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Oa MBera va gvyapoticom tov I. Tolavidn yw v gukopio Tov pov £dmoe va
TPAYUATOTOMG® 0vT TN owTpPn], TNV emotnuovikyy tov Ponbsw kot v
vrootpign kot v evBappovvon. Oa Nbeia emiong vo gvyaploTio® To. UEAN TOL
gpyaompiov ™ Nitoa, tov Kdota, v Ayyedikn, tov Tlavtedn ko v Edn,
IMavva, tov Gergely, v KaAlonn, ™ Mapidvva kot v Epivn yuo v épiot
ovvepyoosio. Ewdwn pveia ogpeihw ommv Eipnvn Kvpuiln yu ) Ponfed ko v
Katavonon g, vanpée moAvTiun eiAn. Evyapiotd ™ TCEvn, to Niko kou v Carine
nov Bpédnkav kovtd pov, T eideg pov Xpovoo, Potevn kot Avia. Qo neia va

EVYOPLOTNCM TO LEAT] TNG TPLUEAOVG KOl EXTAUEAOVG EMLTPOTNG TOVS SOAKTOPLKOD.

AQlepdvm avTd TO S100KTOPIKO GTOVS YOVELG OV KO TV AOEAPT LLOV.



NEPIAHYH

H moapobdoa gpyocio amaptiletor amd dvo dakpitég evOTNTES, GTO TPADTO WEPOG TNG
avayvopiletor 0 TPOTOG UETAYPAPIKOS TOpdyovtag mov VIokeltol o€ pebBviimon
Avoiving amd évlopo mov MoV yvowotd Ot gvepyomolel TN pETOYpAQn] UECH
pebvAMmong 1oTOVAOY, VO GTO OEVTEPO UEPOG OVOADOVTOL Ol TPOTOTOU|CEL TTOV
yopaxktnpiovv to evepyd yovidww Kol yiveror po mpoomdBeio Sepedvnong g
AELITOVPYIOG TOVG MG «UVAUN» TGOV KLTTAPOV Y10, HOPKAPIOUO TOV YPOUOTIVIKOV
TEPLOYDV, AVIAOYOL LLE TN LETOYPOUPIKT EVEPYOTNTAE TOVS. AvaAvTikOTEPQL:

A. H mpom evémra mepirapfaver v avayvapion tov TAFI0 g vrooctpopa
pebviioong and t SET9. H SET9 frav yvooto 6t peboiimvet v 10t6vn 3 Kot ovth
1 TPOTOTOINGN TOPOLGLALETOL GE PETAYPAPIKA EVEPYE YOVIdLA, OV KOl Ol IOTOVEG TTOL
Bpiokovtol ToKETAPIGUEVEG GE VOLKAEOCAHOUATO OEV UTOPOVV Vo, LeBuAiwBovv and to
évlopo. Xy gpyocio avt eaivetor 6tt 1o TAF10 povo-peboviidveton ond t SETY,
N Tpomomoinom ekeivn €xel @¢ amotélecpo TV avEnuévn aAinieniopoon pe RNA
molvpepaon Il ko  pmopel va evioyvoel TV emayOUEV] amd OPIGUEVOVLS UOVO
evepyomomtég petaypaen. Ilepapato copninpopatikoétrog oe kottapo F9 ota
omoia to evooyevég yovioro TAF10 éyxet adpavomombel £dei&av 6Tt 1 peBviimon tov
apdyovta dev givor amapoitntn yo ) PLocudTTo TOV KVTTAPW®V, 0ALY yperdletal
Yl TO HEYIGTO TNG HETAYPOUPTIG OPIGUEVOV LOVO €K T®V YoVidimv mov puBuilovrol omd
TOV TTOPAYOVTO.

B. H de0tepm evotnto meptlapfaverl v oviAvoT TV TPOTOTOMGEDV IGTOVOV GTOV
VIOKIVITH KOl TNV KOJIKY] TEPOYN] TPUDV UETAYPAPOUEVOV NTATIKOV YOVIdI®OV, G
KOTTOPO TOV TO YOVidln KElva ek@pAlovTal, GE KUTTAPO TOV £XOVV GTAUATIGEL OTN
pitmon Kol og KOTTOPH TOV 0OTOimV 1 LETAYPAPN £XEL OTANATHGEL AGY® TOPOLGIOG O-
apovitiving. H petaypagikr| evepyonoinon cuoyetilOToV e EVIOTIGUEVT] OKETVAMOT)
otovav, H3-K4 kot K79 61-pebvrioon kor H3-K4 tpi-pebovrioon kabag emiong ko
HE avVOdLUPOPP®OT NG Yp®pativig 6to 5° dxpo g kmoKNg mepoyns. H povo-
pebviioon g H3-K4 mopatnphnke oe tpuquoata mov Ppiokovtal 610 PEGO NG
KON mepoyng tov yovidiov. Ov aketvddoeg CBP, PCAF kot ov mapdyovteg
avadiapdpewong ypouativing Brg-1, SNF2H kot FACT gvtonictnkav 610 5 dkpo
™G KOOIKNG TEPLOYNG,N OKETVAACT TOL GLUTAOKOL EMUKVVONG TNG LETOYPOPNG

Elp3, katoappoikd g meployng MHE TO LVIEPUKETLAMUEVE VOUKAEOGOUATO, EVA M



oLVOEDN EKEIVI TV TAPAYOVTOV NTaV €KY Yo KaOe yovidro. TOGO o1 akeTvAdGES
000 ko1 ol moapdyovteg avadlapdpewons ypopativing kot 1 RNA-rtolvpepdon 11
ATTOGLVOLOVTAV OO TN YPOUOTIVI] KATA TN LTMOT Kot T1 Sl0KOTN TG LETOYPOPNS LE
Q-OUOVITIVI], EVAD Ol TPOMOMOWCELS TOPEUEVOY oTaBEpEG ©TOL KOTTOPO  TOV
exppalovtav ta yovidlo oAAd Kot Kotd Tr Ol0KOmH TNG UETAYPOPNG. XTO MTOTIKG
KOTTOPO O1 TIUEG TV TPOTOTOWGEDV TOV IGTOVAOV TOPEREVAY oTADEPES GTO TATPIKA
VOUKAEOGMOLOTO KO EOVOONLLLOVPYOVVTIAV GTO HEYIGTO AUECHS LETA TNV ££000 amd TN
pitoon kot v elcodo oty emduevn Gl ¢@don. H epyacioa avt delyver ot ot
TPOTOTOWOELS IGTOVMV UTOPEL VO AELITOVPYOLV G YOPOKTNPIOTIKE YVOPIGLOTO TG
YPOUOTIVIG Y10 TO HOPKAPIGUA TOV TEPLOYDOV KOl TN UETAOOCT TOV UETOYPUPKOD

SLVOUIKOD OTIG EMOUEVEG KVTTUPIKES YEVIEG,.



SUMMARY

SET9 is a member of the SET domain-containing histone methyltransferase family
that can specifically methylate histone-3 at lysine 4 position. Although nucleosomal
histones are poor substrates for SET9, the active enzyme can stimulate activator-
induced transcription. In the fisrst part of this studied, its shown that SET9 can mono-
methylate the TBP-associated factor TAF10 at a single lysine residue located at the
loop-2 region within the putative histone-fold domain of the protein. Methylated
TAF10 has an increased affinity for RNA polymerase II, pointing to a direct role of
this modification in preinitiation complex formation. Reporter assays and studies on
TAF10-null F9 cells expressing a methylation-deficient TAF10 mutant revealed that
SET9-mediated methylation of TAF10 potentiates transcription of some, but not all
TAF10-dependent genes. This gene specificity correlated with SET9 recruitment. The
promoter-specific effects of SET9-methylated TAF10 may have important
implications regarding the biological function of SET domain-containing lysine
methylases, whose primary targets have been presumed to be histones.

In the second part various histone modifications are examined across the promoter
and the coding regions of constitutively active hepatic genes in G0/G1-enriched,
mitotically arrested and a-amanitin-blocked cells. Gene activation correlated with
localized histone hyperacetylation, H3-K4 tri- or di-methylation and H3-K79
dimethylation and localized nucleosome remodeling at the promoter and the 5’
portion of the coding regions. Nucleosomes at more downstream locations were
mono-methylated at H3-K4. CBP, PCAF, Brg-1, SNF2H and FACT were recruited to
the coding regions in a gene-specific manner, in a similarly restricted promoter-
proximal pattern. Elongator, however, associated with the more downstream regions.
While all factors were dissociated from the chromatin after transcriptional inactivation
by a-amanitin, the histone modifications remained stable. In mitotic cells, histone
modifications on parental nucleosomes were preserved and were re-generated in a
transcription-dependent manner at the newly-deposited nucleosomes, as the cells
entered the next G1 phase. The findings suggest that histone modifications may
function as molecular memory bookmarks for previously active locations of the
genome, thus contributing to the maintenance of active chromatin states through cell

division.
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EXATOQITH

Aopi NG YpoOpATIVIG

H molvmiokdéTNTo. TOV  €UKOPLOTIKOV opyovicudv Kabopiletor amd To
ToALAPIOLA dlLPOPOTOLEVE KOTTOPO TTOV TO AapTILOVV, EVM 1 TOVTOTNTO TOV KAOE
TOMOV KLTTAP®V SUUOPPOVETOL OO TO SOPOPETIKO GUVOLO  T®V YOVISI®V 7OV
ekppdlovtat. ‘Evag amd Toug kOplovg pnyovicpotvs pvfpiong me ékepacng twv
YOVIOL®V EMITEAEITOL GTO EMIMEDO TNG LETAYPAPNG.

H yevetucq minpoeopia eivar  kwdwomompévn oto DNA, 1o omoio otovg
EVKAPLVOTIKOVS opyoviopovs Eemepvd ta 2m oe pnkoc. Méoa otov mupnva, 1
mAnpogopia ekeivn Ppioketon oe cvumayn popen, kabag 1o DNA vmokerton og
OL000YIKO TOKETAPIOUO UE TPMTEIVEG, LE TEMKO AMOTEAECUO TNV KOTA £KATO YIMAOEG
QOPEC GUIKPLVOT TOVL, G GYEOM UE TN OWUGTOCN TOL, OLUHOPPAOVOVTOS £TGL oL
VOUKAEOTPOTEWIKT dopun mov ovopdletatl ypopativn (Chakravarthy et al., 2005). X¢
TPpAOTO £minedo opydvoong 1.67 vrepehikopéveg otpoés DNA, cuvoAikov pnkovg
147bp, ToAiyovtan yOpw amd Eva doKO-TPOTEIVOY oL amapTileTal amd TIC 16TOVEG,
ATOTEADVTOG £TGL TOV TLPNVO TOV VOUKAEOSMUATOC. To voukAeOcmO amoTeAeiTal
amd dvo etepodipepn TV wotoveov H2A-H2B kot éva otabepd tetpapepéc tov
otoveov H3-H4 (Luger et al.,, 1997; Richmond and Davey, 2003). Ta dxpa tov
1oTovVOV  glval waitepa gvéMKTo Kot mpoeL€yovv omd 1Tn GLUmAyN OO TOL
VOUKAEOGAOUOTOG, PAIVETOL OPMOC TWS SCLUPAAAOVY OTIG AAANAEMIOPACELS HETAED TV
vovkieocopdtov (Luger et al., 1997) kot ot onpovpyio T@V OeLTEPELOVTOV
YPOUATVIKOV dopdv. To kabe vovkiedowpa cuvdéetar pe to duthavo tov pe 10-
60bp DNA mov ovoudleton linker, kot 1 cvototyion €KEiv) TOV VOLKAEOGOUATMV
Slopopemver o xpopatvikny tvo dtapétpov 10nm. H 16tévn cuvoéopov, dnwmg Exet
ovopaotei  H1, Bpioketon oe meproyég linker DNA avdpeca oto vovkAeosmpota Kot
oLVTEAEL OTNV TEPAUTEP® GLUTVKVMOOT) TNG GLGTOLYI0G TMV VOLKAEOCOUAT®MV GE 1oL
tva Swpétpov 30nm. AxoAovBel por GEPd TOKETOPIOCUATOS GE OEVLTEPELOVOES
YPOUATIVIKEG OOUEG, TOV KATOAYOUV GTN ONOVPYio VITEPOOUDY, OT®G EKEIVEC TV
LETAPACIKAOV YPOUOCOUAT®OV. To TOKETAPICUA TOV EVKOPLOTIKOD YOVISIOUOTOS
otov Tuprva kabiotd 1o DNA duormpdcito yuo avayvaopion TV Cis pLOUCTIKOV

oToyElmV Kot TPOGOEST TV LETAYPOUPIKDV TOPAYOVI®V GE QVTO.
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EXATOQITH

H ypopoativn elye OBeowpnbel morodtepa ¢ éva akivinto aviikeipevo, mov
avadoloHVTOY HOVO KATO T OdKacio TOU OIMANGLOGHOD KOl TPOPOVAG, TNG
petaypaenc. H ewdva exeiv) g ypopativng €xet mAéov avtikataotabel amd pio
oLYYXPOVY, GOUPMOVO PE TNV omoia M xpouativn amotedel €vo daitepa DTAACTO
VMKO OV VEICTOTAL SLAUEPICUOTOTOINGT] GTOV TUPNVA, GUUUETEXEL EVEPYH GE OAES
TIG Odkacieg ot omoieg eumiéketor to DNA kot omotelel dSuvopkd LAIKO TG
Kuttapikng unxavns. H evepyn ovppetoy] g ypopativig otn  HETOYPOON
Swpopeavetal téco amd T 0éon oAAd kol TV TowTOHTTO TOV OOV TV
vovkAeocopdtov kabmng £xel Ppedel 6TL 01 TOKIAONOPPIEG TV 1GTOVAOV KOl Ol
TPOTOTOCELS TOL PEPOVV TTAPOLGLALOVY SLUPOPETIKEG 1O1OTITEG TOV TIG GLOYETILOVV
L€ CLYKEKPLUEVEG AElTOVPYiES, OAAG KOt ammd TV EVEPYN] CLUUUETOYN TOV TAPAYOVI®V
avadlOpOPP®ONG KOl TPOTOTOINGCNG YPOUOTIVIG, OM®G KOl TOV UETOYPOUPIKOV
TOPOYOVTOV, TOPAUETPOL Y10 TIG Oomoieg mopatifevtal TANpoPopieg 6TIG GEAMOEG OV
akoAovBovv.

Ot evlupukég evepydtnreg mov UTOPOVV VO TPOKAAEGOLV OVOIIAUOPPOOT] TNG
YPOUATIVIG HTopoVV va dla®PLoToVV € OVO PEYAAES KaTYOpieg: EKEIVEG TTOL E TNV
katavaiwon ATP, propovv ko aAddlovv T cvvoeon DNA-16TOvVOV Kot EKElvEG TOL
aArdlovv v aAdnAeniopacn DNA-16TOVOV HECH TPOTOMOUCEDV TOV OVPDOV TMOV

16TOVAV, Topadetypata twv omoiwv Ba avapepBohv 6T GuvEKELX.

Metaypagikn poOuion

‘Evag amd toug KOPovg Unyavicpovg puduiong e EKepocng Temv yovidimv
EMTEAEITAL GTO EMIMEDO TNG UETAYPOPNG, L0 TOAVTAOKN Ol0d1KOcio KOTA TV omoia
HeYEAQ TOAVTPOTEIVIKA GOUTAOKO GTPATOAOYOUVTOL SLOO0YIKE GTIG PLOUIGTIKES
aAAnAovyieg Tov Yovidiov, OT®G TOVG LTOKIVNTEG KO TOLG EVIOYLTEG, HUE TEMKO
amotéleopa, TV Evapén g petaypaeng amd v RNA-noivpepdon I (Lemon and
Tjian, 2000).

Ot Topdyoviee MOV GULUUETEXOLV GTNV  EVOPYNOTPMOT] TNG HETAYPOOIKNG

exkivnong amd v RNA-moAvpepdon II eivan to TFIIA, TFIIB, TFIID mov
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EXATOQITH

avayvopilovv Tic alAnlovyieg Tpdcsdeong Kovid oTov vokvnty, 6mmg t0 TATA, t0
BRE (aAAniovyio mov avayveopiletoar ond 1o TFIIB), tov exkivnty (initiator-INR)
kot 0 DPE (downstream promoter element). H npdcdeon twv TFIE, TFIIF, TFIIH
kot tov Olapecorafnty (Mediator), mov Oewpeiton 6Tt petapifaler o onuoTo
aVALESH GTOVG TOPAYOVIEG TOV EVIOYLTN Kol TNG POCIKNG UETOYPAPIKNG UNYOVIS,
OT®C EMIONG KOl TOV GCUUTAOK®OV OVASIOUOPPOONG YPOUATIVIG ETMPEPOVY TEMKA TNV
YPOVIKE Kol TOTIKA eAeyyopevn petaypoen tov yovidiov (Lemon and Tjian, 2000;

Orphanides and Reinberg, 2002).

O KOOIKOS TOV 16TOVOV

H 13éa 011 1 ypopotivn yeviKOTEPO Kol E0IKA Ol OLPEG TMV IGTOVOV UE TIC
TPOTOTOCELS TOV PEPOVV UTOPEL VAL EUTEPLEYOVV KMOTKOTOINUEVT] TANPOPOPia TOL
petofipaleton and kabe KOTTOPO ©TO OBLYUTPIKO TOV, OLOUOPPDOVOVTOS E£TCL TMV
KOOKO emyeveTikng (epigenetic code) 1 v vmOOeoN TOL KMOOKA TOV 1GTOVAOV
(histone code hypothesis) (Turner, 2000; Jenuwein and Allis, 2001; Turner, 2002).
Ommg ovopdletat, £xel mpotabel maAdTEPA, LU APOPUN TNV HEAETN TNG aKETVAI®ONG
TOV OLVOTEPUATIKOV AkpVv ToV 1otovedv (Turner, 1998). Ot peto-peta@paotikég
TPOTOTOOEL T®V 10TOVAV, OTIS Oomoieg meptAauPdvovtor M  akeTLA®ON, N
pebviioon, n covpobAimon kar n ovPuwovitividioon tov apvoiémv Avcivng, 1
QPOCPOPVAI®ON TOV KATOAOITOV Gepivnc-Opeovivng aArd kat 1 peBvAivon apyviveov
(Exuo 1) (Zhang and Reinberg, 2001; Kouzarides, 2002; Turner, 2000; Shiio et al.,
2003) Oeowpeitor OTL Oyl UOVO GLUUETEYOLV OTNV OPYAVOGYT TNG OOUNG TOL
VOUKAEOCGDUATOS, OALY KOl OTL EUTEPLEYOLV OO UOVEG TOVG 1) GE GLVOLACUO HETAED
TOVG TNV TANPOPOPIL YI0 TO HETAYPAPIKO SUVOUIKO OGS YPOUATIVIKNG TEPLOYNG, TO
omoio kot petafipdlovv oty emduevn Buyatpikn yevid (Strahl and Allis, 2000;
Turner, 2002). Ot TPOMOTOMNGCEIS €KEIVEC TV 10TOVMOV ONUOVPYOLVTOL OO
ovykekplpéves evOLUIKEG €vepyOTNTES Kol KOMOEG TOLAAYIOTOV OO  ekelveg
avayvopilovtal and [ 1I0TOVIKEC-TPMTEIVES 1] GOUTAOKA TPOTEIVOV.

Evdeigeic 0tT1 o1 emyevetikég aAlayéc umopodv vo petafifalovior katd v

avAmTuEN G€ EVKAPVOTIKOVG OPYOVIGLOVG NABOY 0O TEWPALOTA GTOV OPYOVIGUO TNG
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Drosophila melanogaster. Katd ta meipdpata ekeiva ypnoipomomdnkay pubuiotikd
ototyeio (Polycomb response element, PRE) tov yowvidiov Fab-7, ta omoia
pvOuifovtar kKatd v avantuén and tig npwteiveg Polycomb (PcG) xou trithorax
(trxG), AertovpydVTOG GALOTE OC EVIGYLTEG KOl AAAOTE MG KATAGTOAEIG TNG EKPPOUONG
tov vrokeipevov yovidiov (Lyko at el., 1999). To pvOuotikd exeivo otoyeio PRE
tov Fab-7 tomofemOnke mpwv m 0éom mpdsdeong (UAS) tov evepyomomr GAL4
eréyyovtag €Tl TV €kepaoct Tov yovidiov lacZ kot mini-white kot gviébnke oto
yovidiopa tng Drosophila. H éxppoaon tov dtoyovidiwv eheyydtav amd to ypOUo TV
patiwv ¢ Drosophila, to onoio ce cuvOnkeg mov dev ekppalotav o GAL4 ftav
KITPVO, LITOINADVOVTOG OTL YMPIG TNV EKPPOGCT] TOV EVEPYOTOUTY| OEV TAPOLGLALOTOV
éxppoon tov yovidiov tg €vleong kot to PRE tov Fab-7 Asttovpyodoe g
kataotoréag. Otav ot pdyeg ekeiveg daotavpddnkay pe dtopa mov eKPpalovv Tov
evepyomomt] GAL4 petd and €kBeon oe vynAn Beppoxpacia (heat-shock promoter),
dlmotdlnke 0tL dtav ota EUPpova emayoTay N Ekepacn tov gvepyomomt GAL4 yw
30 min to dropa exeiva ekepalave ta yovidla g évBeomg, akOpU Kol MG VALK
(Cavali et al., 1998). Apkovoe dnAadn it TOPOOIKY EKEPACT] TOL EVEPYOTOINTY|
KaTd TV UPpuikn nAkia yuo vo emaydel n poévipn Ekepacn Tov doryovidiomv, Yeyovog
OV LTOONAMVEL OTL LAAAOV O1 EMLYEVETIKEG TANPOPOPieg elyov petafifactel katd ™
dwpoponoinon , av Oum¢ n evepyomoinomn ekeivn cvvéBave e peTémEta GTAdN
avamnTuéng, N ékepoon Tev dtayovidiov ftav mapodiky|. Idaitepa dpmg onuovTiKd
glval to yeyovog 0Tt o ONAvkd dtopo T omoio EvepyomomONnKay HE TNV TOPOJIKN
£€KQPOoT TOL gvepyomomt umopovoav va HeTafipdoovv ekeivn v mAnpogopia
akopo Kot 6tovg anoyovovg tovg (Cavali et al., 1998). O gpevvntéc oe emdOuevn
peAétn (Cavali et al., 1999) &dei&av pe mepdpoto 0vocoso@Bopiopov, Tt 1 ETayy”
™mg ékppaons tov evepyomomt] GAL4 og éuPpua elye o¢ anmotélecua v adénon
™G axeTvAlwong g H4 oty meproyn pe v évbeon, akdpa Ko o€ AdpPeg, evad dev

emPefordbnike pe v TeVIKY eketvn av n vepaketvAiowon ™ H4 petafipdletar.
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Zyqpo 1. MeTa-peto@pacTikés TpomomTomoels 1otovay (Zhang and Reinberg., 2001)

Aketvldoeg wotovov (Histone Acetyltransferases-HATS)

H aketvoMmon Tov 16ToVOV 6TOVE EVKAPLOTIKOVS OPYOVIGHOVS OVOKAAVQOTKE
€00 KOl OPKETA YPOVIKL KOl 1] TOVTOTOINGCT Kot YOpaKTNPopds Tmv evOOU®V Tov T
ONUIOVPYOVV €YEL AMOKOADWEL o UEYAAN TOIKIAOHOPPICL TOVS GE JLOPOPETIKOVS
opyaviopovs. AketvAdosg totovav (Histone Acetyltransferases-HATS) ovopdlovrtat
ol mapdyovteg ekeivol mov dwbEéTovv TV eVOLUIKY] EVEPYOTNTO UETAPOPAS HLOG
opadag axetvAiov and To akétvho-cuvéviupo-A (acetyl-CoA) ot e-opvopdodo twv
apvoéémv Avoivng mov cvvinbwg PBpiokoviar ot Pacikn meployn tov N-TeEAKOV
dxpov twv wotovav. To ocvvoro twv evidpuwv HATS dwakpivoviar o dvo Katnyopieg :
tomov A (Brownell et al., 1996a), mov PBpickovionr ctov TupMva Kol tHmov B mov
Bplokovtar oto kvtropomiacpo (Ruiz-Carrilo et al.,,1975; Allis et al., 1985). Ou
HATS tomov B Bewpeitar 0Tt KotoAbovv TV akeTUAM®ON TOV VEO-GUVTIOELEVOV
TPOTEIVOV 6T0 KuTTOpOTAacU, Ve ot HATS tomov A Bewpeiton dtt cuppetéyovv
GTY] TUPNVIKT OKETLAIMON TOV 1GTOVAV TOVL GYETICETO KOl LE TN LETOYPOLPT.

H aketviotpavopepdon tomov B, HAT1 avakaAvgdnke otov coxyopopvknta
(Kleff et al., 1995) kou aketvMdvel T Avsivn 5 kot 12 ¢ wotdévng 4 (H4) in vitro,
apwvo&éa mov Ntav yvootd Ot Bpiokovtal aketvAlopéva ot veoovvtiféuevn H4
(Chicoine et al., 1986). To évlopo HAT1 amoterel pépog evOg TOALTOPAYOVTIKOD

GLUTAOKOV, OVAUESH GTIG VTOUOVAOES TOL Omoiov cvumeptloppdvovior Kot ot
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npoteiveg HAT2 ko1 CAF1  mov €govv ovvdebel pe v avadiopdpemon Kot
oLVABPOIoT] TOV CLOTATIKOV NG YpwuoTivng avtiototya (Parthun et al.,, 1996;
Kaufman et al., 1995). Ilapd tov iaitepo porlo mov €xel mpocsdobei ot HATI,
petoddayn g M e HAT2 dev mapovosiacav wpofAruata oty evoopdtoon e H4
ot xpopativn (Parthun et al., 1996) yeyovog mov deilyvel 6tL 1 Opaon TG Wropet Kot
avtikodiototon amd dAla Eviopa 0tav 1 HAT1 arovotdlel 1| dev umopel va dpacet.
Ao T KaAVTEPO HEAETNUEVE TTOPASEYLOTA OKETVANGMV ATOTEAOVV €KElva NG
owoyévelag GNAT, ovoua 1o omoio mpokvzmtel omd ta apywd GenS-cuoyeTlOpeVES
N-Axketviotpavopepdoeg (GenS-related N-acetyltransferase). Ta péin g opddog
exetvng €yovv mpokvLYEL PETA ad TNV KoTdToEn TV eviouwv pe faon v opoldtnta
TOV  TEPLOYDOV OUOAOYING Kot ToL  potifov tov apvocéwv mov avayvopilovv yo
aketMoon. Ta évlopa mov eivor 1daiTEPO YVOOTA KOl VITAYOVTOL GE OLTH TNV
katnyopia etvar to GenS kot 1o opdA0Y6 tov ot Onractikd PCAF, | Elp3 kot Hpa2.
To GenS rav 1 TPOTN TPOTEIVT TOV AVAYVOPIGTNKE MG AKETVAACT TUTTOL A TTOV
oyetiCetan pe ™ petaypaer otov opyavicpd Tetrahymena thermophila (Brownell et
al.,1996b). Otav mpaypotomombnke avtidpaocn OKETLVAIWONG GE  TNKTOUO
aKPLAOUIONG HE TUPMVIKA eKYLAICHOTO GAVNKE OTL o TPOTEIV Topovciale
evepyotnTa. akeTLAIONG Evavtt eAevBépwv 1otovev (Brownell et al., 1995), n onoia
ToVTOTOMONKE ®C OUOAOYN TOL GULV-EVEPYOTOMTH TOL Gokyopopvknta, GenS
(Georgakopoulos et al., 1992). IIpwteiveg opdroyeg tov GenS éyovv Tovtomon el
Kol 6& GAAOVLG OpYOVIGHOVS, Onwg otov dvBpwmo (Candau et al., 1996), to movrtikt
(Xu et al., 1998), Schizosaccharomyces pombe ot Drosophila melanogaster (Smith
et al., 1998) ka. Ot Aertovpykég meproyéc e npmteivng GenS €yovv yopoaktnprotel
Kot ovoAvBel kot ot kuprdtepeg gival n bromodomain, 1 mepoyn aAAnAenidpaong ue
10 Ada2 ka1 n mepoyn evlouikng evepyotntag HAT (Candau et al., 1997). H
avacvvovacpévn Tpateivn GenS €xel derytel OTL In Vitro umopel va OKETLMMVEL
woyvpd Vv otovn 3 (H3) kar v wotévn 4 (H4) acBevac, otav ekeiveg Ppickovran
erebbepeg, evod ta KOPLa apvoEéa mov LLOKEWTOL 68 aKETVAM®OoN givor 1 Aveivny 18
vy v H3 kot ot Avciveg 8 kot 16 yio tqv H4 (Kuo et al., 1996). ITapoéro mov n
OVOGLVOLOGEVT TPMTEIVI] UTOPEL KOl OKETLAIDVEL EAEVOEPEC 10TOVEC, dEV UITOPEL VOl

aKeTLAMMVEL 10TOVEG VvovkAeocopdtov (Kuo et al., 1996), mapd poévo dtav Ppicketon

oto ovumioko SAGA 1) ADA.
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210 OnAaoTiKd, TOVTIKL Kol AvOpmOTO VITAPYOLV dVO AKETVAOTPUVGPEPAGES TOL
etvar opdAoyeg tov GenS tov caxyapopvknto, to hGenS ko o mopdyovtag mov
npocdéveral pe 1o p300/CBP, PCAF. Ot npwteiveg hGenS kot PCAF mopovoidlovv
16YVpo Pabuo oporoyiag Ko £xel Bpedet 0TL dpota pe To GenS tov oKy APOUVKN T TO
hGenS pmopovv kot Aesttovpyodv og petaypagikoi evepyomomtéc (Candau et al.,
1996). Xtov avBpwmo vmdpyovv ovo  popeéc tov hGend wg amotélecua g
EVOALOKTIKNG CLPPAPS TV €£@VIMV TOL KOl 1 TPMTN HOPPN NG TPMOTEIVIG TTOV
KAhovomombnke dev €pepe 10 AMOUAKPLGUEVO N-TEMKO AKpo, Kot apydtepa £ywve
yvoot) o¢ short- hGen5 (Xu et al., 1998). H avacvvovacuévn mpwoteivn short- hGenS
mapovotdlel evepydotnra aketvAioong ¢ H3 ko acBevaog g H4 evd n minqpng
TpOTEIVN He 10 N-teMkd dKpo Pmopel Kot 0KETLADVEL Kol vovkAgoompata (Xu et al.,
1998).

O napayovroc PCAF 11 P/CAF tavtomomOnke Kot amopovmdnke pe agopun my
opoAroyioa mov mapovoiale wg mpog To Gend kor Ppédnke va mpocdévetal ©TO
p300/CBP kat va Asttovpyel ¢ GUVEVEPYOTOMTNG GTN HETAYPAPIKT evepyomoinon. H
OVOGUVOVOGUEVT] TPOTEIVI] UTopel KOl OKETLVAIMVEL TOCO €AehbBepeg OcO Ko
vovkAeooouikég otdveg (Schiltz et al., 1999), kvpiowg ™ Avcivn 14 g H3 ko
Mybtepo 1 Avoivn 8 g H4 (Yang et al., 1996). [dwitepa onuavtikd eival 0tL 10
PCAF aAAnAemidopa pe to p300/CBP oty 1610 meployn oty onoie mpocdEveTot Kot M
TPOTEIVN ToV 0devoiov E1A kot dmwg eavnke pe Telpdpoto Topodtkig dtoupolvveng
t0 PCAF pmopel ko avaoctédler ™ pitoyovo dpdon g E1A, egumodilovroc tov
KUTTOPIKO KUKAO HECH avVTOY®VIGHOV Yo T B€on mpodcdeong oto p300/CBP (Yang
et al., 1996). H dpdomn tov PCAF «atd ™ petaypaen £xet peretndel otn pooyéveon
(Puri et al., 1997), oty graydpevn amd mupnvikods vrodoyeic evepyonoinon (Korzus
et al., 1998) x.a. Enuavtiké podro emiong oSwdpapartiler n dpdon tov PCAF ot
HETOY PPN AOY® OKETVMMOTNG TWV LETAYPOUPIKDY TOPAYOVI®V.

[ToAréc and Tig mpwteiveg pe evepydtnra HAT pmopodv kot akeTvAidvouv Tig
e ebbepeg 10TOVEG OTAV YPNOUYOTOOVVTOL in Vitro, Ve KATOlEG €MioNg OMMG TO
GcenS, dgv pmopoHv vo AKETLAIOVOLY TO PLGLOAOYIKO TOLG LTOGTPOUA OTMG Elval Ot
VOUKAEOGOUIKEG 10TOVEG, Topd povo Otov Ppiokoviol 6e GOUTAOKO HE GAAOVC
Toapayovteg, mov @aiveTtor OTL givol amopaitnTol Yo TV €vePYOTNTO TOVLC. XTOV
COKYOPOUVKNTO VITAPYOLY 4 HEYAAOLOPLOKA COUTAOKO TOL £X0VV aVOAVOEL EKTEVMS

KOl OKETLAMMOVOLV 10TOVESG, To. omoia eivan to SAGA, ADA, NuA4 kot NuA3. To
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ooumAoko SAGA (Spt-Ada-GenS acetylatransferase) eivar peyéBovg 1.8 MDa,
amotereitor amd 15 TovAGyoTOV VROMOVAdES Kot eumepiéyer 4  TOLAdYIGTOV
Katnyopieg mapaydviov mov mailovv polo otn petaypaen: TG TpmTeiveg Ada, Tovg
nmapdyovteg Spt, pépog tov mapayoviov TAFIIs, mtov cvvocovian pe to TBP o v
npwteivn Tral, opdAoyn ekeivng tov avBpdmov TRRAP (Grant et al., 1998a; Grant et
al., 1998b; Saleh et al., 1998).

2tov avBpomo £yovv amopovmbel dvo coumioka amd kouttapa HelLa, mov éyxouvv
opol cOGTOCN VIOUOVAS®V e EEQIPEST] TNV TAPOLGIN SIUPOPETIKMOV OKETVANGMV:
exetvo mov mepiéyel to GenS ko ekeivo pe evepyodomnta aketvAdong 1o PCAF
(Ogryzko et al., 1998). And ta dvo ekeiva coumioko ekeivo mov meptlappdvel to
PCAF éyer pehetnBet meprocotepo ko £xet amoderytel 01t ot 11 amd Tig vopovadeg
oV TEPIEYEL AMOTELOVV TPMOTEIVEG OLOAOYES e ekelveg TOv cupumAdkov SAGA tov
caxyapopvknta (Ogryzko et al ., 1998; Vassilev et al., 1998).

Meta v avaxdioyn tov hGenS kot PCAF o poAog twv akeTLAACOV OTN
petaypaen evioyvdnke pe v amddeEn 0Tt VO OKOUN YVWOGOTOL GUV-EVEPYOTOUTES
™G HETAYPOONG, Eival axeTvldoes, To p300 kot to opdroyd tov CBP (CREB-binding
protein) (Ogryzko et al., 1996). Ov mapdyovteg p300 xor CBP givor dopikd ko
Aertovpyikd opdAoyolr kot cvyvd avoaeépovior ocav o ovtotnta p300/CBP. To
p300/CBP ex@pdletar 6 OAovG TOVG 16TOVG Kot dradpapatilel onuavtikd poro ctov
KLTTOPIKO KUKAO, TN Otapopomoinon kat v anoéntwon (Giordano et al., 1999) evad
petarlayég tov CBP cvoyetilovron pe kapkivo kou pe dAdec acbéveieg (Giles et al.,
1998). O p300/CBP evepyomolel 1tn UHETOYPOPY] OLYKEKPIUEVOV — YOVIOI®V
OAMAETIOPOVTOS HE OCULUTOPAYOVIEC 1 HE UETAYPAPIKOVG TOPAYOVIEG TOL
nmpocdévovtal 6to DNA 6nwg o CREB, ot mupnvikol vmodoyeig oppovov K.o. Kobmg
eniong kot pe v oykompwteivn tov adevoiov E1A (Yang et al., 1996). Extéc amod
mv evlopkn mepoyn HAT wot Tic meployég oAANAERIOpAoNG HE HETAYPOOIKOVS
napbdyovteg Kot ouv-gvepyomomtes, o p300/CBP dwbéter  emiong ot v mepoym
bromodomain, 6rmg kKot ot aketvAdoeg GenS, PCAF kot TAF1(TAF250). In vitro
avtdpdoelg Tov avacvvdvacuéveoy mpoteivov p300/CBP &deiéav 6Tt pmopel va
OKETVALOVEL OAEG TIG 10TOVEG HE MIKPT €101KOTNTO, TOCO OTOV €Keiveg Pplokovral
erebbepeg, 000 kol Otav Ppiokovior moKETAPIOUEVES GE VOuvKAgooopoTta. H
axeTvrdon p300/CBP avtumpocmmedet o Lovadikn TaEn Tov evEOUOV aKETVAMMONG,

av Kol To. AElTovpykd potifa g mpwteivng oxetiCovtal pe to yvootd Eviopa g
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owkoyévelag Ta omoia £xel Ppedel mwg eivon amapaitnta yio v evCOUIKY gvepydTnTOo
(Martinez-Balbas et al., 1998).

Mo akOpO OKETVAOTPOVGPEPAOT] TOV VIAYETOL GTNV Katnyopia Tov eviOuwmv
GNAT eivor ka1 n tomov A aketvdldon Elp3, n omola amotehel vmopovada tov
oLUTAOKOL emunKvvong g petaypaeng (Otero et al., 1999). In vitro avtidpdoelg
axetvAlwong £dei&av Ot 1 Elp3, mov €yel amopovmbel and kuttapa eviopmy, propel
Kot okeTVAwvel kot Tic 4 otoveg (Wittschieben et al., 1999). Oswpeiton 6t 1 Elp3
OLlELKOAVVEL TN pETaypaT], KoO®OG Tasidedovtag pnali pe T0 COUTAOKO ETUKLVONG
™m¢ petaypaens kot v RNA-moivpepdon Il pmopel vo aketvAidvel Tig 16TdVES Ko
va avoiyel T ypopatvikny doun. O podAog OUMS aVTOC TOL GLUUTAOKOV EMLUKVVONG
™G pHeTaypagns &ixe apewoPnmOel, xobmng mepdpato avocoeBopiopol eiyav
aviveLoEL TNV TPOTEIVI novo oto kuttapomiacpa (Kim et al, 2002; Pokholok et al,
2002). Anpovpyia Op®C VEOV avTIoOUATOV €015 OTL TO GOUMAOKO EMUNKLVOTG
Bpioketon otov mopnve Kot cuvdceton pe 10 véo-mapoyopuevo RNA amd v RNA-
noAvpepaon 11, eykaBidpvovtag 10 pOAO TOV GLUTAOKOV EKEIVOL GTN UETOYPOPIKT
emyunkovon (Gilbert et al, 2004).

M axdpo okoyéveln akeTvAacav Tov £xel Ppebel eivan ekeivn tov MY ST, mov
Slopope®ONKE KAl OVOUACTNKE OO TNV 10YLPN OUOLOTNTA GTNV CAANAOLYIN TOV
npoteivov MOZ, Ybf/Sas3, Sas2 kot Tip60 (Borrow et al., 1996). Nedtepa péin g
owoyévelng MYST mov avokaAdeOnkav apydtepa amotedovv kot 1 Esal tov
cokyapopoknta, 1 MOF ¢ opocopiha kot ot avBpomiveg HBO1 xor MORF
(Neuwald et al., 1997).

AxOpa pia vOgiEn Yo Tov 1o(LPO GUOYETICUO TNG LETAYPAPIKNG EVEPYOTTOINGNG
Kol TG OKETLAMI®MONG 10TOVAOV TPAYyHOTOTOmONKE OTov  avakoAveinke OTL 1)
UEYOADTEPT VTTOLOVAIO TOV GLUTAOKOV T®V TOPAYOVTWV Tov cuvdéovtal pe to TBP
(TBP Associated factors-TAFs), TAFI-TAF250, dwbéter evlouikn evepyotnta
aketMmong otoveov (Mizzen et al, 1996). To ocOumioxo TFID pmopel won
npocdévetar oto DNA péow tov mapdyovta TBP mov avayvopiler edwkég
aAAniovyieg, av kot £xet derytetl 6TL axopa kot TFIID mov dev péper TBP umopel kot
endyel Poown petaypoen in vitro (Verrijzer and Tjian, 1996). Ilepduata
avocokatakpuvions tov copunidkov TFIID and avBpomiva xottapa £6eiée Ot pia
vropovada peyéBoug 250kD d1€Bete evepydtnTa akeTLAM®ONG WoToveV (Mizzen et al.,

1996). Ilgpartépw avdivom pe avacvvovacpévn mpoteivn TAF1 g dpocopiia
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€de1&av 0Tl pmopet va axetvAMdvel T Avcivn 14 g H3 kou acBeviog g H4 otav
exelveg Pplokovrar eledBepec oy avtidpaon, Onwg kot to GenS. Opowa pe 11
akeTVAdoeg mov €yovv MO avagepbei, 1 TAF1 dwbéter emiong dvo meployés
bromodomain, ot onoieg Opmg Ppédnkav 6Tt dev givar amapaitnteg Yoo TNV eviLUKY
evepyotnta (Mizzen et al., 1996).

Ol 0KETLAOTPAVOPEPAOES EUTAEKOVTOL GTN LETOYPAPIKT pOOUIoN Ol LOVO HECH
NG AKETLAIOTG TOV IGTOVAV ALY Kol TV PeETOypopikaVv tapayoviev (Chen et al.,

2001).

AmookeTvAaces wotov@v (Histone Deacetylases-HDACS)

H oketvdioon tov wotoveov amotelel oviiotpenty Owdwkocios KaOdS 1
axkeTvlopdoa upmopel vo omopokpuvlel amd T Opdon €WIKOV evidU®V, TOV
ovopdlovior  amoaxketvldoeg 1otovav  (HDACS), 1n Vmopén tov omoiwv
avaKaAOVEONKe cOvtopa petd v mapovsia Tov aketvAac®dv (Taunton et al., 1996).
Ol amo0KETVAAGES KT YOPLOTOIOUVTOL GE OIKOYEVELEG Kol Ta Evivpa Tov avOpdmov
g té&ng I, II ko I elvon opdroya ekeiva tov caxyapopdknta Rpd3, Hda2 kot Sir2
avtiotoryo. (Thiagalingam et al., 2003). Ot amo0KETVAUCES 1OGTOVMOV OTOTEAOLV
TUNUOTO HEYOAOUOPIOKADV GULUTAOK®V, GTO OTOI0l KATOlEG Omd TS VTOUOVAOES
UTOpovV Vo, AEITOVPYOVV OC GULUTOPAYOVTES Ko v, puBuilovv v gvepydtnTo TOL
eviopov. Ot amoaxetvAdoeg Hali pe TIC OKETVAGGES TV 1GTOVMV GUUUETEXOVY GTNV
AVOKVKAMOT] TOV AKETVAOUAS®MV TOV IGTOVMV KOl 6T pUOUIOT) TG dpAcNS dpOP®V
LETOYPAPIKDOV TOPOYOVT®V TOL Tpomtonolovvton omd ekeive. H adAnienidpaon tovg
LE HETOYPOPLKOVS TOPAYOVTEG TOV TPOGOEVOVTAL GE CLYKEKPIUEVES AAANAOLYiES ExEl
®¢ amoTéEAECUO TNV €VIOMICUEVN Opdom Tovg € vrokvntég, O6mov pvOuilovv
petaypaen HEG® puBUIoNG TG TOGATNTAS, TG EVEPYOTNTAG EiTE TNG S0BECIUOTNTOC
tov evibpov (Legube et al., 2003).
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MeOBviaoeg wotovarv (Histone Methyltransferases-HMTS)

H pebovlioon tov otovav npaypatonoleitor ond edwd Evivua, T pebvidoeg
wotovav, HMTs. Tlpoceata évag peydrog aptBudc evibpmv mov peBviavovv Tig
10TOVEG OE CLYKEKPIUEVO KOTAAOITO £YEl OVOKAAVQOEl Ko €xel GLVIEAEGEL GTNV
OlEPELYNON TOL PNYOVIGHOD PUBUIONG NG UETAYPOQOIKNG €vepydtnTaS, KAOMS
eatvetar 0Tt 1 peBLAI®ON TOV 1GTOVOV TAPOLGLALEL ONUOVTIKEG OLPOPES AT TIG
YVOOTEG UEYPL OTIYUNG LETO-UETAPPOAOTIKEG TPOTOTOL|GELS.

H peBoulioon tov otovev 6ev aAAalel To GUVOMKO QOPTIO TNG TPMTEIVIG Kot
eatvetar vo etvor pa wwitepa otabepn Tpomomoincm, apod HOAS TOVS TEAELTAIOVS
uveg éxovv avakaAvedel n vmoapén evibpmv mov amopakpvvovy T pebviopdoa,
aALG Tapovstalovy evtomiopévn kat €0k dpdon (Shi et al., 2004; Cuthbert et al.,
2004; Wang et al., 2004). Ot pebvrdoeg TV 16TOVOV PIopovv va, tastvounbodv ce
Ovo peydAeg owkoyéveleg, ekeiveg mov katoAvovv T peBLAlwon TeV Kataloitmv
Avoivng (Kouzarides, 2002; Sims et al., 2003; Zhang and Reinberg, 2001) kot ekeiveg
OV KATOAVOVV TN HEBLMMOT TOV KATAAOIT®V apyvivne, OTMG LEAT TNG OKOYEVELNG
twv PRMT. Ta apvo&éa apywvivng pmopovv va vtostodv povo- 1 dt-pebviioon. Ta
évlupo mov KotaAvovy TV avtidpacn peBviimong tov apywivav swaywpilovrol o
dvo Katnyopies : Tomov I, mov KataAvovv T pudvo- Kot acOUUETPT dt-peBuiinon kot
tomov I, mov katodbovv T HOVO Kol GUUUETPIKN Ot-peBuAiowon. Ymapyovv mévie
Yvootd &vlopa mov KataAvovv tnv ovtidpacrn pebviimong g apytviving, mov
mapovctdlovy vYyNAd Pabud cvvtipnone g KotaAvTikng meproyns (Zhang and
Reinberg, 2001; Kouzarides, 2002), mov ovopdlovror PRMTI-5.

H pebodioon tov 1otovdv gumiéketor TOGO oTr PpOOUIOT TNG UETOYPOPIKNG
EVEPYOTOINGNG OCO KOl GTO UNYOVIGHOD EAEYYOV TNG UETAYPOUPIKNG KATOUGTOANG KO
mg owmpnong twovs. O poloc tov pEBLVAOGOV 16TOVOV — OTN  UETOYPAPN
yopaktpiletoar ond €vav emmiéov  Pabud moAvmiokdmrtag KabdS o apBudc twv

peBLAOLAO®V € Eva KaTAAOUTO GYETICETOL LE OLOPOPETIKES 1O1OTNTES.
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MegOvrdoeg TOV apvoCEmV AGIvIG TOV LIGTOVOV

O1 Aoiveg Tov 16ToVOY oL VITOKEWVTOL 08 LeBLAon givon n Avoivn 4, 9, 27 kot
36 ka1 79 otV w616V 3 kor n Avsivn 20 g 1otovng 4. Ta évlopa mov dnpiovpyovv
TN GULYKEKPUEVN TPOTOTOiINon QEpovv 11 yapoaktnplotiky meproyn SET, kot Tig
YOPOKTNPIOTIKEG TEPLOYES OV £fval TAOVG1EG G€ KLoTEIvEG Tov Tponyovvtal, PRE-
SET xou émovron, POST-SET avtictotya, g meployng mov dwabétel v eviupikn
evepyodmra. Ta évlopa mov peBuoAidvouv Tic AVGiveg TV 1GTOVOV UTOPOVV Vo
Katnyopomombovv o€ técoeplg peydreg owoyéveleg: v SET1, omv omoia
neprapBavovrar ko ta Evlopa mov pebviiovovv v K4 g H3, v SET2, wov
neprapPdvet ta Evlopa mov pebviiovovy m K36 e H3, v RIZ kot v owkoyéveln
SUV39, ot onoia amoteieiton amd évlvpa mov pmopovv vo pebviiwvoovv g K9 ko
K27 mg H3 (Kouzarides, 2002).

H peBurioon g K79 g H3 amoteiel eaipeon kabmg to évivpo mov gvboverat
yw v tpomtonoinom, DOT1 dev @pépet T yopaxtnpiotikn SET neproyn (Feng et al.,
2002). H peBorioon g K79 cvoyertiCetar pe evepyn petaypagn kot Bewpeitarl 6t
GUUUETEYEL OTNV TOPEUTOOION TNG EEATAMONG TNG ETEPOYPOUATIVIG.

H npom oand 11 pebBurdcec Avowvav mov Ppédnke ota Onloaotikd kol @épet
evepyotnra pebviioong g K9 g H3 eivon Suv39hl, opdroyn g Su(var) 3-9 g
dpocdprag (Rea et al., 2000). H pebvrotpavopepdon Suv39hl peBvimver mv K9
g H3, tporonoinon mov eivarl amapaitnt yo v npoécdeon tov HP1 (Lachner et
al., 2001; Bannister et al., 2001), kot kaBmg avtn 1 doun umopel va petadidetal Kot
OTO. YETOVIKOL VOUKAEOCOUOTO [E TN OTPOTOAGYNON TEPIGGOTEP®V GULUTAOK®OV
Suv3%h1-HP1, ™ onmovpyic Kot T  Sthpnon S KOTOGTOATIKNG
ETEPOYPOUATIVIKNG SopUNS NG xpwuativng (Jenuwein, 2001; Grewal and Elgin, 2002).

H SET9 yopaktnpiomke npécepota g pebvidon g 1otévng 3 ot Avcivn 4
(H3-K4) (Wang et al., 2001; Nishioka et al., 2002) kot @épel TNV YOPAKTNPICTIKY|
emkpdrero SET aAAdd otepeiton tov wpo- ko petd- SET emikpoteiwv. [Tapdro mov
Gueom amdoeEn yo v evdoyevn Asttovpyio g SET9 amovoidlet, £xel mpotabel Ot
N pebBviioon g wotévng 3 amd 10 ovykeKplévo €viupo Umopel va emdyel T

LETOYPAPIKT] EVEPYOTOINOT HEGH OMOKAEICHOD TNG OPACNG TMV OMAKETLAACOV KOl
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™G KOTAOTOATIKNG MHEBLAlwong g Avcivng 9. Ze avtibeon pe 115 vwdAouTES
pebvraoceg, n SET9 dev pmopetl va peBvriimoer v 1otévn 3 in vitro Otav ekeivn
Bpioketon makeTaplopévn 6€ VOUKAEOGMUATA, 0AAG TOPOVCIALEL 1oYLPT EVEPYOTNTO
évavtt ehevBépov vmootpdpatog otovav (Wang et al., 2001; Nishioka et al., 2002).
[Tepdpata €xovv odeiter 601t M SET9 umopel va evioyver v emayodpevn omd
evepyomowmt petaypoer| (Nishioka et al., 2002) yeyovog mov vmodeikvoetl 0Tt in vivo
Aertovpyel péow peBuAimong TV 16TOVOV, 0ALG EVOEXOUEVOS 1 EvePYOTNTA TNG VO
gvioyvetor  omd klmoov mopdyovio. mov dgv €yl akOpo tavtomombel, 1
eVOAOKTIKG, pmopel 1 dpdon Tov cvykekpiuévov evibpov va unv meplopileTon
OTOKAEIGTIKA GE VIOCTPOLOTO IGTOVAV, OAANL KOl € KATOOV GAAO TAPAYOVIO TOV
owdpapatiCer Betikd poOAO  OTN  pETAYPAPY, HE TEAIKO OAMOTEAECUA TNV
wapotnpovpevn ovénon ¢ petaypoaens. Ilopadelypota  HETO-HETOQPACTIKOV
TPOTOTMOMCEDV TOPAYOVTOV om0 £viLUO TOL TPOTOTOVV TN YpOUATiv HEC®
pebviimong apyvav 1 aKETLM®OONG EXOVV AVAYVOPICTEL Kot 1 Agttovpyio TOVg €xel
Otepeuvnbel oe dupopes Proroyikég diepyaciec, cvuneptropfovopévon Kot g
petaypaens (Chen et al., 2001; Freiman and Tjian, 2003). I'a ta évlopo 6pmg g
owkoyévelag Tov pebBviacmv Avoivng pe m yapoktnplotikn emkpatelo SET ta pova
YVOGTO VTOGTPOUATO HEYPL GTIYUNG EIVOIL O1 IGTOVEG.

[Ipéceata anopovabnkay otov dvBpomo kot dAlo évivpa mov pebviidvoovv v
K4 ¢ H3 ota onoia cvykataiéyovtor 1 MLL, n ALL, n hSET1 kot hSMYD3
(Milne et al., 2002; Nakamura et al., 2002; Wysocka et al., 2003; Hamamoto et al.,
2004). Ot mpwteiveg avTéG amoTeEAOVY cLVNO®G PEPOC LEYOAOLOPIOKADV GUUTAOK®V,
o omoio mepthapPdvouv meplocdtepeg G oG evOupukég  evepyodtnteG oL
TPOTTOTOLOVV T YPOUATIVY.

e avtiBeon pe v mepinTmon g eTepoyp®UATIVIG TOL avapépOnke, o THOvOG
POAOG TMOV TPOTOMOUCEMV 1GTOVAOV OTN OlTNPNCT NG EVEPYNS UETOYPAPIKEL
YPOUOTIVIG OV €xel dlepeuvnBel. AV 01 TPOTOTOMGELS TV 1GTOVAV ACKOVV KATOL0
enidpaon Kol otn SlaTHPNoNG TG HETAYPAPNS, N UeBLAIwON TOVg avopéveTal va
Ae1tovpyel OC YVOPIGHO TOV EVEPYDV YOVIdlwv, Kuplwg eneldn o€ aviifeon pe v
aKeTVAIwoN, 1N peBvMmon Avotvov givar Waitepa otabepn). Ipayuatikd, Tpdcpoteg
peiétec otov Saccharomyces cerevisiae €yovv deiet 01t 1 peBvrdon otovav Setl
Bpioketar oV 5 K®OKN MEPLOYN TOV UETAYPOUPIKH EVEPYDV YOVIdimv, Omov Kot

KatoAvel v tpt-pebuiioon g Aveivne 4 g wotdévng 3 (H3-K4) (Ng et al, 2003). H
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nmapovcio ¢ vreppuebviiopévng H3-K4 oty koo meployn mopapével yuoo to
SWoTNUO TOV TPAOTOV Shr PeTd TV KOTAGTOAN TNG LETAYPOUPNS KoL TNV AmocHVOEST
g Setl amd Vv ypopoTivn, delyvoviag €161 OTL 1| TpoToToinoT ekeivn pmopel ivot
EVOEIKTIKT Y10, TNV TOPOLGIN TPOGPATNG UETOYPAPIKNG evepydTTOS. Eedn opmg N
tpt-peBvioon g H3-K4 peiwvotav acOntd petd v mdpodo Shr 1o @orvouevo
€xel  YOPOKTNPLOTEL ®G «UIKPNG OLIPKEWNG UETAYPOPIKY) Hvhun»  (short-term
transcriptional memory) (Ng et al, 2003).

e avMOTEPOLS EVKAPVAOTIKOVS opyavicpovg N ueBviioon g H3-K4 oyetiletan
HE TNV UETOYPAPIKT) EvEPYOTNTO. XE avTifEST OUW®G LLE TOV COKYAPOUVKNTA OTOV 1
ourhn pebvropdda g H3-K4 napovoidlel evpeia kKatovoun e oAOKANPo oyeddv 10
yovidiopa, o€ KiTTopa MNAAcTIKOV TOGO 1 dSutAn 660 Kot 1 TpuAn puebviopdda otnv
H3-K4 xopvodvovior oty 5" kwdikn meployn] mOAA®V evepydv yovidiov (Santos
Rosa et al., 2003; Bernstein et al., 2002; Schneider et al., 2004). EmumpdcOeta,
onuovtika emimedo pebvAiwong g H3-K4 €yovv mapatnpnbei ko ota yovidia tng
nepoyng g P-opaipivng kot oto HNF-4 katd 1 Owdpkeld g KLTTOPIKNG
dwpoponoinong, mpwv TV Evapén NG UETOYPOPNG TOLG, VTOJEKVOOVTOS OTL 1)
GUYKEKPIUEVT TPOTOTOINGT EUMAEKETOL otV £yKaBidpvon aAAd Kol T dTnipnon
pog duvapikd-evepyng ypopativng (Hatzis and Talianidis, 2002; Schneider et al,
2004).

Hopdyovteg avadlopdpeong YpORATIVIG pHE TNV Katavaiomon ATP

H oavadwopopeoon g  ypopativing umopel  vo  emiteheitonr kol omd
TOALTTAPOYOVTIKA cOumAoKe, To omoio. pe v katoviiwon ATP pmopodv kot
aAralovv ™ oAinAenidpacn DNA-wotovev. Ta copmloka ekeiva odnyobvtal OTIC
Oéoelc Opdong Tovg péoa amd  OAANAEMOPACEIS HE TOVLG  UETOYPOPUKOVG
EVEPYOTOMNTEC.

Yto. KOTTOPA TOV ONAUCTIKGOV VIAPYEL TOKIAIL GUUTAOK®OV AVOILOUOPPOCNS
ypopativing pe v katavdiwon ATP, ta omola pe faon v KOTAALTIKY EvePYOTNTO
g ATP-aong vrdyovtar e tpeig koatnyopiec: SWI/SNF, ISWI kot Mi-2. Ta dvo

TPAOTO Amd T COUTAOKA EUTAEKOVTAL TOGO GTNV HETAYPOPIKY EVEPYOTOINGN OGO Kot
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TNV KOTOOTOAN €VM TO TEAELTOUO (oiveTon vo oyetiletal HOVO LE TNV KOTOGTOAN
(Kingston and Narlikar, 1999; Narlikar et al., 2002). To coumioko SWI/SNF ota
Oniootikd pmopet vo meptlopfdaver v KataAvtiky] vropovado ATPaong Brgl 1
Brm evod 10 OnAactikd opdroyo tov ISWI eivar 1o Snf2h. Kot ot tpeic and tig
ATPéoeg mov avaeépnikav pmopodv vo avadlopope®@GovY TN ¥POUOTIVY amovsio
TOV VIOAOITWV VITOUOVAS®YV TOV CLUTAOK®V, OTTMOS £xovV deiel mepauata in vitro,
eVO 1M dpdom Toug eaiveral OTL TPOYLUTOTOLEITO HEGH OALOYDV GTO OKTOUEPES TMOV
woTovev, N amoudkpovon dyepov H2A-H2B / oAdkAnpov voukAEooOUATOV 1)
UETOTOMION VOUKAEOCOUAT®V TOv® 610 DNA.

Ta cOopmioka avadlopdpemong ypopativng Bewpeital OTL OpoLV GTOV VITOKIVNTNH
TOV  UETAYPOQOUEVOV YOVIOIV TPOGPATO OUMG TEWPAUATO TEKUNplOcOY TNV
TOPOLGIO TNG KOTAAVTIKNG vopovados Brg-1 kot oty K®otkn mteployn tov yovidiov
Hsp70 (Corey et al, 2003). H mapovcio tov mapdyovia Brg-1 ftav amoapaitnt yuo
NV EMUKVVOT TNG UETAYPOPNG KOl TN ONHovpyio EVOC TANPOVS HETAYPAPOVL TOL
yovidiov Kot cuoyetilotav e v mapovcia g RNA-molvpepdong I1.

Avapecao oTo COUTAOKO TOV GLUUETEYOVV Kol EMNPEALOLV TNV EMPIKLVON TNG
petaypapng amd v  RNA-molvuepdon Il copmepriapfdvovror Kot ol 16TOVIKEG
chaperones (histone chaperones), 6nwg to FACT kot ot Spts (Sims et al., 2004). O
napdyovtog FACT tov Onlactik®v anotekel etepodipepéc tv Sptl6 kot ng HMG-
box mpwteivng, SSRP1, mov eivar koAd cuvinpnuéveg ota OAacTtikd kot eoivetotl 6Tt
opa petd v petaypagikyy gvepyomoinon (Belotserkovskaya et al.,, 2003). O
nopdayovtag FACT €yer oaviyvevtel oty KoOKN TEPOYN TOV YOVIOIOV TNG
dpocdpag (Saunders et al, 2003) kot Opdon tov emTLYYAvVETOL HEG® TNG
amooTafePOnOinonG TG SOUNG TOL VOLKAEOGMUATOG KO OTOUAKPVVONG TOV OLUEPOVC
H2A-H2B on6 v Sptl6 vmopovdda, oOmwg £deiav In  vitro mepdpoto

(Belotserkovskaya et al., 2003).

AwPalovtag ToV KOOIKAE TOV 1GTOVAV

H axetvAiioon tov 16ToveOV amoteAeital TV TO HEAETNUEVN OO TIG TPOTOTOWCELG
Kol amotéhece v Pdon yw TV KOTOVONOT TOL POAOL TOV GLVOAOL TV
TPOTOMOW|CEMY  OTN  UETOYPAPIKY) pOOon. Apywd, m vrndbeon nrov OTL 1

aAAnieniopacn DNA - 16tovdv Tpomomoteital ®¢ amoTEAEGO AAAXYNS TOV QOPTIOV
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TOV 16TOVOV, AOY®D aketvAlowong (Wollfe and Hayes, 1999; Marmorstein  2001).
Moévo Oumg 1M axkeTVAM®ON TOV 16TOVAOV OmodelyTnke OTL Oev  E€MEQPEPE  TIG
OVOUEVOUEVEG OAAOYEG OTNV Ypopativ Kot T €Aegvbepn TPOoPacILOTNTO TOV
HETAYPOUQIKOV Topayovimv oto DNA in vitro (Mutskov, 1998; Polach et al., 2000)
KOl LETA TNV ovakdAvy™n NG HeBLAMMOoNG TV 16TOVOV, TPOTOTTOINGT oL OV AAAALEL
TO POPTIO TOVE, dNoVPYNONKE N «OTTOOEST] TOL KAOOIKA TOV IGTOVAOVY.

2OUQOVAE LE TOV KMOOIKO TOV 1GTOVAV Ol TPOTOTOMGELS TMV CLULVOTEAIK®DV AKP®V
TOV 1I0TOVAV EUTEPLEYOVV TNV TANPOPOPIOL KOl TO YOULPOKTIPLOTIKA Y10, T LETAYPOPIKT
EVEPYOTNTO.  HOG  YPOUOTIVIKNIG TEPLOYNG, KaBDOG Ol TPOTMOMOUOELS EKEIVEG
avayvopilovtor wg empdveleg aAAnieniopaong ond mapdyovteg mov petafipdlovv
v TAnpogopia o onuatodotikd povomdtia (Zynua 2) (Turner, 2000; Jenuwein and
Allis, 2001; Turner, 2002). Xg emoAnbevon, to dopukd potifo bromodomain kot
chromodomain £&ye1 Ppebel 6t avayvopilovv Tig akeTvAM®pPEVEG Kol peBLAIOUEVES
otéveg, avtiotoryo (Dhalluin et al., 1999; Bannister et al., 2001; Lachner et al.,
2001). Ov mpoteiveg mov  gumepi€éyovv 10 bromodomain  givor ot
axetvlotpavepepdoeg GenS/PCAF, p300/CBP TAFII 250, yia tig omoieg £xet derytel
OTL LITopoLV va. avayveopilovy Tig aKETVAMOUEVES AVGIVEG o cuvTnpnuéveg BEoelg TV
16TOVOV, pE €01K0 Tpoémo (Marmorstein, 2001; Agalioti et al, 2000; Agalioti et al,
2002). H meproyn bromodomain mepirapfaveror kot otnv ATPdon tov copumidkov
avadiapdpewong ypopativnig SWI/SNF, Brgl.

To xvptoTEPO TOPddEYI TPMTEIVOV OV TTEPLEYEL chromodomain givar to HP1,
t0 omoio avayvmpilel kol Tpocdévetan e K9 d1- ko tpiuebvMopévn 1otdévn 3, evod
onuenKn petaAloyn oty chromodomain em@épel v onOAEW TPOGOESNS GTNV
pebviopévn 16tdvn 3 Kol KOTUGTPOPN TNG KATOGTAATIKNG evepydtntag tov HP1 og
yovidlo (Bannister et al., 2001; Lachner et al., 2001). H mpdcdeon tov HP1
KataoTéAMAETOL TTapovsia poopopvAopévne S10-H3, yeyovog mov pmopel va

eEnynoet v anelevBépwon tov mapdyovta katd ™ pitwon (Fischle et al., 2005).
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To OnAaoctikd opdroyo tov Iswlp, Snf2h &xet deyytel 6TL avayvopilel e1dkd Kot
pe UEYAAN ocvyyéveln TPOGOEONS MENTIOW TOL PEPOVV d1- 1  TPl-peBvAMOUEV TNV
Avcivn 4 g 1oTtéVNS 3 Kol GTOV GOKYAPOUDKNTO 1] TOPOVGI TG TPWTEIVNG eKEIVIG
oTNV K®OKN Teployn ovvdéovtay pe ) pebviioon g H3-K4 (Santos-Rosa et al,
2003). H mepoy ¢ Snf2h mwov NMrtav amopaitntn yw v TpOGOEcN HE TN
pebviopévn H3-K4 dev oyetiCetarl pe kdmoto dopikd potifo g mpoteivng, Kabg
exelvn otepeitar g meployng chromodomain yw ovtd ko ewdletor Ot 1M
aAAnAemiopacn Oev vt GuesT). INUOVTIKO €ival TO YEYOVOG OTL Ol TPOTOTOMGELS
TOV  1OTOVAV  AEITOLPYOVV MG EMPAVEIEG TPOGOESNG  TOPAYOVI®OV OV  TIC
avayvopilovy oAAG KATOGTEALOVTOG EmMioNG Kol TNV TPOGOEST] TAPAYOVI®OV TOV
avayvopilovv Tn pun Tpomomompévn 16Tovn, dpota Ommg Asttovpyel 1 nebviimon g
H3-K4 ywo v npodcdeon tov cvumhdkov NuRD (Nishioka et al., 2002).

To dopko emoavorapPavopevo potifo WD-40, mov egunepiéyeton oty WDRS,
VTOHOVAdN TV cLUmAOKwV pebviioong ¢ K4, MLL1, MLL2 xou hSETI,
Tpoceata amodeiytnke 0Tl avayvopilel ™ o- 1 Tpt-pebviwpévn K4-H3, evd otov
cakyoapopvknta N tpwteivy Chdl, vropovada tov cvumAdkov aketvAimong SAGA,
mov  eépel Ovo  meployeg chromodomain  @aivetor va  avoyvopilet v {dw
tponomoinon (Pray-Grant et al., 2005; Wysocka et al., 2005).

[Tépav TV TPOTOTOMGE®V TOL PEPOLV O1 IGTOVES, TO TEAELTAIN XPOVIL £XEL Yivel
caQEG OTL KOL 1] TOVTOTNTO TMV IOTOVAOV GUVOEETAL LE T UETAYPOOIKT EVEPYOTNTO,
kaBmg Sopopetikéc motkilopoppieg totovov (histone variants) Ppiokovior ota
KEVIPOUEPT], UETAYPOPIKA €vepyd yovidwn 1 etepoypwpativikovs tomovg (Henikoff
and Ahmad, 2005). Ta variants T@V 16TOV®OV TOPOVSLALOVV SPOPES LE TIG KOVOVIKES
HopeEG otov TpOmMO Tov evamotifevior oty ypwpativn, €ite oToV TPOTO TOL
Aertovpyohv petd v evomdbeon toug. H H3.3 amotelel variant g 1otovng 3, pe mv
omoia dtapépouvv povo og 4 apvoééa, aara n H3.3 Bploketal o petaypagikd evepyég
mePLOYEC Kol e gvypopativn, evo n H3 oe etepoypopotivn kot petaypopikd
avevepyEc meployés g opocogirag (Ahmad and Henikoff, 2002). EmumAéov n H3.3
glvol EUTAOVTIGUEVT GE TPOTOTOMGELS AVGIVAOV TTOL CYETILOVTOL LE TN UETOYPAPT,
onm¢ N pebvAioon g K4, K79 kot n axetvAioon g K9 ka1 K14 ko evamotifeton
oTN XPOUOTIVY] HECH €VOG UNYOVICHOD OV OEV GLUVOEETOL LE TOV OUTAOGLUGHO TOV

DNA (McKittrick et al., 2004)
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To ocvpmrioko TFIID

O petaypapuodg mapayovtag TFIID eivar éva cdumioko mov amoteleitat amd v
TPOTEIVN oL TPocdévetal oty aAiniovyic TATA tov vrokivnt) (TATA Binding
Protein, TBP) kot 10-13 dAlovg moapdyovteg mov cvvdéovion pe 1o TBP (TBP
associated proteins, TAFIIs), tov omoiwv 1 oaAAnlovyio eivar oe peydro Paduod

CUVTNPNUEVT] OO TOV GOKYOPOLVKNTO MG KOl TOV AvOp®TO.

Agwrovpyieg tov TAFIIs

Ot mpadteg evdeilelg yua ) Asttovpywcdtra twv TAFIls mponiBav amd perén in
vitro cvomudtov petaypagng oe Drosophila kot avBpwmo, 6mov avacvvdvacuévn
npoteivn TBP pmopel va vmootmnpifer povo 1n  HETOYpOQIKN €vEPYOTOinom
vrokwvntdv mov mepthapPavouv v aiiniovyic TATA. H evepyomoinon g
peTaypaens Twv yovidiwv mov oev mepthapfdavovv TATA 1 tov yovidiov ekelvaov mov
N UETOYPOON TPOYUOTOTOEITOL HETA TNV  EMOpOoT €WOKOD  EVEPYOTONTH
npaypatonoleitol pdévo mopovsio tov cvuridkov TFIID (Zhou et al., 1992; Pugh et
al., 1991; Wieczorek et al., 1998; Chen et al., 1994) , yeyovdc mov gvovvaumvel TV
dmoym 6Tl KATOW0l TOLAAYIGTOV amd TOLG TOPAYOVIES TOL Guvdéovtarl pe to TBP
GUUUETEYOLV OTNV avayvodplon g meployns tov vrokwnty (Oelgeschlager et al.,
1996)).

EmnmAéov evoeilelg O6tL o1 petaypagwkoi mapdyovieg TAFIIs  Aettovpyodv g
LETOYPOPIKOT GUVEVEPYOTOINTESG TPOEPYOVTOL OO TELPALOTO TOUPOSTKNG OLOUUOAVVONG
KUTTOpOV OnAactikdv, kotd To omoior Ppébnke OTL EkEPOOCT GLYKEKPIUEVOV
vropovadwv tov TFIID  evioyder v evepyomoinon g HETOYPOPNG Omd
SPOPETIKOVG TUPNVIKOVG Vodoyeic O0mwg o hTAFIII35 pe tov vmodoyéa g

Brropivng D3, tov petvoikov o&éog katl g Bupeoetdikng oppovne (Mengus et al.,
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1997), o mapayoviag hTAFII28 pe tov vmodoyéa RXR ko1 o hTAFII30 pe tov
vrodoy£a Tov olotpoydvov (May et al., 1996; Jacq et al., 1994).

[Mewpdpota adpavomoinong M agaipeong tov yovwdiov twv  TAFIls  otov
cokyapopvknta £xovv Ogiel OTL o1 mopdyovteg ekeivor dev ypelalovior yio TV
EVEPYOTOINGT TNG LETAYPAPNG TOV GLVOAOL T®V Yovidimv (Apone et al., 1996; Walker
et al., 1997).

[Tewpapota oe epPpuikd KdTTAPO KOPKIVOUATOG TOVTIKOL F9 €yovv deiletl 6t 0
napdyovtag TAF10 eivor amoapaitntog yioo v emiPimon TovV KLTTAPOV Kot T
dlpopomoinon tovg e evodoepua, kabmg adpavomoinon tov yovidiov TAF10
(knockout) eiye wg amotéAecua T S10KOTN TOV KLTTOPIKOV KOKAOL KOl TOV KUTTAPIKO
Bavato pécm amontwong (Metzger et al., 1999). Anovoia tov TAF10 ota F9 xottapa
10 Aetrtovpyikd ovumioko TFIID dev oymuortiletal, evd gaivetor 0Tt 0 Tapdyovtog
ekeivog elvat amapaitnTog Kot Katd TV avamtuén, kabmg movtikia tov givatl knockout
dev givon Prootpa Ko tebaivouy Katd v euPpvoyévecn v nuépa 5.5, apéomg PeTA
TNV EUPVTELGT, AOY® OVENUEVIC OMOMTOONG TOV KLTTAP®V 1TNG ECMTEPIKNG

Kuttaptkng palos (Mohan et al., 2003).

Ieproyég oporoyiog TAFIIs pe 116 10TOVES

Avdivon g tpototayovg doung twv TAFIIs €yetl deiet 611 o1 meprocdTEPOL O
toug mapayovieg mov vmdpyovv oto TFIID mapovcsialovv mepoyr] avadimiwong
OUol0l [E TOV 10TOVOV, YeYyovOog mov odnynoe oty vmobeon Ot ta TAFIIs
etepodipepilovtar yia va oynpaticovv (evydplo opowa pe ekeiva tov wotovov H3-H4
kot H2A-H2B, ta omoia donpiovpyodv odoun “vovkieocopatog” oto TFIID
(Gangloff et al., 2001; Hoffman et al., 1996).

H pikpotepn meproyn avadimimong 1otovedv amotereitanr and tpelg a-EAkeg (al-
a3) mov ocvvdéovtar petald tovg pe dvo Oniég (L1, L2), evd moArég ¢@opég
wapotnpeitar - mopovsio emmAéov o Ao oto N- 1 /xkon C-tehkd dkpo g
TPOTEIVNG. X ONUovpyios TV  ETEPOSIUEPADV 1OTOVOV Ol OVO TPMTEIVEG

OAANAETIOPOVY pE KOTEVOVVON KEPAAL- ovpd, £Tol Mote M al-L1 meproyn g og
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TPOTEIVNG VoL aAANAemOpa pe v L2-03 g dAAng. H dievBétnon avti twv 16tovov
OTO YOPO EYEL MG AMOTEALECLA TN dNUIOVPYIR 1IGYLPOV CAANAETIOPACE®V PETOED TV
VO TPOTEIVOV Kal TN dnuovpyio pog oerytd maketapiopévng dsoung (Luger et al.,
1997).

Ovmpwteivec tov hTAFII80 (TAF6) ko hTAFII32 (TAF9) mapovcidlovv potifo
avadimlmong Opoto pe ekeivo g 16TovIg 4 Ko TG 1otdvng 3, avtictorya (Xie et al.,
1996). Z10 ovumhioko tov hPCAF, and 10 omoio amovoidler o hTAFII80 (TAF6), o
hTAFII32 (TAF9) aAMniemdpd pe o mpoteivi) mov eépet potifo avadimimong
otovev opowo pe ekeivo tov hTAFII80 (Ogryzko et al., 1998). Ov mpwreiveg
hTAFII28 (TAF11) xoau hTAFII18 (TAF13) Bewpeitor 6Tt dnpiovpyohv T€POOUEPES
pécm evog un kavovikol potifov avadimiwong (Birck et al., 1998). H mpwteivn
hTAFII20 (TAF12) éyetr Bpebel 6T £yl meproy HeYAANg opoAoyiog pe TNV 10TOV
H2B xou etepodipepiletan pe to hTAFII135 (TAF4) @épet potifo avadinimong 6poto
pe v H2A (Gangloff et al., 2000). KpvotaAroypapikd dedopéva pe tavtdypovn
YPNON OVTICOUAT®OV Yot TS VLIOROVAdEG Tov ovumidkov  tov TFID tov
caxyapopvknto (Leurent et al., 2002; Brand et al., 1999) é6ei&av ta TAFIIs mov
Bewpeitar O6TL etepodipepilovian, Ppiokovior ¢ «levydplo» o€ dVO OLKPITEG
TEPLOYEC TOV  CLUTAOKOVL, YEYOVOG MOV  EPYETOL  GE  OCLUP®VID damd TNV
KPLOTOAAOYPAQIKY] avaivon Tov  avBpomivov TFIIDP, dev  vmbpyer Opmg
TMEWPOUATIKY] OTOOEEN TNG TOPOVCING €VOG OKTOUEPOLG OUOOL HE €KEIVO TOL

VOUKAEOGMDLLOLTOG,

Yvpumhoka mov wepriopfavovv TAFIIs

Merém tov counidkwv TFIID oand dapopetikong TOmovs Kuttdpmv Nractikmdv
AL KO TTEWPAUATO 0VOCOKATOKPNUVIONG TV cOUTAOK®V Tv TAFIIs &yovv dei&et
O0TL vapyovv dpopeTikd cvumroka wov mepEyovv TAFIIs evtog tov kdTTApov,

onw¢  emiong vmdpyovv ko oakpitd cvumroka TFIID og dapopetikod THTOL
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KuTTOpO TOL Wiov opyavicuov. EmimAéov, evd wg TAFIIs éxouv opiotel o1 mpmTeiveg
exelveg mov cvvdéovtal pe to TBP, €yel miéov amoderytel 6T 01 cuykeKpLEVOL
YEVIKOL HETOYPOPIKOTL TOPAYOVTEG GLUUETEYOLV Kol OTI ONUIOLPYID GLUTAOK®V
amovcio TBP.

Ymrapyovv tovAdyiotov dvo cvumioka TFIID ota svkapvwtikd kdtrapa (Brou et
al., 1993), mov amaptilovion amd Tic kowég vmopovadoeg hTAFII20, hTAFII28,
hTAFII 32, hTAFIISS, hTAFII80, hTAFII100, hnTAFII135, hTAFII250 (TFIDa) kot
emmAéov TG vropovadeg hTAFII30 xor hTAFII18 mov Bpiokovror oto TFIIDP.
AmoxAelotikd ota B Aepgpoxdttapa tov avlpomov Exet Ppebel o yevikog
petaypapikog mapayoviag hTAFII105, viepék@pact Tov omoiov gixe MG amoTéAECUAL
aALOYEG OTO EMIMESO UETOYPUPIKNG pOOUONG opopévav povo yovidiov Tov
kuttdpwv (Dikstein et al., 1996).

To ocOumioko B-TFIID dev meprhapfaver kavéva amd TOUG TOPEYOVTEG TOV
TAFIIs tov xhaoowkov TFIID, aAkéd po povo vmopovada TAFII170, mov éxet
evepyomta ATPdaong (Timmers et al., 1992). O mapdyovtag TAFII170 anoterel évav
KOTOOTOAEN TNG LETAYPAPNG TOV YOVIOIWV TOV EVEPYOTOLOVVTOL LE TNV EMOPACT| TOVL
TBP, kabang £xel Bpebel 611 mpocdévetar oto TBP ko amopakpovel tov moapdyovto
and v adniovyia TATA. Tlpocpateg perétec ouwmg Exovv oei&el 61t 0 TAFII170
pmopel vo GUUUPETEYXEL KOL OTNV UETAYPAPIKY] EVEPYOTOINGCT  OPICUEVOV YOVISI®V
(Willy et al., 2000).

X amomTOTKA KOTTOPO 7TOL 0dNYyoLVTOL € KVLTTOPIKO Bavato €xer Ppebel to
ovumioko TFIID mov @éper v vmopovada hTAFII800 (Bell et al.,, 2001). Xto
ocvunioko tov hTFIIDz mov cvppetéyer 1o hTAFII806 dev vrdpyer hTAFII32 (mov
amotelel Tov Tapdyovta mov mhovd aAniemidpd pe to hTAFII80 péow tng meployng
™G TPOTEIVIG TOV PEPEL OpOAOYia [LE TNV 16TOVY 3), YEYOovHg Tov Bewpeitor Ot ivan
vevBLVO Yo TV OAAOYT] TOL TPOTOTTOVL UETOYPAPNS EVOG GLVOAOL YOVIOI®V TOV
KLTTAPOUL.

Xe KOTTOpo EUPPLIKOV KOPKIVOUOTOG €XEL Omopovmbel €vo GOUTAOKO 7OV
nepapBdver TBP mov aAiniemidpd pe to mpoddpopo popio TFIHAaf wor TFIAy
arovoio tov vrorowmewv hTAFILs, (Mitsiou et al., 2000), eved og dopopomomuéva
KkOtTapa dev €xet aviyvevtel N mapovsic Tov TAC. To copmloko ekeivo mpocdéveTon
o€ YPOUATIVN IN VIVO KOl GUUUETEXEL OTN LETAYPOPIKT EVEPYOTOINGT YOVIdi®V, OTMG

Jwmotdlnke pe TEPAUOTO  TOPOOIKNG OlpOAVVONG G€  KOTTOPO  EUPPLIKOD
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KOPKIVOUOTOC, Oe®pPElTal 0€ OTL GUUUETEXEL OTN LETAYPOPIKY] EVEPYOTOINGT YOVIdI®WV
GTOV LITOKWVITN TV 0noimV 0gv Tpocdévetal TBP.

[Mepdpoto avocoKATOKPNIVIONG YPOUATIVIIG G EVKAPVOTIKA KOTTOPO OELVOLV
OTL GTOV VTOKIVNTN €VOG YOVIOI0V OV OEV €lval aKOUO LETAYPUPIKA evEPYO aALG Exel
“deopevtel” yuo evepyomoinom, vrapyel mpocsocpévo TBP amovsio tov mapayodviwov
hTAFIIs (Soutoglou et al., 2002).

H perém tov cvpumhdkov TFIID kot t@v S10OpeTIKOV VTOUOVAS®V OV TO
anoptilovv odynce otV avakdAivym 0Tt ot TpmTeiveg mTov cuvdéoviat pe to TBP,
TAFIls, umopotv va vrépEovv e coumioka omd To omoio arovctdlel o TaPAyovTag
oL pocoévetarl otnv aAiniovyia TATA. 'Etot, and ta kuttapa HelLa amopovodnke
éva ovpmhoxo mov mephapPaver TAFIIs aAld oyt TBP  xat ovopdaleton TFTC
(Wieczorek et al., 1998).

To TFTC éyer deyyrelt o011 pmopel va avrikataotioet to TFIID kot va
EVEPYOTOMMGEL TN UETAYPAPT YOVISI®V oL Tepthapfavouy 1 oyt aAiniovyia TATA
oTOoV VIoKNTY ToVg in vitro (Wiecsorek et al., 1998). Amd 10 cOuTAOKO aVTO el
Bpebel 6t1 amovoralel n peydin vropovéoda tov TFIID, TAFII250 kot ot TAFII28 ko
TAFII18, mov Ocwpeitar O6t1 oynuotiCovv etepodipepéc HEG® TOL  potifov
avadimAmong Twv 16Tovev. To GOUTAOKO OUMG aVTO GLVOEETOL HE TPWOTEIVY] TOL
napovcldlel evepyodtnta aketvAimons wtovav GCNS (Yanagisaga et al., 2002) ko
Aertovpyel G GLVEVEPYOTOUTNG OTN UETOYPOPIKY EVEPYOTOINCT] TV TUPNVIKAOV
VTOOOYEMV.

hTAFIIs mepriapPdvovtor kot 610 GOUTAOKO 7OV TOPOVCIALEL EVEPYOTNTA
axetvMmong wotovav, PCAF (Martinez et al., 1998). 10 cbunrioko avtd vrdpyovv
ot mapdyovteg hTAFII32, hTAFII20, ot omoiot 6pown 6mwg to TFIID wor TFTC
Bempeitan 6t etepodiuepilovtal pe TpTEIveg Tov Tapovstalovy potifo avadintimong
1GTOVAOV, AGTE VO ONovpynoel dopr| OLO1 LLE TOV VOUKAEOCHLOTOG .

Emiong, o yevikdg petaypapikdg moapdyovrog hTAFII32 coumepihapfaveror og
éva ovumroko ( hSTAGA) poli pe v aketviotpavopepdon hGCNS —L kot
ToPAyovTEG TOV TOPOLGLALoVY opoloyia pe v mpwteivn SPT3 tov cuumAdKov ToL
cokyapopvknta, SAGA (Martinez, et al., 2001).

[Ipdopata mpotdbnke véa eviaic ovopacio TOV TAPAYOVI®OV TOV GUUUETEYOVV

oto oynuatiopd tov TFID dweopetikdv opyaviopmv (Tora, 2002) rm omoia
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otnpileTon oTNV opoAOYia TV TOPAYOVTOV Kot Oyl 6TO LoPlakd PAPog TG TPOTEIVNG

(Zxfpa 3).
C. elegans (ce)

New name H. sapiens (hs) D. melanogaster (dm) previous name new name §. cerevisiae (sc] 8. pombe (sp)
TAF1 TAF;250 TAF;230 taf-1 (WO4A8.7) taf-1 Tafl45/130 TAF;111
TAF2 TAF,150 TAF,150 taf-2 (Y37F11B.4) taf-2 Taf150 or TSM1 (T38673)
TAF3 TAF,140 TAF,155 or BIP2 [C11G6.1) taf-3 Taf47
TAF4 TAF;130/135 TAF,110 taf-5 (R119.6) taf-4 Taf48 or MPT1 (T50183]
TAF4b TAF,105
TAF5 TAF,100 TAF,80 taf-4 (F30F8.8) taf-5 Taf90 TAF,72
TAF5b TAF,73
TAF5L PAF65B Cannonball
TAF6 TAF,80 TAF;60 taf-3.1 (W09B6.2| taf-6.1 Taf60 (CAA20756)
TAF6L PAFG65a |AAF52013) taf-3.2 (Y37E11AL.8)  taf-6.2
TAF7 TAF,;55 |AAF54162) taf-8.1 (F54F7.1) taf-7.1 Taf67 TAF,62/PTRG
TAF7L TAF2Q taf-8.2 (Y111B2A.16) taf-7.2
TAF8 (BAB71460) Prodos [ZK1320.12) taf-8 Taf65 (T40895)
TAF9 TAF;32/31 TAF;40 taf-10 (T12D8.7) taf-9 Tafl7 (562536)
TAFIL TAF31L {AAG09711)
TAF10 TAF,30 TAF;24 taf-11 (K03B4.3) taf-10 Taf25 (T39928]
TAF10b TAF,16
TAFIL1 TAF,28 TAF,308 taf-7.1 [F48D6.1) taf-11.1  Tafa0 (CAA93543)
TAF11L taf-7.2 (K10D3.3) taf-11.2
TAF12 TAF,20/15 TAF, 30 taf-9 (Y56A4.3) taf-12 Taf61/68 (T37702)
TAF13 TAF,18 |AAF53875) taf-6 (C14A4.10] taf-13 Tafl9 or FUNS1 (CAA19300)
TAF14 Taf30
TAF15 TAF,68

B-TFIID
BTAF1 TAF”17DfTAF-l 72 Hel89B [F15D4.1] btaf-1 Motl (T40642)

Yympa 3. Evvwaio ovopatoroyio tov TAFs (Tora 2002)
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KEDPAAATO 1

INPOAOI'OX

H pebodoon tov otovov koBmg emiong kot GAAEG WETO-UETOPPOCTIKEG
TPOTOTOWOEL;, OMMOC 1 OKETLVAI®ON, 1 QOCEOPLAI®OTN Kol 1 ovPIKITVIAi®oN,
SdpapatiCovy ToAd oNUOVTIKO POAO GTN OMUIOVPYIC HOPLOKADV YVOPIGUATOV TNG
ypopativing, ta oroio avayvopilovtal amd puOoTtikég Tpwteiveg kot Kabopilovv
ouvapukn UHeTAPaom HETOED HETAYPOOKO EVEPYNG KOl OVEVEPYNG  KOTAGTAONG
(Fischle et al., 2003; Turner, 2002). Ta tehevtaio ypoévia €vag peydrlog aptOpoc
pebviacov otovov €xel tavtomomBel kot yopakmmplotel (Kouzarides, 2002;
Jenuwein, 2001).

H SET9 yopoxtmpiomke npdceata o pebvuidon g otovng 3 ot Avcivn 4
(H3-K4) (Wang et al., 2001; Nishioka et al., 2002) kot @épel TV YOPAKTINPICTIKY|
emkpdrewn SET aALd otepeitor v mpo- kot petd- SET emukpateimv. Xe avtibeon pe
T1¢ vrdAouteg pebvidoeg, 1 SET9 dev pmopel va pebvimoet v 1otovn 3 dtav exeivn
Bpioketon maketapiopévn o€ voukAeoompata, aAAd Tapovctdlel 1oyvpn EVEPYOTNTO
évavtt erevBepov vrootpoua wotovov (Wang et al., 2001; Nishioka et al., 2002).
[Tepdpata €xovv odeiter 61t M SET9 umopel va evioyver v emayodpevn omd
evepyomowmtn petaypoer| (Nishioka et al., 2002) yeyovog mov vmodeikvietl 0Tt in vivo
Aertovpyel péow peBuAimong TV 16TOVOV, 0ALG EVOEXOUEVOS 1) vePYOTNTA TNG VO
EVIOYVETOL OO KATOLOV TapAyovVTa, OV OeV £xEl axoua tavtonomBel. Evoliaktikd,
umopel n dpdon Tov cuykekpipuévov evivpov vor unyv meplopiletal amokKAEICTIKA GE
VTOGTPAOUOTA 1GTOVOV, OAAG KOl GE KATOOV OAAO TOpdyovta oL Olodpapatilet
BeTikd pOAO GTN LETOYPOUPY|, LE TEMKO OTOTELEGLLO TNV TOPATNPOVUEVT AOENON TG
petaypoaenc. Iapodelypato HETO-UETAPPASTIKOV TPOTOTOWCEDV TAPUYOVIWV OO
évlupo TOL TPOTOTOLOVV TN XPWUATIVI] HEc® peBvAimong apywvav 1 aKeTLAI®ONG
€Youvv avayvoplotel kot n Aertovpyia Tovg £xel diepevvnbel oe dapopeg Proroyikég
depyaociec, ovpmeptrapfovopsévov kot g petaypaens (Chen et al., 2001; Freiman
and Tjian, 2003). ' ta évlopa OpmG TG otkoyévelog Tov pebvAacdv Avcivig pe
yopaxtnpotikn enkpdreia SET ta povo yvmoTtd vTosTpOUaTo HEYPL GTYUNG Elval Ot
16TOVEC.

X mapovoa gpyocio amodekvoetor 0Tt to Evivpo SET9 umopel va pebviidoet tov

napdayovte. TAF10 (tov yvootd péypt mpocoato og TAF30), mov amotelel
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OLOTATIKO TOV GCULUTAOKOL TOV Yevikol petaypoewoly mapdyovta TFIID. H
pebviioon tov TAF10 €xel og amotédlespa v evioyuon TG LETOYPOPTS OPIGUEVOV
poévo yovidiov amd exeiva mwov puvbuilovtar and 1o TAF10. Emumiéov, o TAF10
Bpétnke va aAiniemdpd pe v RNA-moivpepdon II ko n oAinAenidpaon exeivn
evioyvetol amd v mopovcsio TS peBviopddag, yeyovog mov mibavd mopéyel To
HOPLOKO UNYAVICHO EVIGYLONG TNG LETOYPAPNS GTO YOVIOLO TOL EMNPEALOVTOL OO TN

pebviimon tov Tapdayovra.
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AIIOTEAEXMATA

O napdayovrag TAF10 peBvir@veron in vitro ko in vivo a6 T SET9

KOl EVOORATOVETUL 6TO oVpuTAoKo Tov TFIID.

Apywd, avtidpdoelc pebBviioong in vitro mpoypotonomdnkay pe éva eAMmEG
ocvunioko TFIID mov amotelovtav omd Tig vmopovdodeg TAF4, TAFS, Flag-TAF6,
TAFS8, TAF9, TAF10 xoau TAF12 mov omopovodnke pe KOADOVO 0vOGOGVYYEVELNG
and kottapo SFI mov eiyav emporvviel pe Pakovdoid mov Ekepale Yo TIg ETUEPOVS
VTOPOVADES. XTIC avTdpdoels pebBviimong pe to avacvvdvacspévo évivpo SET9 ko
TOPOVGio.  TPITIOpUEVNC-S-0devoov-pedetovivic  ["H-S-Adenosyl-Methionine (*H-
SAM)] petd amd MAEKTPOPOPNOY O TNKTOUO OKPLAAUIONG, OmTOKAAVEONKE Lo
padtevepyn-pebvitopévn (ovn tov 30 kD (Ewova 1A), mov gival yopaktnpioTikn yo
10 TAF10 (Jacq et al., 1994).

[Mpokeévov va emPeformbel 6T1 1 peBvAopévn mpoteivn aviietolyel oto
TAF10, oavtidpdoelg in vitro pebBvioone mpaypoatomomdnkov pe Paxtnplokd
EKPPACUEVT] KOl ATOHOVOUEVN TTPOTEIVN. OAOKANpN M mpwteivy TAF10, adrd won
TUHatd ¢ mov gumepieiyav 1o kapPfouiikd dipo g (100-217 apvoléa 1 120-
206) exepacpévo petd ™ GST (Glutathione-S-trasnferase, GST) £dei&av oOTt
pebvimvovtor and t pebvidon SET9, pe amodotikdtnta Opolo pe ekeivn €vovtt
elevbepov wotovarv (Ewova 1B). H npwteiv GST-TAF10 120-206 petd v in vitro
pebviioon kot amopudvmorn omd TAKTOUN OKPLACMIONG VIEGTN OE WEPIKN TEYM
tpoyivng. Ta mentidie KabapioTray TEPUITEP® HE VYPN YPOUATOYPOOIC VYNANG
nieong (High Pressure Liquid Chromatography, HPLC) kot aké6Aovdn amowoddpunon
katd Edman £dei&e 6Tt 1 Avoivny 189 eivar 1o povadikd aptvo&h mov vrokeltol
pebviioon (ovvepyoasio pe to gpyaoctipro tov Tora L. CNRS, Strasbourg). H
emPefaionon 0Tt T0 GLYKEKPIUEVO HOVO aptvoED vokeTal o€ peBviimon emnABe amod
aVTIOPAGELS OOV MG VITOSTPOUO YpNoornomOnke oAdkAnpn n mpwteiv TAF10 n
omoio. €pepe onuelokES HETOALOYEC o€ ovykekpuuéves Avoives (Ewdva 1B). To
évlopo SET9 pmopodoe vo peBuiudcel 1o vmoOoTpmUo mTov £Qepe LETAALOYY| GE
OO0 TOTE AVGiv), €KTOC ekelvov mov €pepe TN petaAloyn g Avoivng 189 oe

yhovtapivn (Ewova 1B).
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Ewéva 1. H SET9 pedviwaver tov tapayovra TAF10 in vitro.

(A) EAlmég obumioko TFIID mov €yet amopovobel amd kdttapa mov ekepilovy TIC VTOHOVASEG
petd amd poAvvon pe PakovAioid kot amoteieitor and TAF4, TAFS, Flag-TAF6, TAFS, TAF9, TAF10
kot TAF12 (1) 1 ond Flag-TAF6 kot TAF9 (2) vmopAnOnkav og avtidpaon pebvrimong mapovsio 100
ng avacvvdvacuévov éviopov SETI.

(B) Avtdpdoeic pebuiimong mapovsia 100 ng avacvvdovacpévng SET9. Q¢ vrootpodpota
ypnoomomOnkav 10 pg erevBepwv wotovav, 1ug e avacvvdvacpévne npotetvng (His-TAF10FL) 1
10 KapPoluikd Tunua g mov Ppioketor oe ovvinén pe v GST. Ot apbpoi oto wved pEPOG
avTImpoo®nrevovy apvotén Avoivng mov épovv petaAloybei oty His-TAF10FL mpoteivn. Ta
mwpoidvio g pebviioong mAektpopopnOnikay kot ekTéOnKav oe avtopadoypapio. LTo KUTMOTEPO
HEPOG ometkoviCovTal TUAIOTO TOV TNKTOUATOG. XTO YOUNAOTEPO TUNHO TNG EIKOVAG amekovileTal M
apwvo&ikny aiiniovyio tov TAF10 and 160-200 apvoléo pe evtovotepeg TG AVciveg mov €yovv
VROOTEL ONUEOKN LETAAAAYY.

(I') In vitro avtdpdaocels peBviioong mapovoio 100 ng SET9 ko 2 pg nentidiov TAF10, mov
gumepiéyel v aAinlovyio tov apvo&émv 180-195. Ta mentidior wov ypnoomomdnkay givar : pn
TPOTOTOMUEVO TTENTIO0, TTEMTIO0 oL TEPAPavel pa- (Mono-meth) 7 6vo (Di-meth) pebvlopddeg
ot Avcivn 189 kot memtidio pdptvpo omd 1o kapPoSuikd dkpo tov  HNF4. Ov avtidpdoelg

petpnOniay petd and tpdcsdeon oe pidtpa P81 kat avdivon oe SDS-PAGE 18%.

38



KEDPAAATO 1

Otav éva cvvBetikd mentioo mov mepteAdpupove v aAAniovyio apvo&émy 180-
195 tov TAF10 ypnowyorombnke o¢ vrootpoua pebvAiioong, edvnke 6tt 1 SET9
umopel va, peBulmdoel HOVO TO Un TPOTOTOUEVO TTEMTIO OAAG Ol EKEIVO TTOV £pepe
pa 1 dvo peBoiopdades ot Béon 189  (Ewodva 1T), yeyovdg mov vmodekvoet Ot 1
SET9 pmopei va povo-peboiidoer tov TAF10, 6powa 0nwg cvopfoivel kot pe
Avcivn 4 g 1otoVNng 3.

H pelét g pebBviimong g evooyevovg mpwteiviig TAF10 mpayuatomombnke
oe mopnvikad ekyvAlopata omnd kottapo Hela, to omoio vmoPfAnOnkav oe
OVOGOKOTOKPN VIO UE OVO AVTICOUOTO TTOL avoyvmPilovy SlopopeTIKOVS EMTOTOVGS
™G TPWTEIVNG Kot akoAovOnoe avdivon kata Western (Western blot) pe m ypnon
AVTICOUOTOG EVOVTL OA®V TV peBvMouévav Avctvav. H yapaktnpiotikn ouAn {ovn
tov TAF10 (Jacq et al., 1994) ota 30 kD, n onola avayvepiotnke and 1o aviicopo
évavtt Tov pebvMopéveoy Aevav, mopéyel o emmAéov EvoelEn OTL 1 evooyeEvng
npoteivn elvar peBvhopévn (Ewkdva 2A). Emmdéov, po dpota  {odvn epeaviotnke
KOl OTNV  0VOGOKOTOKPNUVIoT Tov mapdyovia TBP, vmodewkvooviog 0Ot 10
pebviopévo TAF10 pmopel ko evoopoatdveror 6to cvumioko tov TFIID. H
pebvAMmon Tov €vdOYEVOLG TOPAyovTOL  UEAETHONKE TEPOITEP® HE TEPALOTOL
petafolikng onuavong pécsa otov mopnva (in-nucleo metabolic labeling). TTuprvec
kottdpav HeLa enwdotkay mapovsio "H-SAM kot pHetd amd dnpovpyio mopnvikédv
EKYLMOUATOV, TO SALTO KAACUN TOV TPOTEIVOV LTECTN OVOCOKOTAKPNVION LE
avticopa yw to TAF10. H yapoktpiotikny owmAn {ovn tov 30 kD ftav epeoavig
otV avtopadtoypapio (Ewdéva 2B).

[Tpoxeyévou va peretioovpe 10 poAo g SET9 ot peBviioon tov mapdyovra
TAF10 in vivo avoaAdbOnKov ot 0AANAETOPAGELS TV EVOOYEVAOV TPMTEIVOV. Me ™)
xpon avticdpotog ewwov ywo ™ SET9 oe mepdpoto avocokatakpfiviong oe
kOttopa HeLa Bpébnke mwg oTI AmOUOVOUEVES TPOTEIVEG GLVLTAPYOLV Kol 1)
npoteivn TAF10, pali pe dAieg vropovaodeg tov cvumiokov TFIID (TBP,TAF6 kot
TAF7), yeyovog mov Oeiyvel mwg vrdpyetl €01k aAinienidopaon g SETY9 kou tov
TFIID in vivo (Ewéva 2T).

Y gmopuevo meipapa, 10 TAF10 dyprov tomov 1 ekeivo mov £pepe PeTAALAYN TG
Aveivng 189 og yhovtapivn (189Q) vrepekppdotnkay vo tov enitoro HA mapovsia
N omovcio SET9 xot akoAoOOnoce Ompiovpyic mupnvik®v eKYLMOUATOV Kot

OVOGOKOTOKPT VIO HE avticmpa yio tov exitoro HA.
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Ewéva 2. To TAF10 aiiniemopd pe SETY, civan peBoiropévo in vivo koL evoopataveran
oto TFIID aveEaptnto oo T pedvrioon tov.

(A) Tvpnvikd exyviiopota amd Hela vmoPAnOnkov o oVOCOKOTOKPNUVION HE N
avocomomuévo oppd 1 pe to povokiovikd avticopota 1H8 (aTAF10-1), 2B11 (aTAF10-2) 1 3G3
(aTBP) kot axoAovOnoe Western blot pe avticopa ya 11 pebviiopévec Aocivec.

(B) TTupriveg kuttdpov HeLa emodomkav pe “H-SAM kot petd omd Snpovpyio mopnvikédv
EKYVMOUOT®OV  OKOAOVONGE  AVOCOKOTOKPNUVICT] HE TO OVTICOUOTO TOL  OVOQEPOVIOL KOl
niektpopodpnon. Anewoviletor avtopadioypaeio 13 nuepdv.

(I') TTvpnvikd exyviiopata HelLa vrofAndnkov oe avocsokataxpriuvion pe aSET9 kot Western
blot e Ta AvTICOUATO TOL AVOPEPOVTOL.

(A) Mupnvikd exyviicpoto HEK293 mov elyov dwapoivvOel pe tovg @opeic  €kppoomng mov
avaQEPOVTOL VTESTNCAV oavocokoTokpnuvion pe oHA. Amewovileton to Western blot pe ta

avtioopate  wov anekoviovrat.

[Mewpapota Western blot pe avticopato yio to TBP, TAF6 koaw TAF7 €de1i&av o1t
1660 N aypiov Tomov Tpwteivi) TAF10 660 kot ekeivn mov dev pmopet va pebviiwbei-
TAF10-K189Q pmopovv kot evompatdvovtor oto TFIID coumioko, aveEaptitmg

vrepékppaong g SET9 (Ewova 2A).
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Onwg Ntav avapevopevo, povo n aypiov tomov TAF10 mpwteivn kot Oyt exeivn
mov pepe petariayn (TAF10K189Q) avayvmpiotnke amd 10 avticopo yoo Tic
pebvlmpéveg Avciveg, Yeyovag mov delyvel 0TL dev vLdpyel GAAN BEon mov voOKELTAL
oe pebviioon, mapodAo mov TOG0 M aypiov TOVTTOL OGO Kot 1) UETAAAAYUEVT TPOTEIV
aAniemdpovv pe ) peBvddon SET9 (Ewodva 2A).  Znpovtikd eivor Ot 1
tavtoypovn ékppacn g SETI pe to TAF10wt eiye wg anotédecua v gevicyvon tov
oNuotog avocoifpdiopod pe TOo aviicopo Yoo TG peBvAlwpévec Avoived.
Yvunepoopatikd, eaiveton 0tt 1 SET9 umopel va pebBoviivoet to TAF10 in vivo kou

pebviioon ekeivn dev ennpedlel v eveoudtmon tov oto cupmioko TFIID.

O avOpomvog napdyovrac TAF10 mov dgv pe@ov@veror propel va
VTOKOTOGTI|GEL TNV AYPlov TUTOL TPMOTEIVI] KOL VO OL06MDGEL TO

Q@UIVOTUTTO EPPPLIKAOV KVTTAPOV KOPKIVORATOC,

O Aertovpywog porog g peBvAioong tov TAF10 peiembnke oe mepapota
GUUTANPOUOTIKOTNTOG G€ EUPPLikd KOTTOpA KopKivodpatog toviikoy (F9). Araioipn
tov gvdoyevovg yovidiov TAF10 éyer meprypagel moloidtepo  He TN TEXVIKY
avacLVOLOGHOL NG pikoumvaong Cre-lox (Metzger et al., 1999) kot €xet devytel otL
ta euPpuikd kouttapa  F9 mapovcsidlovv avénuévn Bvnodmta kot advvopio
dlpopomoinong mpog evoodepua (parietal), o @avOTLTOC OU®MG OWTOC pmopel v
dwowBel pe v ékppaon tov avBponivov mapdyovta TAF10 (Metzger et al., 1999).
Kvttapa F9 ota onoia 10 £va aAAnAopopeo €xetl adpavomrombel Kot to dALo mepiéyet
10 devtepo e&mvio avdpeosa og Lox aiiniovyieg, TAF10 (L/L2) ko ek@palet yio tov
EVEPYOTOMTY] TOVL AVTIGTPOPOVL GLOTHUOTOG EKQPOCNG NG TETPAKVLKAIVNG (rtTA)
apovcio de0EVKVKAIVNG, vTéotnoay poviun oapoivvon pe 1o TAF10K189Q cDNA,
mov dgv umopet va peBvlwBet 1 pe 1o cDNA yuo to TAF10 tov cakyapopvknta, wov
Bpioxovioar vd 1OV €AEYyY0 TOL BiOL CSLoTHUATOS EkEpacnc. H emayduevn amd
deo&ukuKAivn ékppaon TV dtoyovidiov peretnOnke pe avaivon katd Western pe

avticopa €101K0 yia tov avlpamivo mapdyovta TAF10 2F4 (Figure 3A).
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Ewéva 3. O poBpdg avantving Tov F9 TAF10/ kvttdpov Swoedlctar and Tov avdpdmivo
noapayovra. TAF10 mov dev peBoimdveran, arlhd n peraypoen Tov yovidiov ERF1 kv ERA
TOPOVCLALETAL PELOUEVT.

(A) FO:hTAF10(K189Q) «btrapo peydimcov mapovsio 1 amovcion 1 pg/ml dgo&vkvichivig.
Amewovileton Western blot pe avticopa yio hTAF10 (2F4).

(B) ITvprveg FO:hTAF10wt (kdbetot 1 xan 3) 1 FO:hTAF10(K189Q) xvttdpwv (kdbetot 2 ko 4)
enodotnkav pe “H-SAM kat pETE OO TOPAGKEVH] TUPNVIKGOV EKYLMOUATOV Kot akdAoven
avocokatakpruvion pe aTAF10 (1H8) (kdBetor 1 kon 2) | pun avocomompévo oppod (kdbetor 3 o 4)
avoivdnkav pe Western blot pe 1o aviioopoato mov arnewkoviloviol de€ud. 1o yapuniotepo pépPog
ooivetat ovtopadoypagio 14 nuepdv.

(I') L/L2TAF10 F9 kottopo mov pépovv evoopatopévo gopéa rtTA vréotnoav niektpodidTpnon
pe ypapukd eopéa mov ekppalet yio hTAF10K189Q 11 yTAF10. Ta kdttapa peydAwoav topovsia 1
amovcia. e0&VKVKAVIG Kol ETELTO VTEGTNOOV NAEKTPOSIATPNON LE TO (POpEa OV €KPPALEL Yo TN
pwopmwvdon pSG-Cre. H gktopn tov dgvtépov eEwviov pedemnOnke pe PCR yevopkod DNA. Ztig
kaBétovg F9 ko T, yevopikd DNA oand aypiov tomov F9 (F9) v} FO:hTAF10 (T) xuttdpmv avarvdnke,
avTIoTOl ™G,

(A) RT-PCR avdivon ywo tn perétn G €KQpacng Tev yovidiov Tov  avoeEpovIol
npoypatonomnke og oAkt RNAs tov kuttapikdv celpdv FO:hTAF10 kot FO:hTAF10(K189Q) mpwv
Kot HET@ TV emidpacn peTvoikod o&fog (1 uM) kot bt,cAMP (250 uM) ya 5 nuépeg. Ot pafidor
OVTIOTOYOUV OT0 HECO OpO TV oNUATOV omd TECOEPO TOVAGYICTOV OLOPOPETIKE TEPALOTO
nmapackevn)g RNA.

(E) Avocokataxpripvion ypopativng (ChIP) yu t pelétn g npdcdeong g SET9 kar TAF10
kaBdg kat T H3-K4-51-peburimon tov vrokivntodv tov yovidiev ERA, ERF1, Cyclin E kot HPRT og
F9 kottapa, moapovsioc RA+cAMP. O pafdotl avimpocmnevovy Tyég real-time PCR  6tav to detypa

yopig avticopa Aapfdvetat ico pe 1.
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210 oUVOAO TOV KLTTAP®V TOV €YoV VITOGTEL SOUOAVVOT LE TOV QOPEN, TTOV
exepalet yio ™ pikoumvaon Cre n extoun tov devtépov e&mviov (Metzger et al.,
1999) avoivbnke pe avtidpdoelg PCR yo didotua évieka nuepov. Ta mpoiovia
PCR mov avtietoryovv oto oAAnAdpopeo mov €xet vmootel extoun (233 bp)
avLVELOVTAVY Y10 OAOKANPO TO dtdotnpa mov ekppalotav 1 Cre, amd ) mpmTn PEYXPL
KOl TV €VOEKATN HEPD, VITOINADVOVTOG OTL 0 TANOBVOUOG TV KVTTAPWOV TOL PEPEL
adPAVOTOINUEVO TO €VOOYEVES aAANAOLOp@o Tov TAF10 givon Pidoypog otav exeiva
exppalovv yia o TAF10K189Q (Ewédva 3T'). e meipapo eréyyov eEetdotnke n
napovsio ¢ Lovng tov devtépov ewviov TAF10 (L/L2) og kdttapo mov
ekgpdlovv yio to TAF10 t00 Gakyopopdknta, 10 omoio 0ev Hmopel vo SIGMOEL TO
QOVOTLTTO KLTTAP®V TOVTIKOV TAF10™ (E.S ka1 L.T adnuocievta amoteléopota).
Onwc Ntov avopevopevo, n Lovn tov 233 bp Tov aAAnAopdpeov mov elxe vrootel
EKTOUN O&V aviyveDeTOL PETd amd dtdotnio TEVTE Nuepdv moapovsiog Cre, Kabdg Ta
rkuttapa nebaivovv (Ewkdva 3T).

Ta dwyovidwe tov avBpormivov TAF10 1 TAF10K189Q mov odwacdlovv Tto
eawvotumo tav Kuttapaov TAF 107, exppalovtot og dpota enimeda Kot pe TpOTO TOL
eréyyetar amd v mapovsio g dco&ukukiivng (Ewova 3B). Idwitepa onpovtikd
glva to yeyovog ot n pebBuviioon tov TAF10 mapatnpnfnke pdévo ota kdtTopa wov
eK@palovv ylo TV aypiov TOTOL TPWOTEIVT Kot Ol GTO KOTTOPO TOV EKPPALOLV Yo
to TAF10K189Q, emiPePardvovtag 6Tt n Avcivny 189 elvar to povadikd apivolh mov
vrokertar o peBviioon in vivo. Ilepdpoto ovoGoOKATAKPUVIONG LLE TO OVTIGOLLO
v 10 TAF10 ocvunepiraupavav vropovadeg tov cvpmiokov TFIID, tdéco dtav
ekppalotav o TAF10wt 13 to TAF10K189Q (Ewova 3B), deiyvovtag 6T1 n kobepio
amd TIG TPOTEIVEC LITOPEL VOL EVOMUATMVETOL GTO EVOOYEVEG AelToVPYIKO cvumioko. H
dlocmwon tov Pavotimov tv kKuttdpwv TAF 107 omd 10 TAF10K189Q delyvel 6T
N peBvAiwon Tov TapPdyovio OV EUTAEKETOL LE TN UETOYPOPT] TOV YOVISI®V TTOL
pvOuilovv tov KLTTOPIKO KUKAO, OT®MG GLVEPALVE GTN TEPITTMOT] TOV KLTTAPWV TOV
amovotdletl evtedmg to TAF10, Ta omoia kot mapovsialav anrdnTmon Kol GTOUATN IO
TOL KLTTAPIKOL KOKAOL 6t edon GO/G1 (Metzger et al., 1999).

Miwkpég Olapopég mapovcidomnkay oto  kvtropo F9 TAF10", 1o omoio
ekppdlovv yio TAF10wt ) TAF10K189Q, 6Gov apopd T d1dpKeELD TOV KLTTAPIKOD
KOKAOV, TN HOPQOAOYiOL 1] TNV KOVOTNTE TOLEG VO OlL0POPOTOLOVVIOL GE KVTTOPO
evoodepuikng mpoérevonc. H petaypoaen pepovopévov yovidiov avaivdnke pe
avtpdoeg avtiotpoeng petaypaeng (RT-PCR), oand dciypato RNA tov dvo
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KUTTOPIK®V GEPAV, TPV KOl UETH TNV EXAYMYN TOVG HE PETVOIKO 0&0 Kot cAMP.
Avo yovidw Tov omoiwv 1 ékppaon eEaptatal and to TAF10 (A. Soldatov ko L.T.
aonpooievta amoteléopata), to ERF1 (Ets-related factor) xou to emayouevo amd
petvoikd oy ERAIL, peidbnkav katd Ovo mepimov @opéc oTo KVTTOPO, TOV
ekppdlovv yuu TAFI0K189Q, 1660 mptv 0G0 Ko HETA TNV EMAYMYN TOLS Ylol
dwpoponoinon mpog parietal evooddeppa (Ewkdva 3A). AvrtiBeta, n ékopaom tov
yovidiov onwg HPRT wor xvkdivng E (Cyclin E) dev ennpedotnke, yeyovog mov
delyver 6t n pebBvioon tov TAF10 emnpedler kbmowo poévo omd ta yovidiw mov
eréyyovion amd tov moapdyovia, Tapdio mov eivar yvwotd 61t 10 yovido Cyclin E
pvOuiletan amd to TAF10.

Ye emopevo meipapo mpaypatomomdnke avocsokatakpruvion (ChIP) ywo
dlepELYNON TNG GTPATOANYNONG TOV TOPAYOVI®V 6Ta Yovidla otdyovs tov TAF10, oe
aypiov tomov «OtTopa F9 mapovoia petvoikov o&éog kot cAMP. Xtnv
avocokatakpnuvion ypopativng pe to aSET9 aviyvedtnke onuoviikny mocdtnto
DNA tov vrokivntov tov yovidiov ERA kot ERFI1, eved avtifeta yuo ta yovidw
HPRT xot xvokAhivn E, 10 ofjpo Tav wiaitepa younio, kovtd e enineda background
(Ewéva 3E). H mapovsio tov TAF10 ko g dumAng pebviopddag otn Avsivn 4 g
otovng 3 (H3-K4 Dimeth) kot oto téccepa yovidia delyvel O6tL M emidpacn g
pebviioong tov TAF10 oe cvykekpyéva yovidla 6TtdOX0VS, TPOYUOTOTOEITOL HEGH
amd TN Jpoptky otpatordynon tov eviopov SETY otic puBuiotikég meployés tov
GLYKEKPLUEVOV YOVISI®MV. ZVYKPIVOVTOG TO GY|LLOTO 0VOCOKATOKPT LVIGT|G YPOLUATIVIG
v to TAF10 xor H3-K4 Dimeth ota yovidio ERA xoir ERF1 ¢aivetan 611 ta
onpota givar oxeddv duthdoila petald tovg (Ewova 3E). Toapd to yeyovog Ot ot
olpopéc ekelveg pmopel va opeilovionl otn OOPOPETIKN TPOSPAGIUOTTO TOV
EMTONOV Ao TO OVTICOLO GTO SLUPOPETIKA TPO-EVAPKTNPLYL COUTAOKO EVOPENG TNG
HETAYPOONS, Ol Ol0popég ekelveg pmopel vo avTTPOo®RTEVOLV Kol SLOPOPETIKO
TOGOGTO TOV KVTTAPWV GTO OTTOI0 T GLYKEKPUEVE Yovidla Ppickovtar evepyd,
oedopévn ypovikn otrypn]. Kabog n pebviowon g H3-K4 ko n mapovsio TAF10
yopaktnpilovv evepyovg vokvntés (Kouzarides, 2002; Muller and Tora, 2004) kot
n éxkepaon tov yovidiov ERA eivor peyardtepn and 1o ERF1, 1 televtaio and Tig
Bempieg mov mpoavaeEpOnkav eaivetal va ivor Kot 1 o mlavr| attior dnpovpyiog

NG OLLPOPETIKNG EVTAOTG TOV CNUATOV.
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Ewovo 4. Evioyvon 1ng peraypogiknig evepydotnrog moapovcsio g SET9, movu
npaypoaromoreiton péoo and ™ pedviioon tov TAF10

HEK293 «btrapa dtopoidvOnkay mopodikd e Toug Qopels EKOPaons Tov avapEPOVTIOL Kot TO
KatdAAnia mhaopidie Aovowpepdong. Ot pafdor avtictoyodv ce gvepydtnta AOLGLPEPACNG
KOVOVIKOTTOMUEV HE TV evepyotnta P-yoAoKTooddoNS o0V €0MTEPIKO TEipopa EAEYXOL Kot
exopalovtar og ovykpion pe GAL-TAF10wt (A), 1 pe toug evepyomomtég ywpig SET9 (B), 1 pe to
GAL4-VP16 (I).

H pebvrioon tov TAF10 amotehel péPog Tov unyavicpov dpaong e
SET9 ywo TV gvioyvon ¢ HETAYPOAPTS

Mo ) pedétn tov unyovicpov evioyvong g pHetaypaeng ond tn pebviioon tov
TAF10 mpaypatormomOnkoy meEpapuaTo teXvnTig oTPATOAOYNONG GTOVS VITOKIVITEG,
pe ) yxpnon tov ocvotquatoc GAL4 (Ewova 4A). To TAF10wt, TAF10K189Q
TAF10K189R ekppdomrav pali pe v vropovada tpoécdeong oto DNA, GAL4
KO [LE TT XPNOT| KATAGKELOV TOL PEPOVY ototyeia Tpodcdeong Yo to GAL4 pnpootd
Ao TO YOVIdlo TG AOVCIPEPAONC, TapUTNPNONKE OTL UTOPOVV KOl ETLPEPOVY AOENOT
™mg evepyotnrog kotd 80 @opég, oe ovykpion pe to GAL4 pévo (Ewdva 4A).
INuovtikd opmg givor 6t mepartépw Ekppaomn ™ SETY elye o¢ amotéleopo v
evioyvon g evepydrag tov Gal4-TAF10wt katd 30 gopéc, aAld kapio enidpaon
om nepintoon tov Gal4-TAF10K189Q xar Gal4-TAF10K189R. H avénon exeivn
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dgv TpoypatoromOnke kol 6tav eKQEPAcTNKE po petoAloypuévn popon s SETI,
mov dev €xet evepydtnta pebviwong (SETOH297A) (Ewova 4A).

Ye TEWPAUOTO HLEAETNG TNG EMAYOUEVNG OTO EVEPYOTOMNTY| LETAYPAPNS, OTMS MTOV
yvwotd (Nishioka et al., 2002), n éxepacn SET9 wt aldd Oyt tng avevepyng
SET9H297A &iye g amotéhecpo v adénon g moapatnpovpevns and 1o Gald-
VP16 petaypaeng (Ewova 4B). Ilapopown opdon (adénon xotd 2.8 @opéc)
mapatnpOnke kol oto meipapa pe v koatackev] yu 1o RXR/RAR aAld oyt pe 1o
NFkB p65 1 1o HNF-1, ocvunepaivovtog €tot 6tt, 1 opdon e SET9 elvon e1dkn| og
pepukotg povo vrokwvntés. Tavtoypovn ékppaocn TAF10wt 1 TAF10K189Q pe to
Gal4-VP16 ciye o¢ omotéhecpo TNV €vioyuomn NG &vepyotnNTOg KOTA 2 QOPEG,
vrodnAmvovtog OTL 11 GLYKEVTIPWON TOL €vooyevolg mapayovia TAF10 amoteAel
neploplotikd mapdyovta oto kuttapo (ewova 4IN). H mapovoio e SET9 elxe og
AMOTELEC O TNV TEPALTEP® AVENCT KATA 3 POPES, EMIOPACT) TTOL OV NTAV OpATY| TV
ekepaloTav 1 KOTOALTIKA ovevepyr] poper, tov eviopov (SET9H297A) 71
petoddaypévog mopdyovtag TAF10 mov dev pmopet va pebviwbei (TAF10K189Q).
Ta amoteréopato  avtd deiyvouv 0Tt M pebviioon tov TAF10 amd ™ SET9
Swdpapatifel onuavtikd poOAo GTNV EVIGYLON NG EMAYOUEVNG OO EVEPYOTONTH

Hetaypagi.

H pedviioon tov TAF10 amté ™ SETI £xe1 o¢ amotéleopo avEnuévn
aAlniemiopaon pe v RNA-molvpepaon 11

H pebvrioon tov TAF10 amd t SET9 dev ennpedlel TV eVOOUAT®GN TOV GTO
Aertovpywkd ovumioxo TFIID, émwg oM  avaeépOnke. Tlpokeyévon va peretnBodv
TO OPOKTNPLOTIKE NG mpwteiviig  mov emmpedlovior amd Tnv TPOMOTOoino,
npaypotomomOnke peAétn tov aAiniemwdpdcewv tov TAF10 pe dwpopetikég
TPOTEIVEG TOL GLUUETEXOVY OTN UETAYPOPYT]. AVOCGOKOTOKPNUVIOT LE AVIICOUO Yol
tov emitonro HA amnd xOtrapa HEK293 mov siyav owapoAivvOel pe @opeic mov
éxppalav yio HA-TAF10wt 1 HA-TAF10K189Q é6ei&av 61t 10 TAF10 pmopet va
aAniemidopd pe v RNA-moAvpepdon II (Ewova S5A). Ztig dvo SopopeTikeg

avocokatakpnuvioelg tov TAFI0 avédivon kata Western pe aHl4 €oeige om
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aviyvevtnke RNA-molvpepdon II mov sivar poopopviiopévny ot oepivn 5 tov
kapPoéuiikov akpov (Ser-5 CTD) kou oyetiCeton pe v Evapén e LETAYPOPNG, EVD
pe to aHS dev aviyvevnke RNA-molvpepaon I pocspopvimopévn ot cepivn 2 (Ser-
2 CTD) mov oyetiCeton pe v empnkoven g petaypaens (Euova SA).

A Transfection: B F

HA-TAF10 wt + + + - mM NaCl A-A +SAM
HA-TAF10K189Q - - - + SIS SO
. o-o - SAM
5 S SSL
s g = S 100
IP: > I I < - = 80
£25% ” 2
2 Hi4 w . = - = £ 40
- 5 eenens 20
5 H5 - + ! ——
8 & GST TAF10 &
fane BS 5 2 150200 300 400 500
= mM NaCl
I~y
ml\: NaCl A-A +SAM
335858 oo - SAM
= 100
< -— =
< - £ 80
' 2 60
= $ 40
s —— 20
+ — T T T T 1
g GST TAF10 & 150 200 300 400 500
5 K189Q O mM NaCl

Ewéva 5. H peBorioon tov TAF10 ané T SET9 avéaver T ovyyévera alinienidopacng Tov
pe v RNA-molvpepdon 11

(A) TTvpnvikd exyviiopata kuttapov HEK293 mov eiyav StapoivvOel mopodikd pe toug gopeig
€kepaong mov avagépovtal avocokatakpnuviotmkov pe oHA. H mopovsio tov dapopeticd
OOGPOPLVAOLEVOY popemv TG RNA-moAivpepdong II aviyvedtmke pe avdlvon Western pe 1o
avtioopata H14 (Ser5-CTD) kou H5 (Ser2-CTD).

(B, I') Tdteg mocotreg (0.5pg) tov GST-TAF10wt xar GST-TAF10189Q axwvnromombnkoav oe
KoA®@va yAovtabeidvng kot enwdotnkoy pe 1 pg SET9, mov mopdydnke Boaktnplokd, arovsio (- SAM)
i mopovsia (+ SAM) ImM pn podievepyod SAM, yw lhr otovg 30°C. H kohdve pe Tto0
akwnroromuévo GST-TAF10 Eemiobnke pe didhopa S00mM NaCl dote va amopokpuviei to Eviopo
SET9 kot axolovfnce endaon pe mopnvikd ekyvAiopoto HepG2. Metd and mAdoeg, 1 RNA-
moivpepdon II mov adAnienidopace pe to GST-TAF10 aviyvedtnke pe Western pe 1o avticopo H14.
Ta onpata TocotikomomOnkay pe 1o pe to tpdypappe NIH-image 1.63 (de&ud ypagpnpota) .
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Koabag avapéveror 6tL ota kutTapa oto onoio vrepekepaletor 10 TAF10 pkpd
GYETIKA TOCOGTO TOL givar pebvAtmpévo, 1 depegvvnon tov poAoL ™ peBviimong
tov mopdyovta ond T SET9 yw v aAinienidpaon pe v RNA-molvpepdon II
TPAYHOTOTOWONKE Le T0 ovotnua in vitro aAinAemdpdoewv GST pull-down, pe pn
pebviopévn 1 pebviiopévn mpoteivn TAF10 mov ekppdletar oe obvtnén pe
GST. H RNA-molvpepaon I and kotrapa HepG2, mov avayvopiletor and to aH14,
Bpébnke OTL ahAnAemidpd pe to pebviopévo 66o kot pe to un pebvimpevo GST -
TAF10, 6tav ot cvvOnkeg g enmaong ntav Hreg (150mM NaCl). Otav 6pmg ot
ocuvOnkeg ¢ aAdnAemidpacng nMrtav wwitepa avompés (500mM  NaCl) n
aAlinAeniopaon g RNA-molvpepaong Il itav eviovotepn pe 1o pebvoiopévo GST-
TAF10, mopd pe 10 pn  peBvhopévo (Ewdva 5SB). Ilapdpoo meipapa
npaypatornomOnke kot pe 10 GST-TAF10189Q, pe anotéiecpa va unv topatnpeitot
owpopd otnv arinieniopaon ™ RNA-molvpepdong II pe v axivnromompévn
npoteivn, avelaptitov enmaong pe to Evivpo SET9 (Ewéva ST). Ta amoteléopoto
avtd dOeiyvouv 01t N pebBviimon tov TAF10 mbavotata va enmpedlel T cvyyével

aAAnienidpaong tov tapdyovia pe tnv RNA-rtoAvuepdon 1L
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YXYZHTHXH

H petaypoeikn evepyomoinom tov yovidimv 6TOVG EVKOPLMOTIKOVG OPYOVIGHOVG
eréyyetor  omd  pe oepd yeyovotwmv, otTo  omoio.  cvumeptlopfdvovior 1M
avVaSIOUOPP®CT TG XPOUATIVIG Kol puBuiouévn cuvdfpolon Tov TopaydvI®mV Tov
TPOEVOPKTNPIOV  GLUTAOKOVL TG MHETOYpaPNS otovg vmokwntée. Ot peta-
LETAPPOCTIKES TPOTOTOMGELS TOV 1GTOVAV 00N YOUV GE QUVALKES AALAYEG TNG OOUNG
™G YPOUATIVIIG, Ol Omoieg WUmOpoLV Vo EMNPEAGOLY TN OTIPATOAOYNON TOV
HETAYPOUPIKAOV COUTAOK®OV oTic puOotikéc mepoyéc (Fischle et al.,, 2003). Ta
televtaio. ypovia. €xel yivel coa@ég OTL ol 10T0veG, ovvnbwg, Oev elval ta pova
VROGTPOUOTO TV EVOOU®MV TPOTOTOINCTG TG YPOUATIVIG, KAODS Ol TPOTOTOMGELS
pLOUCTIKOV TTopaydviov dadpapatilovy e&icov onuavTikd pOAO GTN LETOYPAPIKY|
pvOuon (Gu and Roeder, 1997; Soutoglou et al., 2000; Chen et al., 2001; Freiman
and Tjian, 2003). H aketvlimon kot n pebvAiioon kataroimmv apywviving €xel detytel
OTL UTOPOVV VO EMNPEACOVY SUPOPETIKEG OIOTNTEG TOV UETAYPAPIKAV TOPAYOVI®V,
OLUVOEOVTOG £TOL TIG OLOPOPETIKEG UETO-UETAPPOOTIKEG TPOMOTMOGELS TOVG LE
ovyKekpéveg puluioTikég Asttovpyiec. Extdg amd Toug HETOYpOoQKovg TaplyovTeg
oL TPocoEvovtal 6to DNA, n evepydTnTa TOAAGDV TOPAYOVTIWV TOL GUUUETEYOLV
oV &vapén Kot TV EMPNKLVON TG petaypaens £xel Ppebel 0TL Tpomomoteital amod
aketvAmon 1 pebvAiioon apywwvaov (Imhof et al., 1997; Kwak et al., 2003). To
ooumioko tov TFIID amotelovoe péypt mpooepatwg e&aipeom, kabmg dev vampyov
eVOEIEELS Y10 TV TPOTOTOINCT TOV VITOUOVAS®V TOL Ao T VL TOV TPOTOTO10VV
TIG 16TOVEG,.

Ymv mapovoa gpyacio delyvetar OTL 0 mapdyovtag mov cvvdéetal pe to TBP,
TAF10 pmopet va peBvlwBel in vitro ko in vivo, amd tn pebvAdorn Avcivav mov
yopaxtnpileton amd v nepoyn SET, SET9. H tpomomoinon exeivn tov mapdyovia
éxet Betikn| emidpaomn ot petaypoen. H pebvriioon tov TAF10 npaypatomoteiton oe
éva povo apvo&p, ) Avoivn 189, n omoia Ppioketon ot meproyr OnAtdg 2 (loop 2)
avapeco otig televtaieg dvo EAkeg Tov potifov oavadimiwong otovav. Ot
aAAniemodpdoeilg tov TAFs mov mpaypatonotovvrol pEcw Tov potifov avadimiwong
1GTOVAOV £YOVV CNUAVTIKO pOAO T dnpiovpyic TS OOUNG Kot 6T oTtafepOTNTO TOV

TFIID (Gangloff et al., 2001; Mohan et al., 2003; Soutoglou et al., 2005). Ta
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TEPAUATO OVOGOKOATAKPNUVIONG £0€1&av OTL TG0 To peBvAmpévo 06O Kol TO U
pebviopévo  TAF10 evoopatdvoviar 6to Asrtovpywd ovumioko tov TFIID,
yeyYovog mov delyvel 0t | pebvAioon dev aArdlel ) cvotaomn tov cuurAdkov. OTmg
Oumg avapéverat, 1 peBuAioon avt pumopel va emEEPEL AAAAYES GTNV OPYAVEOGT) TOV
VTOHOVAS®V TOV GLUUTAOKOV, e TEMKO OTOTEAEGHO TV OAANYT TNG AELTOVPYIOG TOV
TFIID. X¢ ocvppwvia pe v televtaio vrdeon, Ppédnke 6t 1o TAF10 pmopet ko
aAAnAemopd pe v RNA-moivpepdon II kot n pebviiwon tov and t SET9 mbava
va av&avel T ovyyévewr G oAANAemidpaomg ekeivng. Me avtd tov TpoOmo, M
pebviioon tov TAFI10 pmopel va emmpedost ™ otpatordynon g  RNA-
molvpepdong Il otovg vmokwvntég, 10 omoio mbavd vo amoteel pEPOG TOL
UNYOVIGHOD EVIGYLONG TNG LETOY PAPT|S.

Emumiéov, omv moapovoa epyocio dsiyvetor OTL Ol AEITOVPYIKEG EMMTAOGELS TNG
pebviioong tov TAF10 mapotmpovvior oe meplopicpévo aplBud yovidiov. To
TAF10 mov @épel onuewokn petadiay ®ote va pun pebBoldveror  pmopovce vo
OlloMoEL T0 PLOUS avATTLENG EUPPLIKOV KLTTAP®VY KapKivopatog F9 amd ta omoia
amovotalel to evooyevég TAF10, oamotéhespo mov deiyver 6Tt n pebBvAioon tov
TapAyovTa 0V €ival amapaitnTn Yo 1 HETAYPOPT TOV TEPICCOTEPMV YOVISI®V TOV
pvOuilovv tov KvTTOPKG KOKAO 1 Tn dlpopomoinon o€ primitive 1 parietal
evdodepua. Xe cvppavia pe o 6ca avapéptnkav, n peBviioon tov TAF10 eixe wg
OTOTEAECLO. TNV UETAYPOPIKT €VIoyLOon €vOG UIKPOL GLVOAOL YoVdimv To. omoio
pvOuifovtar amd tov mapdyovra, 6ntmg Twv yovidiov ERA ka1 ERFI1. H e&gidikevon
avT pmopel vo emépyetal amd TNV EMAEKTIKY otpatoAdynon g SET9 oe
HEUOVOUEVOVS VTTOKIVNTEG, KOOMG HE TEPAUATO 0VOGOKATOKPNUVIONG XPOUATIVIG
eavnke 6t 1 SET9 otpatoroyeitar otovg vrokvntég tov yovidiov ERA ko ERFI,
aALd Oyt otovg vrokwvntég g kukAivng E kot tng HPRT. Emnpocsbétmg,  SET9
UTOpEl Vo EVIGYOGEL TN LETOYPAPT] TOV EMAYETOL OO KATOLOVG EVEPYOTOMTES (OGS
Gal4-VP16 1 RXR/RAR) aArd Oyt amd drrovg (6nwc NFkB 11 HNF-1).

To évlvpo SET9 éyer tavtomomBel ¢ pebBvrotpavopepdon otovav, 1 omoio
pebviimver v 1otovn 3 ot Avoivny 4 (H3-K4), tportonoinon n omoia oyetileton pe
) petaypaeikn evepyomoinon. [opd to yeyovog 6t et derytel g dtav 1 1otoévn 3
Bpioketon TOKETAPIGUEVT]) OE VOUKAEOOOUOTO OV amOTEAEl KOAD VITOGTPOUA Yol TN
SET9, n pebBvriomon g H3 dev pmopel va amokdeiotel 01t amotehel pEPOG TOL

unyaviopotd opaong g SET9  (Nishioka et al., 2002). Awd v GAAn, in vivo
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TEWPAPATO Yoo T Aettovpyikn peAétn g pebviioong tov TAF10 &deiéav otL M
pebuiioon  tov moapdyovro omoteAel HEPOG TOL PNYXOVICUOD EVIoYLONG NG
petaypagns omd m SETI. Yrepékopaon tov petarraypévov TAF10 wov dev pmopet
vo peBoviiwBel pali pe m SET9 dev eiye o¢ amotéhecpa LeyoADTEPT HETAYPAPIKN
evepydtnta, oe avtifeon pe v mepintoon ekeivn mov vrepekepaldtav n aypiov
tomov mpwteivi) TAF10. Tlapd to 011 0 akpPng unyaviopog dpdong e SET9 dev
&xel amokalveOel eivar mbavo O6tt  pebvAiwon tov TAF10 xor g otoOvVng 3
amoTELOVV OAANALOEEUPTOUEVA-IL00Y KA YEYOVOTO, HEGO amd To. omoia To £vivpo
umopel Kot endyst v peTaypar. Oa mpénel oe avtd T0 onueio va avaeepbel Ot
oTNV TEPIMTOON TOV LIOKWNTOV TV yovidlwv ¢ KukAivng E xou HPRT n
pebviioon g K4-H3 dev oyetileton pe v moapovsio g SETY, vrodeikvoovtag ot
TOVAGIOTOV G€ eKElVEG TIG TEPMTMGELS 1 peBLAMmoT TG 16TOVNG TpayLaTOTOEITON
amd kamowo dAAN pebvidon. Eniong, n éxppaon tov petodriaypévov TAF10 ota F9
elye g OmMOTELECHOL TN LEIWON TNG UETAYPOAPTS CLYKEKPIUEVOVY Yovidimvy, Ommwg ERA
kot ERF1, aAld 0yt v amdAvtn e£dheym G, omoTéEAESLO TO 0TTO10 deiyvel OTL povn
™mc N peBviiwon tov TAF10 and ™ SET9 evopynotpover 10 péyoto NG
LETAYPOPIKNG EVEPYOTOINONG €vOG Yovidiov, oAAd dev dSwadpapatilel kaboploTikd
poLo otV KabiEpwon g petaypaenc. TETotov idovg unyovicpoi pbOuiong pmwopovv
VO TOPEYOLV GTA KVLTTAPO TN duvaTOTNTe Vo ENNPEALOVY TNV ATOSOTIKOTNTO TNG
HETOYpaPNC, Kot va, puOuilovy TIC EVOOKVTTOPIKES GUYKEVTIPAOGCELS EVOG TAPAYOVTO GE
KATO1EG CLYKEKPLUEVEG GLVOT|KEG.

To TAF10 amotekei wvpro ovotatikd tov ocvumidkov TFIID mov mailet
ONUOVTIKO pOLO GTI GLVAOPOICT] TOV TPOEVOPKTNPIOV CUUTAOGKOV HETAYPOPNG GTOVG
VITOKIVNTEG, LEGM OVOYVAOPIONG TOV VITOKIVITY KOl OAANAETIOPAGE®V LLE TNV TEPLOYN
EVEPYOTOINGNG TOV UETAYPOUPIKDV TAPAYOVTOV. Xg KOTTAPO ONAacTik®V £rovv Ppedel
neplocoTEPO TOV £vOg cvumAdokwv TFIID, ta omoio dta@épovv ot GVOTOCT TOV
vropovadwv TAF (Bell and Tora, 1999; Bell et al., 2001; Muller and Tora, 2004). H
mowAia dpdong Tov cvunAdkwv TFIID og 010popeTikovg KLTTOPIKOVS TOHTOLE Kot
yovidwo avtikatontpilel kot tov waitepng onpaciog poAo tov otov Kabopiopd twv
TOWKIAOLOPO®Y YOVIOWUKAOV TPOTUTT®V. To amoTEAEGUATO TNG TOPOVCHS EPYOCING
dgiyvouv 6tL N dpdon tov TFIID ce cvykekpyéva yovidwa pmopei vo puBuiletan ko
amd TPOMOMOGELS TV VITopovad®my tov TAF, mapéyovtag €tol évav emumpdobeto
UNYOVIGHO ToALTAOKOTNTAG 0T pVBUion g petaypaenc. Télog,  avayvdplomn tov

TPMOTOL UN 16TOVIKOD TTapdyovta w¢ vosTpouatog g SETI deiyvel por gupvtepn
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opdon tov evldpwv pe v yapokmpiotiky emkpatei SET, n omola pmopel va
vrokafiotd N mBavotepa va copPaivel TapdAAnAo e TNV TPOTOTOINCT TOV IGTOVOV
YPOUOTIVIG.

Metd to mépag g epyaciog mov mapatédnke, Lot OKOUO ETIGTNUOVIKY UEAETN
€ywve yvooty, oty omoia amodeikvoeton 0Tt 10 évivpo SETY umopei ko pebBoviidvet
tov petaypapikd mopdayovro pS3 (Chuikov et al.,, 2004). Xtnv epyacio ekeivn
eatvetal 6Tt 1 SET9 pebovover to p53, oto kopPoéutedkd dkpo tov, YeEYOvOg Tov
EXEL OG OMOTEAEGHO TNV CLENUEVN LETOYPAPIKY] EVEPYOTNTO KOl GTAOEPOTNTO TOV
nmapdyovta. H pebudimon exeivn  eivor amapaitntn yuo v ondkpion o cuvOnkeg
pBAapng tov DNA. H epyaocia exeivn Epyetor va emPefordoel 1o onpovtikd poro g
SET9, xabd¢ 10 p53 amotelel éva emumAéov vmdéotpopa, mov poli pe to TAF10
delyvouv 611 1 dpdon Tov eviOUOL UTOPEl VO EUTAEKETOL GTN LETOYPAPIKT pOOLION
péom g peBLAmoNG TV TapaydVTOV TOV EAEYYOLV TN UETAYPAPN Kot Ol LOVO

péom g pebviimong g H3.
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ITPOAOI'OX

Y& TOAVKVTTAPOVG OPYAVICHOVS 0 KABOPIoUOG TV SpOp®V KLTTAPIKMOV TOTWV
emtuyydvetal péco amd T dSwdikacio puOuiong g EKEPOCNG TOV SUPOPETIKAOV
GLVOLA®V YoVidimv. Xg KaBe KLTTAPIKO TUTO, £VO. GUYKEKPYUEVO TTPOTUTO EKPPAONG
EMAEYETOL KOTA TNV KVLTTAPIKY OlpPOPOTTOINoN Kot Slotnpeitor Yo Tig EMOUEVES
KUTTAPIKEG YEVIEG. Ot SuVaIKEG aALOYEC TNG OOUNG TNG XPWOUATIVIG OTIC PLOUICTIKEG
TEPLOYEC TOV YOVIOIWV £YOVV EUMANKEL OTN UETAYPOPIKY) EVEPYOTOINGCN KOl TNV
KATOOTOA ToV yovdiov, kabdg emiong kot TN HETAOOON TMOV  EMLYEVETIKAOV
TANPOPOPLOV GTIG enOpeveg KuTtapikég Yevieg (Emerson, 2002; Fischle et al, 2003;
Lachner and Jenuwein, 2002). Ot dopukég aAhay£G TNG YPOUATIVIG Y10, TNV KOTAGTOAN
KOl EVEPYOTTOINGN T®V YOVIOI®V TPOKAAOVVTOL OO TNV TOMIKY KOl TIG TEPIGGOTEPES
(QOPEC, GLUVTOVIGUEVT] OpAcT TV eVEDU®OV OV TPOTOTOLOVV TIG OLULVOTEAIKES OLPES
TOV 16TOVAOV KoM £TioNG KOl EKEIVOV TOL TPOKAAOVV AVASIAUOPP®CT YPMUOTIVIG
pe katavaiwon ATP (Berger, 2002; Narlikar et al, 2002). O 16%vpd¢ GLGYETIGUAC
HETOED TOV O10POPMOV UETO-UETAPPACTIKMOY TPOTOTOU|CEMY TOV 1GTOVOV KOl  TNG
LETAYPOPIKNG EVEPYOTNTOS LLOG TEPLOYNG £XOVV WONGEL 6N dNUovPYio TOV KOJIKOL
tov otovev (histone code hypothesis) (Turner, 2000; Jenuwein and Allis, 2001;
Turner, 2002). XOppova pe v vwodeon 100 KOOIKO TOV 10TOVOV, 01 GLVOLOGHOT
TOV OLLPOPETIKMY TPOTOTOMCEDMY TWV VOVKAEOCMUAT®V amapTilovV Evav «KMOTKO
mov ovayvopiletar amd pn 16TOVIKOLG TAPAYOVTEG, Ol OmMOiol HE Tr OCEPO TOVG
puropovy puOuilovy SOPOPETIKEG AEITOVPYIKEG TOPAUETPOVS NG Ypwuativing. Ot
TPOTOTOU|CELS TOV 1GTOVAV EVOEYOUEVMG VO, dtodpapatilovy kaboploTikd poAo otV
eykafidpvon evog yovidlokoy Tpothmov, kabm¢ yio mapdderypo, 1 peBvAwon g
Moivng 9 g wtoévng 3 (H3-K9) and 1o Suv39hl pmopel va otpatoroyncet v
npoteivy HP1 xou vo Onuiovpyncetr £€tol  puo  oTafepn-KOTOGTOATIKY]  OOUn
YpOUaTiving, N omoio umopel vo LETAOIOETOL KOl GTO. YELTOVIKO VOUKAEOCMUOTO, [LE TN
oTPATOAOYNOT TEPIGGOTEPWV GLUTAOK®Y Suv39hl-HP1 (Bannister et al, 2001;
Lachner et al, 2001). Me avtov tov tpdmo, 0 kKddkag e peBviioong g H3-K9 éyet
eumhokel otn Onpovpyio Kot T STNPNON TNG KOTOOTUATIKNG ETEPOYPMUATIVIKNG

doung ¢ ypopativng (Jenuwein, 2001; Grewal and Elgin, 2002).
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Ta petaypagikd evepyd yovidwo yopaxtnpilovior omd  GLYKEKPIUEVES
TPOTOMOWOEL, TMV 1OTOVAV, OTIG OMOleg TMEPAAUPAVOVTOL 1| OKETLAIWGN Kot 1)
pebviioon g Avoivng 4 ™ wotovng 3 (H3-K4), ot onoieg givar yvwotd 6t éxovv
onuovtiké poéro otn ovvdBpolon kol TN Agltovpyiot TOV  GLOTOTIKAOV TOL
TPOEVOPKTNPIOV GLUTAOKOV &VOapPENG OTOVC VTOKIVINTEG KOTA TN UETOYPOPIKN
evepyomoinon (Agalioti et al, 2000; Agalioti et al, 2002; Kouzarides, 2002; Fischle et
al, 2003). Metd v gvepyomoinon, ta TEPIOCOTEPA YOVIOLO TOPOAUEVOLV EVEPYHL Y10l
TOAAEG KULTTOPIKES SLPECELS, £YKOO1OpHOVTAG £TGL £vOl VTTOGUVOAO YOVIOIWV 7OV
ekppdlovtorl otabepd, YUpUKINPIOTIKO Yoo Evay KLTTOPIKO TOmOo. e avtifeorn Opmg
HE TNV TEPITTOON NG £TEPOYPMUATIVIG TOV avapépinke, o mBovog poOAOg TV
TPOTOTOWCEMY 1OTOVAV GTY| OlATHPNCN TNG EVEPYNG UETAYPOOIKA YpmUATIVIG gV
&xetl dtepevvnBel. Av 01 TPOTOTTONGELS TV 1GTOVMV ACKOVV KATOL0 EMIOPOGT] KOl OTN
dlutnpnong ¢ UETaypoens, M MEBLAI®ON TOLg avapéveTal Vo AElTovpyeEl oG
YVOPIGUO TOV EVEPYDV YoVIdimv, kKupimg emedn oe avtifeon pe v axetviioon, n
pebviioon Avowav sivar Wiaitepo otabepn. [paypotikd, TpOcEOTES LEAETEG GTOV
Saccharomyces cerevisiae £yovv dgifel 611 1 pebvrdon otovav Setl Ppioketanr ot
5" KOOKN TEPLOYN TOV UETAYPOAPIKE EVEPYDV YOVISI®V, OOV Kol KOTAAVEL TNV TPl-
pebviimon g Avcivng 4 g wtdévne 3 (H3-K4) (Ng et al, 2003). H mapovsio g
vrepuebvMopévng H3-K4 oty kodikn meployn mopapével yuoo 10 S1dotnue Tov
TPAOTOV Shr HETd TNV KATAGTOAN TNG HETAYPOPNG Kot TV amocvvoeon g Setl oamd
™V ¥popoTivn, delyvovtag €16t 0Tl 1 TpoTomoinot ekeivi pumopel eivor VOSIKTIKN Yo
TNV TOPOLGIN TPOCPOTNG LETAYPAPIKNG evepydtnTas. Emetdn opwmg 1 tpt-peburioon
g H3-K4 pewvotav owoBntd petd mmv mdpodo Shr 10 @owvopevo €xet
YOPAKTNPIOTEL OC CUKPNG SLAPKELNG LETAYPAPIKT) v un» (short-term transcriptional
memory) (Ng et al, 2003).

Ye aQvVOTEPOVS EVKOPLMOTIKOVG OpYovIoHoVS 1 peBviimon g H3-K4 emiong
oyetiletan pe TV HETAYPOPIKN EVEPYOTNTO. L€ avTIOEST OUMG LE TOV GOKYAPOUDKNTO
omov 1 oA pebviopdda g H3-K4 mapovcidlel evpeio koatavoun o€ oAOKANPO
oYedOV TO0 Yovdimpa, oe KuTTapo ONAacTikdv 1000 1M OuTA] OGO KOl 1 TPUTAY
pebviopdoo oty H3-K4 xopvpdvoviar oty 5Kk TEPLOYN TOAADV EVEPYDV
yovwiov (Schneider et al, 2004). Emnpocbeta, onpaviucd eninedo pebviimong g
H3-K4 éyovv mopatnpndei ko ota yovidio g meployng s PB-oeaipivng Kot 6to
HNF-4 xotd m Obpkela TG KLTTOPIKNG O10(pOpOmoinong, mpw v Evapén g

HETOYPOAPTC TOVG, DITOOEIKVOOVTOG OTL 1] GUYKEKPLUEVT] TPOTOTOINOT) EUTAEKETAL TNV
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eykafidpvon aAAd Kot T O1aTPNoT Hog SLVOIIKA-EVEPYNS Ypouativng (Hatzis and
Talianidis, 2002; Schneider et al, 2004). ITopd t0 yeyovdg OTL ONUOVTIKES PEAETES
éyouv oeifel 1 Aertovpyion Tov KMOKO TV 1otovev (histone code) xotd tnv
petoypagn, dueon amdoeln vy tov evogyopevo poro g H3-K4 peBviioong 1
OTO10C AAANG TPOTOTOINGNG MG «OUAIY LETOYPOPIKNG LVIUNG, ATOVGLALEL.

2V mopovca epyacio avaldnkay TANOMPO TPOTOTOMGE®Y TOV IGTOVAOV GTOV
VIOKIVNTH KOl TNV KOOIKY TEPLOYN TPLOV UETAYPOUPIKE EVEPYDV NTATIKAOV YOVISI®V.
2VYKPIOT TOV OTOTEAECUATOV GTOVG TANOVGHOVG TV KLTTAP®VY oL Ppickoviol 6T
GO0/G1 @don tov KLTTOPKOD KOKAOL M £€(OVV CTOUATNOEL OTN UiTOon 1 £Yovv
VROGTEL TAPEUTOIIGT TNG UETAYPAPNG AOY® TNG Tapovsiog a-apavitivng £0eiée Ot Ta
TPOTLTTOL KATAVOUNG TNG AKETLAM®ONG TG 16TOVNG 3 kot 4 kot g pebvimong g
Avcivng 4 ot 79 g otovng 3 eivan wwitepa otabepd. To mepopaticd
amoteAéopato emiong dsiyvouv po 101K Yo KaOe yovidlo kol e£opTdpevn amd )
HETAYPOPT,  HETAKIVION TOV  OKETLAUCOV 1GTOVOV KOl  TOV  TOPAYOVI®V
avVadSIOUOPPOONG XPOUATIVIG OTNV KOOIKT TEPLOYN, 1| OTola £XEL O ATOTELECUA VAL
EVIOTICUEVO  TPOTUTO  OKETUVAMI®MONG  1OTOVAV KOl OVOOLOUHOPPOUEVAOV
VOUKAEOGOUATOV GTNV TEPLOYN KOTAPPOIKA TV vrrokvntov. Ta aroteAéouato avtd
TAPEYOVY TANPOPOPIES Y10 TO UNYOVIGUO OMovPYiaG TG VoIS Xp®UaTivig YOpw
Ao TOVG VIOKIVNTEG TOV EVEPYDV YOVISI®V KOt TO pOLO TV TPOTOTOUCEMY IGTOVMV

OTY LETAO00T TNG EVEPYNG YPOUOTIVIKNG OOUNG KATA TIG KVUTTUPIKES SLOPECELS.
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AIIOTEAEXMATA

Evtomopéveg TpOmomon|cels 16T0VAOV 6TO0 S'AKPO TG KOOWKIG
TEPLOYNGS EVEPYADV NTATIKAV YOVIOL®V, 01 0TTOIES TOPUNUEVOVY KO NETE

07T0 NETAYPOPIKT] KOL LITOTIKN 0.0pavVOmToinot)

H avéivon tov 1pomomocemv 16TOVAV GTOV DITOKIVNTI KOt TV KOOKN TEPLOYN
TOV evePYDV Yyovidiov mpaypoatomombnke pe T péB0dO  OVOCOKATOKPNUVIONG
ypopoativng (chromatin  immunoprecipitation, ChIP) 1 omoloa £&pepe piKpéc
tpomonomoelc. Metd 1t povipomoinon twv kuvttdpov HepG2 1 HEK-293
TOPOCKEVAGTNKAV TUPNVEG, Ol omoiot VIOPANONKaV ce mMEYN WHE KPOKOKKIKN
voukiedon (micrococcal nuclease, MNase). To odwAvtd «AGopO T® poOVO-
VOUKAEOGOUATOV NG XPOUATIVIG VTOPANONKE GE AVOCOKOTAKPIUVIOT UE O1POpPOL
aVTICOMOTO Kol akolovOnoe avaivon twv tunudtov DNA pe real-time PCR, pe
€101KOVG EKKIVITEG Y10l TOV VIOKIVITY Kol SLOPOPETIKES BEGELG OTNV KMOIKN TTEPLOYN
TV yovidiov ¢ aAPovuivng (albumin), tov Topnvikov NroTKod Tapdyovia 4 kot 1
(HNF-4 xou HNF-1, avtictoyya). To mepapoata mpoypotomomnkay ce tAnBuouo
kuttdpov HepG2 mov eival eumhovticpévog oe kuTTOpo Tov Ppickoviol otn eacn
GO0/G1 tov KutTapkod KOKAOL Kot ek@palovy cuvex®G To Yovidio Tov avapépOnkay,
oe kuttapo HepG2 mov éyouv oTapatiost 6Tn @AcT TG MToong HETA ond nidpaon
nocodazole 1| e HepG2 mov £xovv vrootel katepyoasio pe tov kotaotorén g RNA-
molvpepaong I, a-apovitivn 1 oe HEK 293, 1o omoia dev ex@palovv ta. Tpog
avdAvon yovidla.

[Tpokepévou to amoteAéopato amd TOVg JAPOPETIKOVS TANBVGHOVG KVTTAP®V
va givar ouykpioto oAl Kot va avtikatontpilovy TG Spopés TV TIUOV He Bdon
TN UETOYPAPT] TWV YOVIOIWV, OAES O TYHEC TMV SLUPOPETIKMY OVOGOKOTOKPTUVIGEDV
EKQPPACTNKAY G€ OYEC0N WHE TO input Kot ©€ GUYKPION HE TN T €vOg
VOUKAEOCOUATOG-UAPTUPD, €EMTEPIKA TNG KWOOKNG TEPLOYNG TOL  OVOAVOUEVOL
yovidiov, ota GO/G1 HepG2 kottapa. Ta voukAeoohUATO TOV ¥PNGILOTOONKAV MG
péapropog Ppiokovror 4-9 kb katappoikd e 0Eong moivadevoMmong Twv yovidimv.
210, TEWPAUATA 0VOGOKOTAKPNLVIGNS TOV OVIAVOVTOV Ol TPOTOTOW|GELS IGTOVAV, TO

péco O6po TOV TYMV TOV VOVKAEOGMUOTOG-HAPTUPO O OYECT HE TN T TOV
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delypotog mov mepieiye un avocomompévo oppo ntav : 0.95 o¢ 1.05 ota HEK 293
Kkottapa, 2.5 oc¢ 2.8 ota GO/Gl-gumrovticpéva HepG2 witrapa, 1.4 oc 1.7 ota
prtotikd HepG2 kv 2.4 wg 2.8 ota kottapo HepG2 mov peydlmvav mapovcio o-
apavitivng. Ot dapopéc tov Tinov ota HepG2 kor HEK 293 avtiotoyovv ce yevikég
OLLPOPES NG YPOUOTIVIKNG TEPLOYNG TOV KVTTAPWOV OV Ogv cvoyetiovial e
HETALYPOP.

Onwg avapevotay vynid eninedo akeTvAioong g wotoévng 3 kot 4 (H3 o H4,
avtiotolya) mopatnpnOnkayv oto vovkiedowua mov Ppicketor 6to onueio Evapéng
™G peTaypaens Ko ota Tpia yovidlwa (Ewova 6). Me ggaipeon v vrepaxeTtvuAinon
g H4 oto HNF-4 yovidio, to voukieooopota e vrepaketvlopévn H3 won H4
aVLVEVOVTOV Y10 ol LEYAAN amdotaot (2.5 g 5 kb) katappoikd TV LTOKIVITOV.
[Switepo evolapépov mapovstdlel to yeyovog 0Tt TOGO TO TPOTLTTO KATAVOUNG OGO
KOl Ol QITOAVTEG TIEG TOV OKETLVAIOUEVOV 16TOVAOV dgv AALalav peTd omd dtokomn
™G petaypoaeng yw Sh, mapovoio a-apoavitivng (Euwova 6). Opoing, ota kbttapa mov
elyav otapotiost ot pitwon 1o mpdtvmo Katavoung mapéueve (Mitotic HepG2,
Ewova 6), oAhd ot amdAvteg TiéS kupaivoviav amd 50-65% oce oxéon pe TIG TES
tov GO/G1-gunhovticpévov HepG2. AapBdvovtog Kavévag vtoyn 0t n tomobénon
TOV OKTAPEPOV 1oTOVOV Yivetal tuyaia Koatd to durthacwaocud tov  DNA, ta
TOPOTAVE  OMOTEAEGLOTO  VITOJEIKVOOUY  OTL 1] VTEPOKETVAIWMGT 1GTOVAOV TOV
VOUKAEOGMOUOTOG TOV LTOKIVNTH KO TNG 5™ KMAKNG TEPLOYNG TOV YOVIdIwV glval pua
otabepn Tpomomoinom mov dev SYPAPETOL OO TO TATPIKE VOUKAEOCMOUATO UETA
amd UETAYPOPIKN Kol HTOTIKN adpovormoinon. H vmepaketvAiowon ekeivn tov
IOTOVOV  €lval  €VOEIKTIKY NG TPOCOATNG  UETAYPOUPIKNG €VEPYOTNTAS, KAOMG
amovotdlel omd KuTTApPA TOL deV EKPPALovv Ta yovidia, HEK-293.

Opoto mpoéTLTO KOTAVOUNG TapatnpOnKe yia T oA pebviimon g Avcivng
79 m¢ wtoévng 3 (H3-K79), mog  axdépo tpomomoinong mov oyetiletan pe evepyd
yovido. Xta ptoTikd dpmg kKottapa o onpa g pebviioong H3-K79 frav nepimov
dumhdoo oe oyéon pe tov GO/G1 mAnbuoud, deiyvovtag €16t OTL 1| GLYKEKPIUEVN
tpomomoinon umopel va dnuovpyeiton kot Katd TN Odpkel N HETd T S @aon
(Ewova 6).

[Switepo evdwpépov emiong mapovcioce Kot 1 HEAETN TOV  SLOPOPETIKA
pebvMopévaov popemv g Avoivng 4 g otovng 3 (H3-K4). Opota pe 10 tpdTLMO
KOTOVOUNG TOV TPOTOTOWCEWV oL £xel avagepBel yio to yovidlo g KopPovikng

avvopaong kot to GAPDH (Schneider et al, 2004), vynAd emineda Tpr- Kot Ot-
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pebviioong aviyvevnkav oty Kowown mwepoyn tov HNF-4, HNF-1 wor g

aABovpivng aArd Kot Tov vrokivnth tovs (Ewova 7).

HNF-4 HNF-1 Albumin
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o= =0 A—A
Go/G1 enriched  Mitotic a-amanitin HEK 293
HepG2 HepG2 HepG2

Ewova 6. Katavopun 1oV vTEpuKETVAOUEVMOV VOVKAEOGOUATMOV KAl EKEIVOV TOV PEPOVV O1-
pedviopada otn H3-K79, 6ta yovidre HNF-4, HNF-1 kot aAfoopivne.

Iepdpata ChIPs mpaypoatomombnkav oe HepG2 mov Ntav eumiovticpéva og kottopo GO/G1
@aomng, mov giyav otapomoetl otn G2/M petd and katepyacio pe nocodazole 1 mov 1 peTaypae” giye
KkataotoAel Aoym mapovsiog a~apavitivng kot og HEK 293. Ta aviichpote wov ypnoiponomdnkay
avayvopifoov K9/K14 oaketohopévn H3  (Acetyl-H3), oketohopévn H4  (Acetyl-H4) 1 -
pebviiopévn K79. O tyég avtiotoryovv og petpnoeilg real-time PCR tov DNA mov mepiéyeton og
kéBe ChIP ekppacpévo oe oyéorn pe T Ty Tov vovkigoohpatos-paptupa tov GO/G1 HepG2 (Y
a&ovag apiotepd). Pr/TSS avtictoyel oto vovkiedowua mov Ppioketor oto onpeio &vapéng g

peTaypoenc Kot ot aptbpoi avtiototyovv oe kb and to TSS.

59



KEDPAAAIO 2

HNF-4 gene HNF-1 gene Albumin gene
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Ewova 7. Koartavopn tov vovkieocopdtov pe pedviiopévn Aveivy 4 g w6tévne 3 ota
yoviore HNF-4, HNF-1 kot aAfovpivne.
Ta avticopata mov avayvepiovv tig dapopetikd pebvlwpéves K4 oaivovrar de€ld evd m

TOGOTIKOTOINGT TPOLYUATOTOONKE OTMG KOl GTNV TPOTYOVLEVT] EIKOVAL.

Avtifétwg, 1 tpomomoinon g povo-pebviioong e H3-K4 mapovcialdtav ota
VOUKAEOCOUATO EKEIVIG TNG TEPLOYNG OOV M d1- Kot TpL-peBuiioon eiye pelmbel, evo
N VYNAGTEPN TN TOPOLGLOLOTAV GTO UECO TEPIMOV TNG KWOIKNG TEPLOYNG TOV
yovwiov (Ewova 7). Ko otig tpeig mepumtmoelg opmg pebviioong g H3-K4 ot
Tipég pebvMmong mapépevoav otabepég oto KOTTOPO OMOL 1 UETOYPAON Elxe
OVOOTOAEL PUE O-OLLLOVITIVY], EVED OTO ITOTIKG KOTTOPO, Ol TIES KVUOIVOVTOV TTEPITOV
010 uod pe ekeiveg tov GO/G1 mAnBuopov. o HEK-293 kavevdc eidovg peburioon
™G K4 dev mapovstdotnke OLole e TV OKETLAMMOT], EVO TEPALOTO LE TO OVTICOLO
v pebviiopévn H3-K9 ko K36 dev édmwoav 1oyvpd onpata.

H dapopd mov mapatnpeitar otig Tipég tov kuttdpov ot GO/G1 kot og exelva
TOL €YOLV OCTOUOTNOEL OTN HITOOoN Oelyvel OTL Ol TPOMOMOMGES — TOAPUUEVOLV
aVOAAOIMTES OTOL VOUKAEOGOUOTO, EVM KATA TN d1dpKeEL TOV dumAactacpuod tov DNA
VEO, VOUKAEOGOUOTO OV dev PEPOoLV akeTLAMmon kot K4 pebBvlioon tov otovaov

EVOOUATMOVOVTOL KOl Ol TPOTOTOWCELS TV 1GTOVAV amokabioTavTtol TApws OTov Ta
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KuTTOpo provve oty emouevn Gl kal n petaypoer| anokatactadel. Asdopévo mov
evioybovv Vv anoyn avtn Npbav and mepdpoTa arelevfEpwons TV KLTTAP®Y TOv
elyav otapatioel ot edon g pitwons. Katd ta mepdpota ekeivo mapatnpnonke
avénon g akeTvAimong, TG Lovo-, o1- kot Tpt-pebuviioong g K4 kot peimon yio
pebviioon g K79 (Ewéva 8). To onuaviikd eivail 6tTL ot oAAAYEG TOV TIUOV TOV
ChIPs oyetilovton queca e T0 TOGOGTO T®V KLTTAp®V mov Ppickovtal otn Gl @don
Kot TV mopovcio g RNA- moAvpuepdong 11

KaBdg n avdivon mpaypatomombnke o€ €minedo HOVO-VOUKAEOCOUATOV 1|
aviyvevon tpl- kot Or-pebvMmong e K4 otic id1eg meproyég pmopel vo givon
ATOTEALES L. TTOPOVGIOG TMV TPOTOTOMGEDY GTO {010 VOUKAEOCOLA, 1] VO OPEIAETOL OE
SPOPES TV SVO AAANAOUOPO®V M VO Elval TO OOTEAEGHA 1) VAL €IVOL TO ATOTEAEG AL
™G TOPOVGING dVO SAPOPETIKOV TANOLCUOV 61O TTelpapa, £vOog pe dt-peboviimpévn
K4 xon evog pe tpr-pebBoiopévn K4 oto cvykekpiuévo vovkieoowpa. Tlpokeipévon
va dtepeuvnfel mow amd TG amdyels NTav Kot M aAnbwn mpoypatoroOnKav
TEPAUATO SLO0YIKNG avocokatakpiuviong ypopativng (ReChIP). Novkieocoparta
pe tpt-pebviiopévn K4 emiéymkav oto mpoto [P kor petd v éxhovon
vroPAnOnkav e devtepo [P pe aviicopa yua ™ o1-pebviiopévn K4. Onog paiveton
oV €oéva 9 onpavtikd onuo aviyvedtnke 610 vovkiedcopa tov 1 kb katappoikd
tov TSS kot ot tpio yovidia, deiyvovtag €161 OTL 01 SVO TPOTOTOMGELS PpickovTal
o7 OLO OPOPETIKA HOPLOL IGTOVAV TOL 10100 VOUKAEOGAOUATOC. XMUOVTIKO ETIONG
glvol OTL GNUOVTIKG CTIHOTOL OVIYVELTNKAY KOl OTOV YPTCLUOTOONKAY OVTIGMOUATO
v oketvMopévn H3 ko peBoiiopévn K79. Metd v kovovikomoinorn tov Tiudv
Kot AapPavovtog vIoyn v amodoTkOTNTo LE TV omoio umopet to kdbe avticopa
vo  avocokatokpnuvilel katd Tn  0gdTEPN OVOGOKOTOKPN VIO  KaBmG Kot
enavalopPdavovtog to ReChIP pe 6lovg tovg mibavodg cvvdvacuovg 1% kon 2%
OVTICOUOTOS QAavnKe Ot ot TWéc mpooéyywlav to 71-100% inputs yw Ola ta
avticopoto (Ewova 9). Zuvontikd, og kbdtrapa mov Ppickovrar otn edon GO/G1 1o
éva amd ta dvo popla H3 eépet d1-pebuiioon kot to dAro tpr-pebBuiioon g K4, 1o
éva TovAdytotov amd eketva Exel pebBoiopévn v K79 evd to éva 1 kot ta dvo givor
OKETLALOUEVOL.

Ta anoteréopata deiyvouv 6Tt TOAAATAES TPOTOTOWGELS IGTOVAV SIOKOGUOVV TO
VOUKAEOCOUATO TNG 5™ KMOKNG TEPLOYNS TOV avOpOTIVOV YoVISimV Tov avaAvdnikoy

pe ChIP, o1 omoieg mapapévouy HeTd omd PTOTIKN KOl LETAYPAUPIKT adpavomoinom.
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Ewova 8. Tpomomou6£1s 16TOVOV PETH 06 0melevfipwon omd TmTIKG arrest

HepG2 crtapdmoay ot @don G2/M mapovcio nocodazole 50 ng/ml. Ta kbdtrapa mov elyav

amokoAAN0el EemAvON KoV dvo Popég pe to Opentikd (DMEM + 10% fetal calf serum) kot cuAdéyOnay

petd amd tov xpovo mov avaypdeetat. ChIP mpaypatomombnkay pe ) xpnon TV aviicoudTtov mov

avaypapovtol de&id, eved TapdAiinia mpaypotorombnke kot avdivon FACS. Ou apiBpoil oto kdtm

HEPOG OVTIGTOLYOVV 6T0 10600t TV KuTTapmv pe 2N DNA (%G1 cells) oe cuykpilon pe tov oAkd

TANOvopO

(G1+S+G2/M).

62



KEDPAAAIO 2
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27 1p
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Ewova 9. ToAhomAéS TPOTOTOW|CELS LOTOVAOV OTO I010 VOUKAEOGMUO KOL «avoLy(Ti)» Oopn
ypopotivng otny 5S'kmokn eproyn Tov HNF-1 ko HNF-4.

(A) To odumhoka vrofAnbnkav oe avocokatakpruvion pe oH3-K4 trimethyl kot petd and
ékhovon axorovOnoe 2° IP pe to avTio®poTe Tov eaivoviol oto kdtm pépoc. Qg input Oswpeitor To
GUVOMKO TTOG0 TG XPOUOTIVIIG TOL EKAOVGTNKE, VA TO VOOUEPQ OTIC TAPEVOEGELS AVTIOTOLXODV GE
TIWEC OTMOG OLOUOPPMVOVTOL HETE OO KOVOVIKOTOINGoT UE TO input Kot TNV omodoTIkOTNTO ETAV-
OVOGOKATAKPNVIOTG TOV avTio®potog. O wivakag avaeépetat o€ Tinég ReChIP g mocootd tov input
ot1g weployég 0.5 kot 1kb tov tpidv yovidimv, Aapfdvoviag vmoyn v T ToL OEiylaTOg HE Un
avOGOTOMUEVO 0ppd KAt TNV 0dd0GT TOL AVTICAOUOTOC.

(B) Heipapa aviyvevong vrepevotcbnociog 6€ TEPLOPIOTIKEG EVOOVOVKAENCES TMOV SLUPOPETIKMV
KuTTOPIKOV TANBueudv. Ot pafdot avtictoryobv ce Tipég real-time PCR tov dxomov DNA oe oyéon

pe to deiypa mov dev enmdotke pe £vCupo, Tov omoiov 1 T Bewpeitarl avbaipeta wg 100% dkomo.
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Alhoyég ot dou1] TG XPONATIVIS 6T1] 57 KMOKI TEPLOYT], O OTOIES

eEuPTOVTAL 00 TNV TOPOVGLH NETAYPOPNS

Kobdhg katd ™ HeTOypaQiKy] €VEPYOTOINGCT 1 LLEPOUKETVAMMOT| 1GTOVAV Kol 1|
avadOHOPP®OT ypopativig cvppaivouv cuvnbwe mopdAinia, TelpdpoTo ovOALONG
™G OOUNG TNG YPOUATIVIG TPAYLATOTOMONKOV OTIC 5 KMOKEG TEPLOYES TV YOVIdIWV
LE LTEPAKETVAMUEVO VOUKAEOGOUATO, GCE CUYKPLON HE TIG TEPLOYES EKEIVES TV
yovidiov mov dev yoapaxtnpilovtal amd VIEPUKETLAIOUEVE Kol vreppebvAMmuéva
vovkAeocopota. To DNA mov €xel moketapiotel o€ vovkAgoohpota Oev givon
evaicnto o mEYN HE TEPLOPIOTIKEC EVOOVOLUKAEAGES, €V 1 OVOOLOUOPOMON
ypopativig avdvel cuvBmg v gvansOncia tov ota évlvpa. [a ) diepgvvnon g
YPOUOTIVIKNG Tpaypatomominke 1 TeXVIKN vrepevoicOnciog o TEPLOPIOTIKEG
evoovovkiedoeg og meployés v yovidimv HNF-4 kot HNF-1, oe GO/G1, pitotikd 1
HepG2 mov €yovv peyoidvouv mapovsio a-apovitivig. Xto KOTTopo g eAong
G0/G1 onuavtikoé mtocootd tov DNA towv vovkieocopdtwv ota 0.5 kot 1 kb eiye
vrootel méyM, aAAd vovkieoohpaTo 7OV PpioKOVIOL MO £0MTEPIKE TNG KWOIKNG
neployng oev eiyav xomel (Ewova 9B), amotérecpa mov delyvel OTL VTLAPYEL oL EvpEia
TEPLOYN  AVASIOUOPPOUEVIG YPOUATIVIIG KOTAPPOIKA TOV VTOKIVNTOV, 1 OToin
neplopiletal oto 5 dxpo NG K®OKNG meployns. Exetvn n avadioapdpeoon g
ypopativing eivor avotpd e€aptodpevn amd ™ petaypoaen], Kabdg dev mapatnpeitol
opola evoctncio 6e TEPLOPIOTIKEG EVOOVOVKAEAGES GTOL KOTTOPO TTOL 1 LETOYPAON
éxel otapatnosl Aoy mapovsiog a-apavitiviig 1 nocodazole (Ewdéva 9B) 0 oe

KOTTOPO TOV dEV eKPPAlovv ta yovidle HEK-293.

YTPaTOAOYNGY] TOV OKETVANGAV 16TOVAOV KOl TOV  eviOpOV
OVUOLIROPPMGS YPOUATIVIIS 6TV 5™ KMOIKI] TEPLOYN] TOV EVEPYOV

YOVIOL®YV, TOV £ival E10IKN Y10 KAOE Yovioro
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[Tpoxewévovr vo  peAetnBodv o1 TAPAYOVIEG TOL  ONLOVPYOVV TNV
VIEPAKETLAIMGN IGTOVAV KL TV OVOSLAUOPPOOT) XPOUOTIVIG 6T 57 K®O1KN Teployn
TV yovidiov g aifoovpivng, HNF-4 kot HNF-1, peketicape v mbovi tpdcsdeon
evlbpmv pe evepydmta oketvAimong wotovav Oomwg to CBP, PCAF xot 1ng
VTOUOVAOOS TOV ovumAdkov emunkvvong Elp3, opdloyo tov vropovadmv Tov
ocvopmAdkov  avadwpopemons  ypoupativing  (Brg-1) kobog wor SNF2H ko
FACT/cdc68, mov €xovv Bpebel va Aettovpyodv KT TNV ETPNKLVOT TOPGAANAQ pEe
v RNA- molvpepdon II (Narlikar et al, 2002; Santos-Rosa et al, 2003; Saunders et
al, 2003). Onwg nrav avapevopevo, «kovévag omd TOLS TOPAYOVTEG TOV
wpoavagépnkay O0ev PpéBnke o©TOLG VIOKWNTEG M OTNV KMOIKN TEPLOYN TOV
yovidimv og kuTTapa mov dev ekppalave to yoviowa, HEK 293. H RNA- moAvpepdon
I  Ppébnke va mapovcidlel OUOOHOPPN KATOVOUTY OTNV KWOOIKY TEPLOYN TWOV
yovidiov ota kottapo HepG2 g GO/G1 @dong, evd dev aviyvedTnKe TPOGOEST TNG
ota oo yovidwa Otav ta KOTTOpa ElY0V GTAUOTAGEL 6T GAOT NG pMTtoong 1| 6tav M
petaypaon eixe avactalel Adym mapovciog a-apavitiving (Ewova 10). H perémn g
TOPOVCIOG TOV OKETVANCAOV 1OTOVAV £0M0E KATOW OTPOcIOKNTO OTMOTEAECUATO,
kabmng N Elp3 mov éyer Ppebel 011 cuvdéeton pe v RNA-moivuepdon I Bpébnke
TPOCOEUEV] OTNV  KMOKN mePLoyN] Kotappoikd twv 2.5 pe 5 kb, omov 1
vIepakeTVAImoN otovedy mopovoiale peiwon  (Ewéva 10). Emoinbevorm g
katavoung ¢ Elp3 MABe amd mepdupota perAéng yoo Tov mopdyovia Tov 18iov
ovumAokov, Elpl, mov mopovcioce oOpoo mpoétvmo katavouns. Emmiéov, ot
axketvAdoeg CBP xow PCAF, mov ftav yvootd OTL dpovuv GTO TPOEVOPKTNPLO
OOUUTAOKO TNG HETAYPOPNG OTIG PLOMICTIKEG TEPLOYES TV yovidiwv, Ppébnioav
TPOGOEUEVES KAl 6T 5™ KWOKN TEPLOYN TOV YOVIOLWOV, OTIC TEPLOYES TTOL EUPAVILOVV
VIEPOKETVAI®MOT TV 16TovVdV. H o0vdeon twv akeTvAachv MTav €101KN Yoo KAOe
yovioio, kabmg to CBP Bpébnke otnv kmodwm neproyr tov HNF-4 koar HNF-1, eved to
PCAF o710 yovidio g aAfoopivng (Ewkdva 10). To Brg-1 Bpébnke va mpocdéveral
Kol ota tpio yovidwa eved 1o SNF2H 1o yovido ¢ aAPoopivng kot to HNF-1 pe
Opol0 mPOTLTO, oL TEPAAUPAVEL TOV VITOKIVIT Kot TV 5™ Kwdwkn mepoyn. To
FACT/cdc68 aviyvedtnke poévo oto yovidro HNF-1, pe dpoto mpdtumo kotovoung (e
ta tponyovpeva (Euova 10). Olot ot mapdyovteg PBpédnkav anocuvdepévol and
YPOUATIVI] TNV TEPITTMON OV M HETOYPOUPY| €lye KataoTolel Ady® o-apovitivig 1
ta KOtTapa glyov otapatiost ot pitwon (Ewova 10). O 1oyvpdc cueyETIGUOG TG

KOTOVOUNG €VOG 1 TEPLGGOTEP®Y TAPOUYOVIMV TOL TPOTOTOLOVV 1] AVASIIOPYOVAOVOLV
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TO. VOUKAEOOMUOTO KOU TNG OVOOLLUOPOMOUEVIG YPOUATIVIIG KATOPPOIKE TV

VIOKIVITOV DTOOEIKVIEL 10 GUVEYT] TPOTOTTOINGT KO OVOSLOUOPPMOOT GE £VOL LEYAAO

HEPOG OAAG Oyl G€ OAOKANPT TNV KOIIKY TEPLOYN, mov e&aptdror amd v RNA-

moAvpepaon II.

Fold enrichment
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Ewova 10. IIpoéTume KOTOVORNS TOV OKETVAOTPOVGYEPUCOV 1GTOVAV KOl TAPAYOVIQV

avoadLapdpeMog ypopativig ota avdpamva yoviore HNF-4, HNF-1 ko aiffoopivng.

ChIPs mpoypotomomnkay He To AVTICOUOTO TOL @oivovior defld, evd Ta OmOTEAEGLOTO

TALPoVSLAlovTal OTOS Kot 6TV KOV 6.
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Me 1 xpnon avTICOUATOV EWOTKOV Y10 TIC SLOPOPETIKE POCPOPLAIOUEVS LOPPEG
™¢s RNA-molvpepdong II Bpébnke 6t to Brg-1, CBP xov PCAF Bpiokovion oe
avocokatakpnuvicels g RNA-moivuepdong I, 1600 ekeivng mov @épet Ser-5 tov
KapPoELAKOD AKpOL Kol £XEL CUGYETICTEL UE TNV EVOPEN TNG LETAYPOPTIG OGO KO LE
™V Ser-2 @OGEOPLAI®UEVT LOPPT TNG TTOV EYEL GUCYETIOTEL LE TNV EMUNKLVOT| TNG
petaypaens (Ewova 11A). To_neipapa avtd mopéyel nepartépm evoeilelg ot 1o Brg-
1, CBP kot PCAF pumopodv kot GUUUETEXOVY GTNV EMUNKVVOT TNG LETAYPOPNG LECH
ouvdeon pe v RNA-molvpepdon I, wépav g dpdons Tovg 6Tovg LTOKIVNTEG TOV

Yovidimv.

IMBavog pOLOG TMV TPOTOTOUGEMV LIGTOVAV OTI TPOGIEGT VOOV

OVUOLIROPPMGS YPONATIVIIG KOl OKETVAAGAOV NE TN YPOUOTIVY

Ov moapdyovteg CBP kot Brgl mepiéyovv bromodomains, meployég ov omoieg
UTOPOVV KOl TPOGOEVOVTOL GE OKETVAIOUEVES OVPEG IOTOVMV LE PEYOAN CLYYEVELD
(Agalioti et al, 2002). IIpoxeyévov va depevvnBel av kot n pebviioon ™ H3-K4
avayvopiletol kol Agtrtovpyel o¢ empdveln aAANAETIOpAONS e KATOL0VG Omd TOVG
Tapdyovteg, mpaypotomrombnkav mepdpota pull-down pe memtidio oTOVOV KO
mopnvikd ekyvAMopoata HepG2  kuttdpov. Qg Betikd control  tov melpdpatog
ypnoworomOnke n tpodcdeon tov SNF2H oe mentiow 61- peBviopévng H3-K4, mov
elval yvwotd 0Tt eivan €101kn (Santos-Rosa et al, 2003). Ta amoteléopota £6e1&av Ot
10 CBP ot Brgl pmopovv kot mpocodévovatt €woikd pe K9/K14 axerviiopévo
nentiow g H3, aAAd Oyt pe 1o H3 memtido mov dev @épel kopio tpomomoinon N
gtvan peBvhopévo omv K4 (Ewdéva 11B). Evdwgpépov opwmg eivar 6t to SNF2H
aAAnAemodpd emiong kot pe aketvhmuévo K9/K14-H3 mentido. Avédivon yia to
FACT/cdc68 £de1&e 0TL mpocdévetan kat 6to un tpononompévo H3 mentido, napdio
mov M mpdcdeon Tov  oto H3-K4 di-pebvhopévo memtidoo Mtav oyvupoTepn.
Agdopévov 6tt t0 FACT/cdc68 £xel 1oyvpn mpotiumon mpodcdeons o€ duepn
H2A/H2B (Belotserkovskaya et al, 2003), ta amotelécpota mov ovoaeépOnkoy dev

elvat yvomotod av £xouv KAmolo AELITOVPYIKT o UaGia.
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Ewova 11. Adiniemiopaon tov Brgl, CBP kaw PCAF pg tnv RNA-molvpepdon II in vivo (A)
Kot in vitro p66decn TOV TopayovTOv avediopdpemong ypopativig (B) ko aketviioon tov
Tpomomomuévev rentidiov e H3 ovpag ().

(A) Avocokatakpnuvion mpaypotoromnke pe to avitodpoto yo Brg-1, CBP ka1t PCAF kot n
nmapovoio g RNA-moivuepdon II avigvevtnke pe Western blot  pe oviiodpato yioo ) pn
OOcEopLA@PEVT popen g RNA-pol IT 8WG16 (a-CTD), H14 (aP-Ser5-CTD) kot HS aP-Ser2-CTD.

(B) Brotwvihopéva nentidia to N-tedkod dakpov ¢ H3 pe 115 tpomomomoelg mov paivovtat 6to
KAT® HEPOG TPocdédnkay o€ KOADVO OTPemTAfdivig Kol ENMACTNKAV HE TLUPNVIKA €KYLAIGHOTO
HepG2. AkolovOnoe Western blot e o aviiodpoto mov goivovial apiotepd.

(T') In vitro axetviioon tev tentwdiov g H3 mov dev ¢éper tponomomoelg (Unmodified), mov
oéper pebvhopévn myv H3-K4 (K4-methyl) xor axetvhmopéveg tic K9/K14 (K9/K14-acetyl). Ot
avtidpacelg torobethOnkav og P81filter 1 dwoywpiotkav oe 18% SDS-PAGE ka1 n axetvAinor tovg
petpnOnie pe scintillation counting.

Ta amoteléopato tov nepapdtov pull-down emiPePordvovy 0Tt SopPOpeTIKES

TPOTOTOWOELS IGTOVMV UITOPOVV VO 6TABEPOTOI0VV OAANAETIOPACELS e SLOPOPETIKEG

TPOTEIVEG, EVO COUPOVA PE [ AAAN VTdOeoM, 01 TPOTOTOMGELS eKEIVEG Hmopel va
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00MNYoHV 611 OAUOPPMOCT KOAVTEPMV VITOCTPOUATMV YOl L0l ETOUEVT] TPOTOTOING).
Xe ovppovia pe v terevtaio vedBeon Ppébnke Ot ta mEnTid TOL NTAV NON Ot
pebviopéva oty H3-K4 amoteloboov kaAdtepo vrdoTpmU Yo 0KETVM®OOT oo
CBP and PCAF an’ 6t1 t0 un tpomortomuévo mentioo (Ewova 11T7). Ta mapandve
OTOTEAECUATO UTOPEL VO TAPEYOLY TN UNYXAVIOTIKN Pdaon vy ™ onuovpyio
TOALOTTADV TPOTOTOGEMY GTO {010 VOUKAEOCHLO, TOV VROKIVNTA N TG 5™ KOOKNG

TEPLOYNG TV EVEPYADV YOVIOI®V.

Ewova 12: AvocopOopiopds kvttdpov HepG2 Yo TS TPOTOTOU|GELS 1GTOVAV KOl TIS
EVOUIIKEG EVEPYOTITES TTOV TIG ONUIOVPYOVV 6TA HLAPOPE GTAON TNG HiTOONG.

Y11c ewkdveg mov Ppiokovianl OTIS EMOUEVEG GEMOEC T GPLOTEPD €IKOVIOIML OmEKOVIfovY TOV
avoco@Bopiopd, ta pecaio tov ypopaticpd tov DNA pe DAPI kot ta 0e&id Ty adAnAo-emikdioyn
tov dvo. Ta onpata tov mopayéviov CBP, PCAF, Elp3 kot Brgl dev Bpickovior otn prmtikng
ypouativn og avtifeon e TG TPOTOTOMOELS TV 16Tovay. ['a toug mapdyovteg CBP kar PCAF dvo

mAnBucpol Kuttdpwv TopotnEROnKay o1 TEAOQAOT).

69



KEDPAAAIO 2
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3
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YXYZHTHXH

H ypopoativn vrokeitor oe dSuvapikn avadlopydvmon Katd m edon e pitmong,
aAAd M TAnpogopia mov Kabopilel TNV EKEPOCT  EVOG GLYKEKPIUEVOL GLVOAOL
YOVIOI®V TOL  O10POPOTOMUEVOL KVTTAPOL petafifaleton motd ota Buyarpikd
KutTapo. Ot TPOTOTOMGELS 16TOVAOV Be®PobVTOL YOPOKTNPLOTIKE YVOPIoCHOTO TNG
YPOUATIVIIG LITEVBUYT Yo TN GTPATOAGYNON EVEPYOTOMTAOV KOl KOTOGTOAE®V GE
OLOPOPETIKEG TEPLOYES TOL YOVISUMUOTOS, YIoL 0VTO Kot Bempohvtor 0Tt GLUUUETEXOVY
ommv emyevetikn uvnun (epigenetic memory) (Fischle et al, 2003). Ta yeyovota
exetva LEC® TOV OMOI®V 01 TPOTOTOGELS IGTOVAV dNUIOVPYOHV Kol HETASIOOVY TNV
KOTAOTOATIKY) dopun ypopativng €govv katavondel oe peydro Pabud (Jenuwein,
2001; Kouzarides, 2002). ITapd Ouwg 10 yeyovdg 6Tt 0 pOAOG TOV  1OTOVIKOV
TPOTOTOCEMV GTN UETAYPAPIKT) EVEPYOTOINGN TV Yovidiwv Exel peretnOei (Fischle
et al, 2003; Santos-Rosa et al, 2002), o mBavdc pOLOC TOLG GTNV OLATHPNOT MG
LETAYPOPIKE EVEPYNG YPOUOTIVIKNG OOUNG TOPAUEVEL AYVMOGTOG.

Ta omoteAéopata g mapovoag epyociog delyvouv OTL Ol TPOTOTOGELS TOL
yopaxtnpilouv v evepyn ypopotivn, O0nwg 1 oaketvAmwon g H3 wor H4, n
pebviioon ™c H3-K4 ko1 H3-K79, dwatnpodvtal yio éva peydho ddotnuo HeET )
LETAYPOPIKT adpavomoinon A0y® ¢ Topovsiog o-opavitiviig Kot Kotd ) pitmon
OT0L TOTPIKE VOVKAEOCMUOTO, TPIOV GCLVEYDG EKOPACOUEVOV Kol OlpOPETIKY

pLOLOUEVOV NTTATIK®V YOVIOIWV.

Evtomopéveg TPOMOMOMOELS 10TOVAOV  KOU  GVUOLOHOPPOUEVT)

AP ORATIVI] GTV KMOOLKI TEPLOYN TOV EVEPYAV YOVIOIMV

[Switepo evolapépov mapovotdlel To avoTnpd KaBopIGUEVO TPOTLITO KOTAVOUTG
TOV TPOTOTMOWCEMV 1GTOVAV OTNV KOOIKN TePLoyn Tov yovidiov. H axetvAiiowon
otovev, H3-K4 61- kot tpr-pebuiioon kabog kot n o-pebBouiioon g H3-K79
TOPOTNPOVVTIOL GTOVG VIOKIVNTEG KOl oTa TPAOT 2.5 pe 5 kb g kwdikng meployng.

Ot meproyéc exelveg mapovotdlovy ol TO AvOL T YPOUOTIVIKY dOUT GE GUYKPLON UE
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TEPLOYEC OV PPIoKOVIOL KOTOPPOIKA TOVG Kol OE €KEVES akplBdg TIC TEPLOYES
evromiCetor kot m moapovsio aketviacov otovav CBP 1 PCAF, kot cvumidkov
avadiapdpewons ypouativinig Brgl, SNF2H kot FACT/cdc68. H mapovcio twv
GUYKEKPIUEVAOV TOPOYOVI®OV GTOV VTOKIVITA Kol TNV 5 KooKy meployn e€aptdron
QVOTNPA OO TN LETAYPOPT KoL TPOYUOTOTOLEITOL TOVAAYLOTOV €V UEPEL, UE AUECEG M
EUUEGEC OAAMAETOPAGELG TOV TOPAYOVT®V e TNV pHopen s RNA- moivpepdong 11
mov oyetileton pe v €vapén Kot TNV ETUNKVVOT TG HETAYPAPNG. AvTifeta pe Tig
TPOTOTOMCELS 1GTOVAOV 1] OVASIOHOPPOUEVT XPOUATIVI] otV 5™ KooK mepoym
amovotldlel KoTd TN OKOTY TNG UETAYPAPNG ME O-apaviTivi 1 Koatd 1N pitoon,
yeyovog mov onuoivel 0Tt M ovveYNg Opdon TV eVOOHOV  aVOSLUHOPPOGCTS
ypopativing mov cvvdéovtal pe v RNA-molvpepdon 11 eivar amapaitntn yuo
OlTNPNoN UG AVOLYTNG XPOUOTIVIKNG OOUNG. X& CLHE®VIO UE TO OMOTEAECUOTO
avté TPOGEATN epyacio £OE1EE OTL 1 OVOSIULOPPOUEVT] XPOUOTIVY] Kol 1 Tapovsiol
tov Brg-1 omv kwdwn meployn tov emaydpevov amd Beppkd cok yovidiov (heat
shock-inducible) Hsp70, eivor omopaitnmn yo tnv eTPAKLVON TNG UETAYPOUPNG
(Corey et al, 2003). Eniong o€ cuppmvia pe To amoTeAEGHATA TTOL ovapEpOnKay gival
Kol gpyociec mov delyvouv 01t to Brg-1 adpavomoteitor xotd T pitwon pe
QmcPopLAimon Kot amodespevetar and  ypwpotivn (Muchardt et al, 1996; Sif et al,
1998), evd mepdpota avoco@Bopicpuod mov Ogiyvovv 6tt to Brg-1 kot m RNA
moAvpepaon-II dev Ppiockovtar ota id1a onpeio evog pecoactkov kKuttdpov (Grande
et al, 1997; Reyes et al, 1997) vrooni®vovv OtL pikpd mOc0oTO HOVO TOL Brg-1
EUMAEKETOL GUECO GTNV EMUNKVVOT) TNG LETAYPOPNG.

Kot otig tpeig mepurtdoelg v yovidiov mov avoivdnkav 1 pudévo-pebuiimon g
H3-K4 av&dvetor 610 pHEGO TG KOOIKNG TTEPLOYNG, AKOAOVOMVTOG TIG TEPLOYES TOL
yopaxtnpilovior amd  T1g vworowmeg tpomomomoels. [apdoro mov n Asrtovpykn
onuacio ¢ mapatnpnong avtg dev stvonr EekdBapn,  mapoaovy TS TPOTOTOiNoNS
KaTé TN PITOOT KO 1) LETAYPAPIKE eEapTAUEVT ONovpyio TG katd v endpevn G1
@30T, VTOONADVOLV MG 1 TPOTOTOINGM €KElVN €xEl EvEPYO POLO GTNV EMUNKVLVON
™G HETAYPAPNS. YTOLOVASES TOV GUUTAOKOV ETUNKLVONG TNG LETAYPAPNS PpédnKav
GUVOEUEVEG OTNV KMOIKY| TEPLOYN KATOPPOTKE OUMG TNG TOTIKNG LILEPUKETLAIMONG,
H3-K4 81- ko tpt-pebovrioong kot e H3-K79 pebuvrimong. Méypt mpdopata o porog
TOV GUUMAOKOV EMPNIKLVONG TNG HETAYPOONS eixe apeiopfnbel, kabng mepdpato
avocoPBopiopoy Yoo TIC VTOHOVAOES TOL  TOPOVCINCAYV  KLTTOPOTANGLATIKO

evtomiopo (Kim et al, 2002; Pokholok et al, 2002). Mg 1 yprion Op®g VE®V, ELOTKOV
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aVTICOUATOV Yoo TNV vropovada Elp3, n ocvykekpluévn mpoteivn eviomiomnke pe
nepapato avosopbopicpov otov mopnva (Ewova 12). Ta amoteléoparta avtd pali
pe 1o arotedéopota tv  ChIPs kot pia mpdoeatn epyacio (Gilbert et al, 2004)
EVIGYVOVV TNV ATOYNn OTL TO GUUTAOKO EMUNKVVONG GUUUETEYEL OTN UETOYPUPIKN
owdkacio. H mapovsio ¢ Elp3 Atav epgovig 6to T€A0g TG LIEPAKETVAMMUEVNG
TEPLOYNG, YEYOVOS TOV LITOONAMVEL OTL, Y10 TO YOVIdld TV ONAACTIKAOV, 1| EvEPYOTNTO
aketoMoong ¢ Elp3 dev elvar ekeivn mov  dmovpyel v evrtomiopévn
vEPOKETVAI®OT 611 57 K®dkn meproyn. H mpdcdeon 1ou GuumAdKov EmMUKLVONG
otig mepoyég mov to CBP, Brgl, SNF2H kot FACT éyovv amoouvvoebel amd )
ypopativy delyvel 0Tt T0 ovumioko ovtd mbovotata vo ddpapatilel Kdamolo
Kavovplo porio otn petaypaer]. H mapovsio tov mapdyovia SNF2H kot FACT o¢
emAeypéva povo yovidla delyvel OtL 1 Agttovpyion TOvg Katd T peTOypapn Thavo
glval vo dtevepyeital amd TEPIGGOTEP®Y TOL £VOC mopaydvTwv. Av kot Oa mpémetl va
onuewbei 6t1, TovAdyotov Bewpnrikd, n arovsia ofpotog SNF2H war FACT, 1
Omolov dAAoL mopdyovta, Umopel vo €ival TO OMOTEAEGHO KAALYNG TOVL EMTOMOV,
wote eketvo va unv avayvopiletal and to aviicopo 1 vo givol To amotéAecuo U
ATOOOTIKNG LOVILOTOINGNG TV TPOTEIVAOV GE GUYKEKPLUEVES YPOUATIVIKEG TEPLOYES.
Ye out v mepintwon, ta duvatd ofjpoto pe Vv eV Tov ChIP aviictoryovv oe
1oYLPOTEPT GUVIEST 1| OAPOPETIKY SOUOPPMOOT 1 TOPOVGIO TEPICCOTEP®V HOPIOV
TPOTEIVNG 0TIG ovyKekpluéveg Béaelg. Omola kot av glvar n atio TG dnpovpyiog Twv
OLOLPOPETIKMY CNUATOV, TO TEAKO OTOTEAEGLO DTTOOEIKVIEL SLOPOPETIKT) GUVOEST] TOV

TPOTEVAV GTIG OLUPOPETIKEG TEPLOYEG 1) YOVIOLAL.

[HoAhamAEG TPOTOTOUGELS VOUKAEOGOUATMOV SLOKOGHOVY TIS TEPLOYES

TNG EVEPYNG XPONATIVIG

H anpocddxn otabepodtnta tov mpotdmov axetvlwpévns H3 ko H4 ota
HITOTIKO KOTTOPO KOl GTO KOTTOPO TOV 1) HETAYPOUQPY] £XEL GTOUOTIGEL TAPOVGIO, O-
apovitivng, O0tav OMAadY Ol OKETLAACEG 10TOVAOV &Youv oamocvvoedel amd 1
YpOUOTivy, Oelyvel OTL OV TPOYUOTOTOLEITOL EVEPYE OTO-OKETVM®MGON TOV 1GTOVOV,
mOovev HECEH OMOKAEIGHOD TETOW®V €VODHMOV OmO TIG GUYKEKPLUEVES TEPLOYEG.

Avdivon g axetvAioong g H3 kot H4 610 6voAo Tov YoVISIOHOTOC GE d1dpOopES
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@aomng NG Hitwong £€0€1Ee OTL M TpomoToinon eKeivn dotnpeitoan oe OAd To GTASIN
¢ (Ewoéva 12). To a&oonpeioto Opmg eivor 0t M vaepokeTvAlmon Kot vrep-
peBvAMmon 0ploBeTohV SOKPITEG VITO-TEPLOYEG TNG HUTOTIKNG YPOUATIVIG, TO 0Toio
Oglyvel OTL VTAPYOLV OOKPITES YPOUATIVIKEG TEPLOYEG OTIC Omoieg Pplokovtal To
yovidla wov Nrav evepyd kot B evepyomonBodv apécme LOMG TEAEIDMOEL 1] TOON.
Ta axeTvlopévo vovkieosmpata yapoktnpilovral eniong kot and di-pebviioon g
H3-K4 ot K79 6nwg kot and tpr-pebvriioon tg H3-K4, tpomomocelg ot omoieg
OTNPOVVTOL KATA TN MT®OT Kol KAtd TNV Tapovsio g a-apavitiving. H tavtdypovn
OLTH TOPOVCIN TV TPOTOTMOMGEMY OTO 1010 vovkAgdowpa mbavototo eivorl
ONUAVTIKY] Yo T dnuovpyio evog otabepd YVOPIGLOTOS TG EVEPYOL YPOUATIVIG.
2opeova pe ™ Bempio ToOv KOSKA TOV 1IGTOVOV Ol S1APOPES TPOTOTOMGELS UTOPOVV
Ko ovoryvopiloviol amd TopayovieES TOV Elval GLVOEUEVOL LE TN YPOUOTIVTY, O1 0TToiot
HE TN GEWPA TOVG UTOPOVV Kol  UETOPPALOLV-EpUNVEDOLY  TOV KMOIKO Y10,
ovykekplévn opbon g ypopotivng (Agalioti et al, 2002; Turner, 2000; Jenuwein
and Allis, 2001; Turner, 2002). Ot 51000Y1KEG OAVOGOKOATAKPNUVIGES YPOUOTIVIG
amokdAvyav 01t 6t0 1010 vouvkAedowupo 1o €va memtidolo g H3 o@éper 1pi-
pebviopévn v K4 kat to dAho di-pebBolimpévn, evad 1 10 €va gite Kat ta dvo gival
vrepakeTvMopéve, kot K79 pebvhopéva. H - moivmloxdtnta  avt) tov
TPOTOTOWCEMV UTMOPEl va glval amopaitnTn yuo T oTadepr] cUVOEST SLPOPETIKAOV
PLOCTIKOV TTapayOVTIOV, KaODS Tapéyel ToAAPIOUES emPAvVEIEG AAANAETIOPAOT|C.
Mo mapaderypa, n aketvMouévn H3 amotedel empdvelo aAlnAieniopacng yio Tig
AKETLAAGCEG, Ol OToleg Kol Tn dNUIOVPYOLV, aALd emiong avoyvopiletar o¢ onueio
mpoécdeong kot amd Tovg mapdyovteg Brg-1 ko SNF2H, npwteiveg mov
SwopapatiCovy onuaviikd poéro katd Tt petoypaen. To onuadt OSpmg g
pebviioong g H3-K4 dev givar yvwotd av Asttovpyel pe OHoOlo pe TV akeTLAI®MON
TpOmo, KoBMg maporlo mov omoterel emipdveln aAiniemidpacng yoo to SNF2H
(Santos-Rosa et al, 2003, kot swéva 11),  mapovsia tov mapdyovro SNF2H pévo oe
HEPKA amd Ta Yovidlo mov avoAvOnkoav delyvel OTL 1 TPOTOTOINOCT QTN UTOPEL val
€xel Ko KATO10 O10popeTIKO pOAO. ZTO TEWPANATO 1N Vitro akeETVAMONG TENTIOIOV TNG
H3 o@dvnke o011 ekelva mov eiyov ot-peboiopévn ™ H3-K4 frav  koAdtepa
VTOGTPOUOTO TPOS OKETVAMMOT GE GYEO0T LE TO UN TPOTOTOMLEVO TTENTIOW0. AV Kot in
vivo cvppaivel va elvar to vovkAcooopoto pe pebviiopévn H3-K4 kaivrtepa
VTOGTPAOUOTA TPOG OKETVAI®OT, T0TE M peBvAimon g K4 dev Aettovpyel pdévo og

EMPAVELDN TPOCIECNC PLOUICTIKOV TOPAYOVI®OV OAAG KOl ®G EQPOATHPLO Yo TN
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ONUovpyiot TOL «KMOJIKO» OKETLM®OoNG o610 1010 vovkAeoowpa. O TavtdYpOovog
evromopog g H3-K4 61- ka tpr-pebuiioong pe v K9/K14 axetvhopévn H3 won
TNV OVOSIOLOPOOUEVN YpoUaTiv) amotelel o akopa €vOslEn 0Tt €vag TopOUolog

UNYOVIG OGS Thava va 1oyvEL Kot in Vivo.

Poloc TG peTOYPOONS OTN ONUIOVPYIO TOV TPOTOTOU|CEMV TOV

1GTOVQOV

Suykpltikn pelétn tov onudtov and v avaivon ChIP petald tov kuttapwv
™m¢ edong GO/G1 kot Tov TOTIKOV delyvel OTL o SLVALIKT AVOOOPYAVOCT] TOV
VOUKAEOCOUAT®V TPAYLOTOTOLEITAL G8 KABE KLTTOPIKO KOKAO. XTO IUTOTIKA KOTTOPO
TOL ONUATO TOV OKETVAIOUEVOV 1oToveV Ko TG K4 pebviiopévng H3 sivon mepimov
Ta o oe oyéon pe 1o kouttapo ™G GO/Gl, evd ol TPOMOTOWCES EKEIVES
avEdvovtay TPoodeLTIKA HeTd TN €lcod0 TV KutTdpwv oty emdpevn Gl. H
TOPOTNPNON VTN OElyveEL OTL KT TO dumhactacud Tov DNA ta véa vovkieocopata
OEV PEPOLY TPOTOTOMGELS OTIG AVTIoTOWES BECELS, EVD TO TOTPIKO VOUKAEOGMUATO
STNPOVV aVIALOIMTES TIC TPOTOMOUCELS TOV SNUIOLPYNONKAY KATA TN LETAYPAPN.
Meléteg otov cakyapopvknta Exovv dei&et 0TL  pebBvidon Dotlp, tg H3-K79 o n
Setl (mov eumepiéyetor oto ocvumioko COMPASS), pebvridon g H3-K4
ypedlovtar 10 cvumroko PAF1 yio ™ cwot dpdon tovg, yeyovog mov cuvogetl
pebviioon tov wotovav pe v emunkvvon g petaypoeng (Krogan et al, 2003).
Xmv epyocio exeivn eiye mpotabel 6Tt n peBvioon g H3-K4 xar H3-K79
ocvppaivouv mapdAinia kot eEaptdvror and ™ dpdorn g RNA molvuepdong-11. H
peAén exelvn emainBevetol amd To AnoTEAESUATO TG TOPOVONG Epyaciag, Kabmg ta
vovkAeocopoto pe tpl-pebviopévn H3-K4 frav kol peBohopéva ot K79. H
pebvioon opwc e K79 ota prtotikd kottapa eivar durAdolo 6 oy€on HE T
kotropa ™ GO/G1 edong, amotédecpa mov deiyvel 6TL 1 peBviioon g K79 pmopet
vo dnpovpyeiton kol aveEdptnto amd ™ HETAYPAQN, KATA TNV S @don 1 apyotepa.
Axoua opmg ko og ot v mepimtwon, n H3-K79 pebBvrioon mepropileton oe
TEPOYES TNG YPOUOTIVIIG TOL QPEPOLV KOL TS VTOAOITES TPOTOMOUGELS TTOV

ocvoyetilovtor pe evepyomoinon g HETOYpaPrS, KaBdg m  pebBviioon K79
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mapatnpOnke oto vovkieoompato tov non €xovv H3-K4 8- ko  tpi-pebvrioon,
aKeTVAM®UEVEG 10TOVEG Kot Kamow K79 peBudioon. Av amokdeiotel n mbavotnto
dpdiong evog evivpov amopdkpuveng g pebviioong amd ) di-pebviiopévn Avcivn
K79, n dwpopd tov onudtov mov avaeépdnke oonyel 610 cvumépacua 4Tl evepyn
Kol €EAPTOUEVN OO TN UETOYPAPT OVTAAAXYT] VOUKAEOCOUATOV cvuPaivel Katd ™
G1 xot v enavévapén g petoypoens (Schwartz and Ahmad, 2005). Tlpéceateg
peAéteg €yovv deiEert 6tt m H3.3 variant evomotifeton oe meployég evepyolg
peTOypans, pe €vo pnyovicud mov oev oyetileton pe to duthactiacud tov DNA
(Ahmad and Henikoff, 2002; Tagami et al, 2004). X& cvoppwvia pe to dedouéva
exelva glvar kan epyacio mov deiyvel 6Tt  H3.3 elvan exeivn 1 popen g H3 mov og
ent T0 MAEIOTOV QEPEL TIG TPOMOTMOMGELS EKEIVEG TOL GLUVOLOVTOL HE TNV EVEPYN
petaypaen (McKittrick et al, 2004).

Ta mepdpato ™e epyaciog avTig SIELPVVOVY TO YVOCTH HEYPL TOPO LOVTELQ,
poteivovTag OTL Ol TPOTOMOGELS IGTOVAV UTOPEl Vo, AELTovpyohv Kot MG onuddto
UVAUNG, OV GUUUETEXOLV GTI UETAO0ON KOl SOTNPNOY LG XPOUATIVIKNG OOUNG
KOVIG Y10 LETAYPAPT], KATO TOV KLTTOPIKO KUKAO. LOUP®VO HE TOV TPOTELVOUEVO
UNYaviopo, 1 aKETLAM®OoN 1oTovVMVY, 1 d1- Kot Tpt-pebuiioon g H3-K4 kabdg xon
H3-K79 pebBurioon omuovpyodvior 6€ GUYKEKPIUEVO VOUKAEOCOUOTO KOTA TN
petaypaen, omd T Opdon Tov eWdkdv eviopwmv. Ot TPOTOTOUCEL EKEIVES
dlatnpovvTot Yio £va. LEYOAO OAoTNUIO LETA TO TEAOG TNG LETAYPOPNG KOL OTOTEAOVV
£€TCL YOPOKTNPLOTIKO YVOPICUO UG E0TKE OLUHOPPOUEVNG YPDOUATIVIKIG SOUNC.
Kotd 10 oumhaciacud tov DNA, og amotélecua gvamdbeong Kavobplov 16TovVAY,
HEPOG TV TPOmMOTMOMGE®V eKeivwv ybvetar, maporo mov 1 H3-K79 pebBvrioon
ocvveyiCer va ovuPaivel. Emedn ot Tpomomo|celg TV TOTPIKOV VOUKAEOGOUATOV
TOPOUEVOVY OVOALOIWTEG KOTA TN piT®Oo™, Umopohv va, AEITovpyodV Gav HOPLOKA
yopoaktplotikd (molecular bookmarks) yww tn ocvvdBpoion ™G petaypaeikng
UNYOVING OE OCULYKEKPLUEVES TEPLOYES TOVL YOVIOIOUATOG, HETA TNV €160d0 TV
Kuttdpwv oty endpevn G1 pdaon. Katd ) petaypoen tpoypotomoteitor avioaAloyn
TOV VOUKAEOCOUATOV HECH EVOG HUNYOVIGUOD OTOUAKPLVONG / OVIIKOTAGTOONG
(Belotserkovskaya et al, 2003; Belotserkovskaya and Reinberg, 2004) kot 1 dpdon
evlopov mov Tpocdévovtal 6tov vokwnty kot v RNA-molvpepdon I umopei va
EAVAOMOVPYNOEL TIG OTOVIKEG Tpomomooels. H mapdAinin dpdon tov evidumv
AVOSIOUOPPOONG  XPOUATIVIG ONUIOLPYEL IO OVOLYTH YPOUATIVIKY OOUN 7OV

EKTEIVETOL OPKETEG EKOTOVTAOES PACEWV KATAPPOIKA TMV LITOKIVITMV.

80



KEDPAAAIO 2

[Mati to KOTTAPO ONUIOVPYOVV TOGO KOAG EVIOMIGUEVES TPOTOTOIMNGELS 1GTOVAV
KOl ovOLyT] XPOUOTIVIKY SOUT OTNV KOOIKT TEPLOYN TOV VEPYADV Yovidiwv; Katd
OLIPKELD ETUAKVVONG TNG HETOYPOP|G TOAAOL Tapdyovteg cuvdovtol pe v RNA-
molvpepaon I, arocstabepomoidvtag Ta vovkieoompato oaAld kot cuvadpoilovtdic
ta Cava kabmg tagwedbovv pe v RNA-moAvpepdon 11 (Belotserkovskaya and
Reinberg, 2004). H peydin oe éktaom meployn HE OVOSWOUOPOOUEVT YPOUATIVI
umopel va 51evKoAvveL kaTd avtdv Tov Tpodmo to TEPacua TG RNA-molvpepdong 11
Katd ™ petoypagn. H mokvomra opmg tov popiov e RNA-rtoivuepdong 11 kot
TOoVA Kot 1 arodoTIKOTNTA TOVv eVEDIOV 0ev AAAALOY GTO OLOPOPETIKA TUNLLOTO TNG
KOOIKNG TEPLOYNS, OOMNYDVTOS £TGL GTO GLUTEPACHUA OTL 1| HOpON &vopéng kot
emyunkovvong g RNA-molvpepdong I mtapovoidlovv diapopetikés amattnoets, 6Gov
a@opd TN doun TG xpOUATIVNG, Yia T Agttovpyia Tovg. 'ETot, 1 avoryt ypouativikn
S0 KOVTO GTOVS VITOKIVITEG UTTOPEL VO £XEL OC TPOTAPYIKO POAO VO HIEVKOAVVEL THV
anelevfépwon tov vémv popiov RNA-rtoivpepdong 11 and to onueio évapéng g
HETAYPOONS KOTA TOVG EMOUEVOVS KOKAOVS TNG Ja0KaGTog, dAAL amd OTL @aivetal
KOt T€TOo10 Ogv elval omapaitnto yw 1o Tafidlt Tov eVODUOVL OTIC TEPLOYEG TOL

aKoAovBovv pésa 6To Yovido.

Mwiun TpocQaTNG RETAYPUPIKIG EVEPYOTNTUS

To mpdTLO KATOVOUNG TOV TPOTOMOLCEMV 1GTOVAOV TOPOLGLALEL OUOLOTNTES
oAAG Kol OlpOpEG pHe ekelvo TV gvepydv yovidiwv Tov S. cerevisiae. XTov
coxyapopvknta povo n H3-K4 tpr-pebovrioon evrormiletar oty 5° kwdwkn meployn,
evad mn K4-d1-pebvriioon kot n aketviMoon Ppiokoviar dtdonapto 6€ OAOKANPO TO
yovidiopa tov opyaviopov (Ng et al, 2003; Kristjuhan et al, 2002; Winkler et al,
2003). Avtifeta, oto avBpamiva yovidian Tov peretOnkay ce avty v gpyocio, H3-
K4 1p1- ko o1-peborioon aArd ot K79 o61-pebvAiioon, H3 kot H4 axetviioon
nepopifovtar 610 5'aKkpo G K®OKNG mepoyns. EmumAéov, mapatnpnbnke xot
povouefLAMoT TV VOUKAEOGOUAT®OV GTO PEGO TNG KMOIKNG TEPLOYNG TOV YOVISI®V,
o€ TEPLOYES MOV PpioKoviol KOTOPPOIKA TOV VOUKAEOCOUATOV UE TIS TOAAATAEG

TPOTOMOMOELS. XToV caKkyapouvknta 1 K4 tpi-pebvAiioon owpkel yia éva peydro
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YPOVIKO OLACTNUO HETO. TN UETAYPAPIKT OOPAVOTOINCT), PUVOUEVO TO OMOI0 &XEl
TEPLYPOPEl Kol ®G  «Ppayvmpdbecun  pvAum» TG TPOSPATNG  UETAYPOPIKNG
evepyotrag (Ng et al, 2003). Zta yovidia g mapovong perémng, n pebviioon g
H3-K4 ko1 K79, xabdg ko 1 axetvdMiwon e H3 ko H4 datnpovvion otabepéc yua
OPKETA PEYAAO YPOVIKO OLAGTNHO KOTA TNV TOPOLGIN TNG o-apovitivig, 1 omoia
EMAYEL OLOKOTT TNG UETAYPAPNG, OGS EMIGNG KOl OTO TOTPIKE VOUKAEOGMUOTO KATH
m pitoon. O uNYevIGog oTog NG HETAYPOPIKNG UVAUNG, OTTOS OVOUALETOL, UTopEel
Vo emEEPEL Kot O1okpiteS Proroyikég Asttovpyieg. Ot TpoavapepOUEVES TPOTOTOGELS
Umopel va TpooTaTEHOLV TO. EVEPYA YOVIdL, TOV OTOI®MV 1 EKEPOCT Umopel vo glval
ocuveyns N va vrokeltor otn puduion evog mepiParioviucod mapdyovia, amd TOo Vo
peTatpamodv o€ HOVIHO GlomAd yovidwa. EmumAéov, pumopel ot Tpomomocels anTég
VO OTOTEAOVV £VOL UNYXAVICUO TOV KLTTAP®V OOTE EKEIVOL VO LAPKAPOVY TIG TEPLOYES
TOV YOVIOIOUOTOG OTIG OOIEG 1 LETAYPAPT TPEMEL VO OPYICEL APECHOC PETA TO TEALOG
MG MTOOoNG, GLVEIGPEPOVTAS ETCL GTIV TLOTIH SUTHPNOT TNG EKPPOGTS TOLV GLVOAOL

TOV YOVISLmV, TOL £ival YopakInploTikd Yo kKabe KuTtaptkd TOTO.
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IMAoopo10KES KOTOOKEVESG

Ta ¢cDNAs tov yevikoy petaypa@kod mopdyovia mov cvvdeeton pe 10 TBP,
hTAF10, khovomomOnke otov popéa pET15b-6His, evd ta kapPoluteAikd tunuata
mov eAppalovv yw v mepoyn 100-217 ko 120-206 tov mapdyovta
KAwvorombnkav otov Baktnplokd gopéa ékppaonsg pGEX3x (Jacq et al., 1994). To
hTAF10 xhovorombnke kot otov gopéa ékppacns pPBXG1-GAL4 (Soutoglou et al.,
2001). To cDNA ¢ hSET9 anopovdbnke pe RT-PCR a6 deiypa oAtkov RNA amod
rkuttapo HepG2 ko kKAwvomomdnke otovg Paktnprakots eopeig Exkppaocng pRSETA-
6His ka1 pGEX6P1, evd 10 TIG KOTAGKEVES EKPPUCTG GE EVKAPVMOTIKA KOTTAPO TO
cDNA «AovomomOnke otovg @opeic pMT3-HA, pCDNA3 kot pCDNA3-Myc
(Ktistaki and Talianidis, 1997; Hatzis and Talianidis, 2001; Jacq et al., 1994). Ou
kataokevég pBX-GAL4-VP16, 5xGal4-Elb-Luc, 3xBRARE-TK-Luc, 3xNFkB-TK-
Luc, 3xAIbPE-TK-Luc éyovv meprypapel (Ktistaki and Talianidis, 1997; Hatzis and
Talianidis, 2001). T'ta T onpuovpyio T@V KLTTOPIK®V GEPOV FI yproiponomdnkay ot
eopeic pUHD-TAF10wt, pUHD-TAF10K189Q, pUHD-yTAF10, ctovg omoiovg M
ékppaon tov WtTAF10, KI189Q - TAF10 xor tov TAF10 tov caxyopopdxnto
Bpiokovtar vto Tov £leyyo Tov cvotiuatog tet (Metzger et al., 1999). O popéag pSG-
Cre éyel meprypapei (Metzger et al., 1999).

Inuewokég petarroyés oto hTAF10 ko hSET9 mpaypatoromdnkav pe 1o Gene

Editor Mutagenesis kit (Promega), cOppova pe T1g 001yieg TOL KOTOUGKEVOOTY.

"EXQp0ao1] 0VOGVVOVUOGUEVOV TPOTEIVOV

To ukd cvompa ékppacng tov vropovadwv tov TFIID mov otpiletar ce
Bakovrold mapoywpndnke and tov Tora L, evd 01 KATAOCKELES EKQPACNG TOV UKDV
CBP «xa1r PCAF éysv meprypagel (Soutoglou et al.,, 2000). H éxopoon tov
avacvvovacpévov mpoteivov TAF4, TAFS, TAF6, TAFS8, TAF10 kot TAF12
npoypotonomdnke oe KotTtapa eviopmv SO, Kot n anopdveOon TV GUUTAOK®V £YLve

pe TN péBodo NG avOCOKATOKPNUVIONG G€ KVTTaPIKE ekyvAicpata S19, pe aFLAG-
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M2 agarose (SIGMA), ompwlopevn omv mopovcio tov emitonov FLAG oty
npoteivn TAF6, coppmva pe Tic 0dnyieg T KATAGKELAGTPLUG ETOPELNG.

Olec o1 mpoteiveg mov kabapiotnroy amd PBaxtiplo 6NV TOPOVCH EPYUCin
ntov oe odvinén pe otwdiveg (6 X His) 1 pe mv Paxmploky| mpoteivny GST
(Glutathione S Transferase). H ékgppaon 6LV TV TPpOTEIVOV £yve 6TO PakTnploko
otéheyog E.coli mov ovopdleton BL21plys, ek10¢ amd to0g @opeig mov Ekppalay yio
to hTAF10, mov exkppaoctnke oto otéheyoc BL21-19, otovg 30C. To otéheyoc avtd
€xel To YopakTPoTkd OtL M ékepaoct ™¢ T7 moivuepdons Ppioketon kdT® amwd
avotpd éheyyo Kou emdyetor povo pe v mpoodnkn IPTG (cuvvayoviotig g
opaong tov lacl kotactorén). e kolMépyswn omtikn)g mukvotnTtag (ODgoo) 0.6
npootifetan IPTG tedikng ovykévipwong 0.2 mM. Axkolovbel endaon otovg 37 °C
v 3 opeg | otovg 22°C yio 6 dpeg . LN GLVEXEWL TO. KUTTOPO GLAAEYOVTOL KO
euyokevtpovvtol yo 5 Aentd og 5.000 rpm otovg 4°C. To ilnua emavadiaAveTon 6e
Sonication buffer I ( 20mM Tris pHS8.0, 200mM NaCl, 0.5% Triton, SmM Imidazole,
ImM PMSF) omv mepintwon mov n mpoteivn Ppioketor oe ovvinén pe His kot
emavadlovetat, | oe Sonication buffer II (1 X PBS 0.5 mg/ml BSA) oty nepintwon
g ouvtnéng pe GST. AkolovBel d1dppnén Tov KuTTdp®V Kot omdoipo Tov DNA pe
vépnyovg Ko euyokévipnon ot 12.000 otpoeés yio 30 min. To vrepkeipevo
amoTeAEL TO OLOALTO TPMOTEIVIKO EKYVAGLLA, TO OTi0 HETE amd TPOSHNKN YALVKEPOANG
10% pmopet va euraytel otovg -80C. Akorovbel amopdvmorn g mpmteivng pe
xpopatoypapio cvyyévelog petdriov, Talon (Clonetech) otnv mpmdtn mepintwon Kot
Glutathione Sepharose 4B (Amersham-Pharmacia) otnv dgvtepn . Ot mpoteiveg mov
TPOGOEVOVTAL UM €0IKA oTNV KOAMVO omopaxpouvovtor pe 4 Eemlvpoto pe to
avtiototya dtaAvpato tov Sonication ( 10 popég 0 0yKog TG KoAmvag ) yia 10 Aemtd
10 Kabéva , 6toug 4°C vrd avddevon . X cuvéxeln ol Tpwteiveg exkhodovtat amd v
KoAdva pe Tpoctnkn icov 6ykov Elution Buffer I (20mM Tris pH 8.0, 200mM NacCl,
0.5% Triton, 200mM Imidazole, I1mM PMSF) kot Elution Buffer II (10 mM
Glutathione, 50mM Tris pH8.0, 1 mM PMSF) avtictorya . H dwdikacio tng
éxhovong emavarapPavetor 5 opés, Ta TPoidvTa GLAAEYOVTAL E1TE GLYKEVTIPAOVOVTOL
pe centricon gite petapépoviot o KatdAinio dtivpo (20 mM Tris pH 8.0, S0mM
KCl, 0.5 mM DTT, 0.5 mM PMSF 20% glycerol) pe ™ pébodo g damidvong
(dialysis).
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Kolépyereg KuTTdpov Kot otapoivvon

Ov xvtropicég oepég HepG2, HEK 293, HelLa odwmmpnOnkav oe DMEM
(Dulbecco’s modified Eagle medium) copuninpopévo pe 10% adpovomoinuévo pe
Oépuavon opd (fetal calf serum). Ta kdTTOpo mOL CTOUATNGOV OTN QACT TOV
KutTopKo kukAov G2/M enwdomkav pe 50 ng/ml vokodaloAiov yia 16h ko exeiva
oL EEKOAMN oAV He Mo avadevon (pNoLHoTOmOnKay Yo TEPUTEP® AVAALOY|. Xg
TEPAUOTA TOL N HETAYPAPN £XEL oTONATNOEL, Ta KuTTOpo HepG2 enwdotnkay pe o-
apovitivn 50ug/ml ywo Sh, mpwv v avéivon. Avédivon pe FACS og xottopa mov
elyav vrootel ypwon pe Propidium iodide £€d€1&e 611 95% TOVAGYIGTOV TOV KLTTAPOV
oV TANBVoUOV Tov giye enmaoctel pe nocodazole Nrav prtotikd (4N DNA) ko 85%
TOLAAYIGTOV TOV TANOLGLOV TV KVLTTAP®Y TToV giyav £pBel oe emagn Nrav o GO/G1
(2N DNA). H xvttoapwn oepd St 9 dwutmpnnke oe Opentikdé GRACE’S anovsio O2.

F9 TAF10™"M" nov eiyav tic adinlovyieg loxexatépwbev Tov devTépov
eEwviov tov TAF10 yovidiov kot ota 6vo aAANAOHOpea Kot ekppalave otabepd yia
TO OVTIGTPOPO GVOTNUO TNG TETPAKLKAIVNG Tov gvepyomomtn rtTA (Metzger et al.,
1999), dwporvvnkav pe to eopéo pUHD-TAF10wt, v pUHD-TAF10K189Q, 7
pUHD-yTAF10, ota onoio n ékepaocm tov TAF10, Bpiokodtov vid tov €leyxo TOL
GLUOTNHOTOG TNG TETPAKVKAIVING. Metd amd dutAn emhoyn oe vypopvkivn kot G418,
0TOVG KAOVOLG TPooTeélnke de0EuKLKAIVI o€ TeEMKN ovykévipoon lug/ml kot n
emayouevn €kepoon Tov olayovidimv edéyybnke pe ovédivorn kotd western. Ta
KOtTOpO exeiva dlapoldvinkay éncrta pe tov eopéa pSG-Cre kot m e&dhetyn tov
deutépov e&mviov Tov gvdoyevolg yovidiov TAF10 peletnke pe PCR (Metzger et
al., 1999). In vitro dwpopomoinon pe Vv mpocHnkn petvoikod o&éog (1 uM) 7
peTvoikov o&éog (1 uM) kot bt2cAMP (250 uM), avdivon Tov KVTTOPIKOD KUKAOU
tov F9 xuttapov, kabng kot RT-PCR yia v ék@paom tov HEPLOVOUEVOV YOVIOT®V
Tpaypoatoromnkayv copemva pe ta yvootd (Metzger et al., 1999).

H moapodwn dwapdivven tov kdttdpov mpaypotomomnke pe ™ péBodo g

ovykatakpipviong calcium phosphate-DNA (Kritis et al., 1993; Ktistaki et al., 1995).
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[opaokevt] TVPNVIKAOV EKYVMOUATOV AVOGOKOTAKPN VIO

Ta kottapa HEK293 Eemiévovion pe dSwiivpo PBS (3X) oamokoAimvton omd
mv emMEAve oty omoio avamtvccovtal pe dwdivpo N ( 25mM Hepes pH7.9,
60mM KCI, 15mM NaCl, 5SmM MgCl,, ImM CaCl,, 250mM Sucrose, 0.5% BSA
0.3% Nonident P40, 1mM dithiothreitol, 10pg/ml approtinin kou 1mM PMSF).
[Mopovoia tov OSwAdpotog N mpoypatomotleitar 1 ddppnén ™G  KLTTOPIKNG
HeUPPpAvNS KOt 1 OTOUEKPLVGT] TOL KUTTAPOTAAGLOTOG, KO Ol TUPTVEG TOV KLTTAP®V
Aapfavovtal g inua petd and euyokévipnon o€ 1000 rpm, otovg 4°C v 5 Aemtd.
>ta kotropa HelLa, HepG2 petd to EEmivpa pe PBS mpootifeton didhvpa A (25mM
Hepes pH7.9, 1.5 mM MgCl,, 10mM KCI, 10% I'Avkepoin, 0.1% Nonident P40,
ImM dithiothreitol, 10pg/ml approtinin kot 0.5mM PMSF), enodlovtot yio 10min
GTOV YO KO EMELTO VTOKEVTOL GE UNYOVIKT O1dppNnEN ™S KLTTAPIKNG HeEUPpbvng e
Dounce. AxolovBel guyokévipnon tov mopnvev 1000rpm, 4C yoo Smin kot ot
cuvéyela ol mupnveg Aappdvovtal oe i6o dyko daAvpatog A kot mpootifeton icog
oykog NLB-800 (25mM Hepes pH7.9, 800mM KCI, 10% ["vkepoin, 0.1% Nonident
P40, 0.2mM EDTA, 1mM dithiothreitol, 10pug/ml approtinin ko 0.5mM PMSF)
(Soutoglou et al., 2001). AxoAiovBei avadevon vy 30min, 4C @uyokévipnon
14000rpm ywo 30min, 4C kot GLALOYN TOL VIEPKEILEVOL-TVPNVIKOD EKYVAIGHLOTOC, TO
omoio apowdvetal otnv embount) cvykévipoon diatog (200-500mM KCL) pe
owivpa apaimwong  (25mM Hepes pH7.9, 2mM EDTA, 0,1% NP40, 1mM
dithiothreitol, 10ug/ml approtinin ka1 0.5mM PMSF). To mupnvikd ekyvAcua
vrokertor oe kabapiopd pe emwoon pe  mpoteivn G-Sepharose (Amersham
Pharmacia Biotech) vy 1h, 4C vnd oavadevon kot TeEMKO VTOKEITOL GE
avocokatakpnuvion yw Sh, 4C vnd avddevon, pe T ¥PNON TOL EOKOV Yl TOV
mopdyovta 1 tov emitomo ovticopo (10pg) kot mwpdcdeon 1oV 0e TPAHGOESN OF
npotetvn G-Sepharose (Amersham Pharmacia Biotech). EvaAlaxtucé, 1o dtbAvpo
TOV TVPNVIKOV gkyvAicpatog Kabapiletar pe Glutathione Sepharose 4B (Pharmacia)
Kol akoAovfel peEAETN TV aAAnAemdpdcewv pe mpocsoepévn GST-mpwteivy kot
TPOTEIVAOV TOV TUPNVIKOV EKYVLAIGLOTOG,.

Ta oceoapidw-avticopa Eemiévovior 4X, yw 10min otovg 4C pe Sdivua

éxmloong  (25mM Hepes pH7.9, 200mM KCI 2mM EDTA, 0,1% NP40, 1mM
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dithiothreitol, 10pug/ml approtinin kot 0.5mM PMSF), cuAiéyovior 6€ omodaTaKTiKo
dwdvpa 2XSDS loading buffer kot akoAovBel avédivon koatd western. Oleg ot
ovyokevtproelg twv A- M G-Sepharose 11 GST- Sepharose mpayupatomolovvToL

6000rpm/3min/4C.

[opaockev] KLTTOPIKAOV EKYVAMGRATOV Kol pETPnon evepyotnrog P-

YOAOKTOOL0061G KUl AOVGLPEPAOS

Ta kOTTOpO TOV €YOVV LTOGTEL TAPOSIKT dlapdAVVoT Eemdévovion pe PBS tpetg
QOpEc Kol peTd omd @uyokévipnon Aapfdavovtor otov KatdAinio oyko (100ul)
250mM Tris pH 7.5. AxolovBovv 1pelg kOKAot ypryopng yoéng/andyuéng oe -80C
ko 37C avtiotoya, Kot T0 KAACUO TOV SOAVTOV TPOTEIVOV Aaupdvetor petd and
ovyokévtpnon 14000rpm/10min/4C. Ze 10 pl xvttopkod EKYLAICUOTOC TPOTEIVAOV
npootédnkav 3ul 100x Mg buffer (100mM MgCl2, 5M 2-mercaptoethanol, 1M KCl),
66ul drwivpatog ONPG (4mg/ml ONPG og diddvpa sodium phosphate) kot didAvpa
eoopopikoy vatpiov (0.1M Na2HPO4 xouw NaH2PO4, pH 7.3) péypt ta 300ul. Ta
detypota enwdotnkav oe 37C péypt ™V EUPAVION KITPVOL YPOUOTOS KoL 1)
avtidpoon otapdmoe pe v mpooOnkn S500ul Na2CO3 eved m amoppdenon
TpaypatonomOnke ota 420nm.

H pétpnon g evepydmtag tov evldpov luciferase €ytve pe mm ypnon tov

luceferase assay kit (Promega) cOppmva pe Tig 00Myieg TOL KATUCKELOOT).

In vitro aAAnAemopacels TPOTEIVOV

Ou doxwég pull-down mpaypotomomOnkav pe tn YpNon OVOGLVILOGUEVNG
npoteivng GST-hTAF10wt 1 GST-hTAF10189Q (0.5ug) n omoio mpocdeédnke oe
Glutathione Sepharose 4B (Pharmacia), n omoia giye eilcopponnfet og ddAvpa 0.5%
BSA/1x PBS, ywo 1h/4C vnd avadsvon kot EemAOOnke pe Sonication II yu 4X
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10min/4C vnd avdadevorn. H mpocdepévn mpwteivn enwdomke pe lpg His-SETO,
nmapovcio 1 arovcic ImM SAM, og ddAvpa peBviioonc. AkorovOnoe ékmivon g
axwvnTomompévng tpmteivng pe odavpa (500mM NaCl, 20mM Hepes pH 7.9, 0.1%
NP-40, SmM MgCI2, 0.ImM PMSF, 10pg/ml approtinin) pe 6powo tpdmo, ywo v
amopdipovvon e SET9 ko mpootédnkav HepG2 mupnvikd ekyvAicpata. Metd amod
S5hr/4C pe avakivnon, wpoaypatoromdnkav Eemivpata 4X v 10min/4C dedvpoto
avéavopevov  ovykevipooewv  pe  NaCl  (150-500mM) 0. opopidw
emavadloivtoromnkav oe 2XSDS loading buffer kot axolovOnce avdivon xatd
western.

Y1ic mepumtmoelg pull-down mov ypnoyoromOnkay tentidia, 2pg ProtvMopévey
nentdiov e H3 ( Apvo&éa 1-20, Upstate Biotechnology) mpocdénkav poyvntucd
coapiola ayapodlnc-otpentafidivng (Roche) kol enwdactnkav yu Sh otovg 4C pe
mopnvikd exyvMopata HepG2 (25mM Hepes pH7.9, 0.75mM MgCl,, 400mM KCl,
0.ImM EDTA, 0.5% NP-40, 0.5mM PMSF, 2pg/ml approtinin, ImM DTT xot 10mM
NaF) mov seiyov kaBapiotel vopitepo pe Tn ¥pNon OVIIGTO®V COUPLII®V.
AxolovOnocav Eemivpoto oe OdAvpa Opolo pe ekeivo tov ekyvlopdtov 4X yu
10min/4C ko emavadiwivtomomdnkayv oe 2XSDS loading buffer kot axolovOnoe

avdAivon Katd western.

In vitro avridpacseig peBviioong/ akeTviioong ko in nucleo metabolic

labeling

Ot avtopdoelc peBviimong mpaypatoromdnkay ce teMko 6yko 30ul, Tapovsia
100ng SET9 xon 1pg pepikod cvpmiodxov TFIID fy 1pg His-TAF10 1 10ug iotovov
(APB) 1 2ug ovvBetikov nentdiov tov TAF10 (exyopndnkav and tov Tora L), oe
divpa SOmM Tris pH 8.0, 20mM KCI, 4mM EDTA, 5SmM dithiothreitol, Tapovcio
1 uC [> H- Me]-S-adenosyl methionine (APB). Ot aviidpaoelc enmaoTKay 6Toug
30°C ywe ™ pebBvrotpavoeepdon hSET7/SET9 ywr 1h kou petd to mépag g
avtidpaong, TUUe Tovg petaeépdnke oe P81 o@iktpa to omoio EemAvOnkav pe

owdivpa S0mM Na2CO3 pH9.2 yu 1h xou mayouévn axetdvn mpv petpnbodv ce
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scintillation counter 1 dtywpiocTkay ce TAKTOUA akpLAApIONG 12% Kot akolovOnoe
avTopPOdLOYpaPiaL.

Ot avtidpdoelg akeTvAimong mentidiov mpaypotomomdnkay o dtdivpo SOmM
Tris pH 8.0, 0.1mM EDTA, 1mM dithiothreitol, 10% yAvkepding mapovsia 0.25 puC
[> HJacetyl-CoA otovg 30°C yw 1 dpa . H axetvhotpavopepion hCBP 1} hPCAF
100ng &iye exppoaotel oe KOTTOpa S ko otig avidpdoslg ypnoporomOnkoyv 100ng
nentdiov wtovav ( Apwvo&éa 1-20, Upstate Biotechnology) kot ta mpotdvia g
avtidopaong avorivdnkayv ce mKtope okpvAapidng- SDS 18%.

Mo v teyvikn in-nucleo metabolic labeling mupnveg HelLa ompovpynOnkav
amo kotTopa pe ) péEBodo drafabcuévne covkpolng (Hatzis and Talianidis, 2002),
KaTd TV omoia Ta KOTTOpa petd and EEmivpa pe PBS dtwdvtomolovvtal 6e dtdAvpa
Sucrose A (0.32M sucrose,15mM Hepes pH7.9, 60mM KCI, 2mM EDTA, 0.5mM
EGTA, 0.5% BSA, 0.5mM spermidine, 0.15mM spermine, 0.5mM DTT, 0.5mM
PMSF, 2pg/ml approtinine) kot opoygvomolovvtot e Dounce, 10 omoio ot cuvEyELlo
tomoBeteital o falcon mov mepiéyet ico dyko dadvpatog Sucrose B (1010 pe A pe
dwapopd 0t dev €xet BSA kan mepiéyet 30% sucrose) katd tpoOTO TETOWO DGTE VO
onuovpynBodv dVo PAGEIC SOPOPETIKNAG TUKVOTNTOG SUCTOSE KOl (PUYOKEVIPELTOL
15min/4°C /3000rpm. To inuo ¢ @LYOKEVIPNONG OMOTEAOVV Ol TUPNVEG TOV
enavadtarivovror og dtoivpo SOmM Tris pH 8.5, SmM MgCI2, 4mM DTT éto1 wote
va eivon 107 moprjvec oe tehkd 6yko 100 pl. H avtidpaon Eekivioe pe v mpocdiKn
20 pCi *H-SAM kot enodotnke otovg 30 C ya 30 min. Ta mopnviké ekyvAioporo
TOV ONUACUEVOV TUPNVOV TOPUCKEVAGTNKAV HE TNV TPocHnkn icov Oykov
dwAvpatog NLB-800 (25mM Hepes pH7.9, 800mM KCl, 10% I'Avkeporn, 0.1%
Nonident P40, 0.2mM EDTA, 1mM dithiothreitol, 10pg/ml approtinin kot 0.5mM
PMSF) ka1 akoAoOOnoe avocokotakpnuvion oe teMko odAvpa 200mM KCl, pe

TpOTO OOt pe 6Ga avapEpOnKay.

Anpovpyic HovVOVOUKAEOGCMOUATOV KOl 0VOGOKOTOUKPT VIO YPOUATIVIG

Kotropa HepG2 won HEK 293 povipomomnkav pe 1% @oppoidsiiong yio

10min Kot 1 HOVIHOTOINOY OTOUATNOE HE TNV TPOCSHNKN YyALKivIg TEMKNG
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ovykévipoong 125 mM. Ta kottapa cuAAEXONKayY, akolovOnoe ékmivon 3X pe PBS,
owAvtonoinon oe Sucrose Buffer A (0.32M Sucrose, 15 mM Hepes pH7.9, 60 mM
KCl, 2 mM EDTA, 0.5 mM EGTA, 0.5% BSA, 0.5 mM spermidine, 0.15 mM
spermine kot 0.5 mM DTT) kou opoyevomoinon pe Dounce yio ) ompovpyio
mopnvov. To evaidpnuo TtV mopnvev tomobetinke oe ocwAnva-falcon mov
eumepielye oo dyko dwuAvpatog Sucrose Buffer B, containing 30% Sucrose, 15 mM
Hepes pH7.9, 60 mM KCI, 2 mM EDTA, 0.5 mM EGTA, 0.5 mM spermidine, 0.15
mM spermine and 0.5 mM DTT kot @uyoxevipnOnke ywo 15 min og 3000 rpm 6tOVG
4C. To 1ilnuo g ouyokévipnong, ot mopnveg Eemivdnkav kot  TtéAog
enavadloAvdnkav oe Atdlvpa N (0.34 mM Sucrose, 15 mM Hepes pH7.5, 60 mM
KCl, 15 mM NaCl, 0.5 mM spermidine, 0.15 mM spermine, 0.15 mM f-
mercaptoethanol) oe cuykévipmon 2x10° Tupfivec/ml. 1o Seiypa exeivo mpootédnke
CaCl2 og tehkny ovykévipowon 3mM kot 30 units PKPOKOKKIKNG VOLKAEAONS
(MNase, Worthington) vy Smin otovg 37C. H avtidpaon otopdtnoe pe v
pocOnkn icov dykov 2x Sonication buffer (90 mM Hepes pH7.9, 220 mM NacCl, 10
mM EDTA, 2% Triton X 100, 0.2% Na-deoxycholate, 0.2% SDS, 0.5 mM PMSF,
2ug/ml approtinin piypo ovactoléwv mpoteacdv amd T Roche) kot petd amod
GUVIONO OMACUYO TOV TOPNVOV  UE  VREPNYOLS  (sonication) axolovOnoce
evyokévtpnon 14000 rpm ywo 15 min otovg 4C. To 1/10 Tov VEEPKEIUEVOV-O1OAVTO
KAAGHO TG xpoupativng dwtnpnnke ¢ input, evd® 10 VIOAOUTO EMMACTNKE HE
opopido  Protein-G  Sepharose beads (APB) mapovcio 2pg pe vmepnyovg
owonacpuévov A DNA kot 1 mg BSA/ml yuw 1hr/4°C kor axoloOOnoce
avocokotakpruvion (Soutoglou and Talianidis, 2002; Hatzis and Talianidis, 2002).
25uovaoeg A260 g KaBapiouévig YPOUATIVIG OVOCOKOTOKPNUVIGTNKE WUE TNV
KATOAANAN TOGOTNTO OVTICOUOTOS KOl TO OVOGOGUUTAOKO GULAAEYOMKav e
npoopoenon oe protein G-Sepharose pe endoon O/N otovg 4C. Ta ceapidwn
EemhbOnKav dVvo @opég pe sonication buffer (50 mM HEPES pH7.9, 140mM NacCl,
ImM EDTA, 1% Triton X-100, 0.1% sodium deoxycholate, 0.1% SDS kot 0.5 mM
PMSF, 2ug/ml approtinin), 600 ¢@opég pe sonication buffer mov mepielye 500mM
NaCl, dvo opég pe ddivpa (20mM Tris pH8.0, ImM EDTA, 250mM LiCl, 0.5%
NP-40, 0.5% sodium deoxycholate) kot dvo @opéc pe pvOuiotikd ddlvpo Tris-
EDTA. Ta avococoumloka elevbfepmbnkay omd v koddva pe enmaocrn o S0mM
Tris pH 8.0, ImM EDTA-1% SDS yw 10min/65C, mpocaprocstnke 1 GLYKEVIP®ON

toug o¢ NaCl ota 200mM kot axolobOnoe endaocr tovg otovg 65C ywo Shr va
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KaTaoTpa@ohv ot ovvdéoelg mpmteivav-DNA (cross-links). Ta odetypato katdmv
enodotnkov pe 10 pg RNAse A kot 20 pg proteinase K/ml, exyvAiommkav pe
QOVOAN-YA®POPOPUIO KO KATaKpUvioTnKav pe abavorn, mapovsio glycogen.

Y k6Be meipapo TUNHO TNG XPOUATIVIG VITOKELTAV GE OTO-LLOVILOTOING, EVA TO
vrolowmo datnpovtav otovg -80C, ko petd omd kobapiopd, ta  tunpoate DNA
avOADOVTOV [E NAEKTPOPOPTOT GE ayapoln, Yo ToV EAEYYXO TNG TANPOLS TEYNG TNG
ypopativing ko v emPePaionon ot 10 péyedoc tov Tunuatwv DNA eivor eketvo ico
pe evog pnovo voukieoompotoc. O €reyyog 0Tt dev vanpye U WKN TEYN VO TV
VOUKAEOCOUAT®OV Tpaypatomromonke pe avocokatokpiuvion ypopoativng kot PCR
v T0 KopPo&uAikd dxkpo tng 1otovng 3 (Abcam), to omoio £8ive 6UOLO ONO KATH
UNKOG T®V TEPLOYDV TOV OVOADOVTAV.

Y mepapate Tov Tpoypatonomdnke dadoyikn avocokatakprpvion (re-ChIP)
N ddkacio NTav N 101 pEYPL Kol T0 6TAO10 TV EEMVUATOV TOV TPOGOEUEVOV GTO,
cEAIPIO HEG® TOL OVTICOUOTOS TUNUATOV Ypopativic. Metd ouwg amd to
Eem\opato akoAovBovoe €kAovon ovo QOopEG, Ue 100 OyKo pe TO GQopiota,
Stahopatog 10 mM DTT otovg 37 °C yia 30 min. To vk TG €kAovong
apotwvotav 50 eopéc pe 1x sonication buffer kot ypnoyomorovtav yuoo dedTepn
0LVOGOKOTOKPT|LLVIOT], LE TPOTO OLO10 HE OGO avaPEpOnKay.

Ta tpuquoata DNA mov  avocokotakpnuvionkay avolvdnkav mepoitépo
TocoTIKd pe avtidpdoelg o€ real-time PCR, pe yprion SYBR green oto MJ-Research
Opticon Engine. Ot avtidpdoelg mpoypatonomdnkay yo 40 xoxiovg mapovsio 1X
Taq Buffer, 1.5\mM MgClI2, 0.ImM dNTPs, 0.5M betaine, 0.4 pM ond KdaOe
exkivnt), 1 X SYBR green, 1u Taq kot tomikd to 1/50 tov DNA mov elye mpokdyet
amd TNV OVOCOKOTOUKPNUVIOT. TNV TEPIMTOON AVAAVONG TOV NTATIKOV YOVISimV
HNF4, HNF1 kot Alb amd tig Tpég twv PCRs tov detypdtmv avocokaTakpiviong
aQaIpEtNKe 1N T TOL OElYHOTOG HE W1 OVOCOTOMUEVO Oppd KOl OKOAOVONOE
dwipeon pe v TN tov input. Ot TANpoPopiec oTIG €1KOVEG eK@PAlovTol PETH ATd
olaipeomn pe v Ty €vog control VOUKAEOCMUOTOG, EKTOG KOOIKNG TEPLOYNG.

Xe MEPAUOTO OVOGOKATOKPNUVIoNS xpouativng oe F9, aypiov thmov kdtropa
dtpoporombnkav mapovsio petvoikod o&éog (1uM) and bto,cAMP (250uM) yia 5
nuépes. Ta wkotTtapa exeivo povipomom|nkav pe @oppoidehion, mn povipomoinon
otapdmnoe Ko EemAvdnkav pe mayopévo PBS opota pe ta 0co avaeépdnkay. ‘Encita

T KOTTOPO. ETovadolvOnkay o ddlovpa 25 mM Hepes, pH 7.8, 1.5 mM MgClp, 10
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mM KCI, 0.1% NP-40, I mM DTT kot piypo ovactoréwv tov npoteacov (Roche),
axolovOnoe opoyevomoinom pe Dounce ko petd ond guyoxévipnon Smin og 1000
rpm otovg 4C, emoavadioAvOnkav oe sonication buffer (50 mM HEPES pH7.9,
140mM NaCl, ImM EDTA, 1% Triton X-100, 0.1% sodium deoxycholate, 0.1%
SDS kot 0.5 mM PMSF, 2ug/ml approtinin). AkoAovOnoce GTAGILO TG YPOUATIVIG
pe vmepnyovg (sonication) Kol oI GLVEXEWD, OldKAGiH Opol UE TO OCO
avapéptnkav mopomdve. Ot tipég tov PCRs tov deryldtov ovocoKataKkpiiviong
Swpénkav pe v T TOL input Kot ekepdlovior G GYXEGM WE TNV TIUN TOV
OelyIATOG [E L1 AVOGOTONEVO 0pPO, TOV 0Toiov 1 T AapPdavetot ion pe 1.

Ou primers mov ypnowonombnkav v to PCR twv avocoxotaxpnuvicemv

ypoupotivng etvat:

HNF40(TSS: +1: polvA site: 28309):

Prom/TSS: nt-18 (0 +92
CR 0.5: nt +492 0 +578
CR 1.0: nt +985 g 1070
CR 25 nt +2509 ®g +2599
CR 5.0 nt +5172 0 +5260
CR 8.0 nt +7948 0 +8034
CR 10.0 nt +10235 0 +10329
CR 12.5 nt +12563 g +12649
CR 16.2 nt +16193 ®g +16283
CR 20.0 nt +19963 0 +20045
CR 28.0 nt+ 28061 ¢ +28149
Control nt +32177 (0 +32297

HNF10 (TSS: +1: polyA site: 23764):

Prom/TSS: nt -89 0 -19
CR 0.5: nt +450 g +535
CR 1.0: nt +953 ®g 1033
CR 2.5 nt +2513 g +2591
CR 5.0 nt +6056 (0l +6138
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CR 8.0 nt +8137 0 +8212
CR 10.0 nt +9820 0 +9930
CR 15.0 nt +15649 ®¢ +15720
CR 22.0 nt +21978 ®¢ +22061
Control nt +31801 g +31888

Alboumin (TSS: +1: polyA site: 17262):

Prom/TSS: nt -20 (01 +73
CR 0.5: nt +439 g +547
CR 1.0: nt +1057 g +1149
CR 25 nt +2561 0 +2632
CR 5.0 nt +4984 ®¢ +5060
CR 8.0 nt +7940 0 +8020
CR 10.0 nt +10022 0 +10112
CR 125 nt +12986 0 +13068
CR 15.0 nt +15040 0 +15121
Control nt +26283 0 +26358

H avédivon tov ovocokotaxkpnuvicemv ypopativng £ytve oto yovidld TOv
moviiko® ERA1 (accession number M22115), ERF (accession number U58533) wot
Cyclin E (accession number X5888) mov givor yvootd Ot ennpedalovior amd T0
TAF10 (Metzger et al., 1999; A. Soldatov kot L.Tora adnuocievta amoteléopata)
kot HPRT (accession number NM_013556).

ERAL: 5" CTCCCTTTGGTCCCAGTGCTC
3" GGGAGGACACGTGACTCTACC
ERF: 5" GCGCGGCCCTTTAAGCCAAG
3" CCTCGCCTCTCAGAGCCTCTC
Cyclin E: 5" CGGACACAGCTTCGGGTACGG
3" TGACCCGTCTCTCACAGCCAC
HPRT: 5" CACAGTTGTAATTCTCCTACC
3" TGTTAAGGTGGAATAGGGATG
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Teyvikn vaegpevoroOnoiog oe meproproTikég evoovovkiredoes (Restriction enzyme

hypersensitivity assay)

[Mupriveg HepG2 «vttdpov dnuovpyndnkoav pe ™ ypnom owfdduong
ocovkpolnc (Hatzis and Talianidis, 2002) ko1  emavadwAvOnkov oe StdAvpa
avtidpaong 1X g embBountig meEPLOPIGTIKNG £VOOVOLKAEAONG GE CLYKEVTIPMOOT)
2x10° moprivec/ml. Me mpooOikn 5-20 units TG TEPIOPIGTIKAG EVEOVOVKAEGOTC TO!
oetypota emwaotkav otovg 37 C yw 30min, 1 ovtidpaon OCTOUATNGE HE TNV
Tpochnkn icov dykov dtoahdpatog 2x stop buffer (20 mM Tris pH7.5, 200 mM NacCl,
8 mM EDTA ka1 2% SDS) kot axéAovdn enmdoon pe npoteivaon K, cuykévipwong
0.25 mg/ml otoug 42 C yw 2hrs. Ta tufpota DNA koBopiotmkav petd amod
EKYVAOELS HE QOVOAN/YAOPOPOPLULO/ICOOUVAIKY] OAKOOAT KOl KOTOKPNUVION LE
afavorn. Ta delypato avorvOnkov mocotikd pe avidpdoelg real-time PCR ,6powa
pe to delypoTo TV avocoKatakpnuvicemv ypouotivng. Ot tpég tov detypdtov
GLYKPIONKOV LE TOVAGYIGTOV TPELG TIES OELYUAT®V OV deV elyav VITOOTEL TEWYT, QALY
puoévo emmacn He To dtdAvpa, 1 SELYHATOV TOL Elyov VITOCTEL TEYN LE TEPLOPIGTIKY
€VOOVOVKAEAGT TOV dgv €Pepe aAAniovyia mEYNg oty mpog avdivon meployr]. Ot

TIES TV detypdtov eketvov tétnkav og 100% drxonn ypopativ.

Amopdvoon RNA am6 kotropa

To RNA amopovodnke pe m pnébodo tg 6&vng eoatvoing. Apykd to KOTTopo.
Eemiévovton pe PBS kot toroBetovvtan oe Solution D (4M guanidinium thiocyanate,
25mM sodium citrate pH7, 0.5% sarcosyl, 0.72% p-mercaptethanol). AxoiovBei
OLLOYEVOTOINGT G OPOYEVOTOINTH Kol Tpootifetan katd oepd 1/10 tov dykov 2M
ofikd appovio, 1 oykoc eovoing pH4 ko 2 dykor Sevaq (YAopo@dpuio kot
1GOAUVAKY, 0AKOOAN og avaloyia24/1). To delypo enwdaletor yioo 15min otov mayo
kot puyokevrpeiton o€ 3000rpm/40min/4°C. To vrepkeipevo exyviileton pe ico dyko

ovdétepng @awvoing pH7.5. kar uyoxevipeitar yw 3000rpm/40min/4°C. %10
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vrepkeipevo mpootiBetan i60g OyKkog 1ompomavoAng kot tonobeteitan og —20°C y
neplocotepo  omd  lhr. Koatdémv  @uyokevipeitor  yuoo  14000rpm/20min/4°C,
amopokpuvetal 1o vrepkeipevo kot 1o nua EemAévetan pe 70% onBovorn.
AmopaxpOVETOL TO VIEPKEILEVO KOl 1] TEAETA OTEYVAOVETOL OO TOL VTOAEIULOTO TNG
aAkoOAg kot emavadiodvetor oe 200-300ul evéoipov H20. Metd v minpm
enavoumpnor] tov 1o RNA mocotikonoteital pe potopétpnon ota 260 nm Kot M

TOLOTNTA TOV EAEYYETOL OE TNKTOLO oyapOlng 2%.

Encoaon RNA pe DNGon ko avticTpoen petoypoet)

15-20pg RNA enwdalovror pe 1 ul DNéaon (10u/A ywpic RNdon), 1x puOuictikd
dwiivpo DNaong (200mM Tris pHS.0, SOmM NaCl, 30 mM MgCl12) yw 1hr/37°C.
Metd v emdoon mpaypatomoleital  ekyvAlon  eovoAng/  yhAwpogoppiov/
IGOOUVAIKNG OAKOOANG (25/24/1). 1o vrepkeipevo mpootifevtor 2.5 dykotl amdAvTNg
afavorng kot 1/10 dykov o&ikd vdtplo ko apnveror otovg —80°C yio 20min. To
delypo puyoxevrpeital yoo 20min/14000rpm kot 1 weAéta Eemhévetor 600 QOpPEC pe
70% oBavodrn. Amopakpoverar n abavorn, to ilnpo aeNVETOL Vo GTEYVOGEL Kot
emavadtoivetar o€ 30ul evéopo H20.

Ia mv avtiotpoen petaypaen ypnowwonoleiton 1pg RNA katepyacuévov pe
DNdon I, oto omoio mpootifetar 1.2ul (100ng/A) 18-puepotc oligoDT (New England
Biolabs), 2ul petypotog tov teccdpwv dNTPs (10mM), 4ul 5x pvBuiotikd didivpa
MMLYV RT kot 0 6ykog couminpovetor péxpt ta 19ul pe evéopo H20. To piypa
enwaleton Yoo Smin otovg 65C Ko aprvetor vo Kpumaoet Yo Smin o€ Ogppoxpacio
dopatiov. Téhog mpoatiBeton 1ul (200u/ul) MMLYV Reverse Transcriptase (Promega)
kot akoAlovbet emdaon otovg 37C yw 1hr. T avédivon pe RT-PCR ypnoyonoteitan
1 ul g avtidpaong yia ke deiypo.

O1 primers mov ypnotponomOnkav ywa ta. RT-PCRs ypopativng eivat:

HNF-40 mRNA : 5 ggagatgacttgaggccttact
3" ggggaatcgtttccaaggcectc
HNF-1a mRNA : 5" gecteectgggtcctacgttcace
3" gggcttgtggctgtagagggegty
Albumin mRNA : 5" caccttccatgcagatatatg
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3’ tgcagcacttctctacaaaag

Avoco@0opropdc o kKOTTOPO

Kottapa HepG2 wolAiepyndnkov oe yudAvec ovVTIKELLEVOQPOPOVS, TOPOVGIaL
50ng/ml poly-D-Lysine. Ta kdttapa EendAdOnkav 3X pe 1X PBS, poviporomdnkav
pe methanol yia 10min og -20C ko akorovOnoe 3X EEmivpa pe 1X PBS kot enmaon
pe 1X PBS/ 1% BSA vy 30min. AxoloOOnoe endoon UE TO OVIICOUOTO OF
KatdAAnAeg apawwoels o dwivpa 1x PBS/1% BSA. Ta mpwtedovia aviicopato
enmdotnkav yio 45min eved ta dgvtepedovta yio 30min. Evoidpeca kot oto téA0g
&ywov 4X mivoelg /15min pe 1x PBS/1% BSA. X cuvéyela éywve ypoon pe DAPI
ov Paeel Tov TLPNVES Yo Imin kot akolovOncav 2-3 Eemivpata pe 1X PBS/1%
BSA. Téhog, povipomombnkav ce avtikeipevopopovg pe Sul Mowiol (Sigma). OAeg
ol enwdoelg Ko ta Eemvpato ywvav oe Beppokpacio dmpatiov pe avadevon. H

TAPOTNPNON £YIVE GTO GLVESTIOKO HIKPOGKOTLO Zeiss Axioscope 2 Plus.

AvTicopota

Santa Cruz Biotechnology: Pol-II N-term. (sc-9001), Brg-1 (sc-10768), CBP (sc-

369), HA, Myc, Sp1 kot TFIIB.

Covance: Pol-II CTD-Ser5-P (H-14), Pol-II CTD-Ser-2P (HS5), Pol-II CTD (8WG16).
Abcam: Histone 3 (ab8580), monomethyl H3-K4 (ab8895), dimethyl H3-K4
(ab7766), trimethyl H3-K4 (ab 8580), dimethyl H3-K9 (ab7312), aPan-methyl-lysine.
Upstate Biotechnology: Acetyl-H3 (06-599), Acetyl-H4 (06-866), dimethyl H3-K79
(07-366), dimethyl H3-K36 (07-274), dimethyl H3-K4 (07-030), FACT/cdc68 (07-
255) kan SETO.

Sigma : Flag M2-agarose
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Ta avticopata yio to TAF10 (1HS8), TAF10 (2B11), TAF10 (2F4), TBP (3G3),
TAF4 (32TA), TAFS (1TA), TAF6 (25TA), TAF7 (19TA) moapaympndnkav ond tov
Tora L (Jacq et al., 1994; Wieczorek et al., 1998; Bell et al., 2001), to PCAF an6 tov
Y. Nakatani kot Elp1 ko Elp3 am6 tov J. Svejstrup.

Ta devtepedovta avtichpata Tov ypnoponomdnkav oto Western blot a-mouse
kot o-rabbit immunoglobulin G ftav cvvdedepéva pe horseradish peroxidase wot
ntav amd v etoupio Jackson Laboratories kot Rockland avtictoyya, svo to
immunoglobulin G o-IgM 1g Covance. Ta 0gvTEPEVOVTA  AVTICOUATO TOV
ypMopomomnKoy ota mEPApaTo ovocoefopiopod ftav anti-mouse 1| anti-rabbit

AlexaFluor568 (Molecular Probes).
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Summary

SET9 is a member of the SET domain-containing his-
tone methyltransferase family that can specifically
methylate histone 3 at lysine 4 position. Although
nucleosomal histones are poor substrates for SET9,
the active enzyme can stimulate activator-induced
transcription. Here, we show that SET9 can mono-
methylate the TBP-associated factor TAF10 at a single
lysine residue located at the loop 2 region within the
putative histone-fold domain of the protein. Methyl-
ated TAF10 has an increased affinity for RNA polymer-
ase ll, pointing to a direct role of this modification in
preinitiation complex formation. Reporter assays and
studies on TAF10 null F9 cells expressing a methyla-
tion-deficient TAF10 mutant revealed that SET9-medi-
ated methylation of TAF10 potentiates transcription of
some but not all TAF10-dependent genes. This gene
specificity correlated with SET9 recruitment. The pro-
moter-specific effects of SET9-methylated TAF10 may
have important implications regarding the biological
function of SET domain-containing lysine methylases,
whose primary targets have been presumed to be his-
tones.

Introduction

Histone methylation, together with other site-specific
modifications, such as acetylation, phosphorylation,
and ubiquitination, plays animportant role in the genera-
tion of specific molecular marks in chromatin, which
are recognized by regulatory proteins, thus determining
dynamic transitions between transcriptionally active
and inactive states (Fischle et al., 2003; Turner, 2002).
In recent years a number of histone methyltransferases
(HMTases), which can methylate histones at specific
residues, have been identified and characterized (Kou-
zarides, 2002; Jenuwein, 2001). Methylation of histone
3 (H3) at lysine 9 and 27 by the Suv39 family of HMTases
has been implicated in heterochromatin formation and
transcriptional silencing (Jenuwein, 2001). In contrast,

*Correspondence: talianid@imbb.forth.gr (I.T.); laszlo@igbmc.
u-strasbg.fr (L.T.)

methylation of H3 at lysine 4 and 36 by the SET1 and
SET2 family of enzymes has been demonstrated to cor-
relate with active transcription (Kouzarides, 2002). SET9
is a recently identified H3 lysine 4 methyltransferase
containing the conserved SET domain but devoid of any
pre- or post-SET domains (Wang et al., 2001; Nishioka
et al., 2002). Although direct evidence for the in vivo
function of SET9 is still missing, it was proposed that
SET9-mediated histone methylation may function in
transcription activation by competing with histone de-
acetylases and by precluding H3 lysine 9 methylation.
Unlike the other HMTases, SET9 cannot methylate H3
assembled into nucleosomes, although it displays a
strong activity with free histone substrates (Wang et al.,
2001; Nishioka et al., 2002). On the other hand, it was
demonstrated that SET9 could stimulate activator-
induced transcription in vivo (Nishioka et al., 2002). This
suggests that, if SET9 indeed acts via histone methyla-
tion in vivo, its activity must be modulated by other, still
unidentified factor(s). An alternative, rather intriguing,
possibility is that histones are not the sole physiological
substrates for this enzyme, implying that SET9-medi-
ated activation may also involve modification of other
proteins playing a role in transcription activation. Post-
translational modifications of nonhistone proteins by
other chromatin-modifying activities, such as acetyl-
transferases or arginine methylases, have been identi-
fied, and theirrole in diverse biological pathways, includ-
ing transcription, is well established (Chen et al., 2001;
Freiman and Tjian, 2003). However, apart from histones,
no other substrates are known for the SET-domain fam-
ily of lysine methyltransferases.

Here, we show that SET9 can efficiently methylate
TAF10 (formerly called TAF,30), a component of the gen-
eral transcription factor complex TFIID. We present evi-
dence that SET9-mediated methylation of TAF10 has a
stimulatory effect on transcription in a promoter-specific
manner. In addition, we demonstrate that TAF10 can
physically interact with RNA polymerase Il and that the
affinity of this interaction is significantly increased by
SET9-induced methylation.

Results

A partial TFIID complex composed of TAF4, TAF5, Flag-
TAF6, TAF8, TAF9, TAF10, and TAF12 was purified by
anti-Flag immunoaffinity column from SF9 cells coin-
fected with baculovirus vectors expressing the individ-
ual proteins. An in vitro methyltransferase (MTase) assay
using recombinant SET9 and *H-S-adenosyl-methionine
(*H-SAM) revealed a radioactive double band of about
30 kDa, characteristic of TAF10 (Figure 1A). To confirm
that TAF10 can indeed be methylated by SET9, we per-
formed the same MTase assay with purified bacterially
expressed TAF10 proteins. Full-length TAF10, or the
GST fusions containing the C-terminal (amino acids 100-
217 or 120-206) regions of the protein were methylated
by SET9 with an efficiency comparable to free histones
(Figure 1B). The in vitro-methylated GST-TAF10 (120-
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Figure 1. SET9 Methylates TAF10 In Vitro at Lysine 189

(A) Baculovirus expression system-derived partial TFIID complex
composed of TAF4, TAF5, TAF6, TAF8, TAF9, TAF10, and TAF12
(lane 1), or TAF6 and TAF9 (lane 2), were subjected to in vitro MTase
reaction with 100 ng recombinant SET9.

(B) MTAse assays were performed with 100 ng SET9. As substrates,
10 pg of free histones, 1 g of the indicated GST-TAF10 fusions,
or His-tagged full-length TAF10 proteins were used. Numbers in the
right panel indicate the positions of lysine residues mutated in the
full-length His-TAF10 protein. The reaction products were analyzed
by SDS-PAGE followed by autoradiography. The bottom panel
(Coom. Blue) depicts part of the gel stained with Coomassie blue.
The TAF10 amino acid sequence between positions 160 and 200
with highlights of the mutated lysine residues is depicted at the
bottom.

(C) In vitro methylation reactions were performed using 2 pg of
unmodified or lysine 189 mono- and dimethylated synthetic peptides
corresponding to TAF10 (180-195 aa) and 100 ng SET9. The reaction
products were analyzed by P81 filter binding assays. As control, a
peptide synthesized from the C-terminal region of HNF-4 was used.

206) protein was subjected to partial trypsin digestion,
followed by HPLC purification and Edman degradation
of the resulting peptides. This analysis revealed lysine
189 as the site of modification (data not shown). This
was further confirmed by in vitro MTase assays using
mutated full-length recombinant TAF10 proteins as sub-
strates. SET9 was able to methylate all lysine mutants
except TAF10-K189Q (Figure 1B). When a synthetic pep-
tide spanning the 180-195 amino acid region of TAF10
was used as a substrate, we observed that SET9 could
methylate the unmodified peptide but not peptides that
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Figure 2. TAF10 Interacts with SET9 and Is Methylated In Vivo
Methylated and unmethylated TAF10 incorporate into the TFIID
complex in vivo.

(A) Nuclear extracts from HelLa cells were used forimmunoprecipita-
tions with preimmune serum or the monoclonal antibodies 1H8
(«TAF10-1), 2B11 (aTAF10-2), or 3G3 («TBP) followed by Western
blot analysis using the Pan-Methyl-Lysine antibody (Abcam).

(B) HelLa cell nuclei were incubated with *H-SAM and after extract
preparation were subjected to immunoprecipitations with the indi-
cated antibodies and analyzed by SDS-PAGE. An autoradiogram of
a 13 days exposure is shown.

(C) Nuclear extracts from Hela cells were immunoprecipitated with
«SET9 and analyzed in Western blots with the indicated antibodies.
(D) Nuclear extracts from HEK293 cells transfected with the indi-
cated expression vectors were immunoprecipitated with aHA. The
precipitated proteins were analyzed in Western blots with the indi-
cated antibodies.

were mono- or dimethylated at position 189 (Figure 1C).
This indicates that SET9 can monomethylate TAF10,
similar to histone 3.

To test whether endogenous TAF10 is methylated,
nuclear extracts from Hela cells were immunoprecipi-
tated with two different TAF10 antibodies followed by
Western blot analysis using a pan-methyl-lysine anti-
body. As judged by the characteristic double band sig-
nal (Jacq et al., 1994), this antibody efficiently reacted
with the immunoprecipitated TAF10 (Figure 2A). Further-
more, a similar 30 kDa signal could also be observed
in TBP immunoprecipitates, suggesting that TAF10 is
methylated within the TFIID complex. The in vivo methyl-
ation of TAF10 was further substantiated by in-nucleo
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metabolic labeling experiments. HelLa cell nuclei were
incubated with *H-SAM, and after salt extraction, the
soluble proteins were immunoprecipitated with a TAF10
antibody. A 30 kDa double band corresponding to TAF10
could be detected by autoradiography (Figure 2B).

To address the question whether SET9 is involved in
the in vivo methylation of TAF10, we first examined the
interaction of the endogenous proteins. As shown in
Figure 2C, an antibody against SET9 specifically immu-
noprecipitated endogenous TAF10 together with other
components of the TFIID complex (TBP, TAF6, and
TAF7), pointing to the in vivo association of SET9 with
TFIID. Next, HA-tagged wild-type and K189Q mutant
TAF10 proteins were overexpressed in cells alone or
together with SET9, followed by nuclear extract prepara-
tions and immunoprecipitations with «HA antibody.
Western blot analysis of the immunoprecipitates with
antibodies against TBP, TAF6, and TAF7 revealed that
both the wild-type and the methylation-deficient K189Q
mutant TAF10 could efficiently incorporate into TFIID
irrespective of SET9 overexpression (Figure 2D). As ex-
pected, only the wild-type but not the K189Q mutant
TAF10 exhibited immunoreactivity with the pan-methyl-
lysine antibody, albeit both proteins interacted with
SET9 (Figure 2D). Thus, TAF10K189Q is not methylated
in vivo at another position. Importantly, SET9 overex-
pression significantly increased the pan-methyl-lysine
antibody-reactive signal in the immunoprecipitates con-
taining wild-type TAF10 (Figure 2D). These results dem-
onstrate that SET9 can methylate TAF10 in vivo and
that methylation does not affect TAF10 incorporation
into TFIID.

The functional role of TAF10 methylation in gene acti-
vation was investigated by complementation of TAF10
null mouse F9 cells by the TAF10K189Q mutant. Condi-
tional disruption of TAF10 in F9 cells was performed
using the Cre-lox strategy as previously described
(Metzger et al., 1999). Inactivation of both alleles has
been shown to impair cell viability, which can be rescued
by conditional ectopic expression of wild-type human
TAF10 (Metzger et al., 1999). Cells containing one knock-
out and one floxed allele of TAF10 (L~/L2) and the re-
verse tetracycline-controlled rtTA expression vector
were stably transfected with vectors containing the
TAF10K189Q cDNA or yeast TAF10 cDNA under the
control of the tetracycline operator. Doxycycline-induc-
ible expression of the transgene was verified by Western
blot analysis using the human-specific TAF10 antibody
2F4 (Figure 3A). These cells were then electroporated
with an expression vector containing the Cre-recombi-
nase and the excision of exon 2, which creates a null
allele (Metzger et al., 1999), was analyzed by PCR over
a period of 11 days. PCR products corresponding to
the excised allele (233 bp) were constantly detected
from the first day after Cre treatment throughout the
whole period, suggesting that the proportion of the cells
in which the endogenous TAF10 allele has been inacti-
vated is viable when they express TAF10K189Q (Figure
3C). As a negative control, we examined the disappear-
ance of exon 2 in TAF10 (L /L2) cells expressing yeast
TAF10, which cannot rescue the mouse TAF10~/~ cells
(E.S. and L.T., unpublished data). As expected, the 233
bp products could not be detected after 5 days of Cre
treatment (Figure 3C). TAF10~/~ cells rescued by wild-

type human TAF10 or TAF10K189Q expressed compara-
ble levels of the transgenes in a doxycycline-dependent
manner (Figure 3B). Importantly, TAF10 methylation
could only be observed in wt TAF10-expressing cells,
further corroborating the notion that TAF10 methylation
occurs at lysine 189. The anti-TAF10 antibody coimmu-
noprecipitated several TFIID subunits from both wt
TAF10 and TAF10K189Q cells (Figure 3B), showing that
both proteins can integrate into endogenous TFIID com-
plexes. The efficient rescue of the TAF10~/~ lethal phe-
notype by the K189Q mutant suggested that TAF10
methylation may not play a major role in the transcription
of the cell cycle-regulated genes, the downregulation
of which has been attributed to the G,/G, arrest and
apoptosis of cells lacking TAF10 (Metzger et al., 1999).
Only minor changes were observed between F9 cells
complemented by wild-type TAF10 and TAF10K189Q,
in terms of cell cycle distribution, cell morphology, or
the ability to differentiate toward endodermal lineages
(see Supplemental Data at http://www.molecule.org/
cgi/content/full/14/2/175/DC1). The expression of indi-
vidual genes was examined by RT-PCR of RNAs pre-
pared from the two cell lines before and after induction
by retinoic acid + cAMP. The expression of two TAF10-
dependent genes (A. Soldatov and L.T., unpublished data),
ERF1 and the RA-inducible ERA1 gene, was compromised
(about 2-fold reduction) in the TAF10K189Q-expressing
cell line, both before and after parietal endoderm differ-
entiation (Figure 3D). In contrast, the expression of other
genes, such as HPRT and cyclin E, was not affected,
suggesting that the effect of TAF10 methylation on tran-
scription is gene specific.

To test whether this difference is due to the selective
recruitment of SET9 to the different regulatory regions,
we performed chromatin immunoprecipitation (ChiP)
assays using wild-type F9 cells induced by retinoic
acid + cAMP. As shown in Figure 3E, in SET9 immuno-
precipitates significant amounts of DNA corresponding
to ERA and ERF1 promoters could be detected, while
the signal obtained for cyclin E and HPRT promoter
DNA was hardly above background levels. Since TAF10
occupancy and H3-K4 methylation could be detected
in all four genes (Figure 3E), these data suggest that the
gene-specific effect of TAF10 methylation is mediated
by differential recruitment of SET9 to the specific gene
regulatory regions. Comparing the ChIP signals ob-
tained for the ERA and ERF-1 genes, we observed an
about 2- and 2.5-fold difference between the two genes
in aK4-DiMeH3 and «TAF10 immunoprecipitates, re-
spectively (Figure 3E). Although potential differences in
the accessibility of the epitopes for the antibodies within
the context of the different PICs formed on the two
genes can not be excluded, the observed difference
may also reflect the different percentage of cells where
these genes are in an active state at a given time point.
As H3-K4 methylation and TAF10 occupancy character-
ize active promoters (Kouzarides, 2002; Muller and Tora,
2004) and because ERA is expressed at much higher
levels than ERF1 in these cells, we favor the latter expla-
nation.

In order to gain mechanistic insight into the role of
TAF10 methylation, we performed “artificial recruitment”
assays using Gal4-TAF10 fusion constructs. Gal4-
TAF10wt, Gal4-TAF10K189Q, and Gal4-TAF10K189R in-
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Figure 3. The Methylation-Deficient Mutant TAF10 Can Rescue the Growth Defect of TAF10 Null F9 Cells but Compromises the Expression
of ERF1 and ERA Genes

(A) F9:hTAF10(K189Q) cells were grown in the presence or absence of 1 ng/ml doxycyclin. Western blot analysis of whole-cell extracts was
performed with TAF10 (2F4) antibody.

(B) Nuclei from F9:hTAF10wt cells (lanes 1 and 3) or F9:hTAF10(K189Q) cells (lanes 2 and 4) were incubated with *H-SAM and after extract
preparation were subjected to immunoprecipitation with « TAF10 (1H8) (lanes 1 and 2) or control antibody (lanes 3 and 4) and analyzed by
Western blots with the antibodies shown at right. At the bottom, an autoradiogram of a 14 day exposure is shown.

(C) L~/L2TAF10 F9 cells harboring rtTA vectors were first electroporated with either phTAF10K189Q or yTAF10 linearized constructs. The cells
grown in the presence of doxycycline were subcloned and then electroporated with pSG-Cre. The excision of exon 2 was monitored by PCR
analysis of the genomic DNA. In lanes F9 and T, genomic DNA from wild-type F9 (F9) or F9:hTAF10 (T) cells was analyzed, respectively.

(D) RT-PCR analysis for the expression analysis of the indicated genes was performed with total RNAs prepared from F9:hTAF10 and
F9:hTAF10(K189Q) cells before and after 5 days of treatment with retinoic acid (1 M) and bt,cAMP (250 .M). Bars correspond to average
signals from at least four experiments with independent RNA preparations.

(E) Chromatin immunoprecipitation (ChIP) analysis of SET9 and TAF10 occupancy and H3-K4-dimethylation of ERA, ERF1, cyclin E, and HPRT
promoters in RA + cAMP-induced F9 cells. Bars represent real-time PCR values normalized to inputs and the values obtained with nonspecific
antibody, which was set as one unit in each calculation.

duced transcription of a Gal4-responsive reporter about or the K189Q mutant form of TAF10 increased Gal4-

80-fold (Figure 4A). Importantly, however, SET9 overex-
pression further potentiated Gal4-TAF10wt-driven tran-
scription about 30-fold but not that of Gal4-TAF10K189Q
or Gal4-TAF10K189R. No such stimulation could be ob-
served by overexpression of a methylase-deficient point
mutant of SET9 (SET9H297A) (Figure 4A). When activa-
tor-induced transcription was tested, we found, as ex-
pected (Nishioka et al., 2002), that wtSET9 but not
SET9H297A could enhance Gal4-VP16-mediated activa-
tion (Figure 4B). A similar effect (about 2.8-fold induc-
tion) was observed with the RXR/RAR-responsive re-
porter but not with the NFkB p65- or HNF-1-responsive
reporters, suggesting that SET9 action is promoter spe-
cific (Figure 4B). Overexpression of either the wild-type

VP16-dependent activation about 2-fold, suggesting
that the concentration of endogenous TAF10 is limiting
in the cells (Figure 4C). SET9 further increased wtTAF10-
stimulated activation about 3-fold, an effect that could
not be observed with SET9H297A or in cells overex-
pressing TAF10K189Q. These results suggest that meth-
ylation of TAF10 plays an important role in SET9-medi-
ated enhancement of activator-induced transcription.
As shown above, methylation of TAF10 does not influ-
ence its incorporation into or the integrity of TFIID com-
plex. Therefore, we sought to investigate other charac-
teristics of the protein that could be influenced by this
modification. As a result of a broader screen, we found
that TAF10 is associated with RNA polymerase Il in nu-
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Figure 4. Involvement of TAF10 Methylation in SET9-Mediated Potentiation of Transcription

HEK293 cells were transfected with the indicated combinations of expression vectors and the appropriate luciferase reporter plasmids.
Normalized luciferase activities and standard errors from four experiments are expressed as fold inductions above the activity obtained by
Gal-TAF10wt (A), by the indicated activators without SET9 (B), and by Gal4-VP16 (C).

clear extracts from cells transfected with HA-tagged
wiTAF10 and TAF10K189Q (Figure 5A). Western blot
analysis of the two anti-HA immunoprecipitates revealed
a similar immunoreactivity by the H14 antibody (raised
against Ser5-phosphorylated CTD), while the H5 anti-
body (raised against Ser2-phosphorylated CTD) gave
no signal (Figure 5A). Since it is expected that only a
small proportion of the overexpressed TAF10 gets meth-
ylated in the cells, we further investigated the potential
role of TAF10 methylation in the interaction with RNA
pol-ll by performing GST pull-down experiments with
unmethylated or SET9-premethylated GST-TAF10 fu-
sion proteins. H14-reactive RNA pol Il derived from
HepG2 cell extracts was efficiently pulled down in both
cases at 150 mM salt concentrations. On the other hand,
when the stringency of the washing conditions was in-
creased, the interaction of RNA pol Il with premethylated
TAF10 was significantly stronger than with unmethylated
TAF10 (Figure 5B). We also performed the same experi-
ments with the methylation-deficient GST-TAF10K189Q
bait. In this control assay, the above shown difference
in interaction could not be observed (Figure 5C). This
suggests that methylation may increase the affinity of
the interaction of TAF10 with RNA polymerase II.

Discussion

Transcriptional activation of eukaryotic genes is con-
trolled by a number of distinct events, including chroma-
tin remodeling and the regulated assembly of preinitia-
tion complexes (PIC) at promoters. Posttranslational
modifications of histones lead to dynamic changes in
local chromatin structure that influence the recruitment
of transcription complexes into regulatory regions
(Fischle et al., 2003). In recent years it has become clear
that histones are not the sole substrates of the chroma-
tin-modifying enzymes and modifications of nonhistone
regulatory proteins may play an equally important role
in transcription regulation (Gu and Roeder, 1997; Sou-
toglou et al., 2000; Chen et al., 2001; Freiman and Tjian,
2003). Acetylation and arginine methylation have been
demonstrated to influence multiple properties of tran-

scription factors, linking distinct covalent modifications
of nonhistone proteins to specific regulatory functions.
In addition to DNA binding factors, the activity of several
other components of the transcription initiation and
elongation machinery has been shown to be modulated
by acetylation or arginine methylation (Imhof et al., 1997;
Kwak et al., 2003). In this respect, the TFIID complex
was an exception, as no evidence existed so far for the
potential modulation of TFIID components by histone-
modifying enzymes.

Addressing this issue, we demonstrate that the TBP-
associated factor TAF10 can be methylated in vitro and
in vivo by the SET domain-containing histone lysine
methyltransferase SET9. This modification has a stimu-
latory effect on transcription. TAF10 methylation occurs
at a single amino acid residue (lysine 189), located in
the loop 2 region between the last two « helices of its
histone-fold domain. The pairwise interactions medi-
ated by the histone-fold domains of TAFs have been
shown to play a pivotal role in the establishment of
the overall architecture and the stability of the TFIID
complex (Gangloff et al., 2001; Mohan et al., 2003). As
demonstrated by our coimmunoprecipitation assays,
both methylated and unmethylated TAF10 can incorpo-
rate into TFIID, arguing against the possibility that TAF10
methylation may alter the composition of the complex.
It was anticipated, however, that such a modification
may induce changes in the molecular organization of
the complex that should influence TFIID function. In line
with this, we found that TAF10 can interact with RNA
pol Il and that SET9-mediated methylation of TAF10
increases the affinity of this interaction. In this way,
TAF10 methylation may influence the stable recruitment
of RNA pol Il into promoters, which could be part of the
molecular mechanism involved in the observed tran-
scription-stimulatory effect.

Furthermore, we show gene-restricted functional con-
sequences of TAF10 methylation. The methylation-site
mutant of TAF10 could rescue the growth defect of
TAF10-deficient F9 cells, suggesting that TAF10 methyl-
ation is not required for the activation of most genes
regulating cell cycle progression or primitive or parietal
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Figure 5. SET9-Induced Methylation Increases the Affinity of the
Interaction of TAF10 with RNA Polymerase Il

(A) Extracts from HEK293 cells transfected with the indicated plas-
mids were immunoprecipitated with «HA antibody, and the presence
of phosphorylated forms of RNA polymerase Il in the precipitates
was evaluated by Western blot analysis using H14 (Ser5-CTD) or
H5 (Ser2-CTD) antibodies.

(B and C) Equal amounts (0.5 ng) of GST-TAF10wt or GST-
TAF10K189Q were immobilized on glutathione agarose beads and
incubated with 1 pug of recombinant SET9, in the absence (upper
panels) or presence (lower panels) of 1 mM cold SAM for 1 hr at
30°C. The beads were then excessively washed with interaction
buffer containing 500 mM NaCl to remove associated SET9, followed
by incubation with HepG2 nuclear extracts. After washing, GST-
TAF10-associated RNA polymerase Il was monitored by Western
blot analysis using the H14 antibody. Serial exposures of ECL im-
ages were quantitated by the NIH-image 1.63 software. Quantitative
presentations of the data are depicted in the right panels.

endoderm differentiation. Consistent with this, TAF10
methylation-dependent transcriptional enhancement
was observed only in a subset of TAF10-dependent
genes, including ERA and ERF1. This specificity may
arise from the selective recruitment of SET9 into the
individual promoters. Indeed, we demonstrate a specific
in vivo recruitment of SET9 to the ERA and ERF1 promot-
ers but not to those of cyclin E or HPRT. In addition, SET9
could potentiate transcription driven by some activators
(e.g., Gal4-VP16 or RXR/RAR) but not those driven by
others (e.g., NFkB or HNF-1).

SET9 has been identified as a site-specific histone
methyltransferase that methylates histone 3 at the lysine
4 position. This modification also correlates with gene
activation. Although it was documented that H3 assem-
bled into nucleosomes is a poor substrate for SET9,
the role of H3 methylation in SET9 action cannot be
excluded (Nishioka et al., 2002). On the other hand, evi-
dence obtained by in vivo TAF10 replacement experi-
ments suggests that TAF10 methylation represents an
important part of the mechanism involved in SET9-
dependent transcriptional enhancement. Unlike cells
expressing high levels of wild-type TAF10, those overex-
pressing the methylation-deficient mutant of TAF10
were not responsive to SET9 in functional assays. Al-
though the molecular details remain to be determined,
it is tempting to speculate that TAF10 and histone H3
modifications may represent interdependent, sequential
molecular steps in the mechanism of SET9-regulated
transcription. In this respect we note that H3-K4 methyl-
ation did not correlate with SET9 occupancy on cyclin
E and HPRT promoters, suggesting that, at least in these
genes, the particular histone modification is catalyzed
by another methylase. In F9 cells expressing the methyl-
ation-deficient mutant of TAF10, transcription of specific
targets, such as ERF1 or ERA1, was impaired but not
erased entirely. This suggests that SET9-induced TAF10
methylation alone plays a “fine tuning,” rather than a
decisive, role in the transcription of these genes. Such
fine-tuning mechanisms can provide the cells with the
potential to influence the efficiency of the transcription
machinery in subtle ways, thus contributing to the gener-
ation of well-controlled intracellular levels of the individ-
ual gene products in a given physiological condition.

TAF10 is an integral component of TFIID, which plays
an “integrator” role in the assembly of preinitiation com-
plexes on active promoters, via core promoter recogni-
tion and selective interactions with the activation do-
mains of transcription factors. In mammalian cells,
functionally distinct TFIID complexes exist, which differ
in their TAF composition (Bell and Tora, 1999; Bell et
al., 2001; Muller and Tora, 2004). The gene- and cell
type-specific action of the different TFIID complexes
points to the hallmark role of TFIID in the specification
of diverse gene expression patterns. The results of this
study illustrate that gene-specific TFIID function may
be modulated by posttranslational modification of its
TAF component, thus providing an example for an addi-
tional level of complexity to the combinatorial network
involved in transcription regulation. Finally, the identifi-
cation of a nonhistone regulatory substrate for SET9
points to a more widespread function of SET domain-
containing histone lysine methyltransferases, which
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may operate in place of, or more likely, in addition to
chromatin structure modifications.

Experimental Procedures

Recombinant Proteins and Antibodies

The cDNA fragment corresponding to full-length human TAF10 ORF
was cloned into pET15b-6xHis vector, while the C-terminal frag-
ments corresponding to the 100-217 aa and the 120-206 aa regions
were cloned into pGEX3x bacterial expression vectors (Jacq et al.,
1994). Recombinant proteins were expressed either as GST-fusions
or 6xHis-fusions in E. coli BL21 cells and were purified on GST-
Sepharose (APB) or talon metal affinity resin (Clontech), respec-
tively. Viral stocks of baculovirus expression vectors encoding the
different TFIID components were used to coinfect Sf9 cells, and the
partial complexes were purified by affinity purification using aFlag-
M2 agarose column, taking advantage of the Flag epitope-tag fused
to TAF6. Point mutations were generated by the GeneEditor site-
directed mutagenesis kit (Promega).

The following antibodies were used in this study: «TAF10 (1H8),
oTAF10 (2B11), «TAF10 (2F4), o TBP (3G3), aTAF4 (32TA), o TAF5
(1TA), aTAF6 (25TA), «TAF7 (19TA) (Jacq et al., 1994; Wieczorek et
al., 1998; Bell et al., 2001), «SET9 and K4-diMeH3 (Upstate Biotech-
nology), aHA, aMyc, aSp1 and aTFIIB (Santa Cruz Biotechnology),
«RNA pol-ll Ser5P-CTD (H14, Covance), «RNA pol-ll Ser2P-CTD
(H5, Covance), aFlag (M2, Sigma), and aPan-methyl-lysine (Abcam).

In Vitro Methyltransferase Assays

In vitro methyltransferase assays were performed in a 30 .l reaction
volume, using 100 ng purified recombinant SET9 enzyme together
with 1 pg recombinant TAF10 proteins, 10 pg histones, or 2 pg
synthetic peptide substrates and 1 .Ci ®H-SAM (APB) in a reaction
buffer containing 50 mM Tris-HCI (pH 8.0), 20 mM KCI, 5 mM DTT,
4 mM EDTA. After incubation at 30°C for 1 hr the reactions were
stopped, either by the addition of SDS sample buffer or by spotting
onto Whatman P81 filters. The filters were washed excessively with
50 mM NaHCO; and counted by liquid scintillation.

Transfections and Protein Interaction Assays
HEK293 cells were transfected by the calcium-phosphate-DNA co-
precipitation method as described in Hatzis and Talianidis (2001).
The reporter plasmids (5xGal4-E1b-Luc, 3xBRARE-TK-luc, 3xNFkB-
TK-luc, 3xAlIbPE-TK-luc) and expression vectors (pHA-TAF10, GST-
TAF10) have been described in Ktistaki and Talianidis (1997), Hatzis
and Talianidis (2001), and Jacq et al. (1994). Reporter assays, nuclear
extract preparations, GST pull-down assays, and Western blot anal-
ysis were performed as described previously (Ktistaki and Talianidis,
1997). Immunoprecipitations were performed as in Hatzis and Talia-
nidis (2001) and Wieczorek et al. (1998), except that all washing
buffers contained 200 mM NaCl. The antibodies used in this study
are listed in the Supplemental Data on Molecular Cell’s website.
For in-nucleo metabolic labeling assays, nuclei were prepared by
the sucrose gradient method as described in Hatzis and Talianidis
(2002). The nuclei were washed with a buffer containing 50 mM Tris-
HCI (pH 8.5), 5 mM MgCl,, and 4 mM DTT and adjusted to 107 nuclei
per 100 pl concentration in the same buffer. Reactions were initiated
by the addition of 20 p.Ci *H-SAM followed by incubation at 30°C
for 30 min. Nuclei were extracted by the addition of an equal volume
of NLB (25 mM HEPES [pH 7.9], 800 mM KCI, 10% glycerol, 0.2 mM
EDTA, 0.1% NP-40, 1 mM DTT, and 10 mM NaF) and incubating for
30 min at 4°C with constant agitation. The resulting extracts were
used for immunoprecipitations and SDS-PAGE analysis.

Conditional Rescue of TAF10~/~ F9 Embryonic

Carcinoma Cells

F9 TAF10-&1 cells carrying floxed TAF10 alleles and stably ex-
pressing the reverse tetracycline activator rtTA (Metzger et al.,
1999) were transfected with pUHD-TAF10wt, pUHD-TAF10K189Q,
or pUHD-yTAF10 plasmids, in which the expression of wtTAF10,
K189Q mutant TAF10, and yeast TAF10 is under the control of tet-
operator. After double selection with hygromycine and G418, the
resulting clones were treated with 1 pg/ml doxycycline and the
inducible expression of transgenes was analyzed by Western blot-

ting. These cells were then electroporated with pSG-Cre plasmid
and the excision of exon 2 from the endogenous TAF10 alleles was
monitored by PCR, as described previously (Metzger et al., 1999).
In vitro differentiation and cell cycle analysis of F9 cells and RT-
PCR assays for the analysis of the expression of individual genes
were performed as described (Metzger et al., 1999). We analyzed the
mouse ERA1 (accession number M22115), ERF (accession number
U58533), and cyclin E (accession number X5888) genes, which have
been previously shown to require TAF10 for their expression (Metz-
ger et al., 1999; A. Soldatov and L.T., unpublished data).

Chromatin Immunoprecipitations

Wild-type F9 cells were incubated for 5 days with with retinoic acid
(1 wM) and bt,cAMP (250 M) and crosslinked with 1% formaldehyde
for 10 min at room temperature. Crosslinking was stopped by the
addition of glycine to a final concentration of 0.125 M. The cells
were washed with cold PBS and swelled on ice for 10 min in 256 mM
HEPES (pH 7.8), 1.5 mM MgCl,, 10 mM KCI, 0.1% NP-40, 1 mM
DTT, and protease inhibitor cocktail (Roche). Following Dounce
homogenization (20 strokes, pestle A), the nuclei were collected
and resuspended in “sonication buffer” containing 50 mM HEPES
(pH 7.9), 140 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% Na-
deoxycholate, 0.1% SDS, and protease inhibitors and sonicated on
ice to an average length of 200-1000 bp. After centrifugation, the
soluble chromatin was subjected to immunoprecipitation as de-
scribed (Soutoglou and Talianidis, 2002). The DNA in the resulting
immunoprecipitates were analyzed by real-time PCR using SYBR
green.
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Supplementary Information

Supplementary Figure

(A) Normal F9 cells (F9), or FO:hTAF10 and F9:hTAF10K189Q cells were
differentiated in vitro towards primitive, or parietal endoderm by treatments with 1
uM retinoic acid (RA), or 1uM RA + 250 uM db,cAMP (RA+cAMP) for 5 days,
respectively. Representative phase-contrast microscopic images are shown at 125x
magnification.

(B) Flow cytometric quantitation of the cells at the different phases of the cell cycle.

A F9 FO:NTAF10  F9:hTAF10K189Q
+RA
+RA
+cAMP
B
Cell cycle: Go/G;-phase S-phase G,/M-phase
F9:hTAF10 50% 24% 26%
F9:hTAF10K189Q 47% 29% 24%
F9:hTAF10 53% 30% 18%
RA+cAMP

F9:hTAF10K189Q 48% 26% 26%
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Histone modifications defining active genes
persist after transcriptional and mitotic

inactivation

Antigone Kouskouti and lannis Talianidis*
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Research and Technology Hellas, Herakleion, Crete, Greece

We examined various histone modifications across the
promoter and the coding regions of constitutively active
hepatic genes in GO/G1-enriched, mitotically arrested and
a-amanitin-blocked cells. Gene activation correlated with
localized histone hyperacetylation, H3-K4 tri- or dimethyl-
ation and H3-K79 dimethylation and localized nucleosome
remodeling at the promoter and the 5 portion of the
coding regions. Nucleosomes at more downstream loca-
tions were monomethylated at H3-K4. CBP, PCAF, Brg-1,
SNF2H and FACT were recruited to the coding regions in
a gene-specific manner, in a similarly restricted promoter-
proximal pattern. Elongator, however, associated with the
more downstream regions. While all factors were disso-
ciated from the chromatin after transcriptional inactiva-
tion by a-amanitin, the histone modifications remained
stable. In mitotic cells, histone modifications on parental
nucleosomes were preserved and were regenerated in a
transcription-dependent manner at the newly deposited
nucleosomes, as the cells entered the next G1 phase. The
findings suggest that histone modifications may function
as molecular memory bookmarks for previously active
locations of the genome, thus contributing to the main-
tenance of active chromatin states through cell division.
The EMBO Journal advance online publication, 16 December
2004; doi:10.1038/sj.emboj.7600516

Subject Categories: chromatin & transcription

Keywords: active chromatin; histone modifications;
transcriptional memory

Introduction

In multicellular organisms, cell type specification is achieved
by the precisely regulated expression of subsets of genes. In
each individual cell type, the complex pattern of gene ex-
pression is set up during cellular differentiation and is main-
tained through many cell generations. Dynamic changes in
the structure of chromatin at gene regulatory regions have
been implicated in the processes of gene repression and
activation, as well as in the propagation of epigenetic infor-
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mation (Emerson, 2002; Lachner and Jenuwein, 2002; Fischle
et al, 2003). Such structural transitions between repressed
and active chromatin states are generated by the localized
and, in most cases, concerted actions of histone-tail-modify-
ing and ATP-dependent nucleosome-remodeling activities
(Berger, 2002; Narlikar et al, 2002). The strong correlation
between the various post-translational modifications of his-
tones and transcriptional activity has led to the proposal
of the so-called ‘histone code’ hypothesis (Turner, 2000;
Jenuwein and Allis, 2001; Turner, 2002). According to this
concept, the combinations of different nucleosome modifica-
tions constitute a ‘code’ recognized by non-histone proteins,
which regulate specific chromatin functions. Histone-tail
modifications may play a pivotal role in the stabilization of
gene expression patterns. For example, K9-methylated his-
tone 3 (H3) produced by Suv39h1 can recruit HP1 proteins to
generate a stable repressive structure, which could spread to
neighboring nucleosomes via the recruitment of additional
Suv39h1-HP1 protein complexes (Bannister et al, 2001;
Lachner et al, 2001). In this way, the H3-K9 methylation
code has been implicated in both the formation and the
epigenetic maintenance of repressive heterochromatin states
(Jenuwein, 2001; Grewal and Elgin, 2002).

Active genes are also characterized by specific histone
modification marks, including acetylation and H3-K4 methyl-
ation, which are known to play crucial roles in the ordered
recruitment and the function of preinitiation complex com-
ponents on promoters during transcriptional activation
(Agalioti et al, 2000, 2002; Kouzarides, 2002; Fischle et al,
2003). Following activation, most genes remain active
through many cell divisions, thus establishing a given array
of stably expressed genes characteristic for a given cell type.
However, unlike in the case of heterochromatin silencing,
the potential role of histone modifications in the epigenetic
maintenance of the active chromatin configuration is poorly
understood. If such epigenetic control exists, histone methyl
ation is predicted to serve as a molecular bookmark for active
genes, mainly because, in contrast to acetylation, lysine
methylation is a very stable and probably irreversible mod-
ification. Indeed, recent studies in Saccharomyces cerevisiae
have shown that the Setl histone methyltransferase is pre-
ferentially recruited to the 5’ coding regions of transcription-
ally active genes, where it catalyzes trimethylation of histone
3 at the lysine 4 residue (H3-K4) (Ng et al, 2003).
Hypermethylated H3-K4 within the coding regions persisted
for considerable time after transcription had subsided and
Setl had dissociated from the chromatin, suggesting that the
modification provides a molecular memory mark of recent
transcriptional activity. Because H3-K4 hypermethylation
started to decline well within the period of an individual
cell cycle, the phenomenon has been termed ‘short-term
transcriptional memory’ (Ng et al, 2003). In higher eukar-
yotes, H3-K4 methylation also correlates with transcriptional
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activity. In contrast to yeast, where dimethylated H3-K4
displays a genome-wide distribution, in mammalian cells
both di- and trimethylated H3-K4 peak at the 5 coding
regions of several active genes (Schneider et al, 2004). In
addition, significant levels of H3-K4 methylation have been
observed on genes within the B-globin locus and the HNF-4
gene during differentiation, before the onset of transcription,
implicating this modification in both the establishment
and the maintenance of a potentially active chromatin
state (Hatzis and Talianidis, 2002; Schneider et al, 2004).
Although, a great deal of information has accumulated for the
functioning of the ‘histone code’ during gene activation,
direct evidence for the potential role of H3-K4 methylation
or any other histone modification in the epigenetic memory
of the active transcription is still missing.

To address this issue, we studied the pattern of a wide
range of histone modifications at the promoter and the coding
regions of constitutively active hepatic genes. Comparison of
the results obtained in GO/G1-enriched, mitotically arrested
and a-amanitin-blocked cells revealed a surprisingly stable
pattern of H3 and H4 acetylation along with H3-K79 and H3-
K4 methylation. We provide evidence for gene-specific and
transcription-dependent translocation of histone acetyltrans-
ferases and chromatin-remodeling factors into the coding
regions, which results in a localized pattern of histone
acetylation and structural alterations of nucleosomes down-
stream of the promoters. The results provide new insights
into the mechanism involved in the creation of a wider open
chromatin domain around the promoters of active genes and
into the role of histone modifications in the propagation of
the active chromatin states during cell divisions.

Results

Localized histone modifications at the 5’ portion of
active hepatic genes, which persist after transcriptional
and mitotic inactivation

In order to investigate the histone modification states along
the promoter and coding regions of active genes, we em-
ployed a modified chromatin immunoprecipitation (ChIP)
assay. After crosslinking of HepG2, or HEK 293 cells, nuclei
were prepared and subjected to micrococcal nuclease
(MNase) cleavage. The soluble mononucleosome-sized chro-
matin fragments were used for immunoprecipitations (IPs)
with various antibodies, followed by real-time PCR analysis
of the resulting fragments with primer sets amplifying
the promoter and different locations at the coding regions
of the HNF-4, HNF-1 and albumin genes. All the assays
were performed with GO/Gl-enriched HepG2 cells, where
the above genes are constitutively expressed, with HepG2
cells arrested at the G2/M phase by nocodazole treatment,
with HepG2 cells treated with the RNA polymerase (pol)-II
inhibitor o-amanitin and with HEK 293 cells, which do not
express the studied genes.

In order to have comparable results from the different cells
and to reveal transcription-dependent differences, all the
values were expressed as percent of inputs and as fold
increase over a single value obtained with control nucleo-
somes in GO/Gl-enriched cells. The nucleosomes used as
controls are located 4-9 kb downstream of the poly-A sites of
the studied genes (see Supplementary data). In ChIP experi-
ments studying histone modifications, the average values
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obtained with the control nucleosomes relative to those
obtained with the nonimmune antibody were as follows:
0.95-1.05 in HEK 293 cells, 2.5-2.8 in GO/Gl-enriched
HepG2 cells, 1.4-1.7 in mitotic HepG2 cells and 2.4-2.8 in
a-amanitin-treated cells. The difference between HepG2 and
HEK 293 cells reflects different transcription-independent
global levels of modifications.

As expected, high levels of H3 and H4 acetylation were
observed at the nucleosomes situated at the promoter-tran-
scription start sites (Prom/TSS) of all three genes (Figure 1).
With the exception of H4 hyperacetylation at the HNF-4 gene,
both H3 and H4 hyperacetylated nucleosomes were detected
over a considerable distance (2.5-5kb) downstream of the
promoters. Surprisingly, neither the pattern nor the absolute
amounts of hyperacetylated histones changed at these re-
gions after 5h of a-amanitin treatment, when transcription
was completely blocked (Figure 1). Similarly, in cells arrested
at the G2/M phase of the cell cycle, the pattern remained the
same (lines Mitotic HepG2 in Figure 1). The absolute values
in these samples ranged between 50 and 65% of those
obtained with G0O/G1-enriched HepG2 cells. Taking into con-
sideration a random deposition of new histone octamers
during DNA replication, the above findings suggest that
histone hyperacetylation at the promoters and the 5 coding
regions of these genes is a stable modification, which is not
erased from the parental nucleosomes after a transcriptional
block and during mitotic inactivation. Hyperacetylation
of histones is clearly dependent on previous transcriptional
activity, since only background signals could be observed in
HEK 293 cells, which do not express the studied genes
(Figure 1).

A similar pattern was observed for dimethyled H3-K79,
another characteristic H3 modification of active genes. In
mitotic cells however, the methylated H3-K79 ChIP signal was
about twice higher compared to those obtained with G0/G1-
enriched cells, suggesting that this modification may also be
generated during or after the S phase (Figure 1). Analysis of
the different methylated H3-K4 modifications revealed an
interesting pattern. Similar to the pattern of modifications
reported for the carbonic anhydrase and GAPDH genes
(Schneider et al, 2004), we observed high levels of localized
tri- and dimethylation at the coding regions of the HNF-4,
HNF-1 and albumin genes (Figure 2). However, we detected
similar high signals at the promoter/TSS nucleosomes, as
well. In sharp contrast to this, monomethylated H3-K4 signals
appeared at the nucleosomes where tri- and dimethylation
declined, peaking around the middle portion of the genes
(Figure 2). In all three cases, the pattern and the absolute
values of methylated H3-K4 signals remained stable in
a-amanitin-treated cells, while in mitotic cells the same
pattern was observed with about half of the absolute values
of those obtained with GO0/Gl-enriched cells. Similar to
acetylation, no H3 methylation was detected in HEK 293
cell-derived chromatin in any of the regions studied
(Figure 2). In experiments examining H3-K9 and H3-K36
methylation, only background signals were detected in all
cells (data not shown).

The observed difference in absolute values between
G0/G1l-enriched and mitotic cells suggests that while the
modifications remain stable in parental nucleosomes, during
DNA replication, newly deposited nucleosomes are not mod-
ified by acetylation and H3-K4 methylation, up until the cells

©2004 European Molecular Biology Organization
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Figure 1 Distribution of acetylated and H3-K79-dimethylated nucleosomes over the human HNF-4, HNF-1 and albumin genes. ChIP assays
were performed with G0/G1-enriched HepG2 cells, nocodazole-synchronized HepG2 cells (Mitotic HepG2), HepG2 cells that were treated with
50 pg/ml o-amanitin for 5h (o-Amanitin HepG2) and HEK 293 cells, using antibodies recognizing K9/K14-diacetylated histone-3 (Acetyl-H3),
K5/8/12/16-tetra-acetylated histone-4 (Acetyl-H4) or K79-dimethylated histone-3 (H3-K79 dimethyl), as indicated. The data represent real-time
PCR measurements of the immunoprecipitated DNA at the corresponding regions and expressed as percent of inputs (Y-axis at right) and as
fold enrichment over the values obtained by the amplification of control nucleosomes in GO/G1-enriched HepG2 cells (Y-axis at left). Pr/TSS
corresponds to the nucleosome overlapping the transcription start site and numbers indicate nucleosome positions in kilobases relative to the

transcription start site.

enter the next G1 phase and resume transcription of the
genes. Further evidence for this was provided by time-course
experiments with cells released from the mitotic block. An
increase in histone acetylation, H3-K4 mono-, di- and tri-
methylation and a decrease in K79 dimethylation at the
selected regions were observed (Figure 3). Importantly, the
extent of the above changes closely correlated with the actual
percentage of cells in G1 phase and RNA pol-II occupancy.
Due to the mononucleosome resolution of our ChIP assays,
the detection of tri- and dimethylated H3-K4 in the same
regions may be interpreted as both modifications existing on
the two individual H3 molecules of the same nucleosome, as
allelic variations or as signals emanating from different
populations of cells containing either tri- or dimethylated
H3-K4 at the corresponding nucleosome. In order to distin-
guish between these possibilities, we performed sequential
chromatin immunoprecipitation (Re-ChIP) assays. In these
assays, trimethylated H3-K4-containing nucleosomes were
selected in the first IP, and after elution from the protein-G-
Sepharose beads, were subjected to a second immunopurifi-

©2004 European Molecular Biology Organization

cation with antibodies against dimethylated H3-K4. As shown
in Figure 4A, significant amounts of DNA corresponding to
the nucleosomes located at the 1 kb region of all three genes
could be detected in the second immunoprecipitates, pointing
to the simultaneous presence of both tri- and dimethyl H3-K4
modifications in the same nucleosome. More importantly,
similar specific signals were obtained in assays when the
second IP was performed with antibodies against acetylated
H3 or methylated H3-K79. After normalization of the data for
the Re-ChIP efficiency of the individual antibodies and per-
forming IPs in reverse order, we detected substantial recov-
eries, which were in the range of 71-100% of the inputs, in all
combinations of first and second IPs (Supplementary Table 1
and Figure 4A). Taking into account the experimental errors
and the double H3-K79 methylation signal observed in mito-
tic cells, the data suggest that in GO/G1 cells within the same
nucleosome one of the histone 3 polypeptide tails is trimethy-
lated, while the other is dimethylated at lysine 4 and at least
one of them is dimethylated at lysine 79 and either one or
both of them are acetylated.
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described in the legend of Figure 1.

Taken together, the results demonstrate that multiple mod-
ifications decorate most of the individual nucleosomes at the
5’ coding regions of the genes, which persist after transcrip-
tional inactivation and can also be detected in mitotic cells
specifically on the studied genes by ChIP assays (Figures 1
and 2) and globally by indirect immunofluorescence staining
(Supplementary Figure 3).

Transcription-dependent localized alteration

of chromatin structure at the 5 coding regions

of active genes

Because during gene activation histone acetylation and
chromatin remodeling at the promoter regions are usually
coupled processes, we investigated the potential structural
alterations in nucleosomes located at the hyperacetylated
5" coding regions compared to those located at the hypo-
acetylated and hypomethylated further downstream regions.
Nucleosomal DNA is normally refractory to cleavage by
restriction enzymes, but chromatin remodeling significantly
increases the extent of cleavage. Therefore, we used a restric-
tion enzyme accessibility assay to measure chromatin remo-
deling on selected regions of the HNF-4 and HNF-1 genes
in GO/GI1, a-amanitin-treated and mitotic HepG2 cells. In
G0/G1l-enriched HepG2 cells, significant cleavage was ob-
served at the 0.5 and 1kb regions, but not at the more
downstream locations (Figure 4B), pointing to the existence
of an extended open chromatin domain downstream of the
promoters, which is limited to the 5’ portions of the coding
regions. This ‘remodeling’ of nucleosomes is clearly tran-
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scription dependent, since we could not observe any hyper-
sensitivity for the same enzymes in a-amanitin-treated and
mitotic HepG2 cells (Figure 4B), or the nonexpressing HEK
293 cell line (data not shown).

Gene-specific localized recruitment of histone
acetyltransferase and chromatin-remodeling activities
to the 5 coding regions of active genes

In order to identify the enzymatic activities responsible for
the localized hyperacetylation and open chromatin structure
at the 5’ portion of the coding regions of the HNF-4, HNF-1
and albumin genes, we examined the recruitment of proteins
possessing histone acetylase activities (CBP, PCAF and the
Elp3 component of Elongator), the mammalian homolog
of SWI/SNF remodeling complex component (Brg-1) and
SNF2H and FACT/cdc68, which have been shown to function
in elongation (Narlikar et al, 2002; Santos-Rosa et al, 2003;
Saunders et al, 2003), along with RNA pol-II. As expected,
none of these factors could be detected at any of the promoter
or coding regions in the nonexpressing HEK 293 cells. RNA
pol-II was uniformly distributed along the coding regions in
GO0/G1-enriched HepG2 cells and dissociated from the genes
in o-amanitin and mitotic cells (Figure 5). Analysis of histone
acetylases produced an unexpected pattern. The RNA pol-II
associated histone acetyltransferase Elp3 (Wittschieben et al,
1999; Winkler et al, 2002) associated with the coding regions
at positions downstream of 2.5 and 5Kkb, where histone
acetylation started to decline (Figure 5). The specificity
of this distribution was confirmed by the similar pattern
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obtained with Elp1, another component of the Elongator, and
by peptide competition assays (data not shown). On the
other hand, CBP and PCAF, which were thought to function
solely in PIC formation at gene regulatory regions, were
found to associate also with the 5 portion of the coding
regions overlapping with the hyperacetylated segments.
Interestingly, their association was gene specific. CBP could
be detected only in the HNF-4 and HNF-1 genes, while PCAF
could only be detected in the albumin gene (Figure 5). We
also observed Brg-1 occupancy at all three genes, and SNF2H
at the HNF-1 and albumin genes, in a similar distribution,
which was restricted to the promoters and the 5’ portions of
the coding regions. FACT/cdc68 occupancy was detected only
at the coding region of the HNF-1 gene and was similarly
limited to its 5’ segment (Figure 5). All of the above factors
dissociated from the chromatin upon o«-amanitin-mediated
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transcriptional repression and during mitosis (Figure 5 and
Supplementary Figure 3). The strong correlation between the
localized distribution of one or more chromatin-modifying or
-remodeling activities and the altered nucleosome structure
downstream of the promoters points to a continuous RNA
pol-II-dependent modification and reorganization of the chro-
matin over an extended segment, but not the entirety of the
coding regions.

Using the specific CTD antibodies, Brg-1, CBP and PCAF
efficiently co-immunoprecipitated with phosphorylated forms
of RNA pol-I, including the Ser-2 phosphorylated, elongating
form of the enzyme (Supplementary Figure 2). This provides
further evidence for the notion that CBP, PCAF and Brg-1,
besides functioning on promoters, are also involved in tran-
script elongation via association with the elongating RNA
pol-II complex.
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Figure 4 Evidence for the presence of multiple modifications in the
same nucleosomes and the presence of an open chromatin domain
restricted to the 5’ coding regions of the HNF-1 and HNF-4 genes.
(A) Complexes immunoprecipitated with the antibody recognizing
trimethylated H3-K4 (1st IP) were eluted from the protein-G-
Sepharose beads and were re-immunoprecipitated with the indi-
cated second antibodies (2nd IP). Input values correspond to the
nonimmunoprecipitated eluted chromatin. Numbers in parentheses
correspond to percent recoveries of the input DNA, after normal-
ization to the Re-ChlIP efficiencies of the different antibodies (see
Supplementary Table 1). (B) Restriction enzyme hypersensitivity
assays with the indicated enzymes were performed using nuclei
prepared from GO/G1-enriched HepG2 cells, HepG2 cells that were
treated with 50 pg/ml o-amanitin (o-amanitin) and nocodazole-
arrested HepG2 cells (G2/M). The bars represent average real-
time PCR measurements of the protected DNA segments from
three experiments, relative to the values of uncut control samples,
which were set at 100%.

Potential role of histone-tail modifications in mediating
association of chromatin with histone acetylases and
chromatin-remodeling complexes

CBP and Brg-1 contain bromodomains, which can bind to
acetylated histone tails with high affinity (Agalioti et al,
2002). To test whether the H3-K4 methylation mark may
represent additional interaction surfaces for these factors,
we performed peptide pull-down assays using HepG2 ex-
tracts. As control, we analyzed SNF2H binding, which has
been shown to specifically interact with di- and trimethylated
H3-K4 peptides (Santos-Rosa et al, 2003). The results pre-
sented in Figure 6 show that CBP and Brg-1 can specifically
interact with the K9/K14-acetylated H3 peptides, but not with
the unmodified or dimethylated H3-K4 peptide. Interestingly
however, SNF2H also interacted very efficiently with the K9/
K14-acetylated H3 peptides. When the binding of the FACT/
cdc68 subunit was tested, we observed an interaction with
the unmodified H3 peptide. Although the interaction was

6 The EMBO Journal

somewhat higher with dimethylated H3-K4, in light of the
strong preference of FACT for binding to H2A/H2B dimers
(Belotserkovskaya et al, 2003), the functional significance
of this difference is not clear (Figure 6A). The results are in
agreement with the notion that the different histone-tail
modifications may stabilize interactions with individual pro-
teins. An alternative role of the individual H3-tail modifica-
tions could be that they may create better substrates for the
enzymes catalyzing another tail modification. In line with
this, we found that the dimethylated H3-K4 peptide was more
efficiently acetylated by CBP and PCAF than the unmodified
one (Figure 6B). This finding may provide a mechanistic
basis for the generation of multiple modifications of the
nucleosomes located at the promoter and 5’ coding regions
of active genes.

Discussion

Chromatin is dynamically restructured during each mitotic
cycle, yet the information governing the expression of a
particular array of genes in differentiated cells is faithfully
transmitted through many cell divisions. Histone modifica-
tions are considered molecular marks for the recruitment of
activator and repressor proteins into specific locations of the
genome, implicating their involvement in epigenetic memory
(Fischle et al, 2003). The molecular events by which specific
histone modifications generate and propagate repressive
chromatin structure have been comprehended in great detail
(Jenuwein, 2001; Kouzarides, 2002). Although the function of
various histone modifications in transcriptional activation is
well established (Santos-Rosa et al, 2002; Fischle et al, 2003),
their possible role in maintaining active chromatin states is
less explored.

The results presented in this study demonstrate that
modifications, including H3 and H4 acetylation, H3-K4 and
H3-K79 methylation, which characterize active chromatin,
persist over a long period of time after a-amanitin-mediated
transcriptional inactivation and through mitosis on parental
nucleosomes, at three differently regulated, constitutively
active hepatic genes.

Localized histone modifications and open chromatin
domains at the coding regions of active genes

Of particular interest is the observed highly localized pattern
of histone modifications over the coding regions of the genes.
Histone acetylation, H3-K4 di- and trimethylation and H3-K79
dimethylation were observed at the promoters and at the
initial 2.5-5kb of the coding regions. These segments repre-
sent a more open chromatin structure compared to the
regions further downstream and coincide with the highly
localized recruitment of the histone acetyltransferases CBP
or PCAF, and the chromatin-remodeling complexes Brg-1,
SNF2H and FACT/cdc68. Association of these factors with
the promoter and 5 portions of the coding regions is tran-
scription dependent, mediated in part by direct or indirect
interactions with the initiating and elongating forms of RNA
pol-Il. Unlike histone modifications, restriction enzyme
hypersensitivity of the nucleosomes located at the 5’ coding
regions was lost in o-amanitin-treated cells and in mitotic
cells, suggesting that the continuous action of RNA pol-II-
associated remodeling complexes is required to maintain the
open chromatin conformation. In agreement with this sce-
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Figure 5 Distribution of histone acetyltransferases and chromatin-remodeling factors over the human HNF-4, HNF-1 and albumin genes. ChIP
assays were performed using antibodies raised against the proteins indicated at right. The results are presented as described in the legend of

Figure 1.

nario is the recent report demonstrating the necessity of an
open chromatin structure and Brg-1 occupancy at the coding
region of the heat shock-inducible Hsp70 gene for transcrip-
tional elongation (Corey et al, 2003). Consistent with our
results, it has been shown that Brg-1 is inactivated during
mitosis by phosphorylation and excluded from mitotic chro-
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matin (Muchardt et al, 1996; Sif et al, 1998). On the other
hand, previous immunofluorescence studies revealed poor
colocalization of Brg-1 with RNA pol-II in interphase cells
(Grande et al, 1997; Reyes et al, 1997), suggesting that only a
small portion of Brg-1 is involved directly in transcript
elongation.
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Figure 6 In vitro association and acetylation of modified histone-
tail peptides with chromatin-remodeling factors. (A) Biotinylated
histone-3-tail peptides with the indicated modifications at the
specific lysine residues were immobilized to streptavidin-agarose
beads and incubated with HepG2 nuclear extracts. Interacting
proteins were identified by Western blot analysis using antibodies
against CBP, Brg-1, SNF2H and FACT/cdc68 as indicated. (B) In
vitro acetylation assays were performed using 100 ng of baculovirus-
expressed recombinant CBP and PCAF and 100 ng of unmodified
(Unmod.), K4-dimethylated (K4-methyl.) and K9/K14-diacetylated
(K9/14-acetyl.) peptides. The reaction products were separated by
18% SDS-PAGE and the corresponding gel slices were excised and
quantified by scintillation counting.

In all three genes we studied, we could observe H3-K4
monomethylation, peaking at the middle parts of the coding
regions, downstream of the segments characterized by the
other modifications. Although, the functional significance of
this modification is not clear, its persistence through mitosis
and its transcription-dependent re-establishment in G1-phase
cells point to a role in transcript elongation. The components
of the Elongator complex were found to associate with the
coding regions downstream of the hyperacetylated, H3-K4-
and H3-K79-methylated domains. Up until recently, the role
of Elongator in transcription has been disputed mainly be-
cause of the reported cytoplasmic localization of some of its

8 The EMBO Journal

components (Kim et al, 2002; Pokholok et al, 2002). Using
newly developed, highly specific antibodies against Elp3, we
observed that it was localized mainly in the nucleus of
interphase HepG2 cells (Supplementary Figure 3). This,
together with our ChIP results reinforces the evidence pro-
vided by a recent study (Gilbert et al, 2004) that Elongator is
involved in transcription. Its recruitment was evident from
the end of the hyperacetylated segments, which indicates
that, in mammalian genes, the acetyltransferase activity of
Elp3 may only partially contribute to the localized histone
hyperacetylation at the 5’ portion of the coding regions. The
unique association of Elongator with the coding regions after
the dissociation of CBP, Brg-1, SNF2H and FACT raises the
possibility of novel functions of this complex in transcription.
Interestingly, the occupancy of the coding regions by SNF2H
and FACT was found to be gene specific, pointing to some
functional redundancy. It should be noted that, in theory, the
lack of FACT and SNF2H, or other ChIP signals on some genes
could also be explained by gene-specific epitope masking, or
a less efficient crosslinking of the proteins with certain
chromatin segments. If this is the case, then the strong signals
observed on other genes must reflect a more tight association,
a different conformation or a more crowded presence of the
proteins with the respective regions. In either case though,
the results suggest differential association of these proteins
with the studied genes.

Multiplicity of stable nucleosome modifications
decorates the active chromatin domains

The unexpected stability of the H3 and H4 acetylation pattern
in mitotic and a-amanitin-treated cells where histone acet-
ylases dissociate from the genes points to the lack of histone
deacetylase action, probably by regulated exclusion of such
activities from these regions. Analysis of global H3 and H4
acetylation levels in cells at different phases of mitosis
confirmed the retention of these modifications in mitotic
chromatin (Supplementary Figure 3). Notably, hyperacetyla-
tion and hypermethylation were segregated to isolated sub-
regions of mitotic chromatin, suggesting that distinct
chromatin territories exist for the residence of genes that
were previously active and should imminently be reactivated
upon the cells exiting mitosis. Acetylated nucleosomes were
also modified by di- and trimethylation at H3-K4 and di-
methylation at H3-K79, which were also retained in mitotic
chromatin and after transcriptional inactivation by a-amani-
tin. This indicates that the simultaneous presence of multiply
modified histones within the same nucleosome is important
for the generation of a stable epigenetic mark for active
chromatin. According to the histone code concept, the var-
ious modifications may be recognized by specific chromatin-
associated proteins, which ‘translate’ this code to a specific
chromatin function (Turner, 2000, 2002; Jenuwein and Allis,
2001; Agalioti et al, 2002). Our sequential ChIP analysis
revealed that within the same nucleosome one of the histone
3 polypeptide tails can be trimethylated at lysine 4, while the
other can be dimethylated and either of them acetylated and
K79-methylated. Such a multiplicity of specific modifications
may be required for the stable association of several regula-
tory proteins possessing different interaction properties. In
this regard, we demonstrate that the H3 acetylation mark can
provide a specific high-affinity interaction surface for the
acetyltransferases, which actually generated it, and for the
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chromatin-remodeling factors such as Brg-1 and SNF2H,
all involved in active transcription. It is less clear, however,
whether H3-K4 methylation operates in this manner.
Although H3-K4 methylation provides a high-affinity surface
for SNF2H binding (Santos-Rosa et al, 2003; Figure 6), the
gene-specific involvement of SNF2H in transcription raised
the possibility that this modification may also have a different
role. At least in vitro, using H3-tail peptides as substrates, we
found that dimethylated H3-K4 tails are better substrates for
histone acetylases. If such preference occurs in vivo in the
nucleosomal context, one may speculate that H3-K4 methyla-
tion, besides functioning as a recognition surface for some
proteins, could also contribute to the generation of the
acetylation code within the same nucleosome. The strict
correlation between H3-K4-di- or -trimethylated and H3-K9/
K14-diacetylated nucleosomes at the open chromatin do-
mains of active genes provides an additional indication for
such a mechanism.

Role of transcription in the generation of histone
modification marks

Comparative examination of the absolute values of our ChIP
analysis in GO/G1-phase and mitotic cells supports the view
that a dynamic reorganization of nucleosomes occurs during
the cell cycle. In mitotic cells, the amounts of acetylated and
H3-K4-methylated histones at the different nucleosomes were
approximately half compared to those in GO/G1-phase sam-
ples and gradually increased when the cells were allowed to
enter the next Gl phase. This suggests that during DNA
replication newly deposited histones are not modified at
these sites, while parental histones remain stably modified.
In agreement with this is our finding that the generation of
the above modifications is transcription dependent. Previous
works in yeast, studying histone methyltransferases asso-
ciated with elongating RNA pol-II, established that the H3-
K79 methylase Dotlp and the H3-K4 methylase Setl-contain-
ing COMPASS complex require the PAF1 complex for their
function, linking histone methylation to transcript elongation
(Krogan et al, 2003). It was postulated that H3-K4 and H3-K79
methylation are coupled processes and depend on active
transcription. This is in agreement with our results showing
that trimethylated H3-K4 nucleosomes were also methylated
at K79. On the other hand, we also noticed that the H3-K79
methylation signals were always about twice higher in cells
arrested in G2/M compared to GO/G1-enriched cells, indicat-
ing that this modification can also be generated indepen-
dently of transcription during or after the S phase. Such
transcription-independent H3-K79 methylation, however,
should preferentially occur in chromatin domains defined
by the other modifications, because H3-K79 hypermethyla-
tion was observed only in nucleosomes situated at the
regions in which they were acetylated and K4 di- or trimethyl-
ated. If we exclude the possible action of a so far unidentified
specific histone lysine demethylase, the above difference also
points to a dynamic, transcription-dependent nucleosome
exchange as the cells enter the G1 phase. Recent studies
have identified that the H3.3 histone variant can be deposited
at active loci in a replication-independent manner (Ahmad
and Henikoff, 2002; Tagami et al, 2004). Consistent with such
preferential targeting is the finding that H3.3 is enriched
in histone modifications associated with active chromatin
(McKittrick et al, 2004).
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Our observations extend current models by proposing that
specific histone modifications may represent memory signals
involved in the propagation and maintenance of active chro-
matin states during cell division. According to this model,
histone acetylation, H3-K4 di- and trimethylation and H3-K79
methylation marks are generated at specific nucleosomes of
active genes during transcription by an interdependent action
of histone-modifying enzymes. These modifications are pre-
served over a long period of time after transcription subsides
and thus constitute a mark for a specialized chromatin
domain. During DNA replication, as a result of deposition
of new histones, part of these modifications is lost, although
H3-K79 methylation continues to take place. Because the
histone modifications at the parental nucleosomes remain
stable through mitosis, they can serve as molecular book-
marks for the assembly of the transcription machinery
at specific locations of the genome, as the cells enter the next
G1 phase. During transcription, nucleosomes are exchanged
by a displacement/replacement mechanism (Belotserkovskaya
et al, 2003; Belotserkovskaya and Reinberg, 2004) and the
action of promoter- and RNA pol-Il-associated enzymes can
regenerate the histone modifications. The concurrent action of
remodeling complexes then generates an open chromatin
domain, which extends several hundred bases downstream of
the promoters.

Why do cells generate such highly localized histone mod-
ification marks and open chromatin domains at the coding
regions of active genes? During elongation, several factors
associate with RNA pol-II, destabilizing nucleosome structure
and reassembling nucleosomes as they are traversed by the
enzyme (Belotserkovskaya and Reinberg, 2004). This exten-
sive remodeling of nucleosomes may facilitate passage of
RNA pol-II through chromatin. However, RNA pol-II density
and presumably elongation efficiency were not changed at
the more downstream coding regions of the genes, pointing to
distinct chromatin requirements for initiating and elongating
RNA pol-II. The open chromatin environment around the
promoter regions may thus have as its principal role the
facilitation of the efficient release of new RNA pol-II mole-
cules from the transcription start site during reinitiation, but
could be dispensable for RNA pol-1I progression through the
downstream regions.

Memory of recent transcriptional activity

The histone modification pattern of the genes studied here
shows similarities and some fundamental differences com-
pared to active genes in S. cerevisiae. In yeast, only H3-K4
trimethylation is localized to the 5’ coding regions, while H3-
K4 dimethylation and acetylation are uniformly distributed
(Kristjuhan et al, 2002; Winkler et al, 2002; Ng et al, 2003).
In contrast, at the mammalian genes of this study, H3-K4
tri- and dimethylation and also H3-K79 dimethylation and
H3 and H4 acetylation were all restricted to the 5’ portions of
the genes. In addition, we observed H3-K4 monomethylation
at the middle parts of the coding regions, downstream of the
segments characterized by the other modifications. In yeast,
H3-K4 trimethylation lasts for an extended period of time
after transcriptional inactivation, a phenomenon termed as
‘short-term memory’ of recent transcription (Ng et al, 2003).
At the mammalian genes of this study, H3-K4 methylation,
H3-K79 methylation, H3 and H4 acetylation were also stably
maintained for a significant period of time after a-amanitin-
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induced transcriptional block and persisted on the parental
nucleosomes through mitosis. These transcriptional memory
mechanisms may have several distinct biological functions.
They may be important to prevent some active genes, which
need to be expressed continuously or need to be rapidly
switched on and off by environmental signals, from becom-
ing permanently silenced. In addition, they may also provide
a means for the cells to ‘remember’ the locations of the
genome where transcription must be resumed after the cells
exit mitosis, thus contributing to the faithful maintenance of
the gene expression pattern that is characteristic to the
particular cell type.

Materials and methods

Cell culture and synchronization

HepG2 and HEK 293 cells were grown in Dulbecco’s modified
Eagle’s medium, supplemented with 10% fetal calf serum. The cells
were arrested at the G2/M phase by treatment with 50ng/ml
nocodazole for 16 h. Detached cells were collected by shaking and
processed for further analysis. HepG2 cells were used at the time
the plates became confluent to enrich for the GO0/Gl-phase
population. FACS analysis confirmed the presence of more than
95% mitotic cells (4N DNA content) in the nocodazole-treated
cultures and about 85% of GO/G1-phase cells (2N DNA content) in
the confluent cultures. In certain experiments, confluent HepG2
cells were treated with 50pg/ml o-amanitin for Sh, before
collection for analysis.

Preparation of mononucleosomes and chromatin
immunoprecipitation

To crosslink chromatin, the cells were treated with 1% formalde-
hyde for 10 min at room temperature. Crosslinking was stopped by
the addition of glycine to a final concentration of 125 mM. The cells
were washed with PBS and nuclei were prepared by resuspension in
buffer A, containing 0.32 M sucrose, 15 mM Hepes pH 7.9, 60 mM
KCl, 2mM EDTA, 0.5mM EGTA, 0.5% BSA, 0.5mM spermidine,
0.15mM spermine and 0.5mM DTT, followed by dounce homo-
genization. The nuclear suspension was layered over an equal
volume of buffer B, containing 30% sucrose, 15mM Hepes pH 7.9,
60mM KCl, 2mM EDTA, 0.5mM EGTA, 0.5mM spermidine,
0.15mM spermine and 0.5mM DTT and centrifuged for 15min at
3000r.p.m. Purified nuclei were collected from the bottom of the
gradient, washed with buffer N and resuspended in buffer N,
containing 0.34mM sucrose, 15mM Hepes pH 7.5, 60mM KCl,
15mM NaCl, 0.5mM spermidine, 0.15mM spermine and 0.15mM
B-mercaptoethanol at a 2 x 10°nuclei/ml concentration. The sam-
ples were adjusted to 3mM CaCl,, and incubated with 30U of
micrococcal nuclease (MNase, Worthington) for 5 min at 37°C. The
reactions were stopped by the addition of an equal volume of 2 x
sonication buffer (90mM Hepes pH 7.9, 220mM NaCl, 10 mM
EDTA, 2% Triton X-100, 0.2% Na-deoxycholate, 0.2% SDS, 0.5 mM
PMSF, 2pug/ml aprotinin and protease inhibitor cocktail from
Roche) and, after centrifugation at 14000r.p.m. for 15min, the
soluble chromatin was precleared by incubation with protein-G-
Sepharose beads and subjected to IP as described previously (Hatzis
and Talianidis, 2002; Soutoglou and Talianidis, 2002). In each
experiment, aliquots of chromatin were de-crosslinked and, after
purification, the DNA was analyzed by agarose gel electrophoresis
to confirm the complete digestion of chromatin to mononucleo-
some-sized DNA fragments. The intact nature of the nucleosomes at
the different locations of the genes was confirmed by performing IP
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and PCR analysis with a C-terminal epitope anti-histone 3 antibody
(Abcam), which gave uniform signals all over the analyzed regions
(Figure 1). The nucleosome-sized resolution of the assay was
confirmed by agarose gel electrophoresis of the purified DNA
fragments (Supplementary Figure 1).

In Re-ChIP assays, after washing the protein-G-Sepharose beads
from the primary IP, the complexes were eluted from the beads by
incubation with 10mM DTT at 37°C for 30 min. After a 50-fold
dilution with 1 x sonication buffer, the eluates were subjected to IP
with the second antibody. After purification, the immunoprecipi-
tated DNA was analyzed by quantitative real-time PCR using SYBR
green on MJ-Research Opticon Engine. All experimental values were
normalized to those obtained with a nonimmune serum, and
divided by the input. The data in the figures are presented as fold
change over the signal obtained with amplifications of control
nucleosomes located outside the coding regions. The antibodies and
the positions of the primer sets used in this study are listed in
Supplementary data.

Restriction enzyme hypersensitivity assays

Nuclei were purified as described above and resuspended in the
appropriate 1 x restriction enzyme buffer at a concentration of
2 x10° nuclei/ml. After addition of 5-20U of the corresponding
restriction enzyme, the samples were incubated at 37°C for 30 min.
Reactions were stopped by the addition of an equal volume of 2 x
stop buffer, containing 20mM Tris pH 7.5, 200mM NaCl, 8 mM
EDTA and 2% SDS, followed by incubation with 0.25mg/ml
proteinase K at 42°C for 2h. The DNA was purified by extractions
with phenol/chloroform and ethanol precipitation. The samples
were then analyzed by quantitative real-time PCR. The experi-
mental values were compared to at least three control amplifica-
tions performed on mock-digested samples, and samples digested
with restriction enzymes, which do not cut the corresponding
segment. The data obtained with the controls were averaged and set
as 100% protected.

Protein interaction and histone acetyltransferase assays
Purification of baculovirus-expressed recombinant CBP and PCAF
proteins and in vitro histone acetyltransferase assays were
performed as described by Soutoglou et al (2000). Preparation of
nuclear extracts from HepG2 cells and co-immunoprecipitations
experiments were performed essentially as described previously
(Ktistaki and Talianidis, 1997; Hatzis and Talianidis, 2001). For
peptide pull-down experiments, 2pug of synthetic biotinylated
histone-3-tail peptides (1-20 amino acids; Upstate Biotechnology)
were coupled to streptavidin-agarose magnetic beads (Roche) and
incubated with the nuclear extracts, which were precleared by
incubation with plain beads. The incubation was performed in a
buffer containing 25 mM Hepes pH 7.9, 0.75mM MgCl,, 400 mM
KCl, 0.1 mM EDTA, 0.5% NP-40, 0.5mM PMSF, 2 ug/ml aprotinin,
1mM DTT and 10mM NaF for 5h at 4°C. After extensive washing
with the same buffer, the interacting proteins were eluted by boiling
the beads in SDS sample buffer and detected by Western blot
analysis.

Supplementary data
Supplementary data are available at The EMBO Journal Online.
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Supplementary Information
Antibodies
The antibodies used in this study were from the following sources:

Santa Cruz Biotechnology, Pol-II N-term. (sc-9001), Brg-1 (sc-10768), CBP (sc-369).

Covance, Pol-I1 CTD-Ser5-P (H-14), Pol-II CTD-Ser-2P (HS), Pol-II CTD (8WG16).

Abcam, Histone 3 (ab8580), monomethyl H3-K4 (ab8895), dimethyl H3-K4

(ab7766), trimethyl H3-K4 (ab 8580), dimethyl H3-K9 (ab7312).

Upstate Biotechnology, Acetyl-H3 (06-599), Acetyl-H4 (06-866), dimethyl H3-K79

(07-366), dimethyl H3-K36 (07-274), dimethyl H3-K4 (07-030), FACT/cdc68 (07-
255).
Anti-PCAF was obtained from Y. Nakatani, anti-TBP was from L. Tora, anti-Elp1

and anti-Elp3 was from J. Svejstrup.

Nucleotide positions of oligonucleotide primers used for real-time PCR

amplifications.

HNF-4a gene (TSS: +1; polyA site: 28309)

Prom/TSS: nt -18 to +92
CR 0.5: nt +492 to +578
CR 1.0: nt +985 to +1070
CR 25 nt +2509 to +2599
CR 5.0 nt +5172 to +5260
CR 8.0 nt +7948 to +8034
CR 10.0 nt +10235 to +10329
CR 12.5 nt +12563 to +12649
CR 16.2 nt +16193 to +16283
CR 20.0 nt +19963 to +20045
CR 28.0 nt + 28061 to +28149

Control nt +32177 to +32297



HNF-1a gene (TSS: +1; polyA site: 23764)

Prom/TSS: nt -89 to -19
CR 0.5: nt +450 to +535
CR 1.0: nt +953 to +1033
CR 25 nt +2513 to +2591
CR 5.0 nt +6056 to +6138
CR 8.0 nt +8137 to +8212
CR 10.0 nt +9820 to +9930
CR 15.0 nt +15649 to +15720
CR 22.0 nt +21978 to +22061
Control nt +31801 to +31888

Albumin gene (TSS: +1; polyA site: 17262)

Prom/TSS: nt -20 to +73
CR 0.5: nt +439 to +547
CR 1.0: nt +1057 to +1149
CR 25 nt +2561 to +2632
CR 5.0 nt +4984 to +5060
CR 8.0 nt +7940 to +8020
CR 10.0 nt +10022 to +10112
CR 12.5 nt +12986 to +13068
CR 15.0 nt +15040 to +15121
Control nt +26283 to +26358

RT-PCR primer sets

HNF-40 mRNA : 5° ggagatgacttgaggccttact
3’ ggggaatcgtttccaaggcecte

HNF-lo mRNA : 5° gccteectgggtectacgttcace
3’ gggcettgtggetgtagagggegty

Albumin mRNA : 5’ caccttccatgcagatatatg

3’ tgcagcacttctctacaaaag
Supplementary Table 1. Analysis of simultaneous modification of individual
nucleosomes by sequential chromatin immunoprecipitation (ReChIP) assays.
ReChIP assays were performed by the indicated 1% and 2" IP antibodies. The
nucleosomal DNAs obtained after the second immunoprecipitation were amplified by
Real Time PCR, using primer sets corresponding to nucleosomes located at 0.5 and

1.0 kb of the coding regions of HNF4, HNF1 and Albumin genes. The results were



first normalized to those obtained with non-immune antibody and divided by the input
values (which correspond to results obtained with the eluted material after the 1* IPs).
The Re-ChlIP efficiencies of the different antibodies were calculated from the data (%
of input) obtained in experiments using the same antibody in the first and second IP.
The data from the 6 regions (0.5 and 1kb segments of three genes) were averaged.
The average percentages were as follows: 56% for the H3K4 Tri-Methyl antibody,
32% for the H3K4 Di-Methyl antibody, 41% for the H3K79 Di-Methyl antibody,
38% for the Acetyl-H3 antibody and 33% for H3K4 Mono-Methyl antibody (the
latter obtained on coding region 10 kb). Using these values all the data were
normalized to 100% Re-ChIP efficiency. The numbers indicate normalized average
percentages and deviations of the recovered material corresponding to the 0.5 kb
segments (Numbers at the top) and the 1.0 kb segments (Numbers at the bottom),

from at least 3 experiments.

1% 1P: H3K4 Tri-Methyl H3K4 Di-Methyl H3K79 Di-Methyl H3-acetyl
Gene HNF4 | HNF1 | Alb. | HNF4 | HNF1 | Alb. | HNF4 | HNF1 | Alb. | HNF4 | HNFI | Alb.
M p
H3K4 92+14 | 1088 | 103£7 | 90£10 | 91£8 | 9210 | 8348 | 89+12 | 8512 | 7210 | 80+12 | 818
Tri-Me | 99+13 | 8747 | 106+8 | 78+12 | 83+10 | 8548 | 90+12 | 9614 | 87+14 | 716 | 83+10 | 80+10
H3K4 Di- | 968 8746 | 93+8 | 109+9 | 9610 | 9349 | 9310 | 84+8 | 78+6 87+6 | 90+10 | 78+10
Me 87+7 78+4 | 10049 | 9348 | 10049 | 106+12 | 10911 | 81£8 | 9012 | 8110 | 9312 | 90«12
H3K79 858 | 90+10 | 7710 | 9746 | 8510 | 92+10 | 111=18 | 102+11 | 8711 | 92+10 | 85+8 | 87+8
Di-Me | 94£10 | 97+10 | 85+10 | 87+8 7746 | 80+8 | 9712 | 10615 | 92412 | 85+12 | 8912 | 75+9
H3- 8146 7948 | 92+10 | 8610 | 7914 | 81+12 | 73+10 | 848 | 8614 | 10214 | 94+11 | 10511
acetyl 78+7 | 9247 | 8449 | 7314 | 7612 | 7i1x14 | 79+12 | 89+10 | 73£12 | 92+12 | 105+9 | 999
H3K4 | 12404 | 1.140.6 | 12405 | 06502 | 07202 | 0.940.1 | 1+0.4 | 1.1%0.6 | 0.8£0.3 | 0.30.1 | 0.2+0.1 | 0.4+0.2
Mono-Me | 1.5£.05 | 0.940.4 | 0.7+0.3 | 0.6£0.3 | 0.6£0.3 | 0.7402 | 1.2+0.5 | 0.9+0.5 | 0.7£0.2 | 0.5£0.3 | 0.2+0.1 | 0.30.1




Supplementary Figure 1. Analysis of the DNA after Mnase digestion and the
expression of HNF-4, HNF-1 and albumin genes.

(A) Part of the input samples after crosslinking and MNase digestion, were de-
crosslinked, extracted with phenol-chlorophorm, precipitated with ethanol. The DNAs
were separated by electrophoresis on 1.5% agarose gel and stained with ethidium
bromide. Order of samples: lambda BstEIl marker; 1, GO/G1 enriched HepG2; 2, a-
amanitin treated HepG2; 3, Nocodazol-arrested HepG2; 4, HEK 293.

(B) Total RNAs, extracted from 2x10° cells, were analyzed by RT-PCR. Real-time

PCR values are expressed as percentage of those detected with RNAs from GO/G1-

enriched HepG?2 cells.
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Supplementary Figure 2. Association of Brg-1, CBP and PCAF with initiating and
elongating forms of RNA pol-II.

(A) Chromatin immunoprecipitation assays were performed with the antibodies H14
(P-Ser5-CTD) and HS (P-Ser-2-CTD), raised against phosphorylated CTD peptides.
(B) HepG2 nuclear extracts were immunoprecipitated with the antibodies aBrgl,
oCBP and aPCAF and the presence of the different CTD-phosphorylated forms of
RNA pol-II in the precipitates was detected by western blot analysis using antibodies
raised against non-phosphorylated CTD, 8WG16 (aCTD), and H14 (aP-Ser5-CTD),

or H5 (aP-Ser-2-CTD) as indicated.
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Supplementary Figure 3. Immunocytological examination of histone modifications
and chromatin modifying activities at the different stages of mitosis.

HepG2 cells grown on glass cover slips were fixed for 10 min at —20 °C and
immunostained with the indicated antibodies. Fluorescence images of representative
cells at the interphase and various stages of the mitotic phase are shown. Left panels
correspond to immunofluorescence stainings using Alexa Red 568 secondary
antibodies, middle panels show DNA stainings with DAPI, while panels at the right
are merged images of the former two pictures. Note that, immunofluorescence signals
obtained by antibodies against the factots (CBP, PCAF, Elp3 and Brgl) were
excluded from mitotic chromatin, while those obtained with histone modification state
antibodies overlapped with it. In the case of CBP and Brgl staining two populations
of telophase cells were observed. In some cells they were excluded, in others they
were partially associated with mitotic chromatin. Representative images of both

populations are shown.
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Supplementary Figure 3b
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Supplementary Figure 3c
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Supplementary Figure 3d
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Supplementary Figure 3e
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