HOPPTH, PO
vrepékppaon g hCINAP éxel og anotéleopa ) onuavtiky peioon tov aplfpod tomv
CBs ava mopnva, dniovel 6tt  Asttovpyio Tov wpaypotonolel 1 hCINAP icmg va givat
GNUOVTIKT] GTOV TUPTVAL TOV KLTTAPOV.

EmmAéov, n mpoteivn avty 0ev mapovotdlel vynAn opowdtnTo pe Kopior GAAN
YVOOTH TPOTEIVI] OAAG TEPLEXEL YOPOUKTNPIOTIKO HOTIBO TPOGOEoNS TPLPMCPOPIKOD
vovkieotidiov (ATP 1 GTP) tomov P-loop, mapopoto pe avtd mov mopovcstdleTor oTny
owoyévelo TV adevolMk®dv Kivacov (Santama et al., 2005). Xe ocvpeovie pe v
poPreyn avtr deiybnke otL Exet dopn adevohkng kwvdong (AK) (Ren et al., 2005) kot
napovotalel evlopukn evepyodtnta tooo AK (Ren et al., 2005) 6o ka1 ATPdaong (Santama
et al., 2005). "Exel mpokvwyer (Drakou et al., in review) oti umopei va dpo pe aAlayn
dtpdpemong, eite g AK, gite g ATPAaon, SnAdvovTag T onUovTiKOTNTA 0L UITopEl va
Katéxel otov peTafolopd Tov mupnva, Oadpapatilovtag eVOEXOUEVDS aveEAPTNTES
Aettovpyieg.

Ta CBs, ocoupmwva pe mpoécQates UEAETEC, EUTAEKOVTOL GE TOAAEG OLOPOPETIKEC
Aertovpyieg méPA amd TNV NON YVOOTH AELTOVPYiD OV EMTEAOLV OGTNV OPIUOVON TOV
SNRNPs kot SNORNPS, 6nwg v Brochvieon tov 16tovedv, TV Tpododo ToL KVLTTOPIKOV
KOKAOV, ot povomdtio emdOplwong tov DNA kot amdkpiong 6To KVTTOPIKO GTPES KOt
emmALOV cOVOEONG TOVG pe TANBMPa vevpoeKkPLAMOTIKOV acbeveldv. Emouévag Ba ftav
evolpépovco 1 mpoortddela cvvoeons g mpwteivng hCINAP, pe kdmolo omd ovtd to
EVOEYOLEVO AELTOVPYIKE HOVOTATIOL KOt €0pEGT TOL PloAoykoy pOAOL Tov emitelel GTO

KOTTOPO.
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Me Bdaon v veiotduevn yvoon, 1 O0aKTopiK) Hov OlaTpiPr] elye G KEVIPIKO
oTOY0 TOV TTEPAUTEP® Yapaktnpiopd ¢ mpwteivng hCINAP, vy v mbavy katavonon
00 Prodoywod pOAoL TOV EMTEAEL GTOV ELKOPLOTIKO TLPNVO KOl TO TEPEUOTO

opyovodnkay YOpw® omd Toug Mo KAT® E101K0VE GTOYOVG:

A) AopikoOg YOPpOKTNPLONOG

[MpoomaBelnn kpvotddhmong kot emilvong mpoteivikng doung ™ hCINAP e
TPOTEIVIKY  KpvotaAloypapio  oktivov-X. H  zwepopotiky oot wpocéyyion
eyKataAn@Onke omd péva, petd omd dnuoocicvon g doung g hCINAP amd tov Ren kot
to0vg ovvepydteg tov (Ren et al., 2005). (Ou mepopatikés S1001KaGIiEG, 01 GUVONKEG
KPUOTAAA®MONG OV JOKIUAGTNKAY, KOOGS Kol €V HEPEL AMOTEAECUATO TTOV TPOEKLYOLV,
napatifevrar cuvontikd oto [apdptnmua II).

2uveylomke 1 TPOooTdOEDl GLVKPVOTAAMAWGONG LE VITOGTPAOUOTO OO TOV EPEVVNTIKO
pog ovvepyatn Apa Zmdpo Zwypdoo (Epyastipro @appoxevtikig kot Opyavikng
Xnuetog, EOvikd Topopa Epevvaov EAAGS0C) Kot To amoteAéspata ovtd mopovctalovtol

otV gpyooia pog Drakou et al. (in review).

B) Agrtovpyikog yopaKTpLopnog

1. Tnv avédivon tov tomkol TpotHTov EkEpacnc tov petaypagiuatoc e hCINAP

2. EmPepaioon ¢ orlinAenidopoong peta&d tov mpoteivov hCINAP kar coilin kot
YOPOKTNPIGUOC 1TNG OAANAETIOPAONS OLTNG, UE YOPTOYPAPNON TOV TEPLOYDV
aAAnAentidpaong Tovg.
Aepedvnon vémv aAnAemidpwodv tpoteivav pe tnv hCINAP.

4. Koroaotoln tov petoypoenpatog thg hCINAP (RNAI) kot avaluon TV ETmTOCEDV.

5. Koartaokeun kot xprion otabepds HETAGYNUATIGUEVNG KUTTOPOCELPIS HeLa®FPCINAP e
in vivo mepdiporor:
o) aVAALGT| TOL TPMTEIVIKOD KOKAOV (NG TG He Prvteockomio mpaypatikod ypdvov.
B) uperétn g evdokvttdplag katavoung e mpwteivng hCINAP  petd  omo
TEPAUATIKOVG YEPICUOVS TOV TPOAYOLV TNV UETAYPAPIKY] KOTAGTOAN, PAAPN TOL
DNA kot vTepOoU®TIKO GTPES.

6. XZtoyevuévn onuetakn petaAraoyéveon kpiocipwmv apvo&émv g hCINAP kot peiétn

™G £K@paomg Toug o€ Kottopa Hela.
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1.13 Aopn TnC TOPOVGUC OLOUKTOPIKNC AwaTpiPic

H moapovoa dwaxtopikny Awtpin amotedeiton omd mévie Kepdlowo kot dvo

[Mopaptipata 6mov 610 Kabéva TapatiBevtar dtapopetikd dedopéva mov oyetiloviot L TO

avTIKEIpEVO NG gpyaciag.

To Kepdhawo 1 (Ercaywyn) amotelel 10 Bewpntikd vroPabpo g OAng epyaciog Kot o€
avtd mopatibevtor Pacikéc mAnpoeopiec Poaciopéves eite oty vIdpyovca Olebvi
BipAoypapia, gite o€ adNUOGiELTO STKE LOG TEWPOUOTIKA OEGOUEVO, TOV GTOLYEIODETOVY
10 eMOTNHOVIKO VTOPabpo Taved oto omoio otnpileton 0 oYESIAGUOC TG TUPOVGOS
OOOKTOPIKNG EPEVLVOC.

>10 Kepdiato 2 (Y kot MéBodot), mapovstaletal n TEPAUATIKY TPOGEYYION TNG
OOKTOPIKNG epyaciog Kot TEPIAOUPAVOVTOL OVOALTIKO Ol SIUPOPES TEXVIKEG KOl TO
SAPOPU TPMTOKOALQ TTOV YPNGLOTOONKOY Y1 T SEKTEPAINGT] TV TELPUUATMV TOV
neprypdeovtal otn Atotpipn.

Y10 Kepdhowo 3 (Amotedéopara), mopatiBevior avoALTIKA TO OTOTEAEGUOTO OV
Moednkav amd ™ KAbe TEPALOTIKN Topeia Tov akolovdnOnke, TAaclouéva and Ta
avtiotorya oynuoata pe Paon to omoio €£ayOnKov To ATOTEAECUATO TOV EMUEPOVS
TEWPAPATOV KaTh TN SAPKEWD TNG EPEVVNTIKNG EPYACING, TO. OTOl0. EPUNVEDOVTOL Ko
ocv{ntovvroil.

210 ke@dAa0 4 (Zvlntnon), TPOTEIVOVTAL TO. GLVOAMKA cuurepdopatTa Tov e€dyOnkay
amod TNV ENEEEPYOCIO TOV MPOTOYEVAOV OTOTEAECUAT®OV Kol culntovvtol PéEGH GTO
mhaicto g debvoug Piproypagioc. Emiong ocvinrodvror perioviikol otdyol kot
TPOOTTIKESG TNG TAPOVG UG SIOUKTOPIKNG SLOTPPTG.

To Kepdrawo 5 (Biproypagia) meptlappdvel avolvTtikd KoTGAOY0 TOL GLUVOAOL TNG
oebvoug  Biploypagiog mov ypnowomomOnke Yy T GLYYPAPN NG TOPOVCOC
Awpipng.

To IMapdptnua I, mepiéyel emmpodcHeto GYNUOTA KOl TIVOKES KOl GUUTANPOUATIKE
OTOL(EL0 TOV GLVOOEVOLVV TO KEQAAOLO TV ATOTELECUATOV.

To Tlapapua II, mepiéyel cvvortikd v mepapatikn pebodoroyia Kot T cuvOnKeg

7oL SOKIHAGTNKOV KOTd TNV Tpocmtdfeia kpvotdAlwong g hCINAP.
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Ta omoteléopoto TG TOPOVCOS SOAKTOPIKNG dTPPng onpoctevoviol ota aKoAovHa

apBpa (emovvamntovior oto [opdaptnua I11):

1. Santama, N., Ogg, S.C., Malekkou, A., Zographos, S.E., Weis, K. and Lamond Al.
(2005). Characterization of hCINAP, a novel coilin-interacting protein encoded by a
transcript from the transcription factor TAFIIDs, locus. J. Biol. Chem. 280: 36429-
36441.

2. Malekkou, A., Lederer, C.W., Lamond, A.l. and Santama, N. (2010). The nuclear
ATPase/adenylate kinase hCINAP is recruited to perinucleolar caps generated upon
RNA pol.Il inhibition. FEBS Letters. 584: 4559-4564.

3. Drakou, C.E., Malekkou, A., Hayes, J.M., Lederer, C.W., Leonidas, D.D.,
Oikonomakos, N.G., Lamond, A.l., Santama, N. and Zographos, S.E. hCINAP is an
atypical mammalian nuclear adenylate kinase with ATPase motif: structural and

functional studies. (in review).
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KE®AAAIO 2

2. YAIKA KATI MEOOAOI

2.1 M£0ooovw Moprakne Brorloyioc

2.1.1 X710 GOKYOPONVKNTA

2.1.1.1 XYrehéyn coxyapopvknrte Saccharomyces cerevisiae kot swAaoHidowe  mov

Ypnoworo)dnkay
X1éley og T'ovotvmog Toviow Mapropeg
COK)YOPORVKNTO OvVOQOPaS | HETUGYNNLATICROD
S. cerevisiae
AH109 MAT?, trpl-901, leu 2-3, 112, HIS3, trpl, leu2
ura3-52, his3-200, gal44, gal804, ADE2,
LYS2:: GALlUAs-GALlTATA-Hlsg, IacZ,
MEL1 MEL1
GAL2yps-GAL27aTA-ADE2,
URA3:: MELlUAs-MELlTATA-laCZ
Y187 MATa, ura3-52, his3-200, ade2- lacZ, trpl, leu2
101, trp1-901, leu 2-3, 112, gal44, MEL1
met, gal804, URA3::GALlyas-
GALlTATA-laCZ, MEL1

Mivokog 2.1: Ytedéyn caxyopopvknta S. cCerevisiae mwov ypnoiporonidnkey 6ty mopovca

gpyooia.
Mlaomoraxoi Meprypaen Emioyn oe | Méye0og
®dopceic (Clontech) OpenTIé kb
viko6 SD
pACTz GAL4(758.881) AD, LEUZ2, ampr, -Leu 8.1
gmtomo HA
pAS2-1 GAL4(1-147) DNA-BD, TRP1, -Trp 8.4
amp', CYH®2
pGBKT7-53 Murine  p53(72.390) In  pGBKT7, -Trp 8.3
TRP1, kan'
pGADT7-T SV40 large T-antigengas-zos) IN -Leu 10.0
PGADT7, LEU2, amp'
pTD1-1 SV40 large T-antigen(a-7os) in -Leu ~10.0
PACT,, LEU2, amp'

Hivakog 2.2: ITAaopotokoi Qopeis w00 YPNOLUOTO0KAV 6GTO GUGTI LA TMV 0V0 VEPLdimY.
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2.1.1.2 EmlekTiKA OpERTIKA VAIKA Y10 KOAMEPYELEC GUKYAPOUVKNTO

1. Yypé Opertiké viaké YPD: 20 g/L mentovn (Difco), 10 g/L exyviopa {oung (Difco),
2% (w/v) yAvkoln, pH 6.5.

2. Xteped Opentiké viko YPD: 20 g/L memtovn, 10 g/L exydhopa Loung, 2% (W/HV)
yAvkoln, 20 g/L ayap (Difco), pH 6.5.

3. Yypo Opentiko viké YPDA: 20 g/L mentovn, 10 g/L exydiopa Copng, 2% (wiv)
yAvkoln, 0.003% (w/v) adenine hemisulfate, pH 6.5.

4. Yreped Opentiné viko YPDA: 20 g/L memtovn, 10 g/L exydiopo Loung, 2% (w/iv)
yAokoln, 0.003% (w/v) adenine hemisulfate, 20 g/L ayap, pH 6.5.

5. Emlexktiké Opemtiké viko SD (synthetic dropout): 6.7 g/L alotovyeg Pdoeig
cakyapopvknto yopic apwvoééa (Yeast Nitrogen Base, Difco), 100 ml/L and to 10X
Bpemtikd vVAKO mov anovctdlovy cuykekpuéva apvoééa (Dropout Solution, DO), 2%

(W) yAokoln ko 20 g/L dyap oe mepintmon otepeol Opentikod LAIKOD.

Apmwvoééa 2uYKEVIPOOT

(Sigma) 10X

mg/L

L-Adevivn hemisulfate 200
L-Apywivn HCI 200
L-Iotidivn HCI monohydrate 200
L-IcoAevkivn 300
L-Agvkivn 1000
L-Avoivn HCI 300
L-Mebetovivn 200
L-®awvvuraiavivn 500
L-®peovivn 2000
L-Tpurpopdvn 200
L-Tvpocivn 300
L-Ovpoxiin 200
L-BaAivn 1500

Hivaxag 2.3: Apvoééa Tov TEPLEYOVTUL 6TA dLAPOPU EMAEKTIKA péca.
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H emiloyn tov HETOCYNUOTICUEVOV KVTTAPOV GOKYOPOUDKNTO HE TAACUIS TOVL

TPocdidovy avéotpopion o€ cLYKEKPEVO apuvoséa yivetar pe ypNOM  EMAEKTIK®OV

OpenTIK®V VAMKAOV 0md To 0moio amovcstdlovy 10 GLYKEKPLUEVA optvo&éa. TV mapovcsa

gpyacio TapackeLAcTNKAY TO OpenTiKd VAKA amd T omoia amovsialav:

1.

n Aevkivn (SD,-Leu).

2. m tpumropavn (SD,-Trp).

3. M tpumroeavn kat 1 Aevkivn (SD,-Trp/-Leu).
4.
5

1 TPLITOPAvY, N Aevkivn ko 1 woTdivy (SD,-Trp/-Leu/-His).

. M TPLITOPAVY, N AevKivn, 1 oTdivn kot 1 adevivy (SD,-Trp/-Leu/-His/-Ade).

2.1.1.3 KoAMEPYEro KoL YEIPLGUOC GTELEY DV GOKYUPOUVKITO:

2.1.1.3.1 Kotadwvén 6Teley®dv GOKYopOUOKNTO,

Ta otedéym 1oV cokyapopdknta dotnpodvion én’ dmepov otovg -80 °C ce vypd

Opentikd vVAkd YPD oty mapovsio 25% (V/V) yivkepoing. o ta petacynuatiopéva

otedéyn etvor KaAOTepO Vo yivetar 1 @OAOEN TOVG 6TO KATOAANAO €MAEKTIKO OpemTiKOd

VAo SD, dote va dratnpn el | emioyn tov TAAcHSI0V.

1. Amooteipopéveg e1dikég Aapideg piag yprong (loops).

2. TpuBAio pe avamtuylEveg AmoIKieg GOKYOPOLDKNTAL.

3. Amocteipopévn 50% (V/Iv) ylokepoin.

4. Opentikd vAkod YPD 1 katdAAnio emlextikd Opentikd vikd SD.

5. Amooctepopévor coinveg Eppendorf twv 1.5 ml.

M£0odoc:

1. AopPdvetor pe omooteipopévn €dkn Aafida and éva tpuPAio, pio amopoveouévn
amokia.

2. Ta xottopoa ¢ anowiag emavadiooneipovior oe 500 pl Opentikod vikov YPD 7
KOTAAANAOL emAekTiKOD Opemtikod vAkov SD mov mepiéyovial Ge amocTEPMUEVO
ocoiva Eppendorf tov 1.5 ml.

3. Tpootibevtor 500 pl 50% (v/v) amootepopévng yAukepOANg (TEMKN GLYKEVTP®ON

25%). O colvag ovadedeton kKald kot euAdyetal 6e Wyoktikd Odhapo -80 °C.
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2.1.1.3.2 AvAKTNON KATEWVYUEVOV KVTTAPOV GUKYAPOUVKNTO

Yiika:

1. TAvkepOin amd KOTEYVYUEVO CTEAEYN COKYOPOUVKNTO.

2. TpuPria pe oteped Bpentikd vAko YPD 1 katdAAnio emiextikd Opentikd viko SD.

3. Amootelpopéveg e1d1kéC AaPideg piag xpnong (loops).

M£0odoc:

1. Mikpn mosoTTo YAUKEPOANG OO KOTEYVYUEVO KOTTOPO GOKYOPOUOKNTO AdpuPaveTal
pe m Pondeta e0kng AaPidoc kor dtooneipetal oe TpuPAia pe oteped BpemtiKd VAKS
YPD 1 kotdAAnAo emkextikd Opentikd viucod SD.

2. Ta tpuPra emwdlovtor otoug 30 °C £mg 6Tov vo. Stakpifodv amotkieg dtapétpov 2 mm
(2-5 pépeg).

3. Téhog ta tpuPAia khetvovtan pe puALO Topapivig kot amodnikevovol 6tovg 4 °C uéypt

2 pnveg.

2.1.1.3.3 KoAMEPYELEC GUKYAPOUVKNTO

Yika:

1. TpuPArio pe ppéokes amouies.

2. Amooctepopéveg eldikég hafideg piag xpriong (loops).

3. Opentikd VAo YPD 1 katdAinAo emiektiko Opentikd vaiko SD.

M£0odoc:

1. Xpnowomnoteiton ppéokia amotkio (Stapérpov 2-3 mm) amd tpuPrio (< 2 punveg) yw
euporacud 5 ml Opentikod vALKOD.

2. Ta xdtrapo daocneipoviat 6to Opemtikd VAIKO pe ypron voltex ywa 1 min.

3. Ot kaAMépyeleg emwalovtar otovg 30 °C vrd cuveyn avadevon otig 230-270 rpm yio
16-18 h. T ta TeprocoTepa oteréym ovtd Ba dboel kaAlépyelo oe eaon mAatd (OD
> 1.5).

4. Xe mepintmon mov amorteiton KaAAEpyelo o€ ekBeTIKN QAon, ppoitaletor Kavovpyla

KOAMEPYEWD e TPOGONKN HEPOVG TNG OPYIKNG KAAMEPYELONG O KOVOLPYLO0 BpemTIKd

VAKO €161 ®oTE 1) onTiky] TokvoTnTa vo. eivar ODggg = 0.2-0.3. X1 cvvéyela enmdleTon

-42 -



otovg 30 °C vrd ovveyn avadevon otig 230-250 rpm vy 3-5 h. T ta teprocdTepa

oteAéyn avtd Ba ddoel koAAépyela o ekBetikn edon pe OD ~ 0.4-0.6.

2.1.1.4 MeTaoynuaTtiGRoC 6E GOKYOPOUVKNTO MIKPNC KMUOKAC

O UETOOYNUATICUOG GE GOKYOPOUOKNTA £Yve HE Ypom TG HeBOdov Tov 0&1KOD

Mbiov Bdoel Tov TpwTokdAlov Twv Gietz and Woods, (2002) pe v omoio Aapfdvovtot

10° petaoynuotiopéva kottapoa (Oune/pg miacudtakod DNA.

Yiika:
1. YPAD 7 10 xotdAAnAo emiektikd vypo Opentikd vako SD.
2. TpuPia pe katdAAnio emAektiko oteped Opentikd vAKO SD.
3. Amoctepopévo pubuiotiko didvpe 10X TE: 100 mM Tris-HCI, 10 mM EDTA, pH
7.5.
4. Amnoocteipopévo dtilvpa 10X LIAC: 1M oo Aibo (Sigma) pH 7.5
5. 50% (w/v) PEG 4000 (Fluca).
6. 100% DMSO (Sigma).
7. Amoocteipopévo ddivua  PEG/LIAC  (stopdletonr  mavio  @pEécKO  TPWV Vo
ypnoporomet).
AvTidpactipra Telkn ovykévrpmon ava avtiopoaon
PEG 4000 50% (w/v) 40% (wiv)
10X LiAc 1X
10X TE 1X
8. 2 mg/ml powvig éhkag petapopéag DNA (single stand-carrier DNA) og pubuictikd
dwwvpa TE. O petagopéag ovtdg eivar vyniod poprokov Papovg DNA kot mo
ovykekpipéva daag vatpiov tov dco&upifovovkieikod o&éog tomov Il and dpyelg
colmpov (Deoxyribonucleic acid sodium salt type 111 from salmon testes) (Sigma).
[Ipw v xpnon amodiatdocetor pe Bpdoio yro. 20 min ko éxerta yoén o mayo.
9. KoatdAinio miacpidiakd DNA.

10. KatdAAnio otélexog GakyapophKNTO Y10 TAPACKEDT] OEKTIKOV KOTTAPM®V.

11. Amoctelpopéva yodAva coipidto Yo S1oTopd TOV KUTTAP®V 6T TPLPAA.
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M£0odoc:

2.1.1.4.1 ITopooKEV] OEKTIKAOV KVTTAPMV GUKYAPORVKNTO,

1.

Eupordlovtar oe 1 ml Bpentikod viikod YPAD 1 katdAAnAov emAEKTIKOD Opemtikon
vAkov SD, 2-3 amowieg (O1dpetpo 2-3 mm) and to KotdAAnAo otédeyoc (AH109,
Y187 1 Y190) kot ta kOtTapa doecmeipovior 6to Opentikd vAKO pe xpnon Voltex yu 5
min.

¥t ovvéxelo to 1 ml petopépeton o Koviky OdAn mov mepiéyet 50 ml katdAAniov
Opentikov vAIKOV kot enmdleton otovg 30 °C vd cuveyn avadevon otig 250 rpm yu
16-18 h (OD > 1.5).

Tnv enduevn pépa, petagépovtar 30 Ml g apyikng KaAMEPYELNS GE KMVIKT GLAAN
nov mepEyel 300 ml Bpemtikod VAo YPD kot n kodhiépyela pwtopetpeitan oto, 600
nm. H tyn g ontikig mokvottog o mpémetl vo givar ion pe 0.2-0.3 (ODgy = 0.2-
0.3). Xt mepintwon mov dev eivar, mpootifeton emmALOV TOGOTNTA APYIKNG
KOAMEPYELNG, DOTE VAL YIVEL

H xoAMépyera avti enmdaletor otovg 30 °C vd cvveyn avadsvon (230 rpm) yia 3 h.
e avtd 10 onpeio n otk TokvotTa Oa Tpémet va etvan 0.4-0.6.

To xdtrapa otn cvvéyeia euyokevtpovvtal ota 1000 g yio 5 min ce Ogppokpacio
dopatiov.

To vmepkeipevo amopokpOveTol Kot to. KOTTOpo emovadiacneipovion og 25 mi
anootelpopévon ddH,0.

AxolovBei puyokévtpnon ota 1000 g yio 5 min oe Oeppoxpacio dopatiov.

To vmepkeipevo OmOPOKPVUVETOL Kol To KVTTOPA emavadlacneipoviar oe 1.5 ml
epécKoL amootelpouévoL dtolvpartog 1X TE/1X LiAc.

Me ta kOtTapa avtd pmopovv va mpaypoatomombovy 15 pikpng kAipakog aviidpdoelg

LETOGYNHLOTIGLLOV.

2.1.1.4.2 MeTooyNUOTIGUOC OEKTIKMV KVTTAP MOV GOKYUPOUVKNTO

1.

Mo kdéBe avtidpaon petacynuoaticpuov mov Ba mpaypatomoindel tomobetodvion ce
amootelpouévo coinva eppendorf tov 1.5 ml, 100 pg mhacuidiaxod DNA ka1 100 mg
herring testes DNA kot avapetryvoovrad.

¥t ouvvéxew otov kdbe ocwolva mpootifevtar 100 upl dektikdv  KvTTApOV
COKYOPOUVKNTO TOV EYOVV TAPUCKEVAGHEL TPONYOLUEVOS KOl OVOLLELYVOOVTOL KOAG LLE

xpnon vVortex.
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10.
11.

12.

AxoloObwg mpootifeviar oe kdbe cowinva 600 pl amootelpouévov SlaAdUATOG
PEG/LIAC ka1 avaperyvbovtatl KaAd pe ypriion VOrtex oe vynan toyvtnta yuo 10 sec.
O1 coAveg enwalovtot atovg 30 °C yia 30 min vd avadevon otig 200 rpm.
AxoloO0wg mpootibevtor 70 ul DMSO xor to kOtrapo oavoadedovtol mo pe
OVOCTPOPN TOV COANVOV.

AxolovBei Ogppikd cok 6tovg 42 °C yiar 15 min kou €metto to. KOTTOPO YHYOVTOL GE
néyo yo. 1-2 min.

Axolov0wg puyokevtpovvtar otig 13000 rpm ywo 5 sec og Beppokpacio dmopatiov Ko
OTTOLLOKPVVETAL TO VTEPKEILEVO.

Ta kdttapa enavadiacneipoviat og 0.5 ml amootepopévov droivpotog 1X TE.

100 pl and awtd otpdvoviol oe TpuPAio twv 100 mm pe to katdAinio emhextikd SD
OpenTikd LAIKO, OGTE VO EMAEYOVV T AVTIGTOUO. LETOCYNUATICUEVO TAAGUIO. [
va gtvar olyovpo 01t Ba vtapEouy dlakprTol Sl WPIGUEVOL KAMVOL GTPMOVOVTOL EMIGNG
100 pl amd drdpopeg aparmoeig: 1:1000, 1:100 o 1:10.

To tpuPrio erwdlovtotl otovg 30 °C mc 6tov yivouv drakpitég anotkicc (2-5 pépeq).
Mo va vmoloylotel M OMOTEAECUATIKOTNTO TOV UETOCYNUOTIGUOV, HETPOVVIOL Ol
OOKIEC OV OVOTTUGGOVIOL GTO TPLPAIO HE TNV KATAAANAN opoimor, dOoTeE va

napovctalovrat 30-300 amowkieg Kot vworoyileton pe Phoet Tov TOTO:

Transf. Efficiency=cfuxSuspension Vol. (ml)/Vol. plated (ml) x amount of DNA (ug)

Téhog kheivoviar pe @OALO mapoaeivng kot amodnkedoviar otovg 4 °C ywo 3-4

ePoopdoes.

2.1.1.5 HHopaoKEVN TPOTEIVIKOV EKYVMGUATOC 0O KUTTUPO GCOKYIPOUVKNTO

2.1.1.5.1 KoaAMEPYELD GUKYOPOUVKNTA YU TUPUGKEVT TPMTEIVIKOV EKYVMGUUTOC

Yhka:

1.

2
3.
4

Kotaiinio emilextikd Opemtikd vikd SD.
Yyp6 Opentico vikd YPD.

Moyopévo Hy0

Yyp6 alwro.

- 45 -



M£0odoc:

1.

A6 kbOe HETACYNUATIOUEVO GTEAEYOG CAKYOPOUVKNTA TOV emiBupeitan va peretn el
N éxepoon ¢ TpoTEivG o€ avtd pe T pébodo Western, Aappdvetar pio epéoka
amoikioe (pe diuetpo 1-2 mm, oy move and 4 pépeg) ko gpPoidleton o 5 ml
emAekTikd Opentikd vikd SD. Emiong AopPdveror ko pio oamoikio amd t0 un
LETAGYNUOTIGUEVO OTEAEYOG, TO omoio Ba ypnoipwomomBel og apvntikd detypo, Kot
gupordleton oe 10 ml Openticod vicod YPD. Ot anoikieg enmdletar stovg 30 °C vd
avadevon otig 200 rpm yuo. 16-18 h.

Tnv endpevn pépa n kdbe kaAlépyeio petapépetan oe 50 ml Opentikod vikod YPD
ko enodletonr 6tovg 30 °C vd avadevon otic 200 rpmM g 6TOL 1) OMTIKN TVKVOTNTO
tovg @tdoet to 0.4-0.6 ota 600 nm (ODgyy = 0.4-0.6). Xperdlovtar mepimov 4-8 h
avdAoya Le TV TPOTEIVT.

O ocvvolkog aplBpdg tov povadmv ortikng mtukvotntag (total number of ODgg UNIts)
o omoiog Oa ypnoipomomBei petémeita vworoyiletor TOAAATANGIALOVTOG TNV ONTIKY|
mokvotNTo (ODgoo) amd 1 ml kadAépyetag pe Tov GuVoAkd OYKo TG KaAMEPyeLag (TT.y.
0.6 X 55 = 33 cuvolMkég HOVADES OTTTIKNG TUKVOTNTAG).

Ot koAMEpyeleg maydvovtol opuécws pe tomobétnon tovg oe cowiveg tov 50 ml
YEUATOVS KATA TO GO LE TAYO KOt GTI cLvEXELD puYyoKevtpovvTot otic 2000 rpm yw 5
min otovg 4 °C.

Amopakpovetar 10 vrepkeipevo kat 1o ilnuo emavadiaddetor oe 50 ml Tayouévo
anootelpwpévo d-H,O.

[Tpaypotomoleital puyokévrpnon otig 2000 rpm yia 5 min otovg 4 °C.

Ta kvtTapucd WHpoTe Toydvovtol pe vypd almto kar puidyoviol otovg -80 °C uéypt

TNV XPNOoN TOVG.

2.1.1.5.2 IopocKEL] TPMOTEIVIKOD EKYVMGUOTOC 00 KUTTOPO GOKYUPOUVKNTO UE

ypRon TPy Ampo-o&ikov oEémc [Trichloroacetic acid (TCA)Y]

Yhka:

1.

2.

100X PMSF (phenylmethyl-sulfonyl fluoride-gpaivul-pébui-coviedovoroebopidio,
Sigma). 0.1742 g PMSF diaAvovtar o€ 10 ml ioomporavoing. O coinvag TuAiyeton pe
AAOVLULVOYOPTO Y10 TPOSTAGIO ATd TO PG Kot dlatnpeitan o Oeprokpacio dmpatiov.
PuOuotikd swdiopo TCA: 20 mM Tris-HCI pH 8, 50 mM o&wd appdvio, 2 mM
EDTA, 1X complete (avactoreic tpwteacav), 1X PMSF.
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Adhopa 20% (w/v) TCA og vepd.

Awdivpo SDS/yAvkepoing: 7.3% (wilv) SDS, 29.1% (v/v) yhokepoin, 83.3 mM Tris-
base, kvovo ¢ Ppopo@atvorn.

AdAvpo TrissEDTA: 200 mM Tris-base, 20 mM EDTA.

PvOuiotikd dddlvpo optodpatog dstypdtov TCA-Laemmli: 0.48% (v/v) dwdivpo
SDS/yAvkepoing, 0.4% (v/v) diédvpo TrissEDTA, 2x PMSF, 1X complete (avactoAeic
npwteacov), 0.720 M B-uepromtootfavorn.

IMvédAwva oeorpidio (425-600 um, Sigma).

M£0oooc:

1.

Ta xvttopwd quote Eemoydvoviar oto mayo (10-20 min) ko to KGbe £Eva
avadiaoneipetor o 100 ul moyopévov pvbuiotikod deivuatog TCA yo kabe 7.5
povadeg ontikng mukvotntos ODegoo. (). av 0 GLVOAIKOS aplBUds TV HOVAI®V
OmTIKNG TLkvOTNTOG oovton pe 33 tote o kOTTOpa avodwaonsipoviar oe 440 pl
pvOutotikd didivua TCA).

Axolob0wg 10 KéBe avadiuomelpduevo KutTaptkd ilnpo petapépeton Eexmplotd o€
COAVO, 0 0TOI0G TTEPIEYEL YLOAVA GPatpidio Kot Taympuévo dtdivpa 20% (w/v) TCA.
Xpnowomotovvtatr 100 pl yodiwva oparpidia kar 100 pl 20% (w/v) TCA ya kébe 7,5
ODgpo povadec.

Ta kotTapo Adovtarl pe Vortex ce péyiotn toyvtnta v 10 min otovg 4 °C kot 10
VIEPKEINEVO, TO Omoio OmoTeEAEl TO TPOTO KVLTTAPIKO EKYOAIGUO, LETOPEPETOL GE
KaBapd cowinva o onolog tonobeteitol 6to mdyo.

Ta yvadhvo ceapidia Eemhévovtar pe mpocOnkn oe awtd 500 pl peiypatoc 1:1 20%
(v/iv) TCA: puBuiotikd didAvua TCA, vortex oe péytotn toydra yio 5 min otovg 4
°C Ko 6T GUVEYELD. TO DIEPKEIEVO LETAPEPETOL KOL EVAOVETAL LUE TO TPAOTO KLTTUPIKO
ekyOMopa and To Ppa 3.

To kvtTapd exydMopa puyokevipeiton otic 13000 rpm yio 10 min otovg 4 °C dote
va kotafuOioTohv 01 TPMTEIVES KOl TO VITEPKEILEVO ATOUAKPVVETOL EVIEADC.

Kdébe mpoteivikd nua avodioneipetor 6€  puOMMOTIKO  SGALUIO  POPTMOUATOG
derypatwv TCA-Laemmli. Xpnowomowovvrar 10 pl yio «éBe povéda omtikng
TUKVOTNTOG TOV KLTTAPWV.

Ta Setypato palovior stovg 100 °C yior 10 min ko guyokevipovvrar otig 13000 rpm
ywo. 5 min og Oeppokpacio dopatiov.

To vrepreipevo petapépetol oe kabapod coAva Kot ta delypato ovoarvovtol pe SDS-

NAEKTPOPOPNOT KO 0VOGOATOTOTWON Katd Western.
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2.1.1.6 Aronovoon rnrocutotokov DNA ard coxyapopuvknTo.

Yiika:

1. Katdiinio SD emidektiko OpemntiKd vAIKO.

2. AGhopa Avong: 2% (viv) Triton X-100, 1% (w/v) SDS, 100 mM NaCl, 10 mM Tris-
Cl, pH 8.0, 1 mM EDTA, 100 pg/ml RNAse.

3. Audopo ovong : YA@POPOPLOD : IGOUUVAIKNG OAKOOANG (25:24:1) (VIVIV).

4. 10 M o&k6d appmvio.

5. 100% oBovorn.

6. Tvdiwa ceoapidia (425-600 um, Sigma).

Mé£0odoc:

1. Mio petaoynuotiopévn amoikio cakyopopdknto eppordletar oe 1.5 ml vypov
eMAEKTIKOD Opentikod vVAKoD ko enmaletarl otovg 30 °C vrd avadsvon otig 250 rpm
ywo. 16-18 h.

2. AxoroObwg @uyokevtpeitar otig 13000 rpm yio 5 mMin Kot GOUOKPVOVETOL TO
VIEPKEIEVO.

3. Ta kdtrapa avadiacneipovtar o 0.2 ml didAvpa Avong kot yivetar TposOnkn 0.2 ml
LEIYUOTOG POUVOANG:YA®POPOPULOVIGOOUVAKNAG OAKOOANG 25:24:1 (VIVIV) ko 0.3 g
YOAAVOV GOUPII®V.

4. AxolovBei Moom TV KLTTAp®V LE ypnon VOrtex ce péytotn taydTnta yio. 5 min 6tovg
4 °C ko €énerta uyokévepnon otig 13000 rpm yia 10 min.,

5. H vdatikn pdon otnv onoia wepiéyeton 10 mAacudokd DNA petapépeton o kabopd
COAMVA.

6. To miacdiaxd DNA katapubiCetor pe 100% moayopévn abavorn ion pe 2.5 eopéc
Tov OYKO TOV VIEPKEipEVOL oty mapovsio 2 MM ofuwob appwviov, pe tomobénon
TV OAVOV 6tovg -80 °C ya 1 h.

7. AxolovOel uyorévipnon towv coivev otig 13000 rpm o 15 min otovg 4 °C kot n
afavorn amopokpdveral. To mioaopdiokd iinuo Eemiévetan pe ddhvpa 70% (V/v)
alBovOANG Kot 0p1|VETOL VO GTEYVMGEL GTO OLEPOL.

8. To mhacudiokd ilnpa dtaivtonoteiton o 20 pl pvOuictikov daivpatog TE.
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2.1.1.7 Aviyvevon B-yalaktooddonc exi oiltpov (B-galactosidase filter Assay)

H aviyvevon g B-yoroktocddong amd omoikieg cakyopopdknto emi @Oidtpov

YPNOLOTOIEITOL YLl YPNYOPN GAPWOT TV KAGV®V o1 péBodo dwPpidicprod oe cuatnuo

COKYOPOUVKNTA OOTE VO EAEYYOEL aAANAeTIdOpaoT peTa&H 000 TPOTEIVDV.

Yiika:

1. Amooteipopéva dmOntikd yaptid Whatman.

2. PvBuiotikd dudvpo Z: 60 mM Na,HPO, 60 mM NaH,PO, 10 mM KCI, 1 mM
MgSQOq, pH 7.0.

3. 20 mg/ml X-gal (5-Bpwpo-4-yAwpo-3-tvdolvro-p-D-yaraktontvpavosioo) ce DMF
(N,N-61pebviopoppopiono).

4. 14.4 M B-pepxantoonBavorn (Sigma).

X-gal/ PvOuotikd ddvpa Z: 0.33 mg/ml X-gal, 40 mM B-pepkomtoaifavorn ce
pLuOeTIKO ditdAlvpa Z.

6. Yypo alwro.

Mé£0odoc:

1. Tw x&Be tpvPAio, 6TO0 OMOI0 LVIAPYOVY UETAGYNUOATIGUEVES ATOIKIEG COKYOPOUDKNTOL
(2-4 nuepav), otic omoieg Ba yiver aviyvevon g evepyotnTog TG P-yorlaKTtoos1ddong,
Bubiletar éva didnTkd yapti oe 5 ml Z-dwwddpatog/X-gal dakvpotog o kabopo
TpLPALo.

2. Axolo00m¢ tomobeteital oteyvo SNONTIKO YopTi TAVEO GTNV EMEAVELD TOV TPLPAIOL
pe T omowieg mov Bo avaivBodv kol 1 HETAPOPE TOV OMOIKIOV GTO YOPTi
vroPondeiton pe amain migon pésw ypnong AaPidag.

3. Z10 dmbntiko yapti, kaBdG Kot 6To TpLPAIo onUEWOVOVTOL TPio AGVUPETPO GNUElD Yia
va OlELkoAVVOEL 1 avayvVAOPIoT] TOV TPOCOVOTOAIGHOVD, KOU VO HITOPOVV €K TMV
VOTEPM®V, VO TAVTOTOINHOVV Ol OmOIKiES.

4. To dmOntikd yopti amopakpoverar ond to tpvPAiio, Pvbileton yuo 10 sec oe vypo
almTo kot aprvetar o€ Beppokpacio dopatiov yio vo Eemaydoel.

5. Axoro00w¢ tomobBeteitan, pe TIC amokieg mpog ta mhvw, eni dmONTIKOD YOPTIOV TOV
givon fubiopévo o Z-d1dAvpo/ X-gal péoa oe kabapd tpuPrio (amd to Pryua 1).

6. Axolovbei endoon otovg 30 °C kot mepPlodiKOg EAeyyOC Y100 TV EUPAVIOT UTAE

rpopatog. O xpodvog mov TAIPVEL Yo VO EUPOVICTEL TO UTAE YPMOUO KLUOIVETOL

ovvnBw¢ omd 30 min wg 8 h.
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7. H 0éon tov amowkidv, mov divouv umie ypouo, ovoyvopiletor pe t Ponbela tov
ACOUUETPOV ONUASIDOV TToL TomoBeThONKav 610 YapTi Kot to TpVvPAio (Prua 3) Kot ot
amolkiec petagépoviol 6€ TPVPAMO e TO KATOAANAO EMAEKTIKO OpemTIKO LVAKO. XTI
amolkieg avtég petaypheetar to yovidlo avagopdc, lacZ ko mapdyston 1 B-
YoAOKTOO13G0T Tapovoia g omoiag o vrdotpoua X-gal yiveton pmie. Ot omokieg
avTtég Bewpovviol “OeTicéS” aeoL 1 PETAYPAPN TOL YoVIdiov avagopds amoteAel
coPapn €voelEn OtL yivetar aAiniemiopaon petald Tng TPMTEIVNG-“O0A®UA” Kol TNG

npoteivng amd CDNA BiAodnkn.

2.1.1.8 cDNA Bipio0nkn

2m mopovoda  epevvnTiky gpyacio ypnowomomOnke CDNA  Biiobrxn (BD
Biosciences) omd oavBpomvo kOttapa Hela, mov kmdkomoovce  TPOTEIVES
CLYX®VELVUEVEG UE TNV Ttepoyn evepyomoinong (Activation Domain) tov petaypoa@ikond
napdyovta GAL4.

Ta dbpopa CDNA nrov  Khovomompéva oto  mlaopidto PACT, kot
LETAGYNUOTIGUEVO OTO GTEAEYOG TOL cakyapopvknto Y187. Ayopdotnke Kateyvyuévn
KOAMEPYELD VTV 68 Bpentikd VAIKO Kotayvéng (5 x 1 ml).

O op1Buog TV aveEapTnTOV KAOVEOV oL TEptEyovtat otn PifAtodnkn eivar 1.3 x 10

kot o péyebog v CDNA kopaivetar oo 0.5 Eémg > 3 kb.

2.1.1.8.1 M£00doc SwBpdwonod ce cvotnuo coxkyaponvknto (Yeast two-hybrid

system)
(‘Yeast Protocols Handbook, 2000; Matchmaker Gal4 Two-Hybrid User manual, 2000)

To ocbomua tov dvo vPpwinv cto Lupopdxnrta (Y2H) sivar éva 1oyvpd epyareio
TOV YPNOLLOTOLEITAL EVPEMG Y10, TNV AVIXVELGT] OAANAETOPACE®Y TPMTEIVNG-TPMTEIVNG IN
vivo. Emupéner ™ odpoon &vog peydiov oapbpod mpoteiveov (T, avTt®V  Tov
Kodwkomolovvtal amd pia fiprodnkn cDNA), yio v aviyvevon aut®v mov Topovstilovy
QLOIKN aAANAETiOpacn pe TNV VIO UEALTN TPOTEIVI, N HELOVOUEVOV VITOYNPUOV
TPOTEIVOV Y10 TNV enoAnBgvon mBavdv aAlnAemdpacewv. Mmopet emiong pe to cuoTNUA
aVTO Vo Yivel TEPAITEP® OVAALGT Kol VO, ATOoKAAVQOOVV TO EMUEPOVS TUNHOTO 1 AUIVOEEDL
TOV TPOTEIVOV OV Elvar avarykoaio yio TV oAANAETidpaoT).

H apym Aertovpyiog tov Y2H Paociletor 6to yeyovag 4Tt o1 pHETaypapikol Tapdyovteg

amoteAobvtal amd 000 Y®PLOTEG, OOKPITEG JOUEG: TNV Tepoyn mpocdeonc tov DNA
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[DNA-binding domain (DBD)], n omoia mpocdivetal o€ GLYKEKPIUEVT aAANAoVYioL TOV

VITOKIVITI), KOl TNV Teployn evepyomoinong [activation domain (AD)] mov oAAniemdpd pe

v RNA-molvpepdon. Qotdco €vag HETaypaptkdc Tapdyoviag pmopei vo dnuovpyndet

TEYVNTA OO OV0 SLOPOPETIKES TPMTEIVEG O1 0MoieG AAANAETIOPOVY HETALD TOVG, OTTOV M

pia eépet t DBD kot n aAAn v AD. Otav avtég ot 600 npmteivec alAniemidopdcovy Oa

npoypatoromnfel petaypoapy] KAmowwv yovidiov oavoaeopds (avéotpopio o emMAEKTIKA

Opentikd péca, evepyonoinon tov yovidiov lacz).

v mapovoa epyocio ypnotpomomdnke to cvotnua ¢ etapeiog CLONTECH,

MACHMAKER Two-Hybrid System 2 to omoio mepiéyet:

1.
2.

N o g &~ W

To otéheyog Saccharomyces cerevisiae AH109 (ITivakag 2.1).

To otéleyog Saccharomyces cerevisiae Y187 pe petacynuoaticpévn CDNA Biiodnin
HelLa oto mhacpioo pACT2-1 (ITivaxag 2.1).

To macpido pAS2-1 (ITivakag 2.2).

To mhacpioo pACT2-1 (ITivakag 2.2).

To macpidio pGBKS3 (IMivakag 2.2).

To maopidio pTD1-1 (ITivakag 2.2).

To mhacpioo pGADT7-T (Ilivakag 2.2).

H apyn ™ nebodov etvar n e€ng:

1.

Apywé 1o yovido g vro perétn mpoteivng (hCINAP), mpoteivn-60ioua,
ovyyovevetal pe v meployn tpocdeons oto DNA (DNA-BD-DNA-Binding Domain)
OV peTaypaeikov mapdyovta GAL4 tov cokyopopdknta Le ypHon ToLv TAAGHLGI0V
pAS2-1 10 omoio @épel to yovido g TRP1, mapéyovrog avEotpopio. 610 apvo&y
TPUTTOPAVT).

To yovidio piag mpwteivng X mov mbavov vo oAANAETIOPE PE TNV TPOTEIVIN-O0AmUOL
givor ocvyyovevuévo pe v meployn evepyomoinong (AD-Activation Domain) tov
petaypagikov mapdayovto GAL4 oto mhacuidio pPACT2 1o omoio @épet T YoVidlo TG
LEU2 napéyovtag avéotpopio 6to apvo&d Asvkivn.

To mMhacuidoto pAS2-1 pe v vd perAétn Tpwteivn petaoynuatiletol 6To GTEAEYOG TOV
caxyopopvknta AH109 to omoio @épel 6To Yovidimpa tov Tpia yovidia avopopag Tov
eréyyovtal amd dlapopeTikés aAiniovyieg evepyomoinong (UASS) kor TATA boxes:
o) Tov HIS3 mov 6tav exppaletor divet T duvatdHTNTO GTO KOTTOPA VO LEYOADVOVY GE
eMAEKTIKO OpenTikd LAKO 0md To 0moio amovotdlel To apwvold otidivn, B) oo ADE2
oV OTOV eKPPALETOL SIVEL TN OLVATOTNTO GTO KVTTOPO VO LEYOADVOVV GE EMAEKTIKO
Opentikd VAKO oo To omoio amovoldlel n adevivny kot v) lacZ to omoio kmduomorel
mv B-yohoktooddomn, mapovsio tng omoiag to vroctpmpoa X-gal yivetonw pmie. H
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TOPOVGIN TOV TPLOV YOVIOIOV avapopds eEVMNPETEL GTOV ATOKAEICUO YELOMDG BETIKMOV
amotelecpudTov. Emiong amd o oTtedéyn cakyopouKnTo IOV YPTCLLOTOOVVTOL £X0VV
dwypael omd T0 yovidimpo Tovg To yovidle Towv gvdoyevav mpoteivov GAL4 kot
GALS8O0 (amovcia yorlaktolng mpocoévetor otnv GAL4 kot avacTtéALEL TV Agttovpyia
™me).

4. AMnmAeridpaon ¢ Tpwteivng-06Amua pe v tpoteivn X eépvetl kovia to. DNA-BD
kat AD, evepyomoidvtog to petaypagikd mapdyovta GAL4 emtpénovtag v Ekepoon

TOV YOVISIOV avapopdg KAVOVTAG TNV OAANAETIOPUCT POIVOTLTIK( SLOKPLTT).

2.1.1.8.2 YX0levén caxkyapopvknta (Yeast Mating)

[IP-4]

Me oot 11 pébodo KOTTAPO COKYOPOUVKNTO TOTOL “o UETAGYNUOTIGUEVO LE €V
TAOCUIO Kol KOTTOPO GOKYOPOUDKNTA TOTOL “@” peTooynUATIoUEVO He €va GAAO
mlacpidoo, aenvovior va  ovlevyBolv, kol €tol mPOKOTTOLV SUTAOEWY| KOTTOPO
COKYOPOUVKNTO 7OV TEPLEYOLV Kol To OVo mAoouidw. H ovlevén ocaxyopopvxnta
YPNOUYLEVGEL GTN YPNYOPN OVAYVOPICT] TOV YEVOMS OeTIK®V KADVOV Kot KOT® €TEKTOON

otov anokAelopd tovg (Matchmaker Gal4 Two-Hybrid User manual, 2000).

Yiika:

1. Yypo Opentikd vio YPD.

2. TpoPiia pe oteped emhextikd Opemtikd viued SD/-Trp/-Leu.

3. TpvuPiia pe oteped emhextikd Opemtikd vAwcd SD/-Trp/-Leu/-His.

4. TpuPAria pe oteped emhektikod Opentikd vikd SD/-Trp/-Leu/-His/-Ade.

M£0oooc:

1. Emdéyetan pio petacynpotiopévn anotkio omd tov Kafe TOMO cokyopopdKnTo Kot ot
dvo amowkieg epPporalovior og 0.5 ml YPD Opentikod vikod 6g coiva tov 1.5 ml.
Ta kOTTOpO eTavadiocTeipovtal pe Vortex.

2. H xaiépyeia emodleton otovg 30 °C vrtd avadevon otig 200 rpm yio 20-24 h.

3. 100 pl amd v KoAMEPYELD HETOPEPOVTOL KOl EMAVAOLOOTEIPOVTOL GE TPUPAIO e
emlektikd Opentikd vukd SD/-Trp/-Leu, 1o omoio emitpémel pOVO o610, SITAOELON
KOTTapa cakyapopvknto vo. eminoovv | oe SD/-Trp/-Leu/-His, mov emttpémer v
emloyn Tov yovidiov avapopdg His3 (ma emioyn) f oe SD/-Trp/-Leu/-His/-Ade, mov

EMTPENEL TNV EMAOYN TOV YOVIdiov avapopdg Ade2 (mo owotnpr ETAOYN).
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4. To tpuPria enmaloviar otovg 30 °C yio 3-8 uépeg 6N mepinTt®won Tov EMAEKTIKOD
uéoov SD/-Trp/-Leu/-His 1} yia 6-18 pépeg otn mepintwon tov emdektikov pécov SD/-
Trp/-Leu/-His/-Ade.

M£00d0c (MIKPNC KMUOKOC):

Otav  vmdpyovv moAAG mAaouidl to omoior mpémer va  peretnBovv  TOTE
ypnowonoteitor 1n  péBodoc ovlevéng o KPOKAIHOKO Kot Yoo TO OKOTMO 0T

ypnouonolgital tpuPfrio ymplouévo og ToALG keAd (microtiter plate)

1. Apywd yepiCovton to ke tov tpuPiiov pe 160 pl Operticd viud YPD.

2. T kdBe mAacuidio mov Ba avarvdel epfortdleton pio petacynuoticuévn arotkio og 1
ml Opentikd vikd YPD.

3. T kdBe Tomo mhacpdiov mov Ba ypnowonomBel wg dstypa avapopds eppfortdlovio
2-3 petooynuatiopéveg amotkieg o 3 ml Opentikd vikod YPD.

4. Otomheg Tov TpuPAiov gufortdlovran pe 20 pl amd v KahAiépyeto tov PApatoc 2.

5. Ou oepég guPoralovrar pe 20 pl and v koAMépysia tov Pruatoc 3. T'a ke
Eexoplotd TOMO TAAGUOIOL avaPOPAS YPNOLOTOtlEiTaL EEXWPIOTN GEPE KEMDV GTO
TpVPAio.

6. To tpvPhio enmwdletat otovg 30 °C vd avadevon otig 200 rpm yio 6-18 h.

7. 100 pl omd «d6be Eeywpioty ovlevyuévn  KOAAEPYEWD,  HETOQEPOVTIOL KOl
emovadwaoneipovior oe TpuPAio pe emAektikd Opemtikd vAwkd SD  Odmwg  won
TPONYOVUEVMG.

8. Ta tpuPfiria emwdaloviar 6tovg 30 °C dTmE KoL TPOTYOVUEVMC,.
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2.1.2 M£0odor 6to Baktnpro

2.1.2.1 Xtedéyn Baktypiov Escherichia coli kon mAaomdrakoi @opeic

Y1éheyog faxtnpiov

. T'ovotvmo Avtiprotiko
E.coli g B

E.coli lamda’ F" recAl endAl gyrA96 thi-1
XL1-Blue hsdR17 supE44 relAl lac [F proAB Tetpaxvrkivn
lacl®Z4M15 Tn10 (Tet")]

E.coli B F ompT dcm hsdS (rg” mg) gal

BL21 (DE3)-pLysS A(DE3) [pLysS Cam'] XAOPAUPAVIKOAT
BL21-codonplus (DE3)- | E.coli B F ompT hsdS (rg" mg) dem+ Tet' gal | XAopappawvikoin,
RIL MDES3) endA Hte [argU ilew Cam'] Tetpakvkiivn

F{lacl® Tn10 (Tet")} mcrA A(mrr-hsdRMS-
mcrBC) ®80lacZAM15 AlacX74 recAl
araD139 A(ara-leu)7697 galU galK rpsL
endAl nupG

TOP10F (InVitrogen) Tetpakvihivn

IMivaxog 2.4: Ytedéyn Paktnpiov E.coli mov ypnoipomomdnkov oty napodoa epyacio.

. , . Emoyij o | Méyebog
[Mlooporaxoi gpopeic Iepvypaon BpernKd péco .
y r r y /
0CR2.1 (InVitrogen) Tunpo lacZa, amp’, kan ApmmMm’/n 1 39
Kavapoxivn
PGEX-4T-1 (Amesham | ApvotelMkd emTONIO TPAVOPEPACT] TNG
Pharmacia Biotech) S-yhovtadeidovng (26KDa GST) amp', ALy 4.96
aAAniovyio Opopfivng K L
pHAT, : : ; ‘
Apvotehikd emtomio e&a-10Tidivng Aumicdhivn 295
(Peranen et al, 1996) | (6xHis), amp' '
pET32a+ Apvotelikd emtomio e&o-10Tidivng
(6xHis), oAAnAovyia Betopedo&ivig Apmiciddivn 59
(Novagen) (Trx), amp'
PRSETaBc Apvotehikd emtomio eEa-16Tidivng Apmiciv 29
(Invitrogen) (6xHis), amp' '

IMivokog 2.5: Mlooudiokol @opeic yo kKhwvomoinon kot ékepacn oe Poxtipla E.coli, mov

YpPNOoTOmONKaY 6TV TOPOoHGO EPYACIaL.
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2.1.2.2 EmlekTiKa 0pentiKd vAIKA Y10 okt prokéc KOAMEPYELEC

1. Opentiké vikoé LB (Luria Bertani Medium): 1% (w/v) tportovn, 0.5% (w/v)
ekydMopo Coung, 0.71 M NaCl, pH 7.0.

2. Opentiké viké SOC: 2% (w/v) tpumtovn, 0.5% (WIV) exydhopo {opng, 10 mM
NaCl, 2.4 mM KCI, 10 mM MgCl,, 10 mM MgSQOy4, 20 mM yAvkdln.

3. Xteped Opemtikd viko LB pe ayap (rpuvPria): 1% (w/v) tpomtovn, 0.5% (wiv)
ekyOMopo Qopng, 0.171 M NaCl kau 1.5% (wW/v) dyap, pH 7.0.

Ta mlaouidle mov ypnoipwonoobvtal Yoo TV KAwovomoinon tov DNA mov pog
EVOLOPEPEL  TEPLEYOLY  YOVIOl0/0L OV TPOGOIOOLY  AVOEKTIKOTNTO G©E GLYKEKPIUEVQ
avTIPloTIKA €161 OOTE Vo givol dSuvoT N KOAAEPYELD TOV POKTNPIOKOV OTOIKIOV TOL TO.
QEPOVV OE EMAEKTIKO PEGO. Mepikd amd to ypnoyomoovpevae Poktnplakd otedéyn
dwbétovv emiong avlekTikOTNTA GE OPWGUEVA AVTIPLOTIKA AOY® €1GO0YNG GYETIKOV
yovidiov oto ypopocoua tovg (BA. Iivaka 2.4). Eropévac 1 emloyn tov Paktnplokov
KAMovov yivetar Bacel g avOekTkOTNTAS TOVG 0T KATOAANAQ ovTIBLOTIKA KOl GTIC
KataAAnAeg cvykevipooelg (BA. [livaxa 2.6), avaioya pe to TAacuidlo Kot 10 fokTnploko

OTEAEYOG TTOL YPTCLOTOLEITAL.

Avtiprotiko JVYKEVTPOUEVO Telun Zvykévrpmon
owaiopa oTo OpenTIKO péco
Apmuiddivn 50mg/ml 100ug/mi
XAopapeavikoin 30mg/ml 30ug/ml
Tetpakvihivn 5mg/ml 25pug/ml
Kavapvkivn 50mg/ml 50ug/ml

Hivaxag 2.6: AvtiBlotikd Tov ¥pnoomodnkay 6Ty Topodca pyacic yio TV ToPUCKELT

EMAEKTIKOV OPENTIKOV HECWV.

2.1.2.3 Katawvén BoKTnplok®V 6TEAEY DV

ATd ikpéc vypég Paktnplokéc KaAMEPYELEG OV avamtioocovton Yo 12-16 h ko
TPOEPYOVTOL OO OTOUOVOUEVES omotkieg TpuPAiov petagépoviar 0.5 ml ce coAveg
tomov eppendorf ot omoiot Tepiéyovv o 0.5 Ml amootepopévng yAvkepoing 50% (v/v)

kot avopetyvoovtot. Ot colveg amobnkevovror otovg -80 °C én’ dmeipov, £Tol OOTE Vo
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YPNOUOTOOVVTOL vl TAGO OTIyUn ¢ omoféuato Yoo TNV ovomopay®yn Tov

Boaktnplokdv KAGV®V.

2.1.2.4 Avaktnon KoaTswoynévev Boktnplok®v KuTTapmy

Yiika:

1. Kateyvoyuéva Bakmmplokd oteAéyn o€ YALKEPOAN.

2. LB tpuPria.

3. Amootelpopéveg e1d1kéc AoPideg pag xpnong (loops).

M£00doc:

1. Mwipn mocotnTa YAVKEPOANG Ao KoTeEYLYREVA Baktnplokd KOTTapo Aapupdveton kot
dwoneipetan o€ TpuPAia pe oteped Bpemticd vAwo LB.

2. Ta tpuPria emwalovrar otovg 37 °C yuo 16-18 h péypt va daxpbodv amnowkieg (12-18
h).

3. Téhog Khetvovtan pe pUALO Topagivng Kot amodnkevovtal otovg 4 °C péypt 1 puva.

2.1.2.5 Tlopaockevn dektikdv Boxinpiov yio TAACWOWOKO UETACYNUATICULO UE YPNGCM

YA®PLoVYoL acBectiov

Yiwka:

1. Yypo Operntiko viko Luria-Bertani (LB) pe ta katdAAnio avtiplotikd.
TpovPAria pe Ta (010 ovTIloTikd 0TS Kot ToV BPETTIKOV LAIKOV.

2
3. 0.1 M CaCly amootepmpévo péow eidtpov 0.45 um.
4. Amootelpopévn 50% (VIV) yAvkepoin.

M£00doc:

1. Ano xateyvypéva (-80 °C) PBoktnplaxd omobéuata ce yAvkepon epPoitdlovpe
TpLPAL0 TOV TTEPIEYEL TO KATAAANAQ avTIBloTikd. TN cvvEyEln TomobdeTovpe To TpLPALO
otoug 37 °C yio. 16-20 h yio avamtvuén khovov.

2. Tlaipvovpe éva kKA®dvo (2-3 mm) and amOHOVOUEVEG OTOKIEG TOV avamTOYONKAV G
avtd kot epPfortdlovpe pikpn koAiiépysia (3 ml) vypov Bpentikov vAkov LB kot v

QPTVOLLLE VO UEYOADGEL Yio Ttepimov 12 h.
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3.

10.

11.

> ovvéyewn petapépovpe 1 ml amd ™ pikpn koAlépysia o 100 ml LB péoa oe
KOVIKY] @A tov 500 ml kot v agnvovue ywoo endoon otovg 37 °C vmd cvveyn
avddevon otig 250-300 rpm. Ze TakTd XpoviKA S106THATO TOiPVOLLE delypa omd TV
KaAMEPYELD Kol peTpovpe TV otk tokvotnta (OD) ota 600 Nm, ¢ deiktn yio v
avamtoén tg. Eivar amapaitnto va ypnoyomomBovv Poakmplo oe ekOetikn @don
avantuéng (mepimov ODggo = 0.4), émov dwopovvtarl pe ToAd ypryopo pvud. T'a va
eCaxppwbel avtd pmopodUE VO KOTOGKELACOVLUE TO OWAYPOUUO TNG ONTIKNG
TUKVOTNTOG GLVOPTHGEL TOV Xpovov [OD=f(1)]. £’ avtd t0 didypappo PAEmovuEe apyikd
po ikpn HETABOAN TNG TIUNG TNG OTTTIKNG TUKVOTNTOC GLUVOPTNGEL TOV YPOVOL Kot Od
éva onpeio Kot petd po amdToun aAlayn otn KAIoT Tng KOUTOANG, EVOEIKTIKO OTL TO
Baktpla €yovv umel oty €kBETIKN GAOoT. XTO TEAELTOO TUAUO TOV JLOYPAUUOTOS
(othoiun eAacn) N TN TG ONTIKNG TLUKVOTNTOG Tapapével otafepn He T TAPOd0 TOV
xpoOvov, €voeltn OtL 6ca Paxthipla dapodvrar toca mebaivouv. Telkd emépyeton
pelmon g OMTIKNG TUKVOTNTOG WE TN TAPodo Tov ypdvov, Omov To. PoKTiplo
nebaivouv Aoy EAleyng Bpentikov VAKoD 1 0&uyovov 1| AOY® TNG EKKPIONG YN KOV
amofAntov. Enopévac yia va metdyet évag petacynuatiopds 0o mpémet ot faktnplokés
KOAMEPYELEG VA dlatnpnBovy 6TV apyn TG ekOETIKNG PAoNGg, MGTE va, glvar duvatn M
AVATTLEN TOVG GTO GTEPED VITOGTPMLLL.

Evocm 1 kaAlépyeta Ppioketar 6Ty apyn TG EKOETIKNG PAONG LETAPEPETOL AOTTTTIKY
HEGO, 6 TOYOUEVOLS owANVES TV 50 ml, ot oroiot ToroBetovvTal o€ mdyo Yo 10 min.
Y1 ovvéretlo puyokevipovvtar otig 4000 rpm yior 10 min, otovg 4 °C.

To vrepreipevo amopaKPOVETAL KO 01 GOANVEG QPIVOVTUL OVOTOSOYVPICUEVOL Y10, VO
AEMTO OGTE VO, GTEYVMOGOVV.

Ta Baxtpra Tov KaOe coiva eravadiacneipovtal oe 10 ml tayopévov dteddpotog

0.1 M CaCly.

Enavaloppdvovron ta frypata 4 kot S.

Téhog, ta Paxtpro Tov KdOe cwANva enavadlacneipovtor oe 2 ml mayopévov
dordparog 0.1 M CaCly.

Ta Baxtipra id10¢ KAAMEPYELOS, LETOPEPOVTOL GE VO COANVA Kol TpooTifevtot 2.4 ml
ATOCTEPOUEVNG YAVKEPOANG 50% (V/IV).

Ot coAveg tomoBetobvtol o mhyo Kol KOTOTML G610 WYuyeio koTd TN OdpKeln g
voytag. Tnv endupevn pépa 10 mepieyduevo tov kdbe colva yopiletoar 68 cOANVEG
tomov Eppendorf avd 66ceig tov 100 pl (aliquots), ot omoiot puAdyovtar otovg -80 °C

Y10 LEAAOVTIKT] XPNON HETOCYNLATIGHUOD.
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2.1.2.6 Boktnplokoc HETUGYNUUTIGUOC O0EKTIKAOV Baktnpiov (transformation)

To Tp®TOKOALO AVTO YPNOYOTOONKE GE OLEG TIG TEPUTTACELG EKTOC OO AVTEG TTOL

&ywe ypnon tov makétov T/A Cloning (InVitrogen).

Yiwka:

1.
2.

Yypo Openticd vAkd yopic aviiBloTikd.

TpoPAia pe to KatdAAnio ovtiflotikd oavédioyo pe to €id0g Tov TAACUOIOL Kot
Baktnpiov mov Ba ypnoipomomOet.

Amopovouévo mhacuiono.

Boakmpio dekTikd yio LeTaoyUaTIGUO.

M£0odoc:

1.

Avéroya pe tov appd tov petacynpaticpuov, Aappdvovrat and tovg -80 °C cwinveg
pe 100 pl dextikdv Baktnpiov Kot EETOYMVOVTOL YPNYOPO TAV® GE TAYO.

e k@Be corva mpootiBevror 50-100 ng TAacdiov Kot avapyvhovton ToAD omoid.
Ot coAveg aprvovtat oTov TTdyo yio. 30 min.

21 ocvvéyela ta Poktipla vroPdArovior oe Bepuikd ok otovg 42 °C ywa 45 sec mote
N pepPpdvn toug vo yivel Tapodtka Slomepatn ENTPETOVIAG Vo O1EIGOVOEL S0 LEGOV
aVTNG TOGOTNTA TAAGUOTOV.

Ot coAveg TomoBetovvtor 6tov mhyo yw 1-2 min kou émeita otov KGO GOANvVA
npootifevtar 400 pl vypov Bpentikov VAoV LB yopig avtifrotucd.

Ot coveg enwalovror otovg 37 °C yu 1 h vd cvveyn avdodesvon (200 cycles/min),
®OOoTE TO PAKTNPLOL VO EKPPACOVV TO YOVIOL0 TOV TOVS TPOSdidel avOekTIiKOTNTO GE £val
GLYKEKPLUEVO aVTIPLOTIKO KOl TO 0Toio BPIoKETUL EVOOUATMOUEVO GTO TAAGLISL0.

2t ovvéyewa petapépovtor 100 pl ko 150 pl Paxtnprokng kadiépyelag and tov kKaoe
coAMva o€ avtictotya TpLPAia, Tov TEPEXOVV Ta KOTAAANAN OVTIPLOTIKE Y10 avGTNPN
emAoy] kKhovov. Mg ) Ponbela amooTtEpOUEVOV YOAAMVOV GOOIPSimV T0 VYPO
Jwoomeipetan e AmoAEs KUKMKEG KIVAGELS 6€ OAN TNV EMPAVELN TOL TPVPATOL.

21 ovvéyewn To TpLPALc TOTOBETOVVTAL OVOTOOOYVPIGUEVE GE ETMACTNPL, GTOVG 37

°C ywo 16-18 h dote va avamrtvyBovv Paktnplokés omotkied.
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2.1.2.7 Arnopovoon ahacmdiakov DNA mkpnc ko pecaioc khinakac (Mini and Midi

Preps) aro Boxtnprokd oteiiyn

Xpnowyomombnkay to tokéto amopovoong thooudtakod DNA (QIAGEN)

Y.

1. Yypo Openticd viwco LB pe ta katdAinia ovtiPloticd.

2. Pvbuotikd dudvpa P1: 50 mM Tris-HCI, 10 mM EDTA, 100 pg/mL RNase A, pH
8.0.

3. PvBuiotiko didivua P2: 200 MM NaOH, 1% (w/v) SDS.

4. PvOBuiotikd dudvpa P3: 3.0 M CH3COOK, pH 5.5.

5. PvBuiotikd ddivpo QBT: 750 mM NaOH, 50 mM MOPS, 15% (v/v) aBovoin,
0.15% (v/v) Triton X-100, pH 7.0.

6. PvOuotiko dulopa QC: 1.0 M NaOH, 50 mM MOPS, 15% (v/v) ouBavorn, pH 7.0.

7. Pvbuotiko ddiopo QF: 1.25 M NaOH, 50 mM Tris-HCI, 15% (v/v) oiBavorn, pH
8.5.

8. PvOBuiotikod didivua TE: 10 mM Tris, 1 mM EDTA, pH 8.0.

9. ABavorn 75% kor 100% (V/V).

10. Ioompomavoin 100% (v/v).
11. Avioavtorhaktikny otnAn: QIAGEN-tip 20 § QIAGEN-tip 100

M<£0o0ooc:

1.

2.

Amo vypn Paxtnproxn kahiépyela tonobetovvtar 3 Ml 50 ml og anoctelpopévong
oOAVES Kat puyokevTpovvTot otig 6000 rpm yio 5 min.

Amopaxpovetal 1o vmepkeipevo kot to Paxtnplokd inuo emovodlacmeipeTol e
npooOnkn 300 pl 1 4 ml pvBuioctikov Swrdpatog P1. To dwdvpa ovtd eivon
VIEPTOVIKO KOl TPOKOAEL SLOYK®MON TV KLTTapmVv Kol mepiEyetl emiong RNAdGon vy
arotkooounon tov RNA tov Baktnpiov otav avtd Bpefodv 6e adlkalkég GuVONKES e
™V TpocHnkn tov daAvpatog P2.

[Ipootifevton oe kdbe coinva 300 pl v 4 ml pvOuictikod dwivpatog P2, to omoio
TPOKOAEL AVOT TOV KVTTOPIKOV pepPpoavodv. AKorovBel amadny avddevon Kol ETdooT
Oy TepLocoTEPO 0md 5 Min og Beppokpacio dwuatiov. To SDS mov nepiéyetar o€ avtod
T0 O1dAvpa OAVTOTTOLEL TOL PMOCEOAMTIO KOl TO TPMOTEIVIKA OCLOTUTIKA TNG
Bakmnplokng HeEUPPAVIG  TPOKAADVTAG TNV  AmEAELOEP®ON TOV  ECMOTEPIKOV
nepeyopévor  twv  Poakmmpiov. To NaOH oamodwatdost To ypopocopkd Kot

mAoootlakd DNAG kot 11¢ mpoteivec. To didhvpa avtd elval aAkalkd Kot £I61 O
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10.

11.

12.

13.

14.

15.
16.

YPOVOC TOPOUOVIG GE OAKOAKEG GLVOTKEG B TpEmEL va. lval TETO10G MGTE VO VTTAPYEL
péytotn  amelevbépoon miacudokod DNA  oand 1o Pokmipn  yopic  va
Opavopatonoleitor 10 ypopocoutkd DNA kot yopig vo vrdpyst kivovvog T0
mhocdlakd DNA va amodiatoybel oe tétoto Pabud dote petd vo unv pmopei vo
emavaolatoyOet.

[Ipootifevion oe kabe coiqva 300 pl 7 4 ml pvOuotikod dwAvpatog P3 kot
akoAovlel amaAn avadevon kot exdacn yioo 10 min ) 15 min otov wdyo. To 6&wvo
dwhvpa P33 g€ovdetepmvel TIC OAKOAIKEG ocvvOnKeg mov emikpotodv oto P2, e
arotéleocuo vo kotaPfuvbifovion 1o SDS, or amodwotaypéveg mPOTEIVEC Kol TO
ypopocsoukdé DNA. Ta vréiouma vrokutTapikd opyovidlo Tayldedovtal o€ COUTAOKN
mov oynpatilovtar omd 10 0&kd KAMo pe 10 SDS. To miacudokd DNA
EMOVAOIOTAGETOL KO TOPAUEVEL GTO VILEPKEIUEVO.

Axorovbei puyokévipnon otic 13000 rpm yio 15 min otovg 4 °C.

Metagépetar to vepkeipevo (mov eépet 1o mhacuolokd DNA) oe kabopd cwinva.
Eravorlappdvovtar ta fripato 5-6.

Mia avioovtoriaktikr othin QIAGEN-tip 20 § QIAGEN-tip 100 e&iooppomeitan pe
1 ml 1 4 ml ppBuiotikod dwwdvpotog QBT kan aprvetar va adeidoet, Adym Papdtnrag.
To vrepxeipevo and 1o Ppa 7 mpootiBetar 6N GTHAN KOl OQNVETOL VO TEPAGEL dlaL
HEGOV TNG GTNANG.

H omin Eemdéveton téooepic @opéc pe 1 ml 1 2 eopéc pe 10 ml pvBuiotikod
daivpatog QC.

H éixhovon tov DNA yivetor pe 0.8 ml 1 5 ml pvBuotikod doivpoatog QF ko
AapPavetar og kabapd coAva.

Y10 ¢éxhovopa mpootifeton 1oompomavoAn ion pe 0.7 @opég TOV OYKO TOL
VIEPKEIPEVOUL.

Axorovbei puyokévipnon otic 13000 rpm yio 30 min otovg 4 °C kot amopdkpovven g
1GOTTPOTAVOANG.

To mioopduokd inpa Eemiévetar pe dulopa 70% (VIV) obavoing kot aenvetot va
GTEYVOOEL.

To inua dtwAvtomoteitan og KatdAAnAio 0yKo pvOuioticod dtodvpatog TE.

To amopovouévo mhacuidto euidayetot otovg -20 °C yia mepattépm ypnon.
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2.1.2.8 Katapv0ion thacmorakov DNA ne onbavoin

Yiika:

1. Amopovopévo mAacuiono.

2. 100% (V/v) maympévn obovorn.
3. AMég (ITivaxag 2.7).

4. 70 % (v/iv) arBavorn.

M£0odoc:

AxoiovBovvton Ta fpata 1-7 g mponyoduevng pebddov (2.1.2.7).

8.

10.

11.

>t ovvéyela mpootifevtar oto vrepkeipevo 100% (VIV) moyouévn abovoin ion pe
2.5 @opég tov dyko tov vrepkeipevov. H oBoavorn mpoxoiel v katafvOion tov
mhacpdtakod DNA oy mapovsio tkavomomtikng cuykévipoons aiatog (Betikdv
wvtev). H xatafdbion pmopel va emitevybei emiong pe m ypnon tcomponavoing ce
oyko 0.7-1 popég Tov GyKo NG LOATIKNG PACNG GTNV TOPOLGIN TOV MO KAT® OAdT®V
(ITivaxag 2.7).

[Na va elvan mo amoteleopatiky| n katafvOion ot cowinveg tomobetovvior ctovg -20
°C yto 30 min.

Axolovbel puyokévtpnon tov deiypatoc otic 13000 rpm yuo 15 min otovg 4 °C ko
afavorn amopoakpdverat. To miaocudiakd iinuo Eemiévetar pe ddhvua 70% (V/Iv)
adavoing, ouyokevtpeiton kot oAl otig 13000 rpm, yio 5 min og Oeppokpacio
dopatiov. To vmepkeipevo amopakpbveTol Kot T0 TAOCUOWKO {Cnpa aenveTon va
OTEYVAOCEL GTOV AEPOL.

To ilnua daivtonoteitan og 40 pl pvOoetikod doivpatoc TE kot ot cwlnqveg pue 1o
AmOLOVOUEVO TAAGUIO @UAdyovtor otovg -20 °C. To EDTA mov mepiéyetar oto
Sl ovTd dpa MG KATAGTOAENS EVOOVOVKAEAGOV OV TPOKOAOLV OTOIKOOOUN O

tov DNA.

Ahag Tehkn Xvykévipoon
O&wo6 appdvio/ 10 M 2-2.5M
XAwprovyo Abo/ 8 M 0.8 M
O&wod vdatpo/ 3 M pH 5.2 0.3 M

Hivaxag 2.7: TeAkn cLyKEVTPOGOT GAATOG IOV Ypnotporoteitol yio v Katafvdion DNA.
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2.1.3 Teyvikéc avacuvvovacusévouv DNA

2.1.3.1 EvéovovkicoivTikn drwdoracn miacpiotokov DNA ue weproprotikd Eviona

Ta mepoplotikd  €vivpa, moOL AEYOVTOL KOl TEPLOPIOTIKEG EVOOVOLKAEACEG,
avayvopilovv edkég adinlovyieg Paoewv oe durhn édka DNA kot d106movy Kat Tig oVo
aAvcideg TG OmMANG €AKoG o€ ovykekpluéveg Béoeic. Ot meplocoOTePeg am’ OUTEG
avayvopilovv pia edikn aAlniovyio and téooepa g €61 (ebyn Pdoewv kot vdpoAHovV
&vay LOvo GPopodlecTEPKO 0eGd o€ KAOe pia aAvoida tov otdyov. H aAiniovyio mov

avayvopiletor etvar maAivopoun kot ot 0€celg dtdomaong ivol TomofeTNUEVES GUUUETPIKAL.

Yiika:

1. Tloocétta 500-1000 ng mhacidiov.

2. Xpnon katdAiniov pvOuctikov doeidpatog (10X), edtkov yia 1o kKabe Evlvpo.

3. Adivpa 10X arBovpivng amod Bosto opd (BSA), otig mepurtmdaoelg dnov yperdletal.
4. Tloocdmra eviopov (1U/ug DNA) 1/10 tov tehikov dykov (New England Biolabs).
5. Ameotayuévo vepd ddH20 péypt copmAnpwong entountod teElkod 0yKov.

M£00doc:

1. Xe coMva tomov eppendorf mpootifevtar ta o TAVG® VAIKG TAVTO KOTO TNV
axolovOn cepd: o) amovicpévo vepo, B) pubuictikd diivua (1X), y) BSA (1X), 9)
Thocpido kat €) Evlupo. O tehkdg dykog g avtidpaong givor 20 pl.

2. H avrtidpoon yiveton pe exmoon yia 2 h og katdAinin Oeppokpocio Tov e&aptdtol omd
10 évlupo Tov ypnoiponoteitan , cuvinbwg 37 °C.

3. 5-10 pl and kabe avtidpoon erEyyeton pe niektpodpnon o€ TNKToU oyapolngs.

2.1.3.2 HAekTPpOoOOpPN 61 GE THKTON 0yopolnc

O pkpég owpopég palog petald ovyyevov popiov DNA pumopodv gokoro va
AVLVELTOUV HECH OO MPIGHOD Kot ELPAVIONG LE NAEKTPOPOPNOT GE TNKTOUA ayapdlng
nov Agrtovpyel oG poplakdg NOpos. Katd v niektpopodpnon ta tunpate tov DNA, mov
elval apvnTiKd QopTIoUEVE, KIVOOUVTOL TPOS TNV GVOS0 LE TNV EQAPLOYN NAEKTPIKOD TTEdTIOV
HETOEL TV dVO NAekTpodimv. H niextpopopntikn kivntikotnta tov tunuatov DNA elvat
AVTIGTPOP®S avAAOYT TOL AoyapiBiov Tov aptfuod Tv (gvymdv Pdoemv.

Ot Coveg tov tumuatov DNA o’ éva miktopo epeaviCovtor pe Payipo tov

TNKTOROTOG He Ppopovyo a18idlo, mov divel £viovo mopTtoKaAl ypdpa GOOPIGHOD KAT®
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and  vrepuon oktwvoPoAiio (A=260 nmM) kot OtV avVTO Eivol OECUELUEVO OE

dumhosiikmpévo DNA.

Yikd:

1. Ayapdln (Sigma).

2. PvBuiotiko ddivpo 10X TRIS-Borate/ EDTA (TBE) pH 8.0 (0.5 M EDTA pH 8.0,
0.3 M Béon TRIS, 0.5 M Bopikd o&v).

3. Bpouovyo abidio (EtBr), 10 mg/ml (Sigma).

4. 5X PvOuiotikd didAvpo poptduatog deryudtov (gel-loading buffer): 0.25% (w/v)
umke ™G Bpopopavorng, 0.25% (VIV) kvavodv tov Euieviov FF, 15% (V/IV) ypootikn
Ficoll-400, (Amersham Pharmacia Biotech), 35% (v/v) vepo.

5. Asikteg poprakod Papovg: 1 kb ladder war 100 bp (Amersham-Pharmacia 7

Invitrogen).

M£0oooc:

1. Avéroya pe to péyefog tov tunpatog tov DNA mov Oa pedetnBei, emopévaog kot Tov
pey€Bovg TV mOP®V TOL TNKIMWUATOG oL Ypeldletal, emAéyetor n €ni g €KaTd
TEPLEKTIKOTNTA  TOV  dwAvpatog o€ ayopdln (Xmv  mapodoo  epyocio
ypnoomomdnkav mnkropata meplektikotnrog 8%, 1%, 1.5% ko 2% w/v). Mg
0épuavon dreAvtonoteitatl vt 1 mtocotnto o 100 ml Stoivuarog 1X TBE.

2. AxoloOBmg mpootiBeton Bpopiovyo abidio oe teAkn cvykévipoon 0.5 pg/ml.

3. To duwvpa ydvetor oe cLOKELT] NAEKTPOPOPNONG (0poHVTIOG NAEKTPOPOPTONG Yio
UIKPA TNKTOUATO) 0pOoV TPONYOLUEVMG £xovv TomtoBetnOel T £101Kd SroymPloTiKd Kot
n xtéva, pe v Pondeia g omoiag Ba dnpovpynBodv kol vrodoyeic (kKeMd) péoa
0T0LG 0moiovg Ba yivel To OpTOUA TV dEIYUATOV, OTAV TO TNKTOLO GTEPEOTONOEL.

4. Otov mAéoV TO TKTMOUO GTEPEOTOLELTAL, 1 XTEVA KO TO SLOWPIOTIKE apaipovVTOL Kot
npooTtifeton puOuotikd dSdAvpa 1X TBE, dote va KaAdmTeTON TO TKTOOL.

5. Ta odetypato DNA oavopetryvoovtor pe katdAAnio 0yko 5X pvOuotikod StoaAdpatog
QOPTAONOTOC, MOTE 1) TEAKT TOV GLYKEVTP®OT| va yivel 1X.

6. 'Emeita to detypota goptdvovtol 6Ta 101KA KEAY TOV TNKTOUATOS, KAOdG eniong Kot
deikteg poprakov Papovg (500-700 ng marker DNA) kat epapuoletar nAektpikod nedio
90 V. Ta detypata, apvntikd poptiouéva, apyilovv va HeTakivovvTol Tpog TV Gvodo.

7. Me 10 mépag TS NAEKTPOPOPN NG TO TNKTMUO ££eTAlETAN KATW® amd TNY1 VIEPUDOOVE
axtivoPoAing Kot potoypapiletat yio apyelobétnon pe v Bondeto ynelokng KAUepog

BioCapl, pe ) ypnomn tov Aoyicpkot tpoypaupatog BIO-CAPTV.99.
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2.1.3.3 EEoayoyq ko ko@opiopnoc tuqnoroc DNA ond mikrtone ayapoine (Gel

extraction)

Yiwka:

1.

Ta dtoddpata kol ot kKohdveg mov mepiéyoviar oto makéto QIAquick Gel Extraction
Kit (QIAGEN): a)) PvOuotiko didivpa tpdcdeong QG (Binding Buffer).
B) PvOotiko didivpo éxmivong PE (Wash Buffer) to omoio mepiéyet
a1BovoAn.
v) PuBuotikd didAvpa éxhovong EB (Elution Buffer): 10 mM Tris,
pH 8.5.
8) Mkpootirec QIAquick Spin pe tovg cwAnveg Tovg.

2. loompomavoin 100% (v/v).

3. Amooctelpmpéve Aemioes.

M£0odoc:

1. Metd v niektpopopnon 1o embounto tunua tov DNA amokémtetor omd to
mKTOUA ayapolng pe Kabapn omootelpouévn Aemida KAT® amd YoUnAng évtaong
VIEPLDOT aKTIVOPOMOaL.

2. To xoppdtt tov mnktOuatog tomobeteitar o’ éva cwAnva tomov Eppendorf wot
Quyiletar. ‘Emerta mpootifetan tpimAdoioc dykog dtaadpatog QG amd to fapog Tov (Yo
nopaderypa yo kabe 100 mg mnktodpotog tpootifevtot 300 pl dtoivpotog QG).

3. O coivag enwdletar otovg 50 °C ywo. 10 min. T vo vrofondndei to Mdoo tov
TNKTOUOTOG 0 GOAVOG AVTIGTPEPETUL 2-3 POPEG.

4. Otav 10 MKTOUO Mdoel, mpootifeviol évag 6ykog 100% (VIV) 1comporavoing oto
delypa Kot avodevETOL.

5. TomoBeteitor 1 €01k othAn oe coiva tov 2 ml kot mpootifetoan 6° ovty TO
TEPLEYOUEVO TOV COANVA (AMlopEVO TkTopo Kot Tunpo DNA tov evotapEépovtoq).

6. O coAfvoc pe ™ omAn @uyokevtpovvtor yio. 1 min otic 13000 rpm. Me avtd tov
TPOTO TO SLAALLO TOL AMUEVOL TNKTMOWUATOG ayopdlng LETAPEPETAL GTO COANVO EVD
10 Koppdtt Tov DNA mtpocdéveral mive 6t GTHAN.

7. Amopoxpdvetar to odAvpa amd To cOANva Kot avotomodeteital 67 avTOV 11 GTHAN,
otV onoia wpootiBevtor 0.5 ml pvOuictikod dwddpoatog QG kot euyokevrpeitol Kot
na otig 13000 rpm yo 1 min.

8. Amopaxpivetal €K vEov To d1dAvpa kot 1 othAn EemAéveton pe 0.75 ml dwodvpotog PE

ue euyokévipnon yia 1 min otig 13000 rpm. Av 1o xoppdtt tov DNA mov Oa
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armopovmbel Ba ypnowomomBel yu Gueco avacvVOLOOUO 1 GAANAOVYMOM N Yo
dtbomacn pe Eviopa YopnAdv oAdToV, avouévovTol S Min Tpv T eUYOKEVTPNON.

9. To mepieyduevo tov coinva adeldlete Kot emavorapuPdveTar 1 QUYOKEVTPNON Yo
mmnpn amopdikpovon tov dwAvpatog PE. To didhvpa avtd mepiéyet abBavorn kot
TUYOV TOPALOVT] TNG OTN GTHAT, Ba pmopovoe va. avacteilel petayevéotepeg eVELKEG
avTIOPAoELS.

10. Téhog, n otAn tomobeteitar oe Kobupd cwAvo kol mpootifetar ¢’ avtiv 50 pl

dtodvpatog 10 mM Tris/ HCI, pH 8.5 (1 dH20), 1o ékAovon tov DNA and ) otn.

To {nrodpevo T tov DNA ghevbepodvetont povo oty Tapovsio. SIHAVUATOS HE
YOUMAN TEPLEKTIKOTNTO 6 GAata. Aervetal yioo 1 min ko £meita puyokevpeiton yia 1
min otig 13000 rpm kot to {nrovpevo tunqua tov DNA cuAléyetar otov Kabopod

ocwAva, 0 omoiog uAGyetat 6tovg -20 °C yio Tepattépm ypnon.

2.1.3.4 Yvykoérinon (ligation) DNA

Onwg avagépbnke kol o TAV®, 1) COUUETPIKY| OACTOCT] GE OVTITOdd oNueio EVOG
TAOCUIOI0V 7OV TPOoKOoAEiTal amd Ta TEPLOPIOTIKE Evivpa, Oivel GUUTANPOUATIKA
povOKA®Va, dKpo TOV £XOVV E01KT GLYYEVEWRL TO €vO LE TO GAAO Kot gfvol yvmoTd ©G
ouvekTikd dipa. Omotodnmote Bpavopo DNA pmopei va tomoBetn el péca oo miacuiowo
ep’ 6cov €xetl to 1w ovvektikd dxkpa. To tuiua tov DNA kot to avorypévo mlacuiow
pumopovv vo emoveMkmBodv kol va evobodv pe 1o évlopo g DNA Aydong, to omoio
KATOADEL TOV GYNUOATIOHO €VOG QMOPOOIESTEPIKOD OEGHOV HETOED T®V 00O OAVGIOWV
DNA. H DNA Aydon amottet éva eAedBepo OH 610 3’ dkpo ¢ (og aAvcidog Kot o
POCPOPIKT opdda 6To 5° AKpo TG GAANG.

Yid:

1. T4 DNA Aydon (4 Weiss units/pl, Invitrogen).

2. Pubuiotiko didAivpa Aydong déka @opég cuykevipopévo (10X): 50 mM Tris-HCI, pH
7.5, 10 mM MgCl,, 10 MM DTT, 1 mM ATP, 25 ug/ml BSA.

3. TMaocpdaxog eopéac 50 ng.

4. "EvOepa (150 ng).

5. dd-H,0: amootelpopévo, SITAOOTIOVIGUEVO VEPO.
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M£0odoc:

1. O mhaoudlokdg @opéag kot 1o €vBepa Tuyxdvouy NG 1d10C €VOOVOLKAEOAVTIKNG
JLIoTOGNG Y10l TN ONUIOVPYIN GUVEKTIKAOV AKP®V GOUP®VA e T nébodo 2.1.3.1

2. Xt ovvéyela to DNA 10V TAaGd1aKoy popéa. Kol Tov eVOEUATOC ATOLOVOVOVTAL LUE
eCaywyn Kot kaboapiopod and miktopo oyopolng (uébodog 2.1.3.3).

3. Ze éva coinvo tomobetodvion ot katdAAnieg mocdtreg TV Tunuatov DNA mov
amopovodnkav kot énerta mpootifeviar ot aviroyeg mocotnTeg Tov evidpov DNA
Mydon (5 units) ko tov pvOuotikod SaAduaTOC Aydong Mote v EXEL TEMKN
ovykévipoon 1X. Tivetar copmdnpmon tov teAikod dykov g avtidpaong (10 ul) pe
OTLOVIGULEVO OMOGTEPMOUEVO VEPOD.

4. Téhog, o colvog emwaleton otovg 16 °C yia mepimov 16 h, étor dote ta
CUUTANPOUATIKE dKkpo TOL TAACUOIOL Kot TOL €vOEUATOG Vo VRPOIGTOLV pE TN
BonBeia g DNA Arydong (khwvomoinon).

5. Tnv endpevn pépa mpoypartomoteital Baktmplokog petacynuotiopos (uébodog 2.1.2.6)
N N avtidopaon euidyetal otovg -20 °C yia peténetta yprion.

2.1.3.5 Amo0®cOopvli®men 5 -Gkp®v ypouuikov tiasutdtakov DNA

H aAxolikn eooeatdaon (SAP, Shrimp Alkaline Phosphatase) givar évlopo 1o omoio
OTOUOKPOVEL TIC QOOQOPIKEG OHAdEC Omd 10 5° dkpo &vog ypoappkod DNA.
Xpnowonoteitor yo Ty ano@®c@opvAiocon mAacpudokod DNA pe cuopmiAnpopoatikd 1
TVEAL dKpo MGTE TOL AKPA TOL TAAGHSTIOL Vo Un uropovv va cuvoedolv petald toug. Eva
etepOAoyo Tunpo CDNA pe afwcta 57-telMkd @oo@opikd Katdroura pmopet va vPpLotoTel
HEC® GLUTANPOUOATIKOTNTOS HE TO OmMOP®SPOopLAOUEVO TAacudkd DNA, pe avtd to

TPOTO N ATOPOCPOPVLAIMST YPNGUEVEL Y10 SLEVKOAVVOT) TG dtadtkaciog KAwvomoinong.

1. TMlooudokd DNA petd amd evOovVOUKAEOTIKT O10OTACT).

2. 10X pvOuotikd didivpo amopmoeopvrioong: 5 mM Tris-HCI, 1 mM EDTA pH 8.5
(Roche).

3. Akkaiikn eooeatdon and yapioa SAP (Shrimp Alkaline Phosphatase) 1000 units/ ml
(Roche).

4. ddH;0: anoctelpmpévo, SITAOOTIOVIGUEVO VEPO.
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M£0oooc:

1.

Y& cowlva tomov Eppendorf npootifevtar ta mo mavm vAIKG Kot TEA0G TO VEPO MOTE O
TeEMKOC 0YKOG TG avtiopaong va eivor 40 pl.
O coMvag enmdaletat yio 45 min otovg 37 °C yia va dpdoet to £vEupo Kot akoAovbme

yto. 20 min otovg 65 °C yia amevepyonoinomn Tov.

2.1.3.6 Amonévmen poly(A)T RNA

(Exteheiton Paoet mpotokdilov tov makétov Oligotex ™ Direct mMRNA Mini tne etaipeiog

Qiagen).

Yika:

1.

o M 0N

Ta dadvpoto mov mepiéyovat oto makéto Oligotex Direct mMRNA ¢ Qiagen:

a) Atdlopo Avong OL1:10 mM Tris-Cl pH 7.5, 140 mM NaCl, 5 mM KCl, 1% (v/v)
Nonidet P-40 kot mpwv ) ypnon mpootibovior 20 pl B-pepxamntoarfavorng/600 wl
dtddpotog,.

B) AtdAvpa onwpipotog ceapdiov Oligotex (1 mg/10 ul)

Y) Awdhvpa apaioong ODB

d) Zheg

€) Avlopa ékmhvong OW1

o1) Awdhopa éxkmivong OW?2

€) Adivpa ékhovong OEB

ddH,0: amoctepopévo, dumhoanioviopévo vepd amailayuévo omd RNAdGoeC.
YoAvec tov 2 ml, anootelpmpévor kot amorloyuévol omd RNAdGoeC.

Opoyevomomtg yepdg.

14.3 M B-pepkamtoatdavorn (B-ME).

M£0odoc:

1.

Apywcd mpogtopalovion ta KOTTOPA 1)/ Kot 01 16Tol Tov Ba ypnoyoronBodv yia v
amopévawon tov poly(A)" RNA (umopodv va ypnotpomomBodv péypt 2 X 107 kottapo
1 100 mg 16tov).

Ta kotTapa Eemrévovtar pe PBS kot émetta amokoAlmvton pe ) Bondeta g Opuyivng
KOl LETAPEPOVTOL GE OMOCTEPMUEVO oAV Tov 2 Ml. To KOTTOPO PVYOKEVIPOVTOL
otic 1000 rpm o 5 Min Kot 6T GUVEYELN OTOUAKPVVETAL TO VITEPKEIUEVO.

Ot 10101 (Qpéokol N Tay®UEVOL) OeV XPEIALOVTOL OTOLNOTTTOTE TPOETOLLAGTOL.
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10.

11.

Apywd mpootifetar oto Sdlvpa Aong OLI 1 B-pepkamtooabavorn (20 ul B-
uepkamtoafavoing v kéfe 600 pl dtoAvpotog Avong). T cLVEXEL, TO KOTTOPO
emavadiooneipovrol oe 600 pl dtoAdpoTog Avong Kot TorofeTovVTaL GE OUOYEVOTOUTH
YEWPOS Kol 0 10TOC TOTMODETEITON G OLOYEVOTOMTY XEWPOG KOl TPOOTIOEVTAL GE OVTOV
600 ul draAvuatog Adongc.

[Ipaypatonoteitar opoyevomoinon.

[Ipootibevtat 2 6ykot daAdpatog apaivong (1200 pl) kot to didlvpa petopépetol 6
colves Tov 2 ml. Avaperyvbovtatl Kodd kot énetta puyokevipovvtat otig 13000 rpm
yio. 3 min, yio v amopokpuvioy ot HEUPPAVES TOV KLTTAP®Y KOl KATOLES TPMTEIVEG
nov kotakpnuviCovtat. To vrepkeipevo petapépetot o€ KoBopd cOAVA.

[Tpootifevton 20 pl cwwpruatog spapidiov Oligotex, ot coAnves avaperyvdovtot Kot
aprvovtol og Oeppokpacio dopatiov yio 10 min. £’ avtd 10 6TAS10 TPOyUATOTOLEITOL
N vPpdomoinon peta&y tov oligo dTsp, mov Ppickete TPocdedepévo oo oPapidla Kot
TV Poly(A) katoloitmv Too MRNA.

duyokevtovvral otig 13000 rpm yio 5 mMin Kot aropdKpuVe” TV VIEPKELUEVOV.
[Ipootifevtar ota oeapidio 300 pl dwwAdpotog ékmivong OW1 kat avopetyvoovto,
énerto. petopépovtal og 6TNAN mov tomobeteitar 6 coiva tov 1.5 ml ko téhog
evyokevtpovvton 6tig 13000 rpm ywa 30 sec.

H otAn petapépetar oe kovovpylo coinva kot mpootifevtor oe ovt 350 pl
drdvpatog ékmivong OW?2 kot uyokevtpeital OTmS TPONYOLUEVAC.
Enavorappdéverar to otdowo 8.

H otAn petogépetar oe Kavovpylo cmAfve kot mpootifeviol og avty 20-100 pl
dwdvpatog  €khovong mov  €xet mpobeppovdei otovg 70 °C. Ta  oeopidia
EMOVOOLACTEIPOVTOL KO EMEITA PUYOKEVTIPOVVTOL OTMOS TPONYOVUEVOC.

To MRNA mov gkhovetat amd to ceapidia €iTe YPNCYLOTOEITOL AUECHS Y10 TOPAYOYT
cDNA pe ™ pébodo g avtiotpoeng petaypapns, eite euAdyetor otovg -80 °C yuo
HUEALOVTIKY| Ypn oM.

2.1.3.7 Arondévoon cuvoikov RNA

2.1.3.7.1 Bdos tpmtokérrov Tov takétov RNeasy Mini Kit tne etonpeioc Qiagen

Yiwka:

1.
2.

YtmAeg puyokévtpnong RNeasy (Mini Spin Columns).

YoMvec tov 1.5 ml ko 2 ml, aroctepopévor kot anaAiraypévor amd RNAdGGeS.
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Awdopo RLT

Awivpa RW1

AdAvpo RPE (ovykevipopévo).

ddH,0: amootepopévo kot durhoamiovicuévo vepd amorroyuévo and RNAdGceC.
14.3 M B-pepkantoafavorn (B-ME).

ABovorn (96-100%).

"Evlopo DNase 1, 1500 Kunitz units (Qiagen).

10. Aéivpo RDD ¢ DNase 1.

11. Zopryya pe Beddva dapétpov 0.9 mm.

M£0odoc:

1.

Axorovbeital to TpdTo 6TAd0 TG MeBOdoL 2.1.3.6 (umopovv v ypnoipononody
péypt 1 X 10" kottapa 1 30 mg 16tov).

To kOtrapa eravadiacteipovior oAb kadd og 600 pl dadvpatog RLT. TIpwv ) xprion
npootifetar oto ddAvpe RLT B-pepkampoatbavorn (10 ul B-ME yia kabe 1 ml
SAdOTOG).

To Mpa TV Kuttdpov opoysvomoteitan pe mépacua 5-6 Popég dlapésov cOPLYyas e
Berova drapétpov 0.9 mm.

¥t0 opoyevomomuévo Adpo mpootibeton évag Oykog abavoing 70% (vIV) ko
OVOLLLLYVOETOL KOAGL LE YPTOT TUTTETOC.

Metagépovtor péxpt 700 pl tov delypatoc, cvumeplapPfavorsévov Ki 0molovdnmoTe
Wnuatog mov mhavov va onpiovpyndei, otnv otin RNeasy, n orola tomoBeteitan oe
éva coqva tov 2 ml. To mope kieivetar koaw 0 coAvag euyokevpeitar ot 10000
rpm yw 15 sec.

2 ovvéxewr Tto SAvpe Tov WEPOCE OmMO TNV OTNAN  OTOUOKPVVETOL Kol
enavolappdaverar to otédlo 5 av o oykog Eemepva ta 700 pl pe mpoobnkm tov
VTOAOUTOL OELYLLOTOG GTNV 1010 GTAAN.

[Ipootifevtar 350 pl dwwAdvpotogc RW1 ot omin. Kigivetor 1o mopo kot 0 coiqva
ovyokevrpeitan otic 10000 rpm yuo 15 sec, yio ékmAvon g pepfPpdvne g oThAnG.
ITpootibevtonr 10 ul DNase | oe 70 pl dwivpatog RDD kot avaperyvdovtor pe
avaTod0yVPIGHA TOV COAMVA. O GOAVOG PLYOKEVTPEITAL GUVTOUO KOl TO TEPLEXOUEVO
oL TpooTtifeTan otV HEUPPdvn TG oTNANG Kou enwdletol o Bepuoxpacio dmpatiov

ywo. 15 min.
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10.

11.

12.

13.

¥t ovvéyewn, mpootifevtar 350 ul tov Swivpatoc RWI1 ot omin. To mopo
KAelvetan ko 1 oTtAN euyokevtpeitar otig 10000 rpm yo 15 Sec ko amopakpHveToL TO
dtddvpa wov paledeTon 6TOV COAMVO KAT® 0o TN GTHAN.

[TpootiBevtatl 500 pl tov dwodvpatoc RPE ot otAn, 10 tOpa KAeiveton Kot 1) 6TAAN
euyokevtpeitar otig 10000 rpm yw 15 sec yia va EemivBel 1 othAn kol €meita
amopakpOVETOL TO StdAvpo Tov paledetor 6Tov coAVL KAT® and T othin. Ipw
ypnowonomBei 1o ddhvpo RPE apoidveton kot mpootifetor e avtd aibavorn (4
oyKot a1fovoAng).

Enavaloppdveror 1o otdoto 10 pe m d1apopd 0Tl 1] pUYOKEVIPNON TPOYLATOTOEITOL
Yo, 2 MiN OGTE Vo, 6TEYVOGEL TEAEIMG 1) 6THAN 0t TNV abavoin 1 omoia Oa emnpedost
TG ePALTéP® dadikooies (my. otn ovvheon CDNA) .

H ot tomoBeteiton o€ kavovpylo corve tov 2 ml kot uyokevtpeitor yo. 1 min
EMMALOV.

Télog n o)A tomobeteiton oe Kovovpylo cwAnva tov 1.5 ml kat mpootibeton
amevBeiag ot pepPpavn g oming 30-50 ul ddH,0 aroriayuévo amd RNAdGoec kot

euyokevipeitan otic 10000 rpm yuoe 1 min yuo thv ékAovon tov RNA.

2.1.3.7.2 Baosl mpoTtokorrov Tov avridpastnpiov Trizol tne stapiac InVitrogen

Yiika:

1. Avtupactpro Trizol (Invitrogen).

2. Xhopopdpuo 100% (V/v).

3. Ioompomavoin 100% (V/v).

4. 75% (VIV) aibovorn.

5. ddH,0: aroctelpmpévo kat dumhoamioviopévo vepd amaiaypuévo omd RNAdGceC.

M£0odoc:

1. Xpnowonoteiton 1 ml avtidpactnpiov Trizol ywo opotoyevomoinon 1X10° KuTThIpoV (M
150 pl yio ka0e kodvmTpido.

2. Tlpoaipetikd, To opotoyevonoinua guyokevepeitor otig 13000 rpm yio 10 min otovg 4

°C y10. OTOUAKPLVOT] KUTTOPIK®OV TPOTEVAV, TOAVCUKYUPITOV Kol YNAOD LOPLOKOD

Bapovg DNA Kot 10 vepkeipevo peTapépeTal o€ KaBopd GOANVA.
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3. To opowyevomoinua enmdletar yiwoo 5 min og Ogppokpacio dmpOTIOL M®OTE VO
amoouvoefovy To VOUKAEOTPMOTEIVIKGA COUTAOKO. Xg 0UTO TO OTAS0 Umopel va
evroytel otovg -80 °C yia mepartépm ypnon.

4. AxorovOwg mpootifevian pocektikd 200 ul yAdwpopdpuio oe kabe deiyua, ovadevetat
évtova, pe 1o yépt yia 15 sec kar aprivetat yo. 15 min og Ogppokpacio douatiov.

5. X ovvéyela ta deiypata puyokevtpovvtotl otig 13000 rpm yia 15 min etovg 4 °C mov
EXEL OC OMOTEAECUO. TOV SLOYWPIOUO TPIOV QACEDV: GTNV KATMTEPT OPYOAVIK QAo
(QotvOAN-YA®POPOPLLLO), GTNV OTOloL LIAPYOVV Ol TPMTEIVES, OTN UECOPUCT OTNV
omoia vrapyel to DNA kot otnv dypmun vodrivy edaon, | omoia mepiéyet to RNA.

6. H voatikn @domn petopépetor oe kabapd corqva kol o€ vty npootifetar 500 ul
100% (v/v) wwompomavoAng yio. vo. fondnoet oty kataPvoion tov RNA. Ta deiypata
avadevovtal ya 15 sec ko enmalovrat yio 10 min og Bgpuokpacio dopotiov.

7. To deiypata @vyokevtpovvrar otig 13000 rpm ywe 30 min otovg 4 °C «xou
OTOLLOKPVVETOL TO VILEPKEIUEVO.

8. To ilnua tov RNA Eemdévetoaw pe 1 ml mayouévng 75% (VIV) oiBavoing,
euyokevipeitaw otig 7500 rpm vy 10 min otovg 4 °C kol amopokpOVETOL TO
VIEPKEIEVO.

9. To ilnuo RNA agnvetol va oteyvdoel Kald otov aépa, enavadioonsipetar og 50 pl
ddH,0 ko enwaletor otov wayo ywo 30 min. Av 1o i{nuo dev dodvbel emmaletan

otovg 55 °C yia 5 min ko émetta uAdyetar otovg -80 °C.

2.1.3.8 I1p0Go10pIoic TNE GVYKEVTPMOGNC TOV VOVKAEIVIKAOV 0EEmv RNA ko DNA pe

QOTONETPON

Ta exyvAiopata tov DNA kot RNA mov amopovodvoviar, mpocdiopilovron
TOGOTIKA pe TN pnéBodo g pacuatockoniog vrepiddovg (UV). H pébodog avt PBaciletan
otV Kavotta TV VoukAgivikov o&éwv (DNA kot RNA) va amoppopoldv ce pnkog
Kopatog 260 nm, tov tpoteivov ota 280 NM, evd tv eovoAlk®v ota 240 nm. Twyn
amoppdenong ota 260 Nm ion pe 1 (Azo = 1) 10odvvapei pe 40 pg/ml RNA 1 povng
éMkag DNA (povokkovov DNA), 50 pg/ml duthng éhkag DNA kon mepimov 20 pg/ml
oAyovovkAeotdiov. TTototikd kprmpa g kabapotrag tov anopovopévov RNAS sivat
N avoloyio amoppdPNnong HETAED VOUKAEIVIK®OV 0EE®V, TPOTEIVOV Kot patvolkav. 'Etot,
TopdAAnAa Yoo KaBe detypa mov potopeTpeiton Aapupdvetot Kot 1 TIUn amoppoenons oo
280 nm xor 240 nm. O Adyog Azeo/Azgn Yoo kabapd Oetypoto voukAgivik®dv o&éwv

ovviotdror va Kopoivetor oe TIES Ageo/Azgo >1.8 kot 0 Adyog Agzeo/A240 >1. Av o101
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delypoto vTdpyoVY TPOSUIEEIS amd TPMTEIVES 1 POtVOAN TOTE 1) TYUN TOL AauPdvetot lvort

HKpOTEP).

M£0odoc:

1. Xe xoyelido yoralioo mpootibevron 500 pl ddH,O kor 1 kvyelido tomobeteiton otn
€101KN VTOSOYN TOL PMOTOUETPOV KOl TO POTOUETPO Pndevileton ota 260 nm.

2. 5 ul detypatoc apardvovtor og 495 pl ddH,0 kan tomobetovvtan oe kuyelida yoralio
Kol ETEITA GTNV 101K €01 TOL POTOUETPOV.

3. Ipaypatomoleiton potopétpnon ota 260 nm, 280 nm kou 240 nmM ko KotaypapovTot
0l OTOPPOPNGELC.

4. Xt ovvégelo vmoAoyilovtol To TOWOTIKE YOPOKTNPIOTIKA TOL OElYHOTOS Kot Ot

GLYKEVIPAOGELS TV OELYUATMV.
[RNA] (mg/ml) = Abs260 nm x 40 pg/ml x dilution factor
[DNA] (mg/ml) = Abs260 nm x 50 ug/ml x dilution factor

2.1.3.9 Teyvikng TS avTicTPOONE NETAYPUONC

H teyvikn g avtictpoeng HeTaypaeng xpnoedet yia ) onpovpyio “deauevng”

CDNA an6 kémoro 1616 1 KOTTOpa. ApYIKE AITOUOVAOVETAL TO GLVOMKO ayyeAopopo-RNA

[MRNA (polyA™ RNA)] kot avtiypdeeton oe CDNA (complementary DNA) péco tov

evQOpHoV avTIoTPOPNG LETAYPAPACTG. XPNOLULOTOLEITOL VO OALYOVOVKAEOTIOO - EKKIVITIG

(ovvnBwg to 0ligo-dT), To omoio givar cupmAnpopatikd Yo v poly-A ovpd tov 3 dkpov

tov dpov MRNA.

Yhlka:

1.

Xpnowomomdnke to makéto ProtoScript (New England Biolabs) to omoio mepiéyst:

a) 25units/ul petaypapdon [Moloney-Murine Leukemia Virus (M-MuLV)].

B) 10X pvOuictiko didAvpae tov eviopov: 500 mM Tris-HCI, pH 8.3, 750 mM KClI, 30
mM MgCl,, 100 mM DTT.

v) 50 uM (dT23VN) ekkivntikd pdpio (primer).

8) 10 mM peiypa ANTPs (2.5 mM ond 1o kdbe éva).

€) 10 units/ul avactoAréa tng RNA-Gong (omd avOpdmivo Thakovva).

ot) 2 units/ul RNAGon.

{) ddH,0 amaAloypévo omd voukAedoed.

2. Amopovopévo cuvolkd RNA (uébodog 2.3.7).
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3. Mwpoowiiveg pe Aemtd toyduoto yio PCR tov 0.2 ml (Perkin-Elmer GMbH,
Germany).
4. Tvokevi] PCR (DNA Engine, M.J.R.).

M£0odoc:

(Extedeitan Baoet mpmtokOALOD TOV KaTooKELOoTH ToL TakéTov ProtoScript New England
Biolabs).

1. Xeg éva coinva Eppendorf avauetyvoovra:

OMxo RNA 1-10 pl (1 ng-2 png)
Exkuivmriko popro dTo3VN 2l
Meiypo dNTPs 4 ul

ddH,0 omodraypévo and voukiedosg X pl uéypt tedikov oykov 16 pl

2. Axorobbwg to petypa Oeppaiverar otovg 70 °C yioo 5 min, ®ote va omodiatoydel to
RNA kot tonofeteiton apécmg 610 mdyo.
3. Z ovvéyela mpooTtifevtatl oto peiypa tov otadiov 1:
10X pvOuotikd didivpa moivuepaong 2
Avactoréog RNAGong 1 ul
Avtictpoen petaypoapdon 1l

4. O coivag etmaletor otovg 42 °C yia 1 h.

5. Axolo¥Bmg o évlupo ™G avTicTpoPng HETAYPAPACTG amevepyomoteitan pe BEppavon
otovg 95 °C yia 5 min.

6. A@ob ohokAnpwbei n avtidpacn, to RNA oanowkodopeitor pe tpocOnkn 1 ul (2 units)
RNAdGong H kot endaon otovg 37 °C ywe 20 min. ‘Emeita, n RNAdon H
anevepyomoteiton pe OEppoven atovg 95 °C yia 5 min.

7. Téhoc, m avrtidpaon opordvetor péxpt to. 30 pl kot ot cwinveg pe ta CDNAS
@uAdyovtal otovg -80 °C, yior peAlovTiky ¥pron.

2.1.3.10 Teyvikq tnc oAvcd®Thc avtidpaonc molvuepacnc (PCR)

H alvodmt) avtidpaon moivpepdong (PCR) eivar pio in vitro puébodog ya tmv
QmOUOVMOOT] Kol TOV  TOAAamAaclacptd oAiAniovyios DNA, péoo g  eviupikng
avamopaymyns tov DNA kot Boaciletar otov emavoiopfoavopevo KOKAO TPV OTADV

avVTIOPAGE®V, 01 OTTOIEC d1aPEPOoVY 61N Beprokpacio Kot To ypovo.
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Kabe xoxhog amoteAeiton amd ta eENG otddia (Zymua 2.1):
1. Amodidraén tov dikAwvov DNA.
2. YPpdopds tov ekKvnTdv pe TV aAlniovyia-ctdyo (primer annealing).
3. X0vvBeon cvuminpopotikov khoveov tov DNA pe eméktaon tov 3’ dkpov twv

ekkivntov  pue 1 Ponbeia g OgppoavOextikng moAvuepdong (primer

extension).
| — =
+DNA moAupepdon TYNOEIH
OEPMANEH MMA +dATP DNA
|
TO AIAXQPIZMO YBE:%ES:—%%LQN +dGTP AMO TOYE
BIALVO TON KAQNON +dCTP EKKINHTEZ
DNA \ +dTTP
. —— . 4—45
BHMA 1 BHMA 2 BHMA 3
I NPOTOS KYKAOE |

Yyfqua 2.1: Avarapaotoon 6tadiov alvcdmTtic avtidpacsns molvpepdons (PCR).

210 TpAOTO Prpa Tov KOKAoL yivetan arodidtatn tov DNA mov €xel anopovmbel and
10 delypa, av&avovtag tn Oepproxpacia g avtidpaocng cuvnbmg otovg 94 °C. 1o devtepo
Prpo pe peimon g Beppoxpaciog g avtidpaong (50-65 °C) emrvyydvetar o vEPOIGUOC
TOV eKKVNTOV pe v oAintovyic oo DNA. Ot skkwvntég (primers) sivar cuvOetikd
oAryovovkAeotiola, pnkovg 18-30 Pdoecwv, ta omoia €ivol GCLUTANPOUOTIKA pHE TNV
aAiniovyia tov DNA mov mpdkettan va morhanroacstootel. Ot exkkivnTtég amoteAovvTol omd
OPOPETIKEG, U1 CUUTANPOUOTIKEG dAANAOLYieS, e amotéAecpa va. punv vppdilovrot
HETOED TOVG AALG LLE TIG CLUTANPOUOTIKEG aAAndovyieg Tov DNA. 210 1tpito Ko teAevTaio
fua mpaypatomoteitar M ovvBeon TtV cvumAnpopotikov kioveov tov DNA og
Oepuokpacio 72 °C. Avtd to Prua emrvyydvetor pe tn yprion tov eviopov DNA
noAvpepdon mov emrpénel T ovvheon tov DNA oe xatevbuvon 5° mpog 3. Meydin
®bnon omv teyvikn PCR édwoe m  avokdAvym tov OeppoavOektucod evibpov
nmolvpepaong tov Paktnpdiov Thermus Aquaticus (Taq Polymerase). H Taq Polymerase
ovvBéter mepimov 2000 vouvkieotidoww avd Aemtd. O ypdvog mov amouteiton yuoo TV
avtrypaer tov DNA-ctoyov e€aptdror and to pinkog tov mpoidvtog g PCR.

e i tomikn avdivon PCR o kdkAog amodidtagng, vppdtcpod kot chvleong véov
DNA pumopel va egmovoineBei moAréc @opéc, ocvvnboc 30 1 40, xotaAnyovtog oTo
oyNUOTIoHd TEPIocOTEPOV amd 1 O1GeKOTOUUOPLO, aKPIPOV aVTIYPAP®Y TOVL OPYLKOD

Tuqpotog tov DNA.
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H avtidpaon PCR pmopel va mpayuatomomBel eite pe yprion petypotog DNA
TOAVUEPAC®V VYNNG TOTOTNTOG, OTAV TO TPOIOV OV TPOKELTOL VO, TOAAUTAAGLOGTEL
TPEMEL Vo givol moTo aviiypaeo tov apytkov popiov CONA ywpic va mepiéyel onuetokég
peToAAGEELS, glte pe ypnon g Beppoaviextikng DNA moAvuepdong Tag (n omoia eivat
OIKOVOULKOTEPT)), OTOV TPOKELTOL VO ¥PNOLUOTOMOel Yoo ™ Yp1yopn GAPp®OT dapOpmV
KAOVOV 1 Yo T HEAETN TOL XPOVIKOL KO TOTIKOD TPOTOTOV TG YOVIOIOKNG EKQPUCTC

evog yovidiov dieEdyovtog nuumosotikn avtiopacn RT-PCR.

2.1.3.10.1 PCR ng ypnion peiynotoc DNA-mol0pEPac@OY VWNANC TGTOTNTOC

Yikd:

1. Meiypo molvpepdomv vyning motoémrog (Expand Long Template PCR), 3.5 units/ul
(Roche)

2. 3 pvBuotikd dwddpato 10X g molvuepdong pe dtopopetikny ocvykévipwon MgCly:
(1) pe 17.5 mM MgCl,, (2) pe 27.5 mM MgCl; xor (3) pe 27.5 mM MgCl, kot
OTTOPPLTOVTIKA.

3. OMyovovkieotidia (20 pmole/pl), To kabéva ypnoonoteitor 6€ TEMKY GLYKEVIP®ON
20 pmole ava avtidpaon.

4. dNTPs: peiypa tov tecodpov dgo&vvovkieotidiov 10 mM amd to kabéva (Amersham
Pharmacia Biotech).

5. cDNA 7 amopovopévo miaciudiokd DNA.

6. d.d-H,0: dumhoamiovicévo amooTelp®UEVO VEPO.

7. Mwpoowiiveg pe Aemtd toydpoto yioo PCR tov 0.2 ml (Perkin-Elmer GMbH,
Germany).

8. Amooctelpopévol coinvesg Tomov Eppendorf.

9. Xvokevn PCR (DNA Engine, M.J.R.).

M£0oooc:

(Extedeitan Bacel odnyidv tov katackevaot Roche).

1. Tw kéBe avtidopaon PCR emiéyetar To cvotpa to omoio Oa ypnoipomondei, avdioya
pe 1o p€yebog tov DNA mov emBupeitar vo moAlamhoacioctel kol etolpdletol M
avtidpaot. O 0YKoG Kot 1 TEAKN GLYKEVIPWOGT] TOV GLGTATIKAOV TOL YPTGLULOTOLOVVTOL

(QOIVETOL GTOV O KAT® TTivokoL:
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IMoA/opog I'evopikov 0.5-9 Kb Yovotnpo 2 Yvotnpo 3
DNA Xoompa 1 9-12 Kb >12 Kb
Avtiopactipra Oryxog 2VYK. Oykog 2uyK. Oyxog 2uyK.
dNTPs 1.75 ul | 350 mM 2.5 ul 500mM | 2.5ul | 500 mM
OMyovovkieotidro 1 | X pl 300 nM Xl 300 nM Xl 300 nM
OMyovovkieotiow 2 | Y ul 300 nM Y wl 300 nM Y wl 300 nM

10X PvOpiotiké 5 ul drddparog 1 5 ul dwoddpartog 2 5 ul dreAdparog 3
Awghopo
Mpjtpa DNA Zul | 1L75mM | Zwl | 275mM | Zgl | 2.75mM
"Evlopo 0.75 ul 0.75 ul 0.75 ul
ddH,0 Méypt 50 ul Méypt 50 pl Méypt 50 ul

O1 coveg TomoBetovvtar otn punyovn PCR, n onolo mpoypappatiCetor coppmva pe

TO TPWOTOKOALO TOV QUIVETOL GTOV TO KAT® TIvVOKO.

Ogppoxkpaciog Xpovog Kvkior
Apyuci aooratoin 94°C 2 min 1
™ pTpag DNA
Amodraradn 94 °C 10 sec

YBprdopoc 45-65°C * 30 sec 29
ToAvpepiopoc 68 °C 45 s-30 min

TehMkn empinkovvon 68 °C 7 min 1
Yoén 4°C ‘En’ anepov

* YBpdiopdc oty KoTdAAnAn Oeppokpacio aviAoyo LE TO OAYOVOLKAEOTIO TOL YPTGUYLOTOLOVVTAL,

obuewva e ™ oxéon Ty=Tm — (2-5°C). Eumepicd: Tm= [(2X ap. (evydv AT) + (4X ap. evyodv GT)].

b0 XPOVOG TOL TOAVUEPIGHOV e&apTdtat amd To péyefoc Tov Tupatog Tov DNA mov fa moddaniaclootel
(2 min ywo 3 kb, 4 min ywa 6 kb, 8 min yw 10 kb, 15 min ywa 20 kb).

3. 5-10 pl amd wéBe avtidopaon PCR eléyyovior pe mAekTpo@OpNoN ©€ TNKTIMUO

ayapolng (BAéme pébodo 2.1.12) kot to vwoAowmo deiypo datnpeitonr 6Tov TAYO Kot

elte axolovBeitan KAwvomoinon twv mpoidoviov ™ PCR pe yprion tov cvotiuartog

T/A cloning, &ite amevBeing KAwvomoinon Tov TPoidviog G6TovV TEMKO TAAGHOOKO

QOPEN LETA OO EVOOVOVKAEOTIOIKT SIAOTOCT, TPEENO GE TKTMUO, OTOUOVOGT) TOV

KOl GUVEVMOOT] TOL GTOV TAACUIOKO POPEQL.
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2.1.3.10.2 PCR e ypnion ™c Ospnooavisktiknc DNA-rolvnepdonc Tag

Yiwka:
1. "EvQopo Ampli-Taq molvuepdon, 5 units/ul (Amersham Pharmacia Biotech).
2. 10X pvOuiotiko didivua tolvuepdone Ampli-Tag.

M£0odoc:
AxolovbBeiton 1 10w Swdwkacioo pe ™ pébBodo 2.1.3.10.1 pe t OSwgpopd oti

etodletal éva pelypo avtidopaong Onwg @aiveTtol 6TO MO KAT® Mivoko Kot OTL 1)
Oeppokpacio moivpepiopod yio v Tag DNA-moivpepdon yiveton otovg 72 °C avri
otovg 68 °C.

AvTidpactipro ZUYKEVIPOGT ava avTiopaon
dNTPs 0.5mM
OMyovoukieotido 1 20 pmole
OMyovovkeotidio 2 20 pmole
10X PuOuiotikd Awdhopa ITodvpepdong | 1X
Ampli-Taq molvpepdon 1.25 units
Amnopovopévo mhaouidoto 1 CODNA 10 ng 1 3-5 pl
ddH,0 Méypt vo couminpwbovv 50 pl

2.1.3.11 Kiovormoinon cDNA pge mq né0odo T/A (T/A Cloning ) ko emdoyn ToV

KAOVOV IN Situ pe Ereyyo evepyotntoc tne B-yolhoktosddonc

O mooudokdc gopéag PCR2.1-TOPO eivar ypouuikde pe 3'-gledBepa dpa
deo&vBupivng kou pe v tomoicopepdon I opotomolkd mpocodepévn oe avtdv. Ot
Oepuroaviextikéc DNA molvpepdoes éxovv evepydmra Tpave@epacng, mov dev e&aptdTot
a6 TO VIOGTPOUA, Kot TPpocHETovy deodvadevosivny ota 3 -dkpa Twv Tpotdviwv g PCR.
O pCR2.1-TOPO d&1abétel ota 3'-akpa Tov katdlowma deo&vbvuivig Kot emTpENEL ot
evBépata e PCR va cuykoAinBovv pe tov popéa pHécm g OpAong TG TOTOIGOUEPAGTG
I. To otéheyog TOP10F mov ypnoipomoteiton vepekppdlel Tov katactoréa Lac (lacl?),
7ov dtvel TV dvvoTdTTA Yoo EMAOYN UTAE (apVNTIKOV) 1 dompov (BeTik®dVv) PokTnplokdv
amolKli®v otnv moapovoia tov enaywyéo IPTG ota tpuPric, o omoiog evepyomolel
petaypaen Tov yovidiov-pudptopa tng P-yoraktoowddons. H meployn evooudtoong tov

evbépatog oto mhoouioto pPCR2.1-TOPO eivar evtdg tov yovidiov g B-gal kot €1t ot
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VOCLVOVOAGIEVOL KAMVOL TAPAUEVOLY AGTPOL POV 1 TAPOLGIK TOV eVOEUATOC SLOKOTTEL

TO OVOIKTO TAOIG1O aVAYVMOTG TOL YOVISiov-papTupa.

Yhka:

© N o o B~ w DN PE

I'pappukd T/A nhacpidio pCR2.1-TOPO (Invitrogen).
[Tpoiov PCR.

AdAvpo dhotog: 1.2 M NaCl, 0.06 M MgCl,.
ddH,0: dimthoomiovicpévo, amooTEP®UEVO VEPO.
Boxthpa E.coli tomov TOP10F" (Invitorgen).
Opentikd vakod SOC.

TpoBria pe avtifrotiko 50 pg/ml kovapvkivn.

Apycég ovykevipooelg: 0.1 M IPTG ko 20 mg/ml X-gal.

M£0odoc:
(Extereiton Paoel mpmtokdAiov g etoupeiag Invitrogen).

1.

Y& wKkpoowAnveg pe Aemtd toyopoto yioo PCR tov 200 ul mpootifevtan 0.5-4 pl
epéokov mpoidvtog PCR (avaroyo pe t mocodtnta mov mapdystot koatd t PCR), 1 pl
daavpatog dratog, 1 pl (10 ng) ypappikod T/A mhacpdiov pPCR2.1-TOPO kot vepd
uéypt tehkd o6yko 6 pl.

To piypo g avtidpaong ovadevetor amord kot emoaletor yio 5-30 min og
Beppoxpacio dmpatiov.

Y& colva mov mepiEyovtal 50 pl dextikdv Paktnpiov tomov TOPL0F', tpootifevian
2-4 pl amd v avtidpoaon kot akolovbel endacn oto wdyo yio 30 min.

Ta Baxtipla vrofdiloviol e Beppikd ook otovg 42 °C yia 30 SEC kot PHETaPEPOVTOL
AUEGMG Y10, OVAKaYT 6TOV TTAyo Yo 1-2 min.

[TpootiBevtor 250 pl Bperticov vAuov SOC ko ta Baxtipla exwdalovol otovg 37 °C
yw. 1 h vd ovveyn avadevon otig 225 rpm yio Tov TOAUTAAGIAGUO TOV TAAGHISIOV
oV £YovV TPOSAAPEL.

Amd 1t petacynpoticpevn KoAlépyeto dwuoneipovior oe tpuPiio mov mepiEyer 50
ug/ml kavopvkivn, 100 pul IPTG (100 mM) kot 100 ul X-gal (40 pg/ml).

Ta tpuPriia enwdaloviar otovg 37 °C yia 16-18 h ya v avértoén pmie/donpmv
OTOKLOV.

Eniéyovion yuo éleyyo €vag apBpds dompov KADOV®VY oL OVOLEVETOL VO TEPIEXOVY TO

évBepa g PCR.
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2.1.3.12  Xtoysvopsvn onuewokny  perorrofoyiveon  pe  ypnon  cuvOETIKOV

olMyovovkieoTwdimv (Site-directed mutagenesis)

H aAMnlovyio tov voukAeoTidimv €vOg KAWVOTOMUEVOL TUNUOTOG TOV YEVETIKOV
VAMKOV pmopel vo Tpomomon0el 6€ GLYKEKPIUEVEG TPOEMAEYUEVEG BECELG LE GTOYEVOUEVT
petoAdaoyéveon. H miéov ovvnbiopévn mpooéyyion eivar m ypnon evog Cevyoug
CUUTANPOUATIKAOV OAYOVOUKAEOTIOI®MY, CUUTANPOUATIKOV ©OG TPOG £VO GUYKEKPIUEVO
Tunua pog dikhavng DNA pftpag, to omoio mepiéyel o AavBacuévn Baon (mismatch)
wote va givan og Béon va katevBovel v petdAroén. Me ) pnébodo avtr givar dvvatd va
TPokANOoOV Oyt HOVO ONUEWKES WETOAAAEELS, OAAG KOU TPOTOMOIGELS UEYUAVTEPTG
€KTOOTG OV aPOpPovV dVO N TEPLocOTEPES Phoelc, mpoahnkeg (insertions) kot eAdeiyelg
(deletions).

H péboodog avtn mpaypatomombnke pe Paon 1o maxéro QuikChange® II Site-
Directed Mutagenesis Kit g etoipeiog Stratagene. Xto Zynua 2.2 avomopiotdvoviol To

Brpota avtg e pebodov.

Yika:

1. MMiaocwdioxkd DNA o10 omoio givar kAwvomompévo 1o cDNA mov ortoyevete 1
petaArla&oyéveon).

KotdAAnAo oAtyovoukAeoTidlo Tov GEPOVV TNV OTUELNKT] LETAAAAEN.

‘Evlopo PfuUlfra™ High-Fidelity DNA molvuepdon (2.5 U/ul).

10X puOotiKd dtdAvpo ToAVUEPACTG.

dNTPs: petypa tov tecodpov deo&vvovkieotidiov (10 mM amd to Kabéva).

"EvQopo evdovovxiedaong Dpn I (10 U/pul).

N o a ~ DD

Ynep-dextikd Paktipro E. coli (supercompetent cells) tomov XL1-Blue étowua yio
UETAGYNUOATIGHO.

8. Amocteipwpévo duthd amoviopévo vepd (d.dH,0).

9. Miwpoowinveg e Aemtd torydpata yio. PCR towv 0.2 ml (Perkin-Elmer GMbH).

10. Xvokevn PCR (M.J.R.).

M£0o0ooc:

1. ZovBeon  xkotdAAnAwv  oAryovovkieotwdiwv.  Ta  oAryovovkAeotidio  mov
xpnoporomOnkayv oty mopovca epyasio paivovrol otov [ivaka 2.8.
Ta oAlyovoukAeoTidlo EKKIVITES TTOL PEPOLV TIG LETOAAAEELS KOL YPTCLULOTOLOVVTAL GE
avTd T0 TPMTOKOALO, GYEAALOVTOL AVEEAPTNTO AVAAOYO LLE TNV EMBLUNTN UETAAAAEN

Kol akoAovBoHV TOVE O KATW KAVOVEG:
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o mpémel vo meplEyovy v embount) petdAloén kot vo vppudilovior oy idw

VOUKAEOTIOWKN aAAnAovyia, oTic avtifeTeg aAvoideg Tov TAacUIdIoL.

o mpénel va Exovv puéyebog amd 25 péypt 45 Paceg, pe Bepuoxpacio Eemg (Tm)

>78°C.

Tm=81.5+0.41(% GC) — 675/N — % mismatch

Omov N: péyebog ekxtvnt oe Pdoeic

% GC: mocooto tov facenv G kar C (eldyioto mocoatd 40%)

% mismatch: Tocootd pun VPPIGUOD

e 1 emBount) petdAraén (éAdetyn M mpocOHnkm) Ba mpémel va gival 6To PHEGO TOV

EKKIVITY] Kol vo TAaiotovetol pe ~10—-15 Baoelg ko otic 600 TAevpEs.

Name of Sequence of primer N | % % | Tm
primer GC | mis
POS16_FW | ggtccagggtggGCAccaactggcaacttg 37 | 56.7 | 54 | 811
POS16_RV | tagtgtggttgctccaacccctggtgtacc
POS17_FW | acaccaggggttggaaaaGCCacactaggcaaagaactt 39 | 48.7 | 2.56 | 81.6
POS17_RV | aagttctttgcctagagtggcttttccaaccectggtgt
POS18 FW | ccaggggttggaaaaaccGCActaggcaaagaacttgcg 39 | 53.8 | 2.56 | 83.7
POS18 RV | cgcaagttctttgcctagtgeggtttttccaaccectgg
POS109 FW | cgaaagacttgaaacaGCGggttataatgagaagaaactaaca | 46 | 39.1 | 4.3 | 785

gac
POS109 RV

gtctgttagtttcttctcattataaccegctgtttcaagtetttcy

MMivakag 2.8: OMyovovkieotiola pov ypnoipomon|Onkay 61n wopovoo £PELVVNTIKY gpyocia

ot dwndkacia TG petorrhagoyéveonc.

2. Erowosio g avtidpaons g akorovbmg:

Avtidpactipra YVYKEVTPOOGT] Uva avTiopaon)
10X pvOuotcd dtaivpo Tolopepdong 5 ul (1X)
Mntpa tAacdtakod dsDNA X ul (20 ng)
OAyovouKAEOTIONKOG eKKIVTNG 1 X ul (125 ng)
OAyovVOUKAEOTIONKOG EKKIVIITAG 2 X ul (125 ng)
Metypo dNTPs 1l
DNA moivpepdon PfuUltra HF 1 ul (2.5 Units)
ddH,0 Y ul péxpt tov teEMKd dyko v 50 pl
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Ot coAnveg Tomobetovvtan ot punyoavy PCR, n omola mpoypappotiCetal cOpuowva pe

T0 TPOTOKOALO TTOL POIVETOL GTOV IO KATM TIVOKOL.

YTAAIO KYKAOX OEPMOKPAXIA XPONOX
1 1 95°C 30 sec
2 12-18 “ 95°C 30 sec
55°C 1 min
68 °C 1 min/ kb prxovg
OV TAOCUIOTOV

% O1 kvKho1 Tov oTadiov 2 kabopilovtal amd Tov THTO TS HETEALAENG TOV BéAovpE Vo EmTOYOVLE

Kol OivovTOoL GTOV TTo KAT® TivoKd.

TYINOX METAAAAZEHX APIOMOX KYKAQN
Inpetokn HETAALAEN 12
AAhayn| €vOg apvoEEmG 16
[ToAhamAég edhelyelg N mpooOnkeg apvoémv 18

O1 cwAfveg, otov teletmoetl 1 PCR, torobgtovvtat 6to mdyo yio 2 min yio vo petmbei
N Bepuokpacia g avtidpaong.

>t ovvéyela, tpootifetan 1 pl tov evlopov Dpn | (10 U/ul) og kabe avtidopoon kat to
OLIAVLOL OVOKATEVETOL LE TUTTETO, TTOAD KOAQL.

. Apéong, ot corveg enwaloviar otovg 37 °C, ywa 1 h, étol dote vo dloomactel TO
vrepeMkopévo dSDNA ov dev mepiéyet Tig onuelokég HETOANAEELC.

Télog, mpaypotomoteitan petaoynuotiopog pe 1 pl g avtidpaong oe dexticd XL1-
Blue Boktrpia ylo LeTOo)NUOTIGUO.

To DNA amopovaveral omd Tovg KADOVOLS TOL avamTOCGoVTOL Kot aAAnAovyeital, yio
ghpeon owtod mov mePLEYEL T oot UeTOAAAEN. ‘Emerta to kotdAAnio miacuioto

moALamAactdleTon.
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YovOeon TG pETAAAAYPEVIS 0AVGIOOG

1) Amodidtaén g UnTpags.
2) YPBpdopds tov oAyovoukAEOTId MY

OV PEPOLV TN UETAAAAE).
3) Tloivpueptopdc g uitpog pe v DNA
_ nolvpepdon PfuUltra.

PRrTh \ NovkAeoTId1K1] drdomaCOT TS UNTPOG
3 pe 1o £viopo Dpn |
'l To Dpn | d1aomd peBoiopévn Kon vep-
Sm= pebviimpévn oman éaka DNA.

MetooympaTiopog
Ta Bakthpra oteAéym emdropHmdvoLvY TO
nick tov petolhaypévov popiov DNA.

Yypo 2.2: Avomopdotacn Tng owdlKaciog wov okoAovONOnke kotd T pédodo TG

petarhatoyéveong
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2.2  MEGOOAOI BIOXHMIKHX ANAAYXHX

2.2.1 Eroyoyn £KOpUcNc avVUGLVOLUGUEVIC TTPOTEIVIC 6€ PBukTnplokd cuveTiuoTd

£KQpoo

[o v wopaymyn 1KOVOTOMTIKOV TOGOTNTOV TPMOTEIVING  YPNCLLOTOLOVVTOL
Boaktnplokd cLOTAHOTO £KEPOCNG GTO OTOi0 €LGAYOVTOL TO TANGUIO £KOPOCNG OV
eépovv 10 CDNA ¢ pmteivng Tov evdlapépovtoc. H evepyomoinon g éxkepacng tov
evoopatopévor  CDNA  oto mloouidlo  yivetow pe 1 ypnon  16ompomvA-B-D-
yoroaktomvpavooidiov (IPTG), to omoio emdyst To punyovioud petaypoens tov Poktnpiov
vo avayvopilet 11 aAAnlovyie T@V VIOKWVNTOV ToV TAAGMSioV Kot va apyilelt M
petaypaen Tov vd eE€tacn CONA.

Zmv mopovca  gpyacion  ypnolpomombnkay ot mAacpdlokol  @opelg kol To

Baktnplaxd oteréyn E.coli mov paivovtar otovg IMivakeg 2.5 kot 2.4, avticTtoryo.

2.2.2 Awgpevvnon Béltictov cuvONKOV ertay®YNC EKOPUGNC ETEPOLOYNC TPMTEIVIC

oc Baxtipro (Mwkpn khinokae/ Meydin Khipoxao)

Yikd:

1. TpuPArio pe ppéokes petaoynUaTIGUEVES omotkieg Paknplov e TO TAAGUISI0 TOV oG
EVOLOQEPEL.

2. Yyp6 Opentikd viko LB pe ta katdAinia avtilotikd.

3. Amoocteipopévo (péocom oiktpov 0.22 um) owdAvpo 1compomvA-f-D-Oetoyorakto-
nopavooidiov (IPTG) 100 mM.

4. Khiewopéveg pe PapPdxt Kot anoctelp®puéveg Kovikés elaiec tov 100 mif 1 L.

5. Amooteipouévol colnveg towv 1.5 ml (Eppentorf) ) 50 ml

M<£0o0doc:

1. EpPordleton o petaoynuatiopévn omowkio  (Swopétpov 2-3 mm) oe  vypn
KoaAAEpyelo 5 ml vypod Bpentikod vAkod LB pe ta katdhAnia oviifrotikd kot
enwaletor atovg 37 °C vrd avadevon yo 16-18 h.

2. Metagépovtar aonmrikd 10 ml /4 200-500 ml vypod Opertikov vAiwod LB pe to
KataAAnAo avtiflotikd oe kdbe koviky QAN kol ot ocvvéyew kdbe QAN
euPoidleton pe mosdtTO OIS TN puKpn KoAMEpYela o€ apainon 1:100. H kadAiépyeia
enwaletar otovg 37 °C vmd ocvveyn avddsvorn kol koTd StoThpoTo Aappdvovton
Jelypota Kot QOTOUETPIKEG UETPNOELS OMTIKNG Tukvotntog ota 600 nm péypt va
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napovolaotel ekBeTikn @don avamtuéng g kaAAépyeog (mepimov OD=0.4). Otav
avtég €10éABovv oty ekbetikny @don mpootiBetar o emoaywyéag IPTG oe tehkn
ovykévtpoon 0.2 mM-1.0 mM.

3. Xt ovvéyela, n KoAMépyela enmdletar otovg 20-25 °C vd cuveyr avddevon (250-
300 rpm), kabmg ta Paxtipla moAlariacidlovtol apyilovv va petagpdlovv 1o CONA
g eteporoyNg Tpwteivne. H avantuén yiveton o€ avtn ) Beppokpacio yio va £govpe
0G0 10 dLVaTH PEYOADTEPT TOGHTNTA SLIAVTNG TPOTEIVNG,.

4. T v moapoakorovbnon g eEEMENG g ékppacng Aaupdavovtal detypoto tov 1.5 ml
oe coivec (Eppendorf) katd toaktd ypovikd dractipota (t=0, 1, 2, 3 kou 18 h). X1
nepinT®on TG HEYOIANG KAMpokag ot cuvOnkes €xovv evtomiotel amd TPV Kol M
KaAAEpYeLo yopilovtal o coinves tov 50 ml.

5. Ta detypata puyokevipovvrat otig 5000 rpm yior 5 min otovg 4 °C kot T0 VIepKEIEVO
amopokpvvetat. Ot coAnves pe ta faktipla tonobetodvion apésws oe vyYpod Glmwto Kot
énerto. puAdyovtar otovg -20 °C 1 -80 °C avaroya e to ddoTna GUAAENG TOLGS, Yo
pueAdovtikr, ypnon. Ta deiypoto avaivovior opyodtepa péow SDS-PAGE ko

avocoamoTutwong katd Western.

2.2.3 TIIpoeTonocio detypaTmy yio nhekpo©dpnon rolvoxkpuvranidne (SDS-PAGE)

[Ipwv Vv nAekTpo@dpnon T0 Uelya TOV TPOTEVAOV SWIAVETOL TPAOTO GE SUIAVLLAL
dwdekdrvr-Oeukod vatpiov (SDS), evdc aviovtikod amoppLTOVTIKOD TOL KOTOGTPEQPEL
oY€O0OV OAEG TIG UN OUOLOTOAIKEG AAANAETIOPAGELS LIOG PLGIKNG TPOTEIVNG. XT0 ddAvpa
avtd mepLEeTaL emiong LePKATTOOOVOAT TOV OVAYEL TOVG SIGOVAPIIIKOVS OEGIOVG GE
GOVAPLOPTALQL.

Ta avidvta tov SDS deopeboviol 6Tig TENTIOKES dALGIdEC 0 avaAoyio EVOG LLOPiov
avé ovo apwvoléa. Ilpocdidel €to1 oto cvumioko SDS-amodiataypévn mpmrteivn éva
peyaro apvnTikd @optio, mepimov avdroyo pe ) pdlo e mpoteiving. To apywd @optio
™G TPOTEIVNG KobioTaTol apEANTEO €POGOV OVTO TOV OMOKTATAL OO TN OEGLEVCT| TOV
SDS eivat mToA0 peyohdtepo am’ To apy KO QOPTIO TNG PLGIKNG TPMTEIVNG Kot TPOGOidEL
éva otabepd AOYo apvntikov @optiov/ pdla Yo OAEC TIG TPMOTEIVES KOl ETOUEVMG OVTEG

UTOpOLV Vo, dtaywplotolv pe Paor tn dtapopd e Halag Toug.

Yikd:
1. PvOuiotikd didivpo derypdatov 5X (sample buffer): 250 mM Tris-HCI pH 6.8, 50%
(V/V) yAokepoin 50%, 10% (W/v) dtoddbpotog dmdekdivAi-0eukov vatpiov (SDS), 0.57
M B-pepramtoaifavoing kot 1% (W/V) koavodv g Bpopo@atvorng.
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2. PvBuiotiko ddAvua Avong (lysis buffer): 150 mM NaCl, 10 mM Tris pH 7.4-7.6, 0.5%
(v/v) Tween-20, 10% (v/V) yilokepoAn, 10 mM B-pepkamtooatfovorn Kot KOKTEL

avacTtoAéwVv Tpoteac®v (o 0.5 ml tov dtodvpatog tpocsOétovpe 20 pl koktéid 25X).

M£0odoc:

1. T éreyyo ™S TPOTEIVIKNG EKPPAOSNS GLAAEYOVTOL delypata fakTnplak®dv WKnuatov
o€ JPOPETIKOVS XpOVoLG. Xta delypata Tov ypovev t =0, 1 kot 2 h rpoctifevrar 100
ul sample buffer 1X (20 ul 5X sample buffer ko 80 ul dH»0) ko emovoadiocneipetan
10 {nua. Xta detypata tov xpovov t =3 h npootibevtar 150 ul sample buffer 1X (30
ul 5X sample buffer kot 120 pl dH,0) ko emavadiacneipetar To inpa. Xto detypoto
TV ¥povev t =16-18 h mpootiBevror 200 ul sample buffer 1X (40 pl 5X sample buffer
kot 160 pl dH,0) kou emavadiacneipeton to ilnuo. AkorovBel Bpdoipo twv derypdtmv
yw 5 min otoug 95 °C xor euyoxkévipnon yw 5 min otig 13000 rpm ®octe va
S®ploTohy To. OSIAVTO VTOKVLTTAPIKE Opyoavidld Kol YPOUOCHUOTO Ond TIG
npoteivec.  XpNOWOTOLEITOL  TO  VREPKEIPNEVO YO  QOPTOUO OTO  TNKTOHO

TOAVOKPVLAOULIONG.

2. T éheyyo ™G dwAvTOTNTAS OTO OEtypoTo TV Baktnplok®dv Wnudtwv mov Exovv
ovAleyxBel yuo ypoévo t =3 h xot t =16-18 h mpootiBevtan 200 pl lysis buffer ko
enavadlaoneipetor to inua. AkoAovBel Avon twv Paxktnpiov pe vrepnyovg (maipol
15 sec pe evdgpeca oAeippoata Kot tomoBétnon tov Oeiypotog oe mdhyo). H
drodtkacio yiveTon TPooeKTIKA MGTE va un BeppavBolv 1 va agpicovv ta delypata yio
va amo@evyfel n TpwtedALoN Kot 1 0EEIOMOT TV TPOTEIVOV avtioToryo. Metd ™
Adon akoAovbBet puyokévipnon otig 13000 rpm yio 15 min otovg 4 °C. To vrepkeipevo
amopakpHveTan kot tonobeteitan o kaBapd coinva. 1o vrepkeipevo Ppickovrarl ot
SAVTEC TpmTEiveg evd oto nua ot adidAvteg. 1o vrepkeipevo mpootifevrar 50 pl
5X sample buffer (cuvoAikdg 6ykog 250 pl) evod oto ilnua 35 pl 5X sample buffer kot
140 pl dH2O (ocvvoAikdg 6ykog 175 pl, poeodg vrepkeipevov). Ta detypata Ppalovton
v 5 min otovg 94 °C kot uyokevipovvral yo 5 min otig 13000 rpm. Ta detypota

etvat Tdpa £TOLUA Y10 TNV NAEKTPOPOPN O OE THKTOLLO TOAVAKPVACUIONG.
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2.2.4 Hiexktpooopnon SDS-morlvakpvionionc (SDS-PAGE)

Yhika.:

1. Addvpo 40% oakporapidng/ dic-axpvrouiong (RapidGel-XL 40% concentrated,
Amersham Pharmacia Biotech).

2. Adhopo vrepbeticod appoviov 10% (APS).

3. AdAvpo N,N,N’,N’-tetpapebvrevodtapivng (TEMET).

4. Bovtavoin 100%.

5. 5-15% (v/v) miktopa dtywpiopod (running gel): 1.5 M Tris pH 8.8, 8 mM EDTA,
0.4% (w/v) SDS, 5-15% o&idAvua akpviapdiov, 0.04% (viv) APS, 0.2% (v/v)
TEMED.

6. 4.5% (v/v) mixtopo cvocmpevong (stacking gel): 0.5 M Tris pH 6.8, 8 mM EDTA,
0.4% (w/v) SDS, 4.5% d16Aivpa axpoiaudiov, 0.04% (v/iv) APS, 0.5% (v/v) TEMED.

7. Pvbuotiko didivpa niektpopopnong 1X, pH 8.3: 25 mM Tris, 250 mM yAvkivn kot
0.1% (w/v) SDS.

8. Auwlvpo ypopotiopod tov anktopatog (Staining solution): 0.5% (w/v) kvavovv g
coomassie, 50% pebavorn, 10% o&wd o&p (VIV) ko 40% dH,O0.

9. AGhvpo omoyxpopaticpod Tov mnktopoatog (Destaining  solution): 10%  (v/v)

ueboavorn, 7% (VIV) o&d o&p kot 83% (viv) dH0.

10. IMpwteivikoi deikteg poplakov Papovg (Fermentas).

M<£0oooc:

1.

Apyikd ocvvapporoyeitor 1 GLOKELT] MAEKTPOEOPMNOMNG PACEL TV 0OMNYLDV TOL
KOTOOKELOOTH. XTNV TOpovGH  €pyoacion ypnowomomdnke 1mn ovokevn kAOeTNg
Niektpoeopnong g etaupiog BioRad yw pikpd amktopoarta (Protean mini gel system).
Xpnowonotohvtot dVo YLaAveG TAGKES KOl OVO do®PIoTIKG hyovg 1.0 mm yio v
KOTOoKELN KAOE TNKTAONOTOG.

Etowaleron 1o miktopa dtoaympiopov (running gel) Kot ovadeveTol TPOCEKTIKE MOTE
va punv dmpovpyndet appiopds kot xdvetar 6tn cvokevn péxpt tepimov ta 10 cm won
apéocmg Petd tomobeteitan o otoldoa PoutavoAng, €Tl AGTE Vo UV EPYETAL TO
TKTOUO o€ €maen MHE 1O 0&VYO6vVo, 10 omoio Tepuatilel tov moALUEPIGUO
KATaoTPEPOVTOGC TIG eAeVBepeg piles. To MKTOUO OPIVETOL VO TOAVUEPIOTEL Yol
nepimov 30 min og Beppoxpacio dopatiov.

Otav otepeonombel 10 TAKTOUO SOOPIGUOV, OTOUAKPOVETOL 1M Povtavoin,

etodletar xor mpootifeton amd MWAVO® TO TNKIOUO GLGGMPELONG. AUECMG
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tomofeteitan n ytéva pe v Pondeta g omoiog dnuovpyodvtal €101K01 LITOJOYELS
(keMd) péca 6Tovg 0moiovg YIVETOL TO POPTOUO TOV JEYUAT®V, OTOV TO TKTMOMO
otepeonombel. To mkTopa aenvetar vo moAvueptotel yioo 30 min oe Ogppoxpacio
dopatiov.

4. A@o¥ otepeomombel to MHKTOUO aQopEiTOL N XTEVE KOl TO THKTOUO TOToOeTEITON
oTNV €01KN GLOKEVT] NAEKTPOPOPNONG. XTN GLVEXELD TTpooTifevtan mepimov 800 ml
pLOeTIKoL dtohdpaTog nhextpoeopnons 1X kot Ta delypota popTdVOVTAL.

5. Eopoapuoletor niektpikd medio 100 V ko ta detypoto mov givor apvntikd QopTicuévo
apyifovv vo peTaKivoOvVTal TPOG TNV Avodo mov Ppioketal 6T0 KAT® HEPOG TOL
TNKTOUOTOG.

6. Me 10 MEPOC TS NAEKTPOPOPNONG OMOUOKPVVETOL TO THKTOUN CLGGMPELGNG KOl TO
TNKTORO dloy®piopoy gite Pagetar vad ghoepld avaxiviion ywe 20 min egite
xpnowonoteitor yioo avocoamotvmwon kotd Western. Xmv mpodn mepimtoon, T0
TKTOUN EEMAEVETOL PE TO SOIAVL OTOYPOUATICHOD Kol EMELTO. APVETOL KOTE T
SUIPKELD TNG VOYTAG LE OVTO TO SIGAVLLO Y10 TANPN ATOYPOUATICNO. META amd avT T
dtadacio 01 S1OY®PIGUEVES UTAVTEG TV TPOTEIVOV YivOvTal 0paTéC.

7. Téhog to mixtopo Qotoypaeiletor kot omletor pe T Pondeidr mAekTpovikol
vroAoyloty kou kapepog BioCapl, pe ) ypnon tov Aoyispkod mpoypappatog BIO-
CAPT V.99.

2.2.5 Avocoamotinmon katd Western (Western Blotting)

Avt 1 pébodog eivor €var TOAD YPNOYO EPYOAEIO Yoo TNV OvVOYVOPION KOl TN
TOLOTIKN KOl TOCOTIKY OviYVELON OGS VIO UEAETN TPOTEIVING péoa o€ éva TPOTEIVIKO
delypa. H tavtomoinon yiveton pe €101kd oviicopata to omoio avoyvopilovv péovo avtn
KOL TTI0 GLYKEKPLUEVA (o €101KN B€om TG Tov ovopdleTol ovTlyovViKOG TPOGOIopIoTiS 1|
EMTOTIO.

Ot mpmteiveg evOg SelYUATOC, 0QOV OY®PIOTOVV GE TNKTMUA TOAVAKPLAULOI0V,
LETAPEPOVTOL [UE OMTOTOTMOT GE PUALO VITPOKVLTTAPIVIG, TAV® GTO OTOI0 OViYVEDOVTOL LLE
™ ¥PNON TOL E01KOL OVTIGOUATOS. To ovumioko Tpmteivng-19V avtichuatog umopei va
aviyvevBel pe v mpocsONKn £vOG SEVTEPOL OVTICAOUATOS EOIKOV Y10 TO TPMTO, TO ONOIO0
etvar onpacpévo pe évlopo. Me mpocsOfkn 1oV KATAAANAOL VITOGTPAOUATOS ONUIOVPYEITOL
Eyypouo mpoidv mov upmopel va aviyvevbel oe AL avtopadioypaeiog (Omwg o1

ypnouonotovuevn uébodo ynuetogpotavysias, Chemiluminesce).
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Yika:

1. Zvokevn petapopdg Mini Trans-Blot, wet transfer (BioRad).

2. MepPpavn petapopdg vitpokvttapivng (Hybond ECL Nitrocellulose membrane,
Amersham Pharmacia Biotech).

3. AmOntikod yapti Whatman 3 mm.

4. PvBuotikd dshvpa petapopds (Blot buffer): o) 10 mM NaHCO3, 3 mM NapCOg,
20% (v/v) pebovorn, pH 9,9 (pbBuon pe NapCO3) 1 B) 48 mM Tris pH 9.2, 39 mM
yAvkivn, 20% (V/V) pebavorn (ta dtaddpata avtd dtotnpovvratl 6toug 4 °C).

5. PvBuiotikd didivua PBS (Phosphate buffered saline): 1 mM KH,PO4 10 mM
Na;HPO4 137 mM NaCl kot 2.7 mM KCI, pH 7.4.

6. Awdhopo PBS-Tween-20 0.1% (v/v).

7. 5% (w/v) amoPovtvopmuévn okdvn yaraktog (Marvel) oe didhopo PBS-Tween-20
0.1% (Vv/v).

8. KatdAinia aviicopata avaioyo pe v tpoteivn mov Ba aviyvevbel (2.4.2.1).

M£0odoc:

1. Apywa npaypatomoteital n dwdikacio g pebdoov 2.2.4.

2. KaBag 1 dwdikacio tng nhektpopdpnong Ppioketor oe e£EMEN, kOPovtor 6 dmbnTiKd
yaptie Whatman oto upéyebog tov mnktduatog kol tomobetodviar 610 StdAvUa
petopopds, kabmg emiong ko €va KOUUdTL pepPpdvne vitpoxvttopivng 6’ avtd To
péyebog. H pepppdvn evvdatdveror pe tomobétnomn g oe dHO ko akorovbBwg
tonofeteitan 610 AL LG LETOPOPAG.

3. Aol olokAnpwbOei N NAEKTPOPOPNOT, ATOUAKPVVETOL TO THKTOLO GVGCHOPEVONG O
TO KLPIMG TKTOUO Kol TO KUPIWG TNKT®UA ToTodeTEITON 6TO 1AV LETAPOPAG.

4. Tw 1 Jwdikacio TG HETOEOPAS ypnowomoleitor 1 ocvokevn Trans-Blot g

BIORAD, ¢ite yio oyeddv oteyv petopopd (semidry), eite yio vypn petapopd. v
PO mepinTmon Ppéyeton o Eva NAEKTPOSIO LE TO PLOMOTIKO SAALHO HETAPOPES
Kol v o€ ovtd tomobBetovvian pe oEpd:  Tpia yopTtovhKio, 1 HEUPpAvN
VITPOKLTTOPIVIG, TO THKTOUO TOAVAKPLAAUIONG Kot TEAOG Ta VTOAOTA 3 XOPTOVAKLA
(«chvtouttey). Xe Kabe Prino ™G Stodkaciog amopakpHVOVTOL TUYXOV PLGOAIDES aEpa
ot omoieg mBavov va £xovv eykAmPiotel petald Tov «oTpopdTovy e T Pondela pog
papoov, d10TL N Ymapén eucaAidwv mapeunodilel v petapopd. Télog, PpéyeTan kot
T0 GAAO MAEKTPOSIO TNG GLOKELNG HE TO PLOUICTIKO HETAPOPAG KO 1) GLOKELY|
KAeivetor. H petapopd mpaypotomoteiton yio 1 h ota 10-15 V. Zmnv devtepn

nepintoon, aeov onuovpyndel 10 «odviovtgy tomobeteiton o€ €101k KaoeTival
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HETOED 0VO EOIKAOV CQOVYYOPLDY KOl EMELTO TOMODETEITOL GTNV €101KT) GLOKELN 1
omoia yepiCeton pe dddvpo petagopdc. H petapopd mpaypotonoleitor vrd cuveyn
avadevon ywo 1h ota 100V. Evocm ot apvnTikd QopTIGUEVES TPOTEIVEG LETAPEPOVTAL
ond TO TNKTOUO TPOS TNV (vodo GLVOVIOUV TNV uepPpdvn mhve oty omoia
deopevovTal piag Kot 1 01 etvar eopTiopévn BeTikd.

5. Mg 10 PG TG LETAPOPAS M LeUPpavn vitpokvtTapivng tomobeteitatl o dtdAlvpa 5%
(w/v) yahaktog PBS-Tween-20 0.1% (v/v) ywo 30 min cg Ogppokpacio dopatiov
vroPdirovtog £Tol T HeUPpdvn o «KopesUd» TV eAevBepv BEcemV OEGUEVOTG
(blocking) yio va. amo@evyBel 1 un e€etdikevuévn SEGUEVOT TOV TPATOV AVTICMDUUTOG
TAve ot HePPpavn g VITpoKLTTAPIvIG.

6. AxoloOOmg, n pepPpavn emmaletal pe T0 TPMTO OVTICOLO TO OTOI0 APULDVETOL EITE
oe ddhopa 3% (W/v) ydiaktog PBS-Tween-20 0.1% (v/v), eite oe didAvpo PBS-
Tween-20 0.1% (v/v) avdloyo pe to avticopo mov ypnoipomoteitar. H endaon
npaypatonoteitor yio 2 h 1 yio 12-14 h avéroya pe to aviicopa.

7. H pepppdvn apapeitor omd 10 TIpdTO 0vTicmpo Kot EETAEVETAL OVO POPES LE ddAvLL
PBS-Tween-20 0.1% (v/v) ywa 10 min v ké0e @opa.

8. X ovvéyelo n pepPpdvn enwdaleton yio 1 h pe to devtepo avticmpo To omoio Ko mToAt
apardvetar o€ dtdAvpa PBS-Tween-20 0.1% (v/v). H apaioon givar avdAoyn pe to
VTGO TO 011010 YPNGUYLOTOLELTOL.

9. Tékog, to devTEPO avTicOUO aporpeitar Kot 1 pepPpavn Eemiéveton o gopd pe PBS-

Tween 20 0.1% (v/v) yio. 10 min ko yio GAAa 10 min pe PBS povo.

2.2.6 AVTopadloypaonUe AVOGOOTOTVTOGTC

H aviyvevon g npwteivng 0nme mpoavagépnke yiveTat ovTIANTTY LE TNV ELPAVIOT
L0G GKOTEWVNG YPOUUNG G AL OTav avtd €pBst o emagn| pe T evOLIIKT GNUOVOT) TOV
deVTEPOV OVTICONNTOS. AV 1 ofjuaven eivar 1o €vlopo vrepoéewdaon (HRP) to omoio
elvar ovvdedepévo pe 10 devtepo  avticopa. To évlopo avtd o&edmvel KLKAMKA
drakvAvdpalidla oe aAkoAkég cuvOnkes. Me v 0&eldwon Tovg avtd dleyeipovTot Kot e
TNV amod€yepoTn o1 POCIKA TOVG KOTAGTOON EKTEUTOVYV QGMC, TO Omoio umopel va
aviyvevbel pe odvtoun ékbeon oe e avtopadioypapiog (pBopiopog). I'a avénomn g
EVIOONG TOV EKMEUTOUEVOL QMOTOC MG EMIONG KOL TOV YPOVOL EKTOUTNG (EVIGYLUEVN

YNUELOQOTOVYELR) YIVETOL YPNON EVIGYVTIKAOV EVOGEDV OT®S £IVOIL O1 POVOLES.
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Yika:

1.

AwAdpoto gpeaviong 1 kot 2 and 1o maxkéto Enhanced Chemiluminescence (ECL)

(Amersham Pharmacia Biotech).

2. O avtopadoypagiog (Hyperfilm ECL, Amersham Pharmacia Biotech).

3. Kuoaoetiva eppdviong (Amersham Pharmacia Biotech).

M£0odoc:

1. H pepppdvn g vupokvtropivng euPantifetar oto OdAvpa  €UEAEVIONG OV
napackevdletal pe mpoobnkn icwv oykwv amd o 2 Soiduata yio 1 min. To
dAvpata TEPEYOLY TO VITOSTPWLN oV Ba 0&eWwhel, VIO TV enidpacm Tov evivOL
HRP mov @épet to de0tepo avTicmpLo, EKTEUTOVTAS PG,

2. H pepppdvn aporpeitar amd 1o dStdAvpo LEvVIoNS, TUAYETOL GE SLAPOVO GEAOPEY Kot
tonofeteitan 6 €101KN KAGETIVO ELPAVIONG AVTOPAOIOYPAPIOG.

3. Ze oxotewvd Bdiapo tomobeteitar @Al avtopadloypapiog Tave omd ™ pepppdavn yo

xpoévo mov Ba eaptbel amd to WOGO évroveg eivon ol Umdvieg MV ©TO PIAU
(ovviBmg 10 sec-10 min) kot to QAN ep@aviletal Le TOV E101KO AVTOUOTO EXEEEPYAOTY|

(KODAK M35 X-OMAT processor).

2.2.7 AmOnNGKpPLVON OVIIGOUATOV KOl eravaviyvevone neufpovev (stripping and

reprobing)

Avty n pébodoc ypmowlomoteitar Yoo TNV amopdKpvven MO OECUELUEVOV

AVTICOUATOV omd TIG pepPpavec vitpokvttapivine. Emopévog yopic va ypelactel va

emavoAnelet m avocoamotomwon (2.2.5) n peuPpdvn pmopel vo Eovoemmootel e

SWPOPETIKA OVTICONOTO TOL ovayvopiouv v o 1 SEOPETIKY TTPOTEIV] N Vo

YPNOLOTONO0VV S1OPOPETIKEG GLYKEVIPADGCELS OVIICOUATOV LE GKOMO TNV EVPECT] TNG

KOTOAANAOTEPNC.

Yiika:

1. PvOuiotikd dSdAvpo  amopdkpoveng  (Stripping  buffer): (o) 100 mM  B-
uepkamtoalfavorn, 2% (w/v) SDS kot 62.5 mM Tris-HCI pH 6.8 i1 () 0.1M NaOH.

2. PBS-Tween-20 0.1% (v/v).

3. 3% (w/v) amoPovtvpmpévn okovn yaraxtog (Marvel) ce ddhopo PBS-Tween-20

0.1% (w/v).
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M£0odoc:

1. H pepppavn tomobeteitar oto pubuictikd dtdAvpo amopdkpovene: (o) yio 30 min
otovg 50 °C 1 (B) yw 10 min og Beppokpacio dwpatiov, vd ehaEpPld ovadevon,
avéiloyo pe to ddAvpa amopdkpovvong mov emiéyeton [(a) M (B)]. H emioyn tov
dtddpatog yivetan Pacel Tov mOco Eviovn emBuueiton va glvarl 1 OTOUAKPLVOT TOV
APYIKAOV AVTICOUATOV KOl TNG TOGOTNTAS TOV TPOTEIKAOV OELYLATOV.

2. Xt ovvéyela Eemhévetorl dVo Qopég amd 15 min pe didAivpo PBS-Tween-20 0.1% (v/v)
o€ Oeppokpacio SWUUTION ¥PNGIUOTOIDOVTAG LEYAAOVS OYKOVG SHADLOTOG,.

3. H peuppavn vroPdiietar oe kopeoud tov ehevbepov Bécemv déousvong (Blocking)
ue 3% (W/v) amofovtupmpévn okovn yaiaxktog oe PBS-Tween-20 0.1% (V/V) ywa 1 h
o€ Bepuokpacio dopatiov, VIO cLVEYN AVAIELON.

4. AxolovBovvtar to frjpata Tov uebodmv 2.2.5 kat 2.2.6.

2.2.8 M£00d0c Tpocdopropnov tpoteivov katd Bradford

H pébodog Bradford (Bradford, 1976) givor pia ypryopn kot e0koAn uéBodog yio tnv
pétpnon ovykévipmong mpoteivaov. H pébodog Paciletar oty adlhayn yp®dUOTOS TOV
6&wov daddpatog g ypwotikng Coomassie Brilliant Blue G-250 étav avtr avtidpdoet
deopevtel o TPOTEIVEG, TPOKOADVTAG UETOPOAN TG amoppdenong amd to 465 nm oto

595 nm.

Yiika:

1. Avudpaotipio Bradford (BioRad).
2. Kvoyehrideg tov 1 ml

3. 1 mg/ml BSA og ddH,0.

M£0oooc:

2.2.8.1 KataoKeL] KOUTOANC OVOQOOPAC

1. Apyd etidyvovtar ta dtodvpota tov 0.125, 0.250, 0.5 kot 1 mg/ml BSA oe ddH,0.

2. T xaBe 800ul droddpotog BSA mpootifevrar 200 ul avtidpactnpiov Bradford kot
enwalovratl yioo 15-30 min og Ogpuokpacio dopotiov. Tavtdypova etowudletar kot
TVQEAO detypa to omoio mepiEyet 800 ul vepd ko 200 pl avtidpactnpiov Bradford.

3. Ta delypata @OTOUETPOVVTIOL, LETPAOVTOS TIV OTOPPOPNCT O UNKOG KOLATOG 595 nm.

4. AxohovOmg KoTookevaletat 1 KapmoAn avaeopas Asgsim=f [C]
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2.2.8.2 DoTouLTPNon OELYRATOV

1. Xe vepd mpootifetor HEPOS TOL TPOTEIVIKOL delypatog mov Ba petpndel £to1 dote 0
teMkOc Oykog va eivon icog pe 800ul kot axorovbwg mpootibevron 200 ul
avtidpootnpiov Bradford.

2. Ta deiypata enwdlovral yioo 15-30 min oe Ogppokpacio dopatiov Kot HETPATAL M
amoppOeN o™ TOLG oTa 595 NM.

3. Bdoetl g kapmvAng avaeopdc vroloyiletal N GVYKEVIP®ON TG TPOTEIVIG o€ KAbe

StdAvpa.

2.2.9 Teyvikn tne ovv-emroyne (Pull down assay 1 co-selection)

Eitvan po Broynukn pébodog diepgvvnonc/emiPePainong g arlinAenidpacng dvo
TpOTEIVOY, 1N omolo Poaciletor oTIC apyEc NG YPOUOTOYPAPING YNUIKNG GLYYEVELNS
(affinity chromatography). H texvikn ot eKpeTOALEDETAL TV DYNAN GLYYEVELD TNG LLOG
€K TOV 0VO TPOTEIVAOV Y10 E101KO VITOGTPWOLLO. TOL PPIGKETOL OLLOIOTOAIKA TPOGOEDEUEVO GE
uTpa 0dpavovg VAIKo (ceatpidia). H vymAn cuyyévela e mpoTeivig Yo T0 VTOGTPOLLL
avTO 0PeideTL GE E101KT| aAANAovYia (emiTOTO0), TOVL PpicKeETOL GLYY®VEVUEVT GTO 5° GKPO
T0V KA@vomomuévov yovidiov g etepdroyng mpwteivng. H pébodog mpoimobéter
oNuaven TV 600 TPOTEIVOV HE OPOPETIKA KoTGAANAa enttomia (epitope tagging) £tot
®oTE POVO 1 L0 EK TOV dVO TPAOTEIVAOV VO, EXEL GVYYEVELD [LE TO VITOGTPMULO. TG UTPOGS.

H xoatackevr] vPpdiKdv TPpoTEIVOV 7OV VO QEPOLV  OLUPOPETIKE  EMTOTIN
emrvyybvetor pe ovyyodvevon tov CDNA tov 600 mpoteivdy o KaTIAANAOLS
TAOCLIOIKOVG POPElS. XV mapovoa gpyacio ypnoytoromdnkoav mTAacuidl o omoia
neplelyoy yovidlo Yo HETAPPOOT TOV EMTOMOV TNG TPAVGPEPEONG TS YAouTaHEIOVNG
(GST) kat ¢ e€a-totdivng (6xhis) (ITivakag 2.5) kat ypnooromdnke avtiotoyo, UnTpa
adpavodg VAKOD (ceopidia) pe vrootpoua yhovtobedovne (Sepharose 4B beads) 1

copmhokov vikehiov (NiZ*-NTA agarose beads).

1. Mnatpa adpavodg vAKoD, ceapidin cepapolng, pe vrodoTpopd yAovtadeldvng
(Sepharose 4B beads, Sigma).

2. Mntpa adpavodg vikov, ceopidta ayapolng, He GOUTAOKA VIKEAOV (Ni2+-NTA
agarose beads).

3. Auwdvpo A: 1X PBS (140 mM NaCl, 2.7 mM KCI, 10 mM Na;HPO,, 1.8 mM

KH2POy4, pH 7.3), 1% Tween-20 kot KoKTEL avacToAémV Tpoteac®mv 1X.
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4. Awdopa B: 100 mM NaCl, 20 mM Tris pH 7.8, 5 mM MgClp, ImM NapHPOy, 10

MM B-pepkantoafovorn, 10 MM yudaloiiov Kol KOKTEIL OVOGTOAE®V TPOTENCHV
1X (ywpic EDTA).

5. Auopo 1M Guanidium-HCI (Gu-HCI).

6. PvOuiotikd Siddvpa derypdrov 5 kot 2 eopég (5X kot 2X) ocvykevipouévo (sample
buffer), (yia cuvtayn BA. 2.12).

Mo v mpaypatonoinon TV mo KAT® TEWPUdToV, ¥pnolortomdnkay Paktnplokd
Wnuata derypdtov (2 ml), mov eiyav cvideyel omd PaknPlokés KOAMEPYEIEG GTOV
Kat@AAnAo ypovo (t =3h 1 t =16-18 h) petd v enaywyn toug pe IPTG kot ta omoia
gruyav KatdAnAng eneepyaciog (2.11).

M£0odoc:

1. To Paxkmploxd inuo g VIO UEAET TPOTEIVNG CLYXOVELUEVNG UE TO KOTAAANAO
emtomo, GST 1 His6, emavadiaoneipetor o 200 pl tov dteddpotog A | B avrtictoyo.

2. Ta detypata opoyevomolovvton pe vrepnyovg (Abon Poaktnpiov pe moipotg 10 sec pe
evoldpeso Sroieippota Tov 10 sec kot tomofétnomn tov delypatog o€ mdyo), 101 MOTE
va un BgpuavBodv | va appicovv yo va amoesvybel n TpotedIvon kot 1 ofeidmon
avticTtoya.

3. Tlpaypatomoteiton @uyokévipnon yoo 20 min otig 13000 rpm otovg 4 °C ko
GUAAEYETOL TO LIEPKEIIUEVO TO OTOI0 TEPLEYEL TIC OLOALTEG TPWTEIVEG TV Paxtnpimv
padli kot v o peAETN TP TEIVY.

4. Y& comyveg tomov eppendorf tomoBetovvtar 13.5 pl ceapidia, uyokevipovvtal oTig
2000 rpm, yw 5 min, otovg 4 °C «ot tOo vrEEpkeipevo (dAvpa  abovorng)
AmOLLOKPOVETOL Kot o oarpidta Eemiévovtor 3 gopég pe 150 ul doiduatoc A 1 B.
Kabe popd @uyokevipobvtor oTic 101E¢ GLVONKES HE TO TAV® Kol TO VIEPKEIPEVO
OOLLOKPOVETAL.

5. Z10 010010 aVTO PUIopoLV Vo aKoAovONBovV 3 dlaPopeTIKA TPOTOKOALL:

1° Ipotékolrro:

a) To vrepkeipevo tov otadiov 3 mpootifetarl ota EToyo ceapidlo Kot emmAleTon yio
30 min cg Oeppoxpacio dopatiov i 1 h otovg 4 °C vrd ehappid avadevon. Me v
EMMACT] OVTN OVUUEVETOL 1 LIO UEAETN TPOTEIVN HE TO KATAAANAO emitOmIO VO

TPocoefel EKAEKTIKG TAV®D GTO OVTIGTOYO VTOGTPON TOV COAIPLOIWV.
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B) £ ovvérela to. oparpidia puyokevipovvral otig 2000 rpm, yio 5 min, otovg 4 °C
K0l TO VITEPKEIEVO GLAAEYETOL (amOTELEL TO OOEGUEVTO KAACLLAL).

v) Ta opopidw Eemiévovtar 3 @opég pe 100 pl dwAdpatog A 1 B, 10 omoio
OTTOLLOKPVVEL TIG TPOTEIVEG O1 OTOTEG OEV £XOVV E101KT| GUYYEVELX LLE TO VITOGTPM L.

d) AxorovBm¢ mpootiBeTon T0 VIEPKEILEVO TG OEVTEPNC VIO UEAETN TTPMTEIVIG Kol
TpaypoToToleital encdaocn kot Tail yio 30 min o€ Oegppokpacio dopatiov 1 1 h otovg

4 °C, vm6 cvveyn avdoevon.

2° pwTéKorro

o) To TPOTEVIKE ADHOTO Oomd TIG VO VPRPWIKES TPpwTEiveg cuvovaloviol Kot
enmalovtal KAT® amd Tig 101G CLVONKESG OTMG KOl TPONYOLUEVAG.

B) uetd v endaon mpootiBeviar 610 OdAVUHA TO TPOETEEEPYACUEV GPOLPIdIL Kot

axolovBel Kot Tl emdaon 0TI 101Eg GLVONKEGS.

3° Mpowtoékorro

a) AkolovBovvtol Ta PHaTe TOL TPMOTOV TPMOTOKOAAOV OAAG pE TN S1aPopd OTL PETd
NV OEGUELON NG TPMOTNG TPOTEIVNG TPOAYLOTOTTOLEITAL EETAVUA TOV COUPLII®V e
100 pl drtadvpatog 1M Gu-HCI, yio awodidtoén e vnd HeléTng TpwTeivig.

B) Ta ceapidia ot cvvéyeto EemAévovton kKot enmdlovtol pe TV de0TeEPN LITO HEAETN

TPOTEIVY.

Y10 deiypota tov opapwiov mpootifevtor 60 pl 2x Sample buffer, eved orta
adéopevta detypata Tov cvAAEYNKav arnd 1o Kabe otddio 50 ul 5x Sample buffer kau
Bepuaivovtot yio 5 min otovg 96 °C.

Téhog, mpaypatonoteitoar niekTpo@dpnon kot ovocoamotvnmon kotd Western yio

EAEYYO TOVL OMOTEAEGLOTOC.
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2.3 MEO®OAOI KYTTAPIKHX BIOAOI'TAX

2 mapohoo epyacio, TO TEPAUOTO TPOYLATOTOMONKAY GE KUTTUPOKOAMEPYEL,
tonov HelLa. Ta kdttapa HeLa sivar avBpodmiva emOniokd khtrapa mov tpoépyovtar amd
adevokapKivopa tpayAov g utpas. Etval ta mpodto avOpdmiva kdttapa amd tao omoio
onuovpyndnke péviun kottapikn oepd (1951) ko TponAbov and tov 1616 g Henrietta
Lacks, pog Apepikavig, AQpukovikng katoymyns yovaikog 31 ypovav.

Ot axdrovbeg pébodot, mpaypotomombnkay vId aonTTKEG cvvOnkeg oe BdAapo

KkaOeg vnuatikng pong aépa (Laminar Air Flow).

2.3.1 Opentikd YMKG Kou GALQ  OVTIOPOGTNPLWY OTOPAITNTO YO TNV 0vAmrTvén

kuvtrapokoimépysroc Hel.a
1. D-MEM: Dulbecco’s Modified Eagle Medium (GIBGO-Invitrogen).
Y10 Opentikd vikd DMEM mepiéyovron 4500 mg/L D- yivkoln, GlutaMAX (L-

Alanul-L-Glutamine) to omoio ovtwkabiotd tmv L-ylovtouiv og ion poploknm
avaoyia, 25 MM HEPES ywpig mupocta@uAikod vatpio.

2. Ogpukd amevepyomompuévog euPpuikdc Posiog oppdc - FBS (fetal bovine serum)
(GIBGO-Invitrogen).

D-PBS (Dulbecco’s PBS) ywpic CaCl, ka1 MgCl, (GIBGO-Invitrogen).

4. Adopa evlopov Opoyivingc-EDTA'4Na: 0.25% (v/v) Bpvyivny, 1 mM EDTA-4Na
(GIBGO-Invitrogen).

5. Metypo avtiprotikev mevikildivy/ otpentopvkivny: 10000 U/ml mevikidhivn G (dAog
vatpiov), 10000 U/ml Betikny otpentopvkiv oe @uooroyikd oppd (GIBGO-
Invitrogen).

6. Avtifroticd 50 mg/ml Geneticin® (G418) (GIBGO-Invitrogen).

7. Méoo katayvéng kuttapav: 70% (v/v) FCS, 20% (v/iv) DMEM kot 10% (v/v) DMSO
(O1€BVAO-00VAB0EELD10).

o to petémerta otddo ypnowwomoleiton mANPeg Opentikd VAKO TO 0MOoio

Kataokevaletar pe tpocOnkn oe Openticd viiké DMEM-GlutaMAX-1 (500ml) 10% (v/v)

FCS ka1 50 U/ml mevicidAdivn ko otpentopvkivn.
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2.3.2 Avaatuén KVTTOPOKOIMEPYELNC OO KOTEWYVYUEVE KUTTOPU.

H dwmpnon tov xuttdpov yuoo pHeEYOAO YXPOVIKO OUCTNUO. ETITVYYXOVETOL E

amobfkevon Tovg o€ VYPO alwto (-195 °C).

Yhka
1. 100 mm tpuvPria yuo kvttapokoriépyeteg (Corning incorporated, CORNING).
2. ITpeg Openticd viikdé DMEM-GlutaMAX-1.

3. Koteyvyuéva kotropa Hela.

M£00d0¢g
1. Xe tpvPAio tov 100 mm zpootiBevion 7 ml mAnpovg Opemtikod viikov DMEM-

GlutaMAX-1, to ontoio mponyovpévamg mpobeppaivetar otovg 37 °C og véatdLovTPO.

2. AxoloOBmg, amd 10 VYPO Gl®mTo 6TO O0mOio S1aTNPOVVTAL Ol GOANVEG LE TO KOTTOPO,
petapépetol évag coAnvag e kuttapa Hela, og motpt {éoewg mov mepiéyet vepod 37
°C y1a peco Eembympo. T GUVEYEIN ToL KOTTAPO. SIAGTEIPOVTAL GTO TPOETOLAGHEVO
TpvPAio.

3. Ta xdttopa enodovior otovg 37 °C oe atpdceaipa mov meptéyet vypacia kar 5% CO;
¢m¢ 6tov koAbt To 80-90% g empdvelog Tov TpVPAloV MAAOT N KAAMEPYELD VL
Bpioketon oe exkbBetikny @don avamtuéng. Xvvnbmg yperdlovion 3-4 uépec yu va

emrevyfel avto.

2.3.3 E7ovodlaocTopd KVTTAP®V Y10 OVOKUAAEPYELY TOVC

Ta KOTTOPO KOAAEPYOUVTOL TPOCKOAANUEVO GE EMIMEDN OMOGTEPOUEVE TPLPA0L
péypL va. avamtuyfovv TANP®G OTOL TOPOLGLALETOL OVAGTOAY TNG AVATTLENG TOLG AOY®
EMOPNG, TO KVOTTOpO,  ovodlonmeipovtol  (apoidvoviol) Kot wocodTNTe.  QVTOV

avaKoAlMepyeitat.

Yiika:

1. TTAqpeg Bpenticd viiké DMEM-GlutaMAX-1.

2. D-PBS.

3. AdAvpo Ttpwteodivtikon eviopov Opvyivng-EDTA4Na.

4. Kvutropokarliépyeia HelLa og ekBetikn pdon avdmrtuéng.

5. 100 mm tpvPAia yio kutrapokariépyeteg (Corning incorporated, CORNING).
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M£0odoc:

1.

Am6 éva tpuPArio Twv 100 mm, oo omoio peyardvovv kottapo Hela mov Ppicketan o
ekbeTikn @Aomn avATTLENG, OMOUOKPVUVETOL TO OPEMTIKO VAIKO HE avoppOeNon e
amootelpmpuévn mméto Pasteur mov etvar cuvoedepévn e avtAio Kevoo.

Ta wottapa Eemiévovron dvo @opéc pe 10 ml mpobepupoacpévov  puOUIGTIKOD
dwvpatog D-PBS. Mg v €kmAvon Tov KLTTAP®V 0QOPEITOl TANPOS 0 0pOG TOL
nepéxel 1o DMEM kot 0 omoiog dpa ovOoTOATIKG GTnV €vepydtnTa. TOL EMOUEVOD
YEWPIGLOV TTOV givat 1 TPLYIVOTOINGT).

IMa va amokoAAn0ovv Ta kOTTOpA od TV EMPAVELD TOV TpLPAiov TtpootiBeton 1 ml
dwAvpatog  eviopov Opoyivn-EDTA'4Na kot to tpuPAio Tomobeteiton otov
enmoaotpa mepimov yw 1 min dote va dpdoet n Bpvyivny Kot va amokoAinfovv ta
KOttopa. H amokdAinon emPePfordveran pe tn forfeia Tov 6tEpEOGKOTIOV.
AxoroVBwg mpootifeviar oto TpuPAio 5 ml mApovg Opemtikov vAikov DMEM
(apaiwon 1:6), To omoio anevepyomolel v Opvyivn. Ta KuTTOPIKE GLGCOUATMOUATL
dwonmvtor pe ™ Pondela TG oLTOUATNG GLGKELTG AVAPPOPNONG-EKPOPNONG KO
ATOCTEPOUEVNG TméETAG TV 10ml.

1 ml and 1o KVTTAPIKO eEvoumdpnuae petapépetar oe TpuPAio twv 100 mm oto omoio
nepéyovion 7 ml mpoBepuacpévovr (37 °C) minpovg Bpemticod vikov DMEM,
avadevovtal N Kot En®Aloviol 6€ aTHOcEUpa oL TEPIEXEL VYpacio kat 5% CO;

£€m¢ 0Tov KaAveOel o 80% tng empdvelag Tov tpvPriov.

2.3.4 Kpvoowtipnon kuttopokoriMmépyewoc-Ilayone kottdpmv

Mo t dtpnon omoBepdTOV KOTTAPOKAAMEPYELNG TO. KUTTOPA PUAGCCOVTOL GE

Beppoxpacia -135 °C oe vypd AL®TO GTNV TOPOLGIN KPLOTPOGTATELTIKOD UEGOV OTMG

DMSO (01€0vAo-covApoeidlo) to omoio amoTpémel Tn OMUIOVPYiC KPLGTAAA®Y TAYOL

0TO ECOTEPIKO TOV KLTTAPOV.

Yhka:

1.

2
3.
4

[Mpeg Opentikd vikd DMEM-GlutaMAX-I.

D-PBS.

Arddopa Tpmteoivtikod eviopov Bpvyivng-EDTA4Na.

Méaoo katayvéng kuttapwv: 70% (viv) FCS, 20% (v/v) DMEM «xot 10% (v/iv) DMSO
(O1€BVAO-00VAPOEEIDLO).
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5. Kpvoyovolr ocminveg NALGENE® (cryogenic vial) tov 2 ml yo xotdyovén
rkuttopokaAlépyetog (Nalge Nunc International).

6. Kpvoyoktne NALGENE® (Nalge Nunc International).

M£0odoc:

1. AxoiovBobdvtar ta frpato 1-4 arnd ) dwudikacio eravadiocmopds kuttdpav (2.3.3).

2. Ta xottopa Tomobetovvrol 6 coAnva Tov 15 ml kot puyokevipovviat otic 1000 rpm
yo. 4 min.

3. 211 CULVEYEW ATOUOKPVUVETOL TO OPENTIKO VAMKO HE OVOPPOPNOY| LE OMOCTEPMOUEV
mnéto  Pasteur mov eivor  ovvdedepévn  pe  avtAo KEVOL Kol TOL  KOTTOPO
avadtacneipovior e 1 ml péoov TOy®OUATOS KVTTAPWV TO OMOI0 UETOPEPETOL GE
KPLOYOVO GOANVA.

4. Tw 1 otadlokn Kot eheyyOpevn Woén TovV KLTIOPOV TPV TN UETOPOPE OE
Bepurokpacio vypod aldTov, TotobeTovvtal oe kKpvoyvktn NALGEN E® otovg -80 °C
v 18-24 h.

5. Tnv emdpevn puépa 0 cOANVOS pHeTagEpeTal Kot amodnkevetol og vYpd Alwto.

2.3.5 Métpnon froocwyuy KutTtapmyv

H pérpnon tov Procimv kuttdpomv £ytve pe ™ xpnon evog ooKLTTOPOUETPOV Kol

™m¢ ypwotikng Trypan blue, n omoia éxer v WWOTTA va ypopatilel umie To vekpd

KOTTOPO.

1. TIwpeg Opentikd vaiké DMEM-GlutaMAX-1.

2. D-PBS.

3. AdAvpo tpwteoivtikon eviopov Opvyivng-EDTA4Na.

4. Xpowotwng Trypan blue 0.4% (v/v) (Invitrogen).

5. Awoxvttapopetpo (Hirschmann).

M£0odoc:

1. AxoiovBovvron ta frpota 1-4 amd ) dredikascio exavadlactopds Kuttapmy (2.3.3).
2. Ta xOttopa Tomobetovvrol 6 coAnva Tov 15 ml kot puyoxkevipovviat otic 1000 rpm

v 4 min.
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3. 211 CULVEKEW ATOUOKPVVETOL TO OPENTIKO VAMKO HE OvVOPPOPNOY| LE OMOCTEPMOUEV
mnéto  Pasteur mov eivor  ovvdedepévn  pe  avtAio KEVOL Kol TOL  KOTTOPO
avadwoneipovtal o 5 ml mApov Opentikod vAkod DMEM-GlutaMAX-I pe xoin
avapEn, €TI0l MOTE TO TEAMKO EVOIOPNUO TOV KVTTAP®V Vo, Vol OUOI0YEVEG Kol Ta.
KOTTOPO VO, U1V TTOPOVGLALOVY GUCCMLOTMLLOTOL.

4. Xt ovvéyew mpoypatomoteitar avauén 20 pl evoiwpnpatog kuttdpwv pe 20 pl
yxpwotikng Trypan blue 6e cwArva tomov Eppendorf (apaionon 1:1).

5. 10 pl omd 10 piypo ovtd petaeépetor oto OAAapo El00y®YNG OElyUATOC TOL
OLUOKVTTOPOUETPOV KOl TPOYHATOTOEITOL UETPNUA TOV PlLOCIH®V KLTTAP®V, U
YPOUATIGUEVE KOTTOPO, e TN for|fela HIKpOGKOTioL.

6. Tiveton VTOAOYIoUOG TV KLTTOP®V ue Baon OV TOTO:

cells in 4 quadrens 10° — cells

ml

10*

2.3.6 Teyvikn tnc emudélvvenc (transfection)

H teyvikn g empoivvong ypnolonoteital yioo v eaymyn €vog €1epOA0YOL
cDNA o0& KLTTOPOKOAMEPYELD KLTTAPWV OnAactikov. Xtnv  mopodoa gpyocio
YPNoWomomdnKe 1 TEXVIKN NG TAPOOKNG empudAvvong (transient transfection) pe
ewoeopikd acPéotio (calcium-phosphate-mediated) kot 1 Texvikn empdALVONG pE XpfoN

KATIOVIKOV ATTOLOV.

2.3.6.1 Teyvikn TOPOOIKNE EMUOAVVGNC UE QMTPOPIKO acficTI0

H teyvikn avt) mpodyer ) dnpovpyie cvpmidkov peta&d tov DNA kot tov
QPOoEOPIKOV acfeotiov, 10 omoio kataPubiletor, mpocpoPdTOl CTNV EMPAVEID TOV
KUTTAP®V KOl OKOAOVOMC €1GAYETOL GE LT UECH TOVL HOVOTATIOV TNG EVOOKLTMONG
(Graham and van der Eb, 1973). v napovca gpyacio ypnoporomdnke 1o tpmTtoKoAro

tov Santama et al., 1998.

Yikd:

1. Kvtrapoxariiiépyela tomov Hela e ekBetikn gdon avantuéng.

[TApeg Bpentikd viikd DMEM.

PvOuiotiko didhoua 2X HBS: 54 mM HEPES [4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid], 1.5 mM Na;HPQO,, 280 mM NaCl, pH 7.0. (To diéAvpo @iAtpapetal e

w n

eiktpo 22 um, yopiletar o€ coAveg TV 2 ml, ot omoiot puAdyovtot atovg -20 °C).
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2 M CaCl; (To didlvpa idtpapeton pe pidtpo 22 um, yopiletoar oe coAveg Tmv 2 ml,
ot omoiot uAGyovtat 6Tovg 4 °C).

1 pg/ul mhacpidio aparwpévo oe TE.

Amooteipopévo ddH,0.

100 mm tpvPria yia kuttapokailépyeteg (Corning incorporated, CORNING).
Kolvmtpideg (coverslips) 12 x 12 mm (Marienfeld GmbH).

YoAveg tomov Eppendorf tov 1.5 ml.

M£0odoc:

1.

Ta kottapa kKuttapokaiiépyelag Hela mov PBpioketon otnv exbetikn edon avantuéng
apoidvovtol pe xpnon Bpoyivng, £161 dote va kKakdmtovv to 30% g emedvelog Tov
TpLPAiov, TOLAGYIoTO 2 h TP TV ddikooio Tng empoivvong (2.3.3) wou
petagépovior oe TPVPAia twv 100 mm mov @épovv kKoAvmtpideg kot 4 ml mTApovg
Opentikov vAtkov DMEM.

To tpuPAria enwdaloviat otoug 37 °C o atpdoeoipe mov tepiéyet vyposio kot 5% CO,,
HEXPL TN OTIYUN TNG EMUOAVVOTNC.

Eemaydvoviar 6601 coAnveg Ba ypewactodv, 2X HBS, o Bgppoxpacio sopatiov. I'a
KaOe TpuPrio Twv 100 mm, torobetovvrar 0.5 ml 2X HBS c¢ amooteipopévo cornva
tov 1.5 ml.

Ye Egyoplotdo colva tov 1.5 ml tonobetodvron 10 pg DNA, 61 ul 2 M CaCl;, kot
nocomto.  amootelpopuévov ddHO  péypr tehkod oOykov 0.5 ml. To peiyua
avaperyvoetal KoAd kot enodleton yioo S min og Ogpuokpacio dopatiov (ot @don
avtn Bo Tpémel va givor dtakpitod eAappv dompo ilnua).

1t cvvéyela to peiyua DNA/CaCl, npoaotifetal oto cwinva mov mepiéyet to 2X HBS,
avd oTaydva Le TOVTOYPOV 0VAOELGT] TOV GOANVO.

To teAcd petypo mpootifetor otaydva-otaydova ota TpuPAio mov TEPLEYOLV TO
KoTTapa Kot ovtd emmaiovior 6tovg 37 °C yia 16-24 h 68 atuOGQUIPO. TOV TEPIEYEL
vypaocia kot 5% CO..

Tnv endpevn pépa (16-24 h) to péco emuOALVONG AMOUAKPVVETOL KoL TO. KOTTOPO,
Eemhévovton 800 popég pe mpobeppacpévo otoug 37 °C PBS.

Téhog mpootiBevion 7 ml mAnpovg DMEM oty xuttapokariiépysio Kot enmaleTon
otovg 37 °C og atpndcpoipe mov mepléyst vypasia kot 5% CO».

Ot kaAomTpideg CLAAEYOVTOL PETE TNV OMOUAKPLVGT) TOV HECOV EMUOAVVONG OTNV
emBoun ®po aviroya pe 10 eKkaotote meipapo (24-48 h) ko to evamopetvavta

KOTTOPO 0TO TPVPALI0 UITOPOVV Vo, GLAAEYOOVV Yo TEPANTEP® UEAETN.
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2.3.6.2 Teyviknq emuolvvenc HE YPNGN KOTIOVIKOV AMTLOimV

2 ovykekpiuévn péBodo mn petagopd tov DNA yivetar pe ypnomn KoTovikov
MITOGOUATOV TO 0TToi0 ONUIOVPYOLV DETIKE POPTIGUEVE COUTAOKO LE TOL OVIOVTIKG HOpLaL
tov DNA. Ta Betikd @optiocpéva cdpmioko Amocopudtov-DNA aAlniemdpodv pe v
apyntikd eoptiopévn pepppdvn kot to DNA eiedyeton 610 KOTTOPO HEGH TOV LOVOTOTION
NG EVOOKLTMGONG N UE GLYYMVEVGT] TOL KATIOVIKOV ATdion He TNV KLTTOpIK pepfpdvn n
omoia emttpénel TV €16060 10V DNA 610 KUTTAPOTAAGLLAL.

Xmv  mopodoo  gpyacia  ypnowwomomOnke  TO0  TMOALKOTIOVTIKO  Aumidio

Lipofectamine ™ 2000 (Invitrogen).

Yiika:

Kvttapoxkarlépysia tomov Hela oe ekBetikn| pdon avémtuéng.

1 mg/ml Lipofectamine ™ 2000 (Invitrogen).

[Mnpeg Openticd vAké DMEM yopic avtifrotikd.

[T peg Opentikd vAikd DMEM pe avtipotika.

Openticod vid Opti-MEM®I Reduced serum Media (GIBGO-Invitrogen).
D-PBS.

Avddopa Opoyivng-EDTA4Na.

4 pg mhacudiakod DNA.

© 0 N o g bk~ wDhPE

TpoBAria yio kutTtopokariiiépyeteg Tmv 60 mm (IWAKI).
10. Anooteipopéveg kaivmtpideg (Marienfeld GmbH).

M£0oooc: (Exteleitan facel oonyidv tov Kataokevoaoty) Invitrogen)

1. 24 h mpwv v dadikacio TG EmMPOAVVONGC, To KOTTOPA KuTTapoKaAAiépyelog Hela mov
Bpioketor oty ekBeTikn AoM avAmTLENG, apaidvovtal Le xpnomn Bpvyivng (2.3.3) ko
pnetagépovron 5X10°- 2X10° wottopo oe kGO tpufrio OV 60 MM mov @épet
KaAVTTpideg kot mepiéyel 4 ml mAnpovg Opentikov vAikov DMEM ywpic avtifrotikd.

2. AxoloO0Bm¢ M kalépyswa emodaletar otovg 37 °C ya 24 h og otpdoEAlpa TOv
nepéyet vypacia Kat 5% CO;. Ta kdttapa Ba mwpénel 6e avt) ™ EAon Vo KAAVTTOVV
10 90-95% ¢ em@dvelag Tov TpLPAiov.

3. X éva colva tomov eppendorf avaperyvbovral 5 pug mhacudiov pe 500 ul Opti-
MEM® Opentikon VAIKOD.

4. Tovtdoypova oe €va GAAO ocoAfvo Tomov eppendorf avapetyvoovior 5 g
Lipofectamine™ 2000 pe 500 pl Opti-MEM® I Opentikod vikod kat enodlovial oe

Oepuoxpacio dopatiov yo 5 min.
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5. Axorov0w¢ to apatwpévo DNA mpootiBetor oty apotmpévn LipofectamineTM 2000,
avaperyvoovior Kot enmdlovtor oe Beppokpacio dopatiov yioo 30 min ®ote vo
SnuovpynBobv to sopmhoko DNA- Lipofectamine™ 2000.

10. To petypa tov 1 ml mpootiBetor avd otaydva oto TpuPAio Twv 60 MM wov TEPLEYEL TOL
KOTTOPO, TO OTOI0 TOVTOYPOVA AVAOEVETAL ATAAN Kol £melto enwaleton otovg 37 °C
yw. 6 h og atpdsEapa Tov TepiEyel vypacia Kot 5% COs.

11. Metd tig 6 h to Opentikd viAko avtikadiotator pe nAnpeg DMEM 10 omoio mepiéyel
avTIBloTikd Kot To TpuPAo enavatonobeteitol To® GTOV ETWAGTHPOL.

12. O1 kaAvmtpideg cLALEYOVTOL PETE TNV EMUOALVOT), GTNV EMOLUNTH DPO AVAAOYA PE TO

EKAGTOTE TTEIPOLLLOL.

2.3.6.3 Teyvikn wapodkic empuolvvenc upue  ypnon  pLpooiryovokA£0TIOIMOV

amoci@rnonc (SIRNA)

H kartactoln/amociwnnon tov RNA givat évog unyoviopog yovidiakng poduong ota,
OnAaoTikd Kot 6To QUTE, 0 0TOTI0G LEUDVEL TOL LETAYPAPN KO ETITEDQ EITE LE KATAGTOAN TNG
yovidwakng petaypaenc (transcriptional gene silencing), eite pe evepyomoinon 1ng
dadikaciog amokoddunong cvykekpipévng ariniovyioc tov MRNA (RNA interference,
RNAI). 2t0 RNAI o¢ evepyomomtc/enaymyéag avtig g dadikaciog eivol éva poplo
dikhowvov RNA (dsRNA) 1o omoio pe evlouiky néyn pe RNAse 111 (Dicer) koPetor o€
HKpdTEPOL PNKoLG TUpata, 21 ko 22 vovkAgotdimv (SIRNA), To omoia pe T c€pd Toug
evovovtal pe ocvumiéypata moAvvovkieacdv (RISC) kot amoucodopovv to opdroyo
MRNA o160 (Bernstein et al., 2001, Agrawal et al., 2003).

2V mopodco TEPAUATIKY] €PYACiol TPAYLOTOTOWONKE KATOGTOAN/ LeloppvOuion
m¢ mpoteivng hCINAP, og kuttapooeipd tomov Hela, pe ypnon odvvletov dikhovov
nopiov RNA, 25 vovkieotdiov, ta omoia emhéyOnkav pe to mpdypappe. Custom-made

Stealth siRNA duplexes tng etaupiag Invitrogen, omd thv omoio Kot KOTOOKELAGTNKAV.

Yiwka:
Kvttapoxkariépysia tomov Hel a.
Lipofectamine ™ 2000 moAvkatiovtucod Amdiov (1 mg/ml) (Invitrogen).

Opentikd vAKS TApovg DMEM ywpic avtilotikd.

Arddopa Opoyivng-EDTA4Na.

1
2
3
4. Opentikd vAko TAnpovg DMEM pe avtifrotikd.
5
6. D-PBS.
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10.
11.

Opti-MEM | Reduced Serum.

Zevyn e€edikevpévaov ohyovovkieotdiov amoctdrnong (SIRNAL kot SIRNA2),
ovykévipoong 20uM (InVitrogen) (ITivaxog 2.9).

Zgdyoc  olryovovkieotidiov  avoaeopdc MED GC (medium GC content),
ovykévipoong 20 uM (InVitrogen).

TpoBAria yio kutTopokariiépyeteg Tov 60 mm (IWAKI).

Anootelpopéveg kolvrtpioeg (Marienfeld GmbH).

Mé£00doc: (exteleiton fhost 0dnydv Tov Kotookevaot Invitrogen)

1.

Mo pépa Tptv TNV €mpdAvveon To KHTTOPO opotdvovTal Kot Torofetovviot o€ TpuPiio
Tov 60 mm mov @épel kaAvmtpideg kot mepExel 4 ml miqpeg DMEM ywpig
avtlotiKd, £tot dcte vo KaAvmtovv 1o 30-50% tng empdveiag Tov tpuPAriov Katd tnv
emporvvon v emdpevn pépa. To tpuPiio enwaletanr otov emwastipa (37 °C, 5%
COy) vy 24 h.

Y& cowinveg tomov eppendorf avaperyvoovror 8 ul 1 16 ul (160 pM 1 320 pM cuvoiikn
OLYKEVTIPMOOT  OAyOVOUKAEOTWi®wV,  avtiotorya) omd 10 KAbe  evyog
olyovovkieotdimv SIRNA kabdg kot and to (e0yog 0AYOVOUKAEOTISIOV avopopdg
(medium GC content) og 100 pl Opemticov vikov Opti-MEM 1.

Ye éva cwAfva tomov eppendorf avaperyvoovron 8 ul 16 pl Lipofectamine™ 2000 oe
100 pl Bpentiko vikd Opti-MEM 1.

Ot colveg enwalovtot yio. 5 min og Bepuokpacio dopatiov.

Ta opuopéva SIRNAs mpootifetanr oty apuwpévy  Lipofectamine™ 2000,
QVOUELYVOOVTOL ool Kot exmalovtat yio 20 min o Ogppokpacio dopotiov dote va.
SnuovpynBodv to sopmhoko RNA-Lipofectamine™ 2000.

To dwdivpa mpootiBetan otaydva-ctayove 6to tpuPAiio twv 60 MM mov mepEyet Ta
KOtTopa kot ovadevetar anard. To tpuPArio enwdletor otov enwactmpa (37 °C, 5%
CO72) vy 6 h xou petd to Bpentikd vAKd avikabiotator pe mAnpeg DMEM pe
avTIBloTiKd.

To xdtrapa aerivovioar otov exmootipa Yoo 24-72 h ko gite cvAléyoviar kot
YPNOLoToovvIol Yoo omopoveoon ocvvolikod RNA, cuvolikng mpoteiving kabmg
emiong Kot ot  KOATTPIdEG OULAAEYOVTOL Yo YPNOWOTOINoN o€  mEPpaTo
avoco@Bopiopo?, ite TVYYAVOLV Kol dEVLTEPN EMUOAVVOT UE TIG 101EC CLYKEVIPMOELG

(otédra 2-5) mpv Tparypoatomon el avto.
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Nonpatikn oAAniovyia 5°-3°
Ovopa oAtyovoukAeoTidiov
Avtvonpatikn aAiniovyia 3°-5°

GCAGAACCAGCAGGUGGAUAGUAUA
UAUACUAUCCACCUGCUGGUUCUGC

siRNA1

CGUGCAUCAGCUGCCCAGUAAUAAA
UUUAUUACUGGGCAGCUGAUGCACG

SiRNA2

Hivakag 2.9: OMyovovKA£0TIOW OTOGCLOTNGCNS 7OV YPNGLHOTOUONKAY 0TV TEPOVS

gpyocio.

2.3.7 Anmuovpyia otafepa pertoomuoticuivne kvrropoceipdc Hela

GFP-hCINAP

Yiwka:

© 0o N o g Bk~ w DN PE
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Kvttapoxkariépysia kuttdpov Hela og ekBetikn @odon avimtuéng.

1 pg/pl mhaopidto pEGFP-hCINAP apowopévo oe TE.

1 mg/ml Lipofectamine™ 2000 (Invitrogen).

Openticod vid Opti-MEM®I Reduced serum Media (GIBGO-Invitrogen).
Opentikd vAKO TAnpeg DMEM yopic avtifrotikd.

Avddopa Opoyivng-EDTA4Na.

Avtifroticé 50 mg/ml I'evetioivn [Geneticin® (G418), GIBGO-Invitrogen].
TpoBAria yio kutTopokarliépyeteg Tov 60 mm (IWAKI).

TpuPria yio kuttapokaAiiépyeteg tov 100 mm (IWAKI).

. TpuPria tev 24 kehiov (IWAKI).

. TpuPAia tev 12 kediov (IWAKI).

. TpuBAia tev 6 kediov (IWAKI).

. Anoctelpopéves kolvmtpideg (Marienfeld GmbH).

M£0odoc:

1.

Apyikd mpaypatoroleiton TitAoddtnon towv kvuttdpwv Hela pe to avtifrotikd G418
(300, 400 xor 500 pg/ml) yuo va Bpebel n KaTdAANAN cLYKEVTP®ON TOV AVTIBLOTIKOD
OV GKOTAVEL T KOTTAPO. (TOV dev ekppdlovv To TAAGUI00), 68 TEPindo 2 BOopadmv
ka1 1 omoia Ba ypnoyomombel 6t GLVEXELD YloL TN EMAOYY] Kol T OMpovpyio TG
oT00ePAG LETACYNUATIGULEVTG KUTTOPOGELPAC.

AxoiovBovvtan ta fpata 1-11 and to Tpuqpa 2.3.6.2, g empdivvong KuTtépmy, He

xpron 5 pg mioaouwdiov pEGFP-hCINAP, site kukhko, eite ypopupukd. To mhacpidio

-104 -



9.

avTO PEPEL YOVIdlo OV TPOGHidoLY avOEKTIKOTNTA 0T OVTIPLOTIKA KavopvKivn Kot
veopvkivn (G418) ywo emioyn og Paktpila kKot KOTTOPo ONAOCTIKGOV 0vVTicTOLYO.

Tnv endpevn pépa  amopokpOVETOL TO Opemtikd VLAKO KOl To  KOTTOPO
enavadlaoneipovion (2.3.3) oe 7 ml mAnpovg Opentikod vVAKoD Kol EmETO TO
EVOLOPNUE TOVS OpotdveTol o€ Oldpopec ovykevipwoelg (1:50-1:10 000) oe
Kovovpyla TpuPia wov meptEyovv TANpes Opentikd vAKO pe 500 pg/ml G418.
[paypoatonoteiton kaBnueptvy aAloyn Tov OpenTikov LAKOD HE KOVOLPYL0 TANPES
Opentikd vAKO mov mepi€yel 500 pg/ml G418. Me v mdpodo tov ypoévov, avtd Ha
emAé€el Ta KOTTOPO TOL Omoia £xovv evowpatmcet 1o TAacuiolo pEGFP-hCINAP, cto
yvevoukd tovg DNA. Avti n emdoyn dopkei yio 2 BOopddes.

Y kdmoto ypovikd onueio Ba vrapEet palikog 0GvaTog TV KLTTAPOV Kol AToKOAANG
T0UG ond TOoV TMATO TV TPLVPAlV, agnvovtag miocw TOVS amowkieg pe oTabepd
LETACYNUOTIGUEVO KVTTAPO. XE KAmolo amd to TpuPAia pe T1g d1dpopes apatdoels Ba
vrapEovv amoikieg o1 omoieg eivar KaAd S10®PIGUEVEG TTOL VO LTOPOLY VO ANEOHOVV.
[Ma ™ AMyn tev arowiodv, Tpogtopnaletot Eva tpuPAio Tov 24 keliov tpocBitovtag
1 ml TAfpovg Bpentikov VAoV Tov epEyetl S00 pg/ml G418 oe kdbe keA.
Axoro00mg 10 TpVPAio EemAévetan pe 10 ml PBS kou émerta mpocOéteton oe avtod
dwdvpa PBS (37 °C) mov mepiéyel 5% Opoyivn (1 ml Bpuyivn-EDTA og 19 ml PBS).
Ot amowkieg pmopoHv va. GuAAEXHOHV KAT®O 0O GTEPEOGKOTIO YPNGUYLOTOLDOVTAG TITETOL
Gilson pe gha@py Edoo Kot avappdenon Tovg kot torobétnon tovg oe TPVPAIo TV
24 keMov. Kabe amokio tomobeteital oe dopopeTiKd KeAL.
Otav 1o keMd givar 80-90% mAnpng, Eemiévovron pe PBS ko yivetatl tpuyvomoinon
toug pe mpooOnkn 100 pl Swivpotog tpuyivng-EDTA. To emoavoidpnuo twv
KLTTAp®V Ywpiletal og dVo keMA evoc TpuPAiov TV 12 kKeMdV. Xg €va €K’ TV VO
KeMov tomobeteiton Yoo kdbe KAdvo o koivmtpida. To xkOttopo oe ovtég TS
KaAvmTpideg 6tav Ppiokovtarl oe mAnpdtta 80% (2-4 pépeg avaroya pe TV amotkio)
povipomolovvtal yuo vo, eEheyyfolv pikpookomikd yio vo, amopactofel moieg amd avtég
11§ amokieg a&iCovv va puAaytobv — tapovstalovv eBopiopd Ko 1 GFP-hCINAP éxet
oWoTH €VOOKVLTTAPLO EVIOMIGUO — Kol Toleg XPedlovTol TEPUITEP® VITOKAWVOTOINGT)
(subcloning) yia va e8dcovv ce opoyévela > 95%.

Olot o1 Khdvor mov «Kpivovior cmotol Ko Bo  @LAOYTOOV UETOPEPOVTAL [LE
Tpuyvomoinon amd 10 TpLPAio TV 12 keEM®dV e TpLPAI0 TV 6 KEMOV KOl GTN

ocuvéyela o€ 3 tpuPAiia Twv 100 mm: 1o €va yio KpLOJUTHPNOT TOV KLTTAP®V (GTAO10

0), T0 dehTEPO YO SATNPNON KLTTOPOKAALEPYELNG KOL TO TPITO Y10 VITOKAW®VOTOINoN
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omov yperaletor (10 pl and apaimon 1:5 and To TpvPAio TV 6 KEMOV G€ TPLPAIO TV
100 mm).

10. Otov tehkd AneBel o KAOVOS OV HOG EVOLOQEPEL, UEYOADVETE O UIKPOTEPT
ovykévripoon G418 (300 ug/ml) yia dwrpnon tov. GvAdyovtol KOTTAPO GE TAGTA
YPOVIKA OLOGTHUOTO OCTE OV TAGOH YPOVIKY GTIYUN VO LIAPYEL 1| OLVATOTNTA, GE
nepintwon mov cvuPel katL, vo avatpééel kovelg oe avtd. H otabepdtra tov kdabe
KADVOL J10pEPEL KOL GE OPIGUEVEG TEPUTTAOCEL, UTOPEl PETA amd KATOLO YPOVIKO

ddotnua va yabel o pBopiopde.

2.3.8 Teyvikn Tov avoco0opionov

H teyvikn tov avocopBopiopod ypnoyormombnke oty mapodcso epyacia yio tov
EVOOKVLTTOPIKO EVTIOTMIOUO TV L0 €EETOOT TPOMTEIVAOV GE KLTTAPOKOAAEPYELDL TVOITOV
HelLa. Zmv teyviky avt) ypnoipomoteiton avticopa Tt0 omoio avayvopiler kot
TPOGOEVETAL EOIKA 0TV VIO e€étaom TPOTEIVN Kol akoAoVB®G £va de0TEPO avTicwLO TO
omoio @épet a pBopilovoa opdda Kot avayvopilel Kot TPOGOEVETAL GTO TPAOTO AVIIGMLLN
7oV ypnotpomombnke. Mg ypnon (kpookomiog eOopiopov ivol Suvatdg 0 EVIOTIGUOG TNG
vd e&€taon mMPMOTEIVNG. LTV TopoLGO £pyacio YPNOLOTOMONKE TO AVECSTPAUUEVO
pikpookonmo  eBopiopod Zeiss Axiovert 200M, pe ynowkn kdpepo Axiocam Kot

Aoyopikd Axiovision 4.2.

2.3.8.1 Movipomoinon, olorepuToTNTO KO KAADWT TOV KVTTAPWOV

[Moporappdvovtar ot Kahvrtpideg amd to TpuPAio 6T OTOlR AVOTTVGGOVTOL KOTTOP,
KUTTOPOKOAMEPYELDG, T omoior &yovv KaAvwyel mepimov 50-70% tng emeavelng tov

tpuPAiov avaroya pe EKAGTOTE TTEIpOALLOL.

Yiika:

1. PvBuotikd Swiivpa 2X PHEM, pH 7.0: 130 mM PIPES, 60 mM HEPES, 20 mM
EGTA, 4 mM MgCl,. To didAvpa giktpdpetaor kot xopiletar o coinveg tawv 50 ml, o
omoiol TayMVoVToL Kot EEMay®VOVTAL 0va TTEIPOLLAL.

2. 8% (w/v) mapagoppordeton (PFA) oe puBuioctikd dwdivpo PHEM, pH 8.0 (v va
dwivBel n PFA ypewdleton 0épupavon). To dbddlvpo gidtpdpetal ko yopileton og
colMveg tov 15 ml, ot onoiol Toydvovtan Kot EETAYOVOVTOL VA TEIPOLLOL.

3. AdAvpo povipomoinong: Avapetyvoovrotl icot 0ykot dwivpdtov 2X PHEM kot 8%
PFA.
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0.5% (v/v) TritonX-100 o€ pvOotikd diivpa 1X PHEM.
0.2% (v/v) SDS o¢ pvOuotikd diéivpe 1X PHEM.
PuOiotco didAvpo PBS.

50 mM NH,4CI og pvOuiotikd didivpa PBS.

0.05% (v/v) Tween-20 ce puButotikd didAvpo PBS.

2.3.8.1.1 M£0odoc A (KLooG1K0 mp@TOK0ALO noviporoinone pe PFA)

1.

Ov xoAvmtpidec ot omoieg AapPavoviar omd tpvPAMa oto omoio AVAMTOGGETOL
KUTTOPOKOAMEPYELD, EEMAEVOVTOL Y10l OMTOLLAKPLVOT] TOV BPENTIKOD VAIKOD UE OTLypoia
BvOon tovg o mpobeppacuévo otovg 37 °C didivpo PHEM kot amopakpbvetor m
nepiooeln ToV SIOADHOTOC [LE TOTOOETNO TG AKPNG TOVG GE YOPTOUAVTIAO.

21 ovvéxeln ol koAvmtpideg tomobetovvtar oe TpuPAio Tv 12 kelM®dv tOo omoio
nepéyet dowivpo 4% (w/v) PFA/ 1X PHEM ywo 10 min, yio povipomoinon tov

KUTTOPWV.

3. Axolovbei éxmlvon toug Tpelg opéc pe puBuiotikd dtdivpa 1X PHEM yuo 5 min.

Katomwy, ota keMd pe tig kodlvmtpideg mpootifetan 1 ml dtaiduartog 0.5% (v/v) Triton
X-100 o PHEM 7 0.2% (v/v) SDS og pvOuiotikd didivpo 1X PHEM, yio 10 min
®oTE TO KOTTOPA VO YiVOuV dlamepatd.

Axolo00wmg o1 kodvrTpideg EemAévovtar 2 @opéc omd 5 min pe dtedvpo 1X PHEM.

1 ovvéyela yivetar kopeopdc (quenching) tov KuTTtapov Yo Tov avto-phoptoud, pe
50 mM NH4Cl o¢ puBpiotikd didhvpo PBS yo 15 min.

Ta kotrapa Eemiévovtar 2 @opég amd 5 min pe diddlopo PBS. Xto onueio avtd ot
KOAVTTTPideg umopohv va  ypnoipomoinfodv apécmg yoo va onuoavlodv pe ta
KOTOAANAQ AVTICOUOTO Y10 TIC TPOTEIVEG-GTOXOVG 1} VO LAY TOVV 6Tovg 4 °C yio o

efoopad Yoo LEALOVTIKY XPTOT).

2.3.8.1.2 M£0oooc B [IIpmtoxkoArro povipomoinene ne PFA pug mpo-eckyviion (pre-

extraction)]

[ZvvnBwc ypnowonoteitor 6tav 1 ofjuaven yivetol pe nentidikd aviicodpata (anti-peptide
ab)]

1. Ot xalvmtpideg ov omoieg AapuPavovior amd tpvPAi oto omoio avamTOGGETAL

KUTTOPOKOAMEPYELD, EEMAEVOVTOL Y10l OMTOLLAKPLVGT TOV BPENTIKOD LAIKOV UE oTrypaio
BHOon t00g o8 Mpobepuacuévo otovg 37 °C SidAvpe PHEM kot amopokpoveTol

nepiooEln TOV SOADIOTOG [LE TOTOBETNGN TS AKPNG TOVG GE YOPTOUAVTIAO.
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2.

Ot kahvmtpideg ToroBetovvtal oe dhvpa 0.5% (v/v) Triton—X oe 1X PHEM yuo pévo
5 sec, ®OTE TO KOTTOPO VO Yivouv Somepatd Kot opécwg METd EemAévovtan e
oTtypaio torofénomn tovg oe dtdivpa 1 X PHEM.

AxoloO0wg, ot KaAvmtpideg tomobetovvtor oe TpvPAio TV 12 kEMOV TO OmoOio
nepéyel owivpo 4% (w/v) PFA/ 1X PHEM vy 10 min, ywo povipomoinon tov

KUTTAPOV Ko EELTo akoAovBovvtal ta otddta 5-7 g A pebddov.

2.3.8.2 Ynquoven pne ypnon OvVIIGOUATOV Kol TOT00£Tnon TV OSYHATOV 6L

OVTIKELUEVOQPOPO TAIKO MKPOGKOTIOV

Yika:

1.

PuOpotikd didhopo kdloyng 100%: 2% FCS (viv), 2% BSA (w/v), 0.2% (v/v)
Cehativn amd déppa yaplov og puOuoTtikd didAvpo PBS.

2. 5% (v/v) puBuiotikd didivpo kaivyng oe PBS.

3. 0.05% (v/v) Tween 20 c¢ pvOuotiko owdivpa PBS.

4. PuOuotikd didivpo PBS.

5. Ipota aviicopoto (2.4.1).

6. Aevtepa avticopara (2.4.2).

7. Hoechst 33342, apyknfg cvykévipoong 10mg/ml (Sigma).

8. Mowiol pe 100 pg/ml DABCO (antifading agent) (1,4 diazabicyclo-[2,2,2] octane).

9. AVIIKELEVOPOPES TAAKES pkpookomiov 26 X 76 mm (EUROTUBO® DELTALAB).

M£0odoc:

1. To xdttapo mov Ppickoviol oTIS KAALTTPIdES a@OV povipomomBovv kot yivovv
dwamepatd (2.3.8.1) enwalovtor pe to puOutotikd drdAivpo kaivyng (blocking mix) ywo
15-30 min ®ote vo petwbei 1 un €1801KN SEGUELGT TOV AVTICOUATOV.

2. Ot kohomrpideg Eemiévovtan pe 0.05% (vIv) Tween-20 o PBS yio 1 min.

3. Z ovvéyela ta kottopa enmalovtal yi 1 h og Beppoxpacio dmpatiov pe 10 TpdTO
VIGO0, TO 0Toi0 apot®VETOL KaTtdAANAa o 5% (v/v) puBuiotikd dtdhvpa KaAvY”Ng
(av Ba yiver ypnon Kot evog GAAOVL TPAOTOV OVTICOUATOS OO OAPOPETIKO €100C TOTE
YIVETOL TOVTOYPOVY ETDOGCT)).

4. Me 10 mépag G emmaons Eemiévovror tpelg eopés pe 0.05% (v/iv) Tween-20 oe

pvOuoTKo dtivpa PBS yia 3 min.
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AxoloV0w¢ emwalovtor pe 1o dgvTEPO avticwpa yw 45 min oe Oegpuoxpacio
dopatiov, To omoio Kot TAAL apaldVETOL KOTAAANAL o€ 5% (V/V) puBiotikd dtddlvpa
KdAvymc kou  émerta EemAévovtan 2 eopég pe 0.05% (v/v) Tween-20 oe pvOuctikd
dwdivpa PBS yio 5 min.

> ovvéyela, yivetoaw onuaven tov DNA pe didAvpa ypwotikng Hoechst 33342,
onoio apardveton dtilvpo PBS e avoaroyior 1:20000, yio 1 min kou EemAévovtan pio
@opa pe 0.05% (v/v) Tween 20 o€ pvOuotikd dtdlvpa PBS yio 5 min ko pio popd pe
pvOuoTIKO dtdAvpa PBS yio 5 min.

Téhog, ot KaAvmtpideg TomobetovvTan pe TNV mAEVPE oV avamtHONKay Ta KOTTOPO
TAVO G€ PEYOAN OVTIKEYEVOPOPO TAGKO Y10 TAPOTHPNON UE HIKPOOKOTiO (pOOopiopon
ue xpnon Mowiol ot mapovsioc DABCO, o omoiog gival mapdyovtag mov Kabvotepet
™ owdkacio ebmplaopatog emrpémovtag T HeEAETN TV dstypdtov (antifading
agent).

Ta delypata apnvovtol vo oteyvdcouy kot eEeTdlovTol [LE YP1ON TOV OVEGTPOLUEVOL
wikpookomniov hopiopov Axiovert 200M (C. Zeiss) pe punyavikn tpamelo epyaciog. Ot
eloveg Aapupdvoviol pe Yynowakn eotoypapikn unyovy Axiocam MRm péow tov
TpoypappoTog Zeiss Axiovision 4.3 kat Toyyvouv yneakng avaivong eneéepyaciog
ue ta wpoypappoto Adobe Photoshop CS3 kot Adobe Illustrator CS3.

2.3.9 IsipapoTikoi YEIPIGU0L KVTTAP®V

Yiwka:

© o N o g Bk~ wDhPE

Kvtraposepd Hel a.

2tafepd LETACYNULATICUEVT KVTTOPOCELPAL HelLaCrPCINAP (kK vor 33C ko 62L).
2tafepd LETACYNULATICUEVT KVTTOPOCELPAL HeLa®™.

[TAnpec Opentico viiké DMEM.

AdAvpo D-PBS (Invitrogen).

Adopo 2.5 mg/ml axtivopvkivng D (actD, Sigma).

Adivpo 5 mg/ml 5,6-duyhmpo-B-D-pipopovpavocvrifeviyudaloriov (DRB, Sigma).
YopPrroin (Sigma).

TpoBria tov 12 kehov (IWAKI).

10. Anoctepopéveg kaivmtpideg (Marienfeld GmbH).
11. Xvoxevn UV Stratalinker 2400 (Stratagene).
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M£0odoc:

2.3.9.1 M<cToypo@iki KOTOoTOAN

1.

e 4 1puPAia Tov 12 KeAldV, ToToOeTOVVTAL KOAVTTPIOES KO £MELTOL KOTTAPO OO TIG 4

GFP Ko HeLaGFP-hCINAP

rKuttapooelpéc: Hela, Hela (kAwvor 33C kot 62L), petd amod
apoimon KuTTapwv mov avarntvccovtay oe enwactipa (37 °C, 5% CO,), étol wote
™V endpevn pépa T KOTTOpQ Vo KoAvrtovy 1o 40-50% g empdvelag tov TpuPAiiov.
Tnv emdpevn HéPA ATOUOKPOVETOL [LE OVOPPOPNCT| TO OPEMTIKO LAIKS Kol otn B€om TOV
mpootifeTon Kovovpylo ©To omoio mponyovuEveg apoimvetal eite actD oe TeAKM
ovykévipoon 0.04 pg/ml xor 1.0 ug/ml, eite DRB o¢ telikn cvykévipoon 25 pg/mi
Kot 50 pg/mil.

Ta tpuPria tonobetodvion Ticw oTov enmacTApa yio. Tepiodo 3 h.

21 ovvéyela avappoeeitat To Opentikd LAKO Kot To KUTTOPA EEMAEVOVTOL e SLOAV LA
PBS kot énerta povipomotovvron pe PFA (2.3.8.1) otig kaAvmtpideg kot onpaivovton

HE TN XpNoN KatdAANAov aviicoudtov (2.3.8.2).

2.3.9.2 Aktwoforia UV-C

1.

e 1puPAia tov 12 keAMdv, TomoBeTovvtol KoAvTTpideg Kot Enerta kvtTopd and Tig 4

FP FP-hCINAP
CFP o HeLa®™hc

kuttapooepéc: Hela, Hela (khadvor 33C kar 62L), petd omd
apaimon KLTTAP®VY ToL avoarTuccovtay o€ enmactipa (37°C, 5% CO,), £101 ®ote Vv
emopevn pépa to Kottapa va kaAvmtovy to 50-60% tng emedveiag Tov tpuPAiov.

Tnv endpevn pépa to Opentikd LAIKO cLAAEYETOL Ko Kpateital 6€ coAveg Tov 50 ml
otovg 37 °C kan ta kOTTOpa EgMAévovtan pe dtdAvpa PBS.

To dudhvpa PBS amopakpivetotl pe avappoenomn Kot to tpuPAiio pe ta kOTTapo oo Oo
oyovv aktwvoPoiior UV tomobetovvtor ot ocvokevry UV Stratalinker 2400, 6mov
akTvoPolodvtar pe Avgvie 254 nm ota 30 J/m? evd to tpuPric mov Oa
XPNOLOTOMNOOVV MG apvNTIKA detypato eAEYYoL apnvovial 6to BdAapo kabetng pong
Y1 TO 1010 YPOVIKO SLAGTN L.

21 ovvéxeln 1o BpemTKd LAKO oL ULAGYTNKE Tomobeteitonl micw oto kdbe TpLPAio
Kot to TpVPALe TorofetoHvTon TGW GTOV EMMACTNPAL.

Y11g evdedetypéveg mpec, 6 h, 8 h, 10 h ko 24 h, culiéyovtar KaAvrtpidec TG0 omd T
KOTTOPO. TOL VTEGTNOOV OKTIVOPOAMO, 0G0 Kol omd To KOTTOPO OV OV £TVYAV

(apvntikd detypato eAéyyov) kot ta kKbvtTopa poviponowvvral pe PFA (2.3.8.1) ko

onpoaivoviot pe katdAAnio avticopoto (2.3.8.2).

- 110 -



2.3.9.3 YREPOGUMTIKO GTPEC

[Mpaypotomoleitor 1 1010 StadtKacio Le T SLOIKAGIO TNG LETOYPAPIKNG KATUGTOANG
(2.3.9.1) pe ) dapopd 6Tl 6TO. KOTTOPO TPOSTIOETAL KOVOVPYL0 TANPES OPemTIKO VAIKO
010 omoio £yel dthvbel copPitoin oe telkn cvykévipmon 0.5 M kot téhog ta KbTTOpa

poviponotovvtol o€ xpovo 1 h ko 2 h.

2.3.10 Kvrtapopetpia ponc (FACS)

H Kovuttapopetpio porg eivar pia teyvikn yio m HETPMNOT Kol TOV YOPOUKINPIGUO
LIKPOOGKOTIKAOV COUATIOIOV 6 péov vypd. Emtpénet v tantd)povn avaivon moAA®V
TOPAUETPOV TOV PLGIKOV 1 YNUIKOV YOPOKTNPIGTIKOV HEUOVOUEVOV KLTTAP®OV T OOl
PEOLV SLOUEGOV LG GUOKELNG OTLTIKTG 1/KOL NAEKTPOVIOKNG OVIYVELGTC.

Mio oéoun oowtodg (Aéwlep) €vOg pEHOVOUEVOL PNKOVLS KOUOTOG KotevBuvetan
dwpécov pag vépoduvaplkd cvykAivovoag pong vypod. Evag apBpog aviyvevtmv
nePPAALoVY TO onueio OOV 1 dEouUN TOV EMTOC SATEPVAEL TN PO} TOV LYPOV: £VaG GE
evbuypauon pe ™ déoun EOTOG, KAmMOwol GAAol kdBetol 6 auTAV Kot €vag M
nePLocOTEPOL aviyveLTég PBopiopov. Kabe copatido petald 0.2 kot 150 pikpopérpov
ALWPOVEVO GTO LYPO TOL TEPVA SAUEGOV TNG OEGUNG OKEDALEL TO PG TPOG KAmolo
katevBuvon kol wapdAinia ta eBopilovia ymuka mov PBpickoviol 610 copatiolo N emi
™G EMPAVELNS TOV HUITOPOVV VoL dleyePBOVV Kot VO EKTEUYOVY OO GAAOD UNKOVG KOLOTOG
amd ovtd ™G TNYNS. AVTOG 0 GLVOLAGUOS oKedaoUEVOL Kot @Bopiloviog (mTOg
TOPOAAUPAEVETAL OO TOVG OVIXVEVLTEG Kol LETA OO aVOADGELS €ivar duvoTr 1 OTOKOUIoN
TANPOPOPLOV GYETIKAV LE TN PLGIKN Kot ¥NUKY doun kabe pepovopuévov copatidiov. H
eunpdcbio oxédaor "FSC" (Forward Scattering) oyetieton e TOV 0YKO TOV KLTTAPOV Ko
n mAdywo okédaon "SSC" (Side Scattering) eEaptdrtarl and TV €6MTEPIKT TOAVTAOKOTNTA

TOV GOUOTOIoL (Y. GYNUO TOL TVPNVA, POUOS KVTTOPOTAAGUATIKOV COUATIOIMV 1

adpOTNTO KLTTOPIKNG LEUPPAVIG).

Yiwka:
1. Awdhvpo PBS.
2. 70% a1Bavorn.

3. Iwdovyo wporidio [propidium iodide (PI), 1 mg/ml stock]

4. RNase A (10 mg/ml stock) (Roche).
5. ZoMveg tov 15 ml.

6. EWwa eiltpa kuttapwv (BD Biosciences).
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7.

Ewdwol mhaotikol cwAifveg pe otpoyyvdd mvbuéva yia avaivon FACS (BD
Biosciences).

8. Xvomua kvtrapopetpiog ponig FACSVantage SE (BD Biosciences).

M£0odoc:

1. Avontoooetal KuTTapokoAMEPYELD o€ ekDETIKT @don (tepimov 1X10° kbtrapa) Tomov
HeLa, site tov 6100epd LETAGYNUOTIGUEVOV KUTTOPOGEIPAV, EITE KLTTAPWOV TOL £YOVV
TOYEL EMUOAVLVONG LE TAAGIIOIO TPOTYOVUEVAG,.

2. Ta xottapa cvrlAéyovtal pe tn Pondeta Opvyivng Kot TomobeTovvIon 6€ COAVES TV
15 ml, puvyokevtpovvtol otig 1000 rpm Kot amopokpHVETOL TO VIEPKEIUEVO.

3. Ta xvttopa emavadiaomeipoviar kot Eemiévovior oe 10 ml dwAdpatog PBS,
euyokevtpovvrot ot 1000 rpm Kot amopaKpOVETHL KoL TOAL TO VIEPKEIUEVO.

4. Ta «OtTOpO emovadiooneipovior oAy kodd oe 0.5 ml PBS, ®ote va emtevydei
OLOPT O LLE LOVIIPT KOTTOPOL.

5. Apéowmg, mpootibevtal 5 ml tayouévng 70% (VIV) cbavoing, avaperyvoovtor KoAd Kot
torofetovvtal otovg 4 °C yio tovAdyioto 2 h, ®GTE T0 KOTTOPA VO LLOVILOTTON00vV.

6. Otav to pnyavnua ovéivong FACS givar €toyto, o KOTTOPA QLYOKEVIPOVVTIOL GTIC
1000 rpm, amopakpOveTat To vepKeipevo kat ta kotTopa Eemiévovton pe 10 ml PBS.

7. Ta xottapa @vyokevipovvior otic 1000 rpm kot amopokpoivetralr 0G0 T0 duvatd
TEPLGGATEPO VIEPKEIUEVO TPOGEYOVTAG Vo, unv xafodv kvTTOapO.

8. Ta xutrapa kabs coinva eravadiocteipoviol moAd kaAd og 1 ml dwoddpatoc P1 (20 pl
Pl, 20 ul RNase kot 960 ul PBS) kot enwdalovtar yia 40 min otovg 37 °C ywa vo
onpavOei to DNA.

9. Téhog to kOTTOPO QIATPAPOVTOL UE E0KO QIATPO, Yo Vo amopoakpvviovy TuXdV
GLGGOUATOUOTO KOl TOTOOETOVVTIOL GE E10IKOVG KUKAIKOVG GOANVEG Y10 TNV 0VOAVOT)
FACS.

10. Apod AneBovv ta dedopéva yio To KAOe delypa e T0 GOOTNIO KVTTOPOUETPIOG POTG

FACSVantage SE, mpaypotomolgitor avdAvon TV OES0UEVOV Y10, OlOGTOPH TOL

KOTTOPLKOL KOKAOL e to Ttpdypappe. ModFit (Verity Software House).
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2.3.11 Xvuyypoviepnoc kvttopocepdc Hel a

Yiikd:

1. Kvrttapooepa Hela.

2. IImpeg Bpenticd vAKO.

3. Auwvpa PBS.

4. Adiopo Oopdivn og PBS.

M£00doc:

1. Avoantoooetal kvuttapokaliépyeia Tomov Hela, oe mAnpeg Openticd viikdé DMEM oe
TpuPAia Tov 100 mm péypt mAnpotntog nepinov 40%. Avantoccovror 2 TpvPiia, Eva
vy avocoamotvmwon kotd Western kor oxkoun éva yu avaivon FACS, yuo ke
Xpovikr] otiyunn mov  Ba AneBovv  delypato  pETG TOV  GLYYXPOVIGUO NG
KuttopokaAMépyetag (12 onuetaxd deiypota ova 2 h).

2. Zm ovvéyew mpootifetar oe kdBe TpuPAio Sdhvpo Bvudiving, dote M TEAIKN
OLYKEVTPMOT NG Va givat 6to Opentikd viko 2 mM.

3. Ta tpuPria torobetovvtar otov enwactipa (37 °C, 5% CO,) yia 19 h (avotmpd ovtd
T0 YPOVIKO TAAIG10).

4. Metd v endaon to kuttapa Eemiévovtal 3 eopéc pe dtdivpa PBS kot mpootiBeton
KOvoOPYlo TANPEG OpemtiKd vAIKO ywpig Bupudivny kot ta TpuPAiio TomobeTovvTon Ko
TG GToV Enmactipo yio 9 h.

5. 'Emerta mpootiBetan didAlvpa Bopdivng teAkng ocvykévipmong 2 mM kot ta tpuPiia
EMOTPEPOVTOL GTOV EMMOOTNPO Yl akopa 16 h.

6. Télog ta kuttapa EemAiévovtor Ko oA 3 @opéc pe dtdivua PBS ko mpootiBeton
Kovovpylo TANpeg Bpentikd vAkd. Ta kiTTapa oe avtd T0 oNUEio £(0VV GLYYPOVIGTEL
ot dwywplotikny edon GL/S. Ba mopopeivovy cvyypoviopéva yio mepimov 1-2
KLTTOPIKEG SLoPECELS Kot PeTd Ba EAVAETIGTPEYOVV GTNV OCLYYPOVIGTY) LOPPY| TOVC.

7. Emopéveg Aappdvovtor deiypata ové 2 h yio tic emopeveg 24 h. T kdBe ypovikn

oTyun, Eemiévetan éva TpuPAio pe dlopa PBS kot émerta maymveton 1o tpuPAiio ko
LEALOVTIKY| Yp1om o€ avocoamotumwon katd Western (2.2.5) kot éva devtepo tpuPAio
TVYYavel T dodikooio g povipomoinong pe 70% (VIV) obavoin yio v peAAovTikn
avaivon pe tn pébodo FACS (2.3.10).
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2.3.12 Mikpookonio € LovTovd kKoTTapa (in VIVo Terpdunota)

Ta tehevtaio ypovia €xet avomtuybel por ogpd pebdd®V Tov EMTPEMOLY TNV
amelkovion Kot v peAét Propopiov oe {oviavd KOTtapa. e avtd cLVTELESE KATH KOPLO
AOyYo M avakdAvyrn kot kKAovomoinon g mpacwng ebopilovcag mpwteivng (Green
Fluorescence Protein-GFP, Prasher et al.1992), n omoia £dwoe ®Onon ot Kvuttopikn
Buoloyia kot avoi&e véovg opilovieg omnv aviivon Kot katovonon g Asttovpyiog Tov
Blopopiwv.

To mieovéktnua g mpwteivnig GFP eivol 611 emtpénel Tov QUEGO EVTOMIGUO T®V
Bopopiov oe Covravad KOTTOPO TOPEYXOVIONG TOLTOXPOVO TOTIKES KOl YPOVIKEG
TANPOQOPIES, ONAOON TOV EVOOKLTTOPIKO EVIOMIGUO TNG TPAOTEIVIG GE GUVAPTNON LE TO
xpOvo. Avtd emitvuyydveton pe ovlevén g mpoteiviig GFP pe 1o vtd pelétn poplo ko
EKQpootn TAEOV TOV VPPLOKOV Hopiov 6Ta VTG HEAETN KVTTOPO. ZTT CUYKEKPLUEVT] LEAETN

xpnoonomdnke otabepd UETAGYNUOTIGUEVT] KVLTTAPOGELPE HeLaCrP-hcINAP

, Omov 7
npoteivn tov gvolapépovtog (NCINAP) ekppaldtav otabepd cuyy@vevuévn pe v

npoteivn GFP og xouttapa Hela.

Yikd:

1. Zt00epd peTOCYNUATIGUEVT] KUTTOPOGELPA HeLa®FPCINAP (khovot 33C ka1 62L)

2. IIpec Bpentikd vikd DMEM.

3. COz-ave&dptnro Opemtikd LAIKO Yopig KOKKIVO TNG GotvoAng (Invitrogen).

4. TpvPrio WillCo 35 mm pe yvdiwvo moBuéva (Intracel).

5. Tvalvog 6dhapog Lab-Tek (chambered cover glass) (Sigma).

6. Xpwotikny Hoechst-33342 (bisbenzimide) yio ypdon tov DNA ocg ({ovtavd kdtrapo
(Sigma).
[Mopackevaletor apywod ddivpa 5 mg/ml oe dH,O xor guidyetor otovg 4 °C. To
dtdvpa mov Ba ypnoipomombel mapackevdletor epéoko KABe @opd pe oapaimon
1:1000 ond 10 apywod oe dHO (tehkn ovykévipoon 25 pg/ml) kot amd avtd
ypnoporoovvral 20 pl og 2 ml Bpentikov vAikov DMEM.

6. Koartadvtikd éhato (kedpéiaro) yio akovg (Applied Precision).
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2.3.12.1 Mikpookorio wpoynotikov ypovov (Time-lapse microscopy)

M£0odoc:

1.

Avantdcoetar 6Tafepd PLETOAGYNUATIOUEVT] KUTTAPOGELPE HeLa®FPCINAP (KAwvor 33C
Kot 62L) og TAnfpeg Opentikd péco DMEM mov mepiéyet 300 ug/ml G418.

Mo pépo mpv 10 mElpopa, To KOTTOPA apoidvovtal pe ) Ponbeia Opvyivng kot
tonofetovvtal og m0c60otd 30% o TpuPfiio WillCo 35 mm pe yvdAvo mobuéva, €161K6
Y10, KPOGKOTiOL POy pLatikov xpovov, og 2 ml Opemtikod vAKoL.

Tn pépa 1OV TEPAUATOS OTOUAKPVUVETOL TO Opemtikd VAKO pE avoappdenon Kot
npootifevrar 2 ml Bpentikod vVAKOD T0 omoio mepiéyet 20 pl ypmwotikng Hoechst-33342
Kot to TpLPAio Tomobeteitan micw oTov emmooTHpa yro. 30 Min, £Tot doTE Vo onpavOel
170 DNA gvd ta kottapa mapapévovv (ovtovd.

21 ovvéxeln amopakpOVETOL TO0 BpemTikd VAIKO LE avappoOENoN, KOl T KOTTHPO
Eemhévovtan 2 popéc pe 3 ml draddpartog PBS.

Y10 tpuPArio mpootibevtor 2 ml COz-aveEaptnTov Opentikod LAIKOD ympic KOKKIVO TG
QowvOANG oto omoio £xel mpootedel FBS kot T avtiPlotikd mevikidiv-aTpentopvkiv
Kot T0 TPVPMO HETAPEPETOL GTOV E101KO YVAAVO BAALO TOV UIKPOGKOTIOV, O 0T010G
dwtnpet v Beppokpacio otovg 37 °C kar to CO, 6€ T0c06TO 5%.

Ta wOttapo to omoio Oo pumovv o©TOV KLTTOPIKO KOKAO oOviyvedoviol HE TO
yopaktnplotikd potifo tov cvpmrvypévov DNA, emidéyovron (mepimov 10 kvtTapa o
Ka0e melpapla) Kot GUAGYOVTOL 01 GUVTETAYUEVES TOVG,.

To pkpookdmo pvBuiletor dote va AapPaverl ElkOVES KOTA TAYTO XPOVIKA OLOGTI LT
(mepimov kabe 10 | 20 min) ywo mepiodo 24 h, pe pkpovc ypovovg ékbeong dote 10
0G0 TOL PWTOG TOL Aapfdvovy ta KhTTapa vo ivor 6060 T0 duvatd AyOTEPO, OALA VO

EMTLYYAVETOL EMOPKNG EVKPIVELL.

2.3.12.2 Enovagopd POopicpov Merd ané DPmrolevkaven (FRAP-Fluorescence

Recovery After Photobleaching)

H npwteivn GFP &yet ypnoiponombei extevdg kot og po GAAT GOYYpovn TEXVIKT, T

TEYVIKN TG emovapopdc eOopiopod petd and eotoievkavorn (FRAP). H teyviky FRAP

TAPEYEL TANPOPOPIES TOL APOPOVV TNV KIVITIKOTNTO TOV TPOTEIVOV HEGA 6TO KVTTAPO. Ot

TANPOQOpies OVTEG PmopoLV  vo.  ypnotpomomBovv  yu va  gEdyovpe  Proloyikd

CLUTEPACULATO, OTWS oV M VIO PEAETN TPpOTEIVN drayéetal eAedBepa HEGA GTO KOTTAPO, OV
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amotelel HEAOG €VOG  UEYOADTEPOL GULUTAOKOV M v  TPocdévetal otabepd o€
VTOKVLTTOPIKEG dopéES | 610 DNA tov kuttdpov.

Kotd ) pébodo avtn, mpokoieitor @oToAevKovon Ady®m VYNANG évtaong Tov Aélep
o€ (o piKkpn meployn tov mupnva eBopilovioc {ovtavold KLTTAPOL Kol KATOYPAPETAL M
avénon g évtaong Tov eBopiouol (emavapopd tov POOPIGUOV) GE OVTN TNV TEPLOYY| GE
oxéon pe 1o xpovo. Oa mpémel va tovichel OTL 1| POTOAEVKOVOT APOPH KOTAGTPOPT| TV
popiov GFP kot 6yt tg cvvinyuévng pe owtd tpoteivng. Ondte mAéov péca 6to KOTTOPO
vdpyovv dvo mAnbvcpol ™ mpwteEivng: popla TpwTeivig mov @Bopilovv kol popla
TPOTEIVNG oL OV POopilovv.

Av m oo perén mpwTeivn dlayéetor eAevBepa HEGO GTO KVTTOPO, TOTE OVOUEVETOL
o€ oA GUVTOHO YPOVIKO Stdotnua o eBoplopds vao emovéADEL oTo emImESA TNG APYIKNG
TOV €VTOOTNG GTNV TEPLOYN OTOL £XEL TPAYLOTOTOMOEL 1] POTOAEVKOVOT AOY® OVTUAAAYNG
TV popimv mov dev eBopilovv pe ta popro mov eopilovv. Av dumg n mpoteivy Aoy
oLYKEKPIEVNS Proroykng Opdong dev dwyéetar €hevBepa péoa oto KVTTOPO, TOTE
avapévovpe vo vtapyel kKabvotépnon oto ypodvo mov ypetdletar Yo vo, emaveADeEl o
@Boplopde ota apyIKa Tov emineda. Av o€ 1 TPOTEIVN TPOGIEVETAL TOAD GTUOEPA GE SOUEC
TOV KLTTAPOL, TOTE EVOEXETAL VO UMV VILAPEEL ETAVOPOPA GTA apykd enimeda OOPIGHLOD
(Yo 10 ¥p6VO TOL TTAPATNPOVLE TO PUVOpEVO). H dlapopd avapesa oty opyikn £vioon
0V POOPIGHOV KAl GTNV £VIOGT] TOL TOPATNPEITOL LETA TI POTOAEVKOVGT] KO ETOVOPOPAL
TapEYEL TNV emmpOcHeTn TANPOPOPia TOV €Ml TOIG EKOTO TOCOGTOV TNG TPWTEIVNG 1N ool

etvar mpoodepévn pe tn otabepn avt doun).

M£0oooc:
1. AxoiovBovvron ta frpota 1-5 g pebodov 2.3.12.2.

2. Apywd AapPavovror 3 ewoOveg TOL KLTTAPOVL, TO Omoio emALYETON, TPV TNV
QOTOAEVKAVON.

3. 'Emerta potolevkaivetal por GUYKEKPIUEVT TTEPLoYN TTePimov 610 50% NG apyIkng TG
évtaong (100% 1oxdg tov AéwWlep vy dwpkew 0.15 S), ypnoomoidvrog Tnv
QOTOKIVNTIKY AELTOVPYIO TOV HIKPOGKOTIOL.

4. X ovvégela AopPdvovtar onTikéG €kOVES KATO Tr OSldpKEL TOV YPOVOL HETA TN
QmToAevKavVOT, pe ypoévo ékbeong 0.1 S ywo kdbe ewova, €161 ®OTE Vo yivel
TOPOKOAOVONON NG EMAVAPOPAS TOV CNUOTOS (OOPIGHOL OTNV TEPLOYN TOL EYEL
QOTOAEVKAVOEL.

5. Téhoc, ypnoyomoteitor to mpoypappo SOftWORX yio v amdktnon g KOvVag Kot

Y10 TOV DIOAOYICUO TNG VTGOS TOV POOPIGUOD GE [ TEPLOYT] TOV PMOTOAELKAVONKE
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KOl TOV OV POTOAELKAVONKE, TPV Ko HeTd T xpnon tov Aélep. Amd ta dedopéva
avtd vroloyiletoar 10 Kwntd KAGopa Tng TPOTEIVNG kol o xpovog t1/2, o omoiog
amoTeEAEL TO YPOVIKO SAoTNUO TOV amalTeiTol 1 £vtaoT Tov eHopPIoHoD Vo PTAGEL GTO

50% g teAKNG.

2.3.12.3 Mikpook6TLo oV YpnownoromOnke ota in Vivo Teipanata

Ta mepdpoto pukpookomiag wpaypatikov ypdévov ko FRAP, mpaypotomomdnkay
oto wkpookdmo DeltaVision Spectris wide-field deconvolution (Applied Precision), to
omoio MTav €POSICUEVO UE TPIOOLIoTOTN Kvoouevn €£0pa Kot BdAoapo €AEyxov Tng
Bepuokpoociag ko tov CO, (Solent Scientific) kot pe diodo laser 488 nm (ywo
ootoredkavon g GFP). Ot eikdveg GLAAEXTNKOV XPNGLOTOIDVTIOS OTOYPOUOTIKO POKO
60x NA 1.4 Plan (Olympus) kot poyvnrookonfnkov pe kapepo. CoolISNAP coupled-
charge device (CCD) (Roper Scientific). To pikpookonio eheyydtav omd TV amelkovion
SoftWorx kot to omtikd dedopéva étvyav emeepyacio pe e&eldkevuévo AOYIoUIKO
(deconvolution, Applied Precision), yio VynAng VKPIVEINS TPIOIIAGTOTN ATEIKOVION TNG
doung. Tiveton ypnom ovykekpyévov @idtpov amoppoéenong/ekmountic (Chroma
Technology), 6nwg @aivovtor otov Ilivaka 2.10, yio Tov Sox®PIGUO TV SOPOPETIKOV

@BopopopwV onudTmV Kot Yo v peimon tov bleed-through tev pacudrov.

PIATPA ATITIOPPO®HXH EKITOMIIH OOOPODPOPO
DAPI, Hoechst No.
DAPI/PC 360/40 nm 457/50 nm 33342
FITC/PC 490/20 nm 528/38 nm Fluorescein; EGFP
RD-TR-PE/PC |  555/28 nm 617/73 nm fezOdam'”e; Texas
CFP/JP4 436/10 nm 470/30 nm ECFP
YFP/JP4 500/20 nm 535/30 nm EYFP

Mivekag 2.10: ®idtpo amoppdenons/ekmopmi|s Tov pikposkoriov DeltaVision Spectris wide-

field deconvolution
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2.3.13 SILAC (stable isotope labeling of amino acids in culture) kol @ocpaTOGKOTIA

nalac (MS)

H teyvikn avtn) anotelei Tov suvovaoud g pebddov SILAC (stable isotope labeling

of amino acids in culture) kot g TOGOTIKAG TPOTEOUIKNG OVAAVGNG, LE XPNOT VYNANS
evkpivelog eoouatookoniog paloc (Trinkle-Mulcahy et al., 2006). Katé t pébodo avt
Ol TLPNVEG T®V KLTTAPMOV ONUOIVOVTOL HE padleEVEPYE 1GOTOTO KOl GTI GLVEXELN
Tpoypatonotleital avocokatafv0ion ko avdivon oe peydin kiipoko (high throughput)
TOV AEITOVPYIKAOV AAANAETIOPACEDV TNG VO LEAETN TPWTEIVNC.

Ta mheovexktnuato avtig g pebodoroyiag elval, mépa amd ™ dvvaTdOTNTA TS VO
OVOKOAVTITEL TO CUVOAO TOV OAANAETIOpAce®my polikd Kol TovTOYXpOva, 1 SuVaTOTNTO
TOGOTIKOTOINONG TV oamotedecpdtov, 1  e&edikevon (amoevyn WYevudds OeTikmv
OAANAETIOPAGE®V AOY® TNG XPNOLOTOINGNG O E6MTEPIKOV EAEYXOV AVAPOPAS OLOPOPTKA

ONUOGUEVIG KUTTOPOKOAMEPYELOG TL.). HeLa®"™

) Kou M peydAn evoicHnocio g mov
EMUIPENEL TNV aviXVELOT OAANAEMOPACEDY HEYAANG 1OYVOG HEV, OAAL HE TPOTEIVEG
YOUNANG EVOOKLTTAPLOG GLYKEVTPMONG, TOV GLVNOMG OV €lvar aviyVEOGIUES UE TIC OAAES

dnféopeg TeVIKEG.

2.3.13.1 lopockevn] OPETTIKAOV VAIKOV

1. TTAqpeg Opentikd viiké DMEM (Invitrogen).

2. Adhopoa PBS (Invitrogen).

3. Ogpuikd amevepyomompévog pppuikog Bostog oppog - FBS (fetal bovine serum) petd
ano ownidvon (GIBGO Invitrogen).

4. O&wo avBpakikd varpio (NaHCO3) (Sigma).

5. AvtiBrotiké 50 mg/ml G148.

6. Zvokevaocio okdvng tov Opemtikov viwov Dulbecco’s Modified Eagle’s Medium
(High Glucose, w/L-Glutamine, w/Sodium Pyruvate, w/o Sodium Bicarbonate)
(Biowest). H okovn daivetar o ddH,0 vd cvveyn avadevon, yopic Oéppavon kot
ot ovvéyew mpootibevtar oto didivpa 3.7 g NaHCOs/ L Opentikod vikod mov Oa
napackevactel kot puOuiletor to pH tov og 0.1-0.3 povédeg kdtm and to emBounTtd
(pH 7.0). 'Emeito. copumAnpovetor 0 TEMKOG TOL OYKOC He TpocHnkn vepov,
QIATPAPETOL OUECMG YPTOLOTOIDVTOS QIATPO pe mOPovg 0.22 pum Kol HETAPEPETOL
AONTTIKA GE AMOGTEPOUEVO dOYELD.

7. Baowad opwo&éa: L-arginine, L-lysine, L-Methionine yw to Openticd vicd ROKO

(Sigma).
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[Mapaockevaloviol cuykevipmpéva dtodvpata Tov Tptov apvoé&iémv (Arg0: 84 mg/ml,
LysO: 146 mg/ml ka1 MetO: 30 mg/ml) ce PBS kot énetta yopilovial 6 GOAVEG TOV
0.5 ml kot gvAdyovtor otovg -20 °C. Xpnowonoleitar évog cowAnvag amd to Kabe
apvo&d yuo TV mopackevn Tov Opentikod vikov ROKO ko évag coinvag Met0 yua
éxaoto amd to akoAovBa Bpentikd vAkd: R6K6, R6K4 kot R10KS.

Iootomkd onpoocuévo apvoé&éa L-Arginine:HCI (U-13C6, 98%) kou L-Lysine-2HCI
(U-13C6, 98%) yio to Opemtixd viké R6K6 (Cambridge Isotope Lab).

Ta 16o6tomo napackevdlovral ocvykevipousva (Argé: 84 mg/ml, Lys6: 146 mg/ml) oe
PBS ko énerta yopilovrar og coifveg Tmv 0.5 ml ko puAdyovtat otovg -20 °C.
AdAvpo amocvvoeong Tev kKuttapov (Invitrogen).

Aev ypnowonoteitor SdAvpa Bpvyivng ota mepapota SILAC ywoti mbovov va

TEPLEXOVTAL OULVOEEQ.

10. Opentico vakd SILAC:

e 500 ml vypov Opemrtikod VAKOV Tpootifevtar: 50 ml FBS
5.5 ml Pen/Strep
3 ml G418 (300 ug/ml)
0.5 ml Met0
0.5ml Arg (RO M R6)
0.5 ml Lys (K0 1/ K6)
To SidAvpo avopryvdetonr Kodd, eATpapeTon pécw @iktpov 0.22 um pe v Pondeia

avTtAiog kevoy Kot puAdyetatl otovg 4 °C.

2.3.13.2 KalMEPYELo KoL GNUAVET KUTTOPOGELPDV

Yiika:

1. ZtaBepd PETACYMNUATIGUEVT] KUTTOPOGELPH HeLa®™

2. Ztobepd HETOOYNUATIGUEVT) KUTTOPOGELPA HeLa®FPCINAP

3. Opentikd vAKa (2.3.13.1)

4. TpuPAia ya kuttapokarépyeieg tov 10 cm (IWAKI).

5. TpvuPiia yia kuttapokarépyeiec tov 14 cm (IWAKI).

M£0odoc:

1. Eenmaydvoviar 2 coiqveg pe moyopéve kottopa (2.3.2) and 11 600 otabepd
LETOOYNUOTIGUEVES KUTTOPOGELPESG HeLa®™ ka1 HeLa®r"CINAP,
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Otav ta kOtropa kKahdyovv katd 80% tnv emdveln tov tpvPriov, Eemiévovion pe
npofeppacpévo dwlvpa  PBS kar otn ovvéyewa mpootifetar og ovtd 0.5 ml
SADHOTOG 0mocVVOESN S KUTTAP®Y Kol a@rivovior 5 min otovg 37 °C yuwo va
amokoAAN0ovV Ta kuTTOpA 0md Tov TLOUEVE TOL TPLPALOL.

2 ovvéyela tpootifetan puKpn mosotnTa vVYPoL Bpentikov vVAkov ROKO kot R6K6

GFP GFP-hCINAP
kou HelLa

oT1G KutTapooelpés Hela avtioTol o Kot To KOTTopo polevoviot
og coMva tov 15 ml.

[payuatonoieitor puyokévipnon otic 1000 rpm yioo 4 mMin Kot amopakpOVETAL TO
Bpentikd vAKO. Ta kdttapa erovadiacneipoviar oe VYPO Opentikd vAkd ROKO (1:10
apaioon) 1 R6K6 (1:2 apaimon).

Ta kdtrapa apardvoviar o€ TpuPAia tov 14 cm  mov mepiéyovv 12 ml Opertikov
vAkov ROKO 11 R6K6 kot tomofetovviol o enmactipo e atuOGOULPO. TOL TEPIEYEL
vypacia kot 5% CO..

H dwodwacio eravarappaveror péypt va aroktnBodv 10 tpufiia tov 14 cm kot to
KOTTOPO Vo KAVOLV 5 kVKAoLG ota Bpemtid vikd e SILAC, oote va onuaviodv

KOTAAANAQL.

2.3.13.3 Amropndvmen Tupnvev

Yiika:

1. Awilopa A: 10 mM Hepes pH 7.9, 10 mM KCI, 1.5 mM MgCI2, 0.5 mM DTT.

2. Awddvpa S1: 0.25 M Sucrose, 10 mM MgCl,.

3. Awivpa S2: 0.35 M Sucrose, 0.5 mM MgCl..

4. Awvgiopa S3: 0.88 M Sucrose, 0.5 mM MgCl..
O\a o o ave dtdvpata cepiéyovv 1X complete (Proteins inhibitors, Roche).

5. Auwhvpo PBS

M£0o0doc:

1. Apyikd ovamtdooeton KvttopokoAlépyto tomov Hela oce 10 tpuPrio tov 14 cm
(mepimov 10 KOTTOPO avVEL TPLPALD).

2. 1 h wpwv and v anoudvmon Tev TpRvev, 1o Opentikd VAIKO aviikadiotatal amo

KOLVOUPY10 TPOOEPUAGUEVO.
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10.

11.

12.

Ta wOttapo Eemiévoviar 3 @opéc pe mpobeppacupévo ddivpo PBS ko émetta
npootifetar e ovtd 2 ml dwwdvpatog Opvyivng kot TorobeTovvTaL GTOV ETMAGTHPA
ywo. 2 min, €161 ®ote Ta KOTTAPO, VoL amokoAAN000V ard To TpuPAia.

[Ipootifeton mpobeppacuévo mAnpec Bpentikd vAkO o€ kabe TpvPAio, Ta KOTTOPO
avadlooTeipovTal kKot GLAAEYOVTOL € 300 COARVEC TV 50 ml.

Duyokevrpovvtol otic 1000 rpm otoug 4 °C xon 1o vrepkeipevo (Opemtikd LVAIKO)
OTOLLOKPOVETOL [LE OVOPPOPT|OT).

Ta kotropa EemAévovtor 3X pe mayouévo stdhvpa PBS pe guyoxévipnon otic 1000
rpm, otouvg 4 °C.

Metd 10 tedevtaio EEmiopa pe PBS, ta kottapa emavadiacneipovior oe 5 ml tov
dtdvpatog A kot ermalovtal oto mdyo ywoo S min. TomoBeteitor po pikpn otoyova
oo TO EVOUOPNUE G €va YLAMVO TAOKIOW Kot €AEYYETOL KAT® OMO HKPOGKOTIO
avtifetng @dong (phase contrast), Zeiss Axiovert 25. To wOttapa Oo mpémer va
doykmBovv aidd Ot va omdcovv. Ot mupnvickol TV INAACTIKOV KLTTAP®V TOL
KoAAEPYOLVTAL omodlopyavmvovial 6tovg 37 °C kdt® omd VROTOVIKEG GLVONKES
(Zatsepina et al, 1997), yio. avtd T0 AOY0 TO EVOL®PMLLO dLOTNPEITOL GTO TAYO KATA TN
SLapPKELDL LTOV TOV GTADTOV.

211 GLVEYELD PETAPEPETOL TO EVOLMPNLLO TOV KLTTAP®V GE TAYOUEVO OLOYEVOTONTN
tov 7 ml (Wheaton Scientific Product) kot mpaypatomoteitar opoyevonoinon yw 10
@opég 010 mAyo. To opoyevomomuévo KOTTOPO EAEYYOVTOL KOl TAAL KAT® OO TO
pikpookomo ovtifetng edong. H opoyevomoinon otapotd otav to >90% tov
KUTTAPOV £YEL GTAGEL KOl O1 TVUPTVES OLOKPIvOVTOL.

Ta opoyevomomuéva kOTTOPO.  HETOQEPOVIOL o OoAve Tov 15 ml kot
evyokevtpovvton otig 1000 rpm (218g) vy 5 min otovg 4 °C. To ilnua mepiéyet
EUTAOVTICUEVOVG TVPNVES, AAAL OYL G€ YNAN kaBapdtnTa.

To ilnua Tov mupivev eravadiacneipetor oe 3 ml tov dwwdvpatog S1. Av to ilnua de
umopel va dodvBel tOTte onuoaivel 0Tt o1 Topnveg Exovv Avbel kol n dwdwacio Oa
TPETEL VAL O1OKOTEL.

21 ovvéyeln mpootifevtol TpooekTikd pe Vv Pondeta manétag 3 ml Tov dreAvpatog
S2 otov mubuéva tov cCOAVA, OGTE VO GYNUOTIGTOVV dV0 O10KPLTE CTPOUATO TOV dVO
StAvpHATOV, AOYO NG O1POPETIKYG TOVG TEPIEKTIKOTNTAG GE GOVKPOLN.

AxolovBel puyokévipnon otig 2500 rpm (1430 g) vy 5 min otovg 4 °C kot 10
VIEPKEILEVO OMOUOKPVVETAL TPOGEKTIKA. AVTO TO Prpa £yl ¢ emakdAovbo v Anym

KkaBapoTepoL TUPNVIKOV N Hatog. Ot amopoVeOUEVOL TUPTVES UTOPOVV Vi Tay®mOovV
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pe vypd alwto kot vo euiaytodv otovg -80 °C 1 va AvbBobv ko vo Tpoypotomoin el

angvbeiog avoocokatafvoion (2.3.13.5).

2.3.13.4 IIp66ocon GVTICOUOTOC HE OUOLOTOMKO TPOTO GE GOUIPLOLY HE UNTPO

oeuponc (protein G Sepharose beads)

Y.

1. Zpapidia pe pntpa oepapdlng (protein G Sepharose).

2. Avrticopo anti-GFP (Roche).

3. Adivpa PBS

4. Awdivpa 0.1 M Bopiko vazpio (sodium borate), pH 9 (Sigma).

5. DMP (dimethyl pimelimidate) (Sigma).

6. 50 mM yAvkivn (glycine), pH 2.5 (Fluka).

M£0odoc:

1. Ta ceapidio oepopolng (0.1 ml) Eemiévovtan 3 @opég pe 1 ml PBS (10X tov dyko

T0V¢) Ko enwdalovrar g cowinve Eppendorf tov 1.5 ml pe 500 ul PBS mov mepiéyet 2
mg/ml avticopa évavti-GFP, otovg 4 °C, yia 4 h 1} yia 16 h vid cvveyn avadevon.
Metd v emwoaon o ceopidw Eemiévovtar 3 @opéc pe 1 ml PBS ywo va
amopakpvvlet To pn deopevpévo avticopa Kot 6t cvvéxewn 2 eopég pe 10X tov dyko
v opopdiov (1 ml) pe sdAvpa 0.1 M Bopkov vatpiov pH 9.

Ta ceapide puyokevrpodvtar Kot enavadtacneipovior oe 1 ml doeddportog 20 mM
DMP/Bopikov vatpiov kon emwalovior oe Ogppokposcio dopatiov yoo 30 min vrd
ovoveyn avaodevorn. To owdAvpa ovtd eite mapookevdleTor Kot QLUAAGGETOL GTNV
Katdyouén kot ypnoponoteitor pévo o eopd gite mopackevaletal oUécOS TPV T
XPNOT TOV.

AxolovBel  @uyokévipnon, TO  LAWEPKEIUEVO  OMOUOKPVUVETOL, TO  GQOpidln
emavadlooneipovior ek véov oe 1 ml dwivpatoc 20 mM DMP/Bopikod vatpiov kou
emmalovtan Kot TaAL OTMG KOt TPOTYOLUEVMG,.

21N GLVEYELD TTPAYUATOTOLEITAL (PLYOKEVTPTOT|, OTOLOKPVVETOL TO VIEPKEILEVO KOl TOL
ocoapiota Eemhévovtal 2 eopég pe 1 ml dwdvparog 50 mM yivkivng, pH 2.5 won
Emerta apkeTég opES e otdAvpa PBS.

Téhog, mpocBéteTan Oykog dtdvpatog PBS icog pe tov 6yko tov cpapdiov (0.1 ml

ocearpiota ko 0.1 ml PBS) kot puAdyovion otovg 4 °C.
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2.3.13.5 Avocokatafv0Oion

YMka:

1.

2.

Adivpo. RIPA: 50 mM Tris pH 7.0, 150 mM NaCl, 1% (v/v) NP-40, 0.5% (v/v)
Deoxycholate, 1X Complete EDTA free.
Yvokevn vreprywv Vvirsonic 600 (VirTis).

M£0odoc:

1.

10.

11.

Ot amopovouévor mopiveg emovadiaconeipovior oe 2 Ml wayouévov puOuoTiKoy
draAdpatog Aong RIPA kot torobetodvton og mdyo yio 30 min.

[Ipaypotomoteitoar OAKN AVOT TOV KLTTAPOV e TOAROVG LEEPN YOV Twv 10 Sec Kot
evoldpesa owdeippata twv 10 sec pésa og mdyo yio va amo@evydel n vepBEpavon
Kot 1 TPOTEOAVOT TOV Oetypotoc. Aapfdavetor delypo avd taktd ypovikd SlocThpoT
Kot eAEyyxetal KAT® omd OTEPEOCKOMIO TO OMACIHO TV mupnveov. H dwdwocio
oloxAnpaveror otav to 90% tov Tupvev £govv Avdel.

Axolovbel puyokévrpnon otig 13000 rpm yia 20 min otovg 4 °C.

To vrepkeipevo petapéperor o Kabapod GOANVO Kot KPATEITAL GTOV TAYO.

Y1t ovvéyela oto kGBe vrepkeipevo mpootiBevtar 50 ul cpapidimv Sepharose-G, to
omoia &yovv EemAvBel 3 popég mponyovuévmg pe dtdivpo RIPA.

To vmepkeipevo pe o cpopidia enmaletor yio 30 min, otovg 4 °C, vwd cvveyn
avAOELOT) KOl OT] GUVEYELN Ol COANVES PLYOKEVTPOVVTOL KOl TO VIEPKEILEVO KpaTeiTan
oe kaBopd coiva. H dradikacio ovtr mpaypotomoteitot Yo va amopakpuviodv toyov
TpoTEIvEG 01 omoieg decpedovion Un €WIKA oTo cEopidla, £T61 OCTE Vo UNV
TOPEUTOOICOVV TNV UETEMELTA O1OOIKATTAL.

H cvykévipwon tov Tpoteivdv oto kKabe deiypo vroloyileton pe ™ nébodo Bradford.
Avopetyvoovtor  ioeg  moocdTNTEG OMKAOV TPOTEIVOV amd TG 000 oTabepd

HeLa®™"CNAP or Hela® (xvtTapocepd

LETOCYNUOTIGUEVEG  KLTTOPOGELPEG:
gLEYYOV) kal TpooTifevian Ta cpapidia Sepharose-G oto omoia £xel Tpocdebei oN 0
avticopa ™ GFP og avtd (2.3.13.4).

Y1 cuvvéyelo mpaypotonoleital endacn yio 3 h, otoug 4 °C, vd cvveyn avadevon.
Metd v mapodo TG EXDOCNS TO CPOPION e TO ECUEVUEVO OLVOGOGUUTALYLOTA,
euyokevipovvtatl otig 2000 rpm yia 5 min. To vrepKeinevo amopoKpHVETOL KoL TO,
ocpapiota Eemrévovtar 3 popéc pe 10X tov 6yKo Tov opapdiov pe dtdlopa RIPA.

Yta oparpidia tpootifevton 30 pl 5X pvOuiotikod SohdpaTog POPTM®HOTOG dEIYUATOV

(sample buffer) yia SDS-PAGE niextpopdpnon kot Bpalovtar yio 5 min.
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2.3.13.6 Aluy®pLoHoc TOV TPOTEIVAOV GE TNKTOUE OKPVAGULOLOV KUL YPDGT] TOV

YMka:

1.

2
3.
4

[T xtopa akpvrioudiov 4-12% (NUPAGE Novex Bis-Tris).

Xpwotikry Coomassie blue (Novex colloidal blue staining kit, Invitrogen)

AdAvpo. poviporoinong: 40 ml dH,0, 50 ml pebavoin kot 10 ml 0&iko 0&D.

AdAvpo xpdong: 55 ml dH,0, 20 ml pebavorn, 20 ml ypwotiky A kot 5 ml ypowotiky

B mov mpootibetan petd.

M£0oooc:

1.

To detypo @optoveton oe Safoduldpevo mktopo okpviopdiov 4-12% o
npoypatonoteitol niektpopopnon ota 200 V yia 25 min (u€xpt va @Tdcel otn péon).
Y1 ovvéyelo To THKTopa Baeston pe ) ypwotiky Coomassie blue. o ) peioon tov
EMUOAVVGE®V, OA TOL PLLOTA TPOYUATOTOOVVTIOL GE AMOGTEP®MUEVO TPLPA0 TV 14
cm.

To miktopo tomobeteitoan oto TPLPAl0 TOL TEPLEYEL S1BALHO HOVIHOTOINoNG KOl

avadevetol yio. 10 min og Ogppokpacio dopoatiov.

‘Enerta 1o duidlvpa avtd amopokpuvetal Kot tpootifetor 1o didAvpo ypdong and to

onoio amovotalel n ypwotikny B kot avadedetar kot wdAt yror 10 min.

Metd v mépodo twv 10 min tpootifetan | ypwotikny B 610 Tpoimdpyov dtdAvpo Kot
10 TKTOUA ovadedeTat o€ avTo yia 3 h.

¥ ouvvéyeln omopokpOveETal TO  OlAvpo. xpdong kot mpootibevrar 200 ml
amovicpévov vepov. To mAKTOpa aiveTal VIO avadevor To eldyioto yia 7 h yia va
emrevyfel amoypouaTIcdg Tov oL B €xEl OC OMOTEAEGUO TNV EUOPAVION TOV

TPOTEIVIKOV UTOVTOV.

2.3.13.7 EEaymyn TOV TPOTEIVIKOV NTAVTOV 0TO0 TO TRKTO L0,

H Swdwaocia avty mpaypotonoteitor o OGAapo kdbetng vnuotikng pong aépa

(Laminar Air Flow).

Yiwka:

1.
2.
3.

Ewdwd @OA e drapdverag.
Amooctelpopévo tpuPiio tov 14 cm.

Amootelpopévng Aemida
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4.

YmAnvec Lobind Eppendorf.

M£0odoc:

1.

[Ipwv v e€aywyn TOV TPOTEIVIKOV UTOVTOV TO THKTMOUO GOPDOVETOL DOTE VO VITAPYEL
ewova Kot vo onueBel oe avt mov Oa yivel To KOYIUO TOL TNKTOUHNTOS. [0 vo
npoypatoronel avtd, 1o KT tonobeteital petalh dvo 1d1kd PUALY SLOPAVELNGS,
to. omoio. ponyovpéveg Eemiévovtor pe dHoO kar oty cuvéyela tomobeteiton o€
capnt. Encita 1o mktopa emotpépeton oto tpuPAiio pe to dH,0.

To miktopa petagépetar o kabapd omootelpouévo tpvPiio tov 14 cm kot pe ™
Bonbela amootelpopévng Aemido KOBovTal Kol OTOUOKPVUVOVTOL TO, aYpEiOGTO LEPT) TOV
(TMéve Kot KTe PEPOS Kat To delypa Tov HeYEBOLG avapopdg).

21 OLVEXEWL TO TNKTOUO. OTN TEPLOYN TOL Ogtypotog koPeton o 5-12 tpunquorta,
avaAoya [e TO TPOPIA TG YpOOMG Tov TNKTONATOG pe To Coomassie blue. To Tunpata
OV TO CTUELOVOVTOL GTNV EKTUTMGCT] TG GAPOONG.

Kabe tunpo omd to miktopoa tepayiletor oe pikpotepa tunpoate tov 1X1 mm pe
OLLPOPETIKY OMOGTEPOUEVN Aemido Ko Ttomofeteiton oTOV OvVTioTOWO OapBuNnuUéVO
coivo Lobind Eppendorf pe t Boffsia g ondtovrog. H dwadikacio avtn mpémet vo,
npoypatoromBel ovviopo yati pe to mEPAopo TOL YPOVOL, TO TUNUOTO TOV

TNKTOUATOG YIVOVTOL T KOAAMOT Kot SUGKOAEDOVV TN dladtKaGia.

2.3.13.8 AT0oypOROTIGUOS TOV TUNUATOV TOV TNKTOUATOC

1. dH,0.

2. Adhopoa aketvrovitpidiov (CH3CN, Sigma).

3. Awghopa 20 mM NH4HCO; (Sigma).

4. Avtiia kevoo.

M£0odoc:

1. Xe kdBe coinva, TOL TEPIEXEL TA TUNILOTA TOL TNKTOUATOG, Ttpootifevton 300 pul dH,O

Kol oglovtal Yo 15 min. Xt cvvéyewn mpootiBevtal 300 pul CH3CN ko 1 dtadikacio

ovveyiletar yuo axopa 15 min.
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Amopaxpoveral to vrepkeipevo pe ) Pondeta e mmnétog (Tomobeteitan Eva tip P10
névo og tip P1000, yioti to KOPPATIOL PTtopovy vo. avoappoenBodv pe yprion udévo tov
tip P1000) kot mpootifevtor 300 pl dStoidpatog 20 mM NH4HCO; (Sigma) yio 15 min.
Amopaxpoverol 1o vepkeipevo Kot tpootifevrot ek véov 300 pl dtuAdpatog 20 mM
NH4HCO3; / CH3CN (50:50 v/v) yo 15 min. Xg owtd to onueio ta tunpoate tov
TKTOUATOG Ba Tpémel va cvppikvewbodv kol va eaivovtor adtagavr. Télog, T0
VIEPKEIUEVO OMOUOKPOVETOL.

AV 1o TUMUHOTO TOV TNKTOUATOS GLVEXILOLV Vo TOPOVCIALOVY UTAE YPOUO TOTE
enavoAapPaveral To otadto 3.

[Tpootifevronr 100 ul CH3CN v 5 min, yio v evoddtmon TV TUNUATOV TOV
TNKTOUATOG, TO 0TToia Ba TPEmeL va cuppikvoBohv kat va gpaivovtol Teeiwg dompa.
ATOLOKPUVETAL TO VREPKEIPEVO KO TO. TUNUOTO TOV TNKTIMOWOTOG Enpoivoviol cg

avTtAiio KevoL Yo tepiodo 5 min.

2.3.13.9 Avaymyn/ AAKVAI®GN TOV TPOTEIVIKOV TUNUITOV TNKTOUATOC

H avayoyn kot n akkviioon tov apvoik®v Kataloimmv kuoteivng, pe xprion DTT

kot IAA avtiototya, BEATIOVEL TNV OVAKTNOT TOV TEXTIOIOV TOV TEPLEYOLV KVGTEIVT KOTA

™ OdpKELD TNG TEYNG TOV TPOTEIVOV GTA TUNUATOV TOV TNKTOUATOS KOl UELOVEL TNV

EUPAVIOT AYVOOTOV Hoplokdv poldv oty avdivon eacpatockoniog pnalag (MS) Adyw

ONHoVPYiag S1G0VAPLIKMY OEGLMV Kol TPOTOTOMGEWDY GTNV TAEVPIKN AAVGIO.

Yikd:

1. Aéiopo 1 M DTT (BDH).

2. Auwvopo 100 MM NH4HCO:s.

3. Adhopa 1 M wdo-axetapudiov (IAA) (Sigma).

4. Awéiopa CH3CN.

M£0o0doc:

1. MpoortiBevtar 50 pl/pumavro anktopoatog, owAdpatog 10 mM DTT oe 100 mM
NH;HCO3 kot emwdleton yo 1 h otovg 56 °C.

2. To vmepkeipevo amopokpdveror kot mpootifevioanw 50 pl/umdvio mwnkTdportoc,

dwdvpotog 10 mM TAA og 100 mM NHsHCO;3 mov mapackevdletor @péoko kot

enwaletor yio 30 min og Oeppokpacio dopatiov.
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Ta tpuquate tov mnktopatog Eemdévovror v 15 min vad avdédevon, pe 300 pl
drdvpatog 100 mM NH4HCO3.

To vmepkeipevo amopakpHVETOL KOL TO TUNHOTO TOV TNKTOUOTOS EETMAEVOVTOL LTTO
avadevon yioo 15 min pe 300 pl dtodvparog 20 mM NH4HCO3/ CH3CN (50:50 viv).

To vrepkeipevo anopaxpdveral kot tpootibevtor 100 pl dtoddvpoarog CH3CN yia 5 min
TOV GKOTO £YEL TNV APLIATOGN TOV TUNUATOV TOL THKTOUATOG.

TéMog 10 VIEPKEIUEVO ATOUOKPVVETOL KOL TO, TUNHOTO TOV TNKTMWUOTOG ENPOivovToLl Le

xpNon ovTAiog kevod vd euyokévTpnon yio S min.

2.3.13.10 [Iéwn TOV TPOTEIVIKAOV NTEVTAOV GTO TUQUATA TOV TNKTOUOTOS

H Opoyivn elvan pia mpotedon g oepivng, n omola doomd €01kd TEMTIOUOVG

deoloVg 6TO0 KOPPOELTEMKO AKPO TOV OUVOEIKGOV KOTAAOW®V TNG ALGivng Kot Tng

apywivne. Opwmg n dboraon pmopet vo avayortiotel 1 va emiPpadvviel and yertovikd

o0&k M apOUOTIKA OUVOEIKE KoTdAoTa 1 KaTaAouto TPOAivng, M omoia mwopovstdlel ™

onpavtikotepn enidpacn. Enopévag, mentidikd tunpato mov dgv £xouv dluonactel o éva

onueio eivor emkaivntopeva kKo Ba mpémer va Aapfdavovtor veoyn katd ™ Odpkela

avdAivong padog.

Yiwka:

1.

w n

"Eviopo ®puyivng (Gold, Promega).

Avddopa 20 mM NH4HCOs.
[Mapaockevaleton ddlvpo Opoyiving 0.5 ug/ul oe 20 mM NH4HCO; kot guAdyeston
otovg -20 °C.

M£0oooc:

1.

Xe k6Be coAva, TOL TEPIEXEL TUNUO TOL TNKTOWOTOG, Tpootifevtor 0.5 pg Opvyivng
og 20 ul drodvparoc 20 MM NH4HCO:3.

Ot colveg enwalovtor yioo 30 min. Ta TuAROTO TOV TNKTOUATOG Bl 0TOKTHOOVY TO
apykd toug péyebog Kot Bo mpémer va vIApyEL apKeTO dtdAvpa Bpvyivig ®oTe va
KoAvTToVTOL AV givor amapaitto npootifetarl emmAéov ddAivpa 20 mM NH4HCO;
Yopig 10 €viLpo, MOTE VO KOADTTOVIOL KOl ONUEWOVETOL O aKpPPng OyKog Tov
npootédnKe o omoiog Ba ypelaotel petd katd v e&aymyn TV TENTIOIWV.

O1 coveg emmalovrtal ympic avadevon, otovg 30 °C, yia ) ddpkea g voytag (>
16 h).
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2.3.13.11 E€oymyn TOV TEATIOIOV

Ol ta frjpata Tpoaypatonotobvior oe TAATEOpLO Tov Kiveitot yio va dtoPeforwbet

N eaywyn TV TENTIOIWV.

Yk

1. CHsCN.

2. 100% g@oppkod o&H (BDH).

3. ZKovpOYP®UOL COAVEG HE E€WOIKO TAOUO YL ¥PNON OTO QPOUCUOTOYPAPo Ualog
(Kinesis).

M£0odoc:

1. Xe kdBe colva mpootibetor icog dykog SoAdpatog CH3CN pe tov 6yKko TOL
LAV LLATOG TEWYNS TOV TPONYOLUEVOL GTadI0V Kot 01 GoAnveg enmdlovtal otovg 30 °C
ywo 30 min.

2. To vmepkeipevo, 10 omoio mepiéyetl Ta mentiow wov B avaivBovv, puetapépetol 6e vEO
kaBap6 coinva Eppendorf LoBind.

3. Xg kGfe colva pe to TpUNUOTe TOL TNKTOpato¢ mpootibevion 50 ul 1% (viv)
eopukoy oféwg (N 0apKeET| TOGOTNTO (MOGTE VO KOALEOOOV To TUNUOTO TOL
TINKTONOTOG) Kot encwdlovtot yio 20 min.

4. To vrepKeilevo HETAPEPETAL GTO GOAN VA TOVL PriHotoc 2.

5. Zm ovvéyela emavarapfavovraol To frpota 3 kot 4 yio akOpo o Qopd.

6. 'Emcito o€ kd0e coifva mpootifevtor 150 pul CH3CN kou enwdlovrot yio 10 min. To
TULOTO TOV TNKTONOTOS Ba TPEMEL VO GUPPIKVAOBOVV Kol VO TAPOVV AGTPO YPDLLO.

7. To vrepKeipevo LETAPEPETOL KOl TTAAL GTO COANVA TOL Prpatog 2.

8. Ot coMveg Tov Prjnatog 2 torobetobvtan 6e PuyoKevTpn avtiio kevod otovg 60 °C,
péypt ta mentiowo Tov £xovv amopovmbel va Enpabovv tereimg.

9. Télog, emavadiacneiperol to «aopatoy inua oe 1% (V/V) eopuikod o&éwe. T'a va
emtevyOel féEXTIoT SlvTomoinon tov TenTdiny, apyikd tpootibevtor 10 pl 5% (V/v)
QOPUIKOV 0EEMC, avapiEn pe vortex, kot Enetta tpostnkn 40 ul dH20. Ot cwAnveg pe
T0L TEMTIO0 PLAAYOVTOL TNV KATAYVED.

10.Twa v é€yyvon oto oacpatoypdoo palog, To TWEMTIOW  EEMAYMOVOVTOL,

evyokevtpovvtor yw 10 min otig 13000 rpm xou petagépovion 15-20 ul oe
oKoVPOYPOUO €WIKO coiva pe mwopo. H vrdhown mocdHnto @UAdyston otnv

KaTyouén.
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2.3.13.12 ®oocpnotocKomia naloc Kol gvaluct 6£00uEVOV

H avdivon tov tentidiov mpoylatonoleitol e VYNANG EVKPIVELNSG PAUGILOTOGKOTIKT
avéivon palog oOmwg €xet  meprypapel mponyovuéveog (Andersen et al, 2005)
ypnoonotwvtag tov eacpotoypdeo LTQ-FT-ICR (Thermo Finnigan). H avaioyia twv
TPOTEIVOV vToAoYiletan yio KaOe apyvivn mov mepléyetal 6To MENTIOW G TO TNAIKO TOV
enPadod e kopueiic [CCY/[*N]Arg dw g [CJArg yio kdbe paopo paloc. H aviivon
TOV 0E00UEVOV TNG PAGUOTOGKOTIOG, 1) TAVTOTOINGT KOl TOCOTIKOTOINGT TWV TPLITTIKMV
TENTIOIMV, KOl GUVETMG TOL GLVOAOL TOV TPOTEIVOV TOV OAANAETOpovV pe v hCINAP,
oe&ayeton pe to Aoywopukd MS-Quant oe cuvovaopd pe ) Pdon doedopéveov Mascot

HTML database search files (Matrix Science).

2.4 AVTIGONATO TOV YPNGLUOTOMONKAY 6TV TUPOVGH EPYUGLU

2.4.1 Ip®To OvVIIGONATY,

1. TloAvkAwvikd avticopo £vavtt OAOKANPNG TG OAANAOLYIOG TNG OVOGLVOLOGUEVNG
npoteivng Hiss-hCINAP mov mopdybnke oe kovvél otic eykatootdoelg tov EMBL
(Santama et al., 2005), To omoio ypnoomomOnKe 6TV TEYVIKN TOL AVOGOPHOPIGHOD
o¢ apaimon 1:800 (opog amd tpitn apaipan).

2. Tlohwkhovikd oviicopo €vavtl oAdKANPNG TG CAANAOLYIOG TNG OVOGVVOVAGUEVNC
npoteivng Hise-hCINAP mov mapdybnke oe kovvél otig eykatactdoelg tov WTB and
tov Dr. Stephen Org, to onoio ypnoyonodnke oTNV TEXVIKN AVOGOATOTOTMGNG KOTH
Western og apaioon 1:1000 kot ot teyvikn g avocokatafvdiong (3 ul amd tov opd
™G TpiTNG aPaipadng).

3. MovokAmvikd avticopa Evavit g mpacivng ebopilovoag npwteivng (anti-GFP) ard
novtikt (Roche), to omoio ypnoiomomfnke TNV TEXVIKN OVOGOOTOTOAMONG KUTA
Western og apaimon 1:1000.

4. Movokiwovikd avticopo évavtt oo DNA-BD tov petaypagikov mapdyovra GAL-4
(anti-DNA-BDgar4) and movrikt (Clontech), to omoio ypnoyomombnke otnv te)viKn
avocoamotutmong kotd Western oe apaionon 1:5000.

5. Movokhovikd avticopa vavtl g tpavepepdons g S-ylovtobeidovng (anti-GST)
amd movtikt (Sigma), to 0moio ¥PNOOTOONKE GTNV TEXVIKT AVOGOATOTVIWONG KATA

Western og apaimon 1:4000.
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10.

11.

12.

13.

14.

15.

16.

Movokhmvikd avticopo £vavtt ¢ a-tovumovAivng (anti-a-tubulin) and movtikt
(Sigma, clone T5168), to omoio ypnowomombnke otV TEXVIKN avocopfopiopod oe
apainon 1:6000.

Movoxklmvikd avticoua évavtt thg duveivng (anti-dynein) omd movrikt (Santa Cruz), to
omoio ypnowomomobnKe otV TEYVIKN avocooumotutmong kotd Western oe apaimon
1:600.

Movoxiovikd avticopa évovtt g B-axtivng (anti-p-actin) and movtikt (Sigma), to
omoio ypnowomomobnKe otV TEYVIKN avocoumotutmong katd Western oe apainon
1:5000.

Movoxhovikd avticopo évavtt tg Cyclin A (anti-Cyclin A) and movtikt (kKAdvog
E23.1, Abcam), to omoio ypnoomomONKe TNV TEYVIKY OVOGOATOTOIMONG KOTA
Western oe apaimon 1:200.

Movokiovikd avticopo évavtt g Cyclin B1 (anti-Cyclin B1) and movtikt (kKA®vVOg
V152, Abcam), to omoio YPNGIUOTOMONKE OTNV TEYVIKY GVOGOATOTOTIWONG KOTE,
Western og apaimon 1:400.

Movoxkiovikd avticopo évavtt g Cyclin D1 (anti-Cyclin D1) and movtikt (kKAdvog
DCS-6, Abcam), to omoio ypnoipomomdnke TNV TEYVIKN OVOCOUTOTHTMONG KATA
Western oe apaimon 1:200.

MovoxkAwvikd  aviicopo  €vavit NG a@LIPOYOVACSNS NS 3-QOGPOPIKNG
yhvkepwvordetione (GAPDH) (anti-GAPDH) and movtikt (khkodvog 6C5, Santa Cruz), to
omoio ypnoyomombnke oty tEYVIKY ovocoamotinwong katd Western oe opaioon
1:1000.

Movoxhovikd avticopo évavtt tng fibrillarin (anti-fibrillarin) onoé movtikt (kAdvog
AFBO01, tebu-bio), to omoio ypnowomombnke omv TEXVIKH 0vocoPbopiouol og
apaioon 1:200.

Movorkhovikd avticopa évavte g coilin (anti-Coilin) amd movrikt (kKhédvog 64,
gvyevng mapoydpnon ard v Apa. Carmo-Fonseca), to omoio ypnoyomombnke otnv
TEYVIKY ovocoomotinwong katd Western o apaimon 1:1000.

Movokiovikd avticopa vavtt g coilin (anti-Coilin) amd movtikt (kAdvog 5P10,
evyevn mopaydpnon and tov Ap. Angus Lamond, WTB), to omoio ypnoipomomdnke
oV TEYVIKN avocsoebopiopol og apaimon 1:50.

Movokhovikd avticopa évovit g SMN (anti-SMN) and movtikt (gvyevig
nopaympnon amd tov Ap. Angus Lamond, WTB), 1o onoio ypnoylomombnke otnv

TEYVIKT avocopBopiopol og apaimon 1:100.

- 130 -



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Movoklmvikd avticopa évavtl tov petaypagikod mapdyovia HIF-1a (anti-HIF-1a)
amd movtikt (Kh@vog Hla 67, Santa Cruz), to omoio ypnoiuomomdnke oty TEXVIKN
avocoamotutmong kotd Western oe apaionon 1:200.

Movokhovikd avticopa &vavit tov coumAdkov RNA-mpoteivov (anti-Sm) ond
novtikt (khovog Y12, gvyevic mapaympnon and tov Ap. Angus Lamond, WTB), to
omoio ypnoomodnke oty TEYVIKN avocsoebopiopol og apaimon 1:700.
Movokhovikd avticopo &vavtt Tov coumAdkov RNA-mpoteivov (anti-Sm) omd
novtikt  (kKA@voc Y12, Abcam), 1o omoio ypnowomombnke oTtnvV  TEYVIKY
avoco@Bopiopot og apaimon 1:250.

Movoxiovikd avticopo évavtt g PML (anti-PML) ano movrtikt (kAdvog PG-M3
(Santa Cruz), to omoio ypnoiporodnke oty tE)XVIKN ovocsopBopiopov o€ 1:100.
Movokiovikd avticopa évavtt g hnRNP U (anti-hnRNP U) a6 movtikt (khdvog
3G6, Abcam), to omoio ypnowonomnKe GTNV TE(VIKN GVOGOUTOTOTMOONG KOTO,
Western og apaimon 1:1000.

Movokhlovikd avticopo évavtt tg DNA-PKcs (anti-DNA-PKcs) and novtikt (kKAdvog
18-2, Abcam), to omoio ypnoyomoMbnNKe OTNV TEYVIKY] GVOCONTOTOTMONG KOTA
Western oe apaimon 1:400.

MovokAovikd avticopo évavtt g DJ-1 (anti-DJ-1) amd movrikt (kAdvog 3E8, MBL
Medical & Biological Laboratories), to omoio ypnowonomdnke oMV TEXVIKN
avocoamotutwong katd Western og apaimon 1:200.

Movokiovikd avticopo évovtt g Pl4ARF (anti-pl4ARF) and movtikt (KAdvog
DCS-240, MBL Medical & Biological Laboratories), to omoio ypnoomomdnke otnv
TEYVIKN ovocoamoTontwong kotd Western e apaioon 1:200.

Movoxkhovikd avticopo évavtt g Pl4ARF (anti-pl4ARF) amd movrtikt (kKAdvog
14P02, Abcam), to omoio ypnoonomdnke oty TEXVIKN avocoPhopiopod 6g apaimon
1:100.

[MoAvkAwviko avticopa Evavtt g tpoteivng hCINAP (anti-hCINAP) amd kovvél, o
omoio ypnowomombnke otnv tEYVIKN avocophopicuod o apaiwon 1:800 ko otnv
TEYVIKY avocoomotinwong katd Western o apaioon 1:1000.

[MoAvkAwviKo avticopo évavtt g tpoteiviig PSP (anti-PSP1) ard kovvél (kKAdvog
48, evyevig mopoydpnon amnd tov Ap. Angus Lamond, WTB), to omoio
xpnoomomOnke oy tEYVIKY avocsopBopicopov oe apaioon 1:250 kot oty TEXVIKN

avocoomoTuTtmong katd Western oe apaimon 1:5000.
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28.

29.

30.

31.

32.

[ToAvkAwviKo avticoua évavtt tng tpwteivng coilin (anti-coilin) and kovvél (Khdvog
204/10, evyeving mopaymdpnon amd tov Ap. Angus Lamond, WTB), 1o omnoio
YPNOLOTOmONKE oTNV TEYVIKY 0vocopBopiopol og apaimon 1:250.

[MoAvkAwvikd avticoua évovit g mpoteivinig SMC1 (anti-SMC1) amd kovvél
(Abcam), to omoio ypnoonomBnke otV TEYVIKN ovocoanotinmong katd Western og
apaionon 1:500.

[ToAvkAwvikd avticopa évavit g mpoteivig SMC3 (anti-SMC3) oand kovvél
(Abcam), to omoio ypnoonomOnke otV TEYVIKN ovocoanotinmong katd Western og
apainon 1:5000.

[ToAvkAwviko avticopa évavtt g mpoteivig P14ARF (anti-pl4ARF) oamd kovvél
(KAvdvog H-132, Santa Cruz), 10 omoio YPNOCWOTOWONKE OGNV  TEXVIKN
avocoamotutmong kotd Western oe apaionon 1:50.

[MoAvkhwviko avticopa Evovtt thg tpoteivig PHD1 (anti-PHD1) and katoikt (KA®VOG
N-13, Santa Cruz), to omoio ypnolpomomdnke TNV TEYVIKY 0VOGOOTOTOIMGONG KATA

Western og apaimon 1:700.

2.4.2 ASOTEPO AVTIGAOUOTA

2.4.2.1 I'vo. avocoaroTot®on kata VWestern

1.

Avticopoa évoavtt g 1gG tov movtikov, cuvelevypévo pe to éviupo HRP (Amersham-
Pharmacia) og mpdpato, to omoio ypnoonobnke ce apaiwon 1: 6000.

Avticopa évavtt g 1gG tov kovvedion, cuvelevyuévo pe to évlopo HRP (Roche) og
Yadapo, To omoio ypnoiponomdnke oe apaiwon 1: 30000.

Avticopa évavtt tov IgG tov kotowiov, ovvelevypévo pe 1o évlopo HRP

(Amersham-Pharmacia), to omoio ypnopomomdnke o€ apaimon 1:6000.

2.4.2.2 I'vo. avocooopiopnd

1.

Avticopa évavtt ™mg 1gG tov movtikov og Katoika cuvelevypévo pe Alexa Fluor 488
(Molecular Probes), to omoio ypnoiporomnke o apaimon 1:700.

Avticoua évavtt tov 1gG Tov KovveEMOV G KOTOTOVAO 1 KATGIKO GUVELELYUEVO LE
Alexa Fluor 488 (Molecular Probes), to omoio ypnoyomombnke oe apaivon 1:600.
Avticopa évavtt g 1gG tov moviikov og yaidovpt cuvelevypévo pe Alexa Fluor 555

(Molecular Probes), to omoio ypnoiporombnke oe apaioon 1:2000.
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4. Avticopa évavtt g 1gG tov kovvelol og yaidovpt cuvelevyuévo pe Alexa Fluor 555
(Molecular Probes), to omoio ypnoiporombnke og apaioon 1:1000.

5. Avticopo évavtt g IgG tov kovvelov o katoika cuvelevyuévo pe Alexa Fluor 568
(Molecular Probes), to omoio ypnoiporobnke o€ apaioon 1:1500.

6. Avticopo évavtt g 1gG tov moviikoy oe kotoika cvvelevyuévo ue Alexa Fluor 350
(Molecular Probes), to omoio ypnoiporonke o apaimon 1:100.

7. Avticopo évavtt g 1gG tov moviikov og katoiko cvvelevypévo pe Cy5 (Jackson
ImmunoResearch Laboratories), o onoio ypnoiponomdnke o apaimon 1:100.

8. Avrticopoa évavtt g 1gG tov kovveliov ot kotoika cuvelevyuévo pe TRITC (Jackson

ImmunoResearch Laboratories), o onoio ypnopuonomdnke o€ apaimon 1:500.

2.5 OlyovovkA£oTioww mov ypnoworomOnkay atnv teyvikn e PCR, oty Tapovca

gpyooia
OAI'ONOYKAEOTIAIA

ONOMA AAAHAOYXIA (5°-3%) TKOIOX
VIIIPCRS’ cggaattcatgttgcttccgaacatcctg Mo tov moAlomAOGCIOGHO Kol TNV
i KA®VOTOINGT TOL OVOIKTOL TAOLGIOV
VIIIPCR3 acgcgtcgacttaagtagctagccttataag avéyvaonc tov cDNA tc hCINAP o0

mhoouido pPRSETy

gTAF.3 ccagactccatgatatccgatgatc o tov  moAlamhocwuopud  evog

koppoatiov CDNA g TAFDII3, (~150
bp) o€ ovvdvaoud ue T0
oAtryovouvkeortiolo VIIIPCRS’

CIPFW_121 cggaatgagaagagcaattgtatgatgg o 1ov moAlomiocloopd Kot TNV
KAwvoroinorn tov koppotiod 121- 550
nt too cDNA ¢ hCINAP o010
mhaopido pAS2-1 oe cuvdvacud pe to
oAryovovkAeortioo VIIIPCR3

CIPRV_329 acgcgtcgacttcaagtctttcgtacaatac Mo tov moAlomiaclocpd Kot TNV
KAwvomoinon tov koppotod 1-329 nt
tov CDNA ¢ hCINAP 610 mlacpiélo
pAS2-1 o ovvovooud pe 1O
oAtryovouvkeortiolo VIIIPCRS’

CIPFW_204 cggaattcgataaccaaatgagagaaggtgg Mo tov moAlomloclocpd Kot TNy
KAwvomoinorn tov koppotiodv 204-550
nt too cDNA ¢ hCINAP o010
mhoouido PAS2-1 e cuvdvacuUd pE TO
oAryovouvkeotidlo VIIIPCRS

CIPFW_330 cggaattcacaaggggttataatgagaagaaac | e Tov moAlomAaGlOCHO KOl TNV
KAwvomoinon tov koppotiod 330-550
nt too cDNA ¢ hCINAP o010
mhaopido pAS2-1 og cuvdvacud pe 1o
oAtyovouvkeortioo VIIIPCRS’
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CIPFW-pACT2

tcccececggggatgttgettccgaacat

lNa tov moliamiaclacud ot Tnv
KAwvomoinorn Tov ovolKToy TAoLciov
avayvoong tov CODNA ¢ hCINAP oto

CIPRV-pACT2 | ccggaattcttaagtagctagccttataag oo pACT2
COILFW-1 catgccatggcagcttccgagacg INa tov moAlomAoclocpd Kot TNy
KAovomoinon Tov 0ovolKToy TANIGiov
COILRV-1728 | cgggatccggcaggttctgtacttg avayvoong tov cDNA g coilin oto
mloopidlo pAS2-1
COILRV-1086 | cgggatcctgcagtctgtgatag INa 7tov moAlomAoclocpd Kot Ty
KAwvoroinorn tov koppatiov 1-1086 nt
tov CDNA ¢ coilin oto mAacpidio
pAS2-1 oce ovvovocpd pE  TO
oAtyovovkieotidoio COILFW-1
COILRV-477 | cgggatccgctgacagtctgatctg Mo tov mollamlocloopd kot TNV
KAwvoroinorn tov koppoatiov 1-477 nt
tov CDNA g coilin oto mlacpido
pAS2-1 oe ouvovooud pE  TO
oAtyovoukAieotidio COILFW-1
COILFW-1084 | catgccatggcaggtgctgetgga o 1ov moAlomiocloopd Kot TNV
KAwvormoinon tov Koppatiov 1084-
1728 nt tov cDNA g coilin o10
mhoopido pAS2-1 e cuvovAGUO LE TO
OAYOVOUKAEOTIO0
GAL4BDFW | tcatcggaagagagtagtaacaaaggtcaaag | [ v dloyveotikn — avtidopaon
omoapéng  evBépatog o610 TAOOUISIO
pAS2-1, o€ GuvovacUd He
OAlyovouKAEOTIO0  évavil NG Lmo
UEAETT TPMTEIVNG
AD_UP tataacgcgtttggaatcactaca Mo tov molamiactooud tov CDNA
g meployng evepyomnoinong (AD) tov
AD_DO ttgcggggtttttcagtatctac mhacdiov ékppaocng pACT2-1
PUMI_UP tgaggtgtgcaccatgaac ['a Tov TOALATAAGIOCHO SL0yVOCTIKOD
koppatiov tov CDNA g PUMI otov
PUMI_DO cagaatgtgcttgccatagg avBpwmo
EGLN2-EcoRI | ggaattcatggacagcccgtgeccagc Mo tov moAlomAacloacpd Kot TNV
(FW) KA@vomoinen Tov ovolkToh TAOLIGIoL
EGLN2-Sall acgcgtcgacctaggtgggegtaggce avayvoong tov CDNA g EGLN; ota
(RV) nAacpidioe pPGEX-4T-1 kou pHAT,
EGLN2-Xhol | ccgctcgagatatggacageccgtgeca Mo tov moAlomAoclOGHO Kol TNV
(FW) KA@vomoinen Tov ovolkToL TANIGiov
avéyvoong tov CDNA ¢ EGLN; oto
mhacpidlo DsRed,Cl og cuvdvacuo pe
T0  oMyovovkAeotidlo EGLN2-Sall
(RV)
GAPDH-Sall acgcgtcgacatggggaaggtgaagg o 1ov moAlomiocloopd kot TNV
(FW) KAovomoinon Tov ovolkToh 7TANIGIo
GAPDH-BamHI | cgggatccatggggaaggtgaagg avayvoong tov cDNA tov GAPDH
(FW) ota mhaopidwe DsRed,C1 kon pHAT,
GAPDH-BamHI | cgggatccttactccttggaggecat o tov mollamiocloopd ot TNV
(FV) KAovomoinon Tov ovolkToh TANIGIoV
GAPDH-EcoRI | ggaattcttactccttggaggccatg avayvoong tov cDNA tov GAPDH
(RV) ota  mhaopidie  PGEX-4T-1 ko
PRSETA
GFP (FW) ctcgtgaccaccctgacctac INo v Odiakpion vPpdikdv CDNA

GLUYYOVELUEVO  UE  TO
npoteivng GFP

cDNA ¢
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L19 (FW)

ggctgctcagaagataccgty

L19 (RV)

ggcgcttgegtgettecttgg

IMa tov moAamAaclocud dloyvmoTikon
koppatiod tov CDNA g L19 otov
avOpmmo

ivaxag 2.11: Ta oAryovovkieoTidona wov ypnoiponoOnkay 6Tny Tapovca Pyucio.
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KE®AAAIO 3
3. AHOTEAEEMATA

3.1’ Ekgpaon tov peraypapnuatov tov hCINAP ka TAFIID3; 6g d169opovg 16tovg

Onwc éxer 1oM avapepbei, 1 hCINAP kot o petaypapikog mapdyoviag TAFIDs;,
KOOKOTO0UVTaLl 0mtd VO PETOYPOUPTLOTO TTOV TPOKLITOVY OO EVUALUKTIKO UATIGUO TOV
idov yevetikod toOmov (TAF9), o omoiog mapovoidletar ocvovinpnuévog o€ OAa 1o
OnAaotikd, oAl Oyl o GAAa omovovAolma (yapia, aueifia), dnAdvovtag 6t ot 6vo
TPOTEIVEG ivarl YeVETIKA AL Oyt eLOIKE cuvdedepéves. TlapadoEme dume, ot 6o avTEC
TPOTEIVEG dev Tapovcldlovv Kopio opoldtnTa o€ aptvolikd enimedo ylati n ekkivnon g
LETAPPOONG TOVG TTpoypaTomoleital amd Onpopetikd kwdwkoévia ATG oe dapopeTikd
avolktd mhaiota aviyvoong (ORF).

Mo v d1epebvnon TS GLYKPITIKNG EKQPACTG OVTAOV TOV dVO0 UETAYPOPNUATOV GE
popovg 16To0¢ (TAAKOHVTA, YOPLOVIKEG AAYVEG KOl KIVNTIKO PAOLO €YKEPALOV) KOl dVO
avOpomveg  kvttapoospég  (HeLa  xou  maykpeotikny  kvttapocepd  ASPCIL)
TPOYUATOTOMONKE NU-TOGOTIKY] AVTIGTPOPN 0ALGO®TH avtidopacn moivuepdong (RT-
PCR) pe ypnomn KatdAAnAmv voukAeoTIdimV yio o KaOe petaypdoenuo.

[Na tov apykd «abopiopd twv ovvinkov g RT-PCR  avtidpaong,
TpaypatonomOnkav mepdpata pe xpnon mracdokodv eopéwv (PRSET-hCINAP kot
Topo-TAFIID3;) mov épepov to. CDNA tov d00 TpOTEIVOV, HE YPNON KATAAANA®V
ekKvnTIKOV oAryovovkieotwdiov (ITivaxag 2.11) mov moAhamhacialav eite to TANPES
cDNA ¢ hCINAP (oAryovovkieotidia: PCRs ka1 PCR3), ite éva uépog tng aAiniovyiog
(1-180 nt) oV mepintwon g TAFIID3; (ohtyovovkdeotidwn: PCRs kot gTAF), divovrag
JPOPETIKOD S yVOGTIKOL peyéBoug Tpoidvta.

Ot dyvooTtikég avtidpdoelg mpayuatoromonkay Katw omd Tic 1d1e¢ cLVONKeg,
YPNOUOTOIOVTOC TNV 1010 cvykéEvipmon mhaoudtakod DNA (20 ng) og puntpa Kot yio. ta
dvo mAacuida, yio 18, 23 kot 28 kokAovg (Zynpa 3.1, [Hopdpmua). Ta aroteréopota
£0e1&av 0T 670 ekBeTIKO PEPOG NG avTidopaonS (Tov emtedydnke pneta&v 18-23 kiKkAwv), n
OLYKEVTPMOT] TOV TPOIOVT®V TV 000 YoVISimV fTav cuykpicun.

"Eneta, mpoaypotomomdnke kdtom and Tic 1d1eg ovvOnkeg nuumocotiky| avtidopacn RT-
PCR pe  yxpnon CDNAsS oand didpopovg 1oto0g kot kOttapo. [Topdiinio
TPOYUATOTOMNONKAV Kol  OVIWOPACELS €0MTEPIKOD €AEYYOL HE TN YPNON EWIKOV
oAtyovoukAeotwdiov yio to CDNA tov yovidiov tng agudpoyovdong s 3-edoeo-
yhokepwvordetione  [Glyceraldehyde 3-phosphate  dehydrogenase (GAPDH)]. Ta
amoteAéopoato (Zyfuo 3.2) &dei&av 6tt ta CDNA yia tqv hCINAP kot v TAFIIDs3,,
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eaivovtal vo ekppdlovtar mepimov o€ woopoplokn ovoroyio (1:1) oe xdbe 10Tt6 1

KUTTOPOGELPH TOL PEAETHONKE.

kb
82 — hCINAP

' (oligos 1+3)
0.2 — TAFIID32
0.1 — (oligos 1+2)
kb
04 _ GAPDH
03— control reactions

Yypo 3.2: 'Exepoon tov petoypopnpatov tov wopopedv hCINAP kov TAFIID;,
Avtidpaon RT-PCR apyifovtog pe oémooa RNAS amd didpopovg avOpdmvovg 16Tovg Kot
avOPOTIVEG KUTTAPOGEIPES LE YPNON EWDIKDOV EKKIVITIKOV OAYOVOUKAEOTOI®V 1o oo CDNA twv
hCINAP kot TAFIID3,.
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3.2 AAMmAiemidpaon netosd Tov rpoteiveov hCINAP ko coilin

2T0Y0G NG TOPOVCAG TEPAUOTIKNG EVOTNTAG NTOV KoTd TpmdTov 1 emPefaimon g
aAAnAentidpacng (protein-protein interaction) peta&d tov 600 OVOPOTIVOV TLPNVIKOV
npoteivdv, hCINAP kot coilin, Kot katd dg0TEPOV 1| depehivnomn Kol O EVIOTICUOS TMOV

TEPLOYDOV TWV 0V0 TPOTEIVOV OV EIVOIL TKAVES Yol TNV LETAED TOVG AAANAETIOpOOT).

3.2.1 EmBeBaioon tnc ariinieniopacnc tov npdteivdy hCINAP kot coilin

Onwc mpoavagépnke, n aAinAenidopaon tov mpwteivov Coilin kot hCINAP eiye
apykd oviyvevbel pe Paon mponyoOUEVN] TEPOUATIKY EPYOCio. KAVOVTOS YPNON TNG
yeveTikng pebodov tmv dvo vPpdiov ot coakyapoudknta (yeast two-hybrid system)
(Santama et al, 2005). H péBodog avtn dev ekhoufdvetor Oumg o¢ adtoupiofntntn
amodelln g aAinAenidpaong kot kpivetar avaykaio 1 depedvnon ko emPefaioon avtng
™G aAANAemidpaonc pe ol GAAN CLUTANPOUOTIKY, ave&aptntn nébodo, n omoia va
EVIOYVEL TO EVPMUA TNG AAANAETIOPOONG.

Avt 1 depevvnon/ emPePainon deénydn pe Proynuikd in Vitro mepdauoto pe ™
péBodo g ovv-gmrhoyng, N omoia PacileTor oTIC apy€G ™G XPOUATOYPOPING YMUKNG
ovyyévewg (affinity chromatography). H teyviki ovt ekpetodledetar v vymiq
OLYYEVEWNL TNG U0 K TOV OVO0 TPMTEIVOV, TOV HEAETOVVTOL Yl0. TNV GAANAETIOpaOT, Yo
EWIKO VIOOTPpOU (YAOLTOOEWOVNG) N UETOANO (Ni2+) mov PpiokeTonl OUOLOTOAIKA
TPOGOEOEUEVO GE UNTPA AdPAVODG VAKOD (cparpidia ayapdlng). H vymin avut) cuyyévela
MG TPOTEIVNS YL TO VTOCTPOUN OPeidetanr oe €K aAiniovyia (emtdmo), mOL
Bpioketor 010 57 dkpo TOL KAMVOTOMUEVOL Yovidiov NG €TepOAOYNG mpwteivng. H
péEB0d0g TPoHTOHETEL TN CLYYOVELSN TV O0V0 TPOTEIVOV HE OLPOPETIKA KATAAANAL
TPOTEIVIKA emitomia (epitope tagging), £To1 ®GTE POVO 1) pia K TV 300 TPOTEIVOV VaL )EL
OLYYEVELDL WPE TO VWOCTPOUO NG UNTPAG Y va eEaceoAileToar M eykvupoOTNTO TNG
oAANAeTidpaoTG.

Mo va givor epkt|  paypoatomoinon TV TEWPAUATOV NG GLV-ETIAOYNG NTAV
avaykaio, 1 ékepaocn tov ovacvvovacuévav yovidiov e hCINAP kot g coilin, og
KOVOTOMTIKG €Mineda kol o€ O10ALT pLopen. H mapaywyn tov ntpoteivdv emtevydnke Le
YPNOT KAAGIKOV HeBOd®V £TEPOLOYNC EKPPAOTC GE PaKThpLa.

2N Topovca EPELVNTIKY EPYOCIO EEETACTNKOV TPELS AVAGLVOVUGUEVOL TAUCUIOL0KOT
popeic ywu v mpoteivy coilin: pGEX-4T-1, pET32a+ kou pHAT, kot dvo
avacvuvdvoaopuévol miacpdiokoi opeis yoo v mpmteivn hCINAP: pRSET, kor pGEX-
4T-1. Me ) ypfion tov macpudiov pET32a+, pHAT, xar pPRSET; n mpmteivn exppdleton
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ovyy®vevpévn pe 1o emtomo 6-otwowvov (6xHis) oto apwvotelkd g dKpo, eV GTOVv
PGEX-4T-1 n npoteivn ek@paletor cLYXOVELUEVN UE TO EMTOMIO TNG TPOVOPEPAONS TG
S-yhovtobedovng (GST- Glutathione-S-Trasferase) oto apwvotehkd g dkpo. Emmiéov
ypnoponomdnkav g Eeviotég 600 Paktnprokd otedéyn g E.coli: ta Pokthpia BL21
codonplus-DE3-RIL «at ta Baxtipia BL21 LysS. H uedétng tg ékepacng Kot g
daAvTOTTOG TNG TPWTEIVNG COilin Tpaypatonodnke pe ypnon Kot Tov 300 PakTnploKdv
oTEAEYDV, EVO M 1010 peAé Yo TV mpwteiv hCINAP mpaypatorombnke povo pe ypnon
ToV Baktnplakov otedéyovg BL21 codonplus-DE3-RIL. Ta eninedo ¢ EKQpacng Kot ThG
daAvtomrag eEAéxOnoav pe niektpo@dpnon o€ THKT®UO ToAvakpviouiong (SDS-PAGE)
Kot ovocoomnotonwong katd Western.

Yy nepintoon g hCINAP, dev vanpye Teplopiorog 6Ty ETAOYN TOV TAUGHLOI0V
nov Ba ypnoyonoteito, kabmg damoTOONKE OTL OV LIPYE GONTH dLAPOPA GTO EMITEOO
€KPPOONG KOl TO T0G00TH dlovtdtTTOS pE xprion gite Tov mAacudiov PRSETY, eite Tov
PGEX-4T-1. Me Bdon T omoutnoelg mov mpodmnpyov (£KPpact, SALTOTNTA Kot
SLPOPETIKG EMTOMIA) Kol TO ANQOEVTA TEPAUATIKO OTOTEAECUATO YOl TV TPWOTEIVN
coilin, mov aivovtar cuvontikd otov Iivaxa 3.1, ®g kataAAnAotepot Yo v de&oywyn
TOV TEWPAUATOV TNG CLV-EMAOYNG KPiOnKav Ol avacLVOLAGUEVOL TAUGHIOIKOT (POPElg
PET32a+-coilin oto Paktnpiaxd otéleyog BL21 LysS kouw pGEX-4T-1-hCINAP o710
Baktnplaxd otélexoc BL21 codonplus- DE3-RIL pe mpocOnkn tov enayoyéo IPTG oe
TeMKT cvykévipmon 1 mM, oe Oeppokpacio eraymyng 25 °C ya 3 h.

Epocov £yve katopbot M mopaymyr] tov d00 aVTOV TPOTEIVAV, aKolovdnonke 1
TEPALTEP® UEAETN TOVG HE Proynikd TEPAUATO CLUV-EMAOYNG, TOL OTOGKOTOVGOV GTNV
emPBePainwon g aAANAETIOPAGNG TOVG KOl OLEPEVYNOT €V UEPEL TOV CLVONKOV KOTA TIG
omoieg emTvyydveTon avt 1 aAAnieniopaon. I'a to okond avtd mpaypotomo|dnkay Tpia
SLPOPETIKA TPOTOKOALN, KOTA TO. OOl 1] EMMOCT TOV dV0 TPOTEVAV (AAANAETIdpaoN
TOVG) EMTVYYAVETOL KAT® OO S1OPOPETIKEG GLVONKEG.

Kot 1o mpdto mpmtokoAro, mpayuatonomdnke npdto décpcvon e GST-hCINAP
TIvV® 61O €01KO VIOGTPOUO TNG S-YAovTtabeldvNne TV Geapdimy. Xt GuVEXELD 01 dVO
TPOTEIVEG aPEOMKAY VoL OAANAETOPACOVV LE EXDACT] TOV OLOYEVOTOINUEVOL OLOHAVIOTOS

g his-coilin pe ta ceaipidia Tov eiyov 16N decpevopévn v GST-hCINAP.
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Avapevopevo ‘Exopaon AwivTotTnTo
Moo pdtoxog néyebog Baxktnpuoxko ,
: vBprowkng oTELEYOG % % EL}.O’H[
Popzas TPOTEIVIG E. coli SDS-PAGE Western Awhotiy | AdGrvTn Y10,
(kDa) £kQpaon
¢ coilin
BL21- Arokpitéc Oetikd onua
codonPlus UTTGVTEG GTO AVOUEVOUEVOL 0 100
pGEX-4T-1 92 (DE3)-RIL | avapevopevo ueyéboug
péyebog
Mn dwakpitég OeTko onpa
BL21- | umévreg OLVOLLLEVOLLEVOL 95 5
codonPlus peyéovg
pET32a+ 78.7 (DE3)-RIL
Mn dwakpitég OeTko onpa
BL21 LysS | umdvreg OLVOLLLEVOLLEVOL 100 0 \
peyéfovg
BL21- Mn dwakpitég OeTkO onpa
codonPlus UTAVTES OVOLEVOLLEVOL 95 5
(DE3)-RIL ueyéboug
PHAT? 66.7 Mn dakpitéc OeTkd onpa
BL21 LysS | umdvteg OVOLLLEVOLLEVOL 100 0
peyéboug

IMivokog 3.1. ZovortTiKOG TIVOKOG GMOTEASORATOV Y100 TNV EKQPUGT KAl TNV SodvTtotnTe TG TPpoTEivg Coilin oto Tpia mhaocmdiokd cvetTipnaTe TOL

ypnowomon)Onkay
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Kotd 10 0e0tepo mPpOTOKOAAO TPOyHOTOTOMONKE apYIKA 1 ETMOCT TO®V OVO
TPOTEIVOV LE ETDOCT TOV OUOYEVOTOUEVOV SOAVUATOV TOVG (VTEPKELUEVOV), KOl
éneito. emdOyOnke mn TPOGOESN TOV VO TPOTEIVAOV VIO HOPPN GLUTAOKOL GTO
VIOGTPOUO TOV COUPIOV UE ETOOON TOV SWADUOTOS avToD UE T o@opidlo S-
yAovtafeldvng. To cOUTAOKO 0VTO dEcUEHTNKE GTA GPULPIdLO AdY® TNG EOIKNG GLYYEVELNG
nov apovciale 1 GST-hCINAP yia 0 vrocTpopua.

210 1pit0 TPOTOKOALO TTpaypaToToOnke 1 oo Stadikacio Tov mpaypoTomomonke
070 TMPMOTO TPMTOKOAAO pe TN povn dagopd 0Tt n NN deopevpévny GST- hCINAP
amodiatdybnke pe tn ypnon owAduatog 1M Guanidium-HCl xou émerta pe ypron
KatdAAnAov  pubuiotikov  SoAbpOTOC M mTPTEIv  emavodwoTdybnke, mwpwv  va
npaypotorondei n endaon g pe v his-coilin.

[Tapdiinko, o OAa ta TEPALATO XPNOLLOTOMONKE O APVNTIKO SELY L0 OVOPOPAS 1|
EMMOCTN TV opoyevomompévey Poktnpokav nuatov tov miacudiov PGEX-4T-1
(xopic evoopotopévo to CONA g hCINAP) kot thg vBpidkng npwteivng his-coilin.

EmumAiéov, emeidn n hCINAP @épel 610 Quivo-telkd e dkpo potifo mpdodeong
ATP, kpinke avaykaio va diepguvndet to Katd oo 1 aAinienidpaon e&aptdto and v
omapén 1 Oyt g TPLYoeopikng adevosivng (ATP). I'a to Adyo avtd oto TEWPHPATO TOV
deEnynoav, kot ota Tpid TPOTOKOAAQ, TPAYLATOTOMONKAY TOLTOXPOVO TEGGEPLG
ENMACELS e dapopeTIKT cuykévipwon ATP (0, 1, 2 kot 3mM).

[Ma kéBe evonta TEPAUATOV TPAYLATOTOMONKAY GUVETADG £EN ENWACELS: TEGOEPIS
enwdoelg tov GST-hCINAP «ou his-coilin, 6mov n kobepio mepieiye SapopeTikn
ovykévipmon ATP (0-3 mM), kot dvo enmdacelg tov his-coilin kot pPGEX-4T-1, 6mov 1 o
nepteiye 0 MM kol n dAAn 2 mM ATP (og apvntikd detypato avapopds). Avtd ta £5n
detypoto kaBdc Kot to delypoTo Tov 0dEGUELTOV VIEPKEIUEVOL (INPUL), TPOETOUACTNKOV
v ovéivon. Kdabe deiypo yopiomke oe d0o 166moco pépn kot avoidbnke oe 600
TNKTOUATO 0KPLAALLSTIOL ota omoia dlevepynOnKe NAEKTPOEOPN O TapdAinia. 10 €val
€K TOV VO TNKTOUATOV Tpaypotomomdnke avocoarotinwon katd Western, pe ypnon
TOV LOVOKA®VIKOD avTio®portog avti-coilin 84, evd oto dAho niextpopdpnua, 1 hCINAP
umopovoe vo aviyvevbei amevBeiog pe ypoon tov ue Coomassie, £tol pe 10
NAEKTPOPOPMUO KOl TO OVTOPASIOYPAPNUA, €lval dvvatn 1 avixvevon Tov LVRPLOKOV
npwteiviov GST-hCINAP ko his-coilin avtictouyo.

Yuykplvoviog TO  OTOTEAECUOTO OO  TIG TPEIS TMEWPOUATIKEG TOPElEG 7OV
axolovOnOnKay, aAlnAenidpacn aviyvevdnke pe o TpmTOKoAAa 1 kot 2 (and to omoia To
TpOTOKOALO 2 mapovciale avénuévn evaicOnoic), evd 10 Tpito TPWOTOKOAAO Ogv

Tapovciace kopio EVOEIEN yia TNV aAANAETiOpacT HeTaEd TV 6000 TPOTEIVOV.

- 141 -



210 evoektikd nmiektpopopnua (IlpwtokoAro 2, Zynuoa 3.3 A) eivar otaxpirég
évtoveg Umavteg 6to avopevopevo péyebog (46 KDa) ota 4 mpdta delypota e enmoong,
ot omoieg avtiotoyovv oty vPpwkn mpwteiviy GST-hCINAP, evd oto 2 apvnrikd
delypoto, OMMC OavopEveTal, O0ev LEAPYOLV aviictolyeg umdviec. EmumAiéov vmbpyovv
SKPITEG UTAVTEC TOV avTioToloVV otnv avauevopevn udla (78.7 KDa) tg vPpiokng
npwteivng his-coilin kot ota 4 avtd deiypata ¢ ET®ACNC.

270 OVTIOTOYO OoVTOPAdOYPAPNUE TOL 0oL  mepapotos (Zyqua 3.3 B)
dlmiotdvovTon £viova 0eTikd ofjpato oto 4 SElyHOTO TG ETMACTC, TOV CUUTITTOVV [LE TIG
TOPATNPOVUEVEG OTO NAEKTPOQOPNUA UIdvTeg NG VPPLdIKNAG TpwTeivg his-coilin, evd dev
VILAPYOVV BETIKA GNUATO GTO dVO APVNTIKG dElyLaTAL.

Ocov agopd 10 péro mov dadpapatilel n mapovsio g cvykévipwong tov ATP
o1 Topeia TG AAANAETIOpAONS, PAVNKE OO TO TPOKVTTOVTO TEPAUATIKA OTOTEAEGLOTOL,
otL  Topovsia Tov dev Ntav oamapaitntn tpoindOeon y v aAAnAeniopacn TV dVO
TPOTEIVAOV. LTal Oty Tov LEAETNONKaAY, To 0ol TEPIElYOV OLOPOPETIKT) CLYKEVTPMOT)
ATP (0-3mM), 6t mapatnpndnke JSpactikd aicOnty S0Qopd ©TO OMOTEAEGHO TNG
aAAnAenidpaong Omwg avtd e€Aynke amd TV £vtaocT T®V oNUAT®V 1oL ANeONnKaV 61O
avtopadloypdenue. ASompdoekto eivar emiong To yeyovog 6t | aAANAETidOpacn TV dVO
TPOTEIVAOV glvat TO 1010 oNUOVTIKY 6T Tapovsia 1) oyt Tov ATP.

Ta mo mave anotedéopato Oepeldvovy to eopnuo 0t ot dvo mpwteiveg, NCINAP
kot coilin, oAiniemidpodv kot emPefordverol pe avtd TOV TPOTO TO OMOTEAECLO TTOV
Moednke and To Tponyodueva TEPALOTA TOV deEdynkay pe T péBodo twv dvo VPPdimV

GE GOKYOLPOLVKNTO.
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A. beads unbound B. beads unbound
I 1 [ 1 ]

GST-hCIP1  + + + + - - - - + + + + - - - -
his-coilin + + + + + + + + + + + + + + + +
0 1 2 3mM 0 2mM 0 2mM 0o 1 2 3mM 0 2mM 0 2mM

ATP ___——_ | (neg.contr) (neg.contr) ATP ___— | (neg.contr) (neg.contr.)

kD

106 —
77 /

*

—adiman’ i

-
508 — - - - - — >
356 —
281 W — S
g
M 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
SDS-PAGE a-coilin immunoblot

Yypa 3.3: Empepaioon g alinienidpaons tov apotsivav hCINAP ko coilin.

A: HAektpo@ldpnue og THKTORO TOALOKPLAadiov petd amd ypoon pe Coumassie blue ko
aviyvevon g vPpdkng npwteivng GST-hCINAP (kepdir Bélovg) kai coilin (Bélog), petd and
katafv0ion Tov copmAeyudtov ce oeolpidia yrovtabeovng. E&etdotnioay 4 delypata coapidioy
ue dwpopetikn ovykévipowon ATP (0-3 mM), kabmg emiong kot 2 apvnTikd deiypato opoipdioy
(emwaon his-coilin pe pGEX ywpic GST-hCINAP), 6mw¢ kot To 0dECUEVTO VTEPKEIUEVA TNG
EMMUCTC TOV OEIYUATOV QVTOV.

B: To avtictoyo avtopadioypaenua kot Western, yio tv aviyvevon g vppdikng mpoteivig
his-coilin, petd and endoon pe to povokhmvikd avticoupa 64 anti-coilin. Ta aroteAéopata £de1&ov
6t n coilin givar aviyvedoun oto opapidia pévo oty moapovsia g GST-hCINAP kot 611 1

oAAnieniopaon dev eEapTaTol amd TV mapovasio 1 OxL tov ATP.
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3.2.2 XopaKTNPLoNoc OAAAETIOPACNC

[Mo ™ depedvnon kot Tov EVIOTIGUO TOV EMUEPOVS TEPLOYDV TOV dVO TPOTEIVOV,
hCINAP kot coilin, mov givar avaykaieg Kot tKovég yio v pHeta&d Tovg aAAnAemiopoo,
KOTOGKELAGTNKOY O1000YIKA TULOTO TV 000 TPOMTEIVOV Kol eAéyOnoav pe ) pébodo

Y2H yio tnv aAAnAemidopaon pe v TANPN oAANAOVYio TS AAANG TPOTEIVG.

3.2.2.1 Xaptoypaonon e weproyne arinleridpaonc e coilin pe tmv hCINAP

o ™ dnuovpyio Tov ddeopwv tunudtwv g coilin ypnowonomnke cite 1
TEYVIKN NG 0ALGIOMTNG ovtidopaong moivpepdong (PCR), v tov moAAamAaclocpud Tov
avtioTolyov MOTOV  avTiypa@ov TOL KAOe TUMHOTOC, HE  XPNON  KOTAAANA®V
oMyovovkieotidiov (ITivakag 3.2, [apdaptnua) Kot og uitpo 1o TAacuidio pHAT,-coilin,
gite evOOVOUKAEOAVTIKT dtdomacn Tov mAacudtakod eopéa PHAT,-coilin pe katdAinio
TEPLOPLoTIKA £VED O TOV S10GTOVGOV 68 E0MTEPIKEG BEaelg Tnv coilin.

Kataokevdotnkav £En avacvvovacuévol mhacpudiakoi popeig pAS2-1-coilin, 6mov
0 KGOe évag glye evoopoTopévo dtagopetikd tunua tov CDNA ¢ coilin, cuyyowvevuévo
ue v mepoyn BD (Zynua 3.5). To ndg mpodkvuyav T S1popo TUAHATO GAivOVToL GTOV
[Tivoka 3.2 (Ilapdptnpa). Avtictowyo, yioo tn Onpovpyio. TOL  OVACLVOLAGUEVOL
mAaopdtakod @opéa PACT-hCINAP mov mepieiye to mipeg cDNA tng hCINAP
ovyywvevpévo pe v mepoyn AD, ypnoomomOnke avtiotoryn dadikacio.

Ot avosVVILOGHEVOL TAACUIOLOKOT POPEIC TOV TPOEKLYAY, LETOCYNIATICTKOY GTO
otélexog tov lupopvknte AH109 (2.1.1.4) wor efetdomnkoav mpdTO Y. TLYXOV
(avemBOUNTN) avtoEvVEPYOTOiNoN TV YoVdiwv avapopds, wote va emPeforwbel m
KOATOAANAOTNTO TOVLG Y10, PO OTO €V AOY® GUGTNUHA dwPpdcpov. O €heyyog avtdg
avédeiEe OtL Olo. Ta TUNUOTO TG TPOTEIVNG Coilin duotuydg evepyomotovoay
uetaypaeikn dpactnprotnta tov GAL4 (av&otpogia kot evepyomoinon tov lacZ yovidiov)
Kot €1l kpifnke avaykaio n ygpron dArov miacpdakod eopéa (PGBKT7) otov omoio
KAovorombnkav to tpunuata tng coilin. O éleyyog vt ™ QOpA MOV APYNTIKOG KOt
ovveyiomnke N dod1KaGiA.

21 ovvéyeln, yuo va SlomioTmOel 1 €KPpaon Tov KAOE TUNNATOS TS TPOTEIVNG oTa,
KOTTOPA TOV CUUOUVKNTA, TOPAGKELAGTNKAY TPOTEIVIKA eKYLAIoUATO LEGH KaTafOiong
ue Tprylopooikd o&v (2.1.1.5). Ta mpoteivikd avtd dsiypata, poli pe Oetiko (PGBKTT7-
53) wor oapvnTtikd (uévo 10 otérexyog AHI109) odelypa ovoaeopds, avaivOnkov pe
niextpopdpnon SDS-PAGE kot otn ovvéyeie pe avocooamotinmon kotd Western pe

XPNOM TOL HOVOKAMVIKOD ovTlo®patog Evavtt g neployng GAL4-DBD (1-144 aa). To
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AVOCOOTOTOTMWO aVTO £0e1Ee OTL Kot ToL 6 Tufpoto ¢ coilin exppalovtav kavoromTikd

010 otéleyog Tov Lupopvknta AH109 (Zynmua 3.4).

coilin

o
AR
)
Q
KDa o4 ™
& NI N2 N3 N4 FL C
105 — —
75 —

50 — A
- ;
35—

30— _— -
R .
Yyna 3.4: "Exepoon tov d1dgopav tTunpdatov g coilin og vppidia pe to DBD 610 61éle)0g
AH109. %10 avtopadioypdonua katd Western tapovcidlovron Pmdvies 6To avapevopeva peyeom
7OV AVTIGTOYYOVV ota 5 drapopetikd Tuipata tng coilin (N1, N2, N3, N4 kot C), kabmhg kot otnv
mpn tpoteivn (FL). Qg Betikd detypa avapopds ypnopomombnke to miacuidio pGBKT7-p53
Kot oG apvnTikd 1o otédeyog AH109.

INo vo eheyyBel m olniemidpoon «dbe evog tunuotog pe v hCINAP,
TPOYLOTOTOMONKE TAVTOXPOVOS HETACYNUATICNOG kGBe evOc omd avtd poall pe to
mAaopidlo pACTL-hCINAP, oto otéheyoc tov Qupopvknta AH109. Apyikd, ta Smhd
peTaoynUaticpéve, Kottapa peydAocav og ko péco emhoyng (SD/-Trp, -Leu), ywo
EMAOYN TOV KA®VOV TOV TEPLELYOV Kol TO. VO TAACUIO OVTIOTOLYO KOl GTY) GLVEYELD Ol
KA®VOL Tov avomtuydnkov petaeépnkay o tetpomAd péco emroyng (-QDO) ko petd
oo mAPodo 4 MUEPOV TPayUHOTOTOMONKE OvTidpaon PB-YOAOKTOGLOAONS, EVOEIKTIKN NG
LLETAYPOPIKNG EVEPYOTTOINGTG TOV YOVIdTioL EAEYYOL. AAANAenidpacm opioTnke 1 tkavoTnTo
TOV OUTAG PETACYNUATICUEVOV KADOVOV VO TopoLG1alovy av&otpoia 6To TETPATAd HEGO
EMAOYNG Kol TOVTOYPOVA Vo 0100VV BETIKT UTAE YPOUOTIKT 0ALOyT) TNV avTidopacn TG B-
YOAOKTOOWOAONG. XTN  OdlKacio aut] ZTpoypatomomdnkay mopdAinia OAa  Ta
OTTOPOATNTO TTEPALOTO OPVNTIKOD EAEYYOV.

Ta amoteléopato VTG TNG TEPALATIKNG O1001KAGTIAG, OTTMS POivovIol GTO XyMua
3.5, pavépwaoav 6Tt povo 0 cuvdLacOg Tov KapPoLutelkolh dkpov Ttwv 215 apuvolémv
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¢ coilin (C1: 362-576 aa) poli ue v minpn ariniovyiog e hCINAP ftav kavog va
eupavioet oAAnienidpaon, €ktdg amd Tov cvvovacud tov mAnpowv CDNA tov dvo
TPOTEIVAOV, TOL NTaV avapuevopevog (Betikdg éheyyog). Emopévmg, avadeiybnke o1t 1
ATOPOLTNTI TEPLOYN Y10 TNV GAANAETIOPAOT) T®V dVO TPMOTEIVAOV vTomileTal 0T TEAELTATN
215 kapPolutelkd koatdrowmo TG mpoTeivg coilin. Avtd amoteAel évo onuovIiko
amotéleopo ywoti €xet Mon deybel oe mpdopateg peréteg (PA. Ewcaywmyn) o6t tO
kapPBo&utelkd dxpo g coilin propei va emmpedlel ) cvykpdtnon tov copatdiov Cajal

KaBmg Kot Tov aptipd Toug ava Tupnva.

Interaction with full-length CINAP prey|
growth in B-gal assay
Coilin bait constructs quadruple selection
1 S76aa
Full-length [ ] + +
I 362aa
NI L | - -
1 290aa
N2 ] _ _
1 159aa
N3 [ - -
N4 1 92aa
362 576aa
Cl | | + +

Yyfqna 3.5: Xaptoypdenon g neproyns oAinienidpaong g coilin pe tqv hCINAP.

MéBodog tv dVo VPpLdiny ato {opopdknTa, e TAVTOXPOVO UETACYNUATIOUO 6T0 oTéAeyog AH109
tov TApovg CDNA g hCINAP, pe éva oo ta emuépovg tuniuato. g coilin (N1, N2, N3, N4 kot
C1) mov mopovstdfoviol GYNUATIKE GTO APIeTEPO TUNLO TOV OXNUATOC. AAANAETidpaoT opioTnke
N KOVOTNTO TOV SITAG HETOCYNUATICUEVOV KADVOV VO Topovctalovy av&otpodic 6To TETPUTAO

HEGO EMAOYNG Kot VoL divouv pmAe ypopotiky oAlayn oty avtidpacn B-gal.
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3.2.2.2 Xaptoypaonon e weproync arinieridpaonc e hCINAP ne tqv coilin

INoa tov eviomiopd g avtiotoyyng meproyng e hCINAP, 1 onoia givar avarykaio yio,
™mv oAAnAenidopaocn pe tnv coilin, mpaypoatorombnke 1 d Sadikacio OT®G Kot
nponyovuévms. Avth ) @opd ypnoiporomnke to mAnpeg CDNA ¢ mpwteivng coilin
KAovoromuévo otov mhooudakd @opéo PACT, kot didgopo tunuata thg hCINAP
(ITivaxag 3.3, Tapdaptnua), kiowvomomuéva otov miacpdokd eopéa pGBKT7. Ta
amotedéopato (Zynua 3.6) dev odnynoav oe OeTikd OMOTEAEGHO Y100 KOVEVO, OO TO
eMUEPOVG TUNHOTO Tapd udvo yia v TAnpn aAilniovyio e hCINAP. H gmioyn oto
TETPATAO PEGO NTAV apyNTiky, dnAdvovtag gite 0Tt 11 TANpNg aAiniovyia e hCINAP
givor amopaitnty yw v oAAnAemiopoon, gite 0tt o Swywpouds e hCINAP oto
OLYKEKPIUEVA Tl HEPOLG TUNOTA KaTAoTpeye Ta THavE emttdmia TG aAANAETidpaong 1

EMNPENCE LE ATOYOPEVTIKO TPOTO TN SEVTEPOTAUYN/TPITOTAYT OOUN TNG TPWOTEIVIG.

Interaction with coilin prey
growth in
quadruple selection p-gal assay
CINAP bait constructs
1 550 nt
Full-length | | + +
1 329 nt
N1 | | - -
121 329 nt
N2 | | -
330 530 nt
cr | | - -
204 550 nt
c2 | | - -

Yyqna 3.6: Xaptoypdonon g neproyns oiinieniopaong g hCINAP pe v coilin.

MéBodog twv dVo VPpLdiny ato LopopbknTa, e THVTOXPOVO UETACKNUOTIGHO oTo oTéheyog AH109
tov mApovg CDNA g coilin, pe éva amd to empépoug tpnpata e hCINAP mov mapoveialovon
OYNUOTIKG, OTO OPLOTEPG. TOL OYNUATOS. AAANAEmiOpaon OpioTnKE 1 KAVOTNTO TOV SITAL
LETACYNUATICUEVOY KADVOV Vo, Topovcldlovv avEotpopio 610 TETPUTAO HEGO ETIAOYNG KOl V.

divouv umhe ypouatikn adioyn oty avtidpaon B-gal.
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3.3 IIpoora0s10. ToVTOTOINoNC TPMOTEIVIKOV allniemdpdcemv tnc hCINAP

Xg 0T TNV TEPOUATIK €vOTNTO £ywve TPoomabeln, e£gHpecns KAvoUPLOV
TpOTEIVIKOV oAniemdpacemv ¢ hCINAP, ot omoiec amockomovoav otnv mapoyn
aEOTOTOV TANPOPOPLDV Y10, TIC AETTOUEPEIG KLTTAPIKES OL0OIKOGIES OTIC OToieC TOAVOV
va gvéyetal 1 hCINAP, mov glye o¢ andTtepo 6TOX0 TNV OTOCAPNVICT) TOV AEITOVPYIKOD
LOVOTOTION Kol TEPPAAAOVTOG GTO TAOIGLO TOV OTTOIOL dPAGTNPLOTOIEITOL.

H vAomoinon tov 6tdéyov awtov emnyepnOnke pe tn xpfion oo SpopeTIK®Y IN VIVO
TEYVIKOV: 0) TOL GLOTHUATOS TOV dV0 VPPOIMY 6T0 caKyapouvknta e cdpwon CDNA
BiprodnKkng ko B) pe ™ ovvlern texvikn SILAC (Stable Isotope Labeling of Amino acid

in Cell culture), oe cuvdvacud pe pacpatookomio nalag.

3.3.1 Awgpeivnon vémv arinremdpoodv tpoteivadv tne hCINAP ne to sbotnuo tov

000 VBpdi®V 6to Lvpopvknta ne cdpmon CONA Bifirodnknc

To cbomua tov 600 vPpwinv oto CQopopvknta ypnopomombnke, OmwS MOM
npoavapépOnke, kol avédeiEe v oAniemidpaocn peta&d TV TpOTEiVOV Ccoilin kot
hCINAP (Santama et al., 2005). To choTnUa AVTO YPNOUOTOMONKE ETIGNG KOl GE QVTH
TNV TEWPOUOTIKY  €VOTNTO, Yo TNV TPOoomifelr  €VPECNS VEOV  TPOTEIVIKOV
aAniemdpdoewv g hCINAP.

Amo 1o amotéheoua tov Tupatog 3.1, Tpoékvye 6Tt 10 petaypdenua thg hCINAP
omv Kuttopooelpd Hela ekeppaldtov oe vynAd emineda, Yo 10 AOY® avTd
npaypotonomnke cdpwon CDONA Biiodnkne xvttopocepdg tomov Hela. o v
emitevén TG GAPOONG Elvar avaykoio apyKa 1 ETAOYT] TOL KOTAAANAOD «OOAMUATOC) TNG
TpOTEIVNG (Umopel vo punv etvar €@kt 1 ypnoyonoinon oAokAnpov tov CDNA 1n¢
TPOTEIVNG), OOTE VO UMV ETAYEL TNV OVTOEVEPYOTOINGT] TOV YOVISI®V avapopds Kol vo

exppaletor 6to {upopdkmnra.

3.3.1.1 Kotooksv]  ovOoLVOVOOUEVOYV  TAUGUIOLOKMDV  QOPE®MV Kol £AEYYOC

LETAYPOUOIKN S AVTOEVEPYOTOINGNC

ApyIkd KATOOKELAGTNKE O AVOCLVOVACUEVOC TAaoudlakds eopéag PAS2-1-hCINAP,

otov omoio to mApeg CDNA 1t hCINAP xAovomomOnke petd omd vVOuKAEOALTIKY

ddomaon tov Thacpdiov pGEX-4T-1-hCINAP, pe ta nepropiotikd évivpo EcCoRI-Sall.
Metaoynpatiopévolr pe autdv KAOVOL €EETACTNKAY Y10, OVTOEVEPYOTOinon TV 3

yovidiov avagopds: HIS3, ADE2 kaw LACZ (MEL1). Z& avtf v mepintmon ot KAdvol
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dev Ba émpeme vo mopovcstdlovy avEoTpoPios oTo EMAEKTIKG OpemTiKd péca, oVTE va
enpaviCouv pmle ypoOUO HE TPOYHOTOTOINGCT TEWPANOTOS P-yoAaktootddong (yovidlo
avagopdg), e&attiag Tov yeyovotog 6Tt eivar mapovoa povo n meproyn GAL4A-DBD n omoia
o¢ Ba €npeme va emdyel amd POV TS Ta yoviola avapopds. O éeyyog avtodg avédelte Ot
TO TAOGUIO0 aVTO OLOTLYMDG EVEPYOTOLOVGE TNV LETAYPAPIKY| dpactnpiotnta tov GAL4S
(aw&otpopia Kot evepyomoinomn tov lacZ yovidiov).

Me Baon v Biproypaeio (Ruden et al., 1991), avtd umopei va cvuPaivel Adyo g
Omapéng otV aAAnAovyio TG TPOTEIVNG LG TEPLOYNG EVEPYOTTOINGNG 1| OGS TEPLOYNG LE
peydAo aplBud apvnTikd QOPTICUEVOV OUIVOEEMY TTOL £Y0VV OC OTOTEAECHUN TNV
avtogvepyomoinon g GAL4. Emopévog kpibnke avoykaiog o eviomopds piag tétoln
TEPLOYNG KOl SypaPng NG, MOTE Vo pmopel va ypnopomombel avty 1 mpoteivn Yo
cbpwon CDNA Biiobnkng.

o 10 okomd aVTO, KATAGKEVACTNKOV OAPOPOL OVOGUVOLAGUEVOL TAUGONKOT
Qopeic mov Tmepteiyav KAmvoOmomuéVo dapopeTikd tunua g mpwteivig hCINAP,
ovyywvevpévo pe v meployn BD. Ta ) onuiovpyia tov dGeopov TUNUAT®OV TG
hCINAP, ypnowomomOnke gite n TeYVIKN NG OAVCIOMTAG OVTIOPAONS TOAVUEPACTG
(PCR) pe ypnon katdriniov oAtyovovkieotidiov (IMivakag 2.11) mov épepav ota dkpa
TOVG €OIKES BEGELG avayvdPIoNg KATAAANA®V TEPLOPIOTIKOV VEDUOV KOl OC UNTPO TO
macpidto pAS2-1-hCINAP, eite pe €vdovoukAeoAlvTiKny 01A67TAGT TOV TANGUISIAKOD
eopéa PAS2-1-hCINAP pe t ypnomn tov meproptotikov evivpov Xhol, faoel Tov omoiov
dnuovpynnkav dvo emuépovg tunpata tg hCINAP: 1-120 nt kot 120-550 nt. Ta
TULOTO TTOV TPOEKLY OV KAMVOTOM|O1KOV GT1 GLVEYELD GTOV TAACLIOIKO Qopéa PAS2-1.

Ot avacLVOLAGHEVOL TAAGLUOIKOT POPELG TOV TPOEKLYAY, LETACYNUATIOTNKOY KOl
miA  oto otéieyog tov Copopvknto AHI09 wor  efetdommkov kol mAAL Yo
avtogvepyomoinon tov yovidiov avagopds (Ilivaxa 3.4, Mapdaptnua). O éheyyog avédeite
o6t Oha to tunupata tng mpoteivinig hCINAP avtoevepyomowoboov kot moAL nv
petaypa@ikn dpactnprotnta tov GAL4 (avw&otpoeia kat evepyomoinom tov lacZ yovidiov)
Kot kpidnke avaykaio n gpron GAlov mAacudlakod eopéa, tov PGBKT7, otov omoio
KAwvomomOnkav e evOovoukAEoALTIKY O1domact ta dtdpopa Tunqpata g hCINAP. Ot
LETAGYNUOTIGUEVOL KAMVOL €AEXONGOV KOl TTAAL Y10 OUTOEVEPYOTOINGT TWV YOVIdi®V
avVOoQOPAS Kot 00 TO AmOTEAEGO TPOEKLYE OTL OAa Ta empuépovg tuquato g hCINAP
gvepyomolovoay Kot mOA to yovido avagopds LACZ, odAd Oyt ko ta yovidw
avéotpopiag (ITivaxka 3.4, Tlopdaptnua), eved oidoxinpo 10 CDNA g hCINAP

OLTOEVEPYOTOLOVGE OAOL TO. YOVISLOL AVALPOPAG.
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Ot petooynUOTIcHEVOL KAMVOL LEAETHONKOY ETIONG Y100 TNV EKQPOCT] TOV EMUEPOVG
TUNUATOV NG TPOTEIVNG Kol OT®MG QoiveTor amd 1o Xynua 3.7 ANQOnNKav pUmdvies 6To
avapevopevo péyebog ot mepintwon g mAnpovg mpoteivng (40 KDa) kot oto tunpa g
hCINAP mov avtiotoryovoe oto 204-550nt (32,6 KDa) (Béhoc), kabd¢ emiong Kot yio To
Oetikd oelypa. Aoaupdvoviag vrdym avtd To OTOTEAECUOTO KOl TO OTOTEAEGLOTO TOV
eAEYYOL avTogPYOTOiNoTG, amopacicOnke Onmg ypnotponombei to Tlaouidto pGBKT7-
hCINAP [204-550nt] mg «d6Ampay, yuo tn capoon s CDONA BifAiodbnknc.

hCINAP

525——

34.9—
25:9— |

Yympe 3.7: Mpotsiviki ékgpact tTov dtagopov Tunpatov s hCINAP oto otéleyog
cokyapopvknte AH109. Xt0 avtopadoypaenua katd Western gaivovtal to didpopa
TpOTEIVIKA detypata tov tunudtov ™mc hCINAP cvyyovevuéva pe to GAL4A-DNA-BD
(16 kDa), 1o Betikod deiypo (PGBKT7-p53) kot to apvntikd detypo (AH109). Me Bélog
eaiverar n ékppaon tov mAnpovg CONA g hCINAP, kabohg kot tov tpunpatog 204-550 nt
(pGBKT7-hCINAP[204-550nt]) mov emkéynke yio capwon g CONA Bifiobnkng.
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3.3.1.2 Xapmwon cDNA Bipriodnkng

O avacvvovoouévog mhlaopdikog  eopéag  PGBKT7-hCINAP  [204-550nt],
petaoynuotiotke oto otéheyoc AH109 (MATa). To otéheyog avtd dabétel 3 yovidia
avaeopdg ereyyouevav and v UAS: tov HIS3 kair ADE2, mov divouv ) dvuvatdtnta ota
KOTTOPO VO LEYOADVOLV GE EMAEKTIKO OpEMTIKO VAKO atd TO 0T0i0 0movctale T0 aputvo&d
woTdivy kot M alwtovyog Pacn adevivn avtiotoyo, kot tov MELI ( lacZ) mov
KooKomotel v B-yolaktooiddon, mapovsia ¢ omoiog 1o vroéotpope X-gal yiveto
UTAE.

Axolovbwg mpaypatomomOnKe GLVOMKN GAPMON TPOTEIVAOV UE TN (PN OLUOTOINOoN
cDNA Biprodnkne omd kottapa HeLa (Clontech), n omoia ftov 1N petacynuatiopévn
oto otéheyos Y187 (MATa), mov amokdAvye aptud mhoavdv oaAANAETdpACEDY TG
npoteivng hCINAP (ITivaxag 3.5).

[Tio avaivtikd, m owdwkocio eEedlyOnke ©¢ axoloVBwG: mpaypotomomOnke
Cevydpopa oe vypn koAhépyswn tov otedéyovg AHL09 (MATa) mov e&ixe Mon
EVOOUOTOUEVO TOV TAAGIOIOKO Qopéa pe TV Vo perétn mpoteivn, pPGBKT7-hCINAP
(204-550nt), pe 10 otéheyog Y187 (MATa) oto omoio PBplokotov UETOCYNUATIGUEVT
cDNA Biprobnkn amd kodttapa tomov HeLa. H xodlépysia otpmbnke o tpuPAiio pe
teTpanmho emhektikd péco -QDO (SD/-Trp/-Leu/-His/-Ade) kot to. tpuPrio etmaotnKoy
v 2 Boopadec otovg 30 °C, yia emhoyn Tov OeTikdv KAGVoV Tov e€ppalav ta yovidia
avagopds HIS3 xkar ADE2. Ot «kovor avtoi, 700 oto ocbOvolo, peta@épbnkav oe
Kkawvovpya TpuPAiio —QDO, apBunnkav kot vrofindnkav ce pio d1dTKAGIo GTASIOKOD
YOPOKTNPIGHOV (Zymua 3.8).

Eneon 1o xottopo coxyopopdknta £(ovv TNV KovoTnTe vo. AapBAavovuy Kotd To
HETOCYNUOTICUO TOVG €va 1) TEPIOCOTEPO TAAGUIOW NTAV OTAPOITITO TO GTPAOGULO TMOV
Betikdv KAdvov oe Opentikd péco SD/-leu/-trp tovddyioto 3 @opéc, étol dote Vo
amopakpuvOoLV TVYOV emmAéov TAAGUId TpoepyoOpeva and v BiAodrkn, Ta onoia o
SVOKOAELOY TNV TEPAITEP® OVOAVLGT. ZTN GLUVEXEWL Ol gvamopeivavteg KAwvor (595)
oTpobnkav og Opentikd péoco -QDO ko vroPAndnkav ce aviidpaon B-YoAaKTOGIOAGNC
v v, BpeBodv o1 KAOVOL anToi Tov EVEPYOTOL0VGOV Kot TO TPITO YOVIS0 avapopds, EKTOC
amd v avéotpoia, lacZ, yuo va amoxieictovv ot yevdmg Betikoi kKhdvol. H avtidpaon
avtn mpayuatomombnke eni @idtpov, otn mapovsia Tov vrootpduatog X-gal to omoio
dwomdTon amd T P-yohaKTOGIOA0T, 0IVOVTOG UTAE YPMUATIKY OAAOYY.

Axoro0Bwg, amd kdbe BeTikd KAOVO amopovobnke to piypo tov 600 TAacudiov:
pGBKT7-hCINAP (204-550nt) ka1 pPGADT7-Rec-cDNA BiAodrkng, Kot yio emloyn ko

ATOHOV®ST UOVO Tov TAAGHSToL ™G PPAoONKNG, TpaypoaTomomOnke HeTAoYNUATIGHOG

- 151 -



TOV piypotog tov 000 mhaocudiov oe dektikd Poktipia E. coli DH5a, 1o omoia
avanmtOyOnkay o€ emAEKTIKO Opentikd péco mov meptlelye apmkiAdivn. H emioyn avt
ntav Katopbwt) ywri povo o mroaoudokds eopéag PGADT7-Rec ¢épel yovidio mov
TPoGoidel avtioTaon 610 avTBloTikd avtd, evd 0 TAAcUdKOG popeac PGBKT7 gépet
yovidlo mov mpocdidel avrtiotaon oto oavtiflotikd Kavapvkiviy. Ot kKAdvol wov
avantoyOnkay, peydiwcov oe vypod Opentikd péco ko 1o DNA 100 KdBe KAmdvov
ATTOLLOVOONKE Y10 TEPULTEP® AVAALON.

Endpevo Ppa ftov o amokAEIGHOC TV Yeudmg OeTIKOV KAOV®OV Kol 0T £yve
KaTopO®TO UE TO UETACYNUATIOUO TOV KAOE amopovopévoy TAacUdon g PiAtodnkng
Eexmprotd oto otéAeyog Tov {upopdknta AH109 kot énerta ovlevén Tov e TO GTEAEYOG
Y187 mov mepieiye eite 1o mhacpidio pGBKT7-hCINAP (204-550nt), ite to mloouioo
pPGBKT7-p53 (cvyywvevopévn n mpoteivn pS3) to omoio ypnopomomdnke g EAeyyog yia
ATOPPLYT TV U1 TPOYLATIKOV OAANAETOPACEDV.

Or kaAMépyeteg g ovlevéng otpodnkav ce tpuPiia pe Opentikd vikd —QDO.
Oetikoi KAdVol BempnOnkayv povo avtoi ot KAmvot g PifAiodnkng mov avarntoccovtay 6’
aUTO TO EMAEKTIKO HEGO OTNV Tapovsio. povo g vPpdwkng mpoteivnig GAL4-DBD-
hCINAP kot oyt omv moapovoioa ¢ GAL4-DBD-p53, xabohg emiong mapovciolov
evepydtnta B-yohoktootddons. X1o téAo¢ avtrg g dwdwkaciog mapéuevay 52 0eTikoi
KAQVOL, 01 07T0{01 £TVLYOV TEPAUTEP® OVAALGTG.

Ot Betikol kKAdVOL katnyoplomoOnkav o€ opdodeg pe Paon To YOPOKINPIGTIKA
TPOTLTIOL TOL ANEONKOV Ge TNKTORA ayapdlng (Zxmua 3.9), petd and morrlamlocacud
TV Oetikddv CDNAS g B1Aodnkng pe alvcidmt avtidpacn moivpepdons (PCR) kot pe
VOUKAEOTIOWKY Oldomacn TV 7wpoidviov TG avtidpaong upe to  évlopo  Alul.
Avtimpooonevtikd CDONA ond kéBe opdda vrofAndnkav oe ahAniovynon.

AvtimopafoAn ™G mpokvITOvcHS GAANAovYiag pe TIG OBEoIUES NAEKTPOVIKEG
Bdoeigc Novkdeotidikddv AAANAOLYIDV 001 yNGE GTNV TOVTOTOINGoN NG UETAPPALOUEVNS

npoteivng oe kdBe mepintoon (Tlivaxag 3.5).
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20Cevén kuttapov Qopopdknta AH109 kot Y187, mov
meplEyovv avtiotorya to mAaouido pe to CDNA g
CINAP kot cDNA and Hela Bifiodnkn

|

Eniotpoon kolépysiag o tetpanid péoo (SD/-Trp/-Leu/-His/-Ade) yio emidoyn tov kKAOV®V
nov ekepalovv ta yovidia avapopds His3 ko Ade2
Ap1Opég khodvov: 700

!

Metagopd (3 @opég) tOv KAOVOV ovtdv oe dwmAd emdextikd péco (SD/-Trp-/Leu) yio

OTTOULAKPUVOT) EMMAEOV EVOOUATOUEVOV TAOCHOI®V (Tépa and éva) omd v CONA Biprobnkn.

Metapopd Tov KAOVOV E0va GE TETPATAO PEGO, VYPES KOAMEPYELES Kol GUANEN YAVKEPOA®V
ApOpdg Khovov: 595

|

Avtidpacn evepyontog B-yoAaKToGIdA0NG Y100 EDPECT TOV KADVMV OV EVEPYOTOLOVV TO YOVidlo
avoeopdg lacZ

AprOpég khodvov: 286

!

Amopdvoon piypotog mhacpdiov (BD-CINAP, AD-library) and kdfe kidvo
ApOpog Thaopdiov: 286

|

Metaoynuotiopog piypatog mhocudiov o E.coli, emloyn kot amopdvaorn povo tov miacudiov
OV TPOEPYETAL 0o TV PLAtob1 KN
ApOpég Thacsmodiov: 278

'

Metaoynuotiopos tov kabe mhacpdiov g Piprobnkng oto otéleyxog Tov Copopvknto AH109
ApOpog mhaopdiov: 275

|

Ebdpeon aAnbog Oetikdv kKAOvov pe c0levén ToV HETOCKNUATICUEVOV KUTTAPOV LE TO TAACLLIdLO
BD-CINAP ko1 BD-p53

Ap1Opég Thaosmdiov: 52

!

Avtidpaocn PCR kot Alul gvdovovkieoivtiky didomaocn kot ta&vopnon
TOV TAUCHSI®V 0 OUASES

AMnrovynon 47 Thacmdicov g CONA Biriobnkng

Yympo 3.8: Zynpotikny mopeio TS GUVOMKNG TOPEINS KOl TV UTOTEAECHATOV TS pEBOGOOV

TV 800 vpprdioyv 6to Lopopvknroe (Yeast Two-Hybrid System).
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610 72 168 18 67 5 23 24 54 546 649 257 259 505 135

26 298 478 19 33 36 7 38 61 271 6 571 679 486 21 507 572
100bp | [ [ ] T [ [ [ 1Kb ] | ] | [ ] ] 100bp

Tyqpra 3.9: Awyopwopiég 6g miktope ayopolng tov mpoioviov g PCR tov Ostikdv

KLOVOV Kol TOV 0pavcpdTov avtdv, 100 TPoiKoyay pe voukisoTidiki dwdcsmaon Alul.
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TABLE

CLONE IDENTITY BASIC FUNCTION ACCESSION
NUMBER NUMBER
4,18 Member RAS oncogene family (RAB1B) Small GTPase, involved in transfer from ER to Golgi. NM_030981.1
7 Choroideremia-like (Rab assort protein2) Rab protein geranylgeranyltransferase activity, GTPase activator | NM_001821.2
activity, Rab escort protein activity.
14, 20, 33, 36 HCLS1 associated protein X-1 (HAX1), transcript | Associates with hsl, may function in promoting cell survival and may | NM_006118.3
variant 1 associate with cortactin/emsl.
HAX-1 is RNA binding protein, which suggests new role in mRNA
translation and/or perinuclear localization (3' untranslated region of
human vimentin mRNA interacts with protein complexes containing
eEF-1gamma and HAX1).
21 Coatomer protein complex subunit beta (COPB) Golgi coatomer complex, component of the coat of the non clathrin- | NM_016451.3
coated vesicle, involved in regulation membrane trafficking.
24 Eukaryotic translation elongation factor 1 alpha 1 | Responsible for GTP-dependant binding of aminoacyl-tRNAs to | NM_001402.5
(EEF1A1) ribosomes.
54 Ribosomal protein S4 X-linked (RPS4X) RNA binding, protein biosynthesis NM_001007.3
66 Amyloid beta (A4) precursor protein-binding, family A, Oxidoreductase activity, protein binding, calcium ion binding, | NM_031232.2
member 2 binding protein (APBA2BP), regulation of amyloid precursor.
transcript variant 1 and transcript variant 2
67 Proteasome (prosome, macropain) subunit beta type 9 Involved in the degradation of cytoplasmic antigens for MHC class | | CR541656.1

(large multifunctional protease 2)

antigen presentation pathways (in an ATP/ ubiquitin-dependent non-
lysosomal proteolytic pathway).
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168 LanC lantibiotic sythetase component C-like 1 | G-protein coupled receptor activity/ signalling pathway. May play a | NM_006055.1
(bacterial) (LANCL1) role as a peptide-modifying enzyme component.
117 Coenzyme Q9 homolog (S. cerevisiae) Hypothetical protein LOC57017 NM_020312.1
Protein alignment: Ubiquinone biosynthesis protein  COQJ9,
mitochondrial precursor.
Uncharacterized conserved protein (Function unknown).
259 ACN9 homolog (S. cerevisiae) Acn9 is a novel protein of gluconeogenesis that is located in the BC028409.1
mitochondrial intermembrane space.
73 Egl nine homolog 2 (C.elegans) (EGLNZ2), Regulator of hypoxia inducible factor HIF, alpha-1 subunit by hydro- | NM_080732.1
transcript variant 1 and 3 xyprenylation and targeting it to proteasome degradation, contributing | NM_053046.2
in a non-redundant manner to the regulation of both HIF-1 alpha and
HIF-2 alpha subunits
478 NODAL modulator 3 (NOMO3) Part of a protein complex that participates in the Nodal signaling | NM_001004067.1
NODAL modulator 2 (NOMO?2), transcript variant 2 pathway during vertebrate development. May antagonize nodal | NM_173614.2
signalling (by similarity).
298 Major histocompatibility complex, class I, B Involved in the presentation of foreign antigens to the immune system. | BC013187.1
528 Major histocompatibility complex, class I, C Involved in the presentation of foreign antigens to the immune system. BC002463.1
271 Beta actin Involved in cell motility, structure and integrity. AK223055.1
257 Ferritin, light polypeptide Storage of iron in soluble and non-toxic state. BC016346.1
546 Ancient ubiquitous protein 1 (AUP1) Unknown function NM_181575.3
5,135 Electron-transfer-flavoprotein alpha polypeptide Auxiliary transport protein activity NM_000126.2
(glutaric aciduria Il) (ETFA)
507 DAZ associated protein 2 (DAZAP2) RNA-binding protein with 2 RNP motifs. Interact with germ-cell- | NM_014764.2

specific RNA-binding proteins DAZ (cell differentiation, fertilization,
spermatogenesis) and DAZL1 (regulation of translation).
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72 Golgi reassemble stacking protein 2 (GORASP2) May be involved in assembly and membrane stacking of the Golgi | NM_015530.3
cisternae, and in the process by which Golgi stacks reform after mitotic
breakdown.
8 Disulfide isomerase family A, member 6 (PDIAG) Electron transport activity, isomerase activity, protein disulfide | NM_005742.2
isomerase activity.
195, 529 Intestinal alkaline phosphatase (ALPI) Alkaline phosphatase activity, hydrolase activity, magnesium ion | HUMALPI
binding
68 Glyceroldehyde-3-phosphate dehydrogenase (GAPDH) NAD binding, phosphorylating activity, oxidoreductase activity. | NM_002046
Displays multiple activities, independent of its role in energy
generation. This functional diversity is dependent on its membrane,
cytoplasmic or nuclear localization.
229 Carbamoy 1-phosphate synthetase 1, mitochondrial Involved in the urea cycle where the enzyme plays an important role in | NM_001875.2
(CPS1) removing excess ammonia from the cell.
493 1-acylglycerol-3-phosphate O- acyltransferase 7 Acyltransferase activity, calcium ion binding NM_153613.2
(lysophosphatidic acid acyltransferase, eta) (AGPAT7)
505 Procollagen-lysine 1, oxoglutarate 5-dioxygenase 1 | Forms hydroxylysine residues in -xaa-lys-gly- sequences in collagens, | NM_000302.2
(PLOD1) essential for the stability of the intermolecular collagen crosslinks.
649 Ornithine decarboxylase antizymel (OAZ1) Ornithine decarboxylase inhibitor activity NM_004152.2
38 Hypothetical protein FLJ20628 Protein alignment: Chain B, Human putative Trna [1-methyladenosine | NM_017910.2
methyltransferase] (334/334 aa).
244 Parvin alpha (PARVA) May regulate reorganization of the actin cytoskeleton in cell division. NM_018222.2

Mivaxag 3.5: Mporteiveg mov Ppédnkav va ariniemopovv pe ™) npoteivi) hCINAP pe 10 odomqpa tov 6vo vpproiov oto Copopvknte. Me umie ypopo

eaivovtal ol Tpwteiveg mov BempnOnkov mo onuoviikég pe Paon v Asrtovpyia (6nwg e&dyOnke and v PifAoypagpio) Kol TOV €VOOKVLTTAPIO EVIOTIGUO

(TUPNVOTANCUATIKOG) Y10 TEPALTEP® PEAETT).
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3.3.2 Aigpediviion mBavav arlinlemdpdoemv tne hCINAP

3.3.2.1 Awgpeivnon tov oriniemdpaccov tme hCINAP mov mpoikvwav amd 10

cUGTNUO TOV 0V0 VBPLOi®V 6to Lopopdknto

Metd 1 ovotpatikn cdpwon e cDNA Bipiodnine kuttapoocepds Hela, mov
devepyndnke, tovtomomOnie Evag aplipnodg oTOX®V TOL POIVETOL VO AAANAETIOPOVV pE TNV
hCINAP (TTivaxog 3.5). £t0 katdAoyo avtod, dev eppaviiOToV Koo yVmoT TPMTEIVY TOL
EUMAEKETOL 6TO AgLTOVPYIKO povomdtt tng coilin | tov CBs, 6mwg avaupevotav. Emmiéov,
wapoatnpeitar N VTOPEN OPKETOV TPOTEIVAOV, TOL O EVOOKLTTAPIOS EVTOMIGUOC TOVG LLE
Baon v Piproypaeic, TapovcldleTor 68 GLYKEKPIUEVE OPYOVidlo TOL KLTTAPOL OTMG
Htoyovopta, evoomhaouatiko diktvo Kot cuckevn Golgi 1 6 Guykekpéveg TEPLOYES TOV
KUTTOPOL OTMG KLTTOPOTAOCLLO KOl TAAGHATIKY] HeUPpavn. O evOOKVTTAPLOG EVIOTIGHOG
AVTAOV TOV TPOTEVAOV MG EK TOVTOV, 0V TATILETOL L VTOV TTOL TOPOVGLALEL 1) TPWTEIVNY
hCINAP, 1 omoia. mapovoidletal didyvtn ot0 TUPNVOTAAGHE Kol ®C 0LToL Kpifnke
anifavo va aAAnAemdpovv. T[ToArég and avtég Tig mpwteiveg, mapovstalovv Asttovpyia
evOOL®V OV KOTOADOVY GUYKEKPUULEVES OVTIOPACELS.

To yeyovog ovtd umopel va pnv eivar toyoio. Q¢ yvmwotd, n mpwteiv hCINAP
KOTOTOYTNKE GTNV OKOYEVELD TOV 0OEVOMKAOV Kivacov (AKS) Adym g opoldtnrag otnv
aAAniovyia kat T doun mov mapovoldlel (Ren et al., 2005). MéAn g owkoyévelng TV
AKS &youvv evdokvttdplo Kotavoun eite oto pitoydvola, €ite oto kuttapoémAacuo (BA.
Ewoayonyn) kot cvvoamopovévovtor kot mbovedg va mapovctdlovv aAiniemidpaon pe
moALa yhvkoAvtikad évivua (Dzeja et al., 1985, Gellerich, 1992) 1 alAniemidpodv dueco
ue ToALd évlvpa tov cvpmiéypatoc e ANTP cuvBdong (Kim et al., 2005).

Avlaueca oe  ovTODg TOVG TPOTEIVIKODG OTOYOLS, Kpidnkav ¢ 1dwitepa
evolapépovieg, 10  &évlopo  agudopoyovdon TG 3-0oc@opiknc-D-yAvkeptvaridehiong
(GAPDH) «xot n mpolvA-vdpo&urdon PHDI. Ot Vo avtég mpwteiveg mapovctdlovy
TUPNVIKN €VOOKVLTTAPLA KoTavoun, mov cvpgovel pe avty g hCINAP kot emumiéov
dwdpopotiCovy onuavTiKEG Asttovpyieg otov mopnvae kot o Mrav evdeépov va
ueremBei kotd méco N hCINAP gumiéxetan og avtés. To GAPDH to televtaia ypovia
&xel avadeyel og €va moAv-Aettovpykd poplo otov mupnva AAUPAVoOvToc HEPOS GE
ddkaciec 6mmwg n mupnvikny eEaywyn tov RNA, 1 aviypaen kot emidiopBmon tov DNA,
N evioyuon ™G YOVISIOKNG £KQPacNG, N oykoyéveon kot 1 amomtmon (Sirover, 1999),
emmpocheTa amd TN YVOOT TOL Opdon kotd T yAvkdivon. H PHDI1, eivar por tpoAdA-
vdpo&uAdon mov Agrtovpyel vOpoSLVAMdVOVTAG TOV peTOYpaPlkd mopdyovia HIF-1a og

Kavoviky] ocvykévipoorn o&vyovov (20% O,) mpowbdvtag v ovPikitidioon kot v
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oTOYELON TOL OT0 TpwTedomua mpo¢ omotkodounon (Pugh and Ratcliffe, 2003).
Avtifétmg, kdtw amd cuvinkes yaunAng ovykévipwons ovydévov (1% O, vmoéia), M
PHDI elvar onuavtikd avevepyn, odnywvtag oty otabepornoinon tov HIF-1a, o omoiog
emdryel TNV gvepyomnoinom nepimov 60 yovidiov (Fedele et al., 2002).

Onwg mpooavaeépbnke, n uébodog twv 600 vPpWiwv, dev exkhapuPdaveTonr g
adlapeIoPn TN amodelln g aAAnAemiopaong Hetald VO TPOTEIVOV, Kol £TIGL NTOV
avaykaic 1  depgovnon kouw n  emPefaiowon g aAAniemiopaong pHe  GANEG
CVUTANPOUOTIKES, aveEdptntec HeBOdoVG, ot omoleg Bo evioyvav 10 €Opnua NG
oAMnAenidopaong. T 10 okomd ovtd mpaypotomombnkov 000  TOPAAANAES,
CUUTANPOUATIKEG TPOGEYYIGEIS: @) Proynpuikd mepdpota cvv-enihoyng (co-selection) in
vitro kot B) cvv-avocokoatafv0ion (co-immunoprecipitation).

H péBodog g ovv-emdoyng, n omoio Pacileton oTic apyés g YPOUATOYPAPIoS
ovyyévelag. Q¢ mpdTo Pripa, fTav 1 kKhovomomon tov TApovs cDNA mov kwdikomolovoe
™V KaBe «ev ovvapey aAiniemdpaca mpoteivy, PHD1 kot GAPDH, ce xoatdAAniovg
TAUGUIOIOKOVG POPELG, Ol 0TTOlol TEPLETYOV YOVIOLL Y10 LETAPPAOT) TOV EMITOTIMOV EITE TNG
Tpaveeepdong g S-yhovtadeiovng (GST) [pGEX-4T-1 (Amersham Pharmacia)], gite g
ega-totdivng  (Hisg) [pHAT, «ow PpRSETam, (Invitrogen)]. To «abe CcDNA
noAlamAacidotnke pe v teyvikn s PCR pe ™ ypnon MRNA and kvttapocepd Hela
Kol KoTdAANAo ekkivnTikd oAryovovkieotiowa (ITivaxag 2.11).

‘Eneirta, mpaypotomomOnke peAétn g Ekepoong kKot NG OALTOTNTAS T®V
avVOoLVOLOCUEVOY TPOTEIVOY ota Poktipie BL21(DE3)-pLysS kow BL21-codonplus
(DE3)-RIL, pe xprion cvvdvacpov mapapétpov (cuykévipoon IPTG: 0.05 mM kot 1 mM,
xpovoc: 3 h, 5 h xou 16 h), yio v gdpeon tov Wbavikdtepov cvovOnkov. Hoapdiinia
ypnoporomOnkay apvntikd detypata eAéyyov (mAacudlokol eopeig ywpic EvBepa) v
TOV EAEYYO TNG EYKVPOTNTAG TV OTOTEAEGLATOV.

Ta enineda EKPpaoNg Kot T0 T0G0GTH d10ALTOTNTOS TG KAOE VO PEAETN TPWTEIVNC,
eréybncav pe miektpoedpnon oe mkTopo  moAvakpviouidng (SDS-PAGE) ko
avocoumoTuTtong kKotd Western pe e101kd aviicopoto EVovTL TV DITO-UEAET TPOTEIVAOV
(2.4).

Ytovug Ilivakeg 3.6 ko 3.7 mopatiBevior ot cuvOnkeg mov dokipdotnKay Yo Kéoe
TAOCUIO0 OV YpMolonTomOnke, avtictoya ywoo v wpwteivip EGLN2 ko GAPDH,
KaBmG emiong Kot T0 KAADTEPO AMOTEAEGIO TTOV TPOEKLYE GYETIKA LE TNV EKQPOOT KoL TO
TOGOGTO SLOAVTOTNTOG TNG KAOE VIO peAétn TpwTeivng. o v mpwteiv EGLN2 kpibnke
KotoAAnAotepo 10 mhoouidio PGEX-4T-1 oto Paxtnpiaxd otérexog BL21-codonplus
(DEJ)-RIL, ev®d ywo v mpwteiviy GAPDH 10 mAaopidto pGEX-4T-1 oto Paktnplokd
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otéleyog BL21(DE3)-pLysS. Kot otTig 600 aVTEC TEPUTTMOEIS, Ol KATUAANAOTEPES
ouvOnkeg mpoékvyay and exaymyn g Ekppaong pe IPTG og tehikn cvykévipoon 1 mM
KOl GLAAOYN TOV detypdtmv petd omd 6 h yio tnv EGLN2 xon 18 h yio to GAPDH. T'a v
npwteivi) hCINAP ftav o1 yvootd 0t ekppolotav o€ YynAd eninedo kuping oe dlaAvtn
nope1 oto mAacuidio PRSETg oto Paxtmplakd otédeyog BL21(DE3)-pLysS, e emaywyn
g ékeppaong pe IPTG og telikn ovykévipwon 1 MM kot cuAlhoyn TV detypdTov petd
and 3 h.

"o v diepedvnon e aArnienidpacng e hCINAP pe tqv EGLN2 kot avtictotrya
ue v GAPDH, AbOnkav deiypota tov avacvvdovacuévov tpoteivov 6XHis-hCINAP,
GST-EGLN2 xor GST-GAPDH, xofmg ko tov mAacpdiov pGEX-4T-1 g delypa
apVNTIKOD EAEYYOV. APYLKE TO TPOTEIVIKO AVO TG avacvvovacuévng tpoteivig hCINAP
yopiomke oe 3 wwomoca PéPN Kol ot cvvéxewn o€ kabéva amd avtd mpootédnke to
npoteivikd Apa tov GST-EGLN2, GST-GAPDH xotv GST (am6 pGEX-4T-1) xou
akolovOnoe enmoomn Y 1 h otovg 4 °C, éto1 dote av o1 TpwTeiveg oA AeTdpovGav Vo
dnuovpyncovv cvumioko. Eneita 6to pelypo Tov Ipoteivav tpostédnikay oceaipioa mov
£pepav aKwvnTomomuévn yrovtabeidvn kot enmdotnkay ywo okoua 1 h otovg 4 °C.

To KaG0e detypa yopiotnke oe 600 1GOTOCH PEPT KO OPTOONKE GE dVO TNKTONOTA
aKpLAadiov mov mMAekTpoopNOnKav. Xtnv avocoomotimwon kotd Western mov
akoAovOnoe ypnotporomndnke ot pio pepPpdvn to avricopa Evavtt tng hCINAP kot 6t
devtepn pepPpdvn to aviicopa évoavtt g EGLN2 v g GAPDH (10 oynua o¢
nopotibetar). And to anotélecpo mposkvye 0t 1 Tpwteivi 6XHis-hCINAP gpeovifotav
OTO OLTOPASIOYPAPNLA EKTOC amd Ta delypata pe ta ceapidia mov mepietyav v GST-
EGLN2 xor GST-GAPDH kot oto delypo pe ta o@aipidia mov mepielye 1o mAacUido
PGEX-4T-1, 10 omoio A€lTovpyoVsE MG APVNTIKO JEIYIO OVOPOPAS, Le akpPdg v oo
évtaorn. Xuvvendg pe TN pebBodoroyia ovt) dev Mrav dvvar) 1M emiPefaioon g

aAAAentidpaonc.
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MMAaopioro X1éley og Tehun Xpovog AwAvtoTnTa Avooo-
E. coli cvykévipoon | Emoayoyng SDS-PAGE aTOTOT(OGN)
IPTG (mM) (h) Awlvti] | AdwgAvtn "
(%) (%) Western
BL21(DE3)- 1 4 Aokputn pmavto 60 40 Oetikd onua
pLysS 18 Awkpit pmavra, 100 0
PGEX-4T-1 | BL21-codonplus 1 6 "Evtovn Slokpiti| pmvol 50 50 "Evtovo etikd
(DE3)-RIL 18 "Evtovn daxpiti umavta 50 50 onpa
BL21(DE3)- 1 4 Ayvi| pmdvto 0 100 Mn feTikd
pLysS 18 Awokpimi pmdvta 50 50 onpa
PRAT, BL21-codonplus 1 6 Alokpit) pumavto 80 20 OeTkd oNpa
(DE3)-RIL 18 "Evtovn Stokpity) umdvto, 80 20
BL21(DE3)- 1 4 Alokpit) pumavto 0 100 /
pLysS 18 Mn Swokpith pmdvro / /
PRSETs BL21-codonplus 0.05 5 Mn Socpity pmvta / / AcOevég OeTikd
(DE3)-RIL 18 Aoty umévTo 80 20 onuo;

Hivoxag 3.6: XovonTIKOG TIVOKOG GUVOVUCTIKOV TOPUUETPOV EKPPUCTS KUl SLHAVTOTNTAS TG avacvvovaopuévng npmteiviig EGLN2 ota tpio mhaopidrw

K0l 670 000 Baktiprokd cteléyn mov ypnoipomotidnkay. Ot KaAbTEPEC GLVONKEG EKEPUCTC KOl SIHAVTOTNTAG TTOV EMTELYON KAV Qaivovtal pe Ykpilo ypdLaL.
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Xpovog Avoco-
Mlaopiowo Yréleyog Tehuai Erayoynic AwlvtétnTo 0mOTUTOOT)
OVYKEVTPMON SDS-PAGE
E. coli IPTG (mM) (h) AwdoTi Adudivtn KoTa
(%) (%) Western
BL21(DE3)- 1 4 "Evtovec pmdvieg 6to 10 9
pPGEX-4T-1 pLysS avapevopevo péyedog "‘Evtovo Bgtico
18 "Evtoveg pumdvieg oto 60 40 onpo
avapevopevo péyebog
BL21(DE3)- 1 4 Mn dakpiT pumdvto / /
OHAT, pLysS 18 Mn Swokprti pmdvra / / Acbevéc
BL21- 5 Mn Swokpirn) pmdvto, / / BeTikd onjua
(C[())gg;]_pRILIJSL 18 Mn Swokpit pmdvro, / /
BL21(DE3)- 1 3 ‘Evtoveg umdvteg oto 0 100
pLysS avapevopevo péyebog
18 Mndvteg 6to 0 100
PRSET A avopeVOUEVO péyedog Oetikd onpa
BL21- 0.05 5 "Evtoveg umdvteg oto 0 100
codonplus avopevopevo péyebog
(DE3)-RIL 18 "Evtoveg umdvteg oto 0 100
avapevopevo péyedog

Hivoxag 3.7: ZovorTIKOG TIVOKAS GUVOLUGTIKMOV TOPUUETPOV EKPPUGTS KOl SLUAVTOTNTOG TNG avacuvovaouévig pmtsivig GAPDH ota Ttpia mhacpniow

Kol 670, 600 foktnprokd oteréyn mov ypnoipomomOnkay. Ot Koddtepec cuVONKeS EkQpacng Kal SLHAVTOTN TGS TOV eMTELYONKAY QaivovTol ue Ykpilo ypduo.
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‘Eto1, emyeipnOnke emovainymn tov TEPANATOC e PO cQaptdimy vikeMov (Ni2+-
NTA) yw déopevon g 6XHis-hCINAP cg avtd Kot eAéyyov SEGUEVONG TOV TPOTEIVOV
GST-EGLN2 v} GST-GAPDH avrtictoyya. Q¢ apvntikd dsiypo ava@opds, o€ oty v
nepintoon ypnowonomdnke 1o mioouidolo PRSETE, And ta amotedéspato onvTov TOL
TEWPALOTOS, Tpoékvye Ko maM Ott ot mpowteiveg GST-EGLN2 wxow GST-GAPDH
Seopevovay ota opopidia NiZ*-NTA, 1600 otV mapovsio g 6xHis-hCINAP 660 kot
oV mopovsio povo tov mAacdiov PRSETE (apvntkd deiypa). Av koi n évtoon GTo
apyNTIKO OElypa fToV ELEOVAOC LIKPOTEPT] G GUYKPLIoN LE TO OETIKO delya, d0ev umopovoe
va e&oybel aoPaAEC CLUTEPAGUA Y100 TNV OAANAETIOPOOT TOV VIO UEAETN TPOTEIVIKMOV
Cevyopuov hCINAP-EGLN2 kot hCINAP-GAPDH (1o oynua o mapatibeton).

AOY® TOV YeYovdTOog OTL dev pmopovoe va e&oyBel copmépacua yio Ty eniPePainon
TOV OMOTEAECUATOS TOV CAMAETIOPACE®V e TN HEBODO NG GLV-EMAOYNG, EMLYEPNONKE
depevvnon ¢ aAAnAenidpaong pe m pébodo g ovv-avocokatafudiong. Koatd
péBodo avty|, TpaypartoromOnke Avon kuttdpwv Hela kot yopiopnodg tov 6 dvo ica pépn.
Y10 éva mpootédnke e€eldikevpévo avticopa évavtt e tpoteivng hCINAP kot 6to dAAo
avticopa Tpwv ™V avooia tov {®ov (pre-immune), To omoio AEITOVPYNGE ®C APVNTIKO
detypa avagopdc kot mpaypatonomdnke exmoon otovg 4 °C yi 3 h, vnd ocuvveyn
avadevon. Ta oynuaticfévio avococvumiéypata g hCINAP avocokatafvbiotkay pe
opaipidl  G-Sepharose ota omoia mPocdEONKe TO avIicOUO, OovOALONKAY  pE
niektpopdpnon SDS-PAGE kot émeita pe avocoamotvmmwon kotd Western, pe ypnon
OVTICOUATOV EVOVTL TOV VIO LEAETT) TPOTEIVAOV.

Amo 10 avocoamotimopa (Zyuo 3.10) mpoékuvye, 0Tt eved N mpwteivy hCINAP
deopevdtay Ko avocokatofufildtay poévo ot mEPITT®ON MOV  YPNGULOTOLEITO TO
avTicOpo EVavTl TG, Kot Ol TN TEPIMTOON TOV APVNTIKOV OelyHOTog avapopdg (pre-
immune), ot tpoteiveg EGLN2 ka1t GAPDH avocokatapubilovtav 1660 otny mepintmon
OV oTo GEAPiIdL NTav decpevuévo 10 avticopo Evavit g hCINAP 6co kot oty
TEPIMTMON TOV 6TO GPaALPidlo NTay deoUEVIEVO TO Pre-immune (Laiota 6T TEPITT®ON
tov GAPDH 10 ofjua 610 apyntikd deiypo ava@opds ftay Kol HEYUADTEPNS EVTOoNG amd
10 delypa eAéyyov). Oa mpénet va onueiwbel 6TL n urdvta mov gpeaviletor ota detypota
Tov cpapdiov, o ynid and v hCINAP (mdve and to 26 kDa), avtictoryei oty
eAaPPLa alvoida tov aviiomdpotog (Light Chain 1gG).

Me Baon 1o amoteAéopoTo MOV TPOEKLYAV OO TIG OVO  GUUTANPOUOTIKES
TPoceYYIoES TOV aKoAoVONONKav, dev NTav dvuvath 1 emiPePainon ¢ aAANAERIOpAGNC
peta&y g mpwteivng hCINAP kot tov npoteiviv EGLN2 kot GAPDH. Enopévamg, ivat

mOavOV o1 TPOTEIVEG OVTEC Vo £dmoay Yevdmg BeTikd amoteAéopato otn péBodo tov
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oLoTHHOTOG TV dV0 VPRPioY. Ta yevdmng Betikd amotelécparta, pmopel va opeilovtal
avTd Kab’ 0VTO GTO GLYKEKPIUEVO GLGTNILA TO OTO10 Eival YV®MGTO OTL TAPOLGLALEL YELOMDG
Oetikd omoteAéopata M| oto yeyovog OTL Yoo T odpwon s CDNA  Bifrrodning
ypnoomomdnke avaykaotikd tufue tov CONA g hCINAP, agod olokinpo to CONA

EVEPYOTOLOVGE TO YOVIOLO OVAPOPAS KOl OEV NTAV EPIKTO VAL YPTGLLOTTO OEd.

-« Light Chain IgG
hCINAP

Yympo 3.10: Awepeovinon g adlnlienidpaong ™ mpotsiviig hCINAP pe 1ig mpoTeiveg
EGLN2 kar GAPDH. Xt0 oyfpa mopovoidletor to avocoamotinopo katd Western petd and
melpopa avoocokatofvdiong mov mpaypotomomdnke pe oceapide cepapolng A, ota omoid
deopevtnke avticoua gite évavtt tng hCINAP, ite opdc npv v avoosio tov {dov (pre-immune),
7o omoio gival apvnTikd deiyua eAéyyov. £To oyYfUO EOiVOVTOL TO OEIYIOTA TOV VTIGTOLYOVV GE
ovtd To opoarpidlo, kobmg emiong To apykd Selypo TOL TPMOTEIVIKOL ADHOTOS, OTMC KOl TO
adéopevta, detypata. Me BELog dnAdveTal 1 UIAVTO TOV GVTICTOXEL GTNV gAaPPLd 0AVGIdO TOV

OVTICOUOTOC,
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3.3.2.2 E&étaon allnienidpaonc tne hCINAP pe tov emoydéuevo amd tqmv vmoiia,

peTaypoeiko ropayovro HIF-1a

[Mopdiinio pe v deaymyn nepapdtov oto tunpa 3.3.2.1, yio v emiPePaionon
™m¢ oAnrenidpaonc ™ hCINAP e tic npwteiveg EGLN2 (PHD1) koaw GAPDH 6moc
oVTEG TTPOEKLYAY od TO CLOTNUO TV dVO VPPV, emyelpndnke n dlepgvvnon g
aAnientidpaong g hCINAP pe ™ pébodo tov Y2H, pe to petaypopikd mapdyovra HIF-
la, o omoiog voposuAidvetal amd v EGLN2, cuvelspépovtag £161 6TV omotkodounon
TOV 0€ cLVONKES Kavovikng Tdong Oa.

Onwc éxer mpoavaeepbel, o HIF-1a givor petaypoapikodc mopdyovtog kot Onme ivot
QLOo1KO drabétet kat TG dvo meployéc (DBD kot AD) mov eivan tkavég yia va mpod&ovy Ty
gvepyomoinon TtV yovidiov avaeopds énwg éxet eEnynbet mponyovuévoc. Eropévac yo
™ ¥PNON VNG TNG TPOTEIVNG GE ALTO TO GVOTNUA, ETPETE VA daypaeel pia ek TV S0
NG TEPLOYMV Kot amrd TN OOUIKY| KOl AELITOVPYIKT TNG CLGTACT NTAV PAVEPD OTL AVTN NTOV
n DBD. To mAacpidlo mov ¥pnoILonomdnKe o€ QT TV TEWPOUATIKY dadkacio NTov o
pAS2-1 ctov omoio NTav eveouatopévo to tunpae tov CONA tov HIF-1a (576-826 aa), to
onoio eiye eEoopotobel and tov Apa Gregg Semenza (Johns Hopkins Institute for Cell
Engineering) ot &iye Mon ypnowomombel amd v opdda tov Yoo capwmon CDNA
BipAtodnkng (Mahon et al., 2001).

To mhacuidio avtd petacynuotiotnke oto otédeyog AHI109, evd moapdiinio to
mwacpidto  pACT2-hCINAP  petaoynuoatiotnke oto  otéheyog Y187.  Emiong
peTACYNUOTIOTNKOY Kot Ol TAaGdlakol @opelg yoplc €vBepa (apvntikd delypato
eAEYYOV) GTO OV0 GTEAEYT. XT1 CLVEXELN TO UETACYNUOTIGUEVO KOTTAPO, COKYOPOLVKNTO
ovlevynkav (pAS2-1-HIF-10/pACT2-hCINAP, pAS2-1/pACT2-hCINAP, pAS2-1-HIF-
1a/pACT2) kot apeédnkay va peyoh®covy 6€ dTAO, TPUTAO Kot TETPATAO OpenTIKO oTEPED
VAKO. v mepintwon mov 1 6vo mpwteives Ba aAiniemdpovsav Bo avamtdccovTay
KA®VOol o€ TePiodo pia BOopados ota TPTAd Kot teTpoamAd Opentikd péca. To amotélespa
avtng ™¢ ueBOdoL MTav aPYNTIKO Kol EMOUEVOG Ol OV0 TPMTEIVEG QaAivETOL VO PNV

OAANAETIOPOVV 1) OEV AAANAETLOPOVY KAT® 0td TIG GLVONKEG TOVL PEAETHONKOV.
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3.3.3 IIpoteopmky avéivon arinremdpacemv tne hCINAP ne tq né0odo SILAC-MS

2’ 0T TNV TEWPAPATIKY EVOTNTO ETLXEPNONKE TOLOTIKN KOl TOCOTIKY TOVTOTOINOT)
TOV GLUVOMK®OV oAAniemidpdoemv g tpwteiviig hNCINAP otov mupriva tov avOpdmivov
KLTTAPOVL LE XPNOYLOTOINGM ToL GLVOLAGHOVL NG neBOdov SILAC (stable isotope labeling
of amino acids in culture) kot g vynAng evkpivelng pacpatookomiog ualag (Trinkle-
Mulcahy et al., 2006).

["a v Tpaypatomoinon Tov 6ToYoL AVTNG TNG EVOTNTOG NTAV apyLKE amapaitnTn 1

KOTOOKELY] OTOOEPAS LETACYNUATICUEVIG KLTTOPOGEPAS HeLaCrFiCINAP

, OTNV omoia M

npwteivi) NCINAP Bpiokdtav cuyywvevuévn pe v tpdowvo-ebopilovcsa tpwteivn (GFP).

H kotackeun Kot 0 opaktnpiopog TG KUTTOPOCELPAS 0VTHG AvVaADOVTOL 6TO T 3.4.
EmumAéov, ftav avaykoio n ToapdAAnAn xpnon g otabepds LETOOYNUATIOUEVNS

KUTTOPOGELPAG HeLa®™

o¢ delypa  ovaeopds, M omoio  KATOOKELAGTNKE Kol
nopoywpnOnke amd to epyoctiplo Tov kabnynty Angus I. Lamond (University of Dundee,
UK), ota mlaioct epeuvnTikig Guvepyaciog, 6To €pyactiplo Tov omoiov deEdydnke n
pébodog avtr, Omwg Kol Eva pEYAAO HEPOG TOV TEWPAUATOV OV  0KoAoLOOVV
(vmokepdiota 3.5, 3.6, 3.7), katd T Sidpkeln VIOTPOPIaG LKPNG dtapkelag (3 PveS) mov

pov amevepndn omoé to EMBO (EMBO short-term fellowship).

3.3.3.1 Ihotiké teipona avosokaTafv0ionc tne veprdkne npwrteivne GFP-hCINAP

INa v emPePaioon g avocokatapboiong e GFP-hCINAP, ctovg 600 khdvoug

™G 6TafePd LETAGYNUATIGUEVNG KVTTAPOGELPAS HelaCrP-heiNAP

OV KOTOOKEVAGTNKE, KoL
EMAOYN TOV KOTOAANAOTEPOL Yoo Tpaypotomoinon 1tng Swdwaoiag g SILAC,
TpaypatoromOnke apykd mAoTKO meipapo avocokatafvbiong g, pe avticmpa Evavtt
g mpoteivng GFP.

'Etot mpaypatorombnke avocokatafvbion pe ypnon ceopdiov G-Sepharose 6mov
1pocdédnke o avtd avticoua évavtt g GFP kot apod ta opaipidia yopiotnkov e Tpia
oo pépn mpootédnkav o€ avTd TUPNVIKA TPOTEIVIKA EKYLAICHOTO OO TIC TPELS
rkuttopoocelpés 33C, 62L kar GFP (detypa eléyyov). Ta detypato ETuyay NAEKTPOPOPNONG
0€ TNKTOUO AKPLACUIONG KOt 6T GUVEYELN avocoamoTtumwaon Katd Western, pe yprion tov
avtioopatog évavtt g GFP.

To avocoamotomopo (Zynua 3.11) &dei&e 6t | mpwteivy GFP-hCINAP ftav wkovn
vo avocokatafudiotel Kot 6Tovg dVo KA®VOug mov peietiOnkov. EmmpocOeta, yuo

emPePaioon g Aerrovpywodmrag g GFP-hCINAP otoug dvo avtodg xhdvovug,

depevvnnke KaTd TOGO EMTLYYXAVOTAY TAVTOYPOVT Katafvbion thg Tpwteivng coilin, n
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onoio giye NON amoderyBei 6tL oliniemdpd pe v hCINAP. To amotédeopo £de1ée Ot
o6vtog ot 0vo mpwteiveg (GFP-hCINAP kot coilin) cvykatoafvbioviov kot otovg dvo
KADVOLG, EVA Oyl GTNV TTEPITTMOON TOL YPNCUOTOMONKE MG apVNTIKO Sty avapopdis M

GFP

otafepd peTtaoynuatiopévn kutrapocsepd HelLa™  (Zynua 3.11, kdto oepd).

beads

62L 33C GFP

KDa
51— S . -<— GFP-hCINAP
39— -
[ ' <—GFP
28—
-
- —-«—— coilin
62—

Yyfquna 3.11: IIotiké meipopo avosokatofodiong tov npoteivov GFP-hCINAP ko GFP
6T0Vg 000 Kh@voug 621 kar 33C. Xpnowomombnke aviicopo évoavtl g mpoteivig GFP y
avocokataBvbion kai yio aviyvevon tov tpoteivov GFP-hCINAP kot GFP (avtiotolyo BEAN) kat
évavtt ¢ coilin (kdto oepd). H npoteivn coilin avocokatapubilotay, 6mwg avapsvotay, oty

nepintoon g GFP-hCINAP 6toug 600 khmdvoug aAld oyt ot mepintwon g GFP.

Mo v mpaypatomoinon g pnebddov SILAC, amopacictnke 1 ¥pnoLLOTOINGT TOL
Khovov 33C, yati m ékepaor, Kot KOT6 CUVETEL TO TOGOCTO TOV TPOGOEDEUEVOL
KAMaopotog g mpoteivinig hCINAP e avtdov, Ntov vynAdtepo amd 6Tt Tov 62L Ko
ovykpicwo pe avtd tov GFP (Zynua 3.11). 'Etotl mpaypatomodnke mAotkd meipapo pe
10V KA@VOo avtd (Zynpa 3.12), 6mov emPefarmbnie 6t emtvyyavotav mpdsdeon e GFP-
hCINAP xotd 10 fov oto o@olpidlo, oV NTOV GLYKPICIUN UHE TV TOGOTNTO TNG

npocdedepévne GFP.

- 167 -



beads input (2%) unbound (2%)

GFP 33C GFP 33C GFP 33C
kDa

i— .
] ~«— GFP-hCINAP

39—

28 ~ - E ~<~—GFP

Yyqpoe 3.12: Miotiké mcipapa avocokotapfvOiong ywa SILAC. To mocootd mpdcsdeong g
apwteiviig GFP-hCINAP givat cuykpiowo pe owtd g GFP.

3.3.3.2 M£60doc SILAC/MS

H ol dwodwoacio mov axorlovOnOnke oeaivetor oto Zymupa 3.15. Apywd n

GFP-CINAP

KataokevacOnoo kvttapocepd Hela KoaAMepynOnke Kol onuavinke yo 6

KUTTOPIKEG YEVEEG OTNV MOPOLGIN GNUAGHEVOL Opentikod VAoV ToL opvo&éog L-

apywiving, mov égepe To. padievepyd 1oétomo. SCEN. H wvttapooepd Hela®

KaAMepynOnke oe un padievepyd onupoacpévo vrootpopo L-apywvivng. Ot mopnveg tov
KUTTAP®V TV 000 oTafepd HETACYNUATIGUEVOV KVUTTAPOCEPAOV AmopovoainKay, Ommg

Exer meprypogel mponyovuéveog (Yakd koar MéBodor, Andersen et al, 2002) kot to

GFP-CINAP GFP)

KLTTOPIKG ekyLAicpata and kdbe tOmo wvtrapoocelpds (HelLa kot Hela
avapuiydnkov oe avaioyio 1:1 pe Pdon v cvykévipmon tov oMkdv mpoteivov. Ot
npwteiveg GFP-hCINAP kow GFP avocokatofubictnkay, ypnoiomoidvog LoVOKAMVIKO
avticoua évovtt g npwteivng GFP (GFP binder), to omoio deouevtnke og opoapidio G-
Sepharose. T'io Tov éleyyo TG emtLYiag OEGUEVONG TOV VO TPMTEIVOV GTO GPALPIdIL
KpoatOnkav dstypata (o) 1660 TV d00 EEYOPIGTAOV OEYHATOV TPV TNV avaiéEn, (B) 6co
Kot LETA TNV avaén, (Y) mpv Kot PETA TNV TPoGOHNKn TV c@upldimv Kot (8) 6To TEAOGS
™G OANG dwdikaciog mpaypatoromdnke avocoarotinwon katd Western pe ypnon tov
avticouatog Evavtt thg GFP (Zynua 3.13).

Amd 10 amotéleoua edvnke OTL emtedyOnke d€oUELON TV dVO TPOTEIVAOV GTO,
opaipidw, opwg evd n GFP-hCINAP deopevutnke kotd 10 oy (0nmg €0e1ée Kot To
mlotikd melpapa), n GFP  deopedtmke oxeddv €&’ olokAnpov, Opmvtag £Tol
avTayovioTikd. H dtapopd e 1o mrotikd meipapa (xpnoipomodnke avticmpo EVavtt g
GFP oam6 v etoupeic Roche) nrav 6t ypnoonomdnke éva kavovpylo aviicmpo

KOTOOKEVAGUEVO GE  KounAa, mov ovopolotav GFP-binder, xoir onwg @dvnke
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uetayevéotepo. (Trinkle-Mulcahy et al., 2008), eivar mo woyvpd avticopa Kot givat Kavo
va avocokatoBubicel oyedov & olokhpov v mtosdtnta g GFP. To mepiepyo tav mwov

Aertovpynoe emhektikd uovo pe v npoteivi) GFP kot oyt pe tv GFP-hCINAP.

GFP + 33C
before after
GFP 33C beads beads
KDa
51—
- — p— ~«—— GFP-hCINAP

39— — —
P
28— ' - <4 GFR

Yyqpoe 3.13: AvocokartapvOion pedéoov SILAC. Zto avocoamotvmmpo kotd Western mov
Moebdnke petd v avoocokotafvdion eaivovtar ot tpwteiveg GFP kat hCINAP mpwv v avipuén
Toug (dVo mpdTO detypata aviioTorye) Kol pETd TtV avauén tovg oe ovoroyio 1:1 mpwv v
pocHNKkm (tpito delypa) kol petd v mpocstnkmn (tétapto deiyua) tov ceapdiov. To aviicoupa

7oL ypnoiporonke frav évavtt tng GFP (GFP-binder).

2t ovvéyewr ot avocsokaPubilopeves mpoteiveg dlowpioTnKav ©€ TNKTMUO
NUPAGE 4-12% Bis-Tris (Zyfua 3.14) kot énerto 10 THKTOUO TEUXIOTNKE 08 HKPQ
Tunpato (8 TunpoTo) T omoia £TuyaV TPOTEOALTIKYG dtdomaong pe Bpuyivny move 6to
mktopo (in-gel). Me m padievepyd ofjpavern g apywivng, ol TpmTeiveg onudvinkoy
oLYKEKPIUEVA 0TO onueio To omoio dtacTtdVTOL amd T Opvyivn Kot owtd devkdivve TNV
TEPALTEP® OVAAVGT TOVG.

Ta mwopayduevo tpuntikd mentidw e&ydnoav amd to TUNUOTA TOL TNKTOMUOTOG,
YL TNV OUTOUOTOTOUUEVT] OVAALGON HE QOCUATOOKOTIOL HAloC, HE TOV QUGHATOYPAPO
LTQ-FT-ICR (Thermo Finnigan). H avdlvon tov dedopévov TG QAGUATOGKOTIOG, M
TOVTOTOINGT] KOl TOGOTIKOTOINGT T®V TPLATIKAOV TEMTOIWMV, KOl GUVETMOS TOV GLVOAOL
TOV TPOTEIVOV oV oAANAemidpov pe v hCINAP, mpayupatomombnke pe to Aoyiopiko
MS-Quant 6g cuvovaoud pe tn Pacn dedouévov Mascot HTML database search files
(Matrix Science). To 6UvoAo TV TPOTEIVOV TTOL Paivetan 6Tt aAAnAemdpovv pe v GFP-
hCINAP, o6mwc ovtd mpoékvyav pHeTd amd TNV aviAvon TV  OESOUEVOV  TNG

eacpatookomiog palag, eaivovtatl otov Iivaka 3.8 (Tlapaptnua).
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SILAC

Mark
arker P

1
97 2
64 3
51 4 <«—hCINAP
39 5

—-«—GFP

28 6
19 7
14 8

Yyqpoe 3.14: Avoocokatapodion g dwwowkaciog SILAC. Xto miktopa akpoviapdiov NUPAGE
4-12% Bis-Tris @aivetan 10 deiypo Omm¢ awtd mPodkvye PeTd TV avocokataPvbion g SILAC
(xotapubicpuéveg Tpmteivec) petd TV amodidtaln Kol omodECUEVCT] TOV Amd TO CPUIPIdIN. XTO
mKTOUe gival dlakprtég ot 600 yvootég mpoteiveg GFP katr hCINAP (Béln), evod delud

ONUEIDVOVTOL TO 8 TUNHOTO GTA OO0 TEUAYIGTNKE 0TI GUVEYELD TO THKTMLLA.
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Asiypa avagpopdg Agiypa mpog avdhuan

HelLa®F HalgGFF-CRiAP
[“ClArg [“C*NArg
Amouévwaon
HEGOPUTIKDY
mUpivwY
o e o> <@
E@ o C:::C: EEEE
Alon upiviev Adan uprivaoy

Avdapign icwv TrogoTiTwy
oMKWV TTRWTEVMY

AvocokarafiBion avr-GFP

==l
==l
=l
> =

Tepayiouég =
TOU TTNKTW HaTeg pa—

Ao wplTpHdg TTRwTENVGOY
pe 1D SDS-PAGE

e

=l
=l
==l

Méwn oro THKTWHO

AvdAvon Tputmikwyv TETTISiwy pe Paoparookomia Madag
Avvarétnra Siaywplopol Kal TAUTOTIOINOTG SiapopIkd IoTomKA

ONUACHEVLIV HOPRLV

EEa1BIKEVPEVT TAUTOTIOINOT OUVGAOU TTPWITEIVIDY
mou aMnAemdpouv pe v CINAP
{The proteome of CINAP)

Typa 3.15: Zyeowaypoppa tng o0OvOeTnG TEPORATIKIG orodkaciog TG pedddov SILAC
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3.3.3.3 Aigpsovnon e OAANAETIOPUGNC TOV TPOTEIVAOV TOV TPOEKVWAY NE T nE0000

SILAC ug mewpanoto avosoxkatofviong

H avdivon tov oamotedecpdtov, amd TN QacUaTocKomio palag, odnynce otnv
TOVTOMOINOT TOV AVTICTO®V TPOTEIVAOV Kol a0 AVTEG ETALYNKAV OPYIKA Ol TPOTEIVEG
ot omnoieg mopovsiolov avoroyia GFP-hCINAP:GFP méve and 1.5 (ITivakag 3.8,
[Mopapnua). Aol peleTnOnkav TPOGEKTIKE To GAGHATA TOL £0MCAV TO TMEMTIOW OE
Kk@0e mepintmon Eexwplotd, emALynKaV o1 TpoTEiveg avTég (Ykpilo Kot TpAcvo ypmua),
Yo TIC omoleg Ta TPUTTIKO TEMTIOW emPePaiowvay pe ac@ain tpdémo To ANeOEvia
aplOUNTIKA amoTeEAEGHATO. ATO OVTEG VITNPYOV OPKETES TPWOTEIVEG Ol OTOlEG lval YvmOTO
ot oe mepdpata SILAC avocoxatafubifoviar Oyt €dkd Kot paAoto € ovaloyio
peyoAvtepn omd 1, Omwg sivor Sudpopeg OOMKEG TPOTEIVEG KoL TPOTEIVES TOV
KUTTOPOCKEAETOV (O1ApOpa €101 KEPATIVMV, LLOGIVN, OKTIVY], TAEKTIVY], TOVUTOVAIVY K.0L),
ot omoieg ko amokAeiomnkav (Trinkle-Mulcahy, adnpocicvta nelpopaticd dedopéva). X
GULVEYELD A0 TO GUVOAD TMV TPOTEIVAV OVTOV, EMAEYONKAV Yot TEPALTEP® dlEPEVVTION
aVTEG (TPAGIVO YpOU) TOV Be®PHONKAV TTO EVOLPEPOVOES MG TPOG TNV AELTOVPYio, Ko
TOV €VOOKVLTTOPIKO EVIOTICUO (TUPNVIKEG) Kol EMMAEOV, VINPYOV OOEGILO EUTOPIKA
OVTIGOLOTO EVOVTL TOVG.

Ta amoteléopato mov mpoékvyav pe TV cvvovaotiky texvikn SILAC-MS,
emyepnOnke va emPeforwbodv pe v tEXVIKY ™G avocokatafvOiong, 1060 pe ypnon
TUPNVIKOV TPOTEIVIKOV KAAGUATOV omd TN otofepd HETAGYNUATIGUEVT] KLTTOPOGEPH
33C (GFP-hCINAP) 660 kou and v kvttapoocelpd Hela (evéoyeviic hCINAP). T v
TPAYUATOTOINGT TOV TEPUUATOV aVTOV ypnotporotonkav ceopidio. G-Sepharose kat
A-Sepharose oto onoio Tpocdébnkay ta aviiodpato évavtt tov GFP kal g hCINAP 71
pre-immune, avtictotya. Q¢ apvnTikd dsiypoata eAEyyov ypnoipomotdnkay: n otabepd

LETAGYNUOTIGUEVT KuTTapooelpd He La®™

GTN TPAOTN TEPITTMOT KOl TO OvIicOU pre-
immune ot devtepn TEPiTTOON.

["o tov €Aeyyo 1OV amoTEAEGUATOC, TO OEtypaTo YwpioTnKay 6€ dVO 1GOTOGH UEPT,
QopTOONKay oe 000 TOVOUOIOTUTTOL TNKTMOUATO OKPLAAUOIOV Kol mpaypatomomonke
ToPAAANAN NAexTpo@dpnon oty 1010 cuoKeLv akoAOLOOVUEVT A AVOGOONTOTVTMGN
kotd Western. Xpnowomomnkav aviioopato anti-GFP kot anti-hCINAP ywo v
emPePaiwon g déouevong TOV AVTICTOYOV TPOTEIVOV TAVED oTo GQALpidle (emtTuyio
avocokaTofuhiong) kot eEEOIKEVUEVA AVTIGOUATO EVAVTL TV VIO PLEAETT TPOTEIVAOV.

210 Zynuo 3.16, @oaivovior to amoTEAECUATO TO. OMOi0. TPOEKLYOV UETE omd

avocokatafuoion. 1o mdveo HEPOG TOL GYNUOTOC, TAPOLGLALETAL TO OVOGOOTOTUTTMLLN

mov AMNebnke pe ypnomn tov avticopatog évavit g GFP. Tlapatnpeitor 611 or 6v0
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TPOTEIVES decuedovion 6€ TOAD kavoroTiko PBabud ota avtictoyo ceapidwa. Xto 1610
OYNUO GOiVOVTOL TO OVTIOCTOL(O OVOCOOTOTLIMUOTO Y0 TIG OLAPOPES TPMTEIVEG OV
emAEYONKay va diepguvnbodv. Amd to amotéAecpa, yivetal avtiAnmtd OTL Ol TPOTEIVES
avtég avocokataBuvOiCovtal pe 1o 110 mePimov MOcO0GTO TOGO UE TO GPALPide ToV €lval
npocdedenévn N mpoteiv GFP-hCINAP, 660 kot pe to ceopidio ota omoio eivat
TPocdedENEVN Lovo M pwteivn) GFP (apvntikd deiypa eléyyov). Avtd cupPaiver pe dheg
TIG TPOTEIVEG, EKTOG OO TNV TEPIMTMOON TNG KOTOAVTIKNG VIOUOVASOG NG EEQPTMOUEVNC
Kwvaong Tov DNA (catalytic subunit of the DNA-dependent protein kinase, DNA-PKCs), n
omoio dgv aviyvedeTal GE KAVEVA OO TOL OEIYLOTA TOV GPOIPLOImV.

Avrtictoyo amoteléopato yuoo TG VIO pPEAETN TpoTEivEG AEONKOV KOl pE TNV
avoookatafvdion g evdoyevoig npmteiviig hCINAP (to oyfuo de mapatifetar). Baoet
TOV OTOTEAECUATOV QVTOV, 0ev umopel duotuy®dg va e&aybel Betucd amotédeoua yo v
aAANAETIOpaoT TOV TPOTEIVOV avT®dV pe TV Tpwteivi) NCINAP.

Enopévmg, and v mpaypatoroinon g pnebddov SILAC/MS, dev £yve katopbwtd
va tovtonomBovv ot mpoteivikoi etaipot g hCINAP, mov ftov 0 6TOY0G TG TOPOVLGOG
evomroag. Ot mpwteivec ov omoieg emAéynkav vo peAetnBodv dev €dmoav Betikd
anoteléopoto. Zxeddv OAec o1 mpwteiveg avosokatafudiloviav toco pe v hCINAP 660
kot pe v GFP, dnAdvovtog v vmopén un ewdkdttag mpog v oAAnienidpact. Apbpo
TO 07010 OMUOGIELTNKE UETA TNV EMAOYN OVTOV TOV TPOTEIVOV Kol TV TPOYUATOTOINON
¢ Olepedvnong G aAANAETIOpaoNC KATATOEE TOAAEG amd OVTEG TIC TPMTEIVEG GTOV
KatdAoyo TV TPOTEIVOV Tov aviyvevovior ot pébodo SILAC og mpwrteiveg mov
deopevovrtal un ewdwd pe v mpoteivi GFP 1 ota spapidio cepapdoling kot eppaviovro
Oetikéc (Trinkle-Mulcahy et al., 2008). TTapoéro mov n texvikry SILAC mopéyel peydin
Bonbewa otV S10A0Y1 TOV EWOIKOV A0 TIC LN EWOKES AAANAETIOPAGELS, TPOKLITEL OTL OEV
UTOPOLV OAEG Ol «EWKEGH aAANAemOpdoels va emPeParmbodv yopig appiPoria, edud
AVTEG TTOL £XOVV YOUNAO AdYo Tpwteivng: GFP.

Meldovtikd, Bo pmopodcov vo €TAEYOVV KOl vo, HEAETNOOVV KATOlEG amd TIG
TPOTEIVES TOL TPOEKLY AV, Ol OTOlEG OEV TAPOVGIALOVTAL GTOV KATAAOYO TMOV UN EOTKAOV
oAniemdpdoewv. EmmAiéov, evoapépov Bo  amotehovce M digpedvnomn g
aAnientidpaong g hCINAP pe ™ pipocopkn tpoteivn RPS14. Av kat ot pilocopikég
TPOTEIVEC GLYKATOAEYOVTOL OTN AIOTO TOV UN €WIKOV OAANAETOPAcE®Y, 0T HEBodO
SILAC, 1o yeyovog 6ti ) oporoyn g RPS14 6 600 opyavicpovg, 610 caKyopouvKnTo
Kot 6t Apocdeiia, Topovctdlel oAAnAeniopaon pe T oporoyeg mpoteiveg g hCINAP
o€ auTovE ToLg opyavicpovg, tnv FAP7 (Granneman et al., 2005) kou tnv DAKG (Giot et

al., 2003) avtioTtolya, TNV KATOTAGGEL OC EVAV EVOLAPEPOVTO GTOYO TPOG dlEPEHVNON.
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Yyfqua 3.16: AvocokortofoOion/Aepedvinen arinienidopoaons g npoteiviig GFP-hCINAP,

RE PEPOS TPAOTEIVAV OV TPOEKLY AV amd T péBodo SILAC.
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3.4 KatooKev] Kol YOpOKTNPIGHOC TNE 6TU0EPE HETOGYNUOTIGUEVIIC KVTTUPOGELPAC
GFP-hCINAP

(stable transformant) Hel a

3.4.1 Kataokevt 6Tafepd HETAGMUATIoNEVIG KVTTAP0sELpds TOmov Hela® r CINAP

o v mpaypatonoinon t@v oTdY®V OLTNG TNG TEWPOUOTIKNG EVOTNTOS TTOV
avaykaio 1 Kotaokev otafepd LETACYNUOTIGUEVIC KLTTOPOGELPAS (stable transformant)

GFP-CINAP (2.3.7), oV onoia n tpwteiviy hCINAP ftov cvyyovevpuévn pe tnv

tonov HelLa
npacwvo-eopilovca tpwteivn (Green Fluorescent Protein).

To mpdTO PrHE YO0 TNV KATAGKELY] QVTNG TG KLTTOPOGELPAS NTav 1 KA®vomoinon
tov CDNA ¢ tpoteiving hCINAP otov mloouidiaxd eopéa PEGFP (Clontech). Avtdg o
TAAGLIOIKOS Popéag TePIEXEL YOvidlo mov TPocdidovy avOekTkOTNTA oTa AVTPLOTIKA
kavopokivn (kan'), yia emloyn oto Poxthpla, kor veopvkivn (neo’) yio emioyn oe
TPOKOPLOTIKA Kol €VKOPLOTIKE KOTTopa. [ to okomd avtd mpaypotonomOnke
€VOOVOVKAEOALTIKY O1domact tov mhacpdiov PAS2-1-hCINAP pe ta évlopa EcoRI-Sall
Kot KAwvoroinom tov CDNA g mpmteivng hCINAP otov mloouidiaxd eopéa pPEGFP.

Agbtepo Priuo ot onpovpyion otabepd  PETOCYNUATICUEVIS KVLTTAPOGELPAG
OMOTEAEGE O TPOGOIOPIGUOG NG EMBLUNTNG GLYKEVIPMONG TOL AVTIPLOTIKOD YEVETIGIVIG
(G418), mov frav wavh va okotwoet ta kuttopo HelLa. H G418 amotelel avaloyo g
VEOUVKIVNG KOl YPNOGIULOTOLEITOL Y10, ETAOYY] GTO EVKOPLVAOTIKA KVTTAPO TOPEUTOdILovTag
MV TPOTEIVOCLVOEDN, Le amoTéAecUA TO GTAdKO OAvaTo TV KLTTAPOV GE TEPIOdo 2
Boopadwv. H cvykévtpmon mov amorteiton S1o@épel avordyms Le TNV KLTTOPIKT GEPE OV
ypnoomoleitat.  Xuykekpiuéva, kKoAlepyndnkav kotrtapoa HelLa omv  moapovcia
OLLPOPETIKMOV CLYKEVIPMOEMYV TOL OVTIPIOTIKOD Kol TPOCOOPIoTNKE 1 UIKPOTEPT
TOGOTNTA TOV OVTIPLOTIKOV oL NTav Kovy va Bavotdoetl ta kKottapa, 500 pg/ml, ko n
omoio.  ypnolwomombnke OTN  CLVEYEWL YL TNV KOTOOKELT, NG otabepdc
LETOCYNUOTIGUEVNG KVTTOPOGEPAG, Yo TNV EMAOYN TOV KLTTApOV Tov e&éppalav To
dwayoviolo GFP-hCINAP.

Ev ovveyela, wvttapoxailiépyeion tomov Hela empoidvvOnke pe 10 mhacpidwo
PEGFP-nCINAP, eite ot kukMkn Tov popen &ite oTN YPOUUIKY UHETA 0o
€VOOVOVKAEOAVLTIKY TOVL dtdomaon pe 1o éviopo Mlul ko mpaypatomombnke emloyn twv
otabepd LETOOYNUATIOUEVOV KADOVOV HE TO avTiPloTikd yevetioivn (G418) yia mepiodo 2
Boopddwv. Emopévaog, otnv koAliépyela govonbnke m avamtuén pdévo ekeivov tov
KUTTOP®V, To OOl €OV EVOOUATDOCEL TO TAACUIO0 GTO YEVETIKO TOVUG VLAIKO, EVO TO

vdéAouTa KOTTOPO 00MYNONKay 6g Bdvaro.
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Me Vv mapodo Tov YPOVOL, HE ALTO TOV TPOMO, EMALYNKOV TO KOTTOPO TTOL
napovsiolav avlektikdtnta oto aviiotikd G418 kot amopovabnkav 70 avOeKTIKES
amoikiec. AxoloOOnoe €heyyog Tovg pe HIKpookomio. @OOPIGHOD KOl 0lVOGOOTOTOTMGN
katd Western.

Ot povnpelg amoikieg mopatnpnOnkav pe HWKPOSKOTIO (OOPIGHOD Y10 EVIOTIGUO
EKEIVOV OV TO TOCOGTO TOV KVLTTAP®V TOLG oV Tapovsiale eBopiopnd NrTav >50% Kot
EMMAEOV O €VOOKVLTTAPLOC EVIOMICUOG GUUP®VOLGE pe awTOV Tov mapovoiole n GFP-
hCINAP. Emnpdcbeta, ot KAOVOL HEAETHONKOV HE TNV TEYVIKY] OVOCOUTOTOIWONG KATA
Western, pe avticopa évavtt thg GFP ko tng hCINAP, yo va dwomotwbei n mtapovoia
™G VPPOIKNG TPMTEIVIG KOl Yo Vo Yivel cOYKPLon TOV EMTES®V £KOPAONS TNG UE TNV
evdoyeviy hCINAP. Xg apketovg and 1oug KADOVOLG antode dgv fTav duvatn 1 aviyvevon
™G VPPKNG TP®TEIVNG, THAVOV AOY® TNG W10ATEPA YOUNANG EKOPACTG TNG TPMOTEIVIG 1|
AOY® TOL OTL TOL KOTTAPO. PE KATOL0 TPOTO OMOGIOMTOVY TO EVOMUATOUEVO GTO YOVIOIMLL
T0VG VPPOKO drayovidio GFP-hCINAP.

AxoroVBwg, ot Oetikol KAGDVOL oapoidOnKay JSOOYIKA YL TNV TOPAY®OYN
KUTTOPOGELPAS VYNANG oanddoong, otnv omoia t0 95% twv kuvttdpov eEfppale v
vBpdwn Tpoteivn GFP-hCINAP. Ot avtictotyot povipelg kKAdvol, uAdytnkay og vypod

GCmTo Yoo LEALOVTIKG TEPALOTAL.

3.4.2 XopuKTNPIGUOC TMOV 000 6Tudepd NETUGYNUATIGREVOV KAOV®OV, 33C kol 621,

He LaGFP—hCI NAP

AT6 ToVG KAGVOVG TNG 6TadEPGC PETOoYNUATIoNEVIG KuTTapoosipdg Hela®eINAP

oV PLAGYONKaY, EMAEYONKaY 000 Yo Tepattépw avdAivon: ot khdvol 33C kot 62L. To C
dMAdVEL 6TL 0 KADVOG anTOg TPoNADE petd and empudivvon tov mhoopdiov GFP-hCINAP
o€ KUKMKT popoen Kot 1o L og ypappukn popoen, avtictotyo. Ot kKAdvol avtol peretnOnkav
®G TPOG TO HETAYPOPIKE KOl TPOTEIVIKG EMIMESN, TOV EVOOKVLTTAPLO EVTOMIGUO 1TNG

EKQPOLOUEVNG TPMTEIVIG KO TN KATOVOLUT TOV KUTTAPIKOD KUKAOV.

3.4.2.1 'EAeyy0C HETOYPUOIKDOV KUl TPMOTEIVIKOV EMTES OV

INa va emPePoarmbei 61 To cDNA g hCINAP glye evoopoatwbei oto yovidiopa tov
KUTTOPOV oTic 000 avtég Kuttapooelpés (33C kot 62L) kot yuo va yiver ocbykpion tov
HETAYPaPIKOV emmédwv Tov mpaypatomomdnke RT-PCR (Zynuo 3.17). T'a v PCR

YPNOoLHOTOMONKE EKKIVNTIKO OAMyovovkAgoTiolo tov 5° dakpov (ITivaxog 2.11), to omoio
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vPp1olotay oe alAniovyio e GFP kou oyt g evéoyevovg hCINAP, kot exkivntikd
OAMYOVOVKAEOTIOWO TOL 3’ dKpov To omoio VPRpdILoTay otnv aAiniovyia g hCINAP,
nolamiacialovtag €1l edkd to petaypaenua g GFP-hCINAP (GFPUP ka1 CIPRV-
pACT2), divovtag éva mpoidv 1055 bp. Tavtdypova, mpayuatomombnkay Kot avtidpaocelg
E0MTEPIKOD EAEYYOL HE TN YPNON EWIKOV OAYOVOLKAEOTIOIOV Yyl TO €VOOYEVN
uetaypaenuate g hCINAP (VIHIPCRS” ko CIPRV-pACT2) kot tov yovidiov Pumilio 1
(PMUL1, housekeeping gene) (PUM1UP kou PUM1RYV), divovtag avtictoyyo mtpoidvta 530
bp xou 186 bp.

GFP-hCINAP
1Kg HeLa 33C 62L -RT
10 GFP-hCINAP
0.6 hCINAP (end.)
0.2

PUM1

Yympo 3.17: EmBepaioon g eveopdarmeng tov CONA g GFP-hCINAP o611¢ 600 otafepéc
petooynpotiopéves Kottapooelpés, 33C kot 62L kol cUYKPLoN TOV HETAYPUPIKAV TOVG
gmnédov. Aviyvevon pe mv pébodo RT-PCR tov cDNA ¢ GFP-hCINAP (méve cgipd), g
evdoyevog hCINAP (ueoaio ogipd) kat Tov yovidioo PUM1 (housekeeping gene) mov Asitovpynoe
®G £0MTEPIKO detypa eAEyyov (KAT® Ge1pd), oTIC oTadEPd LETAGYNUATIOUEVEG KuTTapooelpég 33C
kot 62L, xabohc emiong wor otn kuttapooswpd Hela. To tov éleyyo g avridpacng
ypnoomotndnke detypa mov mepieiye to MRNA amd tov kAdvo 33C oto omoio mpoyuatomomOnke

N avtidpaon yopic avtiotpoen petaypapaon (33C-RT).

[MoapdAinio, Yoo TNV CUYKPION TOV EMTEO®V TPOTEIVIKNG EKOPACNS OTIS OV0
otofepd  LETACYNUATIOUEVEG KUTTOPOGEPES, TPMTEIVIKA ekyLAiopato amd TG Ovo
KUTTOPOCEPES, KOOMG Kot and v Kuttapooelpd Hela, mov Aettovpyovoe g deiypa
eAEYYOV, avaALONKaV e MAEKTPOPOPNOT TOAVAKPLAOUIOION KOl OVOGOATOTOTMGN KT
Western pe yprion avticopdtov évavit tov tpoteivov hCINAP (Zynquoe 3.18, tave kot

Kdtw, oepd deid) kot GFP (Zymua 3.18, mévo cepd, apiotepd), kabhg emiong Kot Evovtt
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™G OUVEIVNG 10 omoio Aettovpynoe mG Oelylo €GMOTEPIKOD EAEYYOL YKL TO 1GOTOGO

QoOpTONO TV detypdtov (Zxnua 3.18, kdtw oepd, aplotepd).

GFP-hCINAP GFP-hCINAP
Hela 33C 62L Hela 33C 62L
GFP-hCINAP—> 55— - - —55 <«—GFP-hCINAP
43— —43
- - —

34— —34

anti-GFP ab anti-hCINAP ab

dynein—» 72 — - — — P O —26-«—hCINAP endog.
anti-dynein ab anti-hCINAP ab

Yyfqua 3.18: Xoykpron mpotsivikov smaidov tg GFP-hCINAP, otig 600 otalepd
petooympotiopéves  kuvtropoospés 33C  kov 621 pe v evdoyevy  TPOTEIVY.
Avtopadioypdenua avosoamotinmwong kot Western kot aviyvevon tov TpoTEVIKOV ETITEd®V
g mpoteivng GFP-hCINAP (ndveo apiotepn kor 0eld oelpd) kot TG £vE0YEVODE TPMTEIVIG
hCINAP (endog.) (kétw de€ié oeipd), pe yprion tov aviicopdtov anti-GFP kot anti-hCINAP,
Omwg dnAodvovial oto oynua. Qg deiypo eléyyov ypnowomomdnke n kvtropooepd HelLa. H
aviyvevon g duveivng (dynein) ypnoyonomnke og cmTEPIKO delypua avapopds pOPTOUNTOG
(io6moca dciypata). Toa téooepa avtopadioypapnpate mponAboav omd 600 ToavouoldTLTO
mktopata SDS-PAGE rmov étpefav mapdAinia, odAd KOTNKAY Kol ENOACTNKOY LE SLOPOPETIKA
avioodpata. O xpovog ékbeong av 10 S, extdg amd to Tunpe g evdoyevovg hCINAP mov Ntav

20 s.
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Amd 1o anotéleoua g RT-PCR, @aivetar 611 10 dayovidio GFP-hCINAP éyet
evoouatmdel otoug 0vo KAmvovg, 33C kot 62L, Kot pdAoTo TO EMIMESD £KPPOAONS TOV
LETAYPOPNUATOS TOV G€ avToOC &ival cvykpioyo pe avtd tng evdoyevods hCINAP.
EmumAéov mpokimtet, 6t1 1 ékppaon tov petaypagnuatog e GFP-hCINAP otov kAdvo
33C eivan mepimov 3 popég mo YynAn o€ oxéon pe oty tov 62L.

Avrtioctoyya, and v avocoamotvmwon katd Western mpokvmtel 6Tl TO EMIMESQ
ékppaong g mpoteiviig GFP-hCINAP otov kAdvo 62L elvar cvykpiotpua pe avtd g
evooyevovc hCINAP, dgdopévov  tov  yeyovotog ot o  ypdvog €kbeong  tov
avtopadoypagruoatog e GFP-hCINAP (Zynua 3.18, mave apiotepn oepd) sivor o
woog avtov g hCINAP (Zynua 3.18, kdto apiotepn oepd), eved tov 33C eivar oAl
ueyaAdtepa amd ovtd g evdoyevong mpwteivny hCINAP kot xotd cvvémelo Kot Tov

KA@vov 62L (mepimov 15 popéc).

3.4.2.2 McAeTn TOV EVOOKVLTTAPLOV EVTOTLGUOV

Me ypfion g teXVIKNG TOV avocopBopiopol emiPefarddnke 6t n mpowteivn GFP-
hCINAP ka1 otoug 6vo owtovg KA®VOLS, mapovsiole cmoTd eVOOKLTTAPIO EVIOMIGHO
Eymua 3.19, A ko B), tovtéonuo pe avtd mov moapovcoiale HETG OmO TOPOSIKN
emuoivvon pe 1o mhaopiolo PEGFP-hCINAP (Zynua 3.19, C) kot avtdv g £vEoyevong
npwteivig hCINAP (Zynua 3.19, D), 6moc avt) aviyvedTnKe pe TOAKAOVIKO OVTIGOUO
évavtt g To emimedo g éxepacng g GFP-hCINAP, 6mmg aviyvedbnke amnd
pkpockomioo pOoPIGHOV, NTaV ELEAVOS TOAD peyaAidtepo oto kAdvo 33C (Zynua 3.19, B)
o€ oUYKpLon pe Tov KAwvo 62L (Eymua 3.19, A). Na onueiwbet 6t 0 ypovog €kbeong tov
33C Ntav 7 popég Mydtepog o€ oyéomn e avtdv Tov 62L 6T EOTOYPUEio TOV GYNUOTOC
3.19. To amotélecpa avTO €ival 6€ CLUPMOVIO LE TO OTOTEALEGHO TOV TPOEKLYE Amd TOV
EAEYYO TNG EKPOOTG TOV LETAYPOUPIKOV KOl TPOTEIVIKOV EMTES®V, OOV 1| EKOPOCT] GTOV

33C &ivar moAd peyaddtepn oe GOYKpPLoT pe Tov 62L.
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Yyqpoe 3.19: Evooxkvttdplog evromopos kol £kepacn TG vppudwkig mpotsivnig GFP-
hCINAP. AvocopBopiouog g vppdikng mpoteivig GFP-hCINAP, otic 0o otabepd
petaoynuotiopéves kuttapooepée HeLa®™ ™A 621 (A) kau 33C (B) 1y o€ kOttopa Hela petd
amd mapodikn emipodrivvon pe to mhacuidlo GFP-hCINAP (C). Tha obykpion, mapovoidleton 1
evdoyeviic hCINAP, 6mw¢ avtr aviyvevetol pe ToAkAwviko avticouo évavit g (D). To tpdowvo
Yoo avtimpoomnevel eite tov phopiopd and v GFP-hCINAP (A, B kat C), gite tov @Bopiouod
amo 1o dgvtepo avrticoua (D), evd 10 UTAE YPOUO TOVG TVPNVEG TOV CTUAVONKOAY LE TN XPOCTIKY

Hoechst 33342. Khipaxa: 10 um.
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3.4.2.3 'EAgYY0C KUTTUPIKOO KOKAOV

Mo tov 7wepottépm  YOPOKTNPIGHO TOV  OVO  KAGOV®V, TPOYHOTOTOMONKE
rkuttapopetpia pong (FACS) ywo va peretnfel o kuttopikodg KHkAog tov TANOLGHOL TV
dvo Khovov (33C ko 62L) oe oxéon pe v xuvtrapocelpd Hela, mpoxeyévov va
damotmOel av 1 vBpdkn Tpwteivy GFP-hCINAP puOuiletot kotd tov id10 Tpdmo pe v
EVOOYEVI TPOTEIVT.

Kottapo tov 1pidv S1apopeTik®v KVTTAposEp®V Tov Bpickovtay ce ekBeTikn @don
avantuéng, poviporombnkay pe tn Pondean 70% aBavoing kot akorovdnoce ypmon Tov
DNA pe mpoctnkn dtodldparog iwdovyov wpomovidiov/RNase (2.3.10) kot vroBAnOnkay
o€ aviivon pe kottapopetpia pong (FACS).

Ta StypapupaTo pog eVOEIKTIKNG TEWPAUATIKNG EVOTNTOS amd TV aviivon FACS,
Y0l TIG TPELS KLTTAPOGELPES, Tapovstaloviot 6To Zynpa 3.20 A, evd 1 TOGOTIKOTOINGT NG
KOTOVOUNG TOV GAGEDY TOL KLTTOPKOD KOKAOVL Yo kdfe KuTTapocelpd mapovctdletal 6To
nivako Tov Zynupatog 3.20 (tuqua B), pe vrdoeEn tov HEGOL 0poL TPLOV JUPOPETIKMOV
TEPOUATOV KOU TIG TUMIKEG OmokAicelg oe KAOe mepimtwon. To 1d0 oamotéleopa
napovotdletar ved popen papdoypappatos (Zynuo 3.20 I') pe tovg actepiokovg va
VTOONAMVOLY TNV HEYAAVTEPT OMOKAIOT, GLYKpivovTag TNV KAOe @dor Eexympiotd. And ta
OmOTEAECUATO VT, YivETOl GOQEEC OTL Ol GTaOEPE UETACYNUOTIGUEVEG KVTTOPOGELPES
eueaviouv mopdHol KOTOVOUY] TV QACE®V TOL KLTTOPIKOD KOKAOL HE OUTH 7OV
epeavilel n kuttapooelpd Hela, pe pikpéc pdévo d10popég 6Tig PACELS, LLE TO EUPOVT TNV
HIKPY] a0ENCN TOV  OVELTAOEWAOV KVLTTAP®V OTIS 000 oTofEPE LETACYNUATICUEVES
kutropooelpés, 33C ko 62L oe olvykpion pe t kvtropooepd Hela. Emopévog, m
EVGOUAT®OON TOL O10yovidiov oto KOTTOpO Kot 1 EKppacn Tov vPpdwkov popiov GFP-

hCINAP ¢ @aivetat vo tpokaiel TpoPANUATA GTOV KUTTOPIKO KOKAO.
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Events

HelaGFP-hCINAP (62L)

D Apoptosis
L Aneupleidy
L coiG1-Phase
B c2m-phase
S-Phase

100,000 150,000 200,000

50,000

Propidium lodide Fluorescence

Hela HelaGFP-hCINAP (33C)
g] g1
£] 2]
] & 8
5 ] £
agq 88
£ ]
Propidium lodide Fluorescence Propidium lodide Fluorescence
B r
Kuttapoosipic 80
Ynogaosig HeLa (% = HeLa®™"™ HeLa®™ 70
KU"QPIKO{) K{JK)-OU SD) hCINAP33C hCINAPG2L. 80
GO/G1 56.52%3.11 | 56.98+157 | 63.59+ .58 e
S-phase 3040£3.65 | 28.57+1.50 2458 £2.13 £
7 30
G2/M 13.09 £ 0.57 14.45 £ 0.46 11.83 £ 1.17 !
20
Avgvmhosidia 1.51+0.26 4,19+ 1.10 3.39+0.39
10
AndnTman 15.94 +2.55 14.06 +3.44 10.64 + 4.93 0
1
Zuvolkog amOpig 2 885020 2691242 2916 973

11 Hela

W 33C

x me2L

S G2M aneuploid apoplosis

Yyqpoe 3.20: Xdykpion Tov TPOTHTOV KOTAVORNS TOV QACEMV TOV KUTTUPIKOD KUKAOL TV

000 Kh@vov, 33C km 62L, pe v kvtrapooseipd Hela, petd ané avaivon kKottapopeTpiag

porig (FACS). A: Ilopovcialovtar to S10ypaLUOTO KOTOVOUNG TOV (QOCEDMV TOL KULTTOPIKOL

KOKAOL Y10 TIG TPELG KUTTOPOGELPES, OTMG VTE TPOEKLY AV e avaivon Tev amoteiespdtov FACS

pe 1o mpdypappo ModFit. B: Ztov wivaka avoypdeoviotl ta avtictoyd % To606Td TOV HEGOV

OpOL TOV KLTTAP®V, TOV TPIOV KLTTOPOCEP®Y, TOL PpIioKOVIal GTLS OVTIOTOLES (ACELS TOV

KUTTOPIKOD KOUKAOL, O mpoékvyoav amd 3 aveEdptnta mepdpota. Xe kdbe mepintmon

onuewwvovtol ot ototiotikég amokiicelc. 't TTapovoidlovton ta idto amoteAéopoTa vd HopEN

POPOOYPALIOTOC, UE TOVG AGTEPIGKOVE VO, DTTOSNADVOLV TNV UEYOAVTEPT] AOKAIGT GLYKPIVOVTOG
mv kaBe pdon Egyoprota (G1/GO: Hela vs. 62L p=0.0397938, 33C vs. 62L p=0.0067896, G2/M:
HelLa vs. 33C p=0.0338386, 33C vs. 62L p=0.0459393, Aneuploid: HelLa vs. 33C p=0.0457571,
HelLa vs. 62L p=0.0035021) énw¢ mpoékvye omd to heteroschedastic t-test (Microsoft Excel).
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o mo evoeleyn peAétn g pitwong, £ywve TOCOTIKOTOINGY TMOV EMUEPOVS
VIOQAGEWV NG, KaB®G emiong Kot Tov aplpod TV TUPNVOV ava KOTTOPO HE XPNom
pikpookomiog  @Bopiopov. Xe  kvTTOpo TV 000  otafepd  LETOOYNUOTICUEVOV
KLTTOPOCEP®Y, KaOmG Kol TG Kuttapooelpds Hela, mpayupotomomdnke onupavon tov
HiKpoowAnviockov (aviicopo mov avayvopile Tnv  o-tovumoviivn) kot tov DNA
(xpowotikny Hoechst), £161 dote va glvar epeavig 1 LITOTIKY ATPOKTOG KOl KOT' ETEKTOON
ot dpopes vrodoelg ¢ pitwong. Kdto and pikpookdmo @Bopiopov, petpndnke
peydaog apBpdg kottdpmv (N=6000 yio kGOe KLTTOPIKN CEPA), KOl GE SIUPOPA OTTIKA
nedia TPOsO10pioTNKE 0 APOUOC TOV HEGOPACIKMY Kol TOTIKOV KLTTAP®V, KabdG Kot 0
aplOUdC TOV KVTTAP®V 68 KABE EMPUEPOLS LITOPAOT TG TOONC.

Ta amoteléopato Tov HEGOL OPOL TOV UETPHCE®V 7OV TPOEKLYOAV omd Tpia
SPOPETIKA TTEPpOTE, OTMS KOl Ol GTOTIOTIKES amokAicelg, gaivovtal oto Xynua 3.21.
Ta amoteléoparta Etvyav enelepyacioc pe otatiotikn avdivon two-way ANOVA pe 1o
Bonferroni post-test (GraphPad Prism). I[Ipoékvye 0t vnpye o pikpn ovéopeimon oTig
VIOPACELS TNG pitmwong pe T kuttapooelpd 33C va mopovctdlel pKpn o0AAL GTATIGTIKA
onNUavTIK dlopopd amd TV Kuttopocelpd eréyyov Hela, dnwg vmodnAidveral and o
aotepakia oto pafddypapupa (Zynuo 3.21). H xvtrapocepd 33C mapovoiole pukpn
peimon tov apfuod tov KuTTtdpov Tov PpicKoviav oTn HETAPACN Kol HiKpn ovénon
aVTAOV TG TEAOQONC. 26TOGO TO TOGOGTO TOV HTOTIKOV KVTTAP®V TOV TPOEKLYE OeV
napovciole doeopd petasd tov kuttapocspdv Hela, 33C kot 62L, wov frav 6.40%

(n=6297), 6.26% (n=6379) ko1 6.26% (n=5274), avtictorya.

Yuvoyilovtog To. amoTEAEGHOTO TOL ANEONKOV amd TO YUPOKINPIOUO T®V 000
o100epA LETACYNUATIGUEVOV KUTTOUPOGELPDV HeLa®FCINAP "1 8o khdvor, 33C kot 62L,
napovcioloy (QULGIOAOYIKN HOop@oAoYin, otafepn EkEPOCT Kol GMGTO EVOOKVLTTAPLO
evromiopd ™mg GFP-hCINAP, puciodoykd kuttapikd kdkho kot kKpibnkav katdAniot yio

TPOYLLOTOTO{N O TOV TEPALTEP® TELPULATOV.
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Yype 3.21: Katavoun tov MitoTik@v @dacemv, 01mg avtéc mpoékvyav andé Mikpookomia
®0opopov. To wOtTopa  onuavinkav pe  ovti-a-tubulin @ kor  Hoechst 33342  «ou
TOGOTIKOTOMONKAV ®G HECOPACIKG 1 KOTTOPO CUYKEKPIUEVOV HTOTIKOV VTOQACEDY. XTO
pafdoypappa eaivovtar ol dtipopeg PAcels TG pHitmong Yo Tig 3 kuttapooelpég (Hela, 33C kot
62L) xo1 ot apBpol amotelovv 10 % TOGOGTO TOVG ENl TOV ITOTIKOV KuTttdpwv. Ot actepiokol
dMAdvouv Tig drapopég ot omoieg ivar ototioTiké onuavtikég (Metaphase: p<0.01, telophase:
p<0.001), 6nwg avtég mpoékvyay omd v avaivon two-way ANOVA pe Bonferroni post-test
(GraphPad Prism).
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He LaGFP-hCI NAP

3.5 Xpnon e otafepdc empoluouévie KUTTOPOGELPAS o€ in Vivo

TEWPOUATA

H mpaypotonoinon tov mepopdtov avtig g evotmrog oeénydncav oto
gpyaothiplo Tov Kadnynt Angus I. Lamond (University of Dundee, UK), to omoio 81é0ete
OA0 ToV amapaitnTo e£oMAMGOUO, HETA amd VIOTPOPia. LKPNG dtapKelog (3 UNVES) TOV LoV

amovepn On and 1o EMBO.

3.5.1 Meiétn e kKwvnmikotntoc e vBpudwne mpoteivic GFP-hCINAP pe

enova@opd POopicpuov Metd andé Pwtorsvkaven (FRAP-Fluorescence Recovery
After Photobleaching)

H teyvuicn e Emavagopdc ®Bopiopod Metd and dwotorevkovon (FRAP) mapéyet
TANPOPOPIES GYETIKA LLE TNV KIVNTIKY| OV EUQOVICeEL N VO peEAéTn TPp®TEIVT, KaBDS Kot TN
duvapkn mov gpgaviCouv ot aAAnAemdpdoelg g pe dAlo Proroywd paxpopopla. Ot
TANPOPOPIES TOL TPOKVTTOLY ATO TNV TEXVIKY QTN UTOPOVV va, ¥PNGIHLoTomovy yio vo
e€oyBovv Proroyikd cvumepdopata, énwg av 11 hCINAP dayéetar ehevbepa péca 6to
KOTTOPO, 0V omoteAel HELOG EVOG LEYOAVTEPOV GUUTAGKOV 1| OV TPOGOEVETAL GTAdEPA OE
VROKVLTTOPIKEG dopES | 610 DNA tov Kuttdpov.

[No ™mv zmpaypoatonoinon tov mepduatoc FRAP (2.3.12.2), 1o kottopa g

oT00ePAg UETACYNUOATICUEVIS KLTTOPOGELPAC HeLaC®FPNCINAPRSC)

tomofetOnkav otov
eWdKd  Ogppovopevo Odlapo tov pkpookomiov DeltaVision Spectris  wide-field
deconvolution o omoiog 0&1€0ete avthia mapoyng oOo&ewdiov Tov AvOBpoaka, POV
TponyovpueEvmg elyav avamtvoybel oe €dwd tpuPAia 35 mm pe yvdAwvo mobuéva kot To
Opentikd vAMKO avtikataotdOnke pe Openticd vAko avedptnro tov CO;2 mov dev mepieiye
KOKKIVO NG QOWVOANG. Apykd, ANednkov 3 ootoypagiec TOL KLTTAPOL Kol EMELTA
TPOKANONKE POTOAEDKAVOT UE TO POTOKIVNTIKO LOVTEAO TOV UKPOCKOTIOV GE [0l LLIKPT
weployn Tov mupnva pe xpnon Aéllep ota 488 nm (100% tng woydg tov Adilep Yo
dwotnua 0.15 s). Oa mpémel va Tovichel OTL 11 POTOAEVKAVGT 0POPE KOTAGTPOPT] TMV
popiov GFP kot 6yt ¢ cuvinyuévng pe avtd npoteivng (H pbopilovsa opdda oe avtn
™V TePoyn, AapPdvel 1660 VYNNG £viaons akTivoBoiiog, Tov TapépyeTal 1 O1GPKELD TOV
@Bopiopov tg). ‘Emetta ANednkav cuveyoueveg potoypapies, pe ypovo €kbeong 0.1 s ya
KéOe ewcova, yio T TOPOKOAOVON G TG OVAKAUYNG TOV CNUATOS POOPIoHOD GTNV TTEPLOYN
mov £€Tuxe EMTOAELKAVOT. 'Eva avImpoo®meLTIKO TOPASEIYUN (POTOAEVKOVONG TOL

TpoypatoromOnke eaivetol oto Zynua 3.22 A.
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Mo v enelepyacio TV amoteAecUATOV YpNOIHLOTOMONKE TO Aoyiopikd SoftWoRx,
He TO omoio £ylve MOCOTIKOMOINGT NG évtacomg Tov @OopIoHoy oTNV TEPOY TNG
(OTOAEHKAVONG TPV KOt PETE TN S1ad1KAGI0. T GUVEYXELD TPOYLOTOTOMONKE 1) YPOPIKN
TAPACTOCT] TNG £VTAONG TOV POOPIGHOL G GLVAPTNGT TOL YPOVOL (KOUTOAN ETAVAPOPAG,
Yymua 3.22 B) kot vroloyiotnke amd avty o xpdvog tip, 0 omoiog amotedel 10 Ypovikd
dtdotnpa mov amotteital MoTe M €viacn tov ehopiopov va etacel 6to 50% G TEMKNG.
Emiong mpoodiopiotnke 1o €mi 101G €K0TO TOGOGTO NG TPOTEIVNG TOL &ivar oTtadepd
TPOGOEdEUEVO, TTOv OpileTonl ®C M dSPopd NG apPYIKNG €viaong eOopioHod Kot Tov
@OOPIGLOV EMAVAPOPES LETA TV POTOAELKOVON.

H ¢potoledkavon mpaypatomomnke cuvoiikd o 50 kottapa o€ Sidpopa onueio
TOV TUPNVOTAAGHOTOC Kol O ti/, 0TS Tpodkvuye amd Tov péso 6po, ntav 0.29+0.03 s, o
onoiog &ivan mopopolog pe avtov g GFP (t =0.21 s), omowg mpokdmTel amd TNV
Bproypapia, Kot 10 TOG00TO TOL KvnTov KAAGpatog 89%+4. Ta amoteAéopata avtd
dnAdvouv ot n tpwteivn hCINAP dwyéetar eAevBepa péoa 610 KOTTOPO, Kot 6Tt HoVo £val

pikpd 1060016 G (11%+4) Tpocdéveral otabepd o€ SOUES TOV KVTTAPOV.
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Fb(0)= 0.63, MF= 0.88, T(1/2)= 0.29, I(-)= 1996.5, E=0.0020

1.0 =

Recovery Fraction
-

-2 -1 0 1 2 3 4 5
Recovery Time (seconds)

Yypa 3.22: Mehétn e KivnrikétnTag TS vprdwkis tpmteiviig GFP-hCINAP.

A. PoToYpUPKE OTIYIOTUTIO KOTA TNV Tpaypotonoinor g teyvikng FRAP. H apywn ewova
OTOTEAEL €IKOVO TPV TNV (POTOAELKAVON, T OEVTEPN TNV OTIYUN TNG POTOAEDKOVONG Kol Ot
VTOAOITEC EIKOVEG KOTOTIVA GTLYHIOTUTO, TNG QPMTOAEDKOVONG UEXPL ETOVAPOPES NG EVINGNC
@Bopropod. Khipoka: 10 pm. B. Kapmdin enoavapopdg tov @bopiopod g GFP-hCINAP oe
ocuvdptnon pe tov xpdvo petd omd mepduatoe FRAP ot otabepd empolvcpévn Kuttapocepd
HeLaSF"CINAP 330) (o, uetpnoelg and to mepduato, FRAP éyovv avaylel pe tétoto tpdmo dote 1
TPW TN POTOAEOKAVON £vtaoT Tov @OOPIGHOD VO, aVTIoTOXEL 6T HOVAdN, EVM TN GTIYUN TNG

emtorevkavong (t=0 sec) 1 évtaot vo 1600ToL LE TO UNOEV.



3.5.2 Avaivon mpoteivikov kVkiov {one tne hCINAP pe Bivreomkpookonioo 6e

npaynoTiko ypovo (Time-lapse microscopy)

Mo v depedvnon g duvoaukng ovumepipopdas ™ hCINAP otov eukapumtikd
TLUPNVOL KOTA TN SLEPKELN TOL KLTTOPIKOV KUKAOL (MM, TPOYLATOTOMONKE GTUYLLOTLTIKY|
Bwteopkpookomio. mpaypatikod ypoévov. H teyvikn avtn, umopel va mopdoyel akpiPeic
TANPOPOPIES GYETIKA LUE TNV YPOVIKY OAANAOLYIO TOV YEYOVOT®V TOL GLUPAIVOLY GTO
KOTTOPO.

[Ma va etvan e@ikn 1 gpnom avTg TG TEXVIKNG Bo Tpémet 1 vTd PHeAETN TPWTEIVT Vo
napovotdletal o vPpidlo pe v avtoebopilovoa tpwteiv GFP (mpacivo-gpBopilovoa).
Emopévog yioo v mpaypatonoinon autig TG TEWPAUATIKNG EVOTNTOGS XPNOLLOTomOnKe
kat oA 1 otafepd petaoynuatiopévn kuttapooetpd HeLa®™ ™ (idvor 33C kau
62L).

To kdtTapa po pépa Tpv v mapatipnon kdto arnd to pikpookdémo DeltaVision
Spectris wide-field deconvolution (Applied Precision), petapéptnkav o €1d1kd tpufiio
35 mm pe yvdiwvo mubuéva kot katd T ObPKEI TOL TEPAUATOG daTnpnOnkay oe
Openticd VAo aveEdptnto Tov CO,, mov dev Tepilelye KOKKIVO NG QOVOANG, apov
ponyovuéves onuavinke to DNA tov mopivev pe apotd dtdivua ypootiknic Hoechst-
33342 (2.3.12.1).

2 ovvéyew to KoTTopa tomofetOnkav otov €0kd Oepuorvopevo Baiapo tov
piKpookonmiov o omoiog O1€bete avtio mapoyng owo&ewdiov Tov AvBpoka, ®oTE M
TOPATNPNON TOV KVTTAP®V VO, ETTVYYOVOTOV VIO PUGIOAOYIKES Y10, TO KVTTAPO GLVONKES
(37 °C Beppoxpacio kot atpocparpa 5% CO2). Ta kdTTopo VIOPANONKAY GE GLGTNUATIKA
OTLYUIOTLTIKT] KOTaypopn Tov eBopiopov pe AMym déoung vrépientav (0.2 um) ontikadv
toudv (mepinov 20) avd 20 min, yio dStdotnua mepinov 24 h, ue avtopotoromuévo tpomo,
KOT® 070 LIEPIDOON aKTvoPolia youning évtaong, pe Baon to mpwtokorro tov Platani et
al., 2000. Té\og, ta omtikd dedopéva tvyav emelepyaciog pe egdikevpévo alkydopidpo
(iterative constrained deconvolution algorithm) kot 1 dour amelkoviotnKe TPIGOIAGTATO LLE
vynAn evkpivelo (Swedlow et al., 1997). 'Eva tétolo mopddetypo mopovotdletor 6To
Zynpa 3.23.

Amd ta mepdpoto PvteooKoniog TpayUaTiKoy ¥pOvVoy TOV TPOYUATOTOONKAY, Kot
TIG TOUVieg mov AMNMEONKav yio kKOvTTapo Tov otapovvtot [10 tovieg Yo 621 kon 17 touvieg
yw 33C (19 xvtropwkésg Swmpéostg ywoo kabe wvttapocepd)], eEdyovion or €€ng
TOPOTNPNGES/ CUUTEPAGLOTOL:

1) Xta dudpopa ontikd medio TopotnpOnKay KHTTAPO HE SLAPOPETIKN EVTact OOPIGHOD

¢ mpwteivinig GFP-hCINAP. Ekeivo mov mapotnpnibnke otig tawvieg, givar 011 T0l
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2)

3)

4)

5)

emimedn POOPIGHOL TNG TPWOTEIVNG AVEOUEIDVOVTAY GE GLUVAPTNOT] LE TOV XPOVO Kol
aLTO VTOONAMVEL KAT™ EMEKTOOT OTL 1] TPOTEIVIKY £KPPAGT TNG, EIVOL SLOPOPETIKN OTA
dtpopa 6TAdL TOL KVLTTAPIKOD KOKAOL. H évtacn @Bopiopov g GFP-hCINAP
Bpioketor o€ yapunAoTEPO, EMIMEdD OTO UITOTIKO KOTTOPO, EVM GTOOLOKO TO ETITEON
@Bopiopod avéavovtar kabmg to KdTTapOo eloépyeton otn @don GO/GL (4-9 h petd v
dwaipeon Tov KutTdpov, Zynua 3.23).

Kobng 10 kdTtTapo e16épyetar oty pitwon n tpoteivn dayéetal, Kot dgv cuvtomiletan
pe to DNA, mapd pévo ot teropaon (Zynua 3.24).

Ta mepduota  wpoaypotorombnkoy Kot pe TG OVO  otabepd  EMUOAVCUEVESG
kuttopooelpés, 33C (ynAn ékepacn) kot 62L (younAn €kepaocm), Kot €T61 €yve
TPOCTAOELD GVOYETIONG TOV EMTESMV EKPPOONG TNG TPMTEIVNG HE TNV dodikacio TG
uitwong. Hapatnphnke 611 éva 1060610 53% TOV TOTIKGOV KLTTAP®V ToL 62L (10
amod to 19 wOttapa) Umdpesav vo. OAOKANPMOGOLY QLUGLOAOYIKA TN StodtKacio NG
pitwong o oxéon pe 21% tov 33C (4 and ta 19 KdtTapa), 6tov omoio mapovsialovtav
AAPopeS avopaiies KaTd TN dtdpkela TG PTOTIKNAG dtaipeong (TTivakag 3.9).
[MapampnOnke 011 N pitwon ota KLTTAPU TOV KATAPEPVOV VO, OAOKANPMOGCOLV TN
dadikacio TG PLOLOAOYIKA, dtapkovoe 80 Min, pe dapopd 20 min peta&d dAmv Tov
protikov vropdoemv. EEaipeon anotéhece povo éva kvttapo g kuttapocelpdg 33C
O6mov ypOVOg HETOED TV S1APOP®V KLTTAPIK®Y VIToPdcewy ftav 10 min.

Ympye évag yniog apBuodg kouttdpov [47% vy 62L (9 and 19 kdttapa), 79% yw
33C (15 amd 19 wdtrapa)] mov mapovcialov ovopores katd TN OWPKEW NG
rkutropikng dwipeong (Iivaxog 3.9), 6nmg:

o) TOPOUOVI YO OPKETO YPOVIKO OSLAGTNUO OTN TPOUETAPOCN 1| UETAPACT N OE
KATO1EG TEPIMTMGELS HETAPRIPOOT TOV KLTTAP®V OO TN (o GAGT GTNV GAAN, XOPIS Ta
KOTTOPO VO KOTOPEPVOLV VO GTOYIGOLV TO YPOUOCHUATO TOVG KOL GTO TEAOG
napatnphOnke andontwon tovg (2 and ta 19 kdtrapa yro 62L ko 8 and ta 19 kdTTapa
vy 33C), 0T®G AVNKE Ao TN LOPPOAOYIl TOL KLTTAPOL (CLPPIKVMOGT KVTTAPOL Kot
ovumdokvoon DNA) (EZymua 3.25 A).

B) mpoaypatomoinon TG KLTTOPIKNG Oipecns QLGLOAOYIKA, OAAL ©TO TEAOG T
kottopa (3 and ta 19 kdtrapa yio 62L kot 1 and ta 19 kotrapa yio 33C) mopdpevoy
OTNV KLTOKIVIOT Y10 0PKETO YPOVIKO ddoTnuo, HEPIKES popég uéxpt kot 20 h (Zymua
3.25 B). Z¢ kdmoteg amd T1g Tovieg, aiveron 6t ta KvtTopa tpofaivovy 6to TEAOG GE
AmOMT®ON 1 €voN TOVG Kot Onpovpyio. moAvmupnvev kuttdpov. H amdmtomon
oLVEPOIVE OTIG TEPUITAOGELS TOV TOPOLCLALOVTOV OVOUOAES KATO TN UITOTIKY

dwipeon. Xt mAewoyneio TV KLTTApOV N andnT®on cuvéBave Otav To. KOTTOPO

- 189 -



TOPEUEVOV GE KATOLL VTOPACT] TG WITMOONG Yoo apKETN Gpo 1 UETEPavay omd T

LETAPAOT OTNV TPOUETAPOCT, XOPIG VO LITOPOHV VO OAOKANPOGOLV TNV KLTTOPIKY|

dwaipeon.
Avopaiieg Kvtrapukig owipeong 62L | 33C
[Mopapov Tpopetdpoon 0 2
KabBvotépnon ot petdoaon 2 5
MetaBipaon and petdpaocn ce mpopetdpoon | 2 4

N TpOPAcT Kol TOA TOW

[Mopapovn | KaBvotépnon 61N KLTOKivnoN 3 3

Anpovpyio TOALTUPNVOV KLTTAPWV 1 2

AndénTmon 2 8

Mivaxag 3.9: Avopoiisg mov TEPOVCLAGTNKAV KATA TN OLGPKELN TNG KVTTUPIKNG draipeong

oTIG 600 6TE0EPG peTacMpuoTIopéveg Kuttapoceipsg Hel a®mcINAP,
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t=0 min t=20 min t=40min t=60 min
t=80 min t=100 min t=120 min t=140 min
t=160 min t=180 min t=200 min t=240 min
..

t=280 min t=540 min

Yympo 3.23: MopakorovOnon g vhprdwkic apoteivic GFP-hCINAP o (ovrava kottapa
L€ MIKPOGKOTIO TPaypaTiko povov (time-lapse microscopy).
Y10 oMU TaPOLCIALOVTaL Ol EIKOVEG £VOG OTIKOV TEdiov mov ANeOnkav avé 20 min katd T

GFP-hCINAP(33C)

dupkelo TaparkorlovBnong g Kuttapooepdg Hela , KAT® amd €101kd HIKPOGKOTIO

DeltaVision Spectris wide-field deconvolution (Applied Precision). Kiipoio 10 pm.
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GFP-hCINAP (33C) overlay

Yympoa 3.24: Ttiymétone wov AeOnkay kKatd T otdpkera g pitowong oe {ovravd kitropa
HeLaGFP-hCINAP(BI&C).

prophase

prometaphase

metaphase

anaphase

telophase

[Mopovcialovtat ot SIGPOPES VIOPAGELC TG UITMOONC, OTMS AVTES dKPIvVOVTOL 0o TN LopPOLOYia
tov DNA, 1o omoio onudvinke pe ypwotiky Hoechst-33342 (umke ypodua) kor 0 evookvTTAPIOG
evtomopog g vPp1dikng mpwteiviig GFP-hCINAP (npdovo ypdpa). Khipaka: 5 pm.
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t=30 min t=70 min t=100 min

t=220 min t=250 min

t=110 min t=150 min

B . .
= = t=60 min t=140 min
t=200 min t=280 min t=320 min t=20h

Yympo 3.25: Avopoiieg Tov TOPOVCLICTNKOY KUTA T1) OLEPKELD TNG KVTTUPIKNG Olaipeosnc,
OO KOTAYPAPNKOY 6€ {OVTAVE KOUTTOPO. HelLg®FP-nCINAPGIC) LE MIKPOOKOTIO TTPOYNOTIKOV
xpévov.

A: TMopovcialovtar dVo KOTTOPQ, TO. OTOI0. TOPUUEVOLYV Y10, OPKETO YPOVIKO OlAGTNUO OTN
npdeacn-tpopetdpoon (100 min) kot 6t cvvéEKELD TO éva €K TV dVDO TPOYWPH 6TN UETAPACT,
6mov 10 ypopocoduate eoivovtar pun otoyicpéve (110 min). Xto télog ta dvo KvTTOPQ
npoPaivovv oe andntmon. B: Iapovsidleton éva mapddetypo teEAOPACNS-KLTOKIVIOTG, OOV TO

KOTTOPO TOPAUEVOLY EVOUEVA, OEV OAOKATPOVETOL 1] KLTOKIVIION axOpo Kot petd and 20 h. 1o

Kkd0e oy Tapovctdlovton EIKOVEG Le eVOEIKTIKOVG Xpovoug. KAipaka 10 pm.
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To amoteAéopata TG UIKPOOKOTIOG TPAYLATIKOD ¥pOVoL avédelsay 0Tt Thavov 1
npwteivi) NCINAP va gumhéketon 611G 01001KAGIES TG KVTTOPIKNG dtaipeong Kot Oa mpémet
peAlovtikd va diepguvnbel mo Oefodkd. Katd v mpaypoatomoinon tov mEPAUATOG,
apywd dev Moy dvvatd vo mopatnpnfodv prtotikég dwpécels. o to Adyo awtod
pelwdnke o xpovog €xkbeong TV KLTTAP®Y oTNV aKTVOPOAld, ME peimon Tov ypdvov
€kBeong Katd ™ ANy ™S EIKOVOG Kot HEIMON TOV TOUOV TOL KuTTdpoL (amd 20-24 og 10-
12). And 1o amoteléopato avtd mPoékvye OTL £va TOc0oTd 53% TV KLTTAP®V TOL
KAhovov 62L xotdpepav vo OAOKANPMOCOLV (ULGLOAOYIKE TNV KLTTOPIKN Jdloipecn o€
avtiBeon pe 21% tov kuttdpov tov 33C mov napovsiolav TePecOTEPES AVMUAALES, OTMC
Un oToiyion YPOUOCOUAT®V KOTé TN HETAPOCT LLE TAPUTPNON OTOTTOGNG 1 TOPOLOVI
ot Kvtokivnon. H dwpopd peta&d tv dVo avtdv KAOVOV pmopel va opeileTor otnv
dapopd g mpwteivikng Ekppacng ™ hCINAP (ueyolvtepn ékppaon otov 33C). Oumg
0 HWKPOS aplfdg TOV MTOTIKOV KLTTAp®V Tov ANednkayv, dev emtpémel v eaymyn
TEMKOV ocvunepoocpdtov. Emopéveg, 6o mpémet va yivouv emmAéov meEPALOTO OTOC
VTOAOYICUOG TOV OTOTTOTIKGOV KVTTAP®V, Y10 VO LTOPECEL VO avadelydel pia vdeydpevn

ovppetoyn tg hCINAP oty pitoon.

3.6 Xvuyypovionoc kvtrapocsepdc Hela ko aviyvevon tne hCINAP otic dudoopsc

QAGEIC TOV KVTTUPIKOV KUKAOV

Ao Vv avdivon Tov TPOTEIVIKOL KOKAoL (mn¢ g mpwteiviig GFP-hCINAP,
npoékvye 0Tt N Tpoteivikny kppoor g hCINAP dev givar otabeprn, odld Tapovolalet
OLEOUEIMOELS KOTA TN SLAPKELNL TOL KLTTOPIKOV KOKAOL. ‘Etotl, emiyeprinke perén g
TPOTEIVIKNG £kppaong g evooyevoie mpwteiviig hCINAP otig di1dgopes @aocel tov
KLTTOPKOD KOKAOV, OGTE VO TPOGOIOPICTEL G MO GLYKEKPYEVO GNUEID TOV KVLTTOPIKOV
KOKAOL TapovotdleTot avtn n avénon.

o to oxomd avtd, emtedydnke cLYYPOVICUOS KLTTOPOKOAEPYEWS TUToL Hela
oV @don G1/S pe ™ uébodo tov dumAov pumlokapicpatog pe dtdivpa Bovudivng (2.3.11).
Y1t ovvéyelo Aednkav delypoata avd 2 h ylo S1oTnpHo EIKOCITEGCEPOY MPOV, TOGO Y10,
avédivon FACS, 6co kot yio avocoarotonmon katd Western. Ot d1dpopeg @AGELS TOV
KLTTOPIKOD KOUKAOV, OV €MKPATOLGOV o€ KAfe Oetypa eAéyOnoov pe v Ponbewa g
avédivong FACS, 1o omoio ¢aivoviar oto XZyquo 3.26. Amd v avdivon FACS,
emPefordbnke o cuyypovicuds g Kuttapocelpds Hela, o omolog datnpnOnke péypt tig

14 mpdrteg dpeg pnetd v erevBEépwon amd v Bupudivn.
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Y10 avtiototyo Oetypato mov mpoopiloviav yi avocoamotummon kotd \Western,
ATTOLLOVOON KOV 01 GUVOMKEG TPMTEIVEG Kol T OEIYLLOTO QMOTOUETPNONKAY Y10, VTTOAOYIGUO
NG GLYKEVIPOONS TOV OMKOV TPOTEIVOV. Eneito mpaylotonomdnke avocoamoTummon
katd Western ypnotlpomoidvtog 160moca  JElyUOTO KLUTTOPIK®OV EKYVACUATOV Kol
OVTICOUOTO £VOVTL KUKAIVOV TTOV Eval LAPTVPES GLYKEKPIUEVOV PAGEMY TOL KLTTOPTIKOD
KOkhov  (Zyquo 3.27  A). Zta {00 TPpOTEIVIKA OgiypoTto  mpoypoTomomonke
avocoamotunwon Katd Western (Xynua 3.27 B) pe avticopo 1060 £vovtt TG TpOTEIVNG
hCINAP 660 kat tng actin,  omoio ypnoiomodnke mg ec®TEPIKO delypo ovapopas yia
™MV mocotikonoinon g ékppoong g npwteiviig hCINAP. H mocotikonoinon twv
amoTeEAEGUATOV Eyve pe To Ttpdypappa Scion Image, pe to omoio vroloyiotnke 1 éviaon
0V onuoatog and TG umavieg g hCINAP kot tng actin kot ot cuvéyeln o Adyog Tmv
evtaoewv hCINAP/actin mov mpoékvye kafdploe Kol T0 TOGOGTO EKEPOUOTS TNG
npoteivng. Ta anoteAéopata g moGOoTIKOTOINoNG TapaTifEVTOL 6TO KAT® WEPOG TOV
Yynuotog 3.27. And avtd tpokvntel 0t | tpoteivny hCINAP ekppdaleton Teptocdtepo 610
detypoto tov 12 kot 14 opdv, to onoia avtiotoryovv oty GO/G1 @don Tov KuTTOplKoD

KOKAOV.
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Cyclin B1

Cyclin D1

Cyclin A

hCINAP

hCINAP

_ o

1,26 1,42 1.02 1,64 1,97 1,29 211 4,550 NhCINAP/actin ,
(Scion image analysis)

Yypo 3.27: Aworoynon g ékgpaong ¢ npoteiviig hCINAP otig dtagopes ¢pdsers tov
KUTTOPIKOY KUKAOV. [60m0c0 Seiyuato, KUTTOPIKOY EKYVAICUAT®V, TOV TPOEKLYOV WETO Omd
GLYXPOVIGHO KLTTapOooepds Hela, étvyav avocoamotinmong kotd Western ypnoipomoidvrog
OVTICOUOTO EVOVTL TOV KUKAVOV TOL €VOL LAPTUPES GLYKEKPILEVOV PAGEMY TOV KLTTOUPIKOD
KOKAoL (A) xou évavtt g hCINAP kot actin yio mocotikomoinon g ékepacng g hCINAP,
Onmg mparypatonoOnke pe o Tpdypappa Scion Image (B)
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3.7 Merétn e evookvtTapuoc korovoune e mpoteivne hCINAP petd oméd

TEPONUTIKOVS YEIPLGROVE

H popeolroyia kot 1 obvbeon tov vromvpnvikdv opyavidiov, 6nmg to. Cajal bodies
(CBs), 0 mupnviokog Kot GALo TupnViIKG copotidlo, mapovotdlovy dvvapkn eOon Kot
umopovv vo petafAnfovv HETA amd omdOKplon 6€ TOWKIAOpOpea eEmTepikad epebdiopata
(otpeg) mov voiotator to kuTTapo (Cioce et al., 2006). To kbTTOPO TOV VIOKEWTOL GE
aktivofoAria UV, ofedotikd, unyovikdé 1 oOOU®TIKO O©Tpeg, vQioTaviol TOGO
ueconmpobecpo 660 kot pokponpdecsua, petaforéc otn Aemty dour tov moprva (Lang et
al., 1998).

®élovtog va dlepeuviGovE TNV UETAPOAN] GTOV €VOOKVLTTAPLO EVIOMIGUO TNG
npwteivig NCINAP kot tov mbavo poro mov dtadpapatifel oTny SuVOUIKT 0pyAvOGoT TOL

TLPNVO, TPOYLLATOTO|GOUE TEPAUATA TPOKANONG GTPEG OTIS OVO KVTTAPOCELPES HeLa®™

NCINAP (33C Kkan 62L), YPNOOTOLDVTAG ™G delypata eAEYXOL TIS KutTapooslpés Hela ko

HeLa®™.

3.7.1 MeTaypa®iKn KOTOGTOM]

Eivar 1o yvoo1d, 611 apfpnog mpoteivov mov gvtomiloviol 6Tovg mupnvickovs Kot
010 Tupnvoémlacua (Kuping tpmteivec mov tpocdévovial o€ RNA), dnwg kot RNAS (pre-
rRNAs, U1snRNA, 7SK RNA, snoRNAs, U93 scaRNA) avakatavépovior vrd popen
doKTLUAIV (Caps) yop®w amd TOLG TVPNVICKOVG KAT® Omd QULGLOAOYIKEG GLVONKEC
KOTOGTOANG TNG UETAYPAPNG. Avamopaymyr ovtig ¢ oadtkaciog pmopet va yivel pe
xpron Tov ovoldv oktwopvkivig D (actinomycin D, actD) kot 5,6-diyAwpo-p-D-
pipopovpavocvAfeviidaloiiov (5,6-dichloro-beta-D-ribofuranosylbenzimidazole,
DRB), mov dpovv m¢ avactoreic g petaypopns (Shav-Tal et al., 2005).

o va pelemnBel toyxdv odhoyn Tng €VOOKLTTAPOG KATOVOUNG TNG TPWOTEIVIG
hCINAP «kdt® omd cuvOnKeg UETOYPOUPIKNG KOTOOTOANG, YPNOMOTOMONKE opyikd m
kuttapoocelpd 33C kot o avactoréag actD oe ovykévipoon | pg/ml, mov mpokaAet
Kotaotod] toco g RNA Pol. I, 6co wor g RNA Pol. | xor to wdtrapo
povipgomomOnkay petd amd 3 h g tpocdnkng g actD.

Ao tov avocopboplopd £yve avtinmtd 0Tl péPog g mupnvoriaouatikng GFP-
hCINAP gupovilotav o€ dakTuAiovg YOpm amd Tovg TUPNVICKOLS, KAOMG EMIONC HEPIKES
(POPEC KOl GE GUCCOUATOUATO HEGO GTOVG TVPNVicKovg (Zynuo 3.28, BEAN Kot KeQoAn
Bérovg avtictoya). To amotédespa gpeovifotav oe mocootd >80% TmV KLTTAP®V TOV

Etuyav emeepyaciog pe tnv actD.
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GFP-hCINAP overlay

ActD

Control

Yympo 3.28: Evromopoc tg GFP-hCINAP 6g dopéc yopo amé tovg muprvickovg (Caps) petd
a6 petaypagukn katactol g RNA Pol. | kan Pol. 11. A: Metoypagiky] KoTaoTo ) HE xprion
axtwvopvkivig D (ActD, 1 pg/ml) kot dnpovpyio daktvoriov yopo and Tov mupnvickovg (BEAN)
¢ GFP-hCINAP kot e6Tidv péca otovg mopnviokovg (keparég BEAwv). B: Kottapo gdéyyov, mov
dev véotn v dwdikacio g kataoctoAc. H GFP-hCINAP mopovcidletal pe mpdovo evd to

DNA pe pmie. KAipoka: 5 pm.
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2t ocvvéyeln, yuo va emiefaimbei 6t n mpwteivy GFP-hCINAP coumepipepotov
Katd tov 1010 tpémo pe v evdoyevn mpowteivy hCINAP, mpayupotorombnke 1o 1610
neipapa g kavovikn kKuttapooelpd HelLa. O poawvotumog emPBePormbnie pe aviyvevon g
EVOOYEVOUG TPMTEIVIG, UE YPNOTN TOAVKAMVIKOD aVIICOUOTOS Evavil Tng (Zymua 3.29,
[Moapdptnua). To amotédecpa emPePordbnke emmAéov kot otov kAdvo 62L, mov
napovciole akpPag tov idto eawvdtvmo pe tov 33C (1 ewdva dev mapatifetar). o v
TEPALTEP® SEPEVVIOT TOV POIVOTVTIOV EMAEYNKE 1) XpNoLomoinon Tov kKimvov 33C.

Y& GLVONKEC HETAYPOPIKTG KATOGTOANG, Elvarl yvootn omd t PiAoypapio n vmapén
dvo kvplwv dapopetikdv tomwv caps: ta Dark Nucleolar Caps (DNCs), ta omoio
Bpickovtal cucowpevpéva oTNV TEPIPEPELR TOL Tupnvickov kat To. Light Nucleolar Caps
(LNCs), 1o omoio. &xovv popen tO&ov Ko dgv Ppiokovial Ge GUEST) ETOQPYN UE TNV
TEPLPEPELNL TOV TVPNVIGKOL OALG Qaivetar vo mpoe&éyovv amd avtov (Shav-Tal et al.,
2005).

Onwg eivar 1N yvwotd, n npoteivn hCINAP aliniemidpd pe v mpoteivn coilin
(Santama et al., 2005) ko emiong, n coilin evtomiletar otovg daktvAiovg LNCS petd amd
KataotoAn g petaypaoeng (Raska et al., 1990; Carmo-Fonseca et al., 1992). TI'a ™
dtepgvvnon mhovod cvvEVTOMIGHOD TV 000 OVTOV TPOTEVAOV OTI OOUES OVTEG
npaypatonoonke drhdg avocoebopiopdg g GFP-hCINAP kat g coilin (ZyAuo 3.30
A). TapdAinio mpoayuatorombnke dmhdg avocoebopiopdc g GFP-hCINAP pe v
fibrillarin (Zynuoa 3.30 B), cvotatikd tov mupnvickov kot tov Cajal bodies, | omoia givat
emiong yvootod 0t avokatavépetor oto LNCS petd amd petaypagikn katactoAr (Santama
et al., 1996) xat cuvevronileton pepikag pe v coilin (Shav-Tal et al., 2005).

[Mapaddéme, kot otig 600 mepumtmoelg 1 GFP-hCINAP dgv cuvevtomlotav pe Kopio,
and avtég T dvo mpwrteivec. Emopévag ta mepurvpnvikd caps, ota omoia evtomiletal n
hCINAP, dev givar T LNCs kot mopd to yeyovog ot ot mpwteiveg hCINAP ko coilin
OAANAETIOPOVV, OVOKOTAVELOVTOL SLOPOPETIKA LETO OO LETAYPOPIKT KOATOGTOAT.

Qg ek tovTOV, KPiONKE avayKaio 1 TEPAUTEP® OLEPEVVNOT TOV TUTOV TV OAKTLAI®V
nmov onuovpyei n GFP-hCINAP. H mpwteivn PSP1 (Paraspeckle Protein 1), mov
evtomileTon ota Tupnvikd copotidlo mov ovoudlovtor Paraspeckles, cuvabpoiletor petd
an6d kataotodn g RNA Pol. Il oe mepumvpnvikd caps (Fox et al., 2002), mwov €xouvv
tavtomomBel wg DNCs. Emopévmg, emiyeipndnke owmhog oavocoebopiopndg e GFP-
hCINAP pe v PSP1. A6 10 amotéleopa tov ovoco@bopiopod £yve aviiinmtd Ot 1
npwoteiv GFP-hCINAP ocvuvevtomlotov pe v mpoteivny PSP1 (Zyqua 3.30 C),

vrodekvoovtag £tat 6Tt ot daxtoiol tg GFP-hCINAP avtictoyyovcsav pe DNCs Caps.
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GFP-hCINAP coilin overlay

GFP-hCINAP fibrillarin overlay

GFP-hCINAP PSP1 overlay

Yyfqua 3.30: Evéokvrrapra kotovoung tng GFP-hCINAP petd amd petoaypa@iki KoTooTtoAn
tv RNA Pol. | xkax RNA Pol. I1. H GFP-hCINAP gugaviletat kot cvvevtonileton pue v PSP1

6TOVG SOKTLAIOVG YOP® amd TOLG mupnvickovg (caps) DNC, 0nwe kot 68 CLOCOUATOUNTO. HECH
OTOVG TLPMVIKOVS, HETA omd UETOYPOQIK KkataotoAl. H otobepd petaoynpatiopévn

KutTapooelpd Hela®r "eINAPGIC)

ekténke yioo 3 h og Bpentikd vAkd mov mepieiye 1 ug/ml
Actinomycin D. To npdowvo ypopo avtirpoocwnedel v GFP-hCINAP, to kdkkwvo tnv coilin (A),
fibrillarin (B) kot PSP1 (C), petd and ypriion katdAAniov avitcopdtov. Ot tupiveg onuavonkay

ue Hoechst 33342 (umke). KAipokao: 5 pm.
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A  GFP-hCINAP coilin overlay

B  GFP-hCINAP fibrillarin overlay
C GFP-hCINAP PSP1 overlay

Yypa 3.31: O ev0KLTTAPLOG EVTOMIGUOS 6E KUTTAPO ELEYYOV, TOV TTPMTEIVOV coilin (A),
fibrillarin (B) xax PSP1 (C), o¢ cvvévacpo pe v mpoteiviy GFP-hCINAP (A-C), otnv
otafepd  peracympatiopévy  kvrrapoostpd  HelLa®T MeNAPGIC) 1o ppacvo  ypdpa
avtrpoownevel Tnv GFP-hCINAP, to kokkwo v coilin (A), fibrillarin (B) xat PSP1 (C), petd
and ypnon KatdAAniov oavticopdtov. Ot mopnves onudvOnkov pe Hoechst 33342 (umke).
KMpoka: 5 pm.
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O evdokvttdplog evtomiopdg towv mpowteivaov coilin, fibrillarin kow PSP1, og
ovvovacpd pe v mpoteivy GFP-hCINAP, oe kdttapa edéyyov (kOttapa mov dgv
VIEGTNOOV TNV SLOSIKAGIOL TG LETAYPAUPIKNG KATAGTOANG) aivetal oto Zynua 3.31.

Ene1dn n ypnon g actD oe ovykévipmon | ng/ml mpokodel kataotorn 1660 ™G
RNA pol.ll, 6o kot tng RNA pol.l (Sobell, 1985), enyeipndnke meportépm perétn tov
eowotomov, pe ypnomn g actD oe ocvykévipoon 0.04 pg/ml mov mpokaAel KotasTOAN
uovo ¢ RNA pol.l kot tng DRB. H DRB ¢ ouykévipmon 25 1 50 pg/ml, kotaotédret
ovykekpuéveg CTD xwdoeg (carboxyterminal domain Kkinases), aAld kvpimg dpo ©g
£101k0¢ avaotoréag tng petaypoenc e RNA Pol. 11 (te Poele et al., 1999). I'o tov éLeyyo
TOV OOTEAECUATOG, TPOYUATOTOMONKE Kot TAAL SuTAOg avocopBopiopog Evavtt g GFP-
hCINAP ka1 ké0e piag ek tov tpiov npoteivov: coilin, fibrillarin kow PSP1.

Ta amoteléopota €610V OTL 6T KUTTOPO TOV TPOYUATOTOMONKE KOTAGTOAN TNG
petoypaenc pe ovykévipmon 0.04 ug/ml actD, mopovoidloviav ot yapakINPIOTIKOL
daxtoAol (caps) LNCs yia i npoteiveg coilin ko fibrillarin, evd ov mpwteiveg GFP-
hCINAP ka1 PSP1 diatnpovcav thv UGIOAOYIKY) TOVG EVOOKVLTTAPLO KOTOVOUT (Zymua.
3.32).

EmmAéov, ota kdTTapa mov mpaypatorotdnke kataotoAn g petoypaens pe DRB,
n GFP-hCINAP kot 1 PSP1 gpeoavifoviov o¢ cUGmUATOUATO KOVTE GTOVE TUPTVICKOVG
Kot cuvevtomifovtav kot T 6€ T0600T0 >80% TV KLTTApOV (Zyua 3.33 C). H coilin
eviomlotay, Om®G Kol TPONYOLUEVMSG, VIO HOpPN CapsS YOp® amd TOVG TUPNVICKOLG
(Eynua 3.33 A) evo n fibrillarin evtomlotav vad popen caps povo og tocootd 10% twv
Kuttdpov (Zymua 3.33 B, Beddkio) Kot 610 peyoldTEPO MOGOGTO TV KuTTtdpov (~80%)
Nrav arodopyavouévn 6mmg eaivetal kot 6to Zynua 3.33 B (kepain BELovg).

INo meportépm perétn tov ovveviomopod tg GFP-hCINAP pe ™ PSP1,
npaypatonomonke tpthog avocsopBopiopog: GFP-hCINAP (mnpdowvo), PSP1 (koxkivo)
kou fibrillarin (ume) xou to anotéheopa £dei&e Eexdabapo 0t o1 mpwteiveg GFP-hCINAP
kot PSP1 ovvevtormilovtov kot Bpiokoviav mOAD kovtd M o€ GUECT EMOQEN UE TNV
amodiopyovouévn fibrillarin, og arotéheoua g anodiopydvmong tov mopnvickov (Zynuo
334 A, og peyadbtepn peyévBuon oto €vBeto @aivetar o Aemtopepn|g  ALTOC
ovvevromiopoc) (Martin et al., 2009). O eviomouds TOV TPLOV TPOTEVOV G€ KOHTTAPO
eléyyov paivetal oto Tynua 3.34 B.

Amd 10 ovvdvooud TOV Mo miveo anoteheoudtov, mpokvmter 6ttt 1 hCINAP
avoKoTOVELETOL Oomd TO TupnvomAacua otovg oaktuiiovg DNCs yopw ond Toug
Tupnvickovg, émov cuveviomileton kel pe v mpwteivn PSP1, mov otpatoroyeiton amd

™mv oanocvvopporoynon tov Paraspeckles, povo petd amd xorootodn ™g RNA
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nolvpuepaong II. A&loonueioto givar emiong 1o yeyovog 6t 1 hCINAP cuykataAéyetal 6to
LiKpd aptBpd Tov TLPNVOTAACUATIKAOV TPOTEIVOV TOV dNUOVPYOVV CapS KAT® OO OVTEG
TG ovvOnkeg. Ot mePIocOTEPEG TUPNVOTAAGLOTIKEG TPMTEIVEG KOl Ol TPWOTEIVEC TOV

evtomiCovtal ota cwpatiow speckle, dtatnpodv v evéokvttdpila katavour tovg (Shav-

Tal et al., 2005)
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A GFP-hCINAP coilin overlay

B GFP-hCINAP fibrillarin overlay
C  GFP-hCINAP PSP1 overlay

Yyfquna 3.32: Evéokvrtapra kotovoung tng GFP-hCINAP petd amd petoaypa@iki KoTooTtoAn

¢ RNA Pol. I. Metd and petaypapikn KotaotoAn ot apoteiveg coilin (A) xou fibrillarin (B)
TOPOLGIALOVV TOVG YOPUKTNPLOTIKOVS dUKTLAIOVG YOP® amd TOVg TLuPNViIckovg (Caps), oAl oyt ot
PSP1 (C) xou GFP-hCINAP, ot omoieg ovte ovvevtomiCovtav. H otobepd petacynuaticuévn

G HeLa®™PeNAPEC) eieréinie yia 3 h oe Bpenticd VAo mov mepietye 0.04 pg/ml

KUTTOPOGELP
Actinomycin D. To mpdowvo ypodpa avimpoonrevel Ty GFP-hCINAP, to koxkwo v coilin (A),
fibrillarin (B) ka1 PSP1 (C), petd and ypriion KatdAniov aviicopdtov. Ot mopiveg onudvonkay

ue Hoechst 33342 (umke). KAipoka: 5 pm.
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A GFP-hCINAP coilin DNA overlay

B  GFP-hCINAP fibrillarin DNA overlay

C GFP-hCINAP PSP1 DNA overlay

Yympo 3.33: Evéokvrrapro kotavouns g GFP-hCINAP petd and petoypa@ikiy Kataotoln

¢ RNA pol.Il. H GFP-hCINAP cuvevtonileton pe tqv PSP1 o6& cuccouatdpate Kovid 6tovg
nmopnviokovg (C), evdd m coilin evtomiletan vwd popeny doxtvdiov (Caps) yopm amd TOLG
nopnviokovg (A). H fibrillarin (B) evtomiletar vwd poper caps poéovo oe mocootd 10% tov
KuTtopwv  (PeAdKio) KOl OTO UEYOADTEPO WOGO0TO TV Kuttdpwv (~80%) eppavileton

omodopyavopévy (kepaly Pédovc). H otobepd petooynupotiopévn kvttapooepd Hela® ™

NCINAPESC) extéOnie yia 3 h oe Opemtcd VA mov mepieiye 25 pg/ml DRB. To mpdowo ypodua
avtimpoownedel v GFP-hCINAP, 1o kdkkwvo v coilin (A), fibrillarin (B) xat PSP1 (C), petd
amd ypnon KatdAAniov aviicoudtov. Ot mopriveg onudvnkav ue Hoechst 33342 (ume).

KMpoka: 5 pm.
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GFP-hCINAP PSP1 fibrillarin overlay

Yyfquna 3.34: Evéokvrtaplo katavopis tg vppdwkn wpoteivig GFP-hCINAP petd amo

petaypaiki katastor T RNA pol.l1. A: Tpuhdc avocopBopiopdc tov kuttapov Hela®
hCINAP(33C)

DRB

control

, UETA amd petaypa@ikn KotootoAr] pue DRB, 6mov mapovoidletor n GFP-hCINAP
(mpaowo), n PSP1 (kokkivo) kou m fibrillarin (umhe). H peyébuvon g vépbeong 6mmg paivetan
010 évbeTo, Tapovolalel v meptoyn mov sivar Betikn yio v fibrillarin xovtd otov Tupnvicko, o
omoiog dgv mapovctilel TOGO cuumayn doun, va Ppioketal TOAD KOVTIA 1 0€ QUECT] EMAPY LE TNV
nepoyn ovvevromicpov g GFP-hCINAP kat thg PSP1. B: Avtictoryo mopddetypo omd KOTTapo.

7ov dev &rvuyav v enetepyacio (kotrapa eAéyyov). Kiipoaka: 5 pm.
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3.7.2 AktwvoBolrio UV-C

‘Exetr deyybet 611 T cwpotiow CBS aArdlovv oe apBud kol ep@dvion petd amod
aktvoBorio. UV-C, pe tv coilin va odlaoneipetol o€ €KOTOVINOEG WKPOECTIOKA
ocvumAéypato oe 6o to mupnvomhaoua (Cioce et al., 2006). H péyiotn enintoon ot
dwaomopd g coilin mapatnpnnke oe ypdévo 6 h petd v ékbeon oe UV-C ko ot
EMNTOGEIS NTOV €V UEPEL OVTIOTPENTEG UE EMOVOPOPA TNG PVCIOAOYIKNG KOTAVOUNG TNG
coilin oto ~40% T®V KLTTAP®V TOL LIESTNGOV aKTvoBoAia, petd and 10-12 h. Mépog tmv
axktvofoAnuévav kuttapov petd and 8-10 h, mapovoialav daktvAiovg yOp®m omd TOVG
nmopnviockovs. EmmAéov, €xetl derybet 011 n aktvoPforio UV-C emnmpedlel v kotavoun kot
ALV TPOTEIVOV o1 omoieg evtomilovtal VTd PLGloAoYIKES cuvOnkes ota CBS, ommg 1
TpOTEV emPioong Tov KvnTikdv vevpdvav (survival of motor neuron, SMN) (Cioce et
al., 2006).

[a ) perémn, ovtiotoya, ™¢ evdokvttaplag katavoung e hCINAP kdto and
ouvOnkeg oaktvoBoriog UV-C kot yu tnv depebvnon TuyOV GULVEVIOMIGUOL TMV
npoteiviv hCINAP kot PSPl kot oe ovtég tic ovvOnkeg, ektog amd ocvvOnKeg
LETAYPAPIKNG KOTUGTOANG, Tpoyuatortomdnkav mepdpoata pe  oktvoforio UV-C
YPNOWonolwvTag Vv otafepd petacynuoticpévn kvttapocelpd 33C, kabdg wor
Kuttopoocelpd Hela mg delypa eréyyov.

Ta kdtTapa Etuxav aktvofoinon ota 254 nm pe 30 JIm? HE XPNOM TNG GLOKELNG
UV Stratalinker 2400 (2.3.9.2), kot émetto, povipomomOnkav otig evoedetyuéveg mpeg, 6 h,
8 h, 10 h kot 24 h, xabohg eniong kot kKOTTAPOA TOV dEV VIESTNGAV AKTIVOBOAIRL (0PVNTIKG
delypata eAéyyov).

[Mo tov éAeyyo 1OV amoTEAEGLOTOS TTPpayHOTOTOmOnke avocopOopIGHOC e yp1iom
KATGAANA®V aviicopdtov évavtt e SMN kot tg coilin mov sivar ®on yvooti n
evdoKVTTApLa Stacmopd Tovg petd and aktvoPforio UV-C (Cioce et al., 2006), kabdg kot
yw v PSP1. Ta kbdttapa mov Aednkav otig 6 h, édeiéav omwe avapevotav, OtL n
npwteivy SMN Swyedtav oto kuvttapdmiacua (Zxque 3.35 B, Tlapdptnua) evd m
npoteivn  Ccoilin  avakotovepdtoy o€ OEKASEC  WIKPOEOTIOKG GUUTAEYUATO  GTO
mopnvomhaoua (Zynua 3.36 B). H mpwteivn GFP-hCINAP avtibétwc, oynuatile peydieg
OTPOYYVAEG TUPNVIKES OOUES, KAOMG Kol LKPOTEPES E0TIEG GTOV TLPMVA Kol PLEGO GTOVG
mopnviokovg (Zynua 3.36, B, Beldxia). And tov tpithd avosopBopioud (GFP-hCINAP,
coilin kaw PSP1), eavnke o611 o1 tpwteiveg GFP-hCINAP kot PSP1 cvvevtonilovtav 1060
OTIG MUPNVIKEG €0TIEG OGO KOl OTIS €0TiEG LECOH GTOVS TLPMNVICKOLG, Ol OTOlES TTOv
SPOPETIKEG amd TIG pKpoeotieg mov eviomlotav mn coilin 6to mupnvomiacuo (Zyfuo

3.36 B).
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Amd 1o KOTTOpa TOL AMNEONKAY og petaysvéatepoug ypovoug (8 h, 10 h ko 24 h),
&ywe avtiAnmTd OTL Ol EMTTAOCELG NTAV €V PEPEL OVTIOTPENTEG Tepimov oto 40% TtV
Kuttdpov otic 10 h, evd ¢’ éva mocootd tov kuttapov otig 8 kot 10 h n coilin
evromlotay vd HopPn Caps yopw omd TOVG TLPNVIGKOLS KOOMC EMIONG Kol 01 TPOTEIVESG
GFP-hCINAP a1 PSP1, ot onoieg 6pmg ovvevtomilovtay o€ dopopeTikd caps and avtd
g coilin (Zynua 3.36 C kot D). To pavopevo avtd mapovctaldtov niong e £va pikpod
TOGOGTO KVLTTAP®V KO Kot petd and 24 h and v aktvoPfoiria, pe tmv GFP-hCINAP
va evtomileTon TEPIGGATEPO MG OOKTUALOC LEGH GTOVE TUPNVIGKOVG 1) 0€ CAPS aKOUOL Kot
Otav 1 coilin eravepyodtov v uépel oty PLGLOAOYIKY TG Katdotaon (Zyfua 3.36 E). Ta

avtiotoryo amoteAéopato mopatnpiinkoay Kot oty mepintoon mc SMN (Zymua 3.35,

[Hoapdptnua).

Yvvoyilovtog, n mpwteiviy GFP-hCINAP petd amd 6 h and v axtvoporio UV-C,
OV TOPOVGLALETAL O MO £VIOVOG QPUIVOTLTTOC, OVOKOTOVEUETOL GE UIKPEG €0TIEG GTOV
TLUPNVO. KOL PEGO GTOVG TLPNVICKOVS, OOV GLVEVTOTILETOL Kol TAAL UE TNV TPOTEIVN
PSP1, 6mwg kot 6t mepintmon g HETOYPUPIKNG KOTAGTOAG. L& UETAYEVEGTEPO YPOVO
(10 xar 24 h), ota KOTTOPO 7OV OEV EMOVOPEPETAL T (QUVOLOAOYIKY KOTAVOUN,
ovvevtomiletor kot oA vd poper| daxktvAimv (DNCs) pe v PSP1 kot dwapépovv amnd
avtovg mov evromiletor 1 coilin (Zyqua 3.36 D). Iopatmphnkay kdtTtapa, Tov eved M
npwteivn coilin kot SMN enavépyoviav v HEPEL 6T PLGLOAOYIKT| TOVG Kortovoun, 1 GFP-
hCINAP g&akolovBovoe va mapovctdlel Tov id10 avOTLTo, YEYOVOG TOL VITOINAMVEL OTL
mOavov 1 ETavVaPopd TS va YIVETAL [LE TTO 0PYOoLS PLOLOVS 1 VA TOPOLGLALEL LeyaADTEPN
evacOnoio otnv aktvoPolrio.

EmumAéov, n GFP-hCINAP kdtm and ovtég Tic cuvinkeg, 6€ OAOVG TOVG YPOVOVG TTOL
nopaTnpiOnKoy To KOTTOPA, €VIOMOTOV EMITPOGOETO KOl GE MO WUEYOAES TLPNVIKES
dopéG, CLGCOUATOUATOV. Mg TV TAPOdO TOV YPOHVOL Ol OUES OVTEG EAATTOVOVTIOV GE
apOuo ko avEdvovtav og péyehoc. Ot douég avtéc iomg a&ilel oto péArov va peietnBodv
Kol vo depevvnlel Katd mOGO OVTA TO CLCCOUATOWTO amopTilovTor Kot omd GAAES

TPpOTEIVES N TaPAyOVTEG Kot VAL YiVEL TOVTOTOINGT TOVG.
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GFP-hCINAP PSP1 coilin overlay

control

UV-C

6h

8h

10h

24h

Yyfquna 3.36: Evéokvttaplog evromonog e vpdung npoteivig GFP-hCINAP petd amo
oktwvoforic UV-C ko ovvevromiopog t™g pe PSP1. A: Kuttopo 10 omoio dev vméom
axtvoPforia. B-E: xOttopo mov vaéotnoav axtvoforia UV-C kol povipomomdnkov otovg
evdedetypévoug ypovovus. B,C: H mpoteivn GFP-hCINAP oynuatiCer peydieg otpoyyviéc
TUPNVIKEG O0UEC KaOMC Kot HKPOTEPES EOTIEC GTOV TLPNVA KOl GTOLE TVPNVICKOVS GTIS OTOlEg
ovvevrormietanr pe v PSP1 wat oyt v coilin (B, Békn). D, E: n GFP-hCINAP mapovcidlet
daxtvdiong YOpw amd Tovg TVpPNVickovg Kot cvvevtormiletar pe v PSP1 xai 6yt v coilin. To
npdowo ypoua avtirpooonnedel v GFP-hCINAP, to koxkivo tv PSP1 kot to pmie v coilin,

petd amd ypron katdAinAov avticopdtov. Kiipaxka: 5 pm.
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3.7.3 YREPOGUMTIKO GTPEC

Mo perétn g evdokvttdprog Koatavoung e mpoteivng hCINAP xdto ond
OLVONKEG VIEPOOUOTIKOD OTPEG, ypnoipomombnke copPitéAn mov ivar yvootn yo ™
dpaon ¢ o¢ Tapdyovta tpomdinong avtov tov otpeg (Caruccio et al., 1997). H otabepd

GFPNCINAP (33C) enwbotnke yw 1 h og Opentiko

petacynuaticpEvn kouttopooelpd Hela
VAo pe 0.5 M copfrtodn (2.3.9.3) kot ot cuvEKELD XPNOLUOTOMONKE UIKPOGKOTIN
@Boplopod yoo TOV TPOodlopicd Tov gvdokvTtdplov gvtomiopov ™G GFP-hCINAP.
[TapdAinia, ypnoyomomOnKay KATAAANAQ OVTICOUOTO TOL OvVOyVOPLLOV TI TPOTEIVES
PSP1 «xou coilin, yia diepevvnon mbavod cvvevtomopotd g GFP-hCINAP kdtw omd
avTég T1 ovvOnKeg pe v PSP1, kot ofjpaven tov mopiva pe t ypwotikny Hoechst 33342.

Amd 10 amotélecpo Tov avosopBopiopov eavnke 6tt 1 GFP-hCINAP evtomilotav
VIO HOPPN] GULOCOUOTOUATOV GTO TLPNVOTAOCLUO, OTIS TEPLOYXEG OMOL dgv MTAV
ocvumvkvopévo 1o DNA (Zynua 3.37 A). H npoteivn PSP1, oe éva apiBud xvttdpov
(QAVNKE VO ATOO10PYOVAVETOL KO VO OILGTEIPETOL GTO TUPNVOTAAGLLO, ELOAVICOVTOG TOAD
WIKpEG eotieg ol omoieg dev @aivovtav va mapovcstdlovv cuvveviomcopd pe v GFP-
hCINAP (Zyqua. 3.37 A). Zmn mheoyneio ToV KLUTTAPOV OU®G, O €VOOKLTTOPIKOG
EVTOTIOUOG TV mpwteivdv Coilin kot PSP1 dev mapatmpndnke va petafdiietor (Zynuo
3.37 B).

H npwteivi hCINAP, kdto omd cuvOnkes vrepmoumTikod otpeg mapovoiale emiong
d0UEG | CLGGOUATAOUOTO GTO TVPNVOTAAGLO, OTMOC KOl OTN TEPITTOON NG AKTIVOBOAING
UV-C, ta omoia dev gpodvilav Opmg v idwor popeoloyio. Xe auth TV mEPImT®ON Ot
OOUEG VTEG NTOV TEPIGGOTEPES, LKPOTEPES Kat dev Tapovsialay TOGO GTPOYYLAN doun
onw¢ mponyovpévec. Avti ftav 1 uovn mepintwon, mov n hCINAP dev eppavile kavéva

ouvvevtomicpd pe v mpoteivn PSPL.
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GFP-CINAP PSP1 Overlay

GFP-CINAP PSP1 coilin Overlay

Yympo 3.37: Evéokvrtaprog evromiopog g GFP-hCINAP petd amé vaepoopmtiko otpec.

A: H GFP-hCINAP gpoavifetat vod pope GLGCOUATOUATOV GTO TUPTVOTAUGH OTIG TEPLOYES
petald g cvpmukvopévng xpopativng kot 1 PSP1 amodiopyavouévn oe pukposoties. B: Ot
npoteiveg PSP1 xar coilin dgv mapovoidlovy dopkég oAlayég otnv TAEOYNQio. TOV KLTTAP®V
nopdAinia pe oddayn ot popeoroyio g GFP-hCINAP. Ot npwteiveg GFP-hCINAP kot PSP1
8ev paivovton vor cuvevtomilovtal k4t omd avtég Tig ouvOnkes. Ta kottopa Hela®™NeNAPEC)
pv povipomomovy, enwdotkoy yio 1 h og Opentikd vAKd mov mepieiye 0.5 M copProin. To
npdowo ypoua avimpoocwnrevel v GFP-hCINAP, 1o koéxkwvo v PSP1 kot o purie to DNA (A)
kot v coilin (B), uetd amd ypnon KatdAAniov aviicopdtov 1 g xpwotiknig Hoechst 33342.

Kiipoxa: 5 pm.
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3.8 Kotactol] Tov peraypoonuozoc e hCINAP (RNAI) kor avdlvon Ttov

EMATAOGEOY
(Ta mepapata avtd £yvav ond 1 kupia ['pnyopio Xatlnyidvvn kot tapovcidlovion pe
TNV EVYEVT GLYKATAOEST TNG).

To yeyovog 61t 1 hCINAP mapovoialetar cuvinpnuévn e OA0 TO QAGHO TOL
EVKOPLVMOTIKOD  PLAOYEVETIKOD 0&vTpov (Oniaotikd, @utd kot Copopdknta), 1o 0Tl
aAANAETOPA e TV Tpmteivn coilin mov cvppetéyel oe o eEEMKTIKA GUVTNPNUEVT dOUN
-t0o coparidio Cajal- kot téhog 10 Yyeyovog OTL dlaypa®n TOL YOVISIOL TNG OTOV
Copopvknta (S. cerevisiae) sivar Bvnorydvoc (Juhnke et al., 2000), awotehovv 1oyLPOTATESG
evoeilelg 0Tl M Asrtovpyio mov emtedel GVVOdEVOE EEEMKTIKA TN YEVEGN TOL TLPNVA
(ELPAVION EVKAPVOTIKOV OPYOVIGL®OV) Kol givorl (OTIKNG onuociog Yyl ToV KLTTOPIKO
petafolopo.

Yvven®g M pebodoroyion KOTOGTOANG 1 UEIOONG NG EKOPAONG TNG TPMOTEIVNG
hCINAP oavapevotov va dnpovpynosl GovOTumo Kol eVOEXOUEVEG OOMIKES OVOUUALES
OTOV TLPNVA, OV 1] OVAAVGCT) TOLG B NTAV SAPOTICTIKY Y10 TIG PVCIOAOYIKEG AELTOVPYIES
TOV TLPNVOL TOL EMNPEALOVTOL OO TNV EALEWYT OVTNG TNG TPOTEIVIG KO KOT' EMEKTOCN
TOV TEPAUTEP® AELITOVPYIKO YapaKTNPIopd TG Vo pedétn mpoteivng, hCINAP. ‘Etot
npaypatonomdnke katactoln/peoppvbuon ™me mpoteivnig hCINAP oe kvttapoocepd
tomov Hela, péow g teyvikng g amocionnong RNA (RNA interference-RNAI).

Y& TPOKOTOPKTIKA TEPAUATO 7OV Tpaypotomom|dnkay, peAemOnke tOGO 1
AMOTELEGLOTIKOTNTA TV V0 dlapopetikdv SIRNAS mov giyov oyedaotel (Tlivaxag 2.9,
2.3.6.3) koBmg Kot 0 xpOvoc GLALOYNG TV detypdtov (24, 48 kot 120 h). Ta kdttapa mov
vréotnoav 1t owdikacioo RNAI kobhg emiong xdtrapo avaeopdc (kdttapa mov dev
VIEGTNOOV KOTAGTOAN) Kol EAEYYXOV (KOTTOPO TOL LIECTNGAV KATAGTOAN UE U1 EOKO Y10
mv npwteivn SIRNA) avolbOnkov apyikd mocoTikd yio Tov Tpocsdlopiopd Tov Padpod
KotaotoM|g Tov petaypaenpatog ™ hCINAP. T 1o okomd avtd, mpaypatoromdnke
RT-PCR pe ypnom €01kdv olyovoukAeoTtidiwv mov avayvapilov to tpota 350 nt tng
hCINAP (TTivaxkog 2.11). T'o ta petémeito TepapaTo. amo@aciotnke n yprion tov Sil otig
48 h.

Y10 Zynuo 3.38 A oaiveton 10 amotéhecpo g RT-PCR evog evdeiktikod
TEPAUOTOS OTOCIOTNONG, Omov @aivetatl ot T, eninedo, Tov MRNA g hCINAP pe ™
dwdkasio TG amoclOnNnong petwdnkav mepimov kotd 70% oe cvykplon pe 10 delyua
eréyyov (GC control) kot To detypo avaeopdg (Reference). I'ia tov ectepikd EAeyyo ™G
EOIKOTNTOG TOVL OMOTEAECUOTOS YPNOWOTOmOnNKay €miong €01KE O0AyovVOLKAEOTIOW

(ITivaxoag 2.11) mov avayvapilav 200 nt tov L19 (housekeeping gene).
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Yympo 3.38: MMocotikéc Tpocdopispog Tov Padpod kartastors s hCINAP.

A) Hhiektpopopnuo ayopdlng Tov omoTeLeCUATOV KATAGTOANG TV emmédmv Tov MRNA, petd
amd petaypagikn amootdnnon g hCINAP uéow RNAI, 6nmg avtd Tposkoyay Ue Tn TEXVIKN TNG
RT-PCR. T'o. Tov éleyyo TOL OTOTEAECUATOG YPNOUOTOMONKAY €101KE OALyOVOUKAEOTIOWL TTOV
avayvopllav to tpote 350 nt g hCINAP kot ta 200 nt tov L19, mov ypnopuomodnke g
eomteplkd  delypno  avagopbds. B)  Avtopadioypdenuo amotimmong  kotd  Western  tov
AMOTEAECUATOV KATAOTOAG TV TPOTEVIKOV emmédwv ¢ NCINAP, petd omd petaypagiky
amootdnnon ¢ hCINAP péow RNAI. T tov éheyyo TOV OTOTEAEGUATOS YXPNCULOTOONKAY
ek avtiocopoto wov avayvopillov v hCINAP kot v dvvelvn, mov ypnoiuomomonke g
£0MTEPIKO delyua avapopds. Xta oynuata eoivoviol: 1o ésiypa mov £tvuye amooidrnon (SIRNA),

10 deiyua eréyyov (GC control) kat to deiyua avapopdg (Reference).
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hCINAP fibrillarin overlay

GC ....
: ....

hCINAP overlay

siRNA

hCINAP coilin overlay

Zympo 3.39: Evéokvttaprog evromopog tov npoteivav hCINAP, firillarin, PML ko coilin

siRNA

6€ KUTTOPO, PETA amtd KoTtaoTtoM] Tov petaypopipatos Tng hCINAP (siRNA) ko kidtTopa
eléyyov (GC). To mpaowo ypopo avimpoownevel v hCINAP, 1o kokkivo v fibrillarin, PML

Ko coilin petd ) xpHon KetdAAnAwv avticopdtov kot to urhe to DNA. Kiipaka: 5 pm.
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Avtioctoyo domotdinKe, pe TNV TEYVIKN NG avocoomotummong katd Western,
ypnoonowdvtag to avticopa mov avayvopile v hCINAP, cg 166moca mpoTeivika
delypata, 6mwg ovtd emPePormdOnKe e ¥pNON AVIICOUATOG £VAVTL TNG dLVEIVNC, OTL TO
enineda ékppaong g mpwteiving hCINAP peiddnkav kotd 90% oe cOykpion pe To
detypota avapopds kot eErEyyov (Zynua 3.38 B).

A@ov emPefordbnre 1 ATOTEAECUATIKY] OMTOCIONNGY, OTN GLVEXEWDL YO TNV
a&loAdynon/HeAéTn TUXOV EMNTOGEMV TOV UTOPOVGCE VO EMPEPEL GTN OOUY TOV TLPTVA
Kol 610 KOTTOpo M peiwon g ékepaong ™ hCINAP, mpayuatomomOnke pkpoGKOTIKY
aVOAVGT TOV KLTTOPIKOD QUIVOTOTTOV HE YPNOT EEEIOIKEVUEVOV OVTICOUATOV EVOVTL TNG
hCINAP kot évavtt vrorvupnvikdv dopmv 1 dwapepiopdtov [fibrillarin-mopnvickoc, coilin-
Cajal bodies, Sm kow PSP1-speckles, PML-PML) kot €81kn} xp®on Tov yp®UOCOUIKOD
DNA pe ) ypwotikn Hoechst.

Ao to amOTEAEGULOTA TG HMKPOCSKOTiO POOPIGHOV, GLYKpivovTag Ta. KOTTOPO TOV
étuyav empoivvon pe 1o SIRNA ghéyyov kot avtd mov £tvyov empudivveon pe to SIRNA
évavtt g hCINAP, dev mpoékvuye Kol EUPAviC QOWVOTLTIKY Stopopd peta&d Tovg
Emuoa 3.39).

Av ko 1 petaypaikty anooidnnon (SIRNA) mov mpoypotonomdnke ftav exttuync,
pewwvovtag onpoavikd toco ta eminedo tov MRNA (katéd 70%), 6co Kor to emimeda
éxppaong ¢ mpoteivng hCINAP (katd 90%), dev @avnke vo EMPEPEL UIKPOGKOTIKG,
AVIYVEVCLUES POLVOTLTIKES OAAQYEC GTY SOUN KOL TNV 0pYAVMGT TOL Tupnva. Mia tétola
TEYVIKY] OVOLEVOTOV VO, ODGEL €VOEYOUEVEG OOMIKEG OVOUOAIEG OTOV TLPNVO, TOVL M
avdAvon tovg Bo NTav {6ME SPOTICTIKT Y10 TIG PLGIOAOYIKEG AELTOVPYIES TOV EMITEAEL N
hCINAP, mov ennpedaloviar and v éAkewyn . Towg 10 mT0606TO KOTOGTOANG 7OV
emredyOnKe vo unv Nrov kavo vo EmQEPEL TETOEG LETAPOAEC.

[Ipoéoeotn dnuocicvon (Zhang et al., 2010), éyet dei&el 611 kataotoAr] Tng hCINAP
ue ™ pébodo RNAI, mpokodel mpoPAnpo oty d6unon tov CBs kot diatapdocel Ty
EVOOKLTTAPLO KATOVOUN TOV PociKdV cvotatikov towv CBs, cuprepihappavopévon g
coilin, tng SMN, twv spliceosomal snRNP, tc¢ fibrillarin ko1 tg NPAT (nuclear protein
ataxia-telangiectasia). Xto apbpo avtd, ywr vo givar 0poTdG 0 QOWVOTLTIOG OVTOG,
emtedyOnke peioon tov emmédowv tov MRNA g hCINAP katd 95% kor n mpmteivn
hCINAP pmopovoe va. dtakpidei pe duokoria petd omd avocoomotvmmon kot Western. H
peimon avtn £ywve kotopHwt pe xpnomn ewdkod miacuidiov (PSUPER), to omoio mpokaiet
LLE MO OMOTEAEGUATIKO, HEIOT NG EKEPACNC TOL VIO peAéTn yovidiov (Stable loss-of-

function) (Brummelkamp et al., 2002).
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3.9 Ynuewky perorrofoyéveon kol €kopoaon tne apmzeivic GFP-hCINAP o¢

kvttopo HelLa

Amo 10 gpyactniplo tov Apa Zmdpov Zoypdpov (Opyovikn & Dopuokevtikn
Xnueio, EBvuco ‘Idpopa Epevvav EALGdag), pe 10 omoio ovvepyaldpacte, £xovv
emrevyfel kol mpocolopiotel, Omwg €xel  avagepbel avoAvTIKE OTNV €160y
(vokepdrato 1.6), pe peyddn evkpiveln tpelg dopég g hCINAP: n tpodmdpyovoa doun
pe 1o Beuxd 10V oty mepoyn déopevong tov AMP kot 0o kavovpyleg dopég o) 1 doun
¢ hCINAP 6g cuvdvaoud pe v décpgvomn tov tpivovkieotidiov ADP (kar dADP) oto
KEVIPO TPOGOEGNG TOL Mgz+ATP kot B) M doury tov TpumAoL cvumAdkov hCINAP-
Mg®*ADP-Pi. EnttAéov, eneidn dev fitav Suvatog o TEPARNTIKOC TPOSIOPIGHOC TG SOUT
Tov Tpuhod cvumidkov hCINAP-Mg?*ATP-AMP, mpaypoatomoifnke TpoPreyn g pe
v voAoyiotiky péBodo docking (IFD) (Drakou et al., in review).

Amd ™V aviAoT TV SOUDV OVTOV, TPOEKLYOV TOAD CMUOVTIKE O£00UEVO TTOV
a@opodv Tt doun kot kot eméktoon, T Asttovpyio g hCINAP. TIpoékvye ot TO
KATOALTIKO KEVTPO oynuatileton amd to kpiowa apwvoééa 10-17 tov potifov Walker-A
(P-loop), Tqv Arg109 mov Bpioketon oty meployn LID kot thv His79 tov potifov Walker
B.

Avtd o apvodkd KatdAouro Topovctdlovat 1T TOVTOOT|LO EITE MG CLVTNPNUEVES
avtikotootaoelg tovg ota opforoya ¢ hCINAP Gtovg gukapumTikobg opyavicpovc.
Emniéov, ta apvolucd katdrowro Lyslé xor Argl09 eivor tavtdonupo pe ovtd tov
AdEVOAMKOV KIVOo®V, evéd Ta apvoéikd katdhowra Thrl7 kon His79, mov eivar kpioia yio
™ dour g hCINAP (Drakou et al., in review) dwagépovv amd tic vedérowreg AKS.

H His79, dadpapotilel onuavtikd poro otn doun g mpmteivng Aaupavovrag 60o
dwapopetikég dapopenoelc: «flipy 1 «kotdotaon AK» ko «flopy 1 «katdotaon
ATPdong», pe arloyn mmg dopdpewons tov daloriov (PA. Ewsaywyn, vrokepdioto
1.6). X dwpopewon ATPaong, to alwto tov yudaloiiov avtikpiler 0 KataAvTIKO
KEVTIPO Mg+2ATP Kot GLV-Katevhvverl To pdptlo tov vepod pali pe to kKatdAouro g Lysle
Yo, TV TOPNVOEIAN avTidpacn 6To Y-ewo@opo tov ATP, evé n Thrl7, dpa cuvtovilovtog
10 16v Mg*".

Ady® ™G oNUAVTIKOTNTOG TOV OUIVOEIK®OV OVTAV KOTOAOIT®V 6T SO Kot Kot
enéktoon otn Aettovpyion e hCINAP, mpayupatomombnke onuetokn petodha&oyéveon
TOV KOTaAoitov avtdv, onwg eaivetor otov [livaxa 3.10 Kot ot HETOAAXYUEVES LOPPES
¢ hCINAP mov mpoékvyav peretinkav 1060 QOIVOTUTIKG 6GO KOl Y0 TNV EUTAOKNG

TOVG GTN AEITOLPYIKN OPYAVAOGT TOL TLPTVA.
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Ofon apvoSIk®v XopoKTNPLoTIKA YNpEWOKEG
KOTOAOITOV Merairacerg

16 (Walker A, P-loop) | Zvvtnpnuévo og 6hec 1ig AKs | L16A

17 (Walker A, P-loop) | Awgépet omd tic ke AKsou | T17A
omoieg Tapovotalovv Gly ot
0éon avtn) avti Lys

18 (Walker A, P-loop) | Zvvtnpnuévo og 6hec Tig AKs | T18A

79 (Walker B) Awpépet amd i ahieg AKS H79G

109 (LID domain) Yvvinpnuévo oe Ohec Tig AKs | R109A

AuTAég onuelokég
Merolraterg
L16A xo1 R109A

T17A xou R109A

TI18A xor R109A

Hivaxag 3.10: Ofoeig apIvOSIKAV KOTOAOITOV GTA 0TOi0. TPAYRATOTOMONKE oK)

petorraéoyéveon g npmteiviig hCINAP.

Apyikd mpaypotomomonke n teXVIKN TG onuelakng petaracoyéveong (2.1.3.12), ue
YPNOT EOKOD TOKETOL KOU EWIKOV OAYOVOUKAEOTIOIWV TOV £QEPAV TIG ONUELNKEG
LETAALAEELG OTIG CLYKEKPIUEVES BETEIC VoukAeoTI™dimV, O™ paivovtot oto [Tivaxa 2.8, pe
xpnon tov miacpiov PEGFP-hCINAP. Ta mAaopidi mov mposkuyay aAiniovynonkav
v emPePaioon ko ta embBountd mAoopidwe moAlamAacidotnkayv. H petadloypévn
nopoer; GFP-hCINAP-H79G mpoékuye omd £VOOVOLKAEOADTIKY S1AGTOCT] TOL TAUCULSIOV
pGEX-6P-hCINAPH79G, 10 0m0i0 KOTOOKEVAGTNKE OO TO €PYOOTAPLO TOL Ap. TTOPOL
Zwyypaoov, kot KAovorodnke otov mhacpdlokd eopéa PEGFP.

2 ovvéyeln mpaypatomo|dnke ToapdAAnAn empoivvon tov kuttdpwv Hela, 1060
TOV TAACUSIOV Tov @epay Ty petailayuévn popoen tg hCINAP, 660 kot Tov puotkoh
tomov g hCINAP (WT). Ta kdttapa, petd and ndpodo 16-20 h and v emudivvon,
peAetnOnKav t6G0 yo TV €kepacn 0G0 Kal Yo TV oTafepdTNTa [LE 0VOCOOTOTOHTMON
katd Western, ypnoomolidvtog yio TNV aviyveuor Tovs avTicOUo EVOVTL TNG TPOTEIVIG
GFP (10 oynua dgv mopotibetar). Oleg ov petarlaypéveg popeéc e hCINAP ftov

avVEVGILLES.

- 218 -



Mo pedétn tov evdokvttdpiov evromiopod g mpwteiviig GFP-hCINAP kot mog
avtdg emmpealoTav pe v VIopén PETOAAAEE®V GE AEITOLPYIKA GLUVTHPNUEVE KATOAOTO
™G TPOTEIVIG, Tpaypatomoldnke ek véov empdivvon kuttdpov Hela pe ta didpopa
TAOGUIOL OV €QEPAV TIG ONUEWKES UETOAAEELG. XN OGLVEXEW a(OD TO KOLTTOPO
povipomomOnkay, onuavinkav pe mm péBodo tov avocoPOopiood o1 TLPNVICKOL, UE
avticopo évavtt tg fibrillarin kou to DNA pe m ypootik Hoechst 33342. Ta
amoteAéopato TG evookvttdplag kotovoung g GFP-hCINAP, ywo kébe tomo vfpidiov,
eaivovtal oto Zynua 3.40 o ko .

Ao 10V avosopBopiopd, £ytve avTiAnTto 0Tt To petariaypéva vppidte tng hCINAP
(GFP-hCINAP) mapovcialov @aivoTtumikd, 6€ £va T0GO0TO TOV KVTTAP®OV TOVG, SLOPOPES
WG TPOG TOV EVOOKVLTTAPLO EVIOTICUO TOVS GLYKPITIKG pE TO LPPISI0 TOV PVOIKOL TVTOL
™ hCINAP (Zynpa 3.40 A).

H GFP-hCINAPL16A ot peydin mieioynoio Tov KLTTAp®V Topovciole cmoetd
EVOOKLTTAPLO EVTOMIGUO, EKTOG TOVL YEYOVOTOG OTL epPaviOTaV va eVTOTILETOL EAAPPDC
KOl GTO KLTTOPOMAQGHO Kol Ol Tupnvickol Mtav To dwkpitol. Xe KOTTOpPA OTOL M
TPOTEIVN ot vIEpekPPaloOTaY, EUEOVICOVIOV GLGGMOUATOUATO GTO KLTTUPOTAAGHLO
(15% mepimov tov empoivopévov kuttdpov) (Zynue 3.40 B). H duhd petoAiloypévn
GFP-hCINAPL16A/R109A mapovociale to {00 yvopicpote pe v LI6A, aAild
emmpdcbeta o €va pkpd mocootd (mepimov 5% TV EMPOAVCUEVOV KLTTAP®V)
TapoLCalOTAV KLTTOPOTANCUOTIKY KOVTE GTOV Tupnva, mOavdg 6TO £VOOTAAGUATIKO
diktvo (Zynpa 3.40 F).

H GFP-hCINAPTI17A mopovoiale peiopéva eninedo Exepaong (mepimov oto 50%
TOV ETPOAVGUEVAOV KLTTAP®V), HE TNV TPOTEIVN v eppoviletor odyvtn oTov Tupnva
aALG Kot péoa aTovg mupnviokovg (Zynua 3.40 C), eved ota KOTTOPO GTA OTTOL0L 1) EKPPOOT
Ntav 6e YnAd enineda N TpoTEIVN PEOVILOTAV VO KATEXEL TV QLGLOAOYIKT TNG KOTOVOLLY).
H duthé petoalhoypévn GFP-hCINAPT17A/R109A, ota kdttape oto omoia ek@palotav
og YNAd enineda, mopovsiole cvocouatduate 6to TpnvoTiacuo (Zynqua 3.40 G).

Toéoo 1 GFP-hCINAPTI18A (Zynua 3.40 D), 660 kot 1 duthé petaAraypévny GFP-
hCINAPT18A/R109A (Zynua 3.40 H) mapovciolov gUoIoA0yIKN EVOOKVLTTAPIO KOTOVOLLT.
H GFP-hCINAPR109A, evd gixe @UGIOAOYIKT KOTOVOUY GTN TAELOYNQI0 TOV KLTTAP®YV,
og ¢€vo 10600To 10% TtV KutTdpov evtomOTay GTOVG TVPMVICKOVS VIO LOPPT KOVKKIONG
(Zymua 3.40 E, Beddxia).

Téhog, 1 GFP-hCINAPH79G mapovciale TOvVOUOOTUN KOTAVOUY KE TNV QULGIKY|
npwteivi) GFP-hCINAP, e eha@pdc o0vénpévoy KTTOPOTAAGHATIKOD EVTOTIGHOV (Xynuo
3.401).
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Yyqua 3.400: Evéokvrtaplog svromiopoc tov popedv s GFP-hCINAP mov @épouv

R109A

ovykekpipéveg onpelokés perarraterg (Ilivakog 3.10) og kpioya katdrowwa g A: GFP-
hCINAP @uowod tomov (WT). B: GFP-hCINAPLI6A, 15% tov eripuolvcuévemy KoTtapmv
napovciolov  cvooopotopate oto  kuttopomioopa. C: o GFP-hCINAPT17A, 50% tov
EMUOAVGUEVOV KLTTAP®V eE€ppalav oe YouUnAd emimedo TNV TPOTEVY, TOL TopPoLCLALOTUV
dyvtn oto mupnvoémiacpe kot otovg mopnvickovs. D: GFP-hCINAPTI18A, mavopoidtumn
katatavoun pe WT. E: GFP-hCINAPRI109A, cto 15% t@v entplolcpévev Kuttapov eviomi{otay

GTOVG TUPNVIGKOVS VIO LOPPT] KOVKKIONG.
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Yympo 3.408: Evéokvttaprog evromopos tov popedv ts GFP-hCINAP mov @épovv

ovykekpipéves onperokés perarratearg (llivaxag 3.10) o€ kpiowo kotarowra TG,

F: GFP-hCINAPLI6A/R109A, ot0 5% tov empuolcuévov KuTtdpmv gvtomlotav GTo
Kuttopomacpa, mhavdg oto evdomhoopotikd diktvo. G: GFP-hCINAPT17A/R109A, ota
KOTTOPO OV VIEPEKPPALOTAY, TOPOLGINLOV CUOCOUATMOMUNTO GTO0 TLPNVOTAQCUN. H:
hCINAPT18A/R109A, navopoidtunn katotavopr, e WT. |1 GFP-hCINAPH79G, mavopotdtonn
katavoun pe v WT, ehappdg avénpuévon KuTTtopoTANGUATIKOD EVIOTIGHOY. Me Tpdcivo ypdpo
eaivovtot ot petodhaypéveg vPpidkég mpmteiveg tng GFP-hCINAP, pe koxkwvo ypmpo 1 fibrillarin
uetd omd onuavon pe e€edikevuévo avticoua kot prie ypoua to DNA, petd omd ofpoven pe v

ypowotikr] Hoechst 33342, KXipoko: 5 pm.
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Me v @awotumikny Tapatipnon tov ddeopov popeav e GFP-hCINAP, mov
EPePOV GLYKEKPIUEVES UETOAANAEEIS o€ oLYKEKPUEVE TPOTEIVIKA KotdAowuro (ITivaxog
3.10), mpoékvye 0Tt o1 petarlaypéves popeéc g npwteiviig hCINAP napovsialav cwotd
EVOOKVTTAPLO EVIOTICUO GTNV TAELOYNPIO TOV KLTTAP®V, UE TOAD HIKPEG SLOPOPEG GTO
QOVOTLTO GE €VO TOCOGTO TMOV KLTTAP®V, OTME TOPOVGLALETOL OVOAVTIKA 7o Tave. To
CLUGGOUATOUOTO 7OV TOPATNPNONKOY GE OPICUEVES TEPUITAOOEL;, KOl KLpiwg oe
TEPIMTMOGELG VIEPEKPPAONG, I0MG VL 0peilovTal o€ amodidtadn g SOUNG TG TPOTEIVIC.

H petodroyuévn popery GFP-hCINAPTI7A, ¢owdtav va mopovctdlel tov mio
évtovo @awvotumo, pe v mpoteivn va ekepaletor o yapnAd emineda oto 50% twv
EMUOAVGUEVOV KVTTAP®V KOl VO EVTOTILETOL GE QL TA dLdYLTN GTOLG TVPNVickovS. Emiong
OTOVG TVPNVICKOVLS @dvnke va  evtomiletan Kot 1 petoAAaypévn popen GFP-
hCINAPR109A, oe mocootd 10% TtoV EMPOAVGUEVOV KOTTAP®OV, T 0ol OUMG
evromotay vwd LopeN KOLKKIONG, TAPOUOIMS LE TOV POVOTVTIO OV AP TNPNONKE HETA
and KataoToAr ¢ petaypaenc toco g RNA Pol | 6co kot g 11, pe ypnon 1 pg/ml
actD kot petd and £kBeon tov KutTdpwv o aktvoBoiia UV-C (BA. 3.7.2).

A&loonueimto givat 1o yeyovog Ot ot petardaypéveg popeéc GFP-hCINAPTI8A «at
hCINAPT18A/R109A, dev mopovciocay Koo @oVOTUTIKY S1pOopd GTOV EVOOKVLTTAPLO
eviomopd Tovg 6g cOyKpon pe Tov Puokd oo g tpoteiving hCINAP. O mpwteiveg
avtég mepiéyovy v petdAroén T18A, n Thr ot 6éom avth givar cuvinpnuévn o€ OAEC TIg
AKS, oAl dev amotelel pHéPog TV KPIGH®V OUIVOEEDMV TOV KATOAVTIKOD KEVIPOL TNG
hCINAP.

EmmAéov, o awvotumog g mpwteivig fibrillarin, mov ypnoyomomnke yia ofjpavon
TOV  TUPNVICK®V, dgv  mopovciole KOUL  QOVOTUTIKY  OlPOpPd  OTIS  OLAPOPES
uetolayuévee popeéc tg hCINAP, axdpo kor oe ekeiveg tic meputtdoels (GFP-
hCINAPT17A ko1t GFP-hCINAPR109A) mov €16€pyoviay 6ToV Tupnvicko.

Mo meportépo perétn tov petoriaypévov vepdiny, entyepndnke n diepedhvnon g
mOOVNG EUTAOKNG TOVG GTN AELTOVPYIKN OPYAVMOOT] TOV TLPNVO KOl O GLYKEKPUEVOL
depevvnnike av exnpedlovv oavotumikd v Tpwteivn coilin kot kot enéktaon to Cajal
bodies (CBs). Onwg £xet 116n amoderyBei, n mpwteivn hCINAP oddniemdpd pe v coilin,
mv tpwteivn v CBs kot n vrepékppaocn g npokaiet peiwon tov apBpov twv CBs avd
mopnivo. (Santama et al.,, 2005). T 10 okomd avtd mpayuaTOTOWONKE EMPOIVVON
Kuttdpov Hela, omm¢ Kot mponyovuévmg, YPNCILOTOIOVTAG TO 8 TAACUIOW TOV
LETAALAYUEVOV VPEPOIK®OV TPOTEIVAOV Kot TOPIAANAQ TO TAAGUIOI0 TOL PLGIKOV TOLTOV
m¢ hCINAP (WT). Zm ovvéyele ta CBs onuavOnkoav pe v teygvikn Tov

avoco@bopiopod pe €81KO oviicopo mov avayvopile ™c coilin kot to DNA pe v
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ypwotikr] Hoechst 33342, ¥t ocvvéyelo petpridnke KpooKOmIKA, Yio T0 kKiOe TAAcUiO0
Eexmprotd, kabmg emiong Kot pun empoivopévav kuttdpov Hela, o apBuog twv CBs mov
evtomOTay GTOVG TUPNVEG TV EMHOAVCUEVOV KLTTAP®OV, GE Tuyoio OnTikd Tedia amd
Tpio OVEEAPTNTO TELPALLOTOL.

Ta AneBévia amotedéopata Etvyav emeCepynciog HE OTOTIOTIKN ovAAVLON HE TO
npoypappe Prism (GraphPad Software). Apov vroAoyictnke o pécog 6poc tov aptdpon
tov CBS avéd xOTtopo Kot ot TUTmIKEG amOKAMGES TOVG, EAEYONCAV OTATIOTIKMG E TO
Welch’s t-test. EmumAéov, dnuiovpyndnke 1o 16tdypappe. Koatavoung tov aptdpot tov CBs
v KaBe vPpidio Eexwpiotd Ko n dlaomopd cuykpidnke pe ™ uébodo 2-way ANOVA e
NV KOTOVOUN TOV KVTTApv eAéyyov (Mock). Amd v avdivon avt) mpoékvye OTL
OTOTIOTIKOG CNUAVTIKEG TAV Ol SIUGTOPES TOV AVTIGTOLYOVCAV GTIC VPPOKES TPOTEIVES
GFP-hCINAP-T17A xotr GFP-hCINAP-H79G (Zynua 3.41 A). Onwg ¢avnke omd Tto
Swypappo dwomopds tov CBs (Zymua 3.41 B), mapovcwaldtav avopoloyéveln GTov
apBpd tov CBS ava mopniva yia tig 2 HETaAAYLLEVES VPPIOKES TPOTETVEG.

AVTITPOGOTELTIKEG  EIKOVEG QLTS TNG KATAVOUNG TV 000  UETOAAYUEVOV
vPpokov tpoteivov, GFP-NCINAP-T17A kot GFP-hCINAPH79G, o€ ocbOykpion pe v
GFP-hCINAP (WT) ogaivovtar oto EZynua 3.42. Ta kottopo mov e&éppalav v GFP-
hCINAP-T17A, mopovcialav katavoun pe opadeg Kuttdpov pe peyordtepo apbpd CBs
and tov aplpd tov pésov 6pov g WT (Kot Tov Kuttdpwv €AEYYOV). ZUYKEKPIUEVA,
vIpyxav opddeg kuttapwv mov mapovsiolav 10 CBs (Zynmua 3.42 A2) i 20-30 CBs
Eynua 3.42 Al). X zmepintwon g GFP-hCINAP-H79G, mapovcidloviav opdadeg
KUTTOpov mov elyav eite Aydtepa CBs ava mopiva (0-2) (Zynpo 3.42 A2), eite
peyoivtepo apbud CBs, péxpt 30 ava mopriva (Zynuo 3.42 Al), oe cvykpion pHE TOV
apOuo6 tov pésov 0pov ™ WT (1) tov kuttdpmv eAEyyov).

Ot db0 avtég vPpokég petarraypuéveg npoteiveg (GFP-hCINAPT17A kau GFP-
hCINAPH79G) smdéyOnkav yioo meportépm HEAETN TUYOV PUIVOTLTIKAOV OAAAYDV TOV
TUPNVIKOV doU®V NG mpopveMkng Asvyopioc (Pro Myeloid Leukemia Bodies, PML) kot
tov speckles, e ypnon KatdAANA®V aVTICOUATOY TOL avayvadplloy T TPOTEIVEG AVTMOV
tov doucdv [Promyelocytic leukemia protein (PML) wxor Smith protein (Sm)] kot
pikpookomiog @Bopiopov. Omwg o@oaiveror kot ota XZynquoto 3.43 wor 3.44, dev
TopoVG1aLOTAV KOE SLOKPLTH POLVOTLTIKY aAAaYT €iTe o6TOV aplOUod €ite TNV OpyAvVmON
VTGOV TOV dOU®V oTa KOTTOpO Tov €£€@palov TIG HeTOAAAYIEVES VPPIOIKES TPWTEIVEG,
CLYKPWVOLEVA LE TA AVTIGTOLYO. TOL PLGIKOV TOHTOV. AVTO VTOINADVEL OTL Ol EMMTAOGELG

omv opybvoon tov CBS otov mupiva ToV KLTTAPp®V HETO TNV LREPEKPPUCT) TMV
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OVYKEKPIUEVOV UETOAMAYUEVOV TPOTEIVAOV, €lvol €101KEG Kot Ol OELTEPEVOVGES TTOV

TPOKVTTOVV A0 YEVIKEVUEVESG OAAAYEG ETTL TNG TLPTVIKNG SOUNG.
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Yyqpa 3.41: H vrepékeppaon tov GFP-hCINAPH79G kav GFP-hCINAPT17A ot xbtTopa
HeLa odnysi oty amodiopyavmon tov Cajal bodies (CBs), t660 pe arhayn Tov pécov 6pov
660 Kol TNG KaTavoprg Tovg. A: Mécog 6pog tov apBpod tov CBS pe tumkn andkiion oe
kotTapo HeLa kot kottapa mov e€€ppalav tig GFP-hCINAPWT, GFP-hCINAPH79G kot GFP-
hCINAPTI17A, petd omd empodivvon kuttdpov HeLa. O péoog 6pog twv CBs twv H79G kot
TI7A Mtov onpovtikd YnAdtepog oLvyKpivovtag Tov pe avtd Tov kuttdpev, p=0.034 ko
p=0.0121, ovtictorya (Welch’s t-test). B: Aidypappa kotovoung tov apibpod twv CBS avd
TUPNVO GTOVG 3 SLOPOPETIKOVS TANOVGLOVG ETHOAVCUEVEOV KUTTAP®V, GE GUYKPLION LE TO KOTTOPO.
HeLa (mock). H ohikn dtaomopd twv CBS gival S10popeTikn Kot 6TOTIoTIKOG onuavtiky (two-way
ANOVA) oto kOttopa mov ekepalovv v GFP-hCINAPH79G og ovykpion pe avtd mov
exkepalovv v WT (p=0.0151) 1 og cvykpion pe ta kotrapo Hela (p=0.0122), eved g GFP-
hCINAPT17A otatiotikdg onuoavtiky pe v WT (0.0049).
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DNA GFP-hCINAP-H79G Cajal bodies

DNA GFP-hCINAP-WT Cajal bodies

DNA GFP-hCINAP-T17A Cajal bodies

\
T
ll

Yyqpo 3.42: AvTiTpocomEVTIKEG EIKOVES TNG aAlayng Tov aptBpuod Tov CBS 6 kitTopa Hela
wov £yovv empoivvOei pe Tic perarhaypéves popeéc GFP-hCINAPH79G (Al kou A2) ko
GFP-hCINAPT17A (C1 kot C2) o€ 6Oykpion pe v GFP-hCINAP-WT (B). X1 mepintwon
g petddriaéng H79G, o apBpog twv CBs eite av&avetor dpapatikd, 20-30 CBs (Al), eite
pewwveton (A2) og cvykpion pe 10 WT (B) kot to kotTopoa mov dev gival Emorlvcuéva oto id1o
onTkd medio, evd ot mepintwon g T17A, o apBuog tov CBs site av&aveton dpapatikd, 20-30
CBs (C1), gite Ayotepo, 5-7 CBs (C2). Me mpdoivo ypdua @oivoviol To ETYUOAVGUEVE KOTTOPO
(Behdxa) g kabe mepintwong (H79G, T17A 1 WT), pe koéxkkwo ypopa 1 coilin petd omod
onuavon pe e&edikevpévo avticopo Ko pe pumie ypopo to DNA, petd amd ofuovon pe v

ypowotikn Hoechst 33342, Kiipoka: 20 um.

- 226 -



GFP-hCINAP PML DNA overlay

WT -- -
- ---.
) .--.

Yyqpo 3.43: Ov mopnvikés odopég PML dev mapovoralovran arlowmwpéves, pHeTa oméd

gmpuolvvon kuttdpov Hela pe 1ig perorraypéveg vprowkég nporteiveg GFP-CINAPH79G
kor GFP-hCINAPT17A og o0ykpion pe v vpprowin npoteivn GFP-hCINAPWT.

Toyaio ontikd medion mov wapovotdlovy KOHTTOPO ETYWOAVGUEVE (TPACIVO YPOUM), UE TIC TPELS
vPp1dég mpwteiveg H79G, T17A ko1t WT. Ot mopniveg £xovv onuovOei pe t ypootiky Hoechst
(umhe ypodUW), VO Pe KOKKIVO Ypduo To copatiot PML pe e€eidikevpévo avticopa Evavtt g

npwteivng PML. KAipaxa: 20 pm.
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GFP-hCINAP Sm DNA overlay

WT.. .
: .. ..
) ....

Yyquna 3.44: Ov mopnvikés dopég Speckles, dgv mopoverlalovrol aALOLOUEVES, HETH 0o

gmpuolvvon kuttdpov Hela pe tig peroarlaypéiveg vpprowkég npoteiveg GFP-CINAPH79G
kor GFP-hCINAPT17A og o0ykpion pe v vpprowin npotsivn GFP-hCINAPWT.

Toyoio ontikd medion mov wapovodlovy KOHTTOPO ETWOAVGUEVE (TPACIVO YPOU), UE TIC TPELS
vPp1dég mpwteiveg H79G, T17A o1t WT. Ot mopniveg £xovv onuovlel pe ) ypwotiky Hoechst
(umhe ypdua), EVO HE KOKKIVO Xpoduo o cwpatidw Speckles pe e&etdikevpuévoo avticopa évavtt

TV TpOTeivedv Sm. Kiipoaka: 20 pm.
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Kotd ™ ddpkelo tov mo nhve mepapdtov, mopatnpninke ot empudivvon tov
KUTTApOV pE To TAacuido mov €@epav tng onuetokés petadrdaéelg g hCINAP, eiyxe
OPVNTIKO OVTIKTUTO TOGO OTNV OMOTEAEGUOTIKOTNTO NG EMPUOAVVONG OCO KOl TNG
emPimong TOV KLTTAP®V TOL £PEPOV OLTA TO TAACUIOW, HE EUEAVION KLTTAPWOV CE
Kataotaon oamontwong (Zynuoe 3.45 C). T'e v TOGOTIKOTOINGN TOV OTOMTOTIKAOV
KUTTOp®V, oty KObe mepintwon Eeympliotd, TPOYUATOTOMONKE LOVIHOTOINoT TV
KVTTApV oTig 24 kot 30 h petd v EMPUOAVVGT TOVG HE TO TAUGUIOIN TOV £QEPAV TIG
GFP-hCINAP-T17A xo1 GFP-hCINAP-H79G, xafd¢ kot tnv GFP-hCINAP (WT) kot o1t
ocuvéyewn apov onuavinke to DNA pe v ypwotikn Hoechst 33342 kotapetpriinkav pe
pikpookomnio. @OopGHOD TO OMOMTOTIKG KVTTOPO, HE Pdon Tnv HoppoAoyio. mov
napovciole 10 DNA tovg (ovomeipmon kot mopapdpemon ypouativig, omuovpyio
OTOTTOTIK®OV copatiov), oe cuvoro 5000 Kuttdpwv o€ KABe epintwon.

Yrug 24 h petd v emudivvon, o mAnbvopdg twv GFP-hCINAP-T17A
EMUOAVGUEVOV ATOTTOTIKOV KVTTApWV (22.67%) Ntav 2 popég peyarhtepog o€ cOyKpLon
ue avtov g GFP-hCINAP (WT) (10.41%), eved tov GFP-hCINAP-H79G (43.14%)
TEGGEPLS POPEG PEYOADTEPOG, UE OTOTIOTIKA onpovtiky dapopd (p=0.005 yioo T17A won
p<0.001 yia H79G) 6mw¢ npoékvye pe ototiotikny avaivon ANOVA (Tukey’s multiple
comparison post-test) (Zynua 3.45 A). Ta 010 amoteAéopato TopatnpRONKoV ETIGNG OTIG
30 h petd v empodivvon (Zynua 3.45 B), 6mov o mAnbvopdc TV ETPOAVGUEVOV
ATOTTMTIKMV KuTtdpmv ot nepintwon g GFP-hCINAP-T17A (19.72%) xou g GFP-
hCINAP-H79G (42,87%) Mtov Kol TAA OTOTIGCTIKA GNUOVIIKA G€ oOYKPION UE TNV
evotkoV Tomov tpwteivy GFP-hCINAP (12.56%).

EmumAéov, mapotnpnbnke o0t1 katd v petdPaon omd tic 24 otig 30 h, udévo ta
KotTOpo ov NTav otaporvcuéva pe tov WT tomo €deiov avénon tev Kuttdpwv Tov
e&éppalav drayovidrako vppidto (amd 25.27% oe 27.13%), evd ta BeTikd kuTTOpA TV 600
uetodaypévov mpoteiviov GFP-hCINAP-T17A kouw GFP-hCINAP-H79G mapovciacay
peioon and 14.79% oe 9.55% wor and 16.40% oe 7.42%, avtictoro, pe peyoAdTEP
ueioon avtov g GFP-hCINAP-H79G pe vynAf otatiotiky onuoacio (P=0.0053). Ta
OTOTEAEGLLATO QVTA ONADVOLV TNV GLGYETIOT TOV UETOALAYUEVOV LOPPADV TNG TPOTEIVIG

hCINAP pe v emBioon Kot 1oV TOAATAAGIOGUO T®V KUTTAPOV.
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Yyqpo 3.45: H ékepaocn tov petoilaypéivov oppowkav apoteivov GFP-CINAPH79G ko
GFP-CINAPT17A gival to&ika kan avéaver v anéntoon ota kottapa Hela, ta omoia givan
EMUOMOUEVE, UE GUTE. ZVYKPIOT TOV TOGOOTOD TOV ATOTTMTIKAV KLTTAP®V GTOV apldud Temv
empolvouévov kuttdpov pe 1 GFP-hCINAP (WT), GFP-hCINAP H79G kow GFP-CINAPT17A,
oe ypovovc 24 h (A) xor 36 h (B), petd ™mv empodivvon. To amonTtOTIKE KOTTOPO, TOL
napovcialov amodopyovopévo mopnva (C) petpndnkov kdto amd OVIECTPAUUEVO UIKPOGKOTIO
@Bopiopov. e kdbe mepintwon, oty KAbe YpOVIKY oTiyun petphonkav méveo arnd 5000 kotTopa.
To 1060616 TV amonTOTIKOV KutTdpmv e Tig H79G kot T17A ftov oTatioTikd ToAD ynAdTepo
oe ovykpion pe mv WT (p<0.001 yro H79G xon p=0.005 yia T17A) (Tukey's Multiple Comparison
Test).
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Yuvoyilovtog T OmMOTEAECUOTO TOV ODO OLTMOV HETOAAAYUEVOV HOPOOV TNG
hCINAP ¢ Aettovpyikd eminedo, KATUANYOVUE GTO GUUTEPUCHO OTL 1| EKQPACT] TOVG EYEL
®¢ omoTéAeS O TNV amodlopyavmon Tov CBs pe dnuiovpyia etepoyevoic dtaonopdsg otov
apOud Tovg avd mupNva, Tov £xel O emaKOAovBO TV gpEdvion ToEiKdTTOG He avEnon

NG OMOTTMOONG N Kol TNV UEIMON TOV TOAAUTAAGIUGLOD TMV GLYKEKPIUEVMV KUTTAPMV.
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KE®AAAIO 4

4. XYZHTHXH

4.1 Mepikdc Aertovpyikoc yapoxktnpiopnoc tne npmteivic hCINAP

To evdla@épov pag otV TOpovce UEAETN EOTIACTNKE OTN MPOCTADEID TOL
TANPESTEPOV AEITOVPYIKOD YOPAKTNPIGUOD HIOG KOWVOOPYLOG UEPIKMG YOPAKTIPIGUEVG
avOpomTvng mupnvikng tpoteivng, e hCINAP.

H mpoteivn hCINAP (Coilin Interacting Nuclear ATPase Protein) tavtomotdnke
petd amd ocdpwon CDNA Biprodnkne amd kottapo Hela, pe to ocdommuo tov Vo
vPpwiov oto Qupopdknta, moOL OKOMO Elxe NV €0pEoN TMPWOTEIVOV Ol omoieg
aAANAemdpoy pe v mopnvikn mpwteivn coilin. H coilin givonr ocvotatikd tov
evoomupnvikov copatdiov Cajal (CBs), ta omoio epumiékovtar Kvupimg oty ®pipaven
TOV PPOVOVKAEOTPOTEIVIKMOV GUUTAEYLATOV.

To cDNA tg hCINAP kmdwkonotei po tpoteivn arnotelovpevn and 172 apvoééa,
pe voAoywopevo poplaxod Bapog 20.048 KDa. H obvykpion g aAiniovyiog g pe Pdon
dedopévav, anokdivye 6t 1 hCINAP givar puloyevetikd cuvinpnuévn and tov avlpwro
LEYPL TOL PUTA KO TO GOKYOPOUDKNTA KOl OEV TOPOVGIALEL VYNAN OpOAOYiO e Ko GAAN
YVOGTY| TPOTEIV.

H opboroyn mpwteivy tg hCINAP 610 cakyoapoudknta, Fap7, sivar omopoitntn yio
™ PlocipudtTo TOV KLTTEP®Y KOl EVOYOTOIEITOL Y100 TNV EUTAOKT TNG oTn pOOon g
LETAYPOQPIKNG omoKkplong uetd amd oéedmtikd otpeg (Juhnke et al., 2000). Emiong,
dadpapatiCel poro oty opipavon g 40S pipocopkng vropovadog (SSU) (Granneman
et al., 2005), evé n opBoroyn g otov C. elegans, ADLP, qaivetar va gumléketol 6to
KLTTOPIKO ToAlamhactacud (Zhai et al., 2006).

H oMniovyio tg hCINAP mepiéyer  yapakmpiotikd potifo mpdodeong
TPLPOoPopikoy vovkieotdiov (ATP 17 GTP) tomov P-loop, 1o omoio speavifeta
TOPOpol0 pe avtd mov gpeavifetar ota péAn g owoyévelng twv ATP/GTPacdhv 1
AOEVOMKAOV  KIVAoOV. X& OLUPOVia pe ovt| TV  7PoPAeym, Odelybnke OTL 1
avacvvovacpévny hCINAP mapovotdletl evlokn gvepydmrta ATPdong, ne Kn=75.3 £ 5
UM, Vina=1.27 + 0.2 pmol oynuotiopévov ADP.min.mg™ (Santama et al., 2005).

O mpoodopiopde g doung g hCINAP (Ren et al., 2005) gavépmoe dopukn
opoOTNTO, TEPA OO TNV OHOLOTNTA GTNV CAANAOVYIN, LE TNV OIKOYEVELD TV OOEVOMKAOV
kwvaocwv (AKS), ot omoieg dwdpapatiCovv onuavtikd poAo o100 UETAPOMOUO TOV

VOUKAEOTIOIWV Kol OTO KLTTAPIKO 100L0Y10 EVEPYELNG, KOTAAVOVTOC TNV OVIIGTPENTY|
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avTidPOoT HETOPOPAS TNG Y-OMOPOPIKNG OLAdaG amd £va 30t emo@dpov (cuvibwg ATP)
oto AMP, pe v elevBépwon 2 popiov ADP (Noda, 1973). Q¢ ek tobtoL, KoToThy)OnKE
oe ovt Vv owoyévewn kat ovoupdotnke AK6 (Adenylate Kinase 6), emedn
AVTITPOSMREVEL TNV 6" 160HoPPH TOV OKT® adevolikdv kivachv (AKs 1-8) mov &youvv
tavtorombei (Ren et al., 2005).

H hCINAP k®dwkomoleitor o¢ eVOALOKTIKO UETOYPAPNUO. OTO TOV YEVETIKO TOTO
TAF9 nov Bpioketar otn 0éon 68.7 Mb oto ypoudcopa 5, 0 0moiog Kmdikomotel akoua 3
LLETOLY POLOT) LLOLTOL.

H hCINAP £yet kowvd to dvo mpdto e€ovia (141 vovkdeotidia), pe o MRNA mov
Kodwomnotel tov petaypaptkd mapdyovia TAFIID3;. Ta d00 avtd petaypopiuato wotdco
dev  mapovcstalovv kopic OpOWOTNTO OV TPOTEIVIKY oAAniovyio, AdYy® TOL OTL
XPNOLOTOOVY  dlopopetikd kKmdwkovio évapéng. H hCINAP ypnowomotel to mpmdTo
Kodwovio évapéng (ATG) mov gppaviCetar oto 5° dxpo, eved 1 TAFIID3; éva ecmtepikd
ATG, 18 vouvkieotida petd ta mpmto 141 kowvd vovkieotidla. EmumAéov, cuykpion twv
TpOTEIVIKOV aArniovyidv g hCINAP kot TAFIID3,, £6e1&e 0Tt dev Tapoveialovy kapio
OHOLOTNTO, LETOED TOVG,.

H mpoteivn TAFIID3; amotekel po and tig pukpdtepeg vopovadeg (32 kDa) tov
petaypagikov mopdyovia TAFIID, o omolog elvar éva molvmopayoviikd cOUTAEYLO
Boactikdv petaypa@ik®dv mapayodviwv. Amoteeital and v TpoTeiv Tov decueDETOL OTN
neployn TATA (TATA-binding protein, TBP) kot amd pio opddo amd GuvTnpnuEVES
TPOTEIVEG TOV €lval YVOOTES ¢ Topdyovieg mov cvvoéovtor pe v mpoteivn TBP 1
TAFs. Ot TAFS {icwg va eumAEKOVTOL GTN UETAYPOON OPDVTOG MG GUVEVEPYOTOUTES Yo
TNV avVOYyVOPIGT TOL VTOKIVITA N 0T TPOTOMTOiNon PACIKAOV HETAYPUPIKAOV TAPAYOVIWOV
(GTFs), d1evkoAOVOVTOG TN GLUVOPUOAOYNGOT TOV GULUTAOKOL TNG HETOYPOUPNG KOl TNV
évapén g petaypaeng and tnv RNA moivuepdon II (Muller and Tora, 2004).

[Mapampndnke 6t To petaypaeriuata tov TAFIIDs; kot hCINAP, skppdlovion og
avaroyio 1:1 og O6Aovg tovg avOPOTIVOLG 16TV (TAAKOVUVTO, YOPLOVIKES AMYVESG KOl
KINTIKO @Ao10 eyke@AAOV) Kot TiG KuTttapoospéc (Hela kot moykpeaTiky KuTTopocelpd
ASPC1) mov S0KIUAGTNKOY 6TV EPYOCIO LLOV.

To yeyovdg 6tL dVO peTaypa@UATo omd TOV 1010 YEVETIKO TOTO KOAIKOTOOVV dVO
SapopeTikég mpwteiveg eival acvvidioto. Dvioyevetikn perétn £€0e1Ee O6TL ot M ddtaén
ToV Yovidiov givor cuvtnpnuévn og 6Aa ta OnAactikd (umatlindec, apovpaiovg, moviikia
KOl GKUAOVG), OAAG Oev givar cuvinpnuévn oe dAlo omovovAdlwa, Omwg wdapo Kot
apeipia, ota omoio K®OKOTOOVVIOL amd OLOPOPETIKOVS YEVETIKOVS TOTOVS, OV KOl TO

opB6Aoya TOLG Eival GLVTNPNUEVO GE VTOVG TOL OPYOVIGHOVG. AVTO LTOOMAMVEL OTL O1
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00 aVTEG TPMOTEIVEG Efval YEVETIKA OALG OYL AELTOVPYIKA GUVOESEUEVES KOl OTL 1| GCUVOEDT
TOVG GTO YOVISImUa GUVEPNKE GYETIKA TPOGPATO TNV EEMEN TV GTTOVOVAOL®®V.

Av kot otig Baoeig dedopévav 1 hCINAP avoaeépetor og LeTaypapikods Topdyovtag,
AMym ¢ yevetikng ovvoeong g pe v TAFIIDs,, dev mapovoialel mepioyn décpuevong
tov DNA (DNA-binding domain) kot dev @oivetar vo A£ltovpyel ¢ UETAYPAPIKOG
TopAyovtag, aAAd avTO dev AmOKAEIEL TO YEYOVOC va Agttovpyel Pe KATOWO TPOTO OTN
uetaypaen. H hCINAP mapovoialer dutin evepydmrta ATPdong (Santama et al., 2005)
kot AK (Ren et al., 2005; Drakou et al., in review) kot £yet deiybei 01 1é1016¢ TPWTEIVEG
AopBavouv PEPOG 0T HETAYPOOT, oV Kol eV Tapovctdlovy douéc déopevonsg tov DNA
(Brivanlou and Darnell, 2002).

O evdokvttaprog evromiopdc g hCINAP, gite pe mapodikn empudAvvon pe v
vPpdn kitpwvo-phopilovca mpwteivn YFP-hCINAP, cite pe aviyvevon tng evooyevoic
TPOTEIVNG YPNOUOTOLDOVTIOS OVTICOUATO EVOVTL OAOKANPNG TG aAinAovyiag 1 €vavtt
TENTOWKNG aAAniovyiog oto kapPolutehkd dxpo (157-175 acw), £€de1&e 011 M TpwTEIVN
TOPOVGLALEL SLIYVLTN TLPNVOTAAGUATIKY] KOTAVOUY, €SOUPETEOL TOV TVPMNVIOKOL, LE
emmAéov Katavoun oto copotidw Cajal, aAld oy oe 6Aa o kOTTOpo (Santama et al.,
2005). EmmAéov, Ommg mpoékuye amd avaALGY LE TNV TEYVIKN TNG EXAVOQOPAS pOOPIGHOD
uetd amd ootorevkavon (FRAP-Fluorescence Recovery After Photobleaching), 7
npoteiv hCINAP dwayéetar elebbepa péoa o100 KOTTOPO, pE YpOvo MuloNg
t1,=0.29+0.03 s, mov eivor ocvykpicwog pe ovtdév wov mapovoidler n mpwteivny GFP
(t=0.21 s) ko povo éva pkpd mocootd g (11%+4) mpocdévetar otabepd oe dOUEG TOV
KLTTAPOV.

H olnienidpoaon tov dvo mpoteivov, hCINAP kau coilin, emiPePourdbnke pe
nepauato, tOco N Vivo (avocokotofvbion) 6co kar in Vitro (cvv-emhoyr) Kot
ovykekpipéva  €xet dsyBel Ot avaykoio ywo TV oAAnAemidpaorm elvar ta 215
KopPo&utehkd apvo&éa (362-576 nt) g coilin. EmmAéov, mopodikn vaepikepoon g
hCINAP mov mpaypatorombnke oe avBpomva kuttopo Hela, édei&e onuavtiky peioon
1060 oV apBpov, 660 Kot Tov peyébovg tov copatdiov Cajal (Santama et al., 2005),
VTOONADVOVTAG OTL 1] AAANAETIOPACT) TV dVO OVTAOV TPOTEIVAOV £XEL OLVOLLKT] LOPOT Kot
glvol oNUOVTIKA Y10 TN oLYKPOTHoN Kot T otabepdmra Tov copotdiov Cajal (CBs).

[Tponyodueveg peréteg £xovv dgiEet Ot ta 96 xapPoéuteiikd apvoééa g coilin
gtvon ammd pova toug kavd va puuilovv tov apBud tov copatidiov Cajal, ueuwvoviog ta
ava moprva (Shpargel et al., 2003). Emmhéov peto-UeTaQpuoTIKEG TPOTOTOGELS, OTMG
Q®GPopLAi®oN Kot pebvrioon, mov mapovstalovial oto kapPosuteikd dkpo tng coilin

ennpealovv 1 cuykpotnon tov copotdiov Cajal (Hebert and Matera, 2000; Hebert et al.,
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2002). EmmAéov, onuewokés petaAraéelc (Ser oe ASp) ota mpoPAemoOpeva  onueia
QeWoEOPVAI®oNG ot cuvinpnuévn kapPolutelkn mEPLOYY, EXEL ®G OMOTEAEGLQ
EVIVTIOGLOKT 0ALOyT oTov aplBpd tov CBs kot onpovpyio avdiloywv dopdv péca otov
nupnvioko (Sleeman et al., 1998).

To yeyovog 61t 1 hCINAP aiAnAenidopd pe v coilin Tpmteivn mov evtomileton ota
Cajal bodies, kot 0 mapodikog evromiopdc g hCINAP og avtd, icmg va vTodnAdverl 0Tt 1
hCINAP coppetéyet katd Kamoto Tpdno oTig S10dIKAGIEG MPIHAVONG TOV CLUTAOK®OV TOV
RNA-poteivoy 1| o1 GuvoppoAdynon v piBovOuKAEOTPMOTEIVIKGOV CUUTAEYUAT®V,
dadikaoiec otig omoieg Aapupdvovv uépog ta CBs (Ogg and Lamond., 2002).

Ta in vivo ooumioko tov mpoteivov hCINAP-coilin, mov mpoékvyav petd amod
avocokatafvbion oe kOtrapa HelLa, €yel deybetl 0tL dev mapovoidlovv GAAES YVOOTEG
TPOTEIVEG HE TIG omoieg aAAnAemdpd n mpwteivny coilin | dAla ocvototikd tov CBs,
ovuneprappavopévav tov ULA, fibrillarin, SMN (Survival Motor Neuron), Sm
(Smith antigen) ko1 Spl00 (Santama et al., 2005), vrodnidvovtag 6tt 1 peta&d Tovg
aAAnienidpaon eivar ave&dptntn amd v vmopén dAAov Tpoteivov. To yeyovdg avtd
gvioyvetal kot and v aueon oAniemiopaon tov dvo npwteivov, hCINAP kou coilin,
O6mmg avtn Tpoikvuye and ta in Vitro mepdpoto, omd to omoio £xiong cvumEPAiveETaLl OTL
Yo TNV aAAnAemidpaon avtn dev gival avaykaio TpobmdOeon n tapovsio tov ATP.

Y& avtifeon pe to o1k pog mEpouatika aroteAéoparto (Santama et al., 2005), éyel
deyel 6tt m hCINAP aiAniemdpd pe onuavtikovg mapdyovieg twv CBS, onwg v
fibrillarin, tny SMN kot tqv NPAT. Ta mepdpoto avtd tpaypatorobnkov cg KOTTopo
HEK 293 T avti o€ Hela (Zhang et al., 2010).

H gbpeom mpmteivov pe Tig omoleg o mpmTeivn aAANAETOpa ivor onpovtikd Bripa
OTNV KOTavONon TOL AETOVPYIKOV POAOL 7oL emiterel. Av kol €yvov KOTIOOELS
TPOCTAOEIEG YO TNV €UPECT] KOl TOVTOMOINGCT] KOVOVPYI®V TPOTEIVOV 0l 0moleg va
aAAniemdpovv pe v npwteiviy hNCINAP, pe 600 peyding KApokog StapopeTikee in Vivo
TEYVIKEG [ovoTnra TV dV0 VPpdiov oto cokyapoudknta (Yeast two hybrid system) kot
ocvvdvaotiky texvikn SILAC (Stable Isotope Labeling of Amino acids in Culture) pe
eoopotookomio palag], SuoTuXdS OV KATESTN TEAMKA duVATH Lo TETOWN TOVTOTOING.
Towg oto péArov, Ba propovcav va dtepeuvnBodv avTég KAT® amd d1UPOPETIKEG CLVONKEG
N Vo EMAEYOVV KATOEG OO TIC TPWOTEIVEG TOV OV EMAEYNKOV APYIKA Ond TOV KOTAAOYO
TPOTEIVAOV TOV TPOEKLYE KAt VO LEAETNO0UV KAT® amd TO TPIGHO KALVOUPYL®OV OEOOUEVDV
OV TTPOEKVLYOLV.

To yeyovoc 6t 1 hCINAP mopovsialetor ocvovinpnuévn o€ OA0 T0 QAGHO TOV

EVKAPLOTIKOD PLAOYEVETIKOV 0EVTPOL (OnhaoTtikd, utd Ko CopopdknTa) Kot 1 dypoen
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1oL Yovidiov ¢ otov CLvpopdknta (S. cerevisiae) eivon Bvnoryovoc (Juhnke et al., 2000)
amoTeAOLV 1oyLPOTATEG EVOEIEELG OTL M Aettovpyia mov emiterel iomwg va givar {OTIKNG
onuaciog yw tov Kuttapikd petafoiiopd. Emyeipnbnke kotactod] N peimong g
ékppaong ¢ mpwteiviig hCINAP (siRNA). Av kot mapotnpnidnke peioon tov
uetaypaeriuatog g hCINAP katd 70% kot tTov apoteivikdv emmédov katd 90%, dev
QAVNKE VO EMUPEPEL LUKPOGKOTIKA OVIXVEDGILES QUIVOTLTIKES OAAOYEG OTN OOUN KOt TNV
0pYAVMCT] TOL TLPTVA.

Ye avtifeon, mpooeatn dnpocicvon (Zhang et al., 2010), et dilet OTL KATOGTOAN
¢ hCINAP, ue ) ypnon evog GAAOV GLGTHUATOS TOV TPOKAAEL GTAOEPT KATAGTOAN TOV
yovidiov (stable loss-of-function), katd to omoio emttevyOnke oxedov OAOKANPMTIKN
LEI®ON TOV PETAYPAPIK®DV Kot TpoTeivikdv emmédmv g hCINAP, gixe og emakoiovbo
™m Swtdpaén g evooKLTTAPLAG KOTOVOUng TV Bacikdv cvotatikov tov CBs [coilin,
SMN, snRNPs, fibrillarin kou NPAT (nuclear protein ataxia-telangiectasia)]. Ot Tpmteiveg
avtég Ppédnkav vo dwyéoviol 6To TUPNVOTAAGUA LETA TNV amodlopydvoon twv CBS.
Emniéov, mapatpndnke peioon tov emmédwv twv SNRNPS, kotactoAn g pHetaypoeng
TOV YOVIOLOV TOV 10TOVOV Kot pelwon ¢ Ploctuotntag tov KuTtdpav, e adénon tov
OTOTTOTIK®OV KLTTAPOV.

To mapddo&o mov mapovstalel avtd 0 ApBpo, eivar 0 EVOOKVLTTAPIKOS EVIOMIGHOG
me mpoteivig hCINAP mov mopovcialetor vo evtomiletar otabfepd oto CBS kot
ocvumepaiverar 6Tt eivar ovotatikd Tov CBS. AKd Ho¢ omOTEAEGHOTA TTOV TPOEKLYAV,
1060 [E avigvevom TG €vOoyeEVOoUS TPMTEIVNG HE TNV YPNOYN OVO  SPOPETIKMV
AVTICOUATOV (£vavtt OAOKANPNG TG aAAnAovyiag 1 évavTtl TERTOKNG aAAnAovyiag 6To
KapPoEutelkd GKpo), 0G0 Kol TOPOOIKY| EMPUOALVOT TV LVRPOKOV Tpwteivoy Y FP-

hCINAP kot GFP-hCINAP, 600 kot amd otabepd Stapolvopévn kuttapocepd Hela®™

hCINQ vrodnimvovv 6t 1 hCINAP mapovctdlel Sibyvtn TupVOTAUGHOTIKY KOTOVOUT,
eEAPETEOD TOV TLPNVIGKOL, LE ETMAEOV KoTovour ota copatidte Cajal, odAld oyt o Ol
T KOTTapa kot Oyt og Oho tao CBs tov i610v kuttdpov (Santama, et al., 2005; Malekkou et
al., 2010).

Av16 OV glvar axoUa o arpocdOkNTo gival OTL 1] 1010 ORAdA, GE TPONYOVLEVO TG
apbpo (Ren et al., 2005), édeiée 611 0 gvdokvttdplog evtomopog e hCINAP ftov
TUPNVIKOG Ko TAV G TANPN CVUE®VIO e Ta O1kd pog mepduata. Emopévmg, avtd mov
napovotaletar 6to ovykekpévo Gpbpo (Zhang et al.,, 2010), icwg vo amoteAet

OMOTEAECUO. €VOC UOVO WEPOVG TOV KLTTAP®V, Kol Vo pUnV €ivol ovVTITPOCSHOTEVTIKO

AMOTEAEGLOL 1] VO OPEIAETOL GE TEYVIKES ATEAELES TNG TEPAPATIKNG dtadikaciog (artifacts).
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Ta CBs eivar dvvopikés Hopeéc e KOKAOVG 0pYAvmonS Kol amodlopydvmons, Ue
petafoin g popeoroyiog Kot g ocvotacng tovg (Lamond and Carmo-Fonseca, 1993).
"Exovv mapatnpnei petapforés oto péyebog ko otov apud tov CBS katd ) didpkeia
TOV KLTTOPIKOV KUKAoVL. [Tapovsialovral peyadvtepa oe péyedog otic S kot G2 pacelg tov
Kuttaptkoy kOkAov. Katd tn dwdpkewo g pitwong ko e mpowng Gl edong dev
napatnpovvtol CBs, evd o peyoddtepog aptBpog tovg mapovstdletal apydtepa, otn Héom
kot votepn G1 @don (mid- and late G1 phase), 6mov mapatnpodvton ToAld pikpd CBs. H
OLYKEVIPMOOT Opmg g mpwteivng coilin mopauéver otabepn katd 1t Sibpkelo TG
pitoong, pe dudyvon e oto kKuttapdniacpa. Eniong, ta kuttapa mov moAlarniacialovon
TEPLEYOVY HEYOAVTEPQ, TO QOTEWE kou meplocdtepa. CBS. EmmAéov, n mpwteivikn
ékppaon g coilin ota kOtTapa mov ToAlomAacialoviol ival dV0 POPES AVENUEVT GE
oLYKpoN HE oVTE TOL dgv mOoAAamAaclalovtal, VROONAMVOVTOG OTL €mAyEL TOV
TOAOTAOGLOG UG KOl TOV KOKAO 0pydvmong Kot amodtopyavoong tov CBs (Andrade et al.,
1993).

H mpwteivn hCINAP, 6nmwg ko | Tpoteivn coilin, eaivetor va pubuiletor katd ™
SLAPKELN TOV KLTTOPIKOV KOKAOVL. ATO TTEWPAUATO PIKPOGKOTIOG TPOYLATIKOD YPOVOL TOV
gywav oe otofepd  LETUCYNUATICUEVT]  KLTTOPOGELPA HeLaCFP"CINA - 1o enineda
eBopiopod g npwteivng GFP-hCINAP oavéopeidvovtay o€ cuvdptnon pe tov ypovo
VTOONADVOVTAG OTL 1] TPOTEIVIKY EKQPOCT) NG, VAL dLOPOPETIKY GTA S1APOPaA GTASLOL TOV
Kuttaptkod kOokAov. H évtaon @bopiopod e GFP-hCINAP Bpioketon og younAdtepa
eMinedo 6To TOTIKO KOTTOPO, EVAO oTad0KE T enimeda eOopiopod avEdvoviar kabmg o
KOTTOpO 1oépyetan ot edon GO/GL (4-9 h petd v dwipeon tov kvtTdpov). Metd and
KLTTOPIKO GUYYPOVIGUO Kuttapooelpds HelLa emPefoidbnie 6t n mpoteivikny éxppoon
™m¢ hCINAP gupovifotav peyorvtepn katd tqv GO/G1 (late G1) @don tov KvTTapiKon
KOKAOV.

EmmAéov, and ) pikpookomio mpaypatikod ypdvov mpokvmtet 6t 1 GFP-hCINAP
dlo€eTon Katd Tt dgpKewn TG ptmong, yopig vo cvvevtonileton pe to DNA mapd pévo
ot teddpacn. H vrepéxopaon e npwteiviig GFP-hCINAP, gaiveton va emnpedlel thv
KUTTOPIKY dwaipeon pe avénorm avopaAdv katd T Oodpkew g pitoong, Ommg un
oTOlY(10M XPOUOCOUATOV KATO TN LETAPAON 1 TOPOLOVH GTN KLTOKIVNoT, LE EmaKOA0vO0
va mapatnpeitar  anodmtoon. Ouwg sivor mpowpo va e&aybel omolodnmote TEAKO
ovumépacpa, 66o aeopd v eumiokn g hCINAP ot dwdikacio ¢ pitwone. ‘Evag
TETOL0G POVOTVTIOG Umopel va apatnpnOel kot katd ) ddpketo PAGPNg tov DNA, petd

amo ékbeon tov kuttdpov o axtivofoAio. Emopévmg mepaitépm mepduata, kpivovion
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avaykaio yio. ™ dacaenvion ¢ mbavig epmiokng g hCINAP og o 1060 onuavtikn

JLd1KaGio TOV KVTTAPOV, OTTMG Elval 1 KUTTAPIKT OloipEDT).

4.2 TOavy epmrokn e npmzeivic hCINAP o6to povomdrio amdékpione KHTTopLKov

oTPE

Onwg elvar Mon yvootd, m popeoioyio kKot 1 ohvOeon TV VTOTVPNVIKOV
opyavidimv, 6nmg to. Cajal bodies (CBs), o mupnvickog ko GAlo TupNVIKG copOTIONW,
Tapovctdlovy dVVOUIKY] @UoN Kol Umopohv va petafAnfovv, petd omd oamdkpion o€
nowKiAOpopea eEmtepikd epebicpota (otpeg) mov veiotatoar to kvtTopo (Cioce et al.,
2006). TIIoAloi mupnvikol TAPAYOVTEG WUTOPOLV VO  OTOSIOPYOVAOVOVTOL KOl VOl
EMOVAOIOPYAVAOVOVTOL GE OLOPOPETIKEG TUPNVIKEG TTEPLOYEG, GE AMOKPIOT OTI KLTTOPIKN
petafoliky] dpacTnpOTNT, UETAPAAAOVTAG HE OVTO TO TPOMO TN HOPPOAOYiD, TOV
vrodwapeptopdtov tov Topnve (Shav-Tal et al., 2005).

Aepedvnon g evdokvttdplag katavoung e GFP-hCINAP, petd and d1dpopovg
TEPOALOTIKOVG XEPICHOVS, TOV TPOKAAOVV EITE UETAYPAPIKT] KATAGTOAT, €ite PAAPN TOL
DNA, gite viepoopotikd otpeg, avédeie 01t 1 GFP-hCINAP mapovsialet dvvapkn evon
Kot €lval 1KoV VoL EVTOTOTEL GE CLYKEKPLUEVES OOUEG LEGO GTOV TUPTVOL.

Ta mepbpota ovtd Tpaypotomomdnkay pe ypnon otadepic HETACKNUATIGUEVIC

GFPICINAP rov eEéppate v mpwtetvn hCINAP cuyymveupévn pe tv

KutTapooelpdc Hela
npoteivy GFP  (npacwvogBopilovca mpwteivn), a@oL TPAOTO 1 KLTTOPOGEPA OLTY
yapaktnpiotnke, kot emPefoiddnke ot m vppwdkn mpwteivip GFP-hCINAP
CUUTEPIPEPOTOV TTAPOUOLL HE TNV €VOOYEVT Tpwteivr. H Kuttapocelpd avt mapovsiole
(PULGLOAOYIKT) LOPPOAOYiD, PUGIOAOYIKO KLTTOPIKO KOKAO Kot oTafepn EKOPOoT) Kol CMGTO
gvookvtTapio gvromopd g GFP-hCINAP.

Eivar oM yvooto 611 aptBpdc mpoteivedv mov evtomilovtal 6Tovg mupnvicKoug Kot
o1o Tupnvomlacua (Kuping mpmteivec mov mpoodévovial o€ RNA), dnwg kot RNAS (pre-
rRNAs, U1snRNA, 7SK RNA, snoRNAs, U93 scaRNA) avakatavépovior vrd popen
daKTLAIWV (Caps) yopw arnd Tovg mupnviokovg (Zynua 4.1), 1060 KAT® amd PLGLOAOYIKEG

OLVONKEG KATOGTOANG TNG LETAYPAPNG OGO Kol LE YPNON OLGUDY TOL KOTUGTEALOLYV TNV

RNA moAivpepaon I ko IT (Shav-Tal et al., 2005).
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Nucleolus Peri-nucleolar caps

Contain fibrillarin,
p80caoilin,
Pol | factors

Contain Nucleolar body

paraspeckle
proteins and
other Pol Il
factors

Yyqpoe 4.1: Ov daKTOMOL YOP® 0T6 TOVS TVPNVICKOVS, OL 07T0i0L TUPATPOVVTOL NETd amd
kotootor] T RNA Pol 11 (A) Zvvévaocpog DIC ko pikpookomiog @pbopiopod 6e kbTTopo
Hela, petd amd £kbeon tov kuttdpov yio 4 h o axtvouvkivny (Actinomycin D), ya va emitevydei
N KaTaoToAn TG petaypagng amd v RNA Pol I1. H popeoloyio tov mopnvickov edrdalel kdtwm
amd avTég TIC cVVONKES, pe T dnuovpyia Tov cmdpoTog Tov Tupnvickov (Nucleolar body) kot £va
apOpd amd daKTLAIOVG YOP® amd Tovg TupNVickovg (Likpd PErog). Ta kbTTopa £xovV emoAVVOE]
ue miaopiolo mov ekppalel v mpwteivn YFP-PSPC1 (mpdowvo), n omoio eviomiletol ce caps
Kato omd avtég Tig ovvOnkeg (ueydio Bérog). Kiipaka: 5 mm. (B) TTapovsidlovrar ta. Vo Kdpia
gidn daxtoriov: 1o Dark Nucleolar Caps (DNCs), ota omoio evtomilovion mpmteiveg TmV
napadlaoTikiov copotdiov (Paraspeckles) kot dAlov mopaydviev g RNA Pol 1l kot to Light
Nucleolar Caps (LNCs), ota omoio evtomiovtar o1 mpwrteiveg fibrillarin ko coilin kot mapdyovieg
¢ RNA Pol | (Shav-tal et al., 2005). (Avanopayoyn guwdvag and Fox and Lamond, 2010).

Metd ond petaypoeikny katactol ¢ RNA molvpepdong I wou IT (1 pg/ml
axtwvopvkivny D), n GFP-hCINAP avaxatavépetat gv pépet amd 10 TupnVOTAAGUO GTOVG
daxturiovg twv moupnviockwv DNCs (Dark Nucleolar Caps) kot oe eotieg péoca otovg
TUPNVIGKOLG, OTTOV GLUVEVTOTILETON EKEL [UE TNV TPOTEIVN TOV TOPASIACTIKTOV COUATIOIMV
1, PSP1 (Paraspeckle Protein 1), evd o1 mpwteiveg coilin ko fibrillarin avoxotavépovon
oe Egyoprotovg daktvuAiovg, Light Nucleolar Caps (LNCs). Adyo g veiotauevng
arnienidpaong g hCINAP pe v mpwteivy coilin, Ba avapevotav ot 600 avtég

TPOTEIVEG v cuvevtomilovTay, KATL Tov dev TapotprnOnKe.
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O @awvotumog avtog, dev mapatnpnonke pe kotactoln tng RNA Pol 1 (0.04 pg/ml
axtwvopvkivny D). Ot dvo mpoteiveg, GFP-NCINAP kot PSP1 kdto amd avtég Tig cuvOnkeg
JTNPovV TNV QUGIOAOYIKY EVOOKVTTAPLO TOVG KOTOVOUN, EV®d ol Tpwteiveg Coilin kot
fibrillarin mwapovoiacav tovg yapaktnpiotikovg daktviiovg (caps) LNCs. Q¢ ek tovTov
npokvRTEL, OTL LOVo petd amd kotaotoln g RNA moivuepdong II 1 hCINAP propei va
otpatoloyndet kot va evromiotel 6Tovg daktvAiovng DNCs.

H mpwteivn PSP1 &ival cvototikd tov mopoadidotiktov copatidiov (Paraspeckles)
Kot Topovotalet opotdtnta oty oAAniovyio ue tig Tpwteiveg ps4nrb kou PSF, mov eniong
eivon ovotatikd tmv Paraspeckles, tepiéyovtag dvo portifa avayvapiong tov RNA (RRM,
RNA Recognition Motif) (Fox et al., 2002). Okec o1 mpwteiveg twv Paraspeckles
avoakatavépovtot oto idta caps (DNCs) petd and petaypoaikn katactorr] e RNA Pol
I, vrodnAmdvovtag amodiopydvmon twv Paraspeckles (Shav-Tal et al., 2005).

Evéwpépov, amotérece 10 yeyovog Ott m GFP-hCINAP, petd ) petaypogikn
KOTOGTOAY €KTOG OO TOV EVIOMIGUO TNG GTOLG SUKTLAIOVG evromOTay Kot HEGH GTOVG
TUPNVIGKOLS VIO HOPPT E0TLOV, OV Qovopevikd potdlovv pe to fibrillar center (FC)
Emuo 4.2). Yro oguooloyikés ovvOnkeg, m hCINAP evtomiCeton duyvtn oto
mopnvomhaoua eapetéov Twv mopnviockwv (Santama et al., 2005).

A&oonueimto givon emiong 1o yeyovog 6tt 1 hCINAP cvykataAéyetar 610 pukpd
aplOpd ToL TLPNVOTAUCUATIKOV TPOTEIVAOV TOL dNUIOVPYOVV CaAPS KAT® OmO AVTEG TIC
ovvOnkeg. Ov mePIGGOTEPES TUPNVOTAAGUOTIKEG TPMOTEIVEG KOl Ol TPWOTEIVEG TOV
evtomiCovtal oto copotidw speckle, omwg £xet amodeydel omd mponyovpevn avaivon >70
TUPNVIKOV  TPOTEVAOV TOV  EMTEAOVLV  OOPOPETIKES  Agttovpyieg, Olatnpodv v

evookvTTapila Katavour tovg (Shav-Tal et al., 2005).
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Yympo 4.2: Mikpookonio dwagopukiig svpforg (Differential Interference Contrast, DIC),
Lovravod kvttdpov Hela, 6mov dwakpivovrar ov wopnviokor. Kiipoka: 15 mm (opiotepd).
TANUOTIKY OTEOVION TG TPUTANG E0MTEPIKNG opydvmong tov upnviokov: fibrillar center (FC),
dense fibrillar component (DFC) kot granular component (GC) (8e&id). (Avamapaymyn €KoOvog
am6 Boulon, et al., 2010).

Ytoug DNCs daxturiovg, otovg omoiovg evromiletar n hCINAP, éyer deybel ot
evromiovtal Kupimg TUPNVOTAACUATIKEG TPOTEIVES Ol OMoleg 6T TAEOYNPla TOVG ivan
npoteiveg mov  Osopebovv  RNA, yopic Opog va  amotehel yevikd  HOVOTATL
GUVOPUOAGYNONG OA®V TOV TOPAYOVIMV TOL EUTAEKOVTIOL TNV UETAYPOUPN Kol dladtKacio
tov RNA (Shav-Tal et al., 2005). Ot mepiocoTEPEG AMO OVTEG TIC TPMTEIVEG,
ocvoumepthappavopévon kot g PSP1, €ovv aviyvevbel mponyovpévog va gvtomilovion
OTOVG TVPNVICKOLE HeTd oo mpwteopkn avaivon (Andersen et al., 2002; Scherl et al.,
2002). Tlopoio avtd, avtéc ot mpoteiveg Omog kar 1 hCINAP, gpeavifovv
TLUPNVOTAACLOTIKY] KOTOVOUN €EapeTéOL TV TupnvicKwv, Omwg &xel mapotnpndel pe
LKPOGKOTiO 0VOGOPHOPIGLLOV.

EmumAiéov, otoug DNCs daktvriovg, €xet aviyvevbei to npddpopo rRNA (pre-rRNA)
OV EVTOTILETOL PLGLOAOYIKG GTOLG TVPNVICKOVS KOl VITOONADVEL OTL O EVIOTICUOG TMOV
TLUPNVOTAACLOTIK®OV TPMOTEIVOV TOL OVOKATAVELOVTOL GE QLTOVG OEV EIval TVLYOLOG, OAAG
gival omotédecpa TV 1810TNTOV T0Vg Vo oAAniemdpodv pe o RNA (Shav-Tal et al.,
2005).

AVT| M OVOKOTOVOUT TMV TUPNVIKOV TPOTEIVOV G VEOGLVTIOEUEVO AEITOVPYIKE
dwpepiopata (0w o1 SAKTOAOL YOP® Ad TOLG TLPNVICKOVGS), AmOTEAEL v UEPOC NG
YEVIKNG omodektng Oladikociog avadlopydvoons Tov mupnve. KOTG TN OldpKELl
LETAYPOPIKNG KOTOCTOANG Kot meptlappdvel mpoimdpyovoeg oaAANAemOpacels Hetaly
RNA-poteivoy, kabdg kot Kawvovpyleg aAlniemdpdcelc. To amoteAéopato amd v

avakatavour] ¢ hCINAP kot o ovveviomopog g pe v PSPI, emonuaivouv v

TOPOTPNON OVTN.
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Av ko1 1 hCINAP aAAniemidpa pe v coilin og puolohoyikég cuvOnkeg, KGT® amod
LETAYPOPIKT] KOTAGTOA Ol dV0 OVTEC TPWOTEIVES GLVEVTOTILOVTOL GE SLOPOPETIKA €idM
caps, DNCs ka1 LNCs avtictotya. Eved mpoteivec mov oe @uoioloyikég cuvOnkeg dev
ovvevtoniCovton (my. ota Paraspeckles) kot ovte evdeyopévog oAnientidpoiv, OTmg ot
hCINAP ka1 PSP1, oe& ouvOfkeg HETOYPOPIKNG KOTAGTOANG ouvvevtomilovol Kot
EVOEYOUEVMOS VO OAANAETMIOPOUV. Agv €xel aviyvevbel dueon aAiniemidopacn twv 600
AVTAOV TPOTEIVOV € PLGLOAOYIKEG cLVONKeG (OKEG LG adNUOCIEVTES TAPOUTNPNCELS),
oAG lowg va veiototor acBevig aAAnAeniopacn TV 000 OVTOV TPOTIEIVOV GTO
TUPNVOTTAACUO, 0oV evtomilovTal, AL 1| aAANAETIOpaoT Vo oTafepomoleiton KAT® amd
OGULVONKEG LETOYPOPIKNG KOTAGTOANG.

H evépyelo and ta povomdtio TG 0EEWMTIKNG POGEOPLAIMONS gival amapaitntn
npobmdeon yoo T SladIKaGior TG AvadlopYEvVOoNG TOV TUPNVIKGOV TPOTEIVOV KOl TN
onuovpyia tov daxtoMov DNCs wor LNCs, kotd tn Sudpkeld g HETOYPUPIKNG
kotootoAc. H mpwteivy hCINAP mapovoialel evepydmro adevolikng kivaong (Ren et
al., 2005; Drakou et al., in review), erouévmg 1 TopovGio TG 6TOVE dOKTLAIOVE 6ME Vo
OLVOEEL TN OPACT TNG YO TOPAYMYT] EVEPYELNGS.

IMepatépw perétn g  avakotovoung tg hCINAP, zmpaypatomomnke pe
kotootoAn; g RNA Pol 11 [5,6-dylwpo-B-D-piBopovpavocurPeviyudaloriov (DRB)].
Kéto and avtég tig ovvinikeg m GFP-hCINAP ka1t n PSPl ovuvevromiloviov ot
eLPaviCoviov ¢ GCLGCOUATMUUTE KOVTE GTOVG TVPNVIcKOVS Kot Bpickovtay moAd Kovtd
N oe aueon emapn pe v omodiopyavouévn fibrillarin, H fibrillarin evtomlétav vmd
popen caps povo ce mocootd 10% TV KLTTAPOV KOl GTO VIOAOWTO TOGOGTO TMOV
KLTTAp®V Toapovsiale pia amodopyovouévn popen (Zynuo 4.3), ©¢ amoTtéAecua NG
amod10pYAVOGONG TOV TUPNVIGKOV, TOL GLUE®VOVCAY TANP®G e T BpAoypagio (Martin
et al., 2009).

H anodopydvmon tov mupnvickov mov mapatnpeitor 6e avT T TEPINTMOON, UETA
amd v katactoA] g RNA Pol Il (ka1 6yt tThng RNA Pol 1) kot cvykekpyévov CTD
Kiwvaodv (carboxyterminal domain kinases) (David-Pfeuty, 1999; Haaf and Ward, 1996),
gtvar d10popeTikd pavopevo and v avadiopydvoon tov Topnvickov (RNA Pol | kau I1).
Katd ™ didpketon g katactoAng tng RNA Pol 11, o mopnvickog paivetar va mapovoialet
emuKvuvon Kot cuvilwg vo PpioKeTal o EMOPN LE TNV TEPLPEPELD. TOL TLPNVO, EVD TO
evepya tov kévrpa: fibrillar center (FC), dense fibrillar component (DFC) xou granular
component (GC) (ZyMua 4.2) mapovstaloviol amodopyavmpéve Kot dtdyvta (Zynuo 4.3,

ueoaio ewcova) (Martin et al., 2009).
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H amodiopyavmuévn dour tov Tupnvickov mov Tapovctaletot («KOAE HE YAVIPES),
avVTamoKpiveTol oty Tplodidotarn dwomopd tov IDNA (Haaf and Ward 1996; Junera et
al. 1997) kot TOAADV TPOTEVAOV 7OV EUTAEKOVTIOL HETOYEVESTEPO OTI OlOIKOGIOL
ocvvaprordynong tov piocodpatoc (Louvet et al., 2005). Kébe «opaipoy» mepthoufavet:
rDNA, rRNAs, pol I, DNA topoisomerase I, UBF o fibrillarin (Scheer and Benavente
1990; Haaf et al., 1991; Junera et al., 1997; Le Panse et al., 1999).

H mAextpovikr pkpookomio amokdivye 0Tt avt) 1 doun amoteleiton amd FCs
TPWOTEIVEG TOL gvdvovtal 1 wo. pe v GAAn pe DFC mpwteiveg (Junera et al., 1997; Le
Panse et al., 1999) kot ol TEPOYEC KOVIO OE QUTEG OV TEPIEYOLV TPMTEIVEC TOL
eumiékovtal petayevéotepo otn dwadikacio Tov rRNA, mov mpoépyoviar amd tigc GC
neployés (Louvet et al., 2005). O mpwteiveg avtéc umopovv vao, amocvuvoedovy amd To
onueta petaypaeng tov rRNA, vrodniovovtag 0t to petaypagnuate rRNA, dev elvan
Kava va TpoonAvticovy T TpmTeiveg mov gumAékovtol otn ddwkacio tov TRNA kot ot
TPOTEIVEG AVTEG Elvat IKAVES VO ONILLOVPYNGOVV TUPNVIKES OOUES XOPIG TV TOPOLGIa TMV

uetaypoaenudtov (Hernandez-Verdun, 2005) .

Control DRB Act.D
50 uM 1.5h 0.2 ug/mL 1.5h
— & "\\ ——
(8" D ax
\\ / . . l}'
\\ . N ,/ e i

Yyqpo 4.3: Aopés Tov TUPNVICKOV 6€ KOTTOUPO HUE KATAGTOA] TNG evepyotntog tg RNA
molvpepdonc. Kottapo eléyyov (apiotepd), kKOHTTOpo mOL £TVYE EMEEEPYACI Y10l TNV KOTAGTOAN
¢ RNA polymerase Il [kévtpo, 5,6-dyyhmpo-B-D-pipopovpavocurfeviyudaloriov (DRB) ywa 1.5
opeg] 1 g RNA polymerase | [8e&id, axtvopvkivny D (Act.D) ywo 1.5 dpeg]. Onticég topég tmv
EMKPOTESTEPOV SOUMV Tov mapatnpndnkav oe kdbe mAnbvoud wvttdpov. Ta wdTTOPO
onuavinkav: fibrillarin (k6xkivo), DNA (Sytox green, mpdowvo) 1 to kevipopepidio (CENP,
npaowvo). Ta oyédia ameikovilovv Tic emikpatéotepeg douég o€ kabe mAnbvoud. (Avorapaymyn
and Martin et al., 2009).

Metd and v amoudkpvvon tov DRB, o1 tpmteiveg mov epumiékovtol otn dladtkacio
tov IRNA otpatoroyodvion oto onueion TG  HETAYPOPNG KOL O  TLUPNVIGKOG
ouvapporoyeitar Eava. Eyet amoderyBel 0Tl yio v €navacOVOEST TOV TPOTEIVOV ivat
aropaitnt) 1 vopoéivon ATP 1 GTP. Avtd sonyeitar 011t 11 pOSPOPLAI®GN 16MG va
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Sdpopotilel pOAO 0TV EMAVOCVVIEST] TOV TPOTEIVAOV OVTOV KOl TNV EXAVAOUIOVPYin
tov Tupnviokov (Louvet et al., 2006). H npwteivn hCINAP 6mac €xet derybel, mapovcialet
evepyotnto. adevodikng kwvaong (AK) (Ren et al., 2005; Drakou et al., in review) kot
ATPéonc (Santama et al., 2005, Drakou et al., in review) ka1 icwg 0 Adyog mov gvtomiletat
OTIG AMOO0PYAVAOUEVES TEPLOYEG TOV TUPNVIKOL, VO Etval akpIBdO¢ 1| TPOoPopd evEpyeLag
0€ OVTA TO CUELN 1] T) POGPOPLAINGCT] CLYKEKPIUEVOV VITOCTPOUATOV, Y10 TNV EXOVOPOPA
™G OOUNG TOV TVPNVIGKOV.

H npwteivi GFP-hCINAP, uehetinke emmiéov petd omd £kbeon Tmv KLTTapmV o8
aktvoPfoiia  UV-C. H  oaxtwvoforia UV avimpocwrmevel  €vo  cOUTAEYUO
TOALTTOPOYOVTIKNG OmOKPIONG OTO OTPEC, TO ONOI0 KOTAOTPEPEL TNV  UETABOAIKY|
evepydtTnTa. TOL TLPNVA TOL KLTTAPOL. Emmpedler  Obpopec TLUPNVIKEC  OOMEC
ovumeptiappavopévov tov mupnvickov (Al-Baker et al., 2004; Kurki et al., 2004), tov
copotdiov PML (Kurki et al., 2003; Seker et al., 2003) kot To. Cajal Bodies (Cioce et al.,
2006). H axtwvoBoAia UV mpokadel dpeon evepyomoinon Tov VTOS0YEN TOV KIVOCHV
tvpocivng (m.x EGF ka1 PDGF), katd tpomo pn e£apTtdUEVO amd TO VTOCTPWOLO, TO OTOT0
TPOKOAEITOL OO TNV OAMEVEPYOTMOINON T®V VTOJOYE®V 7OV  KoTevdvuvovtal omd Tig
pwoeatdoeg Tupooivng (Gross et al., 1999; Gulati et al., 2004). AkolovBwc, TpokaAeiton
BAGPN oto DNA pe ) dnpovpyia dipep®dv @OTOTPOIOVTIOV KUKAOBOVLTOVIKTG TUPLULOTVIG
(6-4) (Tornaletti and Pfeifer, 1996), mtopaywyn evepymv pillov o&vyovou (Nishigori, 2006)
Kot oOVOETN HETOYPOPIKN omdkplon TePLOUPAVOLEVOV PLOMGTIKOV YOVISi®V TOov
GLVOEOVTUL LLE TOV KLTTOPIKO TOAAOTANGIOGUO KOl TV €MOOpOmoT tov ennpealdOUevon
DNA (Koch-Paiz et al., 2004). H enopevn pdaon yopaktmpileton gite amd tnv emdidpHwon
tov ennpealopevov tepoyav tov DNA, gite and 1o Odvato Tov KuTTApPOL TO 0MOi0 dEV
KOTAPEPE VO, AVTIOPAGEL KATAAANACL.

H npwteivn GFP-hCINAP, petd and éxbeon og aktivofoiia UV-C, avakatavéuetot
0€ UIKPEG E0TIEG GTOV TLPNVAL KO LEGO GTOVG TLPNVICKOLS, OOV GLVEVTOTILETAL KOt TAAL
ue v mpoteivn PSP1, evd n mpwteivn coilin avakatavépetol 6o mupnvoOTAaGHo. VIO
HOPOY] KPAOV EGTIMV, YOPIS OU®S VO TOPOLGLALETOL CLVEVTOTIGUOG TG UE TIC TPMTEIVEG
GFP-hCINAP kot PSP1. EmimAéov, n GFP-hCINAP evrtonileton, emmpdodeta, kol o€ mo
LeYaAeS TUPNVIKEG SOUES.

A&loonueimto givorl To yEYovac, OTL Ol IKPEG EGTIEG, TTOL NTOV O POTEVEG KOL OTIC
omnoieg ot 6vo mpwteivec, GFP-NCINAP kot PSP1 cvvevtornilovtav, mapovsidloviay otnv
TEPLPEPELD, GE EVOL LEPOG TOV LEYOADTEP®V TVPNVIKAOV doudV Tov oynudtiie n hCINAP.

O &vtovoTtepog QovoTLTTOG oV TopatnPONKe NTav ot 6 h kot ta amoteAéopata

™m¢ aktwvoPoriag UV-C frav ev pépet aviiotpentd (petd omd 10 h) oe ~40% twov
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KUTTAP®V OV £TLYOV OKTWVOPOAIOC, HE ETOVAPOPA TNG QUOIOAOYIKNG KOTOAVOUNG TMOV
TPOTEIVOV. X UETAYEVESTEPOVS YPOVOLG, GE TOCOCTO TV KLTTAP®V TOV  Ogv
TOPOVGLAGTNKE ETOVAPOPE TOV PLGLOAOYIKOD Patvotiov (10 kot 24 h), ov mpwteiveg
hCINAP ko1 PSP1 cuvevtoriCovtay kot ot vt popen daktvdiov (DNCs) mov diépepav
amd avtovg mov evromilotov m coilin. Télog, mapatnpndnkov kdTTOpO, TOL EVEO 1
npwteivn coilin kar SMN emavépyoviov ot @ucetoroykry tovg katavoun, n hCINAP
eEaxorovBovoe va Tapovctdlel Tov 1310 PUIVOTLTO 1) Lo EVTOVO POIVOTVTIO LE dNUIoVPYia
SOKTUMOV HECO GTOVG TLPNVIGKOVS, YEYOVOS TOV VTOOMAMVEL OTL TOAVOV 1 ETAVAPOPA
G Vo yivetal pe mo apyods puOpovg 1 va Tapapével eKel MG amOKPIoT GE LETAYEVEGTEPQ.
OTAdL0 TOV LOVOTOTIOV ATOKPLIOTG TOV GTPEG.

Ta oamoteléopata mov ANeOnkav yw v mpoteivy coilin kar SMN, ot omoieg
YPNoomomOnKav v péPel Mg TPOTEIVES EAEYXOL Yo TN dtadikacio TG akTvoBoiiag,
AOY® NG YVOGTAG EVOOKLTTAPLOG TOLG KATAVOUNG KATt® amd Tig id1eg cuvinkeg, ftav og
TANPN cvppovia pe v Birloypaeio (Cioce et al., 2006).

Tooo oe ocuvOnkeg petaypagikng kotaotoing e RNA Pol Il 660 kot oe cuvOnikeg
BAaPNg tov DNA, petd amd ékbeon towv kuttdpov oe aktvoforia UV-C, n hCINAP
OVOKOTOVELETOL €V UEPEL OMO TNV TUPNVOTAAGUOTIKN TNG KOTOVOUN GE OLOLPOPETIKA
gvoomupnvika dwpepicpata M oe  egotieg péoo OTOLG TLUPNVICKOVG, OmOL  EKEl
ovvevromiCeton pe v PSP1 petd v amodiopydveoon tov Paraspeckles. Q¢ ex tovtov
npokvmTel 0Tt katl ot dvo mpwteive, hCINAP ka1 PSP1, mopovstalovv pa tomkn 1M
AELTOVPYIKY| GYEOT LLE TOV TUPNVIGKO.

H mpwteivn PSP1 evtomileton ocvykekpyévo ota paraspeckles, aAld moapovoialet
d1byvTo EVIOMIGUO 6TO TVPNVOTAAGHLO, LE cLVEXN Kivion petald tmv paraspeckles kot tov
Tupnviokov, otav givor evepyn n petaypaen (Fox et al., 2002). EmmpocOeta n Fap7, n
opdroyn mpwteivn g hCINAP 610 cakyopopdknta, £ival amapaitnn yio Thy opitaven
tov 40S pifocopdtov pe t owdoracn g 20S pre-rRNA, pe dueon aAAnienidpoon pe
mv pocopkny tpoteivn RPS14 (Granneman et al., 2005).

H Aertovpywkn obdvdeon peta&d g hCINAP kot tov mopnvickov Oo mpémet
EVOEYOUEVMGS VO O1EVKPIVIGTEL, KAODS TO dedOUEVA E1GTYOVVTOL LG TOPOOIKT SLOGVVOEST
™G TPOTEIVIG OVTNG HE Tovg mupnvickovs. Ilpdoeata mapatnpndnke 0T N TPOTEIVN
coilin, ovoocwpevdeTOl GTOVG TLPNVIOKOVG VIO HOPET] CLOCHOUATOUATOV, UETE OO
emayoyn PAGPng tov DNA pe ypnon Cisplatin | petd amd ékbeon oe axtvoforiag v,
YEYOVOS TOV GLUTITTEL YPOVIKA LLE TV KOTAGTOAN NG evepyotntog g RNA moivpepdong
I (Pol I). H Cisplatin, eivar éva ymueobepomevtid @ApUOKO, 7OV  EGAYEL

o0ToVPocLVOEGHOVG 6T0 DNA KaTaoTEAAOVTOS TNV OVTLYpaQT ETAYOVINS TNV OTOTTOGCN
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(Bartek et al., 2004), evd n axtivoPolrio y dnpovpyei Opavopoto otn SmA EAKO TOV
DNA. Xmv katdotacn avtn, exdyetar o cvvevtomopds g coilin pe mv RPA-194, n
omoio omotelel T peyarvtepn vopovada tng RNA Pol 1, pe v omoia kot ahAnAenidopd
omow¢ ko pe tov mapdyovio. UBF (upstream binding factor) mov amoteAei tov kbOpio
pvBuiot) g evepyotntog g Pol. I. Me avocokatafbbion e ypouativng, mapéyovrol
otoyeia 6t n coilin cuvroviler v cdvdeon g Pol. | ue to pipocwpkdé DNA (Gilder et
al., 2011). Eropévamg n mopovaio tg hCINAP otovg mupnvickovg icwg va dtadpopatilet
L0, GUYKEKPILEVT AEITOVPYioL PETA OO AMOKPIOY GTO GTPEG, OV HEAAOVTIIKA Oa MTov
evolpépov va dtevkpvictei. O mupnvickog, emmpdcsbeta and 10 poOAo Tov 611 Ployéveon
TV pocopukdv RNA, eaiveton va gpumiéketar otn pOOuon g Kuttapikng emPioong
Kot Tov ToAomAacioopov (Carmo-Fonseca et al., 2000)

Télog, o gvdokvtTaplog evtomopds g npoteivng GFP-hCINAP peietnOnke kdto
om0 GCLVONKEG VLIEPOOUMTIKOD OTPES. 1O VAEPOOCUMTIKO GTPES MPOAYEL YPIYOpQ
aQLOGT®GON, N omoia 0dNYel TNV EVEOKLTTAPLY AHENCT TG GLYKEVIPMGNG TOL AANTOG KOt
pelwon Tov KLTTAPKOL OYKOL, SNUIOVPYDOVTOS QUGIKTN TACT TOGO GTOV KVLTTUPOCKEAETO
660 ka1 otv mAacpotik pepPpavn (Lang et al., 1998). Q¢ oamdkpion o€ 00TEG TIg
oAlayég, Ta KOTTOPO TOAD GUVTOUA £PAPUOlOVV v LOVOTIATL GNILOTOS Y10l TO GTPEG Ko
EMYEPOVV VO EXAVAPEPOVY TNV 1G0-MCUDTIKOTNTO UE LETAPOPA OVOPYAVAOV 1OVIMV Kol
TPoPaivouv TNV avadlopyavmen Tov KVTTapookeAETOV g axtivng (Haussinger, 1996; Di
Ciano et al., 2002). Apeoa, ovaKopyn TOV KLTTOPIKOD OYKOL ETITUYYAVETOL WE TNV
EVOOKLTTAPLOL  GLYKEVIPMON OVOPYOvVOV 1OVI®V, ®CTOGO, oLENUEVO  EMIMEOD TV
EVTOKVLTTAPIOV AAAT®V, LTOPOVV Vo amofodv emlfiio 6TNV SOUN KOl TV AELITOVPYiN TMV
npoteivav (Yancey et al., 1982; Russo et al., 2003).

MoakponpdOecpo 1 TPOCAPUOYN GTO VIEPOCUMTIKO GTPEG EMTVYYAVETUL, OLLUEGOV
LOVOTOTIOV  UETOYWYNS ONUOTOS TO OMoio, EMKOWVMOVOOV HE TN  UETAPOAIKT Kot
LETAYPOPIKY] UNYOVY] TOV KLTTOPOL, TOL £XEL MG OMOTEAEGUO TNV TOPOY®Y 1 TNV
GLGOMOPELCT TOV OPYOVIKOV MCUMAVTMOV TOV AVEAVOLV TNV EVOOKVTTAPLO OGUMOCT] YOPIg
va ennpedlovy v doun kot v Asttovpyia tov tpwteivov (O’Neill, 1999).

H GFP-hCINAP, kéto omd cuvOnKeS DVIEPOOUOTIKOD GTPES, EVIOTIOTNKE EMIONG GE
TUPNVIKEG OOUES, OTMG Kol ot mepintwon ¢ aktvoforiog UV-C, ot omoleg opmg dev
eneaviiov emaxpPog v 01 HopeoAoYia, 6€ GUYKPION HE OLTEG TOV TOPOLGLAGTNKAY
katd ™ aktwvoPforio UV-C. Xg avt) v mtepint®on, ot dopéS avtéc, mapovstalovioy
TEPLOCOTEPEG G aPlOUO Kot pkpdTepeg oe PEyeog kat kamoleg Ppickovtay oe eTaen.

Ot mupnvikég avTég SOUES OV onpaivovTal amd v Tapovsio e npoteivig GFP-

hCINAP ka1 epgavifovtal 6Toug TUPNVES TOV KLTTAP®Y UETE 0o £KOEGT TOV KLTTAP®V

- 246 -



og aktvoPorioa UV-C kot vrepmoumtikd oTpec amoteAohv £va aKOUO SNUOVTIKO €0pnua
10 omoio Bo mpémer va depevvnbel. Oo mpémer va depevvndel katd mHGO OLTEG Ol
TopNVIKEG dopéC amaptioviar amd dALeC TpwTEIveS 1 Tapdyoviec dote va emitevydel
TOVTOMOINGT TOVG,.

Avtég ot douéc, iomg va amotehobv douéc NSBs (huclear stress body). Ot douég
nSBs, apywd aviyvednkav ce kdTTOpa petd amd Oepikd cox (Mahl et al. 1989; Sarge et
al. 1993) xou  akpiPrg Asrtovpyion OV €mMTEAOVV AVTEG Ol Oopég €ivarl PEYPL OTLYUNG
adlevkpiviotn. Zuykevipmdvoviol o€ avtd ueptkd hnRNP (heterogeneous ribonucleoprotein
particles) (Chiodi et al., 2000), mapdyovieg poticpatog tov RNA (Denegri et al., 2001), o
netaypoaeikds mapayoviag tov Bepukod ook 1 (HSF1, heat shock transcription factor 1)
(Sarge et al., 1993), xabmg kot dAreg mpwteiveg. Ot douég NSBs mapovoidloviar 6Tig
TEPLOYEG TNG XPOUaTIiVIG oV gpeavifovior emavalopfavoueveg tepoyés pe satellite 11
Ko emayeton 1 petaypoen tovg (Jolly et al., 2004).

H mapovcio tov mapaydviov paticpotog ota NSBS, vrodniovel 0Tt icmg avtég ot
dopég pubuilovv evorlhaktikd patiopa Katom and cvvinkeg otpeg (Denegri et al., 2001,
Metz et al., 2004), aAld péypt onuepa n axpiPng dnuovpyio Kot AELTOLPYIN TOL EXLTEAOVV
napapévouy adtevkpiviotec. Emmiéov, €xel amoderyBet 6Tt o1 Sopég avtég mpoépyovtan amd
TN UN OVOUEVOUEVT LETAYPOON UEYOA®V TEPLOYDV TEPIKEVIPOUEPIKNG YPOUOTIVIG amd
LETAYPOPIKOVG TTaplyovieg mov eumiékovtal o amdkpion oto otpeg (Jolly et al., 2004,
Rizzi et al., 2004).

AvTég o1 dopég €yovv emiong mapatnpndel 6 GLVONKES VIEPOGUMOTIKOD GTPES, OTOL
0 petaypa@kog mapdyovtag tonicity enhancer binding protein (TonEBP) odnyei ot
dnuovpyia Twv doudv NSBS kot ot petaypoen tov odiniovywwv Sat 11 (Valgardsdottir
et al., 2008).

To amoteAéopato mOV TPOEKLYOV OO TOVS SLAPOPOVS TEPOUUATIKOVS YEPLGULOVG,
LETAYPAPIKT] KOTAGTOAN, akTivoforio UV-C Kot vtepmoumtikd oTpeg, vTodnAmvouy 0Tt i
hCINAP gunléketal oTig S1001KaGIES 0mOKPIoNG HETA amd oTpeg N} TpOKANoNg PAAPNS o010
DNA, Aoupavoviag pépog o€ dvvopkés Ooués péca otov mupnva. O evookvLTTAPLOg
EVIOMIGUOG TNG OE OVTEC TIG OLVOUIKEG OOUEC, VLTOONAMDVEL OTL EUTAEKETOL OF
OLYKEKPIUEVES AELTOVPYIKEG OLAOIKOGIEG TOV TLPNVO, EVOEYOUEVMG LE EUTAOKN TNG OTN|
LETOYPOLPT) CLYKEKPIUEVMV YOVIOT®V KOl GE LOVOTTATIOL OTOKPIONG LETE OO GTPES.

To yeyovog 6t  opdroyn npwteivy g hCINAP oto cakyapopvknta, Fap7, éxet
emiong avadeyBel yio v gumlokn g otn pOOUICT TNG HETOYPUPIKNG ATOKPIONG UETA
and ofewwtikd otpeg (Juhnke et al.,, 2000), evioybder v vmodbeon oavty. Xto

COKYOPOUVKNTO 1 UETOYPAPIKT] EVEPYOTOINCT TOAAGDV YOVISI®V, HETO amd OEEWMTIKO
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otpec, puouiletarl kvpimg omd dvo petaypaPkovs Topdayovtec, Tov Yapl ko Pos9 (Izawa
et al., 1996; Stephen and Jamieson, 1997; Charizanis et al., 1999). Metd and mpoKAnon
o&edmTikoy otpeg, T0 Yyovidlo ¢ Fap7 tavtomombnke oe emldviec KAM®VOLG TOL
nepieiyav tn onuetakn petdliaén Glyl9—Ser [potipo Walker A (P-loop)], kou amétuye
VO EVEPYOTOUOEL GLYKEKPIUEVOL YOVIOLOL 7OV EUTAEKOVTOL OTNV OmOKPIoN HET amd
npoKAnomn oedmtikod otpeg (Juhnke et al., 2000).

EmumAéov, n mpwteivn Fap7 sivor amapaitntn yio Tic QUGIOAOYIKES AEITOLPYiES TOVL
KLTTAPOV, 0poD dtaypagn Tov yovidiov tng eivor Bvnotryovog yia ta kottapo (Juhnke et al.,
2000), ko ®¢ €K TOVTOL GLUE®VEL pe TV Topathpnon Ott ToAlol TOPAYOVTEC TOV
OULVOEOVTOL LE TN UNYOVI LETOYPOPNG Eivor amapaitnTot yio ta kottapo (Hampsey, 1998).

Emunpocbeta, n npwteivn coilin, pe v onoia. adiniemidpd n hCINAP, éxel emiong
TEPLYPAPEL Yl TNV EUTAOKT] TG 6€ povomdtia emdtopbmong tov DNA kot amdkpiong oto
kuttopko otpeg (Cioce et al., 2006; Morency et al., 2007; Velma et al., 2010; Gilder et al.,
2011) (BA. Ewcayomyn).

4.3 Yyéon domnc-rerrovpyioc tne hCINAP

O petarhaypéveg popeéc tig GFP-hCINAP, mov mepieiyav eite povég (K16A, T17A,
T18A, R109A, H79G), cite duthég (KL6AR109A, T17AR109A, T18AR109A) onuetokég
uetodlagelg oe cuvimpnuévo opvo&ikd koatdrowma g hCINAP g Agttovpykd potifo
(Walker A, LID domain xov Walker B), apo0 ekepdotnkav oe kotrapo Hela,
TapaTNPNONKAV MKPOGKOTIKA Y100 TOV €VOOKLTTAPLO evtomopnd. Kapb amd avtég Tig
UETOAAGEELG deV MTAV KAVI] VO LETOPAAEL OPAUATIKE TOV QUCIOAOYIKO (POIVOTLTO TOV
gvdokvttdplov evtomopov g GFP-hCINAP. Moévo éva pikpd mo606td TV KLTTdpmv
nmov 11§ eEéppale oe kdbe mepinmtwon mapovsiole KAmOlL SOPOPETIKA YOAPUKTNPLOTIKA
yvopiocuata.

Exeivo mov moapoatmpnOnke oe apketég omd TG UETOAAAYUEVEC HOPOEC MTAV M
TOPOVGI0. GLGCOUUTOUATOV, €ite otov mupfva eite oto kuttapomiacuo (K16A,
K16A/R109A, 17A/R109A) kot mapovsldoTkay Kuplog 6€ TEPIMTMOGELS VIEPEKPPAOTG,
tomg AMoy® amodtiTacng g SOUNG TNG TPMTEIVIC.

H petairaypévn popen GFP-hCINAPRI109A, o€ 1060616 10% TV ETPOAVGUEVOY
KUTTOPOV evTOmLOTAV VIO HOPEON «KOLKKIONG», TOPOUHOI®S LE TOV QOIVOTLTO TOL
nTopatnpHonke peTd and Katastodn g petaypaeng toco g RNA Pol | 6co kot g |1

Kol HETA amd €kBeom TV KuTtdpwv o€ aktvoPoria UV-C. H mapatipnon avty icmg va
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VIOONAMDVEL OTL 1] LETAAAAEN avTh va dnuiovpyel po dtapopemon e hCINAP 1 omoio va
av&avel v evaisOnocio g o cLVONKESG GTPEG.

H petodhayuévn popery GFP-hCINAPT17A, tapovsiole tov o éviovo @ovotumo,
pe v mpoteivn va ekepdletor og younid emineda oto 50% TV EMPOALVGUEVEOV
KUTTAP®V Kot Vo VTOTiCeTol eKTOG amd TO TUPNVOTAAGLA O16XLTY KOl GTOVE TVPNVIGKOUG.
Ao ta TEPAUOTO PETAYPAPIKNG KATAGTOANG Kot aktivofoiiog UV-C eixe mpokdyel 6Tt
0o mpémer va vrapyet dacvvoeon e hCINAP pe tovg mopnviokove, Ady® Tov YEYOVOTOG
6t n hCINAP gvtomilotav o owtovg. Avti 1 netdAhaln eivarl akdpo po EvoeiEn ot n
hCINAP kdtw amd opiopévec cuvOnkeg eviomiletal 6ToVE TUPNVIGKOUG.

A&oonueimto givar 1o yeyovog Ott ot petahdaypéves popeéc GFP-hCINAPTI8A ot
hCINAPT18A/R109A, dev mapovciacay Kopio @ovoTumikny Slapopd GToV EVOOKLTTAPLO
evIomopd Tovg 6g cOyKpLon pe Tov Puokd oo g tpwteiving hCINAP. O mpwteiveg
avtég mepiEyovv v petdAraén T18A, ko n Thr ot 6éon avt) eivor cuvinpnuévn oe
OAeg T1g AKS, aAld dev amotelel HéPOg TV KPIGIUOV APIVOEE®V TOV KATOAVTIKOD KEVTIPOL
¢ hCINAP, énog £xel mpokdyet amd tny doun| (Drakou et al., in review).

MeAétn TOV EMTTOCEOV TG EKPPOoNG TOV peTalayuévov popeav g hCINAP,
o ovykpdton twv CBS, £de1&e 6Tt pdvo ot petarraserg T17A ko H79G ftov wkavég va
amodopyavacovv 1o CBS, aAloidvovtog v popeoioyio kot tov apBud tovg avd
nopniva. H vrepékepaon g hCINAP £yer derybei 611 dnpovpyel amodlopydvmon tov
CBs peidvovtag tov apBud toug ava kvuttopo (Santama et al., 2005), vrodnidvovrag
gumdokny g hCINAP ot poBuion g opydvoong tov CBs, mbavototo péocwm
aAANAETIOpacng pe TV TpoTeEivn coilin.

1 mepinTmon TG VIEPEKPPUoTS TG petaAlaypévng poperc GFP-hCINAP-T17A,
napatnpninke o avtibetog eavotvrog oe ovykpion pe v GFP-hCINAP tov @uoikod
tOmov, onAadn avénorm tov pécov apBpov tov CBS, pe amopviBuion tov €VPovs NG
Katavoung tov minbuvopot twv CBS, og opddeg kuttdpov mov epedviCav mepimrov 10 CBS
avd mopnva 1 akopo peyovtepo aptbpd, 20-30 CBs avd moprva. H petodiaypévn popen
GFP-hCINAP-H79G, mapovciale 0600 Olopopetikéc Oloomopés. Mio dwacmopd e
wikpotepo apbpd CBs (0-2 CBs) kot o pe peyaivtepo, 20-30 CBs, mapduowo pe 1o
eowvotumo mov mapovsiole 1 GFP-hCINAP-T17A.

Ot 000 ovTég petalhaypéves LOPPES, OEV ONUOVPYNGOV OTTOLEGONTOTE UETAPOAES
OTIG TUPNVIKEG OOMUEG TMV COUOTWOIOV TG TPouveAkng Aevyoupiag (PML) kot tov
speckles kot tov mvpnvickov (fibrillarin), vwodnidvoviog 6TL Ol emmTOGEC OGNV

opybvoon twv CBS otov mupiva TOV KUTTOPOV UETE TNV  LAEPEKPPUCT TOV
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OVYKEKPIUEVOV UETOAMAYUEVOV TPOTEIVAOV, €lvol €101KEG Kol Ol OELTEPEVOVCES TTOV
TPOKVTTOVV A0 YEVIKEVUEVESG OAAAYEG ETTL TNG TLPTVIKNG SOUNG.

EmumAéov, n éxepaon oe kdtrapo Hela tov petodrayuévov popemv g hCINAP,
mov £pepav Tig petoArdEelg H79G kot T17A, gixe oc amotéleoua epedvion toSikdtnTog,
pe peimon ¢ KuTTapikng Proctuodtntog.

To yeyovog 6Tl Hovo avTég ot LETOAAAEELG EMEPEPAV TOCO SPACTIKY] OAAOI®MOT GTNV
dopn| tv CBS, vtodnAdvel Ty oNUAVTIKOTNTO QVTOV TOV TPOTEIVIKOV KOTOAOITOV 01N
Aertovpyior TG TP®TEIVIG Kol KAt eméKToon oty opyavmon twv CBs. Ta 6bo avtd
apwvolikd katddoura, Thrl7 war His79, eivon cvovinpnuéva oe 6Aa ta opBoroyo g
hCINAP o61tovg gukapumtikohg opyaviopols, Kol SopéPovV amd To aVTIGTOUo TV
AOEVOALIKMV KIVOGDV.

Y10 cuvtmpnuévo potifo Walker A otig AK1-AKS5 10 apuvo&d oto téhog g P-loop
etvar yAvkivn (Gly), evd omv hCINAP 10 katdromo avtd g Gly amovoidlet, kot ot
0éom tov vrapyet e Opeovivn (Thr) (apvolukd katdrowro 17). Avtd To YOPUKTNPLETIKO
givor koo Yo tig¢ ATPdoec ko tig GTPdoeg, omwg ™ pvooivn (Rayment et al., 1993;
Fisher et al., 1995; Smith et al., 1996) ko1 kdmoeg G-mpwteivec (Pai et al., 1989;
Kjeldgaard et al., 1993; Noel et al., 1993; Coleman et al., 1994; Al-Karadaghi et al., 1996),
6mov to KaTaAowmo g Opeovivng N oepivng cuvtoviletl To 1OV Mg2+, oL €lvol AmapiTNTO
Y TV KotdAvon.

Emumiéov, 1 hCINAP, ce avtifeon pe 11 dAheg 0dEVOAKES KIVAGEG, TEPLEXEL HoTiPo
Walker B hhhDYHG (apvoéikd katdioura 74-80), 1o omoio eivar vynid dwtnpnuévo
otig ATPaoeg kow GTPaoeg (Walker et al., 1982), npocdévovtag v y-@mo@opikn opuddo
tov ATP xot tov GTP kou vpiotaton peydieg aAdayég SLopOpO®ONG LETA TV KoTtdAvon
(Pai et al., 1989; Kjeldgaard et al., 1993; Noel et al., 1993).

Ola avtd suvnyopodv 6ti 1 hCINAP icmg va erttedel o Aettovpyio d1oapopeTikn/ 1
emmpochetn and avtn ™G adeVOMKNC Kivaone. Anuovpyeitan to evdgyouevo n hCINAP
vo. Aertovpyel iomg mg Kivaon eoceopviidvovtag thy coilin. H hCINAP aAiniemdpd pe
10 KapPoéutedkd akpo tng coilin, oto omoio mapoveldlovior TOAAL POGPOPLAIOUEV
apvo&IKd KoTdAouta, To omoia £ival GNIOVTIKA Yo T cLYKPOTNon Tov copotdiov Cajal
(Hebert and Matera, 2000; Hebert et al., 2002). ITi0avov n coilin va mepiéyel cuykekpipéva
POGPOPVAOUEVO, CVOEIKE KATAAOITO ToL 07Ot 001 YOUV otnVv dnpovpyio Tov CBs kot
KAmoto, GAAa Tov 0dnyovv otV amodiopydvoon tovg (Hebert, 2010).

O mpocdoptopds g doung g npwteiving NCINAP ce cuvdvacuod pe v décuevon
0V Tpvovkieotidiov ADP (kar dADP) 610 k€vipo mpdcdeons Tov Mg®*ATP kot n doun
TOV TPITAOD GLUTAOKOL hCINAP-I\/IgZ+ADP-Pi, KaOMOG Kot 1 VTOAOYIOTIKTY TPOPAEYT TOV
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tputhod cvpmhdokov hCINAP-Mg>*ATP-AMP (Drakou et al., in review), evioydovv v
VdBeon aVTN. ATO TNV AVAALGN TOV SOUMY OVTAOV, TPOEKVYAV TOAD CNUAVTIKE dedopéva
7OV aPOPOLV TN dopn kot Kot® eméktacn tn Asttovpyion ™ hCINAP. TIpoékvye 61t T0O
KATOALTIKO KEVTpo oynuatileton amd to kpiowa auwvoééa 10-17 tov potifov Walker-A
(P-loop), qv Arg109 mov Bpioketon otnv meployn LID kot tnv His79 tov potifov Walker
B.

Emumiéov and t1g dopég mpoékoye, 6tL 1 Teployn g OnAdg and v Asp77 wg v
Pro85, ovunepilappavouévor «or tov potifov Walker B, £éyst  dia@opetiko
TPOGOVOTOAICUO GE GLYKPLoN He TG dAleg AKS, Tapovstalovtog SOk YopoKTNPIoTIKA
TOTIKA Yo TNV owkoyéveld Tov ATPachv/GTPacdhv mapd tov AKS. ITiBavotata, avtdg o
JLPOPETIKOG TPOGAVOTOMGUAOC VO €IVOL ONUOVTIKOS Y10 TNV EUGAVIOT TNG EVEPYOTNTOG
ATPaong (Drakou et al., in review).

Mo avtd t0 Adyo Tpotabnke éva poviéro (Drakou et al., in review) kotd 1o omoio n
hCINAP petofaiver peta&d 600 SOUOPEOGEDOV Yo ETAOYH TOV dVO SLUPOPETIKOV
evepyotntov, ATPdaong kot AK. To apwvolikd katdrouwmo His79 tomobeteitan otnv
evkivntn mepoyn HETaED TtV Bécewv déopevong ATP kot AMP kot givor avtd mov
Kabopilet Tig 800 awtéc dapopetikés dopopeaacels: «flipy 1 «katdotaon AK» kot «flop»
N «otdotaon ATPdaone»y, pe ordayn g  Swpdpeoons tov  yudaloAiov,
drdpapatifoviag poro SopkoD SHKOTTN TPOTILAOVTOS Hio EK TOV dVO SUUOPPDOCEDV LE
emakolovbo v emAoyn pag ek Tov Vo evlupukav evepyotitov, AK 1 ATPdaonc.

Mo mapddetypo ot mepintoon tov ABC petapopémv kol Tov Kavaldv ovioviov
CFTR (cystic fibrosis transmembrane conductance regulator), ta omoia kotéyovv SN
evepyodmra. ATPaong ko GTPdong (m emmpdchetn evepydnTo adEVOMKNG KIVAGTC
apeoPnreiton amd pepkovs oto medio), €xel vmotebel OTL KAT® amd ELGLOAOYIKEG
ouvOnkeg umopel 1 SWUOPEMOT Vo LETAPAAAETAL OVARESH OTIC SUPOPETIKES EVEVUIKES
KOTOOTAOELS, e Baon T dbeciudtTo Tov vVIooTp®ueTog 1 ¢ evépyetog (Randak and
Welsh, 2005). H mupnvikf] mpoteivng Rads0, uéhog tov cvuniéypatog RMN, to omoio
elval vevbOvvo Yoo v aviyvevon olaotdcemy ot duhn ko tov DNA, eivon ATPdon
mov katéyetl evepyotnto AK amapaitnmg yio mv emddpbwon tov DNA (Bhaskara et al.,
2007).

Av kot ot petadrhaéerc H79G kot T17A cvvodehoviol amd GYETIKA UIKPY EMidpao
TNV KOTOAVTIKT ToyOTNTO, TOPOLGLALOLV GNUOVTIKY] BLOAOYIKT EMIOPACT] GTO KVTTAPO, LE
peimon Tov aplfpod TV KLTTAPOV Kot dPapaTKn HETABOAN Tov aptBuod twv CBS. Avtd,
gival og cupeovia pe ovtd Tov Tapatnpeitat yio v opBoioyn npwteivny g hCINAP 610

cakyapopvknto Fap7. Av ko n evepydtra ATPdong tng Fap7 sivarl apeAntéa in vitro, to
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oteMéyn mov mEPEXOLV TIG peTodloyuéveg popeéc g Fap7 K20R (uotifo Walker A) 1
D82AHB4A (notipo Walker B), mapovoidlovv onuavtiky peimorn tov pubpod avantoéng
o€ OUYKPION HE TO OTEAEYOG TOL QEPEL TNV QLGIKOD TOTOV TPMOTEIVI. AVTA T
ocuvInPNUEVE apvolIKG KOTAAOWTO 7OV TPOPAEMOVIOL VO EUTAEKOVIOL GTI) GUVOEOT
vovkAeoTdlmv ko oty evepyotnta NTPase, eival amapaitnta yio tn Asttovpyio g Fap7
(Juhnke et al, 2000).

H eumhoxn tg hCINAP ot dwdikooio Tov KTTOPIKOD TOAALATANGLOGHOV,
EVIOYVETOL KOl OO TO YEYOVOC OTL PETO OO OTOGLOTNOT) TOV YOVIOIOv TNG OMOAOYNG
npoteivig ¢ hCINAP, ADLP (C. elegans), mapatnpndnke apyf oavimtoén tov
okovAnKu®v otV F1 yeved pe peimon tov peyéBoug toug, ympic va mapovstdlovv dapopd
ot oVvBheon TV TUNUATOV OV OTOTEAOVVTOL 1] GTN KIVNGYN TOVLS, VTOONAMVOVTOSG TN
ovppetoyn T ADLP 610 kuttapikd morlamraciaoud (Zhai et al., 2006).

EmmAéov, kotaotoin g mpmteivng coilin pe m pébodo RNAI, gixe og amotédeopo
™m peimon Tov ToAlamloociacuod Tov Kuttdpwv (Lemm et al., 2006, Whittom et al.,
2008), evd movrtiki ota omoio £yve amaAolpr Tov yovidiov g coilin, mapovcialav
ueioon g frwocodtnta, Tov pLOUov avénong kot tng yovipdmroag (Walker et al., 2009).

Mg Bdon to otoyeio avtd, Tpokdmtel 6Tt iowg ot dvo Tpwteiveg NCINAP ko coilin
ot omoieg AAANAETIIPOVV, VO UTAEKOVTOL OO KOOV o€ dadikacieg dmwg pvuoduiong Tov
TOALOTAOGLOGIOD TOV KVTTAP®V KOl TNG ATOTTMOT|G.

Emumpdcheta, n pvbuion g opydvmong kol amodopydvoonsg tov CBS katd
ddpkelo Tov KutTapikoy KOKAOL, pe v mbavy gumhokn ™ hCINAP cg avtd, icmg va
armotelel po evolopépovoa tpoontikn. Towg n hCINAP ennpedletl v opoldctacn twv
VOLKAEOTIOI®MV GTOV TLUPN VA, LE EmAKOAOVOO TOV emnpeocud TV Kivicemv twv CBS mov
eEoptdvon and to ATP (Platani et al., 2002).

H dopukn avaivon g hCINAP (Drakou et al., in review), népo. and v £bpeon tov
KOTOALTIKOD KEVTPOV, VITOOEIKVOEL EVOALOKTIKES Agttovpyieg tng hCINAP. Xty avokm
dapopemon mov Aaupaver n hCINAP, Aoyom ¢ ékBeong Tov KATAALTIKOD KEVIPOL Kl
™G mapovsiog e pakplag Onidg, n omoia dev mapotnpnOnke oTIC AALES AOEVOAIKES
Kiwvdoeg, 0 évlopo mopovotdlel por poper mov mBavov va pmopel TPocdEvel Kamola
npwoteivn. Emmiéov, ot «leot) dapopemon tov Tpumhov cvumiokov hCINAP-
MgZ+ADP-PO43', nmopovotdletar £va ToOver (KavaAtl), mov ompovpyeital and v NMP-
binding domain ko tv LID domain (Zynua 4.4).

Av10 10 KaVAAL, pE TO €va TOL GKpo ekTeBEEVO GTO ewTEPIKO TTEPIPAAAOV Kot TO
dAlo Tov GKkpo va Ppioketar ot meployn déopevong tov ATP, icwg va Asttovpyel o¢

YOPOS €1600YMNG TOL apvoteAMkol 1 KapPoSutelkod HEPOLG MO TEXTIOKNG OALGIONG.
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Avtd Oa emétpeme TV QOCEOPLAI®OY] GCLYKEKPYEVOL VITOCTPMOUATOS TPWOTEIVNG,
evioyvovtog ™ mhavn dpdon e hCINAP w¢ tpmteivikn Kivaon.

H oAAniovyio tov potipov Walker A tg hCINAP mapovcialel opotdotnta pe tv
aAAniovyia tov potipov Walker A mov mapovoidletar oty owkoyéveln tov AAA
mpoteivov (GXPGXGKTTL), ot omoleg amoteAohv o LEYOAN OIKOYEVELD TPOTEIVOV TOL
aviKovv otV vepotkoyévela Tov P-loop NTPacdv. Ot tpmteiveg avtég eumAékovTal 6
éva €0Hpog O10d01KOCIDV TTOV €EAPTAOVIOL OO TNV EVEPYELD, GULUTEPIAAUPOVOUEVOV TNG
amOKoOOUNoNG  MPWTEIVOVY, ¢ ovvinéng uHeuPpavav, TG STHPNoNS TV
UIKPOCOANVICK®V, TNG PloyEveonc TV VIEPEVCOUATOV, TNG UETAYMYNG CHUOTOS KOl TNG
pouBuiong g yovidokng éxepacnc (Koonin, et al., 2004; Lupas and Frickey, 2004).
Emopévac, n hCINAP 0o pmopovoe va Aettovpyel e mapopoto Tpomo 6€ KOTolo 1 KATOEG

oo TIS SadKacieg aVTEC.
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Yympo 4.4: AvomopdoToct eMQAVELNS TNG KPLOTUAMKNG O0UNS TOV TPLAAOV GUUTAOKOL
hCINAP-Mg**ADP-PO,*. H neproyn g P-loop, to potipo Walker B kon 1 NMP-binding domain
Topovcllovtot pe kitpvo, moptokohi kat yardlto, avictoa. To popo Mg** ADP deopebetar oe
€va KOVOAL KOVTE GTNV EMQAVELN TNG TPMTEIVNG, UE TOV AKTOAO TNG adeviving va, KaTolouBavet
mv &icodo Tov Kévipov déopevonc tov MgZATP kot 0 pwopdpog vo mepikheieton amd Ta
Kkatdrowro g P-loop kat va mpocavatoliletor pog v mepoyn to0 potipov Walker-B. H doun
e mpwTEivC YapaktpileTar emiong amd €va tovvel pe pfkog 14 A, mov to ToryduaTa Tov
dnuovpyodvrar oo to apvoikd katdroura tov potifov Walker B (Tyr78 and His79), tnv NMP-
binding domain (Tyr51, Asp52, Cys53, Pro54 and lle55) kot tmqv LID domain (Lys115, Asp118
and Asn119).

EmumAéov, 10 evdeyouevo n hCINAP va Aettovpyel g KIvAo @OOQOPLAIOVOVTOG
v coilin, Ba Tpénet va diepeuvnBei. H adinAenidopaomn thg hCINAP pe 1o kappoéutelikd
Gxpo tng coilin 6to onoio mapovstdlovratr TOAGE POGPOPLAI®UEVA opvoELKE KaTdAoTa,
T0. OTTOl0L €fval oMUAVTIKA Yo TN 6LYKpOTHoN TV copatdiov Cajal (Hebert and Matera,
2000; Hebert et al., 2002), dnuiovpyodv 1o evdexduevo n hCINAP va dpa mg Kwvdon, 1

TPOTEIVN GVVOSOG 1 GLVTOVILEL TIG OAANAETIOPACELS GE AEITOVPYIKA GUUTAOKOL.
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4.4 Avolktoc 0pilovtoc-neAAOVTIKEC TPOEKTAGELS TNC EPEVVITIKNG EPYUGIOC

To mo &vilOEEPOV OVOIKTO EPOTNUA-TPOKANGY, MG OTOPPOlD TNG TAPOVGS
gpyaciog, eivan n katavonon g eumiokng e hCINAP oe éva onpovtikd Broroyikod
HOVOTATL TOV KLTTAPOV, TNG OTOKPLONG GE KATAGTAGELS GTPEG.

Onwc edvnke, 1 gvdokvttapio katavoun g GFP-hCINAP mapovstdlel duvapkn
@vomn kol petafdAietar S10QPOPETIKE UETA amd OmOKPIOY GE TOKIAOLOPPA EEMTEPIKA
epebdiopata (oTpeg) mov veiotatal T0 KOTTAPO (LETAYPAPIKY] KOTAGTOAY, BAAPN Tov DNA,
VIEPOOUDTIKO GTPESG), LIWOONAMVOVTOG OOV EUTAOKT] TNG OE HOVOTATIO, OTOKPIONG
otpec. Emopévag, Oa tav evdlapépov va diepevvnbet o tétota mboavotnto, ov Kot givor
dvokolo vo kabopiotel emakpifmdg o pOAOG TG o€ avtd, ywoti TOAAL oTokElo TV
LLOVOTIOTIAOV OTOV TOPUUEVOLV OOIEVKPIVIOTAL.

Exeivo mov Ba pmopovce apywd va mpaypotomombel eivar n tavtomoinon twv
dopdv mov mapovotalovial 6to TupnvomAacua Kot onpoivovtol ard v GFP-hCINAP
Kdtw and cvvinkeg UV-C kot 1 edpeon 1oV mpoteivov 1 GAL®V Topayovimv Tov Tig
amoptilovv. Ot dopéc avtég, Omme éxel avaAvbel o mhve, TOAVOV Vo arToTEAOVLV SOUES
amokpiong oto otpeg (NSBS, nuclear stress bodies), ot onoieg mapovoialovior peTd omd
Bepucd ook kot Ba NTav evolapépov av pmopodcay va tavtonomfovv. Ga pumopodce va
yiver avocopBopiopdg tov kuttdpwv mov vrokewvtor o€ axtivoforio UV-C, pe ypnon
OLPOPETIKMV OVTICOUATOV £VOVTL TOpaydvtov ov elval yvootd Ot evromilovion o€
avtég Tig dopéc (my. HSF1). Emnpocbeta, Bo pmopodoe va mpaypatomoindel mpoxkinon
Beppikov cok, Kot HeAETN €K vEOL TG evdokvutTaptag kKatovoung g hCINAP g avtég Tig
ovvOnkeg ko mOavy emPePaioon tov evtomopod ™G hCINAP ota nSBs «ot
OLGYETION/GVYKPLOT) TOVS LLE OVTA TOV TAPOTNPOVVTOL KATw ard cuvOnkeg UV-C.

B Mrav xpNoyo va dSevkpvichel, av avt N aAloyn TG EVOOKVLTTAPLOG KOTOVOUNG
¢ hCINAP givor yevikevpévn i ov mapovotdletarl pévo Katm amd cuvonkeg aktivoporiog
UV-C, Myo kotaotpoens cvykekpiuévng mepoyns tov DNA. Oa pmopovoe va yivet
YPNOT SPOPETIKMOV OVGLDY 1] GLVONKOV TOL TPOKAAOVV dlapopeTikn PAAPN Tov DNA,
OT®G y-aKTIvoPoAian, VOPoEeido Tov vtepoerdiov, cisplatin 1 psoralen kot vo peletnOel ex
véou 1 evdokvtapta Katavoun g hCINAP.

H coilin, pe v omoia aAiniemdpd n hCINAP, apocpata £xet derybel 6TL petd amod
ékbeon tov kuttdpov oe Cisplatin 1 ékbeon aktvoPforiag y, cLOCOPEHETOL GTOVG
Tupnviokovg kot ekel cuvtoviel v ovvdeomn g Pol | ue to ptooouikdé DNA (Gilder et
al., 2011). Emopévmg, 0o Mtov evdlapépov vo depevvnbel katd mdéco mn hCINAP

EUMAEKETOL G€ AVTO TO PLOAOYIKO HOVOTATL KAT® 0O OVTEG TIG GLVONKEG.
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EmnAéov, n coilin, éxstl Bpebei va adlniemdpd pe tigc mpoteiveg Ku70 ka1 Ku80
(Velma et al., 2010), ot omoieg dradpapatiCovv tov Kvpiapyo poLo oV SlodKaGio TG
emdopbwong tov DNA, dnpiovpy®dVTog COUTAEYUO LE TNV KOTOALTIKY VITOUOVADO TNG
DNA &e&aptopevng kivdong DNA-PK (DNA-PKcs) kot Oempoldvial 0Tt Aettovpyodv m¢
npwteiveg ikpiopata (scaffold), otic onoieg pmopodv va pocdedodv drhec TpmTEIVES TOV
eumiékovtal otn dwdikacio emdtopbmong tov un opdloyov Opadopatog g SUTANG
éakog tov DNA [non-homologous DNA end joining (NHEJ)]. H npmteivn DNA-PKcs
&yel mpokvyel oo v aviivon SILAC 61t arinienidpd pe v mpoteivy hCINAP, aAld
dev emPePardOnke pe avocokatafvbion kKo avocoamotdmwon katd Western (dev
aviVELTNKE OTA oPOIPide), IomG AOY® TOV YOUNAOD EVOOKLTTAPIOV EVTOMIGUOD 1| AOY®
HEHOVOUEVNG OAANAETIOpaong KAT® amd ovykekpuyuéveg ovvinkes. Emouévog, Oa
pumopovoe va perenBel aAAnAeniopacn TV dV0 AVTOV TPOTEIVOV KAT® Omd GLVONKES
BAAPNG Tov DNA, 6ntwg ko perétn aainienidpaong thg hCINAP pe tig npoteiveg Ku70
ko Ku80 mov aAiniemdpd n coilin.

H debtepn Proroyikn diepyacio n omoia Tpoékvye, ivol 1 evOgXOUEVN EUTAOKN TNG
hCINAP otic depyacieg Ttov KLTTOPIKOD KOKAOL Kol TIG OOTTOONG, 0@QOD Ol
uetodlaypéveg popeéc ™ hCINAP @aivetar va HEW®VOLY TOV TOAANTAAGLOGHO TOV
KUTTOP®V, OT®MG Kot 1 opoloyn g, Fap7 oto coxyoapopdxknta, kot ovédvovv tnv
amontoon. Emopévog kpivetar avaykaio 1 pedétn tng eumiokng tg hCINAP ot
HOVOTATIO TG OO TOOTC.

EmumAéov and ta dedopéva mov mposkvyay, amd TV TiALGN TG OOUNG KoL TNV OITAN
evepyomrta g hCINAP w¢ ATPase/AK, avoiyetar o opifovtag yio tn dpdon avthg g
TPOTEIVIG GTOV TLPNVA TOV ELKOPLOTIKOD KVTTAPOV. O NTay EVOLPEPOV va depevvnOel
katd moco 1 hCINAP, dpa ¢ Kvaon oo@OPLAIOVOVTIS CUYKEKPILEVI VITOCTPMULOTOL,
6mmg v coilin. Eropévag o pmopodoay va mpaypoatomotnfovy Telpduata Tpog ovt Ty
kotevbuvon yio e€gbpeon mbavov otoymv g hCINAP, mov 6o pmopovoav vo

EUTAOVTICOVV TIG YVMOGELS TOV EYOVLE Y10 VT TNV TPOTEIVN.
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hCINAP

TAFIID32

x4

Test PCR with 20ng plasmid DNA

Yypo 3.1: Awyvootikés avtidpacers PCR pe ypnon mhasmdiokod DNA (20 ng) ywe ta
cDNA ¢ hCINAP 1 Tng TAFIID3;.

Avagopa Tpipata coilin

Ioc [Iposkvwyayv

Evdovovkieolvtikny didomacn tov PHAT.-coilin pe ta

Full-length nepropioticd Eviopo Ncol ko BamHI

1-576 aa (1-1728 nt)

N1 Avtidopaon PCR pe ta oAryovovkdieotiotw COILFW-1 kot
1-362 aa (1-1086 nt) COILRV-1086

N2 Evdovovkieolvtikr didomoon tov pHAT,-coilin pe ta
1-290 aa (1-870 nt) nepoprotikd Eviopa Ncol ko Pstl

N3 Avtiopaon PCR pe ta oAtyovovxieotidww COILFW-1 ko
1-159 ao (1-477 nt) COILRV-477

N4 Evdovovkieolvtikr didomoon tov PHAT,-coilin pe ta

1-92 aa (1-276 nt) neploptotikd Eviopa Ncol kot ECoRI
C1 Avtiopaon PCR pe ta olyovovkieotioww COILFW-1084

362-576 aa (1084-1728 nt)

kot COILRV-1728

IMivoxkog 3.2: To dwapopa Tpfqpata TG Coilin, Kot 0 TPOTOS TOL TPOSKLY AV
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hCINAP
Avtidpaon PCR pe ta olryovovkieotiole PCRs ko PCR3
Full-length
1-550 nt
N1 Avtidopaon PCR pe ta oAryovovkieotidwn PCRs ko CIPRV-329
1-329 nt
N2 Avtidopaon PCR pe ta olryovovkieotioww CIPFW-121 ko
121-329 nt CIPRV-329
Cl Avtidopaon PCR pe ta oAlryovovkieotiow CIPFW-330 kot PCR3
330-550 nt
C2 Avrtidopaon PCR pe ta oAryovovkieotidw CIPFW-204 ka1 PCR3
204-550 nt

IMivaxog 3.3: Ta dvagopa tppata s hCINAP, kar 0 TpomTog Tov Tposkvyay.

LSS LI SD/-Trp-His | SD/-Trp-Ade | X-gal
pAS2-1- hCINAP N N N
pAS2-1- hCINAP [1-120nt] N N N
pAS2-1-hCINAP [120-550nt] N N N
pAS2-1- hCINAP [1-329nt] N N N
pAS2-1- hCINAP [121-329nt] X X N
pAS2-1- hCINAP [330-550nt] N N N
pAS2-1- hCINAP [204-550] N N N
pGBKT7- hCINAP N N N
pGBKT7- hCINAP [1-329nt] X X N
PGBKT7-hCINAP [121-329nt] X X N
pGBKT7-hCINAP [330-550nt] X X N
pGBKT7-hCINAP [204-550nt] X X N

Hivaka 3.4: Ta TAOGRIOW TOV SOKIPUAGTKAY Y0 ETLAOYT TOV KUTAAANAGTEPOL Y10, TN YPioN
ot capoon s cDNA Bipitodnkne, KaO®OS Kot To ATOTEAECRATE EAEYYOV TG HETAYPUPLKIG
OVTOEVEPYOTOIN GG TOVG. Ol LETACYNUATIOUEVOL KADVOL EEETACTNKAY Y10, VTOEVEPYOTOINGT| T®V
3 yovidiwv avapopdg: HIS3, ADE2 ka1t LACZ (MEL1), pe otpdoipo tov kKhdvav og tpuPrio SD/-

Trp/-His kou SD/-Trp/-Ade ko pe Tpayuatonoinon nelpdpotog B-yolaktos1ddons, avtictotyd.
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MASS | PEPTS. | SCORE IDENTITY RADIO | CHECKED | ACCESSION
(Da) VERIFIED NUMBER
19793 5 325 | hCINAP 50.269 TRUE IPI00556532
28603 1 14 | LOC642451 similar to ribosomal protein L7-like 1 33.321 FALSE IP100740474
30582 2 35 | HCCS Cytochrome c-type hemelyase 28.108 TRUE IPI00023406
16174 1 43 | CDA Cytidine deaminase 16.47 TRUE IP100027983
153797 1 9 | RAD50 Isoform 1 of DNA repair protein RAD50 16.152 FALSE IP100305282
52133 2 60 | OAS1 2'-5' oligoadenylate synthetase 1 p52 isoform 10.67 TRUE IPI00651622
14719 7 310 | UBAS52 ubiquitin and ribosomal protein L40 precursor 9.743 TRUE IP100456429
51354 24 1388 | KRT7 keratin 7 8.081 TRUE IP100847342
278021 39 1686 | FLNB Isoform 1 of Filamin-B 7.585 TRUE IP100289334
17995 3 119 | CDKN2A Cyclin-dependent kinase inhibitor 2A, isoform 4 7.429 TRUE IP100478390
51386 2 45 | KRT7 Keratin, type |l cytoskeletal 7 7.191 TRUE IPI00306959
145526 2 25 | CNTNAP4 Cell recognition protein CASPR4 7.025 TRUE IP100216250
29645 1 12 | LOC439992 similar to ribosomal protein S3a isoform 2 6.656 FALSE IPI00736158
36712 4 119 | AKR1C2 Aldo-keto reductase family 1 member C2 5.742 TRUE IP100005668
47139 5 192 | ENO1 Isoform alpha-enolase of Alpha-enolase 5.584 TRUE IP100465248
49892 1 24 | TUBA4A Tubulin alpha-4A chain 5.44 TRUE IP100007750
48076 30 1622 | KRT17 Keratin, type | cytoskeletal 17 5.435 TRUE IP100450768
88199 3 28 | IFI16 Isoform 1 of Gamma-interferon-inducible protein Ifi-16 5.328 TRUE IPI00003443
57900 13 516 | PKM2 Isoform M2 of Pyruvate kinase isozymes M1/M2 4.692 TRUE IPI00479186
50104 7 322 | TUBA1A Tubulin alpha-1A chain 4.599 TRUE IP100180675
86416 3 86 | NSUN2 tRNA 4.289 TRUE IPI00306369
56160 2 67 | PSMD5 26S proteasome non-ATPase regulatory subunit 5 4.129 TRUE IP100002134
11730 4 222 | TXN Thioredoxin 4.106 TRUE IP100216298
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49799 9 616 | TUBB2C Tubulin beta-2C chain 4.049 TRUE IPI00007752
31711 49 | STOM Erythrocyte band 7 integral membrane protein 3.855 TRUE IP100219682
SLC25A3 Isoform A of Phosphate carrier protein, mitochondrial
40069 7 268 | precursor 3.829 TRUE IP100022202
37443 3 89 | GPSN2 37 kDa protein 3.795 TRUE IP100644037
292745 2 70 | GCN1L1 GCN1-like protein 1 3.77 TRUE IPI00001159
12150 1 45 | MGST1 12 kDa protein 3.694 TRUE IP100796051
226392 7 177 | MYH9 Myosin-9 3.565 TRUE IPI00019502
32874 6 768 | SLC25A5 ADP/ATP translocase 2 3.495 TRUE IPI00007188
68348 2 16 | C200rf119 Polyadenylate-binding protein 1-like 3.463 TRUE IP100556259
357974 4 88 | RANBP2 E3 SUMO-protein ligase RanBP2 3.43 TRUE IP100221325
13706 1 40 | B2M Beta-2-microglobulin precursor 3.256 TRUE IP100004656
26081 1 10 | GSTM2 26 kDa protein 3.156 FALSE IPI00639805
104788 1 66 | ACTN4 Alpha-actinin-4 3.099 TRUE IPI00013808
HLA-B;MICA;LOC730410;HLA-C;HLA-A29.1;HLA-A HLA class |
40883 7 368 | histocompatibility antigen, A-68 alpha chain precursor 3.084 TRUE IP100472882
11133 1 60 | CSTB Cystatin-B 3.048 TRUE IP100021828
34040 3 197 | SLC25A11 Mitochondrial 2-oxoglutarate/malate carrier protein 3.006 TRUE IPI00219729
178600 5 169 | TOP2A Isoform 3 of DNA topoisomerase 2-alpha 3.005 TRUE IPI00218753
208570 3 128 | PDCD11 RRP5 protein homolog 2.988 TRUE IP100400922
19878 4 118 | PARKY Protein DJ-1 2.964 TRUE IP100298547
ATAD3A Isoform 2 of ATPase family AAA domain-containing protein
66177 6 305 | 3A 2.952 TRUE IP100295992
37815 2 172 | ERLINZ2 Isoform 1 of Erlin-2 precursor 2.908 TRUE IP100026942
49639 1 79 | TUBB Tubulin beta chain 2.882 TRUE IPI00011654
LOC650909 similar to activating signal cointegrator 1 complex subunit
39922 1 7 | 3-like 1 2.871 FALSE IPI00735397
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468788 51 1863 | PRKDC Isoform 1 of DNA-dependent protein kinase catalytic subunit 2.849 TRUE IP100296337
47239 1 8 | ENO2 Gamma-enolase 2.811 FALSE IP100216171
69826 1 55 | XRCC6 70 kDa protein 2.803 TRUE IP100465430

113823 2 88 | NNT NAD(P) transhydrogenase, mitochondrial precursor 2.732 TRUE IP100337541
53671 39 2376 | KRT8 Keratin, type Il cytoskeletal 8 2.711 TRUE IPI00554648
27344 1 51 | PSME2 Proteasome activator complex subunit 2 2.703 TRUE IP100384051
33276 10 518 | PHB2 Prohibitin-2 2.601 TRUE IP100027252
22768 1 39 | HSPB1 Heat-shock protein beta-1 2.557 TRUE IP100025512
32845 5 275 | SLC25A6 ADP/ATP translocase 3 2.539 TRUE IP100291467
28504 6 | TPM4 Isoform 1 of Tropomyosin alpha-4 chain 2.514 FALSE IPI00010779

188031 3 61 | SMARCA4 SMARCA4 isoform 2 2497 TRUE IP100029822
32929 2 135 | CAPZA2 F-actin capping protein subunit alpha-2 2.443 TRUE IPI00026182

138346 2 42 | RAD50 Isoform 3 of DNA repair protein RAD50 2439 TRUE IP100107531
35596 4 159 | SFXN1 Sideroflexin-1 2.378 TRUE IP100009368
20240 7 367 | RPL11 Isoform 1 of 60S ribosomal protein L11 2.366 TRUE IPI00376798
27960 2 107 | TMEM33 Transmembrane protein 33 2.348 TRUE IP100299084
32902 11 445 | CAPZA1 F-actin capping protein subunit alpha-1 2.322 TRUE IPI00005969
54197 13 508 | NONO Non-POU domain-containing octamer-binding protein 2.244 TRUE IP100304596

GSR Isoform Mitochondrial of Glutathione reductase, mitochondrial
56221 3 93 | precursor 2.241 TRUE IP100016862
531466 98 4430 | PLEC1 plectin 1 isoform 6 2.232 TRUE IP100186711
33760 4 161 | CAPZB Capping protein (Actin flament) muscle Z-line, beta 2.21 TRUE IPI00218782
ABCC11 Isoform 2 of ATP-binding cassette transporter sub-family C
149996 2 22 | member 11 2.21 TRUE IP100152538
ATP8A2 ATPase, aminophospholipid transporter-like, Class I, type 8A,
133513 2 13 | member 2 2.174 FALSE IP100465166
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141454 4 127 | SMC3 Structural maintenance of chromosomes protein 3 2.131 TRUE IP100219420
74095 37 2291 | LMNA Isoform A of Lamin-A/C 2.115 TRUE IP100021405
14706 1 38 | LGALS1 Galectin-1 1.98 TRUE IP100219219

236372 3 109 | NUMAA1 Isoform 2 of Nuclear mitotic apparatus protein 1 1.963 TRUE IPI00006196
57988 1 44 | CCT6A T-complex protein 1 subunit zeta 1.944 TRUE IP100027626
21878 3 119 | PRDX2 Peroxiredoxin-2 1.924 TRUE IP100027350

102966 3 79 | KIAA1967 Isoform 2 of Protein KIAA1967 1.893 TRUE IP100182757

100136 3 149 | PSMD2 26S proteasome non-ATPase regulatory subunit 2 1.876 TRUE IPI00012268
73108 1 7 | DDX3Y ATP-dependent RNA helicase DDX3Y 1.875 FALSE IP100293616

-1 8 | USP9X ubiquitin specific protease 9, X-linked isoform 4 1.858 FALSE IPI00003964
18879 4 113 | LOC641293 Ribosomal protein L21 variant (Fragment) 1.835 TRUE IPI00845507
14778 1 63 | RPL22 60S ribosomal protein L22 1.813 TRUE IP100219153
88924 13 503 | HNRPU Isoform Short of Heterogeneous nuclear ribonucleoprotein U 1.797 TRUE IPI00479217
48029 22 1228 | KRT18 Keratin, type | cytoskeletal 18 1.76 TRUE IPI00784347
26671 7 295 | RPS3 40S ribosomal protein S3 1.741 TRUE IP100011253
89266 4 107 | VCP Transitional endoplasmic reticulum ATPase 1.718 TRUE IP100022774
70009 8 375 | HSPA1B;HSPA1A Heat shock 70 kDa protein 1 1.702 TRUE IPI00304925
18314 1 7 | PRDX4 Protein 1.698 FALSE IP100639945
36999 4 163 | RPL7 RPL7Y protein 1.683 TRUE IP100472171
11421 5 193 | ATP5L ATP synthase subunit g, mitochondrial 1.631 TRUE IPI00027448

279843 67 2945 | FLNA filamin A, alpha 1.616 TRUE IP100302592
60424 2 78 | CCT3 chaperonin containing TCP1, subunit 3 isoform b 1.606 TRUE IP100290770

SMARCAS5 SWI/SNF-related matrix-associated actin-dependent

121828 8 264 | regulator of chromatin subfamily A member 5 1.604 TRUE IPI00297211

23757 1 33 | BAG2 BAG family molecular chaperone regulator 2 1.587 TRUE IPI00000643
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73409 4 143 | RECQL ATP-dependent DNA helicase Q1 1.58 TRUE IP100178431
16263 5 255 | RPS14 40S ribosomal protein S14 1.558 TRUE IP100026271
189134 2 52 | IQGAP1 Ras GTPase-activating-like protein IQGAP1 1.557 TRUE IP100009342
21850 1 28 | RPL9 60S ribosomal protein L9 1.552 TRUE IP100031691
14159 1 7 | HIST1H2BA Histone H2B type 1-A 1.537 FALSE IP100465363
143144 6 114 | SMC1A Structural maintenance of chromosomes protein 1A 1.469 TRUE IPI00291939

Hivaxag 3.8: Ilpoteives mov Ppédnkavy va aiiniemdpovv pe ) tpoteiv hCINAP pe ™) pédooo SILAC-MS. Z1o mivaxo @aivovion ol mpoteiveg mov giyav
avoroyio GFP-hCINAP:GFP 1.5 kot méve. Me ykpilo Kot Tpacivo xpmdpo. Gaivovtol ol TPMTEIVES TOV 0ToimV To, TENTId EAEYONKAV Kot Tapovctdloviay cmwoTd,

EVD LLE TPAGIVO XPDOUO Ol TPOTEIVEG TOV BempnOnKoy To oNUOVTIKES e PAon TNV Agttovupyia KoL TOV EVOOKLTTAPLO EVIOTIGUO Y10 TEPULTEP® SLEPELVNO).
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GFP-hCINAP coilin DNA overlay

Yympo 3.29: Evromopnog g evdoyevoig apoteiviig hCINAP g daktvdriovg yOpo amd tovg
mopnviokovg (caps) petd amd petaypoeikn kartaotory T RNA Pol. | ko Pol. 1. A:
Metoypapikfy Kataotoln pe xpnon aktvopvkivng D (ActD, 1 ug/ml) kot dnuiovpyia doktodiov
yopo and tovg mupnvickovg ™ hCINAP. H evdoyeviig hCINAP avivedtnke pe yprion
TOAVKA®VIKOD ovTIc®patog évavtt g (mpdovo), 1 coilin pe €181kd avticopa vavtt g, Evd To

DNA e ) ypwotikn Hoechst-33342 (umke). Khipaxa: 5 um.
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GFP-hCINAP Overlay

Yympo 3.35: Evdokvrraprog evromopiog tng GFP-hCINAP petd and axtivoporia UV-C ko

>

control

Uv-C

6h

10h

24 h

avocopBopiopé pe SMN. A: Kovttopo 10 omoio dev vméotn axtwvoPfolric. B-E: xdtropa mov
véomoov axktivoforiic UV-C kot povipomomfnikav otovg evdederypévoug ypovovg. B,C: H
npwteivny GFP-hCINAP oynuotiler peydhec otpoyyviéc mupnvikég dopég kabdg kot HKpOTEPEG
€o0Tieg oTOV MVPNVA Kol 6ToVG TupNVvickovg, evd 1 SMN dwayéetan 6t0 KuTTapdTAacua. D, E: n
GFP-hCINAP mapovcialer daktdolovg yopo amd tovg mupnvickovg axdpe ki 6tov 1 SMN
emavépyetol (D). To mpdowvo ypdua avimrpocswnedel tnv GFP-hCINAP, 1o koéxkivo thv SMN kot

to umAe 10 DNA. Khipoka: 5 pm.
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ITAPAPTHMA 11

‘Evag and toug kevipikoOs oTOY0VG TG S1O0KTOPIKNG OV S TPPG, NTOV O SOHKOG
yapaxtmpiopog g mpwteivig hCINAP. Tw to okomd avtd £ywve mpoomabela
KkpvotdAlwong g tpmteivng hCINAP, mov anockonovos oty enilvon TG TPOTEIVIKNIG
™G OOUNG HE TPOTEIVIKY] KpuoTtodloypapia axtivov-X. H mepopotiky avt tpocéyyion
eykataAneOnke omd péva, petd amd dnuocicvon g doung g hCINAP amd tov Ren kot
T0VG cvuvepyateg tov (Ren et al., 2005).

210 mopdptnue ovTod Tapatifetal v cuvtopia, 1 BEATIOTN Topeia TG SladIKAGIOG
éxppaong kot kabapiopov g hCINAP mov mpoékvye Kat o1 GLVONKES KPLOTAAA®ONG
nov dokpdonkay. To Tepdpato avtig TS EVOTNTOS EYvoV KAT® amd T oTeVN emifAeyn

oV Apa Zndhpov Zwypaeov.

Iopsio Tov akolovONOnKe:

II1. Kiovornoinon tne hCINAP ctov mhacmdrakd eopéa pPRSETE

To cDNA tov avoiktod mhaiciov avayvoong (ORF) g hCINAP nollamhocidotnke
pe ) pébodo g PCR, pe yprion katdAAnA®v ekKivntik®dv oAtyovokAieotdiov (VIIIPCRS’
kot VIIPCR3’, TIlivakag 2.11) kot é€merta pe  €vOOVOUKAEOALTIKY  O1domaom
KAwvomomOnke otov Thacudiokd popéa PRSETE, 610V 0m010 EKQPPAGTNKE GLYYOVEVLUEVT

ue to emtdmo g e€a-otidivng (hisg).

2. 'Exopoon kot Broymmikéc kobopiopndc tne avacvvovaouévine mpoteivne hise-

hCINAP

12.1 'Exopocn tne avaovvovacsuévne tpmzeivne hise-hCINAP

H avacvvovoaouévn npwteivn hisg-hCINAP exepdotnke oe vynid eminedo kot
Kuplog oe dtwAvtn popen 610 PBaktnplakd otédeyog BLyi-LysS, petd and emayoyn pe 1
mM IPTG, yw 4 h, otoug 25 °C. H amnddoomn g vroroyictnke mepinov o 10 mg/L
KOAMEPYELNG.
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112.2 Xpopnotoypooio GuyyEVEIOC NTA-Ni?*

H avacvvdvacuévn mpoteivy his-hCINAP  apyikd amopovodnke pe ypnon
YPOUATOYPOPIOG cLYYEVElNG te PTpa ayopdlng mov £pepe COUTAOKN d100EVOVC ViIKEAOL
(NTA-Ni?"), oto omola deopeveton péoo tov enrtdmov g eka-totdivne (hise).

Ev ovvtopia, 1o opoyevomomuévo ekydiopa tmv Baktnpiov mov eEéepale v his-
hCINAP enmbdotmke pe opapidie NTA-Ni*, étot dote 1 mpoteiv vo deopevtel og quTd.
Axoro0Bmg to ceapidin EemAvOnkav pe SdAvpo EKTALONG TOL TEPLElXE  HIKPT|
OLYKEVTP®OTN UIOALOAIOL YloL TNV ATOUAKPVVON TOV TPOTEIVOV TOV OEGUEVOVTOL UN
€01kd ota opoapiowa. ‘Emeita, n mpwteivn, exhovotnke pe didAvpa mov meplelye ynn
oLYKkEVTpOOoT YdaloAiov, To omoio cuvayVILOTOV TN SEGUEVUEVT TPOTEIVT).

Mo mv emPefaioon tov Proymukov Kabapiopol g Tp®TEIVNG, TPAyroTOTOMONKE
NAEKTPOPOPN G GE THKTMLA TOAVOKPLAOULIIOL KoL yp®don Tov anktdpatog e Coumassie
blue (Eymua TII1). To «kAGopato £kAovong TG TPOTEIVNG, evaOnkav Kot
npoypatoromdnke Swomidvon NG TPOTEIVNG, HE YPNOM NMUmEpATNS HepPpdvng pe
KAT@AANA0 pubuiotikd dtdAvpa, ywoo mepiodo 16 h otovg 4 °C kot téhog tO d&iyna

ocvumvkvoinke pe vrepdmonon e eidtpo 10K MWCO, péypt telikod 6ykov 0.5-1 ml.

G M e e —<—hishCINAP

Yyfqua II1: Buwoymukog kabopiopoc tg npotsivig his-hCINAP pe ypoportoypagio
ovyyeveiog petdihov, NTA-Ni*. HAekTpo@opnpo yio Tov EAeyyo Tov Bloynuikod kafopiopod g
his-hCINAP, 6mov mapovcialovral ta detypata: diélevong ord t otin (flow through), éxkmlvong
(Wash 1 kou 2) kot éxhovong (Elution 1-4).
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12.3 Xpounatoypooio popraknc 6mdnonc oe myktopo Sephatex G-75

Aegdtepo 6TGd10 TOL epmAovTiopod ¢ mpwteivng his-hCINAP, omotélece o
Broymuikog kabaptopds e He YpOUOTOypopio Loplakng dtninong oe mktopo Sephatex
G-75. H apyn g pebodov anekovietor oto Zynuo 112,

Kokkog

USATAVBPOKLKOD /J ° 0\

ToAUpEPOUG W
Ta pkpd popla ;)/a/ o N
eloépyovrat otous 5y N 9
USETIVOUG XWPOUG 9 :
péca oToug |(om(oug~)/*)§°\J 99

D) (2
MpwTeivikd = & \)Q

Seiypa

Ta peydAa popia pla
Sev puropouv vot 7
£10¢ABouV péca ‘\
OTOUG KOKKOUG

Mnkm
poplaxig
suiBnong

00000 00000 Quongy ‘oo

Yympo I12: Amewkovion g apyng pedodov ypopatoypaeiog poproxiyg ombnong
(Biochemistry Sixth Edition, StryerL., 2007, W.H Freemanand Company).

Apobv M omin mANpoOnke pe 10 MKTOUO, £ElcOppomNONKE GTO KATAAANAO
PLOGTIKO S1dAvpa Y10 TOVAYYIGTO 000 OYKOVS GTHANG. XTn CLVEXELD TOTOBeTONKE TO
delypo TG TPOTEIVNG oIV KOPLEY| TS GTNANG Kol EKAOVGTNKE UE TO 1010 puOUoTIKO
dtdAvpa. Télog, cLAAEYONKOV, HETA TOV VEKPO OYKO TNG OTHANG, KAdouata tov 0.5 ml.
Mo v agloddynon mg kabapotnTog TOV KAAGUATOV TPAYUATOTOm0NKE NAEKTPOPOPTON
noAvakpvAapidiov Tov 30 TpdTev Khaoudtov (Zynuoe I13).

Ta KAdopato mov dev moapovsialov TPOCSUIEELS KAl 1 GUYKEVIPW®ON TG TPWOTEIVIG
nrav ynin, emAéynkoyv kot covovdomnkay (detypata 13-28). H mpoteivn cvopmukvodnke
ue vepdmnOnon pe ypnon eidtpov 10 KMWCO, péypt tehkng ovykévipwong ~ 10 mg/ml.

Axorovbwg, N npwteiv his-hCINAP, gite tomobetOnke yio kpvotaAldoels, gite
£TUYE TPMOTEOALTIKY Oldomoct, pe To €VIDUO EVIEPOKIVAGT, Y10, OMOUAKPLVGY TOL

emroniov g e&a-totdivng (hisg).
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Yyfqna I13: Buoynpuikog kabapiopog g npoteiving his-hCINAP ne ypopotoypoagio poprokig
dmonong oe mikropoe Sephatex G-75. Hiektpo@dpnua yio Tov EAEYY0 TOV OMOTEAEGUOTOS

kaBapiopov, pe ypnion v 30 mpoTev deryudtov mov AauPavoviol PETA TOV VEKPO OYKO TNG

GTHANG.

3. Hpwteorvtik dwacnocn tne npoteivne hise-hCINAP pe to éviopo evrepokivaon

Y0 OITOUAKPVVOT TOV EMLTOTiIOV TN hise

H ovunvkvouévn mpoteivn his-hCINAP, mov zmpoékvye omd tov Proynuikod
Kabapiopo, enwdotnke pe 1o Evlopo g eviepokivaong (EK), ywa 3 h, otovg 4 °C vrd
ovoveyn oavadevon. To £évlvpo owtd avayvopilet kot dwond Vv aAAniovyio
(AspAspAspAspLYys) mov Ppioketon petd 1o emtomio g e€o-10Tdivng aAAG TPy TO
avOIKTO TAOIC0 avayvoong tng TpoTeivng. Me ovtév Tov TPOTO OmopoKpLuvOnKe m
eMMALOV OAANAOLYI0 TTOV TOPOVGLALETOL OTO APIVOEIKO AKPO TNG TPMOTEIVIG. LT GLVEXELN
0 évlopo amopaxpOvinke amd 10 TPOTEIVIKO ddhvpo pe oeopidie mov meptelyay
mpocdedepévo avticopa €vavit g EK. Ta mpomteoAivtikd koppdtia, kobdg kot m
adiiomooTy TPOTEVY, amopakpOVONKay pe embdoon pe opapidie NTA-NiZ*. Téhog
TPAYLOTOTOONKE MAEKTPOPOPNON TOAVAKPLACUISIOD, pe ypnon deypdtov omnd T
oTAdw ATA, Y10 TOV EAeYYO TNG dadtkaciog (Xynua I14).
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Yyfqna IT4: Mpoteorvtikn dvdesmacn g hiss-hCINAP pe to éviopo evrepoxivaon (EK), yia
OTORAKPUVET] TOV emiTomiov TG hiSs. Astypata omd ta didpopa otddio TG avidpacng: detyua
uetd v avtidpaon pe to évlopo EK (EKreaction), deiyua petd v amopdkpuven tov eviduov

(removalEK) ko Seiypa petd v omopdipoven e hiss pe oponpidia NTA-Ni?,

H Mnoebsioa tpoteivn hCINAP, petd oo damidvon oe puOuiotiko didAvpo (10 mM
Tris pH 7.5, 0.1 mM EDTA, 0.02% NaN3 2% yAvkepoin) ywo. 16 h, copmvkvodnke pe
vrepdOnon pe eiktpo 10K MWCO, péypt telikng ovykévipwong ~10 mg/ml (Zynuo I15)

KOl {PNCLLOTOONKE Y10 KPUOTAAADGELS.

Q&
&
N N
kDa @lb ((\Q
106 - SN
77 -
50.8
35.6

28.1

Yyfqua TI5: Xvpavkvopévny apoteivip hCINAP petd and ypopetoypoio ovyyeveiog
petdirov Ni%* ko poprakg S1ineng os mikropa Sephadex G-75.
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4. ODpoonddeiec kpvotdrlrlononc tne npmzeivne his-hCINAP 4 hCINAP

H aviantuén mpoteivikdv kKpuoTIAA®V omoTeAel TO ONUAVTIKOTEPO OALAL Kol TO
JVOKOAOTEPO GTASI0 GTNV OAN KPLGTOAALOYPOQIKY UEAETN), AOY® TOL pHEYAAOL aplOpod
TOPAYOVIOV OV EUTAEKOVTOL oTNV ovAmTuEn toug (my. Oepupokpocio, pH pvOctikon
SADLOTOG, 1OVTIKN 10YVG, OPYAVIKOL SIOAVTES) KOl GTNV TEPLOPICUEVT] YVADGT TOL £XOVLUE
vy TV mopeia avantuéng towv kpuotdAlwv. H pébodog mov epapuodletor cuvibog sivol
avT NG doKuNG- opdipoatog (trial and error method), doxpalovtag Tic péxpL TOpPQ

YVOOTEG GLVONKES KPLGTAAAWONG,.

114.1 Teyvikéc KpvoTdArlmens 1oV 00KINAGTKOY

H pébodog g duyvong atudv eivor n mAéov cvvnbiopévn  péBodog
KPUOTOAA®OONG TTPOMTEIVOV Kot £@apUoletor cuvnOmG He TIG TEXVIKEG TNG KPEUAUEVNG
oTaYOVOGS, TNG KOONUEVNG OTAYOVAS KOl TNG HKPOJOmidvone. AvTég eivat Kot ot TEXVIKEG

7OV SOKIUAGTNKOV GTNV TapoVsa EPYACIaL.

1. Teyvuaq kpeppapevng otayéveg (hanging drop)

Mo otoyoévo piypotog Tp®TEIVIKOD S10ADHOTOC Kot StoAvpatog Katafudiotikod og
avaroyio 1:1 (cuvibog avopryvbovion 2-5 pul amd 10 kaOe SidAvpa), Tomobeteiton 61O
péso o vopoéPoPns koivmrpidag. H kalvmtpida tomobeteitar otn cuvéyeld Tave and
oxeTIKO peydro oyko (700-1000 pl) Sodvporog xatapfubiotikod (defapevn) kot To
oVOTNUO KAEIVETOL 0LEPOCTEYDG ONUIOVPYDVTAG ETGL VO OMOUOVOUEVO GUGTNUO OTTOV OEV
AopPavet xopa avtoAdoyn VANG Kot evEpyelag. Avtd Exel G OMOTEAECUA, 1| GUYKEVTIPWOGOT
10V KotafuBioticod otn otaydva vo £xel cuykévipwon 50% avtov ot deapevn, Kot yio
TNV OTOKATAGTOCT TNG 1GOPPOTING OTOLOKPVUVOVTOL HOPLo VEPOD ATtO TO PO SLOAV L,
oniadn v otaydva kot petotomileror mpog tn deapevr) péxpt vo amokatootadel
wooppomia. Kabng ocvppaivel avtd, n otaydva oe kdmowo onueio @taver otn PEATIoOT
OLYKEVTIPMOOT), ONANON OTN GLYKEVIPMOOT MOV OMOLTEITOL Yoo Vo, TpaypotomomBel m

KPLGTAAA®OT).

2. Teyvukn ¢ emkodsipevng otayovag (sitting drop)
To ohomuo Kot TAA OmOHOVOVETOL MOOTE vo. Un cvpfaivel petagopd palog Kot
evépyelog mpog 1o mepPairov. To mAeovékTna vt TS neBddov givorl o oyeTkd PiKpog

xPOVOC oL amonteiTon Kol 1 omAdTNnTa. TG OANG Odikaciag. To pelovéktmua givor ot
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HEPIKEG QOPEG Ol KPUOTOAAOL TPOCKOAALOUVTOL OTO TOlYWUHO TOL Ooyeiov Ko

noporoppdvovior SOoKoAN amd T GTAYOVA.

3. Tegyvikn Mikpodwaridvong (Microdialysis Crystallization)

To mpwteivikd ddAvpa tomobeteital 6° €va kopuPio pikpodiamidvong Tov omoiov To
OVOIKTO GKPO KAEIVETOL [LE P10 NUTEPOTY] LEUPPAVI LEGM TNG OTTolag PUmopel Vo TeEPAGEL O
SADTNG aALG Oyt M Tpwteivn. To kopPio ot cvvéyewn epPoantiletar ot de&opevy Tov
katofodiotikov kot Aaupdvel pépog apyn owdyvorn tov Kotafuvbiotikod £m¢ 0TOoL M
OLYKEVIPMOTN TOL OTO TPMTEIVIKO OdAvpa e&lombel pe T ovYKEVIP®ON TOL OTN
deapevny. Eqv  mocomta g mpwteivng eivon moAd pukpn, avti kopPio pmopel va
YPNOoTom el TPLYOEdNG COAVAS, TOV TO, OVO TOL AKpa KAEIVOVTOL e MUIOIOTEPOTY|

Hepppavn.

Amd mponyovpevn TEWPAUATIKY] TPOCoTAOELD TOV ElYE YIVEL GTO EPYUCTIPLO HOG Amd
™V HETOTTUYIOKY Qo Tpla. Avtpn Xatlnkvpidkov, vro v enifieyn tov Apa Zmdpov
Zoypaeov, emtevydnke v HEPEL 0 TPOGIOPIGUOG TOV OPYIKDOV GLVONKAOV KPVGTAAAWGNG
m¢ mpoteivng his-hCINAP. Eixe mpoayuatorombei odpwon 100  diopopeTikmdv
Kotofudiotikdv dtolvpdtov ard v topeio Hampton (Crystal Screen | ko I1) kou giye
TpokLYEL OTL 01 cvvOnkeg mov mepteiyav LioSO4 kar NH4SO, guvoovsav tn dnpovpyia
KPLGTAAMKOV 1CHHOTOG 1] TOAD HIKPDV KPLGTOAA®V.

2TOY0G TNG EPELVNTIKN HOL gpyaciog Ntav 1 PEATIOON T®V GLVONKAOV CVTOV KOl 1
npoonddelo kpvotarhmong g tpoteivng hCINAP ywpig to emtomio g e&o-16T1divng

(hisg), yia Bertioon mOavOV THG TOOTNTOC TOV KPVOTIAL®V.

114.2 YovONKEC KPLGTAAAMGNE TOV OOKINAGTKOY

Apyikd, yio Tov Tpocdtoptopd Tmv cuvinkdv Kpvotdlimong g tpoteivng hCINAP
ypnoporomOnkayv 100 dwpopetikd SwwAdpato Kotafvbiotikov amd v eTaupeio
Hampton (Crystal Screen | kou IT) ko petaffAndnkay S10popec GuVOVUOTIKEG TOPAUETPOL:

i) Ta dwAdupoto avtd ypnoyomombnkav O6mwmg elyav 1 apoidOnKav KoTd TO
fnuov pe ddH,0.

i) Xpnowomombnkav ¢ TeYVIKEG KPLOTAAL®ONG, TOGO 1 TEYVIKN TNG
KpEUUApEVNS oTaydvag, 660 Kot TG emkodeiptevng.

i) Avo Jwpopetikég Oepuokpocieg y OAeg TIG MEPMTOOELS, Ogppoxpaciol

dopatiov (RT) ko 4 °C.
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IV) Altapopetikn ovykévipmon npoteivng his-hCINAP (2-15 mg/ml).
Metd and mapodo 40 nuepdv mapatnpnOnKav «eVOElEELS Y100 KPUOTOAAOVG» OTIG
ovvOnkec (6, 17 kau 18) tov Crystal Screen |I:
YuvOnkn 6: 30% MPD, 0.1M Tris HCI pH 8.5, 0.2 M MgCl; (RT)
YvvOnkn 17: 30% PEG 4000, 0.1 M Tris HCI pH 8.5, 0.2 M Li,SO4 (RT)
XvvOnkn 18: 20% PEG 8000, 0.1 M No Cacodylate pH 6.5, 0.2 M NH4SO; (4 °C).

Metd and avtég Tic evoeitelg, TAPAoKELAGTNKAV SLAPOPA SOAVLATO LE SLAPOPES

HETOPANTEG TOPAUETPOVG:

1) Metapoin Tov pH tov dreAdpaTOG.

i) Metafoln ¢ cLYKEVTP®GNG TOL KoTofuOioTiKoD.

iii) Metapoin tov PEG (400, 2000, 4000, 6000)

iIV) Metapoln thg 6uYKEVIPOONS TOL PLOUGTIKOD SIOADIOTOG.
[Ipaypoatomombnkay ek véov kpuoTaAAdGeLS, o Bepuokpacio dmpatiov, 18 °C kar 4 °C
KOl EMITAEOV OTIC VITOCYOUEVEG GLVONKEG doKILAGTNKAY d1dpopa TpdebeTa OTMC:

1) AMP, ii) ATP, iii) MgCl; ko iv) diGpopa amoppurovtikd (my tween wou triton).

Tehka emttevydnkav kpOoTaAAotl Tov giyav ™ popen depatiov BeAdvov (Zymua I16)
ue  texvikn emkadeipevng otayovag, otovg 18 °C kat cuykévipwon mpoteivng 10 mg/ml
oT1g NG cLVONKEC:

e 0.1 M HEPES pH 8.0, 0.4 M Li,SO4 (neyoldtepec)

e 0.1 M Tris HCI pH 8.0, 0.4 M Li,SO,

e 0.1 MHEPES pH 7, 0.8M NH4SO,

e 0.1 M Tris HCI pH 8.0, 0.8M NH4SO;

o 30% 2-pebvr-1,3-mpomavodioin (MPD), 0.1M Tris HCI pH 8.5, 0.2 M MgCly, kon pe
npdcbeto ot otoydva 0.5 mM MgCl, + 0.5 mM AMP.

Zyqna I16: Kpootorior tng hCINAP vd popon depotiov fehovov.
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ATO TO TPOKATOPTIKE OVTE OmOTEAEGUOTA QAIVETOL OTL UOCTAV TTOAD KOVTE OTIC
oLvOnKeG KpLOTAAAWONG TG TPp®TEIVNG. O Ren kot ot cuvepydteg Katdphmaav va mhpouvv
KPLOoTaALOVG og dtdlvpa ov amotereito amd 0.1 M HEPES pH 7.5 kot 1.44 M Li,SO,.
Exeitvo mov dwagpopomoince Tic dké€g TOUg mMpoomibelec amd TG OwEC poc, eivar 0Tt
xpnoomoinoay yio KpuotdAlwon Hoévo v Tpitn Kopuen EKAOVONG NG TPWOTEIVNG
hCINAP a6 ™ ypopatoypagio poplokng dmonong. 1o ypouotoypdenua, n Tpeteivn
ekhovetal o€ TPELS Kopueéc. H mpdn kopuen mepiéyel mpoopitelg,  devtepn mbavov va
amotelel OMYOUEPEG TNG TPMOTEIVIG, EVED TO TPITO, TOL OMOTEAEL TO HOVOUEPEG TNG
TPOTEIVIG HTAV TO HOVO 1KAVO KAACUO TOV UTopovoE vo ddoel kpvotdiiovg (Ren et al.,
2004).

2 OIKN HaG TEPITTMOOT, AOY® EAAEWYNG OVIXVELTN GTN YPOUOTOYPOPIO LOPLOKNG
dmbnong, ypnowonoteito o dOpoicpa TOL OgVTEPOL KOl TPITOL KAAGUOTOS, EVEO

OTTOLLKPLVOTOV TO TPATO KAAGLLOL, TOV HTAV 0pATO GTO NAEKTPOPOPNLLOL TOAVAKPLAULOIOL.
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Coilin is a marker protein for the Cajal body, a subnuclear domain
acting as a site for assembly and maturation of nuclear RNA-protein
complexes. Using a yeast two-hybrid screen to identify coilin-inter-
acting proteins, we have identified hCINAP (human coilin interact-
ing nuclear ATPase protein), a nuclear factor of 172 amino acids
with a P-loop nucleotide binding motif and ATPase activity. The
hCINAP protein sequence is highly conserved across its full-length
from human to plants and yeast and is ubiquitously expressed in all
human tissues and cell lines tested. The yeast orthologue of CINAP
is a single copy, essential gene. Tagged hCINAP is present in com-
plexes containing coilin in mammalian cells and recombinant, Esch-
erichia coli expressed hCINAP binds directly to coilin in vitro. The
214 carboxyl-terminal residues of coilin appear essential for the
interaction with hCINAP. Both immunofluorescence and fluores-
cent protein tagging show that hCINAP is specifically nuclear and
distributed in a widespread, diffuse nucleoplasmic pattern, exclud-
ing nucleoli, with some concentration also in Cajal bodies. Overex-
pression of hCINAP in HeLa cells results in a decrease in the average
number of Cajal bodies per nucleus, consistent with it affecting
either the stability of Cajal bodies and/or their rate of assembly. The
hCINAP mRNA is an alternatively spliced transcript from the TAF9
locus, which encodes the basal transcription factor subunit
TAFIID;,. However, hCINAP and TAFIID;, mRNAs are translated
from different ATG codons and use distinct reading frames, result-
ing in them having no identity in their respective protein sequences.

Cajal bodies are subnuclear domains that contain newly imported
snRNP? and snoRNP complexes, as well as certain transcription factors.
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They are thought to be centers for the maturation of these nuclear
RNA-protein complexes that are en route to their sites of function in the
nucleoplasm and nucleolus, respectively (for review see Ref. 1).
Although Cajal bodies do not contain DNA, they have been shown to
associate specifically with certain gene loci, including the histone and U
snRNA gene clusters (2—4). In the case of the U2 genes, studies on stable
cell lines containing arrays of exogenous U2 genes showed that Cajal
body association was dependent on the expression of the U2 snRNA
transcripts, rather than on the presence of specific DNA sequences in
the U2 genes (2). It is possible that Cajal bodies can regulate gene
expression from certain loci and/or deliver RNA processing factors or
other components required for efficient expression at these sites.

Coilin is a human autoantigen that is widely used as a marker protein
for Cajal bodies. It is a specifically nuclear protein that is modified by
both serine phosphorylation and symmetrical dimethylation of argi-
nine. Coilin shows a diffuse nucleoplasmic distribution but also concen-
trates within Cajal bodies, appearing as one or more bright nuclear foci
when analyzed by immunofluorescence. Analysis of a mouse knock-out
of coilin has revealed that coilin —/— cells are viable in culture, although
animals lacking coilin show a decrease in embryonic viability, as judged
by the reduced ratios of coilin —/— mice recovered in litters (5). The
coilin —/— cells lack normal Cajal bodies but instead have microbodies
containing a subset of the usual Cajal body components. Deletion
mutants of coilin can disrupt endogenous Cajal bodies when transiently
expressed in mammalian cells (6, 7). Coilin is a self-interacting protein,
dependent upon sequences in the first 92 amino-terminal residues (8).
These data indicate that coilin is likely to play a functional role in the
formation of wild type Cajal bodies.

Several proteins have been shown to bind directly to coilin, including
the survival of motor neurons (SMN) protein (7), the nucleolar shuttling
factor NOPP140 (9), and the « importins (10), which are adaptors
involved in nuclear import. In the case of the SMN protein, its binding
to coilin is dependent on the presence in coilin of symmetrical dimethyl
arginine residues, a modification shared with the Sm family of snRNP
proteins, which also localize in Cajal bodies (11). In the case of
NOPP140, it has been shown that deletion mutants removing the ami-
no-terminal portion of NOPP140, which no longer bind to coilin, have a
dominant negative effect on Cajal body formation when exogenously
expressed in mammalian cells (9). These data support the important
role of coilin in Cajal body formation and further indicate that the
mechanisms involved likely require the interaction of coilin with other
partner proteins.

To search for novel interaction partners for coilin we have conducted
a yeast two-hybrid screen using coilin as the bait. Here we report the
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molecular characterization of hCINAP, a highly conserved nuclear pro-
tein that we show binds directly to coilin.

MATERIALS AND METHODS

Cell Line—HeLa cells were cultured in Dulbecco’s modified Eagle’s
medium containing 10% fetal calf serum (BD Biosciences), 2 mm gluta-
mine, penicillin/streptomycin and maintained at 37 °C in 5% CO.,.

Antibodies—Rabbit polyclonal antibodies to full-length, His,-tagged
hCINAP were generated at the EMBL animal facility, and by Diagnos-
tics Scotland (Edinburgh, UK). A second rabbit polyclonal antibody, to
synthetic peptide DQILKWIEQWIKDHNS, corresponding to amino
acid residues 157-175 in hCINAP, was also generated at the EMBL
facility. For both antibodies, the specificity of the antiserum from the
third bleed was characterized by Western blotting (Fig. 4, and data not
shown) and these batches were used for the experiments described here
(1:400 dilution for Western blotting and immunofluorescence with the
anti-recombinant protein antibody, 1:400 for blotting and 1:200 for
immunofluorescence with the anti-peptide antibody).

The following primary antibodies were used: rabit anti-coilin 204/5
(6), mouse anti-coilin monoclonal antibody (mAb) &4 (12), rabit anti-
U1A 856 (13), rabbit anti-fibrillarin Fib42, rabbit anti-SMN (Santa Cruz
Biotechnology), mouse anti-Sm mAb Y12, rabbit anti-Sp100 (Chemi-
con), and mouse mAb 9E10 (anti-myc) (14).

The following secondary antibodies were used (Dianova, Hamburg,
Germany): fluorescein isothiocyanate-conjugated, donkey anti-mouse
IgG, Texas Red-conjugated, goat anti-mouse IgG+M, fluorescein iso-
thiocyanate-conjugated, donkey anti-rabbit IgG, and rhodamine-con-
jugated, donkey anti-rabbit IgG.

Oligonucleotides—The following oligonucleotides were used in
polymerase chain reaction (PCR) amplifications: oligonucleotide 1,
5'-cggaattcatgttgcttcegaacatectg-3'; oligonucleotide 2, 5’'-ccagactccat-
gatatccgatgatc-3';  oligonucleotide 3, 5'-accgtcgacttaagtagctagect-
tataag-3'; oligonucleotide 4, 5’-acattcagcaaggctagattacag-3'; oligonu-
cleotide 5, 5'-acaccaaagtgtcccttac-3'; oligonucleotide 6, 5'-taatgtggg-
tgatttagctcgagaag-3'; oligonucleotide 7, 5'-cttcattgacctcaactacatggt-3';
and oligonucleotide 8, 5’-tcatggatgaccttggccaggg-3'.

Two-hybrid System Analysis—Vectors and yeast strains for the two-
hybrid analysis were used as described by Brent and coworkers (15), and
B-galactosidase assays were performed as reported (16, 17). A HeLa
cDNA library was used to generate the activation domain fusion con-
structs. Interacting clones were identified as described (10). For map-
ping the CINAP interaction domain on coilin, deletion constructs of
coilin (as shown in Fig. 7) were subcloned either as restriction- or PCR-
amplified fragments in yeast vector pGBKT7 or vector pACT?2 for con-
struct C1. They were each tested for interaction by co-transformation in
yeast strain AH109 with full-length hCINAP in yeast vector pACT?2 (or
in pGBKT7 for testing with C1), followed by screening of reporter gene
expression on appropriate selective media. First, transformants were
selected with double selection on media lacking leucine and tryptophan
and then transferred to quadruple selection on media also lacking ade-
nine and histidine. Clones that were viable on quadruple selection were
subjected to colony B-galactosidase assay for confirmation of the inter-
action. For independent confirmation of the interaction, coilin con-
structs were in vitro transcribed and translated in the presence of
[**S]methionine and incubated either with lysate from bacteria express-
ing glutathione S-transferase (GST)-tagged full-length CINAP after
induction with 1 mm IPTG or without induction as negative control.
Proteins interacting with GST-CINAP were recovered by glutathione-
agarose pull-down and subjected to SDS-PAGE, followed by autora-
diography to detect coilin fragments.
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RT-PCR, Semiquantitative RT-PCR for the TAF9 Locus Transcripts,
and PCR on Genomic DNA— cDNA was synthesized from 1 ug of puri-
fied human placenta poly(A) " RNA (Clontech) and served as a template
for the amplification of the complete ORF of hCINAP with oligonucleo-
tides 1 and 3. The amplified product was digested with EcoRI/Sall,
cloned into Bluescript, and sequenced.

For semiquantitative RT-PCR, poly(A)* RNA was extracted from
human tissues or human cell lines with the Oligotex mRNA mini kit
(Qiagen), according to the manufacturer’s instructions. To evaluate the
efficacy of RT-PCR conditions with the various tissues, and compare the
hybridization efficiency of the two sets of oligonucleotides used for the
experiments shown in Fig. 3 (B and E) (one set specific for the hCINAP
transcript and two sets specific for the TAFIID,, transcript), control
reactions with plasmid DNA were performed. Reactions were carried
out in parallel with identical conditions, using 20 ng of plasmid as tem-
plate with either TAFIID.,- or hCINAP-specific oligonucleotides of the
same concentration at 18, 23, and 28 cycles. The results indicated that,
in the linear range of the reaction (achieved between 18 and 23 cycles),
the concentration of two types of products is comparable (supplemen-
tary Fig. S2). Semiquantitative RT-PCR was therefore subsequently per-
formed with the same PCR conditions (except for the increased number
of cycles that were necessary to detect the amplified product from
c¢DNA samples). Control reactions using glyceraldehyde-3-phosphate
dehydrogenase-specific oligonucleotides were run in parallel as internal
standards.

For the amplification of human genomic sequences, purified high
molecular weight human genomic DNA (Roche Applied Science) was
used as a template and PCR reactions, with a variety of oligonucleotides
(see “Oligonucleotides”) were carried out with the Expand Long Tem-
plate PCR System (Roche Applied Science), following the exact reaction
and amplification instructions of the manufacturer. PCR products were
directly cloned into vector pCR2.1, using the Original T/A cloning kit
(Invitrogen). DNA sequencing was performed by the EMBL sequencing
service.

Construction of Bacterial Expression and Mammalian Transfection
Vectors—The bacterial expression vector pRSET-hCINAP was con-
structed by an in-frame EcoRI/Sall insertion of hCINAP, excised from
Bluescript (see previous section) to vector pRSETy (Invitrogen). This
created a 5" Hisq-tagged version of hCINAP. The same hCINAP insert
was also ligated to expression vector pGEX-4T-1 (Amersham Bio-
sciences) to generate GST-tagged hCINAP. To create YFP-hCINAP, we
made a vector fragment derived from pEYFP-C1 (BD biosciences) by
digestion with BglIl and HindIIl. An insert fragment containing hCI-
NAP was derived from pRSETz-hCINAP by digestion with BglII and
HindIIL

Bacterial Expression and Purification of His,-hCINAP—Competent
BL21-pLysS strain of E. coli was transformed with pRSET;hCINAP.
Large cultures were induced with 1 mm IPTG during exponential
growth in LB at 37 °C and harvested 3 h post-induction. The bacterial
pellet was resuspended in lysis buffer (50 mm Tris-HCl, 150 mm NacCl,
pH 8.0, 10% glycerol, 5 mm B-mercaptoethanol, 0.5% Triton X-100, 10
mM imidazole, and 1 tablet/50 ml of Complete protease inhibitor
(Roche Applied Science), mechanically lysed with a French press and
centrifuged at 13,000 rpm for 15 min at 4 °C. The insoluble pellet was
resuspended in buffer B (as per lysis buffer but with 100 mm NaH,PO,
instead of NaCl), containing 6 M guanidinium HCl, and the recombinant
protein was purified over a nickel-nitrilotriacetic acid column (Qiagen)
under denaturing conditions, according to the manufacturer’s instruc-
tions. For animal immunization, the purified protein was dialyzed
extensively against PBS.
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The same construct was used for the production of soluble protein,
suitable for enzyme kinetic experiments, with culture growth at 30 °C
for 5 h after induction with 0.5 mm IPTG. This resulted in the produc-
tion of 30 —40 mg of soluble His,-hCINAP/liter. The recombinant pro-
tein was affinity purified over a nickel-nitrilotriacetic acid column, fol-
lowed by gel filtration through a Superdex-200 column (Amersham
Biosciences), equilibrated in 25 mm Hepes, pH 7.5, 0.3 M NaCl, 2 mMm
MgCl,, and 5 mm B-mercaptoethanol, and desalted by dialysis. It was
stored at —20 °C in a buffer containing 12.5 mm Hepes, pH 7.5, 12.5 mm
KCl, 1 mm MgCl,, 2.5 mm B-mercaptoethanol, and 50% glycerol for use
in ATPase assays.

ATPase Assays with His;-hCINAP—The ATP hydrolysis activity of
hCINAP was measured by an assay in which ADP production is coupled
to the B-NADH oxidation by pyruvate kinase and L-lactic dehydrogen-
ase (18). The rate of B-NADH disappearance was monitored at 340 nm,
and all enzymatic reactions were performed at 30 °C. The final assay
mixture was 75 mm Tris-HCI, pH 8.0, 65 mm KCl, 0.2 mm 3-NADH, 1
mM phenyl enol pyruvate, 5 mm MgCl,, 1 mm dithiothreitol, 20 units/ml
pyruvate kinase (Sigma), 20 units/ml L-lactic dehydrogenase (Sigma), 3
pg/ml CINAP, and 0.05—-1 mM ATP. Control samples, containing reac-
tion mixture without CINAP, were used to subtract background ATP
hydrolysis, mainly due to the activity of pyruvate kinase. Kinetic data
were analyzed with the use of the nonlinear regression program GraFit.
Calculations of molarity were based on a molar extinction coefficient of
6220 M~ ' cm ! for B-NADH at 340 nm.

In Vitro Co-selection Experiments—Plasmid pGEX-4T-1 (Amersham
Biosciences) was used for expression of hCINAP as a GST fusion pro-
tein and pET32a+ (Novagen) was used for expression of p80-coilin as a
His, and thioredoxin fusion. Bacterial expression was carried out as
described in the previous section with culture growth at 25 °C. Two-
milliliter aliquots of bacterial cultures were collected 3 h post-induction,
bacterial pellets were resuspended in 200 ul of binding buffer (PBS,
containing 1% (v/v) Tween 20 and 1 tablet/50 ml Complete protease
inhibitor, Roche Applied Science) and lysed by brief sonication. After
clarification of bacterial lysates (13,000 rpm at 4 °C for 15 min), GST-
hCINAP, and His,-coilin were mixed in the presence of 0, 1, 2, and 3 mm
ATP, respectively, and incubated for 30 min at room temperature with
constant agitation. An equal volume of pre-equilibrated glutathione-
Sepharose 4B beads (Amersham Biosciences) were then added into each
protein mix, and the solution was incubated with gentle agitation at
room temperature for 30 min. The beads with bound complexes were
collected by centrifugation at 500 rpm for 5 min. The supernatant
(unbound fraction) was saved for analysis. Beads were washed with
ice-cold binding buffer, resuspended in SDS sample buffer, and ana-
lyzed, together with the unbound fractions, by SDS-PAGE, and Western
blotting.

In Vivo Co-immunoprecipitation Experiments—HelLa cells were
transiently transfected with the pEYFP-hCINAP construct (details
below) using Effectene (Qiagen) according to the manufacturer’s
instructions. One microgram of plasmid DNA was used per 10-cm dish,
18 h after transfection the dishes were rinsed 2X with warm PBS, and
cells were lysed with 0.5 ml/dish Lysis Buffer (50 mm Tris HCI, pH 7.5,
0.5 M NaCl, 1% v/v Nonidet P-40, 1% w/v deoxycholic acid, 0.1% w/v
SDS, 2 mm EDTA, and 1 tablet/10 ml protease inhibitor Complete,
Roche Applied Science). The cell lysate was scraped into a 1.5-ml
Eppendorf tube, and the DNA was sheared to reduce the viscosity by
processing with a QIAshredder (Qiagen) according to the manufactur-
er’s instructions. The lysate was precleared by incubating with protein
G-Sepharose for 1 h at 4 °C. After brief centrifugation to remove the
protein G-Sepharose, the precleared extract was transferred to a new
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tube, and then 1 ul of anti-green fluorescent protein monoclonal anti-
body (Roche Applied Science) was added. Incubation at 4°C for 1 h
allowed formation of immune complexes, which were subsequently
recovered by adding protein G-Sepharose and rotating overnight at
4°C. Protein G-Sepharose beads containing the immune complexes
were separated from the supernatant by centrifugation and washed.
Finally, proteins in both the supernatant and pellet fraction were dena-
tured with SDS sample buffer and separated by SDS-PAGE. After trans-
fer to nitrocellulose, the blot was probed with an antibody against coilin
followed by incubation with a second anti-rabbit antibody coupled to
HRP (Pierce, 1:5000).

Standard Molecular Biology and Protein Analysis Techniques—All
molecular biology techniques (cDNA library screening, plasmid purifi-
cations, restriction digests, ligations, blue/white bacterial colony selec-
tion, Northern blotting, and others) were performed according to
standard procedures (19).

SDS-PAGE on a mini-gel system (Protean, Bio-Rad) or using gradient
“Novex” gels from Invitrogen was essentially as described (20). Western
blotting was carried out using standard techniques and visualized by the
enhanced chemiluminescence system, ECL-Plus (Amersham Bio-
sciences). HeLa nuclear extracts were obtained commercially from the
Computer Cell Culture Center (Mons, Belgium)

Transient Transfections of Tagged hCINAP in HeLa Cell Line—Expo-
nentially growing HeLa cultures were harvested and replated onto cov-
erslips in 60-mm diameter dishes, 24 h prior to transfection. Transfec-
tions were carried out with the DOTAP reagent (Roche Applied
Science) or with Effectene (Qiagen), according to the manufacturer’s
instructions in each case or with calcium phosphate precipitation (lam-
ondlab.com/f6protocols.htm). Coverslips were retrieved for immuno-
fluorescence 16 —20 h after removal of the transfection medium.

Immunolabeling of Cultured Cells—For hCINAP immunofluores-
cence, using the antiserum to hCINAP recombinant protein or the anti-
peptide antiserum, cells grown on glass coverslips were fixed with 3.7%
paraformaldehyde in PHEM buffer (30 mm Hepes, 65 mm Pipes, pH 6.9,
10 mm EGTA, and 2 mm MgCl,) for 10 min and permeabilized for 15
min with 0.2% SDS in the same buffer. Transfected cells were fixed with
3.7% paraformaldehyde in PHEM buffer for 10 min. They were
quenched with 50 mm NH,Cl in PBS for 10 min, permeabilized for 10
min with 0.5% Triton X-100 in PHEM buffer, and blocked with 2% BSA,
2% fetal calf serum, 0.2% fish skin gelatin in PBS (“blocking mix”) for 30
min.

Cells were incubated with primary antibodies, in PBS containing 5%
blocking mix, for 1 h at room temperature. For double labeling, incuba-
tion was carried out sequentially for each of the primary antibodies and
secondary antibodies were applied as a mixture. Coverslips were
mounted with Mowiol (Merck, Germany), containing 100 mg/ml
DABCO (Sigma, Germany) as an anti-fading agent.

Confocal and Epifluorescence Microscopy—Immunofluorescent
preparations were analyzed on the EMBL Compact Confocal Micro-
scope (21) or a Zeiss Axiophot light microscope. Excitation wavelengths
of 476 nm (for fluorescein isothiocyanate-coupled antibodies) or 594
nm (Texas Red-coupled antibodies) were selected.

Some images presented in Figs. 5 and 8A were recorded on a Zeiss
Axiovert S100 2TV DeltaVision Restoration microscope (Applied Pre-
cision) using either a Zeiss Plan-apochromat (100X, 1.40 numerical
aperture objective) or a Zeiss Plan-neofluar (40X, 1.30 numerical aper-
ture objective) and a CCD-1300-Y/HS camera (Roper Scientific).
Images were captured and processed by constrained iterative deconvo-
lution using SoftWorx (Applied Precision) and prepared as illustrations
using Adobe Photoshop. Two-dimensional images presented here are
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S. cerevisiae KYYNISDFAKDNDCFEGWQEGRKSHIVDEDKLLDMLEPLL 74
H. sapiens R - E|G|/GV I|V D|Y|H G|C|D|F|F PIE[IRWFH I|V|F[VI[LRTDTN V|L Y|E|R L|E 107
C. elegans DSDE|GGIV|VD|YHG|C|ID|L|F PIEIRWF D V|VIVIVILRCPTEK]|L Y|D|R L|Q 115
D. melanogaster A K - -|G|G N V|V D|Y|H G|C|D|F|F PIE[RWFQA|V|FIVIVTCPNTT|L Y|D|R L|K 113
A. thaliana I - - EIGGNI|VD|Y|HG|C|D|IFIF PIQRWFDR|V|VI[VILRTENSV|L YID|IRL|T 117
S. cerevisiae R - - QGINS I|VD|WHG|N|D|IV|F PIE[RIL IDL[VIV[VILRCDNSN|[L Y[S[R L|H 112
H. sapiens TRGYNEKKLTDNIQCEIFQVLYEEATASYKEEIVHQITPSN 147
C. elegans S|IRIG|Y|SEFIKII KEINNVEC|E|I FGTLL EE|ARE|SY|SED|I VIHE(LIQSE 155
D. melanogaster E|R|N|Y|N E K|KI[L ASINJIQC|E|]I FGTI L EE|AIRD|SY/KSD|I VIF E[LIKGE 153
A. thaliana N|R|G|Y|S G T|K|L S N|INJLQC|EIMYQV L L EE|A|[HD|S Y|[DEE|I VITELIQSN 157
S. cerevisiae A[R[G|Y|HD S[K|I E E[NJLD A[E]IMGV VKQD|A|V E|S Y|E PH[I V]VELQSD 152
H. sapiens KPEELENNVDQILKWIEQWIKDH--N-------------- 171
C. elegans TTEQMEENLERICELAGFEFKNEHTME - - - - - - >- - - - - - - 181
D. melanogaster TKADAHISIKTVKNWYRMWKR - - - === - - -« =« ---- - - 174
A. thaliana TIEDISNNVSTLTDWINAW- - - - - - Q--=-======-=---- 177
S. cerevisiae TKEDMVYVSNVSRIVAWEKMWLEQHPDGVTNEYQGPRSDDED 192
H. sapiens = om 8 172
C. elegans -===-0Q 182
D. melanogaster - - - - K 175
A. thaliana --=-=-FP 178
S. cerevisiae DEDSE 197

FIGURE 1. A, identification of hCINAP, a protein that interacts specifically with p80-coilin in the yeast two-hybrid assay. Two-hybrid interactions between LexA-p80 coilin (lanes T and
3) and either a hCINAP-B42 hybrid protein (lane 1) or the B42 transcriptional activation domain alone (lane 3) were analyzed by liquid B-galactosidase assays. As a negative control,
the interaction between the hCINAP-B42 hybrid and the unrelated LexA-bcd fusion protein was included (lane 2). For each experiment, the B-galactosidase activity was determined
two times from individual cultures, and B-galactosidase units were calculated as described under “Materials and Methods.” B, cloning by RT-PCR and sequencing of hCINAP from
human placenta: 7, A/Hindlll MW markers; 2, amplified product from human placenta cDNA using oligonucleotides 1 and 3; 3, identical reaction with no cDNA template; 4, identical
reaction with 15 ng of pRsgrg-hCINAPy, , as template. The sequence derived from the cloned product in lane 2 was identical to the sequence from the HeLa cDNA library in lane 4.
C, alignment of CINAP protein from different organisms. Sequences were aligned using ClustalX and are represented by the single letter amino acid code. Sequences from human (H.
sapiens, accession numbers AJ878880 and AJ878881), nematode (C. elegans, NP496065), fruit fly (D. melanogaster, NP610797), thale cress (A. thaliana, BAB10972), and baker’s yeast
(S. cerevisiae, AAS56894) are presented. Boxed residues are identical among these five sequences, residues in bold represent conservative amino acid substitutions, and the shaded
sequence represents a conserved domain found in many ATP/GTP binding proteins (P-loop motif).
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RESULTS

To identify novel coilin interacting proteins, a yeast two-hybrid
screen was performed with a HeLa cDNA library, using human coilin as
the bait. Two million colonies were screened and ninety positive clones
identified, as previously described (10, 22). Among the ninety positive
clones four overlapping cDNAs, encoding the same open reading frame,
were isolated. An apparently full-length cDNA clone encoding this pro-
tein was used to quantify its interaction with coilin using a liquid B-ga-
lactosidase yeast two-hybrid assay (Fig. 1A4). This showed a strong inter-
action of the hCINAP protein with coilin relative to the negative
controls.

To ensure that the positive clones from the HeLa library encode a
bona fide human protein, the transcript was amplified by PCR from
human placental cDNA (Fig. 1B). This yielded a cDNA amplification
product of identical size to the HeLa ¢cDNA clone (Fig. 1B, compare
lanes 2 and 4). DNA sequence analysis showed that both the original
HeLa and the placental cDNA clones were identical. The sequences
were deposited in the GenBank™/EBI data base as accession numbers
AJ878880 and AJ878881. We have termed the resulting gene product
hCINAP (human coilin interacting nuclear ATPase protein), which is a
172-amino acid protein of molecular mass 20,048 Da. Fig. 1C shows the
full protein sequence of hCINAP aligned with putative orthologues
from other species spanning the major eukaryotic divide, including
plants, flies, worms, and yeast. This shows that hCINAP is highly con-
served from human to yeast across its entire length. Thus there is a 22%
identity and ~46% overall similarity in amino acid sequence conserved
between all orthologues in human, fly, nematode, plants, and yeast. A
direct comparison of the human and Saccharomyces cerevisiae CINAP
protein sequences shows that they are 41% identical and ~62% similar.
The hCINAP gene is apparently unique and includes a consensus nucle-
otide (ATP or GTP) binding motif (GX,GKT). Sequence comparison
shows that hCINAP is not highly homologous to any other known pro-
teins. It does however contain an amino-terminal P-loop motif charac-
teristic of ATP/GTP binding proteins. This consensus motif is strictly
conserved in all CINAP orthologues examined and is similar to the

OCTOBER 28, 2005 +VOLUME 280-NUMBER 43

adenylate kinase motif found in members of the adenylate kinase family.
This similarity with adenylate kinase and in particular the conservation
in the P-loop region, suggests that hCINAP likely binds ATP rather than
GTP. Consistent with this prediction, we found that recombinant hCI-
NAP shows ATP hydrolysis activity. A kinetic analysis of ATP hydrol-
ysis with recombinant hCINAP was performed (Fig. 2). The K|, value for
ATP was calculated to be 75.3 £ 5 um, whereas the V. value was
1.27 = 0.2 umol of ADP formed'min~"mg~" (Fig. 2). These results
showed that hCINAP exhibits a significant ATPase activity and an
apparent high affinity for ATP as a substrate.

The high primary sequence conservation of hCINAP, extending over
the length of the protein, strongly suggests that it is functionally impor-
tant. To test this we knocked out the corresponding orthologue of hCI-
NAP in the budding yeast, S. cerevisiae and observed that it is essential
(data not shown). This essential phenotype has also been independently
described (23). These workers isolated the budding yeast hCINAP
orthologue, which they termed Fap7p, as a factor required for transcrip-
tional regulation of yeast genes upon oxidative stress. Based on its inter-
action with human coilin in the yeast two-hybrid assay, its essential
phenotype in yeast, and its high sequence conservation, we therefore
selected hCINAP for further analysis.

During our characterization of hCINAP, we noticed that the first 141
nucleotides of hCINAP mRNA, which encode the first 41 amino acids of
hCINAP protein, were identical with the 5'-untranslated region of
another human mRNA encoding subunit 9 of the transcription factor
TAFIID (TAFIID,, (24)). However, despite this common nucleotide
sequence, hCINAP does not share any amino acid similarity with
TAFIID,,. This observation prompted us to investigate the genomic
organization of hCINAP.

Examination of the Ensembl data base (www.ensembl.org) showed
that the sequences of both the hCINAP and TAFIID,, transcripts arise
from map position 68.7 Mb on chromosome 5 (annotated as the TAF9
locus, Ensembl Gene ID ENSG00000085231). The hCINAP and
TAFIID;, mRNAs are generated as alternatively spliced transcripts that
share exons 1 and 2, but diverge downstream of the Xhol site at nucle-
otide 141 (Fig. 3A). Translation of hCINAP initiates at the first ATG
codon in the shared 5'-terminal region of the mRNA. In contrast, initi-
ation of TAFIID,, starts at an internal ATG, which is located 18 nucle-
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FIGURE 3. A, model of alternative splicing of two transcripts from the TAF9 locus. Two transcripts, sharing two exons at their 5’-end are generated, the first encoding hCINAP and the
second encoding TAFIID;,. Partial characterization of this locus, as shown in this schematic, was achieved with genomic PCR using exon- and intron-spanning oligonucleotides
generating overlapping products for sequencing (oligonucleotides 1, 2, 5, and 6, see “Materials and Methods”; data not shown but available as supplemental Fig. S1). The positions
of complementary sequences to oligonucleotides used for RT-PCR experiments (shown in B and D) are marked as well as the translation start sites for the two transcripts (open
triangles). B, confirmation of the predicted transcripts for the TAF9locus by amplification with RT-PCR of cDNAs containing full-length ORFs. Simultaneous co-amplification of TAFIID;,
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FIGURE 4. Recombinant and native expression :“- ,'_ - : -
and affinity purification of hCINAP. A, SDS-PAGE P 45
showing production of Hiss-tagged hCINAP e —— g
(arrow) in E. coli upon induction with IPTG: 7, total !,. ~ o
lysate from uninduced culture; 2, total culture - 4
lysate 3 h post-induction; 3, corresponding super- A——
natant, following high speed centrifugation of [ 31
lysate; 4, corresponding insoluble pellet. B, purifi- 31 ﬁ - —
cation of Hiss-tagged recombinant hCINAP on a
Ni2*-agarose column (7) total culture lysate with o
overexpressed recombinant hCINAP; (2) flow- EN 215
through fraction; (3) one of the eluted serial frac- 215 .

tions (peak) containing purified hCINAP (arrow).
Peak fractions were combined, dialyzed against 1 2 3 4
PBS and used for rabbit immunization. C, Western
blotting probed with hCINAP anti-peptide anti-
serum, showing: a total bacterial lysate from an c. D.
uninduced culture (7) and a total bacterial lysate
from aninduced culture (2). D, detection of endog- kD
enous hCINAP, and YFP-hCINAP by Western blot.
Whole cell lysate from HeLa cells was separated by

+ -+ -+

SDS-PAGE, transferred to nitrocellulose mem- 115 — 188 —
brane, and probed with antibodies specific for hCl-
NAP (lanes 3 and 4), its cognate pre-immune serum 79 - 98 —
(lanes 1 and 2), or green fluorescent protein (lanes PR
5 and 6). The lysate in lanes 1, 3, and 5 was from 62 — . —
control cells, whereas the lysate in lanes 2, 4, and 6 49.5 — ; _a
was derived from Hela cells transiently trans- 49 — ' . -
fected with pEYFP-hCINAP. Arrow indicates the \ e e
exogenously expressed YFP-hCINAP and break- 34.8 — 38 — L ‘ - e -
down products, whereas the arrowhead indicates
endogenous hCINAP. 283 28—
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otides downstream of the shared 141 nucleotide 5" sequence and is  PCR analysis and DNA sequencing using human genomic DNA (sup-

therefore unique to TAFIID,, (Fig. 3A, open triangles indicate transla-
tion start sites). Although the TAFIID,;, mRNA also has the same
upstream ATG used by hCINAP, the downstream ATG actually used to
initiate translation of TAFIIDs, is in a different reading frame. Thus, it
appears that, at the TAF9 locus on chromosome 5, alternative splicing
results in two transcripts that encode proteins with zero shared amino
acid sequence, despite the common 5’ region of the mRNA. This was a
sufficiently unusual situation that we decided to verify the genomic
organization and transcription pattern at the TAF9 locus directly by

plementary Fig. S1). The data obtained were fully consistent with the
transcript structures reported in the Ensembl annotation, although we
also detected multiple apparent pseudogenes dispersed on different
chromosomes (data not shown), again consistent with Ensembl anno-
tations. Paralle]l RT-PCR data using probes either specific for hCINAP,
or TAFIID;, ORF sequences, identified two ¢cDNAs of the sizes
expected for hRCINAP and TAFIIDj, (Fig. 3B). A combination of North-
ern blotting and semiquantitative RT-PCR analyses showed that both
transcripts were expressed in all tissues and cell lines tested (Fig. 3,

(expected size 950 bp, EMBL accession number U21858) and hCINAP ORF (expected size 550 bp) utilizing a common upstream oligonucleotide (oligo 1, see “Materials and Methods”) and
downstream oligonucleotides 3 (specific for h\CINAP) and 4 (specific for TAFIID5,) (lane a) and for comparison single amplification of hCINAP (lane b) and single ampilification of TAFIID5, (lane
). G, Northern blot of HeLa poly(A) " RNA probed with a 3', hCINAP-specific, probe (nucleotides 118-550 of hCINAP transcript) reveals hybridization to a band below the 1.35-kb size marker
(arrow), which is very likely to correspond to the hCINAP transcript. D, multitissue Northern blot using the whole of hCINAP cDNA as a probe, showing ubiquitous expression of hCINAP. E,
semiquantitative RT-PCR with equivalent amounts of cDNA from different human tissues, using hCINAP- and TAFIID5,-specific oligonucleotides (oligonucleotides 7 and 3 and oligonucleo-
tides 7 and 2, respectively, see “Materials and Methods”) to generate diagnostic full-length or partial cDNA products. Results indicate that the two cDNAs appear to be expressed in nearly
equimolar concentrations in each tissue type but display a differential pattern of tissue-to-tissue expression. Control reactions using glyceraldehyde-3-phosphate dehydrogenase-specific
oligonucleotides (oligonucleotides 7 and 8, see “Materials and Methods") were run in parallel and are shown in the bottom panel. PCR conditions and oligonucleotide hybridization were
tested to ascertain that RT-PCR results for the two DNAs are comparable (data not shown but included in supplemental Fig. S2).
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'suppl/200! /03/M5019822

FIGURE 5. Immunolocalization of native and YFP-tagged hCINAP in Hela cells. A7, YFP-hCINAP fluorescence; A2, the same cells stained with 204/5 anti-coilin; A3, overlay of
images A1 and A2; B, anti-hCINAP staining using the antiserum to the whole recombinant protein; B2, anti-coilin; B3, overlay of images B1 and B2; C7, anti-hCINAP staining, using
anti-peptide antiserum; C2, the same cell stained with anti-coilin antiserum; C3, overlay of images C1 and C2; Scale bar in all images: 5 um.

C-E). Preliminary phylogenetic analysis (data not shown) reveals that
this unusual gene arrangement for hCINAP and TAFIID,, is conserved
in mammals, including specifically chimp, rat, mouse, and dog. How-
ever, it is not conserved in other vertebrates examined, including fish
and amphibians. Outside of mammals, protein orthologues of both
CINAP and TAFIID,, are conserved, but they are encoded at separate
loci. We thus conclude that the hCINAP protein is genetically but not
physically related to TAFIID,,.

We next conducted a biochemical characterization of the hCINAP
protein. First, recombinant hCINAP was expressed in Escherichia coli

36436 JOURNAL OF BIOLOGICAL CHEMISTRY

fused at the amino terminus to a hexahistidine tag (Fig. 4, lanes I and 2).
The E. coli-expressed protein was largely insoluble and co-fractionated
with the bacterial pellet after cell lysis (lanes 3 and 4, arrow). Due to its
insolubility, recombinant hCINAP was affinity-purified over a nickel-
nitrilotriacetic acid-agarose column under denaturing conditions, and
the resulting purified protein (Fig. 4B, lane 3, arrow) used for antibody
production in rabbits (see “Materials and Methods”). Protein blotting
analysis using the resulting polyclonal rabbit antiserum showed that it
recognized specifically both recombinant hCINAP and endogenous
hCINAP in HeLa cell extracts and similar results were obtained using an
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FIGURE 6. Co-selection and immunoprecipitation experiments indicating an interaction between hCINAP and coilin. A, recombinant GST-hCINAP and Hisg-coilin were
expressed in bacteria and probed for interaction in crude bacterial lysates, as described under “Materials and Methods.” Complexes were immobilized on glutathione beads and
analyzed by SDS-PAGE, followed by visualizing GST-hCINAP and Hiss-coilin with Coomassie Blue. The molecular mass of recombinant coilin (native form is 66 kDa), expressed from
vector pET2+, which bears in addition to the hexahistidine tag (0.66 kDa) a thioredoxin peptide (12 kDa), totals 78.66kDa. B, immunoblotting of an identical gel, using anti-coilin
antiserum for the detection of coilin. Reactions were carried out either in the absence or presence of ATP (1-3 mm). The results show that coilin is detectable on the glutathione beads
only in the presence of hCINAP and hCINAP-coilin interaction appears to be ATP-independent. Arrows point to the band corresponding to Hisg-coilin, and an arrowhead to the band
corresponding to GST-hCINAP. C, detection of hCINAP-coilin interaction in vivo. HeLa extract from control cells (lanes 2 and 3) or cells transfected with YFP-hCINAP (lanes 4 and 5) was
subjected to immunoprecipitation under native conditions using an anti-green fluorescent protein antibody to recover YFP-hCINAP and associated proteins. Bound (lanes 3 and 5)
orunbound (lanes 2 and 4) fractions were separated by SDS-PAGE, transferred to nitrocellulose, and native coilin was detected by immunoblotting using a rabbit anti-coilin antibody.
As a marker for coilin, 5 ug of a nuclear extract prepared for in vitro splicing was also included on the gel (lane 7). The arrow indicates coilin band. Molecular weight markers are
indicated.
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FIGURE 7. Mapping of the CINAP-interaction domain of coilin within the carboxyl-terminal 214 amino acid residues of coilin. A, yeast strain AH109 was simultaneously
transformed with one of the six coilin bait constructs shown in conjunction with full-length hCINAP. Interaction was defined as the ability of >95% of resulting clones, containing both
bait and prey constructs, to grow on quadruple selective media (-Leu, -Trp, -His, and -Ade) and to also display B-galactosidase activity upon filter assay. In addition to the interaction
observed between full-length coilin and full-length CINAP (positive control), an additional positive result was obtained between coilin construct C1 and full-length CINAP. For
validation of the later, negative controls included co-transformation of C1 and p53 (negative control 1) and of full-length CINAP and AD vector pACT2 (negative control 2), which failed
the interaction tests. B, autoradiogram of in vitro translated coilin C1 fragment after SDS-PAGE, showing that the fragment interacts with GST-CINAP (lanes 4 and 5). Importantly, the
C1 fragment is absent from the pellet of the pull-down (lane 3) when it is incubated with bacterial lysate of an uninduced culture that only contains negligible background
concentration of GST-CINAP. T, total in vitro transcribed product; S, supernatant; P, pellet. The combination of these data revealed that an essential CINAP interaction domain lies
within the carboxyl-terminal 214 amino acid residues of coilin.

independent antibody raised against the synthetic peptide DQILK-
WIEQWIKDHNS, corresponding to carboxyl-terminal amino acid res-
idues 157-175 in hCINAP (Fig. 4, C and D, and other data not shown).
Both antibodies show that the endogenous HeLa hCINAP co-migrated
with the bacterial recombinant protein, indicating that hCINAP is likely
not extensively post-translationally modified (data not shown).

We next examined the cellular localization of hCINAP. An amino-
terminal YFP fusion of hCINAP was constructed (see “Materials and
Methods”), and the fusion protein transiently expressed following
transfection into HeLa cells (Figs. 4 and 5). Protein blotting analysis
confirmed that the YFP-hCINAP, as well as endogenous hCINAP, were
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both recognized by the rabbit anti-hCINAP serum (Fig. 4D, lanes 3 and
4, arrows show YFP-hCINAP, arrowhead shows endogenous hCINAP),
whereas an anti-fluorescent protein antiserum specifically recognized
the fusion protein but not endogenous hCINAP (Fig. 4D, lanes 5 and 6).
Fluorescence microscopy analysis of cells transiently expressing YFP-
hCINAP showed that the fusion protein is specifically nuclear, with a
widespread diffuse nucleoplasmic distribution, excluding nucleoli, and
some additional concentration in nuclear bodies (Fig. 5, panel Al). A
similar widespread nucleoplasmic distribution for endogenous hCINAP
was observed in untransfected HeLa cells using both the polyclonal
antiserum to the full-length recombinant protein and the serum raised
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FIGURE 8. Overexpression of hCINAP affects the number of Cajal bodies per
nucleus. A, fluorescence micrographs of Hela cells transfected with either YFP-hCINAP
(A1,A2,and A3) or unfused YFP control (B1, B2, and B3). Tagged proteins were detected
by fluorescence (A7 and B1), whereas coilin was detected using immunofluorescence (A2
and B2) with a rabbit anti-coilin antibody as described under “Materials and Methods.”
The merged YFP and coilin images are presented in A3 and B3. Untransfected nuclei show
the characteristic coilin staining pattern in both A2 and B2 with both bright foci (arrows)
and a diffuse nucleoplasmic staining. Transfected nuclei, as assessed by detection of the
fluorescent proteins in A7 and B1 (dashed outline in A2 and B2), only show a reduction in
the number of Cajal bodies when transfected with YFP-hCINAP (A2) and not YFP control
(B2, see arrowheads for examples of Cajal bodies in a cell transfected with YFP control).
Scale bars in all images are 20 um. B, three-dimensional images of random fields of cells
were collected and presented as maximum intensity projections to allow all Cajal bodies
within nuclei to be displayed onto a two-dimensional space. The number of Cajal bodies
(see A for example) were counted from over 200 nuclei resulting from more than 20
images from each of three conditions: untransfected control (top graph); YFP alone trans-
fected control (bottom graph); YFP-hCINAP transfected (middle graph). The results are
displayed as frequency distributions showing the number of Cajal bodies in each nucleus
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against the hCINAP peptide (Fig. 5, panels B1 and CI). The specific
nuclear localization of hCINAP was further supported by the detection
of the endogenous protein in HeLa nuclear extract by immunoblotting
(data not shown). As we observed in some cells additional concentration
of hCINAP in nuclear bodies, we performed double-labeling immuno-
fluorescence experiments to identify these subnuclear structures (Fig. 5,
panels A2—C2 and A3-C3). The nuclear bodies containing hCINAP
co-localized with anti-coilin antibodies, indicating that the structures
are Cajal bodies. This is consistent with the original observation that
hCINAP interacts with coilin in the yeast two-hybrid assay.

We next tested whether hCINAP and coilin interact directly using
purified, tagged recombinant proteins (Fig. 6). A GST-tagged form of
hCINAP was constructed, expressed in E. coli, and incubated together
with E. coli-expressed hexahistidine-tagged coilin for 30 min at room
temperature in the presence of 0 -3 mm ATP (Fig. 6, A and B). Following
incubation, the proteins were mixed with glutathione-Sepharose beads,
the beads were collected by centrifugation, washed, and bound and
unbound fractions were separated by SDS-PAGE (Fig. 6A4) and then
transferred to nitrocellulose and probed with an anti-coilin antibody
(Fig. 6B). This shows that His¢-coilin was recovered in the pellet fraction
only when incubated in the presence of GST-hCINAP, consistent with
a direct interaction between the two proteins (Fig. 6, A and B, compare
lanes 1-4 with the negative control in lanes 5 and 6, arrows indicate
Hisg-coilin). In the negative control lacking GST-hCINAP, all of the
His,-coilin was recovered in the supernatant fraction (lanes 7 and 8).
Although hCINAP contains a predicted ATP-binding domain and
exhibits ATPase activity, no major change in the level of coilin bound to
hCINAP was observed using the concentrations of ATP tested. We
conclude that ATP does not inhibit binding between hCINAP and coilin
and that it is either not strictly required for binding, or it stimulates
binding at very low concentrations. To confirm that interaction
between hCINAP and coilin occurs also in mammalian cells, we tested
for binding of endogenous coilin to YFP-tagged hCINAP in transiently
transfected HeLa cells (Fig. 6C). Using a co-immunoprecipitation assay
with anti-fluorescent protein antibodies, we observe that coilin is recov-
ered in the antibody-bound fraction only in the presence of YFP-hCI-
NAP (compare lanes 3 and 5, arrow shows endogenous coilin). Taken
together, the data indicate strongly that hCINAP is a bona fide interac-
tion partner for coilin.

To test whether the hCINAP-coilin complexes in vivo contain any
other known coilin-interacting proteins or components of Cajal bodies
or other nuclear antigens, we repeated these immunoprecipitation
assays and screened the antibody-bound fractions with antibodies
against the ULA snRNP protein, fibrillarin, SMN, Sm, and Sp100 pro-
teins. In contrast with coilin, none of these factors were co-immunopre-
cipitated with CINAP (data not shown). From these results we infer that
the CINAP-coilin interaction is specific and does not involve the other
Cajal body proteins tested. To localize the domain of coilin sufficient for
interaction with hCINAP we constructed a series of progressively trun-
cated fragments of coilin and assayed for their interaction with full-
length hCINAP by the yeast two hybrid assay (Fig. 7). In addition to the
combination of full-length coilin and hCINAP only the combination of
full-length hCINAP and a construct of coilin containing its 214 carbox-
yl-terminal amino acids (residues 362-576, construct C1) was able to

(x-axis) and the number of nuclei (y-axis). Untransfected control nuclei (8.0 + 0.23 Cajal
bodies) (average = S.E.,n = 267) and YFP alone control nuclei (8.5 = 0.21,n = 288) do not
have significantly different numbers of Cajal bodies, whereas those nuclei transfected
with YFP-hCINAP (3.3 = 0.16, n = 221) have a reduced number of Cajal bodies per
nucleus. This difference was confirmed to be statistically significant by performing a
one-tailed t test (p < 0.0001).
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grow on quadruple selection medium and also displayed B-galactosid-
ase activity (Fig. 7A). This result indicated interaction between hCINAP
and the carboxyl-terminal coilin fragment that resulted in the activation
of the three independent reporter genes (auxotrophy to adenine and
histidine and B-galactosidase activity). The interaction was independ-
ently confirmed by in vitro translating the C1 coilin fragment in the
presence of [*°S]methionine, and testing whether it could be recovered
with glutathione-agarose beads after incubation with a lysate made from
bacteria expressing GST-tagged CINAP (Fig. 7B, lanes 4 and 5). As a
negative control, bacterial lysate carrying the GST-CINAP plasmid, but
not induced to express GST-CINAP (Fig. 7B, lanes 2 and 3) was also
incubated with the in vitro translated coilin fragment. As shown, the C1
fragment is recovered in the pellet of the glutathione agarose pull-down
only in the presence of GST-CINAP and is absent from the pellet when
GST-CINAP is not expressed. These results are consistent with and
strengthen the results from yeast two-hybrid assay presented above.
Finally, having established the connection between hCINAP and coi-
lin and mapped the CINAP interaction domain on coilin, we examined
whether altering the expression level of hCINAP in vivo might have a
corresponding effect on either coilin or Cajal bodies (Fig. 8). HeLa cells
were transiently transfected with plasmids encoding either full-length
YFP-hCINAP or YFP alone and the number of Cajal bodies, as detected
using an anti-coilin antibody, scored in more than 200 transfected and
200 non-transfected control cells. The transfected cells expressing YFP-
hCINAP were analyzed by direct fluorescence microscopy detection of
the YFP (Fig. 84). These data show that there is an approximate 3-fold
reduction in the average number of Cajal bodies per nucleus in the cells
that are transiently expressing exogenous hCINAP (Fig. 8B). To confirm
this finding, a similar experiment was performed using a myc-tagged
hCINAP construct, which also showed an approximate 3-fold reduction
in the number of Cajal bodies per nucleus (supplementary Fig. S3).
These data indicate that hCINAP expression levels can influence Cajal
body number and suggest that hCINAP may have a functional role in
modulating either the formation or stability of Cajal bodies.

DISCUSSION

Here we have identified a novel interaction partner for the Cajal body
marker protein, coilin, using a yeast two-hybrid assay with coilin as the
bait. The novel protein, termed hCINAP for human coilin interacting
nuclear ATPase protein, is highly conserved across its full-length in all
species examined, including yeast, plants, and invertebrates. In budding
yeast, the orthologue of hCINAP, termed Fap7p (23), is essential for
viability. hCINAP (whose nucleotide sequence had previously been
reported in cDNA sequencing studies (25-27)) is a predicted ATP-
binding protein that is not highly homologous to any other known pro-
teins, but the amino-terminal P-loop motif shows similarity to the
adenylate kinase family consensus motif. A very recent study (28)
reported the crystal structure of the same protein and proposed to des-
ignate it an adenylate kinase (AK®6). It was assigned to a distinct subfam-
ily due to its unusually broad substrate specificity and distinct structural
features as compared with known human adenylate kinase classes
AK1-5. Although in our view the assignment of hCINAP as a bona fide
adenylate kinase remains to be validated, our present data confirm its
status as an ATPase. We show here that recombinant hCINAP exhibits
high apparent affinity ATPase activity (K,, = 75.3 £ 5 umand V,,, =
1.27 = 0.2 wmol of ADP formed per min-mg).

Interestingly, hCINAP is expressed as an alternatively spliced tran-
script from the TAF9 locus on human chromosome 5 and shares the
two 5'-terminal exons with the mRNA encoding TAFIID;,, despite
there being no common amino acid sequences in the hCINAP and
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TAFIID,, proteins. Tagged hCINAP interacts with coilin in mamma-
lian cells and recombinant, E. coli-expressed hCINAP, and coilin bind
each other in vitro. hCINAP-coilin complexes in vivo do not contain
other known coilin-interacting proteins or Cajal body components,
including U1A, fibrillarin, SMN, Sm proteins, and Sp100. Hence the
interaction seems to be distinct and independent of the other proteins
tested. hCINAP appears to interact with the carboxyl terminus of coilin.
Itis interesting to note that earlier studies have shown that the carboxyl-
terminal 96 amino acids of human coilin seem to be capable of down-
regulating the number of Cajal bodies per nucleus (29). Furthermore,
post-translational modifications such as phosphorylation and methyla-
tion at the carboxyl terminus of coilin influence Cajal body assembly (8,
11). Here we report that the carboxyl terminus of coilin, which appears
essential for hCINAP-coilin interaction, also appears to influence Cajal
body formation and/or stability, because overexpression of hCINAP
causes a reduction in the average number of Cajal bodies in the nucleus
of HeLa cells. The combination of these findings suggests that carboxyl
terminus of coilin is important for the regulation of Cajal body number
in the nucleus of human cells both through its intrinsic properties
(structure and/or post-translational modifications) and also through
protein-protein interactions with other nuclear proteins (for example
hCINAP).

The hCINAP protein shows the hallmarks of a bona fide coilin-inter-
acting protein. This is evident in its biochemical properties, because it
interacts with coilin in all of the binding assays we have tested and is also
present in complexes containing coilin in vivo. Like coilin, it is also a
specifically nuclear factor. hCINAP is present in a widespread, diffuse
nucleoplasmic pool, excluding nucleoli, and shows some enrichment in
Cajal bodies, although not in all cells. Coilin is a marker protein for Cajal
bodies. However, although it is more obviously concentrated in Cajal
bodies than is evident for hCINAP, previous studies have shown that it
is still a minor fraction of the total pool of nuclear coilin that is located
within Cajal bodies at any one time (30). The majority of coilin is present
instead in a diffuse nucleoplasmic pool that dynamically exchanges with
the Cajal body fraction. It is possible that the hCINAP and coilin pro-
teins interact therefore mainly in the diffuse nucleoplasmic compart-
ment outside of Cajal bodies. The hCINAP protein was identified as a
putative coilin interaction partner using a yeast two-hybrid screen with
coilin as the bait. This same screen identified a number of other clones,
of which the best characterized to date corresponded to cDNAs encod-
ing nuclear import receptors of the importin a/karyopherin family (10,
22). The interaction of these factors with coilin in vivo is physiologically
significant, because they transport coilin into the nucleus. Nonetheless,
the interaction of these import receptors with coilin is transient, and
they do not colocalize with coilin in vivo. It remains to be established
whether hCINAP is a stable or transient interaction partner for coilin,
despite its ability to bind to coilin in vitro. One possibility that merits
future investigation is that coilin could be a substrate for hCINAP. For
example, the predicted ATP binding of hCINAP and its homology with
the adenylate kinase motif suggests that it may have kinase activity,
which is supported by our finding that hCINAP hydrolyzes ATP in vitro.
Consistent with this idea, coilin is known to be a phosphoprotein in vivo.
Alternatively, the binding of ATP to hCINAP might affect its confor-
mation and regulate its participation in specific complexes and/or
activity.

The primary amino acid sequence of hCINAP is highly conserved,
and its orthologue in budding yeast shows 41% identity and ~62% sim-
ilarity across its full length. As expected for such a highly conserved,
single copy gene, knock-out of the gene in budding yeast is lethal, indi-
cating that it has an essential and non-redundant function in the cell.
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The lethal phenotype of the budding yeast CINAP orthologue has been
reported previously in a study of the transcriptional control of genes
regulated in response to oxidative stress (23). The yeast POS9/SKN7
gene encodes a transcription factor that is required for the induction of
genes activated upon oxidative stress. Juhnke et al. (23) conducted a
screen for mutants in budding yeast that failed to activate a POS9-de-
pendent reporter gene and thereby identified a gene they termed FAP7
(Factor activating Pos9p), which corresponds to the S. cerevisiae ortho-
logue of hCINAP. They showed that Fap7/scCINAP, encoding a nuclear
protein, is an essential gene in yeast and further showed that strains
containing the mutant allele fap7-1, which is viable, fail to activate spe-
cifically oxidative stress-dependent genes, but not genes responding to
other forms of stress. The fap7-1 allele results from a point mutation
converting the conserved Gly-19 to Ser within the adenylate kinase-like
P-loop motif. At present it is not clear by what mechanism Fap7p/
scCINAP influences POS9 function or whether the effect results from a
direct or indirect interaction.

Considering the implication from the analysis of Fap7p in yeast that
hCINAP may play a role in the transcriptional control of oxidative
stress-regulated target genes, it is interesting that we find here that
hCINAP is encoded as an alternative transcript from the TAF9 locus
that also encodes a basal transcription factor subunit. The TFIID com-
plex is a multisubunit general transcription factor comprising the
TATA box-binding protein TBP and multiple TBP-associated factors,
called TAFs (31). It binds to the TATA box element and helps to recruit
the TFIIB and TFIIF components of the transcription machinery, form-
ing a protein-DNA complex (preinitiation complex) to which RNA
polymerase II subsequently binds. The TAF9 locus on human chromo-
some 5 encodes a 32-kDa TAFIID subunit (TAFIID,,). We show here
that the coilin-interacting protein hCINAP is encoded by an alterna-
tively spliced transcript from this same TAF9 locus and shares the first
2 exons with TAFIID,, at the 5’ terminus of both mRNAs. However,
because translation of TAFIID,, initiates at an internal ATG codon
downstream of the first 2 exons that are shared with hCINAP, with a
concomitant shift in the reading frame of TAFIID,, as compared with
the reading frame used by hCINAP, the respective translation products
of hCINAP and TAFIID,, share no common amino acid sequences.
Furthermore, alignment of hCINAP and TAFIID,, protein sequences
shows that they are unrelated. This represents an unusual situation
where two alternative transcripts from the same gene encode com-
pletely distinct protein products and is conserved in mammals but not
other vertebrates. We observe that a similar ratio of hCINAP and
TAFIIDs, transcripts is expressed in all the human tissues and cell lines
tested, consistent with their being coordinately regulated. However,
although the lack of sequence relationship does not exclude hCINAP
from playing a possible role in some aspect of transcriptional regulation
or related mechanisms, at present there is no direct evidence that
hCINAP is a transcription factor. We note that in the genome anno-
tation provided by Ensembl the hCINAP transcript is called “tran-
scription factor TAFIID,,,” reflecting its genetic relationship with
the known transcription factor TAFIID,,. Based on our present data,
we suggest that it is premature to assign the function of “transcrip-
tion factor” to hCINAP. Nonetheless, it is possible that hCINAP
could be a transcription factor and still play other roles. For example,
several nuclear factors have been shown to play dual roles in tran-
scription and RNA binding or processing, including TFIIIA and
WT1 (for review see Ref. 32). The role of hCINAP as a coilin inter-
action partner could be consistent with possible connections to
either transcription or RNA-processing mechanisms, or both. Thus
Cajal bodies play a role as sites of RNA-protein complex maturation
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and RNP assembly (1). However, they also contain several transcrip-
tion factors and have been shown to associate with, and potentially
regulate the activity of, specific gene loci, including histones and U
snRNA genes (2—4). Future studies will address further the potential
role of hCINAP in Cajal body assembly and function.
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hCINAP is an atypical nucleoplasmic enzyme, combining structural features of adenylate kinases
and ATPases, which exhibits dual enzymatic activity. It interacts with the Cajal Body marker coilin
and its level of expression and enzymatic activity influence Cajal Body numbers. Here we show that
upon specific transcriptional inhibition of RNA pol.Il, hCINAP segregates in perinuclear caps identi-
fied as Dark Nucleolar Caps (DNCs). These are distinct from perinucleolar caps where coilin and
fibrillarin (both Cajal Body components) accumulate. In DNCs, hCINAP co-localizes with Paraspeckle
Protein (PSP1) and also co-segregates with PSP1, and not coilin, in nuclear and nucleolar foci upon

UV irradiation.
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1. Introduction

Human Coilin Interacting Nuclear ATPase Protein (hCINAP) is a
nuclear factor, originally identified as a protein interacting with
the Cajal Body marker protein, p80 coilin [1]. hCINAP exhibits sev-
eral unusual or unique properties. First, the hCINAP mRNA is an
alternatively spliced transcript from the TAF9 locus, which also en-
codes the basal transcription factor TAFIIDs,, although the two pro-
teins have no identity in their sequence due to differential usage of
ATG starting codons and reading frames in the translation of the
alternative transcripts [1]. Second, crystallographic analysis shows
that while hCINAP has a structure typical for an adenylate kinase
(AK), it also contains features characteristic of ATPase/GTPase pro-
teins. Furthermore, it displays dual enzymatic activity of both an
atypical AK, with unusually broad substrate specificity, and of an
ATPase, an activity not reported for any other human adenylate ki-
nase [2,3]. Intriguingly, His79, a B-motif amino acid residue, is cru-
cial for the regulation of hCINAP’s dual enzyme selectivity, in
response to intracellular substrate concentration [3].

Abbreviations: DRB, 5,6-dichloro-p-p-ribofuranosylbenzimidazole; GFP, green
fluorescent protein; hCINAP, human coilin-interacting protein; PSP1, Paraspeckle
Protein 1; RT-PCR, reverse transcription-polymerase chain reaction
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At steady state hCINAP has a diffuse nucleoplasmic localization,
excluding nucleoli, and although it does not concentrate in Cajal
Bodies (CBs), its levels of expression and also its enzymatic activity
influence CB organization. Specifically, overexpression of hCINAP
decreases the average number of CBs per nucleus [1], while deple-
tion of hCINAP causes defects in CB formation and redistribution of
CB components [4]. Expression of an hCINAP mutant with His79
changed to Gly deregulates CB number, both increasing the average
number of CBs per nucleus and also dramatically altering the fre-
quency distribution of CBs, with numbers ranging from 0 to 30
per cell rather than 1-7 as seen when wild-type hCINAP is exoge-
nously expressed [3]. Cajal Bodies are conserved nuclear organelles
that serve as macromolecular assembly platforms (scaffolds), facil-
itating the maturation of splicing snRNPs and snoRNPs and other
small nuclear RNPs involved in nuclear metabolic processes [5-8].

These findings have highlighted the putative importance of
hCINAP in nucleotide homeostasis in the mammalian nucleus
and in the assembly and/or stability of CBs. The challenge remains
however to elucidate what is the mechanism through which hCIN-
AP can impact on nuclear organization and eventually what is the
biological function that is associated with hCINAP’s AK and ATPase
activity in the nucleus, where movement or assembly of chromatin
and nuclear organelles are ATP-dependent processes [9,10]. In this
study we present new findings on hCINAP’s role in nuclear dynam-
ics and organization.

0014-5793/$36.00 © 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
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2. Materials and methods
2.1. Cell culture and drug treatments

HeLa cells were cultured in GMax-DMEM (Invitrogen) supple-
mented with 10% fetal bovine serum and 100 U/ml penicillin-
streptomycin at 37 °C with 5% CO,.

DRB (5,6-dichloro-B-p-ribofuranosylbenzimidazole) was added
at a final concentration of 25 or 50 pg/ml and Actinomycin D at
0.04 pg/mlor 1 pg/ml. Cells were incubated for 3 h before sampling.

2.2. UV-C irradiation

Semiconfluent cells were washed with PBS and the medium
was collected and kept at 37 °C. The cells were irradiated in a UV
Stratalinker 2400 oven at 254 nm with 30 J/m?. The saved medium
was added back and cells were incubated for 6 h, prior to micro-
scopic examination.

2.3. Generation of HeLa®™"“NAP stable cell lines

For the establishment of HeLa®f"h¢INAP 5,5 of EGFP-hCINAP
plasmid [circular (C) or linear (L)] was transfected into a 6 cm dish
of Hela cells using Lipofectamine 2000 (Invitrogen). After 18 h,
cells were split at different dilutions (1:10-1:500) and medium
containing 400 pg/ml G418 was added to select for cells that had
stably incorporated the plasmid into their genomic DNA. After
14 days, visible colonies were picked, subcloned and expanded
for biochemical and microscopic analyses.

2.4. Antibodies

Primary antibodies were: rabbit anti-hCINAP [1:1000 for Wes-
tern blot (WB) and 1:800 for immunofluorescence (IF)] [1], mouse
monoclonal anti-coilin 5P10 (1:50, IF) [11], rabbit anti-PSP1_48
(1:250, IF) [12], mouse monoclonal anti-fibrillarin AFBO1 (1:200,
IF, tebu-bio), mouse anti-GFP (1:1000, WB, Roche), mouse mono-
clonal anti-dynein (1:600, WB, Santa Cruz) and mouse monoclonal
anti-o¢ tubulin T5168 (1:6000, IF, Sigma). Secondary antibodies
were: TRITC-conjugated goat anti rabbit IgGs (1:500, Jackson
ImmunoResearch Laboratories), goat Cy5 anti mouse IgG (1:100,
Jackson ImmunoResearch Laboratories), donkey Alexa Fluor 568
anti-rabbit IgG (1:600, Molecular Probes), donkey Alexa Fluor
555 anti-mouse IgG (1:1500, Molecular Probes), goat Alexa Fluor
350 anti-mouse IgG (H+L) (1:100, Molecular Probes), sheep HRP
anti mouse IgG (1:6000, Amersham Pharmacia Biotech) and don-
key HRP anti rabbit IgG (1:30 000, Santa Cruz). Nuclei were stained
with Hoechst 33342 (0.5 pg/ml, Invitrogen).

2.5. Immunofluorescence microscopy

Immunofluorescence labeling was performed as previously de-
scribed [3]. Deconvoluted fluorescent images were acquired with a
Deltavision Restoration Microscope (Applied Precision) and a
Micromax KAF1400 (Kodak) camera, and conventional fluorescent
images with a C. Zeiss Axiovert 200M inverted fluorescence micro-
scope equipped with an AxioCam MRm camera, using a x63 1.3 or
x 100 oil Plan-Apochromat objective lenses.

2.6. Reverse transcription-polymerase chain reaction (RT-PCR)

Poly A* RNA from HeLa cultures was purified with the RNeasy
Mini Kit (Qiagen) and cDNA was reverse transcribed from 2 pg of
RNA using the Protoscript Kit (New England Biolabs). For the detec-
tion of endogenous hCINAP (excluding GFP-hCINAP) by

semi-quantitative PCR, the upstream primer CINAP5UTR
(gtagagcaaagggcacgtgagcgag) and the downstream CINAPRV
(ccggaattcttaagtagctagecttataag) were used (product size 620 bp).
For the detection of GFP-hCINAP (excluding endogenous hCINAP)
the upstream primer GFPUP (ctcgtgaccaccctgacctac) was used in
conjunction with primer CINAPRV (product size 1055 bp). The
amplification of house keeping gene Pumilio 1 (PUM1) with prim-
ers PUM1UP (tgggaacaagagggcatctg) and PUM1RV (tgaggtgtgcac-
catgaac) (product size 186 bp), was used as an internal reference
reaction to normalize reaction conditions across samples. A mock
RT reaction (2 pug of RNA, no reverse transcriptase) was used as
negative control.

2.7. Cell cycle analysis by flow cytometry and analysis of mitotic
progression by microscopy

To analyze cell cycle progression, cells in exponential growth
were fixed with 70% ethanol for 2 h, stained for DNA content with
propidium iodide, scored for their fluorescence on a FACSVantage
SE and analyzed for their cell-cycle distribution using ModFit (Ver-
ity Software House).

The determination of the percentage of mitotic cells (mitotic in-
dex) and their assignment to mitotic subphases (n = 6000 cells) was
performed by visual analysis using fluorescence microscopy of cells
immunofluorescently labeled for o-tubulin and counterstained
with Hoechst 33342. Statistical significance was assigned by two-
way ANOVA analysis with Bonferroni post-test (GraphPad Prism).

3. Results and discussion

As a starting point, we constructed a HeLa cell line stably
expressing GFP-hCINAP, following integration into the genome.
Two stable clones, designated 33C and 62L, were pursued after
purification with limiting dilution and expansion. Both stable
clones displayed correct nuclear localization of GFP-hCINAP
(Fig. 1A1, A2, B1, and B2, respectively), identical to GFP-hCINAP
localization observed after transient transfection (Fig. 1C1 and
C2) and also identical to endogenous hCINAP (Fig. 1D1 and D2).
The level of expression of GFP-hCINAP was markedly greater in
clone 33C compared with 62L, as assessed by fluorescence micros-
copy (note that exposure time in Fig. 1A1 is seven times lower than
in B1) and confirmed (a) by RT-PCR, using oligonucleotide primers
that would specifically amplify the GFP-hCINAP transcript (Fig. 1E,
top panel) and (b) by Western immunoblotting, using anti-GFP tag
antibodies (Fig. 1F, middle left panel) and anti-hCINAP antibodies
(Fig. 1F, middle right panel). Expression levels of endogenous hCIN-
AP transcript and endogenous protein in both clones were compa-
rable to wild-type HelLa cells (Fig. 1E, middle panel; Fig. 1F, bottom
right panel) while expression of GFP-hCINAP protein in clone 33C
was much higher than that of endogenous hCINAP protein (note
that the exposure time of right top immunoblot panel in Fig. 1F
is half of that in the right bottom panel). We further characterized
clones 33C and 62L, by evaluating their cell cycle profiles (Suppl.
Fig. S1 and Suppl. Table 1), quantifying their mitotic indexes and
mitotic phase distribution (Suppl. Fig. S2), and measuring the num-
ber of nuclei per cell (data not shown). There were minor differ-
ences in both clones as compared with wild-type cells, most
notably a small increase in the percentage of aneuploid cells (Sup-
pl. Fig. S1 and Suppl. Table 1) and small fluctuations in the distri-
bution of cell cycle or mitotic subphases (Suppl. Fig. S2).
However, both stable clones maintained a robust proliferation rate,
normal morphology, stable expression and correct localization of
hCINAP. Stable clone 33C was utilized for subsequent experiments.

We subjected clone 33C cells to transcriptional arrest, using
Actinomycin D at a concentration that causes inhibition of both
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B1. B2. C1. C2. D.

stable cell line stable cell line GFP-hCINAP endogenous
GFP-hCINAP 33C GFP-hCINAP 62L transient hCINAP
E. F. GFP-hCINAP GFP-hCINAP
GEP-hCINAP kDa HeLa  33C 62L HeLa  33C 62L
Kb HeLa 33C 62L 33C-RT 55 — s, 55 ¢ GFP-NCINAP
1.2
1.0 GFP-hCINAP 43 43
-
0.6 hCINAP endog. 34 34
anti-GFP ab anti-CINAP ab
02 PUM1
—  — —
diﬁeT: Rl —_— _— 26 =hCINAP endog.
anti-dynein ab anti-CINAP ab

Fig. 1. Generation of stable cell lines. Expression of GFP-hCINAP in stable cell line 33C (A1 and A2), in stable cell line 62L (B1 and B2), or after transient transfection (C1 and
C2), and endogenous hCINAP as detected by antibody staining (D1 and D2). Green panels represent GFP-hCINAP fluorescence or secondary antibody labeling (D1) and nuclei
were labeled with Hoechst 33342 (blue panels). Scale bar 10 um. (E) Detection by RT-PCR of the cDNA of GFP-hCINAP (top panel), endogenous hCINAP (middle panel), and
equivalent reactions for house keeping gene PUM1 as internal control (bottom panel), in the stable cell lines 33C and 62L. (F) Detection of GFP-hCINAP protein and of
endogenous hCINAP by Western immunoblot in the stable cell lines 33C and 62L by anti-GFP and anti-hCINAP antidodies, as indicated. Detection of dynein was used as
internal loading control. Endog.: endogenous. All four blot panels derive from two identical SDS-PAGE gels that were run simultaneously but cut and probed with different
antibodies. Exposure time for right bottom panel is 20 s and for all other panels 10's.

GFP-hCINAP DNA overlay

ActD

Control

Fig. 2. GFP-hCINAP segregates in perinucleolar caps. (A) Transcriptional inhibition of RNA pol.Il with Actinomycin D (1 pg/ml) causes the formation of GFP-hCINAP
perinucleolar caps (arrows) and intranucleolar inclusions (arrowheads). GFP-hCINAP in green, nuclei in blue. (B) Equivalent control samples. Scale bar 5 pm.

RNA pol.Il and pol.I (1 pg/ml), and observed a reproducible segre- arrowheads, typically in >80% of treated cells). We confirmed that
gation of at least part of the nucleoplasmic GFP-hCINAP to perinu- this phenotype was also detectable with endogenous hCINAP in
cleolar caps and intranucleolar inclusions (Fig. 2, arrows and wild-type Hela cells (Suppl. Fig. S3). These perinucleolar caps were
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reminiscent of typical structures formed upon either physiological
or experimentally-induced transcriptional arrest in mammalian
cells [13,14]. In such conditions, the nucleolar, nucleoplasmic and
nuclear body proteins and RNAs segregate and specifically relocal-
ize into different nuclear subdomains, including distinct types of
perinucleolar caps [10]. The most prominent of such caps are the
so-called Dark Nucleolar Caps (DNCs) and the Light Nucleolar Caps
(LNCs) [10]. Because of the known interaction of hCINAP with p80
coilin [1] and since coilin has been shown to segregate into LNCs
during transcriptional arrest [15,16], we carried out double label-
ing for GFP-hCINAP and coilin to test whether the two proteins
would be co-localized in the perinucleolar caps (Fig. 3A). In paral-
lel, we also performed double labeling for GFP-hCINAP and fibrill-
arin (Fig. 3B), a nucleolar and Cajal Body component, also known to
segregate to LNCs [10] and colocalizing with coilin when transcrip-
tion is inhibited [17,10]. Surprisingly, in both sets of experiments,
the lack of co-localization of GFP-hCINAP with coilin or fibrillarin
(Fig. 3A and B, see also Suppl. Fig. 3 for endogenous hCINAP and
Suppl. Fig. S4 for controls) indicated that (a) despite hCINAP’s
interaction with coilin, the two proteins segregated differentially,
and (b) the perinucleolar caps containing hCINAP were not LNCs.

GFP-hCINAP coilin
GFP-hCINAP fibrillarin

PSP1

Paraspeckle Protein 1 (PPS1) is a marker protein of the nuclear
organelle Paraspeckles and when RNA pol.Il is inhibited it accumu-
lates in perinucleolar caps [18] that have positively been identified
as DNCs. Hence PPS1 can serve as a marker for DNCs following
transcriptional inhibition [10]. Further analysis demonstrated that
GFP-hCINAP and PPS1 co-localized in the same perinucleolar caps,
therefore identifying these caps as DNCs (Fig. 3C).

Because a high concentration of Actinomycin D causes a simul-
taneous inhibition of both RNA pol.I and pol.ll, we sought to better
characterize the co-segregation of hCINAP and PSP1 in DNCs. We
utilized DRB, a widely used nucleoside analog that inhibits certain
CTD kinases (carboxyterminal domain kinases) and affects positive
and negative RNA pol.Il elongation factors, thus acting as a specific
inhibitor of RNA pol.Il transcription. First, treatment of 33C cells
with DRB, confirmed co-localization of GFP- hCINAP and PSP1 in
DNCs, typically in >80% of treated cells (Fig. 4A for double GFP-
hCINAP/PSP1 labeling). Including anti-fibrillarin as a nucleolar
marker in triple labeling experiments, we also confirmed, as before
with Actinomycin D, absence of co-localization of GFP-hCINAP/
PSP1 with fibrillarin-positive fragments, resulting from the segre-
gation of the nucleolus (Fig. 4B, enlarged detail in inset, and

DNA

overlay

overlay

GFP-hCINAP

Fig. 3. GFP-hCINAP co-segregates with PSP1 in DNC, and not LNC, perinucleolar caps and intranucleolar inclusions upon transcriptional inhibition. HeLa 33C stable cell line
was treated with Actinomycin D (1 pg/ml). Red panels: HeLa 33C stable cell line probed with antibodies coilin (A); fibrillarin (B); PSP1 (C); green panels: GFP-hCINAP
fluorescence. Blue panels: nuclei labeled with Hoechst 33342. Equivalent control samples are shown in Suppl. Fig. S4. Scale bars 5 pm.

overlay
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A GFP-hCINAP PSP1
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()

Control

Fig. 4. Co-localization of GFP-hCINAP with PSP1 is specific to inhibition of RNA pol.Il. (A) Double labeling of HeLa 33C stable cell line, treated with DRB. GFP-hCINAP
fluorescence in green, PSP1 labeling in red and nuclei in blue. (B) Triple labeling of HeLa 33C, treated with DRB, showing GFP-hCINAP fluorescence (green), PSP1 (red) and
fibrillarin (blue). The extracted area from the overlay image (dotted rectangle) is shown magnified in the inset and illustrates that fibrillarin-positive fragments of the
nucleolus (blue) are in close proximity or in contact with but are distinct from co-segregated GFP-hCINAP (green) and PSP1 (red) caps. Note that segregation of the nucleolus,
resulting from DRB treatment, has a less compact and more spread-out morphology, compared with the typical morphology resulting from Actinomycin treatment (as also
documented in the literature [22-24]). (C) Equivalent examples as in B from control samples. Scale bar 5 pm.

A GFP-hCINAP PSP1 coilin overlay

uv

Control

Fig. 5. GFP-hCINAP co-segregates with PSP1 but not with coilin following UV-irradiation. (A) GFP-hCINAP and PSP1 co-localization in nuclear and intranucleolar foci
indicated with arrows. HeLa GFP-hCINAP fluorescence in green, PSP1 labeling in red and coilin labeling in blue. (B) Equivalent control samples. Scale bar 5 um.

Fig. 4C for equivalent controls). Furthermore, when Actinomycin D inhibit RNA pol.l, we observed that GFP-hCINAP did not form
was used at a low concentration (0.04 pg/ml), known to only perinucleolar caps or co-segregate with PSP1 (Suppl. Fig. S5).

Please cite this article in press as: Malekkou, A., et al. The nuclear ATPase/adenylate kinase hCINAP is recruited to perinucleolar caps generated upon RNA
pol.Il inhibition. FEBS Lett. (2010), doi:10.1016/j.febslet.2010.10.044



http://dx.doi.org/10.1016/j.febslet.2010.10.044

6 A. Malekkou et al./FEBS Letters xxx (2010) Xxx-xxx

These combined experiments therefore revealed that the re-dis-
tribution of hCINAP from its nucleoplasmic distribution to DNCs
and its co-segregation with PSP1, recruited from the disassembled
Paraspeckles, is specific to transcriptional arrest caused by RNA po-
LI inhibition.

We next tested whether the co-segregation of the hCINAP and
PSP1 proteins was a phenomenon that was only associated with
transcriptional arrest, or if it also resulted from stress responses
known to affect nuclear dynamics. UV-C irradiation, for instance,
causes the disassembly of Cajal bodies to nuclear microfoci and dif-
ferentially redistributes a subset of CB components [19]. Interest-
ingly, when we subjected 33C cells to UV-C irradiation (254 nm
at 30 J/m?) for 6 h, we found that GFP-hCINAP did not form perinu-
cleolar caps but, instead, formed large rounded nuclear structures
as well as small nuclear and intranucleolar foci. GFP-hCINAP and
PSP1 were again co-localized in both nuclear and intranucleolar
foci, which were, however, distinct from the coilin-containing
microfoci resulting from UV-fragmentation of Cajal Bodies
(Fig. 5A, compare with control panels in Fig. 5B).

We have therefore observed that under two physiological con-
ditions, i.e. RNA pol.ll-specific transcriptional arrest and UV-in-
duced DNA damage, hCINAP redistributes, at least partly, from its
nucleoplasmic localization to different nuclear or intranucleolar
compartments where, in both cases, it co-localizes with PSP1 that
has relocated from disassembled Paraspeckles. It is unusual for a
nucleoplasmic protein, such as hCINAP, to redistribute in this
way as a previous analysis of >70 endogenous nucleoplasmic pro-
teins has shown that most retained their original localization and
were not compartmentalized upon transcriptional arrest [10].

While the differential redistribution of nucleolar components in
transcriptional inhibition is now well established, our findings
underline that segregation of different nuclear bodies involves a
concerted process of specific redistribution of individual compo-
nents into new compartments (such as the different types of per-
inucleolar caps) that includes the formation of new protein
associations, as seen here between hCINAP and PSP1. We have
not detected direct in vitro interaction between these two proteins
(our unpublished observations), but transient or low affinity
in vivo interaction could occur or these proteins may also associate
indirectly via other partner proteins. Such interactions may take
place in the nucleoplasmic fraction of these proteins in vivo, may
be critical for self-assembly of functional complexes in the nucleus
and may get stabilized in perinucleolar caps when transcription is
inhibited.

Perinucleolar DNCs, where PSP1 and hCINAP transiently associ-
ate under conditions of RNA pol.Il arrest, mostly contain proteins
associated with RNA pol.Il transcription [10]. Intriguingly however,
both PSP1 and hCINAP also appear to have distinct topological or
functional relationships with the nucleolus. PSP1 continually traf-
fics through nucleoli, despite its distinctive steady-state enrich-
ment within Paraspeckles, a fact that explains its original
identification in the nucleolar proteome [18,20]. Additionally,
Fap7, a yeast ortholog of hCINAP, has been found to be essential
specifically for the cleavage of the 20S pre-rRNA from pre-40S par-
ticles and directly interacting with ribosomal protein RPS14 [21].
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ABSTRACT

Human Coilin Interacting Nuclear ATPase Protein (hCINAP) directly interacts with coilin, a
marker protein of Cajal Bodies, nuclear organelles involved in the maturation of small nuclear
ribonucleoproteins UsnRNPs and snoRNPs. hCINAP has previously been designated as an
adenylate kinase (AK6), but is very atypical as it exhibits unusually broad substrate
specificity, structural features characteristic of ATPase/GTPase proteins (Walker motifs A
and B) and also intrinsic ATPase activity. Despite its intriguing structure, unique properties
and cellular localisation, the enzymatic mechanism and biological function of hCINAP have
remained poorly characterised. Here, we offer the first high-resolution structure of hCINAP in
complex with the substrate ADP (and dADP), the structure of hCINAP with a sulfate ion
bound at the AMP binding site, and the structure of the ternary complex hCINAP-Mg**ADP-
Pi. Structural analysis and induced-fit docking calculations suggest a functional role for His79
in the Walker B-motif. Kinetic analysis of mutant hCINAP-H79G indicates that His79 affects
both AK and ATPase catalytic efficiency and may also have a regulatory role in the selection
of catalytic activity (AK vs. ATPase). In addition, we show that in vivo expression of
hCINAP-H79G in human cells is toxic and drastically deregulates the number and appearance
of Cajal Bodies (CBs) in the cell nucleus. These findings suggest that h\CINAP may be a key
molecule influencing homeostasis of nuclear nucleotides and possibly affecting the network
of critical interactions, energy requirements or substrate phosphorylations involved in the

assembly/disassembly process of Cajal Bodies in the nucleus of human cells.

Keywords: Crystal structure; Adenylate kinase 6; ATPase; Coilin; Cajal Bodies
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INTRODUCTION

Adenylate kinase (AK; phosphotransferase; EC 2.7.4.3) is an abundant enzyme class,
catalysing the interconversion of ATP, ADP, and AMP, according to the reversible reaction:
Mg**ADP + ADP <> Mg’*ATP + AMP. The adenylate kinase system is able to provide ATP
rapidly during intense activity and thus regarded as a reserve energy system used to
regenerate ATP from ADP under energy stress conditions.

Five AK isoforms (AK1-5) with various substrate specificities and tissue distributions
are known in vertebrates'*~*°. These isoforms localize to the cytoplasm (AK1 and AK5) or
mitochondria (AK2, AK3 and AK4). They are key enzymes in nucleotide homeostasis,
maintaining the physiological nucleotide ratios in different cell compartments and cell types.
Structurally, AKs are typical o/p proteins sharing a common architecture that is consistent
with a B-sheet CORE domain, bearing a phosphate binding loop (P-loop), and two flanking
mobile domains called the LID and NMP bind domains®. hCINAP (Human Coilin Interacting
Nuclear ATPase Protein), or also assigned as AK6 because of its AK activityz, has unique
properties relative to the known AKs: it exhibits unusually broad substrate specificity?,
displays intrinsic ATPase activity', has a nuclear localisation'and possesses a number of
atypical structural features for an adenylate kinase, namely a Walker B motif and a metal-
coordinating residue, highly conserved and typical among the members of the
ATPase/GTPase superfamily”®*'°. The question therefore of its enzymatic classification as
an AK, as well as certain aspects of its enzymatic activity and structure, still remain
unresolved for hCINAP.

So far, hCINAP orthologs have been identified in yeast (Fap7), C. elegans (cAK6)
and D. melanogaster (AAK6)'". In C. elegans, knockdown of the cAK6 gene results in growth
suspension'?. In yeast, Fap7p" interacts with ribosomal protein RPS14 and appears to be
involved in pre-rRNA processing: a Walker B motif mutant (D82AH84A) is unable to cleave
the 20S pre rRNA from 40S pre-rRNA particles'®. In human cells, hCINAP was shown to
interact directly with the carboxyl terminal tail of coilin, a marker protein of Cajal Bodies
(CBs), which are nuclear organelles involved in the maturation of UsnRNPs and snoRNPs en
route to their sites of function in the nucleoplasm and nucleolus'. Furthermore,
overexpression of hCINAP causes a decrease in the average number of CBs per nucleus in
human cells'. Despite these intriguing associations with RNA metabolism in the nucleus, the
functional role of hCINAP is also still poorly defined.

The unique localization and structural features of hCINAP, indicating an atypical dual

enzymatic activity and its undefined biological function prompted us to undertake this
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investigation. We present here the structural analysis of hCINAP in complex with ADP,
dADP, SO4* and Mg " ADP-PO,’ and also provide a model for the hCINAP-Mg”>*ATP-AMP
complex. We characterize the dual ATPase and AK activity of hCINAP by kinetic analysis
and with site-directed mutagenesis in residue H79 within VIVDYHG, a functional Walker B
motif (hhhDXXG), uncover the effect of this mutation in its kinetic properties and enzymatic
mode. Furthermore, we demonstrate that an H79G mutation in vivo, has striking effects in the

formation of Cajal Bodies in the nucleus of human cells.
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MATERIALS AND METHODS

Cell Line — HeLa cells were cultured in DMEM, containing 10% v/v fetal calf serum
(Gibco/BRL), 2 mM L-glutamine and 50 U/ml of penicillin/streptomycin, and maintained at
37 °C in 5% COs,.

Antibodies — The following primary antibodies were used for immunofluorescence: Mouse
anti-coilin 84 monoclonal antibody (mab) 5P10 TC at 1:50 dilution, mouse anti-PML Bodies
mab P6-M3 at 1:100 (Santa Cruz Biotech.) and mouse anti-fibrillarin mab AFBO1 at 1:200
(tebu-bio). Secondary antibodies (Molecular Probes) were: Alexa Fluor 555 donkey anti-
mouse IgG, Alexa Fluor 568 goat anti-rabbit IgG, both at 1:1500 dilution.

Immunofluorescence — Immunofluorescence was carried as described by Santama et. al.,
1998" and labeled cells were analysed on a Zeiss Axiovert 200M inverted fluorescence
microscope, equipped with a Zeiss AxioCam MRm camera and Zeiss Axiovision 4.2

software, using a Zeiss Apochromat x63 1.3 oil lens.

Transient Transfections and Statistical Analysis — Exponentially growing HeLa cultures were
harvested and replated onto coverslips 24 h prior to transfection. Transfections were carried
out using a Ca*" / PO, precipitation protocol'. At 24 and 36 h post transfection, coverslips
were retrieved for immunofluorescence and microscopic analysis. For analysis of the Cajal
Bodies phenotypes, random fields of cells were scored for the number of CBs per nucleus (as
revealed by coilin immunostaining) from three independent experiments (n=571 for GFP-
hCINAP-H79G, n=1439 for GFP-hCINAP-WT and n=1072 for mock-transfected cells). Data
processing was performed in Excel (Microsoft Corp.) and statistical tests undertaken in Prism
(GraphPad Software, Inc.). The mean CB number (+sample standard deviation) was
calculated and statistically tested by Welch’s t-test. A histogram of the number distribution
was generated for each construct and the distributions compared by 2-way ANOVA. P values
<0.05, 0.01 and 0.001 were assigned as significant, highly and extremely significant,

respectively.

Construction of Bacterial Expression Vectors — hCINAP cDNA was subloned as a
BamHI/Sall fragment from pGEX-4T-1-hCINAP [described by Santama et al., 2005'] into
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bacterial expression vector pPGEX-6P-3 (Amersham Biosciences). The hCINAP-H79G mutant
was generated using the QuikChange site-directed mutagenesis kit (Stratagene) and confirmed

by DNA sequencing (MWG, Germany).

Bacterial Expression and Purification of Recombinant Proteins — For recombinant protein
expression, competent E. coli B834(DE3)pLysS (Novagen) were transformed with pGEX-6P-
3-hCINAP or pGEX-6P-3-hCINAP-H79G, cultured at 37 °C until ODgy was 0.4-0.5 AU,
induced with 0.5 mM isopropyl B-thiogalactopyranose (IPTG, Sigma) and grown at 18 °C
overnight. Cells were lysed in lysis buffer [SO mM Tris-HCI pH 8.2, 0.2 M NaCl, 0.5 mM
DTT, 0.5 mM PMSF, and a mixture of protease inhibitors (Roche)] and disrupted by
sonication. The cell lysate was clarified (130,000 x g at 4 °C for 30 min), the cleared
supernatant was affinity purified onto a GSTrap 4B column (GE Healthcare), followed by on-
column cleavage of the GST tag by injection of 3C protease, performed as described by Dian
et al, 2002'°. The eluate was concentrated by ultrafiltration and further purified by gel
filtration chromatography on a 150-ml Superdex 75 (GE Healthcare) column. Fractions
containing the hCINAP monomer were pooled, concentrated to 14 mg/ml and used for
crystallization experiments. Additionally, purified proteins were desalted by dialysis against

20 mM Tris, pH 7.5 and used for AK or ATPase assays.

AK Assays — AK assays were performed on a dual-beam Cary 100 conc UV/VIS
spectrophotometer. The rate of S-NADH disappearance was monitored at 340 nm by
simultaneous measurement of test and reference cell absorbance. Reference samples,
containing reaction mixture without hCINAP, were used to automatically subtract background
absorbance, mainly attributable to the ATPase activity of pyruvate kinase and nonenzymatic
ATP hydrolysis. The AK activity of hCINAP with respect to ATP was measured in the
presence of 0.3 mM AMP. The final assay mixture (0.2 ml) consisted of 100 mM Tris-HCI,
pH 7.5, 60 mM KCl, 0.21 mM B-NADH, 1 mM PEP, 5 mM MgCl,, 11.4 U/ml PK (Sigma),
10.6 U/ml LDH (Sigma), 20 pg hCINAP, 0.3 mM AMP and 0.01-1.0 mM ATP.

The effects of the AK-specific inhibitor, APSA, were determined in the presence of
0.33 mM ATP, 0.3 mM AMP and 1-120 nM AP5A.

All kinetic data were analyzed with the nonlinear regression program GraFit'”.

ATPase Assay — ATPase activity was determined by the malachite-green assay'®. The reaction

mixture (0.2 ml) contained 100 mM Tris-HCL, pH 7.5, 60 mM KCI, 5 mM MgCl,, 0.01-2
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mM ATP and 20 pg wild-type or mutant enzyme. Parallel control samples, containing
reaction mixture without hCINAP, were used to subtract absorbance derived mainly from
nonenzymatic ATP hydrolysis. Blank samples, containing buffer with and without hCINAP,
showed no absorbance difference and were used to adjust the baseline of the instrument.
Reactions took place for 10 min at 30 °C and were stopped by addition of the color reagent.
Mixtures were allowed to stand for 10 min, and colorimetric determination of PO43' liberation

was monitored at 630 nm.

Crystallization and Data Collection — Co-crystals of hCINAP in complex with ADP, dADP
and Mg”"ADP-PO,” (average size of 0.3-0.5 mm), were obtained at 20 °C using the sitting
drop vapour diffusion technique in a buffer comprising 14 mg/ml enzyme, 0.1 M HEPES pH
7.5, 1.5 M Li,SO4, 0.2 M NaCl, 0.5 mM DTT, 25 mM MgCl,, and 2 mM ADP or 2 mM
dADP or 25 mM APS5A, respectively. Prior to flash freezing for data collection, crystals were
transferred for 5-15 sec to fresh buffer containing 25% v/v glycerol. Single crystal diffraction
data were collected on the PX 10.1 beamline (SRS, Daresbury Laboratory), using a 225-mm
MAR CCD detector. The crystal-to-image plate distance was 150 mm and gave a maximum

resolution of 1.75 A at the edge of the detector.

Structure Determination— Integration and data reduction were performed with the programs
DENZO and SCALEPACK" or MOSFLM?’ and SCALA, from CCP4 suite®', and intensities
transformed to amplitudes with TRUNCATE®. The crystals were isomorphous with the
sulfate-bound form (1RKB)®. Phases were obtained with Molrep™, using the IRKB structure
as a molecular replacement model (Rf/o= 11.53, Tf/6=35.01). Alternate cycles of manual
building with the program Coot** and refinement using the maximum likelihood target
function as implemented in the program REFMAC® improved the model phases. At this
stage, water molecules were added to unidentified F,—F, map peaks greater than 1.0 ¢ by
using the “water find” module of the program Coot. After an additional cycle of refinement
and manual building, the ligand molecule was included in subsequent refinement cycles.
ADP, dADP, Mg2+(H20)6, PO, and SO4* models, retrieved from the REFMAC library, were
fitted into the electron density with Coot. The final model was generated by TLS refinement
within REFMAC using TLS groups for the protein generated by the TLSMD web server™.
Details of data processing and refinement statistics are summarized in Table I.

PROCHECK?*" was used to assess the quality of the final structure. Structures were

analysed by programs “contacts” and “angle” of the CCP4 suite, and hydrogen bonds were
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assigned if the distance between electronegative atoms was less than 3.3 A and if both angles
between these atoms and the preceding atoms were greater than 90°. Van der Waals (vdW)

contacts were noted for nonhydrogen atoms separated by less than 4 A.

Protein Preparation for Substrate Docking Calculations — Using the hCINAP-Mg*"ADP-
PO, X-ray complex coordinates, an initial hCINAP- Mg**ATP-PO,> was prepared by
conversion of ADP to ATP, based on the position of the extra phosphate group in the
superimposed AK-AMPPNP-AMP (PDB entry 1ANK) structure®®. Wat12 and Wat8 were
deleted, as the extra phosphate takes their places in coordinating to Mg>" and forming a
hydrogen bond contact with Argl09. The initial model was prepared for docking using
Schrodinger’s Protein Preparation Wizard by deleting residual SO4* molecules, the Li atom,
all crystallographic water molecules beyond 5 A of Mg*", ATP or PO,>". Two further water
molecules (Wat9 and Watl0), to accommodate different orientations of the docked AMP
molecule, were also deleted. Bond orders were assigned and hydrogen atoms added. Initial
assignment of protonation states for basic and acidic residues and tautomeric states were
based on pKa at their normal pH (7.0). Subsequent optimization of hydroxyl, His protonation
states, C/N atom “flips” and side-chain O/N atom “flips” of Asn and GIn was based on
optimizing hydrogen bonding patterns. His residues were assigned as neutral, either in a HIE
or HID state. Any steric clashes or bad contacts were removed by a final Impref minimization

using the OPLS-AA (2001) force field”.

Ligand Preparation for Docking — The AMP and ADP ligands were extracted directly from
the crystal structures (PDB entries 1 ANK and 31IL, respectively), and ATP from the prepared
hCINAP-Mg” ' ATP-PO4> complex. Hydrogens were added, bond orders assigned and
structures minimized using MacroModel version 9.5 and the OPLS-AA (2005) force

field®!, with water solvation effects included via the GB/SA continuum model*.

Rigid Receptor Docking — Initial validation of the hCINAP-Mg® ATP-PO,> model structure
and the Glide-XP (version 4.5)* docking method®****° was performed by re-docking of ATP
to the model. Docking grids were centered on the ATP ligand and prepared with/without the
PO,> ion at the AMP binding site. Glide-XP docking of AMP to the AMP binding site was
performed with PO,> used as the centre for the docking grids. In each case, the grids

represented the shape and properties of the binding sites with dimensions ~ 30 A x 30 A x 30
A

John Wiley & Sons, Inc.
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Induced Fit Docking — IFD calculations®’, including receptor flexibility of AMP to the AMP
binding site, were performed using the Glide-XP (rigid receptor) top-ranked AMP-pose as
input. Grids for the hCINAP-Mg*"ATP-AMP model had dimensions of 30 A x 30 A x 30 A,
centered on AMP. A maximum of 20 ligand binding poses were saved from Stage I Glide-SP
docking. Stage II was a Prime induced fit, where residues within 5 A of the AMP ligand
initial poses were refined. Residues 45-54 of the NMP-binding loop were explicitly included
and P-loop residues Lys16 and Thr17 explicitly excluded, due to their role in coordinating to
the Mg*". For Stage III, up to 20 structures within 30 kcal/mol of the lowest-energy structure
were used for Glide-XP AMP re-docking. The resulting receptor-ligand poses were analyzed
in terms of structure, ligand re-docking GlideScore (GS), and IFDScore (ligand re-docking
GS + 0.05% Prime complex energy).

OM/MM Calculations — QM/MM single point calculations using QSite 5.0°® were performed
on the geometries from the IFD calculations to estimate changes in ESP fit atomic charges as
the AMP a-phosphate approaches the ATP y-phosphate. The QM region contained: the ATP
and AMP ligands with the -CH,- groups “hydrogen-capped” in place of the riboses; any
residue and water molecule directly hydrogen-bonded with the AMP and ATP a- and v-
phosphates; the hexa-coordinated Mg, its 3 coordinated waters and the Thr17 side chain.
The B3LYP*** DFT method was used with the 6-31+G* basis set*"*** , wWhile the OPLS-
AA(2005) force field*””~" was used for the MM region.

Superimposition and Structure Presentation — These were performed with LSQKAB* and
SUPERPOSE™. Figures were prepared and rendered with PyMol*.
The coordinates of the protein complexes have been deposited to the RCSB Protein

Data Bank (http://www.rcsb.org/pdb), with codes 311J, 311K, 3IIL and 31IM.
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RESULTS
The structures of hCINAP in complex with ADP, dADP and SO4*: identification of
substrate binding sites

To re-examine and fully resolve the structural features of hCINAP as an atypical
putative AK enzyme and probe ADP binding sites for the forward reaction
(2ADP—ATP+AMP) plus the expected AMP and ATP binding sites for the bisubstrate
reverse reaction (ATP+AMP—2ADP), we provide here a series of structural analyses. We
achieved the first structure of hCINAP in complex with ADP, its putative AK substrate (Fig.
1 and 2A, Table I), at a higher resolution (1.76 A) than the existing structure for the sulfate-
bound form at 2 A resolution (IRKB). Inspection of the electron density maps of the
hCINAP-ADP complex shows a strong F,-F,. accompanied by a 2F,-F, electron density,
which can neatly accommodate one ADP molecule. The catalytic center is lined by P-loop
amino acids 10-17, Arg109 from the LID domain and also His79 (Fig. 1 and 2A). ADP binds
in a groove located near the protein surface with the adenine ring occupying the entrance of
the catalytic center and the phosphate groups orientated toward the P-Loop region. The crystal
structure shows that, upon binding to hCINAP, ADP forms numerous polar and non-polar
contacts with the residues of the ATP binding site (summarized in Sup-Table I). In
agreement with the broad substrate specificity of hCINAP, the adenosine moiety of ADP
participates in only three hydrogen bonds with protein residues (Fig. 2A).

We also conducted the structural analysis of hCINAP-dADP complex at 2 A
resolution, (Table I), which showed that dADP perfectly overlaps with the ADP molecule
(RMSD=0.121 Z\; data not shown), but that the N1 of adenine and the remaining sugar
oxygen O3’ are not hydrogen bonded, reducing dADP interaction by four hydrogen bonds,
compared to ADP (Sup-Table II).

Additionally, in the hCINAP-ADP structure the deduced ATP binding site is bordered
by a loop composed of residues 78 to 84. This loop links the C-terminal end of the CORE 3
strand (Asp77) with a 3¢ helix, and, significantly, bears a Walker B motif, 77-DYHG-80,

. - . . . . . 89.10.14
indicating its possible role in catalysis™

(Sup-Fig. 1). In particular, His79 is linked with
the B-phosphate in the ATP binding site by a hydrogen bond network extending from amide
ND1 to Watl1, from Watl1 to P loop-Lys16 and from Lys16 back to the B-phosphate. (Fig.
2A). Water molecule Watl1 lies between the B-phosphate (PB) of ADP (PB-Owl1; 4.5 A)
and His79 (Ow11-ND1; 2.9 A), and is hydrogen bonded to NZ of Lys16 (2.81 A). Owll is in-

line with respect to NDI and PB (angle ND1-Ow11-PB=177.12°), suggesting that this
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position is of high potential for a nucleophilic attack of an oxygen on the B-phosphate of
acceptor ADP during the forward AK reaction (Fig. 2A).

In its totality, the tertiary structure of hCINAP bound to ADP (or dADP) (Fig. 1),
including its ATP binding site, closely resembles the previously reported sulfate-bound
protein structure’. However, in the ATP site, the most important difference that we have
identified is a shift by 1.5A in the side chain of Argl109, which could be associated with a
conformational change of the LID domain, possibly in order to optimize the contacts with the
a- and B-phosphate groups of ADP (Fig. 1 and Fig. 2A). Additionally, the higher-resolution
structure allowed us to build accurately the nucleoside monophosphate-binding loop (NMP-
binding loop; amino acids 45-55), whose residues were interpreted as disordered in a
previous structural analysis of hCINAP?. In our structure (Fig.1), the NMP-binding loop
adopts a B strand-turn-f strand conformation and has a well defined electron density with
average B factor for all atoms 30 A (Sup-Table V).

To assess whether the observed structural difference of the NMP-binding domain in
this work may be due to ADP binding to the enzyme, we obtained data from the hCINAP-
SO4* complex at 1.95 A resolution, and refined to an R-factor of 0.179 (Rfree = 0.206)
(Table I). In our hCINAP-SO,* structure, we observed the same structural motif of the NMP-
binding domain as in the ADP complex, indicating that it is independent of ligand (ADP)
binding and strengthening our interpretation of the NMP-binding loop (Fig.2B).

Finally, in the hCINAP-SO4* structure, in addition to a sulphate ion at the ATP-
binding site, we also found a weakly bound sulfate at the AMP-binding site located between
His79 and Arg39 (Fig. 2B, Sup-Table III). This position is very similar to that observed for
the a-phosphate moiety of AMP in AKs from Escherichia coli (AKeco) and Sulfolobus
acidocaldarius (AKas), 1ANK and 1NKS, respectively (Sup-Fig. 2A). SO4> interacts with a
conserved guanidinium group, also present in the AMP binding site of 1ANK and 1NKS

(Arg36 and Arg54, respectively)*’**

. These findings suggest that the location occupied by the
sulfate ion (known to mimic the PO4”) represents the recognition site for the a-phosphate of
AMP in hCINAP.

In conclusion therefore, the combination of our structures allowed the identification of
the ADP binding mode, within the ATP-binding site, and suggested the location of the AMP

binding site.
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Mg**ADP-PO,* binding

To further probe the AMP binding site in hCINAP and, at the same time, capture its
transition intermediate, we used a known inhibitor of AKs, the bisubstrate analog bis-
adenosine pentaphosphate (APSA). We found AP5A to be a potent inhibitor of hCINAP with
an [Csp 0f 27.03 £2.93 nM AP5A (Sup-Fig. 3).

The hCINAP structure that we obtained in the presence of AKSA (Fig. 2C) did not
correspond to a transition intermediate, as expected, but appeared to correspond to a post-
hydrolysis state. This may be explained by a technical limitation of the x-ray crystallography
technique: in our experiments co-crystal formation in the presence of AP5A required 1 month
and it is therefore likely that the co-crystallized APSA was slowly hydrolyzed enzymatically
or chemically during the crystallization period. Soaking of preformed crystals with fresh
APS5A solution led to crystal deterioration, indicating that the crystal complex formation was
accompanied by extensive structural re-organisation (as would be expected in AKs).

The obtained structure revealed that (a) the ATP site was occupied by a Mg*ADP
complex and a phosphate group (Pi) in close contact with His79 of the Walker B motif, (b) a
large shift in the backbone torsional angle of His79 occurred (APhi=-67.8°), accompanied by
a shift of the imidazole ring by 2.1 A away from the ATP site in order to establish contacts
with the phosphate group (Sup-Fig. 4), (c) the magnesium ion was hexa-coordinated with one
ligand supplied by a - phosphate oxygen and a second one supplied by the hydroxyl group of
Thrl7, and finally (d) ADP possessed an identical conformation to that of the ADP complex
(RMSD=0.061A).

There is strong evidence that PO,> (as a product of hydrolysis), rather than SO42', was
bound in the presented crystal structure: (a) We could not detect a SO, ion in this position or
a shift in the His79 side chain in any other of the three reported structures (SO4~, ADP,
dADP), but exclusively in the Mg>" ADP-PO4°" structure, although the precipitant Li,SO4 was
present at a concentration of 1.5 M in all four crystallization experiments. Furthermore, (b)
we have carried out the co-crystallization experiments (data not shown) in the presence of
Mg**, Mg*"ADP and Mg*'dADP, but have not obtained SO4” in this position, neither a His79
shift, nor a bound Mg*" ion.

The PO47at its position makes hydrogen bonds to the imidazole nitrogen of His79
(2.65 A) and the NZ atom of Lysl16 (2.83 A). We propose that during the forward AK
reaction (2ADP—ATP + AMP) the Mg”" ion does not follow the movement of the attacking
B-phosphate, but maintains its observed position and hexa-coordinated geometry, with 2 vy-
phosphate oxygens of the produced ATP replacing two water molecules, most probably Wat8
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and Watl2 (Fig. 2C and Sup-Table IV).

Therefore, while for technical reasons, this approach did not reveal unequivocally the
binding site of AMP, the post hydrolysis structure obtained was very informative in
determining the residues that provide the co-ordination for the Mg®" ion (this is the first
example of an AK with a bound Mg”" ion) and in revealing that P loop His79 is involved in

the recognition of PO, in the structure with Mg**ADP-PO,’ present.

Prediction of the hCINAP-Mg2+ATP-AMP ternary complex by modeling.

In the difficulty of direct crystallographic evidence for the AMP binding site (required
for an AK activity) and with hCINAP already classified as an AK?, we decided to model a
hCINAP-Mg? " ATP-AMP ternary complex in order to predict what structural changes this
would induce and to gain further insights into the nature of hCINAP if functioning as an AK.
Successful docking of ATP to the hCINAP-Mg**ATP-PO,” model, prepared from the
hCINAP-Mg>*ADP-PO,’” X-ray complex (see Materials & Methods), required removal of the
PO43' ion from the model, indicating unfavorable ATP-PO43 " electrostatics with PO43 " in its
present position at the ATP binding site. All ATP docking poses produced the ATP binding
conformation in the model complex, with the superimposed RMSD (heavy atoms) for the top-
ranked pose being 0.828 A, compared to the starting model.

ATP binding site structural changes going from ADP to ATP are minimal with the
more significant conformational changes expected in the NMP-bind domain and Walker B-
motif loop in order to accommodate AMP at the AMP binding site.

In addition, induced fit docking (IFD), including receptor flexibility of AMP to the
AMP binding site, resulted in eight receptor-ligand binding structures, four of which made
intuitive sense with the a-phosphate occupying a similar position to the a-phosphate in 1ANK
(E. coli AK with bound AMPPNP and AMP) and INKS (S. acidocaldarius AK with bound
ADP and AMP) structures (Table IT). The hexa-coordinated Mg®" coordination sphere is
conserved for all structures. The first three structures (IFD-1 — IFD-3) were also the top-
ranked IFD poses. IFD-1 and IFD-2 poses with the highest IFD scores reproduce best the
AMP-bound conformations in 1ANK and 1NKS, with superimposed ligand RMSDs (heavy
atoms) being all less than 1 A. They both have similar ATP-AMP inter-phosphate P-P
distances (~ 5 A) and form 7 direct AMP — protein hydrogen bonds which compares well with
the homologous 1ANK and INKS complexes forming eight hydrogen bonds. The main
structural differences between IFD-1 and IFD-2 are the length of the hydrogen bonds and the
AMP a-phosphate position, which differs spatially by about 1 A. IFD-1 (P-P=5.12 A), shown
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in Fig. 3B, forms more favorable contacts with hCINAP as judged by the higher Glide Score
(-10.17) compared to IFD-2 (-8.82). Compared to the hCINAP-Mg® ADP-PO,> X-ray
structure, there is a backbone shift in the NMP binding domain (residues 45-55) with the
largest shifts of 3.5-5 A for residues 49-51. Accompanying side-chain rearrangements are
mainly associated with increasing favorable contacts with AMP (Sup-Fig. 2B).

The other two receptor-ligand poses in Table II have longer (6.49 A; IFD-4; Fig. 3A)
or shorter P-P distances (4.53 A; IFD-3; Fig. 3C) than those of IFD-1 and IFD-2. The
structures suggest a key role for water bridging in the approach of an a-AMP phosphate
towards the y-ATP phosphate, as well as some assistance from the Walker B motif residues,
Tyr78 and His79. In IFD-3, the AMP ligand is ideally placed for a phosphate transfer
mechanism involving a nucleophilic attack. The case for such a pathway is accentuated by our
QM/MM calculations of electrostatic potential (ESP) atomic partial charges at the different P-
P distances for IFD-1, IFD-3 and IFD-4 (Sup-Table VI). As the AMP approaches the ATP,
an AMP a-phosphate Opl becomes hydrogen bonded with a Mg** coordinated water (Wat5)
and this is reflected in its estimated partial charge of -0.82 for P-P distance 4.53 A (Fig. 3C).
The corresponding partial charge for His79 hydrogen bonded phosphate Op2 is -0.98.
Approach of a mobile AMP towards an immobile ATP is consistent with a transfer
mechanism in which the AMP a-phosphate attacks the y-phosphate of ATP, assisted by water
molecules that bridge ATP y- and AMP a- phosphates. Further, the structures and P-P
distances reported here, although derived from docking (and should therefore be considered
with some caution), are consistent with molecular dynamics simulations of E. coli AK
Mg* ATP-ADP®.

Overall, the modeling strongly indicated that the AMP binding site would lie between
the B motif and Arg39. This conclusion is strengthened by the fact that Arg39 is a highly

conserved residue in other known AKs.

An H79G mutation affects both AK and ATPase activities of hCINAP

The overall structural analysis and the proposed catalytic mechanism have highlighted
the significance of certain amino acids in the P loop region (Lys16, Thr17), the LID domain
(Argl09) and Walker B motif (His79). These residues are either identical or correspond to
conservative substitutions in orthologs of hCINAP across the eukaryotic phyla. Interestingly,
in human adenylate kinases AK1-AKS, Lys16 and Argl09 are conserved, while Thr17 and

His79, perceived as functionally critical for hCINAP, are absent. Because our structural and
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modeling studies indicate that H79 may be a regulatory residue that responds to substrate
binding, we decided to generate an hCINAP-H79G mutant and perform kinetic analysis to
evaluate its effect on catalytic activity.

We first calculated the AK activities of highly purified hCINAP and hCINAP-H79G
with respect to ATP, in the presence of a fixed concentration of AMP (0.3 mM). Second, we
determined ATPase hydrolysis by hCINAP-WT and hCINAP-H79G, in the absence of AMP
(Table III and Fig. 4). We found that in the presence of the H79 mutation (a) the AK
enzymatic efficiency (K../Km) is reduced by 72% relative to the wild type enzyme, and (b)
the efficiency for ATP hydrolysis in the absence of AMP (ATPase activity) is reduced by
76%, relative to the wild type. Furthermore, the ATPase activity of wild type hCINAP (1.45
M5 is about 1% of its AK activity (140 M™.s ). While many protein kinases exhibit ATP
hydrolysis in the absence of their substrate, the high intrinsic ATPase activity of hCINAP is
quite unusual for an AK.

Kinetic analysis has therefore provided the evidence for a dual enzymatic activity for
hCINAP that is consistent with the dual structural features of the enzyme, namely the overall
folding that is appropriate for an AK and a catalytic centre that is characteristic for an

ATPase.

The expression of the hCINAP-H79G mutant is toxic and causes a significant change in
Cajal Body organisation in the nucleus

hCINAP and Cajal Body protein coilin interact directly via coilin’s 214 carboxy-
terminal residues'. Because of the effect of Walker B motif His79 in enzymatic efficiency,
affecting both AK and ATPase activity in vitro, we next examined whether expression of
mutant hCINAP-H79G in vivo might have functional implications for nuclear organization,
accompanied by a corresponding phenotypic effect on either coilin or CBs. GFP-tagged
expression vectors of wild-type hCINAP (WT) and mutant hCINAP-H79G were constructed,
tested by western blot (data not shown) and used for transient transfections of HeLa cells.

We observed that transfection with a mutant GFP-hCINAP-H79G construct had
detrimental effects both on transfection efficiency and proliferation of transfected cells: at 24
h post transfection, the proportion of hCINAP-H79G-transfected apoptotic cells (43%) was
four times higher than of wild-type GFP-hCINAP (WT) cells (11%) with extreme statistical
significance, and at 36 h the proportion of apoptotic hCINAP-H79G-transfected cells was
maintained very high (43% compared to 13% for WT transfected apoptotic cells) with high
statistical significance (ANOVA with Tukey’s multiple comparison post-test; Sup-Fig. 5),
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indicative of mutant-specific impairment of proliferation or cell survival.

The number of CBs per nucleus, as detected with an anti-coilin antibody, was scored
in cells transfected with GFP-hCINAP-WT (n=1439), GFP-hCINAP-H79G (n=571) and
mock-transfected control cells (n=1072). In highly-expressing GFP-hCINAP transfected cells,
we observed profound changes in CB organization: the mean number of CBs per nucleus was
significantly higher in cells transfected with mutant hCINAP-H79G, as compared to the mock
transfected cells (Welch's t-test, p=0.034) (Fig. SA). Importantly, there was a marked
heterogeneity in the numbers of CBs in the nuclei of hCINAP-H79G transfected cells as
evidenced by the frequency distribution displayed in Fig. 6B, so that large groups of cells
either had much fewer CBs than the mean number in WT-hCINAP-expressing or mock-
tranfected cells, or groups of H79G cells possessed unusually high numbers of CBs (up to 30
per nucleus) (Fig. 5B). Representative examples of hCINAP-H79G-expressing cells with
either a very large number of CBs (Fig. SD upper panels) or a small number of CBs (Fig. 5D
bottom panels), are shown in Fig. 5. As a result of this heterogeneity, the frequency
distribution of CBs in cells expressing the mutant form was significantly different overall
from that of WT-hCINAP samples (two way ANOVA, p=0.0151) and from mock-transfected
samples (p=0.0122).

The same analysis was repeated examining other types of distinct subnuclear
structures, namely the nucleolus, a site historically linked to Cajal Bodies by Cajal himself™,
and PML Bodies (Pro Myeloid Leukemia Bodies), a nuclear domain not directly linked to
CBs. No discernible phenotypic change of the numbers or overall organisation of these two
nuclear domains was observed in mutant vs. wild type hCINAP expressing cells (Sup-Fig. 6).
This indicates that the effect of overexpression of hCINAP-H79G on CB organisation (mean
and distribution) is specific and not secondary to general effects of the mutant enzyme on
nuclear structure.

Taken together, these data indicate that the expression of the mutant protein results in
CB de-regulation (causing an elevated average number and abnormal heterogeneous
distribution of CB numbers) and is toxic to the cell, resulting in enhanced apoptosis and/or

reduced proliferation.
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DISCUSSION

Although the structure of hCINAP in complex with SO4* had previously been
published, the additional 3 structures presented in this work as well as our modeling of the
hCINAP-Mg’ " ATP-AMP ternary complex (a) resolve residues in the predicted AMP binding
site that were previously interpreted as disordered, (b) confirm that the overall folding of
hCINAP conforms to that expected for the AK family, with ADP and AMP binding sites in its
catalytic centers, and (c) reveal that, in the vicinity of the ATP binding site, hCINAP
possesses structural features typical of the ATPase/GTPase family rather than of AKs. These
are a Walker-A motif (P-loop), bearing a Mg -coordinating residue (Thr17), and a Walker-B
motif, not reported for any other known AK in any species. hCINAP is thus the first member
of the adenylate kinase family (AK1-6) carrying a Walker B motif. Additionally, loop region
Asp77 to Pro85, including the Walker B-motif is oriented quite differently from that of the
other AKs (Sup-Fig. 1). In all likelihood, this distinct sequence piece and its unusual
orientation is important for the display of ATPase activity. We corroborated the structural
evidence by demonstrating that hCINAP has unusually high intrinsic ATPase activity, in
addition to AK activity, being essentially a dual activity AK/ATPase.

Based on our structural and modeling analysis, we can propose a possible structural
mechanism that would allow the selection between ATPase and AK activity in hCINAP. In
our proposed model of switching of enzymatic activities, shown in Fig. 6, the role of Walker
B motif His79 is important, as its imidazole ring can flip between two possible orientations
(rotation about a CB-Cy single bond is assumed to be free’"). In the first orientation (“flip” or
“AK mode”), the imidazole nitrogen faces the AMP binding site and co-ordinates the a-
phosphate of AMP together with Arg39 (Fig. 6 — AK mode). In the second orientation
(“flop” or “ATPase mode”), the imidazole nitrogen faces the Mg*ATP catalytic center (Fig.
6 — ATPase mode) and co-ordinates a lytic water together with Lys16 for a nucleophilic
attack on the y-phosphate of ATP, similar to the mechanism which has been proposed for
myosin by Okimoto and co-workers’”. At the same time, the imidazole carbon CE1 faces the
AMP binding site, thus preventing a phosphoryl transfer reaction by creating a site with low
affinity for AMP. Therefore, His79, which is located on the flexible region between the ATP
and AMP binding sites and having the potential to rotate between its flip or flop
conformations, may thus play a pivotal role as a structural switch favoring, in each of its

conformations, one of the two enzymatic activities. The role of H79 in catalysis is also
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important both for the AK and ATPase reactions as we demonstrate that the H79A mutation
reduces by about 72% the AK enzymatic efficiency and by 76% the ATPase efficiency.
However the role of H79 as a possible structural transducer between the catalytic centers may
be even more important.

The selection of catalytic modes (AK vs. ATPase) may be a more generalized
modality regulated by the intracellular milieu of the enzyme and dynamically fine-tuned to
the energy or metabolic requirements of the cell at any given time. For example, in the case of
the ABC-type transporter and anion channel CFTR (cystic fibrosis transmembrane
conductance regulator), which displays a double ATPase and GTPase activity (its additional
AK activity may be the matter of some disagreement in the field), it has been speculated that
under physiological conditions it may switch back and forth between the different enzymatic
states, depending on substrate and/or energy availability®>. Nuclear protein Rad50, a member
of the RMN complex that is responsible for detecting double-strand breaks on DNA, is an
ATPase that possesses an AK activity necessary for DNA tethering™

In the case of the CBs, highly dynamic and cell cycle-dependent structures, whose
nuclear movements are ATP-dependent®, the regulation of assembly and disassembly during
the cell cycle might be intrinsically linked with the activity of enzymes, such as hCINAP, that
regulate the nucleotide homeostasis in the mammalian nucleus. The expression of the H79G
mutant in human cells in culture was found to be toxic, reducing proliferation and increasing
apoptosis compared to the wild-type enzyme (Sup-Fig. 5), and also causing a profound effect
in Cajal Body (CB) organization in the nucleus (Fig. 5). Essentially, the results indicated that
CBs are deregulated, causing numbers of this organelle per nucleus to fluctuate widely and
abnormally (ranging from 0 to over 30 CB/nucleus, with an overall significantly different
frequency distribution as compared to WT). The known role of the protein coilin in CB
assembly’®’ and its interaction with hCINAP make it one likely link between the H79
mutation and the observed phenotype, but the involvement of alternative or additional factors
cannot be excluded at this stage. Deficiency of hCINAP could bring about a nucleotide pool
imbalance, possibly affecting the network of other critical interactions, energy requirements
or substrate phosphorylation during the CB assembly process and thus resulting in the
observed abnormal heterogeneity of CB numbers in the cell population. How the AK or
ATPase activity contributes to Cajal Body regulation and how the switch between the two
activities might be regulated physiologically, are fascinating questions that warrant concerted

investigation.
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Table I: Statistics of data collection, processing and refinement of the hCINAP complexes

Mg**ADP- PO,*

hCINAP Complex (PDB ID) S04* (31IK) ADP (311J) dADP (31IM) GIIL)
CCLRC PX10.1; & (A) 1.04498 1.11665 0.979 1.04498
Space group P6,; Cell dimensions (A), 98.67,98.67,57.65 99.14,99.14, 57.84 99.28,99.28, 99.17,99.17, 58.05
a,b,c, 0=p=90°, y=120° 57.97
Resolution (A) 34.32-1.95 28.3-1.76 25.0-2.00 34.52-2.00
Outermost shell (A) 2.06-1.95 1.79-1.76 2.03-2.00 2.03-2.00
Reflections measured 188,312 152,209 140,350 144,687
Unique reflections 23,444 31,610 22,173 22,102
Rsymm” 0.050 (0.449) 0.044 (0.499) 0.066 (0.470) 0.057 (0.461)
Completeness % 99.9 (100.0) 98.1 (88.4) 100.0 (100.0) 99.9 (100.0)
<l/ol> 25.80 (4.50) 17.92 (3.41) 17.80 (4.82) 20.13 (4.25)
Redundancy 8.0 (8.0) 49 (4.3) 6.3 (6.2) 6.5 (6.5)

Final Reryst® (Rfree®) %

No. of protein residues (residue range)*
No. of water molecules in final cycle
R.m.s. deviation in bond lengths (A)
R.m.s. deviation in bond angles (°)
Average B factor (A?)

Protein atoms

Water molecules

Ligand molecules

Ramachandran (u—w) plot

17.98 (20.56)
175 (-2 - 172)
200
0.0089

1.113

19.103
30.903

27.3 (SO4”TPsitey
95.7 (SO4"MPsite)

18.12 (19.51)
175 (-2 - 172)
190
0.0077

1.128

19.633
32.011

30.214 (ADP)

18.56 (21.62)
174 (-1 - 172)
205
0.0097

1.160

18.752
31.242

32.605 (dADP)

17.10 (19.27)
175 (-2 - 172)
201
0.0103

1.258

20.596
32.233

33.099 (ADP)
36.600 (Mg™")
34.058 (Pi)

Residues in most favored regions 93%, Residues in allowed regions 7%

Values in parentheses are for the outermost shell.

“Rsymm = Z,Zi\I(h)-I,(h)/%,Z:1(h) where I,(h) and I(h) are the ith and the mean measurements of the intensity of reflection h. *Reryst = 5)|F, -
F.|/Z,F, where F, and F, are the observed and calculated structure factors amplitudes of reflection h, respectively. “Rfi-ee is equal
to Reryst for a randomly selected 5% subset of reflections not used in the refinement. *Residues -2 to 0 correspond to additional amino acids

introduced by the cloning procedure.
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Table 11. Output receptor-ligand poses (structures) and data from the IFD calculcations
Structure P-P H-bonds” RMSD Prime XP IFDScore
(A)° Energy Gscore
distance (A)"
(kcal/mol)
1 5.12 7 0.880 -11316.3 | -10.17 -575.98
(0.826)
2 5.05 7 0.958 -11319.3 -8.82 -574.78
(0.769)
3 4.53 5 1.429 -11328.3 -7.92 -574.33
(1.640)
4 6.49 6 1.611 -11331.4 -5.59 -572.15
(1.367)

*ATP-ADP interphosphate distances measured between P atoms. "Number of direct AMP-
hCINAP hydrogen bonds. “RMSD (heavy atoms) on superimposition of AMP conformation
on its conformations in the 1ANK and 1NKS (in parentheses) complexes.

John Wiley & Sons, Inc.

Page 26 of 71




Page 27 of 71

O©CoOoO~NOOPRWN -

PROTEINS: Structure, Function, and Bioinformatics

Table III: Summary of Kinetic parameters

A. Adenylate kinase avtivity (ATP +AMP<>2ADP)

Enzyme Specific activity Ko s K. (WM ATP) | K./K, (M's™")
(nmol/min /mg)
hCINAPW! 18+0.9 6.3x10” 45+5 140
hCINAP""¢ 1140.16 (n=1.99 %) 3.7x10° 93+8? 39
B. ATPase activity (ATP—ADP + Pi)
Enzyme Specific activity Keac(s™ Kn(WM ATP) | Ko fdKn, (M's™)
(nmol/min /mg)
hCINAP™! 1.37£0.08 (ny=1.21%) 4.8x10™ 332+8* 1.45
hCINAP"™¢ 0.74+0.04 (n;=2.10") 2.5x10" 721+1° 0.34

* Best-fit curve obtained by fitting the data to the Hill equation. K, and ny were calculated by linear

regression of the logarithmically transformed data (Hill plots)

John Wiley & Sons, Inc.
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FIGURE LEGENDS
FIGURE 1: Structure superimposition of hCINAP-ADP complex (green) onto the
sulfate-bound form 1RKB (purple). The overall root mean square deviation (RMSD)
between Co and backbone atoms of hCINAP-ADP and 1RKB was 0.576 and 0.594 A,
respectively. The NMP binding domain (designated by cyan), which comprises amino acids
45-55 (average RMSD for Ca atoms is 2.43 A), adopts a B strand-turn-B strand
conformation. The conserved Lysl6 residue adopts identical conformation in the two
structures, whereas the side chain of the conserved Argl09 shifts by 1.5 A towards the
phosphate groups to stabilize the large number of negative charges. The P-loop (a.a.10-17)

and the Walker B motif (a.a. 77-80) regions are indicated in yellow and orange, respectively.

FIGURE 2: Structural analysis of hCINAP complexes

A. Polar contacts of ADP in the vicinity of the Mg’*ATP binding site. Guanidine nitrogen
of Argl09 from the LID domain makes polar contacts with the a- and B-phosphate oxygens,
O2A and O2B. The hydroxyl group of Thrl7 interacts directly with B-phosphate oxygen
O3B, whereas NZ of Lysl16 forms one hydrogen bond with O1B. The hydroxyl group of
Thr18 interacts with O1A oxygen. The phosphate moiety makes additional polar contacts
with water molecules and the main chain O/N atoms of residues Gly13, Glyl5, Lys16, Thr17
and Thr18. The ribose moiety forms only two polar contacts with water molecules. The
purine moiety interacts with two water molecules, while two additional polar contacts are
formed between N6 and the carbonylic oxygen of Lys148 and N1 and the amide nitrogen of
Pro149.

B. Polar contacts of SO4* bound at the AMP binding site. The SO4* ion, bound at the
AMP binding site, makes a direct polar contact with the guanidinum nitrogen NH1 and two
indirect polar contacts with the NH2 via a water molecule. The imidazole ND1 of His79 is
hydrogen bonded to water Watl1 (ND1-OW11; 2.82 1&), whereas nonpolar-polar contacts are
formed between imidazole carbon CE1 and the sulfate oxygen O1 (CE1-O1; 3.17 A).

C. Polar contacts of Mg”*ADP and Pi, in the vicinity of the Mg’*ATP binding site. In the
vicinity of the Mg> " ATP binding site, an extensive network of hydrogen bonds is created
between Mg%ADP, PO43', P-loop residues Lys16, Thr17, Thr18, Walker B motif His79, and
Argl09 from the LID-domain. The Mg ion is hexa-coordinated, with the hydroxyl group of
Thr17 and the Wat12 occupying two apical positions. The Wat12 and Wat8 are located in the
positions that would be occupied by two of the y-phosphate oxygens of ATP. Argl09 forms
hydrogen bonds with a- and B-phosphate oxygens and Wat8 and is proposed to protect ATP

John Wiley & Sons, Inc.
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from random hydrolysis. Mg®" contributes to positive polarization of y-phosphate and makes

it more susceptible to nucleophilic attack.

FIGURE 3: Models of the hCINAP-Mg”*ATP-AMP complex from induced fit docking
calculations.

Predicted hCINAP-Mg® 'ATP-AMP poses with different interphosphate (P-P) distances,
showing the approach of a mobile AMP towards a fixed ATP.

A. IFD-4, P-P distance 6.49 A: AMP phosphate interacts with His79 side chain NH and
Arg39 guanidine NH2. The Tyr78 side chain hydroxyl hydrogen-bonds with the ribose-ring
oxygen. The ribose 2’- and 3’-OHs form hydrogen bonds with Arg39 guanidine NH2 (2’-
OH) and backbone carbonyl and amide (3’-OH) of Pro54.

B. IFD-1, P-P distance 5.12 A: His79 forms a side-chain bond with the AMP phosphate. The
Tyr78 side-chain hydroxyl hydrogen-bonds with the ribose-ring oxygen and the adeninine
nitrogen N1. Water-bridging contacts of the AMP phosphate and the ATP phosphate with the
Arg39 guanidine side chain (NH2) are formed. Arg39 forms a direct H-bond contact with
ribose 2’-OH through side-chain guanidine NE and NH,. Ribose-3’-OH hydrogen-bonds with
the backbone-carbonyl O of Pro54.

C. IFD-3, P-P distance 4.53 A: AMP phosphate now interacts with the backbone and side-
chain NHs of His79, and the Mg*"-coordinated water molecules Wat5 and Wat20. Waters
bridge the AMP (a-) —ATP (y-) phosphates. Arg39 forms a direct H-bond contact with ribose
2’-hydroxyl through side chain guanidine NH,. Ribose-3’-OH hydrogen bonds with Tyr44
OH. The Tyr78 side-chain hydroxyl hydrogen-bonds with the ribose-ring oxygen.

FIGURE 4: Kinetics of hCINAP-WT and hCINAP-H79G.

A. hCINAP-WT adenylate kinase activity with respect to ATP at a constant concentration of
AMP. Inset: Double-reciprocal plot.

B. hCINAP-H79G adenylate kinase activity with respect to ATP. Inset: Hill plot.

C. Comparison of the AK activities of A and B; hCINAP-WT (A) and hCINAP-H79G (e).
D. hCINAP-WT ATPase activity. Inset: Hill plot

E. hCINAP-H79G ATPase activity. Inset: Hill plot.

F. Comparison of the ATPase activities of D and E; hCINAP-WT (A) and hCINAP-H79G

(®). All data are means from two experiments.

John Wiley & Sons, Inc.
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FIGURE 5: The overexpression of GFP-hCINAP-H79G alters Cajal Body (CB)
organization (mean and distribution) in the nucleus of HeLa cells.

A. Mean number of CB (+ sample standard deviation) per nucleus in mock-treated cells, cells
highly expressing GFP-hCINAP-WT and cells highly expressing GFP-hCINAP-H79G upon
transient transfection. The mean number of CBs is significantly higher in the hCINAP-H79G
mutant as compared to the mock transfected cells (Welch’s t-test, p=0.034).

B. Histogram of the distribution of Cajal Body (CB) numbers per nucleus in the same three
populations of transiently transfected cells. The overall distribution of CB numbers is
significantly different in hCINAP-H79G mutant samples compared to the WT control
samples (p=0.0151) and mock transfected samples (p=0.0122, two-way ANOVA).

C, D. Representative images of changed CB numbers in cells transiently transfected with
GFP-hCINAP-H79G (D), as compared to cells transiently transfected with GFP-hCINAP-
WT (C). Hoechst staining of nuclei (blue), GFP-fluorescence indicative of transfected cells in
each case (WT or mutant H79G) (green panels) and immunostaining of CBs with an anti-
coilin mab (red). In the examples of mutant H79G expression given here, the CBs are either
considerably increased in number in transfected cells (white arrows) as opposed to non-
transfected cells in the same field (top right panel), or markedly reduced (white arrows,
bottom right panel). In WT-transfected cells, the number of CBs is more homogeneous from

nucleus to nucleus (C). Scale bars: 20 pm.

FIGURE 6: A model of the role of His79 as a structural switch for the selectivity of
enzymatic activity: Juxtaposition of “ATPase mode” and “AK mode”

According to the proposed ring-flip hypothesis, based on the structural analysis, the
imidazole nitrogen ND1 of His79 can coordinate a lytic water molecule (together with the NZ
of Lysl6) during the ATPase reaction (ATP + H20 — ADP + Pi; ATPase-mode) or
coordinate the a-phosphate of AMP (together with the NH1 of Arg39) during the reverse AK
reaction (ATP + AMP — 2ADP; AK-mode) (further details in the Discussion section).

John Wiley & Sons, Inc.
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Christina E. Drakou', Anna Malekkou?, Joseph M. Hayesl, Carsten W. Lederer?,
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Abbreviations

The abbreviations used are: hCINAP, human coilin-interacting nuclear ATPase protein; AK,
adenylate kinase; GFP, green fluorescent protein; UsnRNP, uridine-rich small nuclear
ribonucleoprotein; snoRNP, small nucleolar ribonucleoprotein; NMP, nucleoside
monophosphate; mab, monoclonal antibody; IPTG, isopropyl-galacto-pyranoside; GST,
glutathione S-transferase; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; Tris,
tris(hydroxymethyl)aminomethane; PBS, phosphate buffered saline; DMEM, Dulbecco's
modified Eagle's medium; AP5A, P1,P5-di(Adenosine-5")pentaphosphate; AMPPNP,
adenosine  5'-(B,y-imido)triphosphate; TLS, Translation/Libration/Screw; OPLS-AA,
optimized potential for liquid simulations—all atoms; IFD, induced fit docking; vdW, van der

Waals.
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ABSTRACT

Human Coilin Interacting Nuclear ATPase Protein (hCINAP) directly interacts with coilin, a
marker protein of Cajal Bodies (CBs), nuclear organelles involved in the maturation of small
nuclear ribonucleoproteins UsnRNPs and snoRNPs. hCINAP has previously been designated
as an adenylate kinase (AK®6), but is very atypical as it exhibits unusually broad substrate
specificity, structural features characteristic of ATPase/GTPase proteins (Walker motifs A
and B) and also intrinsic ATPase activity. Despite its intriguing structure, unique properties
and cellular localisation, the enzymatic mechanism and biological function of hCINAP have
remained poorly characterised. Here, we offer the first high-resolution structure of hCINAP in
complex with the substrate ADP (and dADP), the structure of hCINAP with a sulfate ion
bound at the AMP binding site, and the structure of the ternary complex hCINAP-Mg**ADP-
Pi. Structural analysis and induced-fit docking calculations suggest a functional role for His79
in the Walker B motif. Kinetic analysis of mutant hCINAP-H79G indicates that His79 affects
both AK and ATPase catalytic efficiency. Finally, we show that in vivo expression of
hCINAP-H79G in human cells is toxic and drastically deregulates the number and appearance
of CBs in the cell nucleus. Our findings suggest that hCINAP may not simply regulate
nucleotide homeostasis, but may have broader functionality, including control of CB

assembly and disassembly in the nucleus of human cells.

Keywords: crystal structure; adenylate kinase 6; ATPase; coilin; Cajal bodies

John Wiley & Sons, Inc.
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INTRODUCTION

Adenylate kinase (AK; phosphotransferase; EC 2.7.4.3) is an abundant enzyme class,
catalysing the interconversion of ATP, ADP, and AMP, according to the reversible reaction:
Mg**ADP + ADP <> Mg**ATP + AMP. The adenylate kinase system is able to provide ATP
rapidly during intense activity and thus regarded as a reserve energy system used to
regenerate ATP from ADP under energy stress conditions.

Five AK isoforms (AK1-5) with various substrate specificities and tissue distributions
are known in vertebrates.'” These isoforms localize to the cytoplasm (AK1 and AKS5) or
mitochondria (AK2, AK3 and AK4). They are key enzymes in nucleotide homeostasis,
maintaining the physiological nucleotide ratios in different cell compartments and cell types.
Structurally, AKs are typical o/f proteins sharing a common architecture that is consistent
with a B-sheet CORE domain, bearing a phosphate-binding loop (P-loop), and two flanking
mobile domains called the LID and NMP-binding domains.® hCINAP (Human Coilin
Interacting Nuclear ATPase Protein), also now known as AK6 because of its AK activity,2
has unique properties compared with the other known AKs. It exhibits unusually broad
substrate speciﬁcity,2 displays intrinsic ATPase activity and has a nuclear localisation." It
also possesses a number of atypical structural features for an adenylate kinase, namely a
Walker B motif and a metal-coordinating residue, highly conserved and typical among the
members of the ATPase/GTPase superfamily.7'10 The enzymatic classification of hCINAP as
a pure AK therefore remains open to discussion.

So far, hCINAP orthologs have been identified in yeast (Fap7), C. elegans (cAK6)
and D. melanogaster (1AK6)."' In C. elegans, knockdown of the cAK6 gene results in growth
suspension.'” In yeast, Fap7p' interacts with ribosomal protein RPS14 and appears to be
involved in pre-rRNA processing: a Walker B-motif mutant (D82AH84A) is unable to cleave
the 20S pre-rRNA from 40S pre-rRNA particles." In human cells, hCINAP was shown to
interact directly with the carboxy-terminal tail of coilin, a marker protein of Cajal bodies
(CBs), which are nuclear organelles involved in the maturation of UsnRNPs and snoRNPs en
route to their sites of function in the nucleoplasm and nucleolus.! Furthermore,
overexpression of hCINAP causes a decrease in the average number of CBs per nucleus in
human cells." Despite these intriguing associations with RNA metabolism in the nucleus, the
functional role of hCINAP is also still poorly defined.

The unique localization and structural features of hCINAP, indicating an atypical dual
enzymatic activity and its undefined biological function prompted us to undertake this

investigation. We present here the structural analysis of hCINAP in complex with ADP,
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dADP, SO4* and Mg**ADP-PO,” and also provide a model for the hCINAP-Mg**ATP-AMP
complex. We characterize the dual ATPase and AK activity of hCINAP by kinetic analysis,
and with site-directed mutagenesis in residue H79 within VIVDYHG, a functional Walker B
motif (hhhDXXG), uncover the effect of this mutation on its kinetic properties. Furthermore,
we demonstrate that an H79G mutation in vivo has striking effects on the formation of CBs in

the nucleus of human cells.

John Wiley & Sons, Inc.
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MATERIALS AND METHODS

Cell Line — Hela cells were cultured in DMEM, containing 10% v/v fetal calf serum
(Gibco/BRL), 2 mM L-glutamine and 50 U/ml of penicillin/streptomycin, and maintained at
37°Cin 5% COa.

Antibodies — The following primary antibodies were used for immunofluorescence: Mouse
anti-coilin 84 monoclonal antibody (mab) SP10 TC at 1:50 dilution, mouse anti-PML Bodies
mab P6-M3 at 1:100 (Santa Cruz Biotech.) and mouse anti-fibrillarin mab AFBO1 at 1:200
(tebu-bio). Secondary antibodies (Molecular Probes) were: Alexa Fluor 555 donkey anti-

mouse IgG, Alexa Fluor 568 goat anti-rabbit IgG, both at 1:1500 dilution.

Immunofluorescence — Immunofluorescence was carried as described by Santama et. al.,
1998" and labeled cells were analysed on a Zeiss Axiovert 200M inverted fluorescence
microscope, equipped with a Zeiss AxioCam MRm camera and Zeiss Axiovision 4.2

software, using a Zeiss Apochromat x63 1.3 oil lens.

Transient Transfections and Statistical Analysis — Exponentially growing Hel.a cultures were
harvested and replated onto coverslips 24 h prior to transfection. Transfections were carried
out using a Ca® / PO, precipitation protocol.1 At 24 and 36 h post transfection, coverslips
were retrieved for immunofluorescence and microscopic analysis. For analysis of the CB
phenotypes, random fields of cells were scored for the number of CBs per nucleus (as
revealed by coilin immunostaining) from three independent experiments (n=571 for GFP-
hCINAP-H79G, n=1439 for GFP-hCINAP-WT and n=1072 for mock-transfected cells). Data
processing was performed in Excel (Microsoft Corp.) and statistical tests undertaken in Prism
(GraphPad Software, Inc.). The mean CB number (xsample standard deviation) was
calculated and statistically tested by Welch’s t-test. A histogram of the number distribution
was generated for each construct and the distributions compared by 2-way ANOVA. P values
<0.05, 0.01 and 0.001 were assigned as significant, highly and extremely significant,

respectively.

Construction of Bacterial Expression Vectors — hCINAP cDNA was subloned as a
BamHI/Sall fragment from pGEX-4T-1-hCINAP (described by Santama et al., 2005') into

John Wiley & Sons, Inc.
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bacterial expression vector pGEX-6P-3 (Amersham Biosciences). The hCINAP-H79G mutant
was generated using the QuikChange site-directed mutagenesis kit (Stratagene) and confirmed

by DNA sequencing (MWG, Germany).

Bacterial Expression and Purification of Recombinant Proteins — For recombinant protein
expression, competent E. coli B834(DE3)pLysS (Novagen) were transformed with pGEX-6P-
3-hCINAP or pGEX-6P-3-hCINAP-H79G, cultured at 37 °C until ODgyy was 0.4-0.5 AU,
induced with 0.5 mM isopropyl B-thiogalactopyranose (IPTG, Sigma) and grown at 18 °C
overnight. Cells were lysed in lysis buffer [SO mM Tris-HCI1 pH 8.2, 0.2 M NaCl, 0.5 mM
DTT, 0.5 mM PMSF, and a mixture of protease inhibitors (Roche)] and disrupted by
sonication. The cell lysate was clarified (130,000 x g at 4 °C for 30 min), the cleared
supernatant was affinity purified onto a GSTrap 4B column (GE Healthcare), followed by on-
column cleavage of the GST tag by injection of 3C protease, performed as described by Dian
et al, 2002.'"° The eluate was concentrated by ultrafiltration and further purified by gel
filtration chromatography on a 150-ml Superdex 75 (GE Healthcare) column. Fractions
containing the hCINAP monomer were pooled, concentrated to 14 mg/ml and used for
crystallization experiments. Additionally, purified proteins were desalted by dialysis against

20 mM Tris, pH 7.5 and used for AK or ATPase assays.

AK Assays — AK assays were performed on a dual-beam Cary 100 conc UV/VIS
spectrophotometer. The rate of S-NADH disappearance was monitored at 340 nm by
simultaneous measurement of test and reference cell absorbance. Reference samples,
containing reaction mixture without hCINAP, were used to automatically subtract background
absorbance, mainly attributable to the ATPase activity of pyruvate kinase and nonenzymatic
ATP hydrolysis. The AK activity of hCINAP with respect to ATP was measured in the
presence of 0.3 mM AMP. The final assay mixture (0.2 ml) consisted of 100 mM Tris-HCI,
pH 7.5, 60 mM KCI, 0.21 mM B-NADH, 1 mM PEP, 5 mM MgCl,, 11.4 U/ml PK (Sigma),
10.6 U/ml LDH (Sigma), 20 ug hCINAP, 0.3 mM AMP and 0.01-1.0 mM ATP.

The effects of the AK-specific inhibitor, AP5A, were determined in the presence of
0.33 mM ATP, 0.3 mM AMP and 1-120 nM AP5A.

All kinetic data were analyzed with the nonlinear regression program GraFit."”

ATPase Assay — ATPase activity was determined by the malachite-green assay.18 The reaction

mixture (0.2 ml) contained 100 mM Tris-HCI, pH 7.5, 60 mM KCIl, 5 mM MgCl,, 0.01-2
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mM ATP and 20 pg wild-type or mutant enzyme. Parallel control samples, containing
reaction mixture without hCINAP, were used to subtract absorbance derived mainly from
nonenzymatic ATP hydrolysis. Blank samples, containing buffer with and without hCINAP,
showed no absorbance difference and were used to adjust the baseline of the instrument.
Reactions took place for 10 min at 30 °C and were stopped by addition of the color reagent.
Mixtures were allowed to stand for 10 min, and colorimetric determination of PO43' liberation

was monitored at 630 nm.

Crystallization and Data Collection — Co-crystals of hCINAP in complex with ADP, dADP
and Mg2+ADP—PO43’ (average size of 0.3—0.5 mm), were obtained at 20 °C using the sitting-
drop vapour diffusion technique in a buffer comprising 14 mg/ml enzyme, 0.1 M HEPES pH
7.5, 1.5 M Li;SO4, 0.2 M NaCl, 0.5 mM DTT, 25 mM MgCl,, and 2 mM ADP or 2 mM
dADP or 25 mM APS5A, respectively. Prior to flash freezing for data collection, crystals were
transferred for 5-15 sec to fresh buffer containing 25% v/v glycerol. Single crystal diffraction
data were collected on the PX 10.1 beamline (SRS, Daresbury Laboratory), using a 225-mm
MAR CCD detector. The crystal-to-image plate distance was 150 mm and gave a maximum

resolution of 1.75 A at the edge of the detector.

Structure Determination— Integration and data reduction were performed with the programs
DENZO and SCALEPACK" or MOSFLM™ and SCALA, from CCP4 suite,”' and intensities
transformed to amplitudes with TRUNCATE.* The crystals were isomorphous with the
sulfate-bound form (1RKB).” Phases were obtained with Molrep23 , using the 1RKB structure
as a molecular replacement model (Rf/o= 11.53, Tf/6=35.01). Alternate cycles of manual
building with the program Coot** and refinement using the maximum likelihood target
function as implemented in the program REFMAC?® improved the model phases. At this
stage, water molecules were added to unidentified F,—F. map peaks greater than 1.0 o by
using the “water find” module of the program Coot. After an additional cycle of refinement
and manual building, the ligand molecule was included in subsequent refinement cycles.
ADP, dADP, Mg**(H,0)s, PO,> and SO4* models, retrieved from the REFMAC library, were
fitted into the electron density with Coot. The final model was generated by TLS refinement
within REFMAC using TLS groups for the protein generated by the TLSMD web server.”
Details of data processing and refinement statistics are summarized in Table I.

PROCHECK? was used to assess the quality of the final structure. Structures were

analysed by programs “contacts” and “angle” of the CCP4 suite, and hydrogen bonds were
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assigned if the distance between electronegative atoms was less than 3.3 A and if both angles
between these atoms and the preceding atoms were greater than 90°. Van der Waals (vdW)

contacts were noted for nonhydrogen atoms separated by less than 4 A.

Protein Preparation for Substrate Docking Calculations — Using the hCINAP—Mg2+ADP—
PO,* X-ray complex coordinates, an initial hCINAP- Mg2+ATP—PO43' was prepared by
conversion of ADP to ATP, based on the position of the extra phosphate group in the
superimposed AK-AMPPNP-AMP (PDB entry 1ANK) structure.”® Wat12 and Wat8 were
deleted, as the extra phosphate takes their places in coordinating to Mg2+ and forming a
hydrogen bond contact with Argl09. The initial model was prepared for docking using
Schrédinger’s Protein Preparation Wizard by deleting residual SO4> molecules, the Li atom,
all crystallographic water molecules beyond 5 A of Mg**, ATP or PO,”. Two further water
molecules (Wat9 and Watl0), to accommodate different orientations of the docked AMP
molecule, were also deleted. Bond orders were assigned and hydrogen atoms added. Initial
assignment of protonation states for basic and acidic residues and tautomeric states were
based on pKa at their normal pH (7.0). Subsequent optimization of hydroxyl, His protonation
states, C/N atom “flips” and side-chain O/N atom “flips” of Asn and GIn was based on
optimizing hydrogen bonding patterns. His residues were assigned as neutral, either in a HIE
or HID state. Any steric clashes or bad contacts were removed by a final Impref minimization

using the OPLS-AA (2001) force field.”

Ligand Preparation for Docking — The AMP and ADP ligands were extracted directly from
the crystal structures (PDB entries 1ANK and 31IIL, respectively), and ATP from the prepared
hCI]\IAP—Mg2+ATP—PO43' complex. Hydrogens were added, bond orders assigned and
structures minimized using MacroModel version 9.5°° and the OPLS-AA (2005) force

field,zg’31 with water solvation effects included via the GB/SA continuum model.*

Rigid Receptor Docking — Initial validation of the hCINAP—Mg2+ATP—PO43' model structure
and the Glide-XP (version 4.5)* docking method***® was performed by re-docking of ATP to
the model. Docking grids were centered on the ATP ligand and prepared with/without the
PO,* ion at the AMP binding site. Glide-XP docking of AMP to the AMP binding site was
performed with PO,” used as the centre for the docking grids. In each case, the grids
represented the shape and properties of the binding sites with dimensions ~ 30 A x 30 A x 30
A.
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Induced Fit Docking — IFD calculations,”’ including receptor flexibility of AMP to the AMP
binding site, were performed using the Glide-XP (rigid receptor) top-ranked AMP-pose as
input. Grids for the hCINAP-Mg**ATP-AMP model had dimensions of 30 A x 30 A x 30 A,
centered on AMP. A maximum of 20 ligand binding poses were saved from Stage I Glide-SP
docking. Stage II was a Prime induced fit, where residues within 5 A of the AMP ligand
initial poses were refined. Residues 45-54 of the NMP-binding loop were explicitly included
and P-loop residues Lys16 and Thr17 explicitly excluded, due to their role in coordinating to
the Mg**. For Stage III, up to 20 structures within 30 kcal/mol of the lowest-energy structure
were used for Glide-XP AMP re-docking. The resulting receptor-ligand poses were analyzed
in terms of structure, ligand re-docking GlideScore (GS), and IFDScore (ligand re-docking
GS + 0.05% Prime complex energy).

OM/MM Calculations — QM/MM single point calculations using QSite 5.0*® were performed
on the geometries from the IFD calculations to estimate changes in ESP fit atomic charges as
the AMP a-phosphate approaches the ATP y-phosphate. The QM region contained: the ATP
and AMP ligands with the -CH,- groups “hydrogen-capped” in place of the riboses; any
residue and water molecule directly hydrogen-bonded with the AMP and ATP a- and y-
phosphates; the hexa-coordinated Mg2+, its 3 coordinated waters and the Thrl7 side chain.
The B3LYP** DFT method was used with the 6-31+G* basis setf“‘43 while the OPLS-
AA(2005) force field®”**" was used for the MM region.

Superimposition and Structure Presentation — These were performed with LSQKAB* for
hCINAP complexes and with SUPERPOSE" for comparison between hCINAP and its
homologues. Figures were prepared and rendered with PyMol.*

The coordinates of the protein complexes have been deposited to the RCSB Protein

Data Bank (http://www.rcsb.org/pdb), with codes 311J, 31IK, 3IIL and 31IM.
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RESULTS
The structures of hCINAP in complex with ADP, dADP and SO.*: identification of
substrate binding sites

To re-examine and fully resolve the structural features of hCINAP as an atypical
putative AK enzyme and probe ADP binding sites for the forward reaction
(2ADP—ATP+AMP) plus the expected AMP and ATP binding sites for the bisubstrate
reverse reaction (ATP+AMP—2ADP), we provide here a series of structural analyses. We
achieved the first structure of hCINAP in complex with ADP, its putative AK substrate (Fig.
1 and 2A, Table I), at a higher resolution (1.76 A) than the existing structure for the sulfate-
bound form at 2 A resolution (1IRKB).” Inspection of the electron density maps of the
hCINAP-ADP complex shows a strong F,-F, accompanied by a 2F,-F, electron density,
which can neatly accommodate one ADP molecule. The catalytic center is lined by P-loop
amino acids 10-17, Arg109 from the LID domain and also His79 (Fig. 1 and 2A). ADP binds
in a groove located near the protein surface with the adenine ring occupying the entrance of
the catalytic center and the phosphate groups orientated toward the P-Loop region. The crystal
structure shows that, upon binding to hCINAP, ADP forms numerous polar and non-polar
contacts with the residues of the ATP binding site (summarized in Sup-Table I). In
agreement with the broad substrate specificity of hCINAP, the adenosine moiety of ADP
participates in only three hydrogen bonds with protein residues (Fig. 2A).

We also conducted the structural analysis of hCINAP-dADP complex at 2 A
resolution, (Table I), which showed that dADP perfectly overlaps with the ADP molecule
(RMSD=0.121 A; data not shown), but that the N1 of adenine and the remaining sugar
oxygen O3’ are not hydrogen bonded, reducing dADP interaction by four hydrogen bonds,
compared to ADP (Sup-Table II).

Additionally, in the hCINAP-ADP structure the deduced ATP binding site is bordered
by a loop composed of residues 78 to 84. This loop links the C-terminal end of the CORE 33
strand (Asp77) with a 3 helix, and, significantly, bears a Walker B motif, 77-DYHG-80,
indicating its possible role in catalysis®'" '* (Fig. S1). In particular, His79 is linked with the
B-phosphate in the ATP binding site by a hydrogen bond network extending from amide ND1
to Watl1, from Watll to P loop-Lys16 and from Lys16 back to the B-phosphate (Fig. 2A).
Water molecule Watl1 lies between the B-phosphate (PB) of ADP (PB-Owl1; 4.5 A) and
His79 (Owl11-ND1; 2.9 A), and is hydrogen-bonded to NZ of Lys16 (2.81 A). Owl1 is in-line
with respect to ND1 and PB (angle ND1-Ow11-PB=177.12°), suggesting that this position is
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of high potential for a nucleophilic attack of an oxygen on the B-phosphate of acceptor ADP
during the forward AK reaction (Fig. 2A).

In its totality, the tertiary structure of hCINAP bound to ADP (or dADP) (Fig. 1),
including its ATP binding site, resembles the previously reported sulfate-bound protein
structure.’ However, in the ATP site, the most important difference that we have identified is
a shift by 1.5A in the side chain of Argl109, which could be associated with a conformational
change of the LID domain, possibly in order to optimize the contacts with the a- and f-
phosphate groups of ADP (Fig. 1 and Fig. 2A). Additionally, the higher-resolution structure
allowed us to build accurately the nucleoside monophosphate-binding loop (NMP-binding
loop; amino acids 45-55), whose residues were interpreted as disordered in a previous
structural analysis of hCINAP.” In our structure (Fig.1), the NMP-binding loop adopts a B
strand-turn-f strand conformation and has a well-defined electron density with average B
factor for all atoms 30 A (Sup-Table V).

To assess whether the observed structural difference of the NMP-binding domain in
this work may be due to ADP binding to the enzyme, we obtained data from the hCINAP-
SO42' complex at 1.95 A resolution, and refined to an R-factor of 0.179 (Rfree = 0.206)
(Table I). In our hCINAP—SO42' structure, we observed the same structural motif of the NMP-
binding domain as in the ADP complex, indicating that it is independent of ligand (ADP)
binding and strengthening our interpretation of the NMP-binding loop (Fig.2B).

Finally, in the hCINAP-SO42' structure, in addition to a sulfate ion at the ATP-binding
site, we also found a weakly bound sulfate at the AMP-binding site located between His79
and Arg39 (Fig. 2B, Sup-Table III). This position is very similar to that observed for the -
phosphate moiety of AMP in AKs from Escherichia coli (AKeco) and Sulfolobus
acidocaldarius (AKas), 1ANK and INKS, respectively (Fig. S2A). SO4* interacts with a
conserved guanidinium group, also present in the AMP binding site of IANK and 1NKS
(Arg36 and Arg54, respectively).*”*® These findings suggest that the location occupied by the
sulfate ion (known to mimic the PO,>) represents the recognition site for the a-phosphate of
AMP in hCINAP.

In conclusion, therefore, the combination of our structures allowed the identification
of the ADP binding mode, within the ATP-binding site, and suggested the location of the
AMP binding site.

Mg**ADP-PO,* binding
To further probe the AMP binding site in hCINAP and, at the same time, capture its
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transition intermediate, we used a known inhibitor of AKs, the bisubstrate analog bis-
adenosine pentaphosphate (AP5A). We found AP5A to be a potent inhibitor of hCINAP with
an ICsp of 27.03 £2.93 nM AP5A (Fig. S3).

The hCINAP structure that we obtained in the presence of AKSA (Fig. 2C) did not, as
expected, correspond to a transition intermediate but appeared to correspond to a post-
hydrolysis state. This may be explained by a technical limitation of the X-ray crystallography
technique: in our experiments co-crystal formation in the presence of AP5SA required 1 month,
and it is therefore likely that the co-crystallized AP5SA was slowly hydrolyzed enzymatically
or chemically during the crystallization period. Soaking of preformed crystals with fresh
APSA solution led to crystal deterioration, indicating that the crystal complex formation was
accompanied by extensive structural re-organisation (as would be expected in AKs).°

The obtained structure revealed that (a) the ATP site was occupied by a Mg**ADP
complex and a phosphate group (P1) in close contact with His79 of the Walker B motif, (b) a
large shift in the backbone torsional angle of His79 occurred (APhi=-67.8°), accompanied by
a shift of the imidazole ring by 2.1 A away from the ATP site in order to establish contacts
with the phosphate group (Fig. S4), (c¢) the magnesium ion was hexa-coordinated with one
ligand supplied by a B-phosphate oxygen and a second one supplied by the hydroxyl group of
Thrl17, and finally (d) ADP possessed an identical conformation to that of the ADP complex
(RMSD=0.0614).

There is strong evidence that PO, (as a product of hydrolysis), rather than SO42', was
bound in the presented crystal structure: (a) We could not detect a SO47 ion in this position or
a shift in the His79 side chain in any other of the three reported structures (SO42', ADP,
dADP), but exclusively in the Mg2+ADP—PO43' structure, although the precipitant Li,SO4 was
present at a concentration of 1.5 M in all four crystallization experiments. Furthermore, (b)
we have carried out the co-crystallization experiments (data not shown) in the presence of
Mg**, Mg** ADP and Mg**dADP, but have not obtained SO,” in this position, neither a His79
shift, nor a bound Mg”* ion.

The PO, at its position makes hydrogen bonds to the imidazole nitrogen of His79
(2.65 10%) and the NZ atom of Lysl16 (2.83 A). We propose that during the forward AK
reaction (2ADP—ATP + AMP) the Mg”* ion does not follow the movement of the attacking
B-phosphate, but maintains its observed position and hexa-coordinated geometry, with 2 y-
phosphate oxygens of the produced ATP replacing two water molecules, most probably Wat8
and Watl2 (Fig. 2C and Sup-Table IV).

Therefore, while for technical reasons this approach did not reveal unequivocally the
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binding site of AMP, the post-hydrolysis structure obtained was very informative in
determining the residues that provide the co-ordination for the Mg2+ ion (this is the first
example of an AK with a bound Mg** ion) and in revealing that P loop His79 is involved in

the recognition of PO, in the structure with Mg** ADP-PO,’ present.

Prediction of the hCINAP-Mg2+ATP-AMP ternary complex by modeling.

In the absence of direct crystallographic evidence for the AMP binding site (required
for an AK activity) and with hCINAP already classified as an AK,2 we decided to model a
hCINAP—Mg2+ATP—AMP ternary complex in order to predict what structural changes this
would induce compared with the ADP bound complexes and to gain further insights into the
nature of hCINAP if functioning as an AK. Successful docking of ATP to the hCINAP-
Mg**ATP-PO,” model, prepared from the hCINAP-Mg**ADP-PO,” X-ray complex (see
Materials & Methods), required removal of the PO43' ion from the model, indicating
unfavorable ATP—PO43' electrostatics with PO43' in its present position. On removal of PO43',
all ATP docking poses produced the ATP binding conformation in the model complex, with
the superimposed RMSD (heavy atoms) for the top-ranked pose being 0.828 A, compared to
the starting model.

ATP binding site structural changes going from ADP to ATP are minimal with the
more significant conformational changes expected in the NMP-binding domain and Walker
B-motif loop in order to accommodate AMP at the AMP binding site.

Meanwhile, induced fit docking (IFD), including receptor flexibility of AMP to the
AMP binding site, resulted in eight receptor-ligand binding structures, four of which made
intuitive sense with the o-AMP phosphate occupying a similar position to the o-AMP
phosphate in 1ANK (E. coli AK with bound AMPPNP and AMP) and 1INKS (S.
acidocaldarius AK with bound ADP and AMP) structures (Table II). The hexa-coordinated
Mg?** coordination sphere is conserved for all structures. The first three structures (IFD-1 —
IFD-3) were also the top-ranked IFD poses. IFD-1 and IFD-2 poses with the highest IFD
scores reproduce best the AMP-bound conformations in 1ANK and 1NKS, with
superimposed ligand RMSDs (heavy atoms) being all less than 1 A. They both have similar
ATP-AMP inter-phosphate P-P distances (~ 5 A) and form seven direct AMP-protein
hydrogen bonds, which compares well with the eight hydrogen bonds formed by the
homologous 1ANK and INKS complexes. The main structural differences between IFD-1
and IFD-2 are the length of the hydrogen bonds and the AMP a-phosphate position, which
differs spatially by about 1 A. IFD-1 (P-P=5.12 A), shown in Fig. 3B, forms more favorable
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contacts with hCINAP as judged by the higher Glide Score (-10.17) compared to IFD-2 (-
8.82). Compared to the hCINAP—Mg2+ADP—PO43' X-ray structure, there is a backbone shift in
the NMP-binding domain (residues 45—55) with the largest shifts of 3.5-5 A for residues 49—
51. Accompanying side-chain rearrangements are mainly associated with increasing favorable
contacts with AMP (Fig. S2B).

The other two receptor-ligand poses in Table II have longer (6.49 A; IFD-4; Fig. 3A)
or shorter P-P distances (4.53 A; IFD-3; Fig. 3C) than those of IFD-1 and IFD-2. The
structures suggest a key role for water bridging in the approach of an a-AMP phosphate
towards the y-ATP phosphate, as well as some assistance from the Walker B-motif residues,
Tyr78 and His79. In IFD-3, the AMP ligand is ideally placed for a phosphate transfer
mechanism involving a nucleophilic attack. The case for such a pathway is accentuated by our
QM/MM calculations of electrostatic potential (ESP) atomic partial charges at the different P-
P distances for IFD-1, IFD-3 and IFD-4 (Sup-Table VI). As the AMP approaches the ATP,
an AMP o-phosphate Opl becomes hydrogen bonded with a Mg** coordinated water (Wat5)
and this is reflected in its estimated partial charge of -0.82 for P-P distance 4.53 A (Fig. 3C).
The corresponding partial charge for His79 hydrogen bonded phosphate Op2 is -0.98.
Approach of a mobile AMP towards an immobile ATP is consistent with a transfer
mechanism in which the AMP o-phosphate attacks the y-phosphate of ATP, assisted by water
molecules that bridge ATP y- and AMP a-phosphates. Further, the structures and P-P
distances reported here, although derived from docking (and therefore to be considered with
some caution), are consistent with molecular dynamics simulations of E. coli AK Mg2+ATP-
ADP.*” Of note in this context is a recent publication by Nucci et al.,”® which highlights the
limitations of the "static" picture of water molecule positions, as given by crystal structure
determination, compared with a more detailed dynamic picture, which can be produced by
NMR reverse micelle technology. To address this shortcoming, retention and modeling of
water molecules in our IFD calculations attempt to account for some of the dynamic water
behavior associated with the approach of AMP towards ATP at different P-P distances in our
proposed models.

Overall, the modeling strongly indicated that the AMP binding site would lie between
the B motif and Arg39. This conclusion is strengthened by the fact that Arg39 is a highly

conserved residue in other known AKs.
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An H79G mutation affects both AK and ATPase activities of hCINAP

The overall structural analysis and the proposed catalytic mechanism have highlighted
the significance of certain amino acids in the P loop region (Lys16, Thr17), the LID domain
(Argl09) and Walker B motif (His79). These residues are either identical or correspond to
conservative substitutions in orthologs of hCINAP across the eukaryotic phyla. Interestingly,
in human adenylate kinases AK1-AKS, Lys16 and Argl09 are conserved, while Thr17 and
His79, perceived as functionally critical for hCINAP, are absent. Because our structural and
modelling studies indicate that H79 may be a regulatory residue that responds to substrate
binding, we decided to generate an hCINAP-H79G mutant and perform kinetic analysis to
evaluate its effect on catalytic activity.

We first measured the AK activities of highly purified hCINAP and hCINAP-H79G
with respect to ATP, in the presence of a fixed concentration of AMP (0.3 mM). Second, we
determined ATPase hydrolysis by hCINAP-WT and hCINAP-H79G, in the absence of AMP
(Table III and Fig. 4). We found that in the presence of the H79 mutation (a) the AK
enzymatic efficiency (k.,/Ky,) is reduced by 72% relative to the wild-type enzyme, and (b) the
efficiency for ATP hydrolysis in the absence of AMP (ATPase activity) is reduced by 76%
relative to the wild type. Furthermore, the ATPase activity of wild type hCINAP (1.45 M's
" is about 1% of its AK activity (140 M'.s . While many protein kinases exhibit ATP
hydrolysis in the absence of their substrate, the high intrinsic ATPase activity of hCINAP is
quite unusual for an AK.

Kinetic analysis has therefore provided the evidence for a dual enzymatic activity for
hCINAP that is consistent with the dual structural features of the enzyme, namely the overall

folding typical of an AK and a catalytic centre characteristic for an ATPase.

The expression of the hCINAP-H79G mutant is toxic and causes a significant change in
Cajal Body organisation in the nucleus

hCINAP and CB protein coilin interact directly via the latter’s 214 carboxy-terminal
residues.' Because of the effect of Walker B-motif His79 in enzymatic efficiency, affecting
both AK and ATPase activity in vitro, we next examined whether expression of mutant
hCINAP-H79G in vivo might have functional implications for nuclear organization,
accompanied by a corresponding phenotypic effect on either coilin or CBs. GFP-tagged
expression vectors of wild-type hCINAP (WT) and mutant hCINAP-H79G were constructed,
tested by Western blot (data not shown) and used for transient transfections of HeLa cells.

We observed that transfection with a mutant GFP-hCINAP-H79G construct had
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detrimental effects both on transfection efficiency and proliferation of transfected cells: at 24
h post transfection, the proportion of hCINAP-H79G-transfected apoptotic cells (43%) was
four times higher than that of wild-type GFP-hCINAP (WT) cells (11%) with extreme
statistical significance, and at 36 h the proportion of apoptotic hCINAP-H79G-transfected
cells was maintained very high (43% compared to 13% for WT transfected apoptotic cells)
with high statistical significance (ANOVA with Tukey’s multiple comparison post-test; Fig.
SS5), indicative of mutant-specific impairment of proliferation or cell survival.

The number of CBs per nucleus, as detected with an anti-coilin antibody, was scored
in cells transfected with GFP-hCINAP-WT (n=1439), GFP-hCINAP-H79G (n=571) and
mock-transfected control cells (n=1072). In highly-expressing GFP-hCINAP transfected cells,
we observed profound changes in CB organization: the mean number of CBs per nucleus was
significantly higher in cells transfected with mutant hCINAP-H79G, as compared with the
mock transfected cells (Welch's t-test, p=0.034) (Fig. SA). Importantly, there was a marked
heterogeneity in the numbers of CBs in the nuclei of hCINAP-H79G transfected cells as
evidenced by the frequency distribution displayed in Fig. 5B, so that large groups of cells
either had much fewer CBs than the mean number in WT-hCINAP-expressing or mock-
tranfected cells, or groups of H79G cells possessed unusually high numbers of CBs (up to 30
per nucleus) (Fig. SB). Representative examples of hCINAP-H79G-expressing cells with
either a very large number of CBs (Fig. SD upper panels) or a small number of CBs (Fig. SD
bottom panels), are shown in Fig. 5. As a result of this heterogeneity, the frequency
distribution of CBs in cells expressing the mutant form was significantly different overall
from that of WT-hCINAP samples (two way ANOVA, p=0.0151) and from mock-transfected
samples (p=0.0122).

The same analysis was repeated examining other types of distinct subnuclear
structures, namely the nucleolus, a site historically linked to CBs by Cajal hirnself,51 and PML
Bodies (Pro Myeloid Leukemia Bodies), a nuclear domain not directly linked to CBs. No
discernible phenotypic change of the numbers or overall organisation of these two nuclear
domains was observed in mutant vs. wild-type hCINAP-expressing cells (Fig. S6). This
indicates that the effect of overexpression of hCINAP-H79G on CB organisation (mean and
distribution) is specific and not secondary to general effects of the mutant enzyme on nuclear
structure.

Taken together, these data indicate that the expression of the mutant protein results in
CB de-regulation (causing an elevated average number and abnormal heterogeneous

distribution of CB numbers) and is toxic to the cell, resulting in enhanced apoptosis and
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reduced proliferation.

DISCUSSION

Although the structure of hCINAP in complex with SO4* had previously been
published, the additional four structures presented in this work as well as our modeling of the
hCINAP-Mg**ATP-AMP ternary complex (a) resolve residues in the predicted AMP binding
site that were previously interpreted as disordered, (b) confirm that the overall folding of
hCINAP conforms to that expected for the AK family, with ADP and AMP binding sites in its
catalytic centers, and (c) reveal that, in the vicinity of the ATP binding site, hCINAP
possesses structural features typical of the ATPase/GTPase family rather than of AKs. These
are a Walker A motif (P-loop), bearing a Mg**-coordinating residue (Thr17), and a Walker B
motif, not reported for any other known AK in any species. hCINAP is thus the first member
of the adenylate kinase family (AK1-6) carrying a Walker B motif. Additionally, loop region
Asp77 to Pro85, including the Walker B motif is oriented quite differently from that of the
other AKs (Fig. S1). In all likelihood, this distinct sequence piece and its unusual orientation
is important for the display of ATPase activity. We corroborated the structural evidence by
demonstrating that hCINAP has unusually high intrinsic ATPase activity, in addition to AK
activity, being essentially a dual-activity AK/ATPase. The role of H79 in catalysis was found
to be equally important both for the AK and ATPase reactions, as we demonstrate that the
H79G mutation reduces by approximately 72% the AK enzymatic efficiency and by 76% the
ATPase efficiency.

Based on our structural and modeling analysis, we can propose a possible structural
mechanism that accounts for the participation of His79 in both ATPase and AK reactions. In
our proposed model shown in Fig. 6, the imidazole ring of His79 can flip between two
possible orientations (rotation about a Cp-Cy single bond is assumed to be free’?). In the first
orientation (“flip” or “AK mode”), the imidazole nitrogen faces the AMP binding site and co-
ordinates the a-phosphate of AMP together with Arg39 (Fig. 6 — AK mode). In the second
orientation (“flop” or “ATPase mode™), the imidazole nitrogen faces the Mg**ATP catalytic
center (Fig. 6 — ATPase mode) and co-ordinates a lytic water together with Lys16 for a
nucleophilic attack on the y-phosphate of ATP, similar to the mechanism which has been

proposed for myosin by Okimoto and co-workers.”
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The expression of the H79G mutant in human cells in culture was found to be toxic,
reducing proliferation and increasing apoptosis compared to the wild-type enzyme (Fig. SS),
and also exerting a profound and specific effect on CB organization in the nucleus (Fig. 5).
The observed CB deregulation was detectable as a significantly altered frequency distribution
compared with controls, and an abnormally wide range of between 0 and over 30
CBs/nucleus. The observed dramatic effect of the H79 mutation is in agreement with that
observed for the yeast ortholog of hCINAP, FAP7."* While FAP7 ATPase activity is
negligible in vitro, strains harboring Fap7 K20R (Walker A motif) or DS82AH84A (Walker B
motif) mutations exhibit a significantly reduced growth rate compared to the wild-type strain
and show that conserved amino acids predicted to be involved in nucleotide binding and
NTPase activity are essential for Fap7 function in vivo. Likewise, regulation of CB assembly
and disassembly during the cell cycle could be intrinsically linked with the putative
involvement of hCINAP in nucleotide homeostasis in the mammalian nucleus, which might
affect the ATP-dependent movement’" of these highly dynamic and cell cycle-dependent
structures. At the same time, the relatively low in vitro catalytic activities measured, such as
an AK activity of approximately 1/1000 that of AK1, bring into question whether enzymatic
activity of hCINAP is its main feature in vivo. Indeed, the relatively small effect of the H79G
mutation on catalytic activities combined with its significant biological effect raises the
possibility that H79 may mediate an alternative function of hCINAP, including involvement
in formation or dissolution of protein complexes and the recognition of a substrate not tested
in our in vitro assays.

Intriguingly, our structural analysis beyond the catalytic center points towards possible
alternative functions of hCINAP. The protein possesses an enclosed tunnel, formed by the
long NMP-binding domain and the LID domain (Fig. S7). This tunnel, with one end exposed
to the bulk solvent and the opposite end to the ATP binding site, might constitute the path for
the N- or C-terminus of a peptide chain. This would allow phosphorylation of a specific
protein substrate (should hCINAP act as a protein kinase) or other energy-dependent
processes, including the conformational correction of a misfolded target protein (should
hCINAP act as a molecular chaperone). For instance, the known role of the phosphoprotein

coilin in CB assembly’>°

and its interaction with hCINAP warrant further investigation of
whether hCINAP may act on coilin as a kinase, a chaperone or a coordinator of its interaction
in functional protein complexes

In conclusion, the unique properties of hCINAP relative to other AK isoforms,

including differences in structure, substrate preference, intrinsic ATPase activity and cellular
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localization, indicate that its function in vivo may also be exceptional amongst AKs. Ongoing
investigation into the intriguing link between hCINAP and CB regulation might hold the key

to its principal biological action.
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FIGURE LEGENDS
FIGURE 1: Structure superimposition of hCINAP-ADP complex (green) onto the
sulfate-bound form 1RKB (purple). The overall root mean square deviation (RMSD)
between Ca and backbone atoms of hCINAP-ADP and 1RKB was 0.576 and 0.594 A,
respectively. The NMP binding domain (designated by cyan), which comprises amino acids
45-55 (average RMSD for Ca atoms is 2.43 A), adopts a B strand-turn-f strand conformation.
The conserved Lys16 residue adopts identical conformation in the two structures, whereas the
side chain of the conserved Argl09 shifts by 1.5 A towards the phosphate groups to stabilize
the large number of negative charges. The P-loop (a.a.10-17) and the Walker B motif (a.a.

77-80) regions are indicated in yellow and orange, respectively.

FIGURE 2: Structural analysis of hCINAP complexes

A. Polar contacts of ADP in the vicinity of the Mg**ATP binding site. Guanidine nitrogen
of Argl09 from the LID domain makes polar contacts with the a- and B-phosphate oxygens,
O2A and O2B. The hydroxyl group of Thr17 interacts directly with B-phosphate oxygen O3B,
whereas NZ of Lys16 forms one hydrogen bond with O1B. The hydroxyl group of Thrl8
interacts with O1A oxygen. The phosphate moiety makes additional polar contacts with water
molecules and the main chain O/N atoms of residues Gly13, Glyl5, Lys16, Thr17 and Thrl8.
The ribose moiety forms only two polar contacts with water molecules. The purine moiety
interacts with two water molecules, while two additional polar contacts are formed between
N6 and the carbonylic oxygen of Lys148 and N1 and the amide nitrogen of Pro149.

B. Polar contacts of SO42' bound at the AMP binding site. The SO42' ion, bound at the
AMP binding site, makes a direct polar contact with the guanidinum nitrogen NH1 and two
indirect polar contacts with the NH2 via a water molecule. The imidazole ND1 of His79 is
hydrogen bonded to water Watl1 (ND1-OW11; 2.82 2\), whereas nonpolar-polar contacts are
formed between imidazole carbon CE1 and the sulfate oxygen O1 (CE1-O1; 3.17 A).

C. Polar contacts of Mg>*ADP and Pi, in the vicinity of the Mg>*ATP binding site. In the
vicinity of the Mg”*ATP binding site, an extensive network of hydrogen bonds is created
between Mg**ADP, PO4>, P-loop residues Lys16, Thr17, Thr18, Walker B motif His79, and
Argl09 from the LID-domain. The Mg”* ion is hexa-coordinated, with the hydroxyl group of
Thr17 and the Watl2 occupying two apical positions. The Wat12 and Wat8 are located in the
positions that would be occupied by two of the y-phosphate oxygens of ATP. Argl09 forms
hydrogen bonds with a- and -phosphate oxygens and Wat8 and is proposed to protect ATP
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from random hydrolysis. Mg2+ contributes to positive polarization of y-phosphate and makes

it more susceptible to nucleophilic attack.

FIGURE 3: Models of the hCINAP-Mg2+ATP-AMP complex from induced fit docking
calculations.

Predicted hCINAP—Mg2+ATP—AMP poses with different interphosphate (P-P) distances,
showing the approach of a mobile AMP towards a fixed ATP.

A. IFD-4, P-P distance 6.49 A: AMP phosphate interacts with His79 side chain NH and
Arg39 guanidine NH2. The Tyr78 side chain hydroxyl hydrogen-bonds with the ribose-ring
oxygen. The ribose 2'- and 3’-OHs form hydrogen bonds with Arg39 guanidine NH2 (2'-OH)
and backbone carbonyl and amide (3'-OH) of Pro54.

B. IFD-1, P-P distance 5.12 A: His79 forms a side-chain bond with the AMP phosphate. The
Tyr78 side-chain hydroxyl hydrogen-bonds with the ribose-ring oxygen and the adeninine
nitrogen N1. Water-bridging contacts of the AMP phosphate and the ATP phosphate with the
Arg39 guanidine side chain (NH2) are formed. Arg39 forms a direct H-bond contact with
ribose 2'-OH through side-chain guanidine NE and NH,. Ribose-3"-OH hydrogen-bonds with
the backbone-carbonyl O of Pro54.

C. IFD-3, P-P distance 4.53 A: AMP phosphate now interacts with the backbone and side-
chain NHs of His79, and the Mg**-coordinated water molecules Wat5 and Wat20. Waters
bridge the AMP (a-) —ATP (y-) phosphates. Arg39 forms a direct H-bond contact with ribose
2'-hydroxyl through side chain guanidine NH,. Ribose-3-OH hydrogen bonds with Tyr44
OH. The Tyr78 side-chain hydroxyl hydrogen-bonds with the ribose-ring oxygen.

FIGURE 4: Kinetics of hCINAP-WT and hCINAP-H79G.

A. hCINAP-WT adenylate kinase activity with respect to ATP at a constant concentration of
AMP. Inset: Double-reciprocal plot.

B. hCINAP-H79G adenylate kinase activity with respect to ATP. Inset: Hill plot.

C. Comparison of the AK activities of A and B; hCINAP-WT (A ) and hCINAP-H79G (e).
D. hCINAP-WT ATPase activity. Inset: Hill plot

E. hCINAP-H79G ATPase activity. Inset: Hill plot.

F. Comparison of the ATPase activities of D and E; hCINAP-WT (A) and hCINAP-H79G

(®). All data are means from two experiments.
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FIGURE 5: The overexpression of GFP-hCINAP-H79G alters Cajal Body (CB)
organization (mean and distribution) in the nucleus of HeLa cells.

A. Mean number of CB (+ sample standard deviation) per nucleus in mock-treated cells, cells
highly expressing GFP-hCINAP-WT and cells highly expressing GFP-hCINAP-H79G upon
transient transfection. The mean number of CBs is significantly higher in the hCINAP-H79G
mutant as compared to the mock transfected cells (Welch’s t-test, p=0.034).

B. Histogram of the distribution of Cajal Body (CB) numbers per nucleus in the same three
populations of transiently transfected cells. The overall distribution of CB numbers is
significantly different in hCINAP-H79G mutant samples compared to the WT control
samples (p=0.0151) and mock transfected samples (p=0.0122, two-way ANOVA).

C, D. Representative images of changed CB numbers in cells transiently transfected with
GFP-hCINAP-H79G (D), as compared to cells transiently transfected with GFP-hCINAP-WT
(C). Hoechst staining of nuclei (blue), GFP-fluorescence indicative of transfected cells in
each case (WT or mutant H79G) (green panels) and immunostaining of CBs with an anti-
coilin mab (red). In the examples of mutant H79G expression given here, the CBs are either
considerably increased in number in transfected cells (white arrows) as opposed to non-
transfected cells in the same field (top right panel), or markedly reduced (white arrows,
bottom right panel). In WT-transfected cells, the number of CBs is more homogeneous from

nucleus to nucleus (C). Scale bars: 20 pm.

FIGURE 6: A model of the role of His79 in enzymatic activities: Juxtaposition of
“ATPase mode” and “AK mode”

According to the proposed ring-flip hypothesis, based on the structural analysis, the imidazole
nitrogen ND1 of His79 can coordinate a lytic water molecule (together with the NZ of Lys16)
during the ATPase reaction (ATP + H20 — ADP + Pi; ATPase-mode) or coordinate the o-
phosphate of AMP (together with the NH1 of Arg39) during the reverse AK reaction (ATP +
AMP — 2ADP; AK-mode) (further details in the Discussion section).

John Wiley & Sons, Inc. 25



O©Coo~NOOPRWN -

PROTEINS: Structure, Function, and Bioinformatics

Table I: Statistics of data collection, processing and refinement of the hCINAP complexes

Page 62 of 71

Mg**ADP- PO*

hCINAP Complex (PDB ID) S04* (31IK) ADP (311)) dADP (31IM) GIIL)
CCLRC PX10.1; A (A) 1.04498 1.11665 0.979 1.04498
Space group P6,; Cell dimensions (A),  98.67,98.67,57.65  99.14, 99.14, 57.84 99.28, 99.28, 99.17, 99.17, 58.05
a,b,c, a=p=90°, y=120° 57.97
Resolution (A) 34.32-1.95 28.3-1.76 25.0-2.00 34.52-2.00
Outermost shell (A) 2.06-1.95 1.79-1.76 2.03-2.00 2.03-2.00
Reflections measured 188,312 152,209 140,350 144,687
Unique reflections 23,444 31,610 22,173 22,102
Rsymm®” 0.050 (0.449) 0.044 (0.499) 0.066 (0.470) 0.057 (0.461)
Completeness % 99.9 (100.0) 98.1 (88.4) 100.0 (100.0) 99.9 (100.0)
<l/ol> 25.80 (4.50) 17.92 (3.41) 17.80 (4.82) 20.13 (4.25)
Redundancy 8.0 (8.0) 4.9 (4.3) 6.3 (6.2) 6.5 (6.5)
Final Reryst” (Rfree) % 17.98 (20.56) 18.12 (19.51) 18.56 (21.62) 17.10 (19.27)
No. of protein residues (residue range)d 175 (-2 - 172) 175 (-2 - 172) 174 (-1 - 172) 175 (-2 - 172)
No. of water molecules in final cycle 200 190 205 201
R.m.s. deviation in bond lengths (A) 0.0089 0.0077 0.0097 0.0103
R.m.s. deviation in bond angles (°) 1.113 1.128 1.160 1.258
Average B factor (10%2)
Protein atoms 19.103 19.633 18.752 20.596
Water molecules 30.903 32.011 31.242 32.233
Ligand molecules 27.3 (SO4~TPsitey 30.214 (ADP) 32.605 (dADP) 33.099 (ADP)

Ramachandran (u—w) plot

95.7 (SO4AMPsitey

36.600 (Mg™")
34.058 (Pi)

Residues in most favored regions 93%, Residues in allowed regions 7%

Values in parentheses are for the outermost shell.

“Rsymm = 2,2 11I(h)-I;(h)/2,Z;1i(h) where T;(h) and I(h) are the ith and the mean measurements of the intensity of reflection h. bRcryst =2|F, -
F/2,F, where F, and F. are the observed and calculated structure factors amplitudes of reflection h, respectively. ‘Rfree is equal
to Reryst for a randomly selected 5% subset of reflections not used in the refinement. “Residues -2 to 0 correspond to additional amino acids

introduced by the cloning procedure.
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Output receptor-ligand poses (structures) and data from the IFD calculcations
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Structure

P-P

distance (A)*

H-bonds®

RMSD
(A)

Prime
Energy

(kcal/mol)

XP
Gscore

IFDScore

5.12

0.880
(0.826)

-11316.3

-10.17

-575.98

5.05

0.958
(0.769)

-11319.3

-8.82

-574.78

4.53

1.429
(1.640)

-11328.3

-71.92

-574.33

6.49

1.611
(1.367)

-11331.4

-5.59

-572.15

*ATP-ADP interphosphate distances measured between P atoms. "Number of direct AMP-
hCINAP hydrogen bonds. “/RMSD (heavy atoms) on superimposition of AMP conformation
on its conformations in the 1ANK and 1NKS (in parentheses) complexes.

John Wiley & Sons, Inc.




O©Coo~NOOPRWN -

PROTEINS: Structure, Function, and Bioinformatics

John Wiley & Sons, Inc.

Page 64 of 71



Page 65 of 71 PROTEINS: Structure, Function, and Bioinformatics

Table III: Summary of kinetic parameters

A. Adenylate kinase avtivity (ATP +AMP&2ADP)

Enzyme Specific activity Feeat 5 Kpn (WM ATP) | kK M's™)
(nmol/min /mg)
hCINAP™T 18+0.9 6.3x10° 45+5 140
hCINAP™® 11£0.16 (ny=1.99%) 3.7x10” 93+8? 39

O©CoOoO~NOOPRWN -

12 B. ATPase activity (ATP—ADP + Pi)
13 Enzyme Specific activity keat 5™ Kn(WM ATP) | koK (M's™)
14 (nmol/min /mg)
15 hCINAP™" 1.370.08 (n=1.217) 4.8x107" 33248° 1.45

16 hCINAP™™® 0.7420.04 (n=2.10") 2.5x10" 721£1° 0.34

17 * Best-fit curve obtained by fitting the data to the Hill equation. K, and ny were calculated by linear
18 regression of the logarithmically transformed data (Hill plots)
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O©CONOOGOPRWN-

PROTEINS: Structure, Function, and Bioinformatics

B-motif W&

N
&

yC

Structure superimposition of hCINAP-ADP complex (green) onto the sulfate-bound form
1RKB (purple). The overall root mean square deviation (RMSD) between Ca and backbone atoms
of hCINAP-ADP and 1RKB was 0.576 and 0.594 A, respectively. The NMP binding domain
(designated by cyan), which comprises amino acids 45-55 (average RMSD for Ca atoms is 2.43 R),
adopts a B strand-turn-B strand conformation. The conserved Lys16 residue adopts identical
conformation in the two structures, whereas the side chain of the conserved Arg109 shifts by 1.5 A
towards the phosphate groups to stabilize the large number of negative charges. The P-loop
(a.a.10-17) and the Walker B motif (a.a. 77-80) regions are indicated in yellow and orange,
respectively.
89x83mm (300 x 300 DPI)
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B-motif

47 Structural analysis of hCINAP complexes
A. Polar contacts of ADP in the vicinity of the Mg2*ATP binding site. Guanidine nitrogen of
Arg109 from the LID domain makes polar contacts with the a- and B-phosphate oxygens, O2A and
49 02B. The hydroxyl group of Thr17 interacts directly with B-phosphate oxygen O3B, whereas NZ of
50 Lys16 forms one hydrogen bond with O1B. The hydroxyl group of Thri18 interacts with O1A oxygen.
51 The phosphate moiety makes additional polar contacts with water molecules and the main chain
52 O/N atoms of residues Gly13, Gly15, Lys16, Thr17 and Thri8. The ribose moiety forms only two
53 polar contacts with water molecules. The purine moiety interacts with two water molecules, while
54 two additional polar contacts are formed between N6 and the carbonylic oxygen of Lys148 and N1
and the amide nitrogen of Pro149.

B. Polar contacts of SO4> bound at the AMP binding site. The S04 ion, bound at the AMP
binding site, makes a direct polar contact with the guanidinum nitrogen NH1 and two indirect polar
57 contacts with the NH2 via a water molecule. The imidazole ND1 of His79 is hydrogen bonded to

John Wiley & Sons, Inc.
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water Wat11 (ND1-OW11; 2.82 A), whereas nonpolar-polar contacts are formed between imidazole
carbon CE1 and the sulfate oxygen O1 (CE1-01; 3.17 A).

C. Polar contacts of Mg?*ADP and Pi, in the vicinity of the Mg?*ATP binding site. In the
vicinity of the Mg?*ATP binding site, an extensive network of hydrogen bonds is created between
Mg?*ADP, PO4%, P-loop residues Lys16, Thri7, Thr18, Walker B motif His79, and Arg109 from the
LID-domain. The Mg?* ion is hexa-coordinated, with the hydroxyl group of Thri7 and the Wat12

occupying two apical positions. The Wat12 and Wat8 are located in the positions that would be
occupied by two of the y-phosphate oxygens of ATP. Arg109 forms hydrogen bonds with a- and B-

phosphate oxygens and Wat8 and is proposed to protect ATP from random hydrolysis. Mg**
contributes to positive polarization of y-phosphate and makes it more susceptible to nucleophilic
attack.

76x142mm (458 x 458 DPI)

John Wiley & Sons, Inc.



Page 69 of 71

O©CONOOOPDWN-

PROTEINS: Structure, Function, and Bioinformatics

Models of the hCINAP-MgZ*ATP-AMP complex from induced fit docking calculations.
Predicted hCINAP-Mg?*ATP-AMP poses with different interphosphate (P-P) distances, showing the
approach of a mobile AMP towards a fixed ATP.

A. IFD-4, P-P distance 6.49 A: AMP phosphate interacts with His79 side chain NH and Arg39
guanidine NH2. The Tyr78 side chain hydroxyl hydrogen-bonds with the ribose-ring oxygen. The
ribose 2’- and 3’-OHs form hydrogen bonds with Arg39 guanidine NH2 (2’-OH) and backbone
carbonyl and amide (3’-OH) of Pro54.

B. IFD-1, P-P distance 5.12 A: His79 forms a side-chain bond with the AMP phosphate. The Tyr78
side-chain hydroxyl hydrogen-bonds with the ribose-ring oxygen and the adeninine nitrogen N1.
Water-bridging contacts of the AMP phosphate and the ATP phosphate with the Arg39 guanidine
side chain (NH2) are formed. Arg39 forms a direct H-bond contact with ribose 2’-OH through side-
chain guanidine NE and NH2. Ribose-3’-OH hydrogen-bonds with the backbone-carbonyl O of Pro54.
C. IFD-3, P-P distance 4.53 A: AMP phosphate now interacts with the backbone and side-chain NHs

John Wiley & Sons, Inc.
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of His79, and the Mg2+-coordinated water molecules Wat5 and Wat20. Waters bridge the AMP (a-)
—-ATP (y-) phosphates. Arg39 forms a direct H-bond contact with ribose 2’-hydroxyl through side
chain guanidine NH2. Ribose-3’-OH hydrogen bonds with Tyr44 OH. The Tyr78 side-chain hydroxyl
hydrogen-bonds with the ribose-ring oxygen.

77x157mm (425 x 425 DPI)

John Wiley & Sons, Inc.

Page 70 of 71



Page 71 of 71 PROTEINS: Structure, Function, and Bioinformatics

hCINAP-WT hCINAP-H79G WT vs. H79G
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23 Kinetics of hCINAP-WT and hCINAP-H79G.

24 A. hCINAP-WT adenylate kinase activity with respect to ATP at a constant concentration of AMP.
Inset: Double-reciprocal plot.

B. hCINAP-H79G adenylate kinase activity with respect to ATP. Inset: Hill plot.

26 C. Comparison of the AK activities of A and B; hCINAP-WT (A ) and hCINAP-H79G (e).

27 D. hCINAP-WT ATPase activity. Inset: Hill plot

28 E. hCINAP-H79G ATPase activity. Inset: Hill plot.

29 F. Comparison of the ATPase activities of D and E; hCINAP-WT (A ) and hCINAP-H79G (e). All data

30 are means from two experiments.
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construct Distribution of CB number per nucleus

B DNA GFP-CINAP-H79G

The overexpression of GFP-hCINAP-H79G alters Cajal Body (CB) organization (mean and
distribution) in the nucleus of Hela cells.

A. Mean number of CB (+ sample standard deviation) per nucleus in mock-treated cells, cells highly
expressing GFP-hCINAP-WT and cells highly expressing GFP-hCINAP-H79G upon transient
transfection. The mean number of CBs is significantly higher in the hCINAP-H79G mutant as
compared to the mock transfected cells (Welch’s t-test, p=0.034).

B. Histogram of the distribution of Cajal Body (CB) numbers per nucleus in the same three
populations of transiently transfected cells. The overall distribution of CB numbers is significantly
different in hCINAP-H79G mutant samples compared to the WT control samples (p=0.0151) and
mock transfected samples (p=0.0122, two-way ANOVA).

C, D. Representative images of changed CB numbers in cells transiently transfected with GFP-
hCINAP-H79G (D), as compared to cells transiently transfected with GFP-hCINAP-WT (C). Hoechst
staining of nuclei (blue), GFP-fluorescence indicative of transfected cells in each case (WT or mutant
H79G) (green panels) and immunostaining of CBs with an anti-coilin mab (red). In the examples of
mutant H79G expression given here, the CBs are either considerably increased in number in
transfected cells (white arrows) as opposed to non-transfected cells in the same field (top right
panel), or markedly reduced (white arrows, bottom right panel). In WT-transfected cells, the
number of CBs is more homogeneous from nucleus to nucleus (C). Scale bars: 20 um.
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Figure 6: A model of the role of His79 in enzymatic activities: Juxtaposition of “"ATPase
mode” and “"AK mode”

According to the proposed ring-flip hypothesis, based on the structural analysis, the imidazole
nitrogen ND1 of His79 can coordinate a lytic water molecule (together with the NZ of Lys16) during
the ATPase reaction (ATP + H20 — ADP + Pi; ATPase-mode) or coordinate the a-phosphate of
AMP (together with the NH1 of Arg39) during the reverse AK reaction (ATP + AMP —2ADP;AK-
mode) (further details in the Discussion section).
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