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Notch genes encode evolutionarily conserved receptors that have been utilized to control
cell fate decisions during development. Notch signaling participates in several cellular functions
such as proliferation, apoptosis, and differentiation, depending upon the cellular context of Notch
activation. In the prevailing model for Notch signaling, Notch receptors are activated through
binding with ligands on neighboring cells. Notch intracellular domains are released and
translocated into nucleus after proteolytic cleavages triggered by ligand binding. Then Notch
intracellular domains activate the expression of their target genes via both CBF1-dependent
and —independent pathway.

The control of Notch signaling is very complicated and not fully understood yet. So far,
there are several Notch 1 receptor intracellular domain (N1IC)-associating cellular factors that
were identified to modulate the Notch signaling both positively and negatively. These data
indicate that the activity of Notch signaling is modulated by different cellular factors in different
subcellular compartments. Though the members of Notch-associated factors and the downstream
target genes are expanding, the molecular mechanisms of Notch signaling in diverse
developmental systems remain unsolved.

In the previous study, we had screened and characterized the N1IC-associating proteins. The
transcription factor Ying Yang 1 (YY1) was identified to associate with N1IC in a
high-molecular-weight complex in nucleus and this association modulated the CBF1-dependent
gene expression. Furthermore, YY1 indirectly regulate the transcriptional activity of the
wild-type CBF1 response elements via the direct interaction of N1IC and CBF1l. We aso
demonstrated the association between endogenous N1IC and intrinsic YY1 in both of the human
Jurkat cells and acute T cell lymphoblastic leukemia (T-ALL) cells. Taken together, these results
indicate transcription factor YY1 may modulate Notch signaling via association with the large
Notch complex.
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Association of Transcription Factor YY1 with the
High Molecular Weight Notch Complex Suppresses the

Transactivation Activity of Notch*

Hecemved for E::hl.n:uiinn.ﬁpril 8, WA, e in pevised form, Au
Publighed, J B

1. 2003
per= in Press, Augast 1L 2008, [ 10.1074be MAr2E53300

Tien-Ehan Yehifl, Yu-Min Linit, Hong-Hong Hsichl, and Min=len Tsengh*®

Froem dhe tmotuaie Institate of Uall oo Modevulor Biofogy, 8Gemier for Sivm Colis Reavereh af Won-Somg Heospiiof,
wreed Povadumie feshiute of Nutrition osd Health Seencva, Toiped Wedical Eaievrsity, Toper T10, Toitan

Moteh pecoplors are evelutienarly conserved from
Drosopkila to humon ond play importond reles in cell
Tate decisions, After lgand binding, Mateh receplors are
cleaved to release their intracellulur domnins, The in-
tracellular domaing, the setivated form of Nedch veceps-
tors, are then tronsloeatsd inte the nuclous where they
Interact with other transcerlptional machinery @ regu-
late the expression of eellular genes. To disseet the mio-
leculor mechanizms of Notch signaling, the cellubor G-
geis thet internct with MNotchl receptor intracelluolar
dlsmalin (NIIC) wers serosmed, In this stady, we Touid
that endoegenons transeription fector Ying Yoeag 1 (YY1
wis mrpociatel with sxogenous NIIC In human KaE2
eryvthroleolemic ecells. The ankyrin (ANK) domain of
NI and zine linger domains of YY1 were essentiol for
the associntion of N1IC and YY1 secording to the pull-
dlown assny of glutathione S-teansfermse fision proteins
Furthermare, both YY1 and N1IC were presant in a lege
eomjlex of the nucleas o supgress the leciferase e
porter wetivity transpetivated by Notch signoling. Thie
irmnscription Mctor YY1 indirectly regalaied the iran-
erriptisnnl oetivity of the wild-type CHF l.responss ole-
ments vin the diveot interaction of NG and CRFL We
slza demanstrated the asseciation betwesn andogensus
M aaal intrinsie YY1 in human aeote T-eell Iy plhoos-
hlastic lonkemia eell lines Token tegether, these resulis
indicate Lhal tronseription factor YY1 moy moadulale
Motch signaling vin mssocintion with the high molecolar
weight Netch comples,

Moteh gemes ancidle evolutionnnly conserved receptors that
are wtilized to coptrol cell fite decisions during development.
Match signinling participotes in sveral cellular funetinns such
ms proliferation, npoptasis, ond differontintion, depending wpon
tha eallulior context of Motch activation (reviewad in Refs, 135

Humnn Match was first identifiel as a gene invalved in the
T W gild d b chrmoasmal transbocation detocted in zome
Tezell newte lymphohlastic loakemias. This gene wis shown o
gunsrate Notchl recoptor intracellular domain (N1ECL" an ne-

* This work wes supported by Grants NSC g0-z312-B-0as-004-51,
MWEC B0-231A-B0858-002-5AE, ond NS0 01-2112-B-055-008-M61 Do
tha Matimnl Selonee Coanetl of the Bopoblie of Chima (o T -5 Y0 The
el ol paabilication of this arteelo wore dolraped in part by The ju el
ul pape charges, This article musl therefors B Berehy marke] “wdver
fparnd” b aceendanee with 18 DEC Seetion 1734 saololy o indicate
i fncl
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! Tha abbrevintions used aro: N1HC, Noichl recupter iniracellolar
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tivoted form of Notchl receptor (4L Further studss showed
thnt the human Moteh receptor family consists of foar members
iMotchl=41, loented an chromasomes 84, 1plEpldl, 19103 2.
plil. nnd GpZl.3, respectively (4. Gk Nobch receptors are sin-
gle-spnn transmembrne proteins with severnl functional do-
muoins, In the extrocellular domnm, there are several
wpidermal growth {ctor repeats and three LinfNotch repeats
The Notch imtrncellular domain consistés of o HAM domain,
nnkyrin repents (ANKE nuclear loralizotion signal, a transcrip-
tional activator demain (TAD)Y, and a proline-glotamote-serine-
threonine-rich (FEST) domnin. The HAM domnin is the pri-
mirry bipeding site of activoled Notch recepior with C promoter
bimeling factor-] (CBFIVrecombinotion signal baoding  jpro-
el (RBEP-Txi 171, 8 human homolog of Orospkife SuiHL
The ANK repeat domnin can alse associnte with CBFE o mosd-
ulzie il intecnction (81

In the prevoiling model of Motch signaling. Motch qeceplors
nre aotivated throuph bindime with lgamds on oeighboring
cells. The MNetch intrucellulnr domains are relessed ond trans-
locates] itar the psclens after pratealytee cleavages rggened by
ligana bimling Then Noteh intracellulor domadng activate the
epresaion of thedr tanget genes via oth CBF1-dependent and
Andependent pathways (reviwed in Be 8

Tl vantie] of Moteh swmanling 1= VY 1.1.1m||lIL'1|'I-lc-1| ail pat
yut Pully upderatomd, So far, there e several NI ansociated
wellular factors thot hove been jldantifbed to oth poaiiively aod
rw,guli'-'ﬂl}' msdilate Noteh signaling. These ideptified RN11C-
appociatel esllular fectors inelude Muml: (00, 113, CIR (123,
SKEIP (14, MAMELVLAGH (141, Deftex 115, 16, CBF1IRBP- =
BuiHi (7, 17, 18, EME-6 (1491, Dishevelled (000, Dizabied 1315,
MusdT (22, presenilin-1 (23, MEF2C @245, PCAF, GCNG 1855,
HEL-10 {6k, NF-xH (270, 3300 1385, apd LEF-1 080, These dota
indicate that the activity of Noteh signaling is medulated by
different sallular fnctirs in difforsnt subesllulir oo partnents.
Severu] dowpstrean target genes of W1IC have beon identified,
including HES family (30, 313, Nearp (32, HERP2 (230, cvelin
01 4340, AP-1 0480, pre-T-cell receptor o (pTed gene (A6, and
acid e-glueasidiss (AT

Albthough the membsrs of Notch-sesociated Fctors and the
downstream gone targets are expanding, the underlying mn-
lecular mechonisms of Moteh sigmaling in diverse developmen-
tal systems remain unresalved. To further dissect Notch aig-
nofing, we scresned amd charncterized aetivated Notchi
recepbor-sesnciated proteins in 0 henotopeietic systom. The
transeription femtor Ying Yong 1 (YY1) was identified to ba

dommin: YY1, Ying Yong 1o RAM. RAM2I domnim; ANK, snkynn e
peake; FEST, preline-glutamate-sepime= hresaine-rch; TAD, transcrig-
bimmal sctivetor domaisg GET, glwinthsess S-tmnafrrnsc; HA, bemag:
ghutiming CHIP, chiromatin immumoprenpitaton; CAT, chloramplandes]
mopdyliramefirnsa.
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assoeinbed with the activabed form of Motchl receptor oo high
muobeculor weight complex in the nuckeus, nnd this pesociation
mudulated the CBEF1-depemlent gens expreasion,

EXFERIMENTAL FROCEDNIEES

P idw i’ P vl Crmmtrractron—T lie el TNA of Motk Pt ilii
intrasellular domaim was cloned by BT-PCE from the 1stal ENA of
FIL -0 eulle. The sxpression tunstruet of jeliNA-HA-N1IC, o derivalive
ol tho mammalian cell exprosson vetor pelINASHAY contains tbe
eI A-hoeded amiio achl residees 17640 -2444 of hiiman Nabch ] reosjr
tor with sn HA tag ot the M terminue The fuson protain plossdds
FEAT-ANKAEP (885, pCST-ANK. pCST-R-A, pRST-A-T, nnd plET-
WL dirict the i al” Gl faslon protelns with amise seid
rogidmes 1RZE-000%, 160]-ENel 1764-2308, 1AOT-0444, aral 1764 -
2454 ol human Molel | recopier, tpectively, Pasmids paST-YY1-401-
i, pEET-YY 141800 pGET-YY 14 1-15480, paEET-YY 14 1-188), pET:
YY141-205), pEET-YYI- 1414, niad pGET-YV1-02868-4145, wlhich
wminde yorous lengths of YY1 protomn foased with GST protein, wers
limed] Tor EST guill<down sseny, Reporber plaemide, 8= wfCHBFLLo mid
AxmtCHF ILue, contain faer cipie of wild-type or malant CEF1-re
e slemends i froml ol 8 simesn vorue 40 prometer-driven locifirnss
3% The CAT reperter plasmld (@ FPUDACAT) eontaing six CEF1-
hinding =ifes fused &0 the thymadine kinnse proosster element anid
hactsrinl CAT pesse coling squaiss (4

Calt Caaltaire ang Temmefetiosn—The human erythrolonkemia oell lims
B2 anad ot T-cel | By phoddastic leakemes Jarkat and S1TP-T] colle
wors cultured im KPMILGED with 1095 fotal bovins sorum. HER288 colls
were ciilbired i Dulbemis modified Eagle's medsiim with 1000 Hasrae

B

Fur tho stoblighimant of siable KG62 coll lines sxprossing HAN1IC
(KAGAHA-NLIC), K32 rolle iF = 10 wore tramsfectod with & Bnear-
Imodl eocprostion plosmid of peDBA-HARIIC (5 g by alsstroporation
ueing # BierBad gene pulser edosropomicr: Forty-sight hours affer
alpctrporation, eulls were diluted e abiot 08 sullwell in Showill
dishi= ond scledted with B piml G418, The sable cones dernesl
Troin sligle colls wore sereensl for the sepresson of HA-NIIC Pasion
proteim by Western bls with anti-HA and antiNateh] C-Aerminal an-
Lilwelljgsd 1 Sumlse Cred Biolechnakgy s Feoe The costned, Chis Binesiri s
pelIN A HAY vortar wis als chortmporated inkn BAG2 cella tn astabilish
i alabde ool line (KFRR pediNAS)

For tho CAT reporter nssny, HER283 eulls 12 = 10" i G-well culours
plafes were incubpled wiib & ml of ooloium phosphiste-TIMA coprea -
tabi contnining 25 gy of pFPIDACAT ropertor plasmiald and 25 g ol
varinns expression plasmids i#a indinted im the Sgure legendsl Ta
enrpet Tor trnehction offciesey, 0.25 pg of pelNAL Dnive-hia Tl
wan mad ea an mnbernal conkrol. Cells wore harvessod in the reparter
lyeis LuilfTor 48 b offer tropshetion, CAT activicy was nseayed as e
poribad previcusly (400 For the trunsiont transfotion of loeiformss
topmrier aray, ERAZ cella i1 = 107 ) weeres measded antn S-wel | plotes sl
tronsfected using the SaparFect transfction magent (Qingim). Hoe
porter plasmide conbninimg wibl-tbrpe (42 odiCBFILucl or mutand
4w pstCEF ] Lech CHF 1-ruspanss idoments i 10 gt wara cobransiic bl
with pRL-TE 402 wgi, pelWNA-HA-NIIC (L0 pgl, and pOMY-YYL LG
itk o their contrl wectors L0 pgk Farty-eight hour after transfie-
tiom, Iesifornse activities dorved from both Fies®y (0= wiCBF 1L mnd
£ mtCRF L) as] Renidin (pRI-TR) Tuafrnss pralaine wens mises-
ured usimg the Dual Luciforase™ ruporier nesly aystem | Promegni
Beraitle horiferass potivity was then ussal o mormalige T fransfection

For chromatin smmumopresipitation (ChIP expenmments, the K303
HA-MEIC eulle 5 20 107 wore Eransfcted with 5 e ol reporter plasmside
IxwiCEPILue and 4wmdCHFILue wlls wers horvesied 24 b aflar
tranefciion.

Colmmpnnprecipitelion—To propers wholeosd] antes, mwils wirs
lyeedd im WETH buffor «50 muat Tras-HC D ipH 751, 150 mad NaCl, 0.5 mei
EITTA, asal 055 Monldot P00 contalaing protemas sl phosplasiass
imhibitars | 1 ma phacrbmstbylsaliony] fuarida, 10 pp'ml apretisdn, 10
ptml Bewapegiin, and 100w eoliam Teeechlds, Protsin A-Beplinoss
waes wd hil with NETH huffer bo obtnim o 80% dwivh slurry. Five pll of
nnki-¥Y1 (Rants Crog Beteshndogy'’ or amla-Motch] C-erminad anli-
bisdlke mnil GO gl il BO9G fvsrl alurery of prahels A-Sopiamss wore addei
it 4500 gl of NETN buoiler mnd then rknted ot 4 50 for mors thon 1 h
to prapari thie sluesy of antibodyennjogate] proben A-Seploamss. T
mmnopresipitabion woe performed by mosting the mixtore of cell brestes
Al meiias :IH‘[i-I:lﬂ.llLd prastsln A-Segharss (eonsrl or ancibsely |anti-
V1 o npte-Motch]l C termipusicconjwpated profoin A-Baphomss at
& °0 for oy thsan § oA LivemimB esmple Baller was aililsd b the

2

YY1 Buppresses Noteh Signaling

immiinpreeipinbed pollela and heatsd b 36 °C B 5 min and Feen
analyzed by SNSPAGE Tha Western blol was parformed with onti-
Miteh ) € tormimne. anli-Y¥ 1L o anti-HA antilsilive

(eS8 Palldosen vhckin cofl straine DH%s harboring
GET pnid GET Tushm prebean expression veclors were mplians] for the
portfientiin of 5T and GST fuslon protelss. ARer ladoetion by 0.3 @
wsopropy] @ p-ehaogalacuprranoside for 4 b, cells wers horvestad apd
Ty with jov-solid plessphateSaifered @ollse containing protonss asd
phuaphatase imhilstore asdd 1 mgml lrserme at 4 *C o 20 min. Then
Tty X-DHP wal addist] o ol sesponskons to o lesl cibcsptrating of
0%, and the suspensons wore rofobed for nrothor 10 min at 4 "C. The
Tvantes wore hinded ondo g 3009 slurry of gletathiome-agaross poain, apd
ke mixtures wors gently rocked e 20 min ot feom temperature. The
unboimd probising were decantal nlber cembrifapation, nnd the reain was
witehind with phesphate-boford saline seaml tmie,

Whatle-oell cagrcts ol ESGEHA-NIIC and K562 pDNAT oolle wern
prapared s NETH ol ae diseribed ahewn. To 5800 pg of whokesell
axtrocts, 50 ul of o §ird ivivh sharry of glutsthionsngnroses resin pre-
Bl With 0.5 pg of GET or OFT Tosios patedne wne sdded anl s
rednbed mt 4 °C for 2 h. After comtrifagation v remove the unbound
Tracting, Bl alirry of glistalhisie-agnmes fesin was waslos] by NETN
utfor threo times and denatursd s sample bufer for SES-PAGE and
Westizrm hinl.

Hubewliwlar Froctionodion—To propere the e loar istrets of K2/
HA-MLIC and EAdSpaDMNAT mella, the eof] pellets were paspended] inn
Typtonic budTor s 20w HEFES (pH 740, 1 ma MOl 1000w KCL0.5%
HNonidet P-40, 08 mu dichssthreitol, s profonss apd ghoaphobnse
inbuibiberal af 4 "0 for B0 min. Alor centrifugation ot 4,000 « g ot 4 °0
for 10 man, the pallebs of nocke wars suspended m o high =ali bogfr
(30 ma HEFES (pH 740, 004 & Nall, | mag MpCly, 10 mst KOOI, O
dithinthroited, 1 mia phanylmethylsulfangd luorde, 10 pe'ml apeatinin,
10 japfml leugspting and B s scdinm Auoride s npd then ineslpled an
dew o B0 mine The supsrastants rosovorad after contrifugotion wars
irented ne nuclear extrocis

Burroee Gmdisnd Anndpeis—Nuckar oxtrects ifd mlh of BRENHA-
NIC e RGN cDMNAD cells wore londed on the dop of 108 ml of n
1060 et fuerase gradient propansd In NETN bafler, The samjles
wury subjoctsd 1o condrilmgation &t 28000 rpm in a EWAL robor | Bock.
man Tnstrdmenba) ul 4 °C Tor 155 b The gruliessis were Trocisetis]
inti B A-ml froctions osch from the top, and aligeots of osch Broction
were sabjted b immuscbdetling e the detectmon of BRI sl YV
protuing, Tho protoin stondands Geatalose, 11.2 5, 232 kD thyroglohe
ulin, 1%4 B, % kDai were preparsd in bagh salt boffer nand rom on s
Ay grudiont The ollsctid factions worn nseaysl v pretain to
dictermime the correspending psitions of tho protean standnrde so tho
graadhimta,

EMigopmapibeiion—Tho &' histimylated sfiponuclootsdes with wilid.
types sipminen (A-ARATGUAGTONCTOADATTUTT TOGRCGE-A') or
mutant sequonos |5 AGE TECAGTOGCCTERCAGTOTTIGGEC G | of
CBHF-biieling riles were pnneahs] with ibeir complementary oligoni-
clistidas for oligoprecipitatios os deseribed by Otenkn of ol (425

Ehromeatin  Immpnpprecipiieion—Trmnelecbis]l ovlle were  breadsd
witly frmaldihyde (1% finsl sncantration ) ot mees temparatum foe 15
min i erose-link A pnd prodein, and ke repction was atopgod by
adidling glveine to & Tinal neentrathon of 1125 M Colle were Iysad in
B0 gl af WETHN buffor with protonso anid phesphotsse inhdbiters. Afkor
b memEeval of ell dohiris, the supermstant wos i nopees pitatis]
widhy protoin A-Sephapose-boand am3:-¥V1 or anti-Notch] O-torminal
antilaelis wl 4 °C fe 13-18 b Alsr cenbrifogation. the pusllols wweps
wishid with NETH baffur, and the inmunopree peiates wens oluded
with 150 wl of #hition buffer 50 mél MaHCO,, 19 S0S51 twice by
wnrtening. Then 30 gy of Biase A, 36 gl of 5 a NaCl, snd elution bufler
wore mklod to n fimal volumse of B gl The oves-linking of TINA apd
prituin b U ke opres i bitis ®as reversed by heatlng ab 87 50 for
5 b Afer phenod oxiractson, DNA wes grooipitated by sthano] amd
resugs el jn GOl ol HGOL Five pl ol essl sapgle sl contial glasmi
of 4 =wbCHEFLLue 14 ngt were used az & lomplstoe for PCE omplifieation
using the sperilic primers 5-TETATCTTATOOTACTOTAACTO-4" and
SLCTTIATGTTTTIGGCG TOTTOCA . AR 26, 30, and 35 cyeles of
ampldficatinn, PCR peodacis 6 gli were remeved snd man on o LIFE
mgearnes gol and then snolyoed by ethidivem bamide staining (43

RESULTS

Avwanctietion of the Dndracellebar Dol of Nefeltd Receptor
with Y¥i—Expresson ploasmids lnrboring various kengtha
(ANK, RAM-ANE, ANK-TAIY, and N1ICH of Motchi resaptor
intraeallular demain were transfected inte HER299 cells o
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Fio 1 Sehematic representation of heman N1 -specilic ox-
pression constructs and Eranenctivadion scltivilies of these con-
wlrmeis through epbogenous CEFL A, 1he laman Noleh | mesegior
nnd dertved ronstructs congnimning diferent dosnsine of inktmeellslar
dimnins wore ased for expresson. Al constrects eamied an N-borminal
HA tag Thoe first ond the st amino acide and noclestides comparsd
with the full-langth protuin are iedicotod eboes aed Sefoue the dissram
af eacts copstrict, Feafeatively, B, trnsad Thlll. acCiviey of P BC-dad
onetrsets, The mporior cosstruct, pFPIDNACAT, was cotransectsd
livts HERZ0A il mngetlior with the idienleal ekpreeaion jlesimiis.
After 48 h, CAT actorilr wne determined from whale-oel] extrocte, amal
thir baea] promoter activity of Uhe meporter comsbruct waa sel (o anity,
fikean valm= ard standord dovintims from at losst foor indepondont
eRparmEnlE are shewn

analyze CHF L-dependent transactivation activities by the CAT
reporter nasay. The expressed BAM-ANK. ANK-TALY, ond
M 1IC, bot not the ANK domain, were able fo transactivaie the
reporter gene through the endogenous CAF1 with the highesi
netivation by N1IC(Fig. 10 Reault= of the CAT nseay reflect the
fuet thit the RAM demnin is the primary binding domnin fier
CBF L wherena ANK repeats interact weakly with CBF1, and
TAIN fs imprtant for transactivation sciiviey (40,

To gain lnsight inte the mechankm of Noteh signaling. we
el o venat two-hybeid gystem and pall-down assy combined
with protesmic analyses to identily cellular fastors aascciated
with the human-activated NMotchl receptor, W1IC, The tron-
seriptinn factor YY1 is one of the identified candidntes of BV11C-
nsgncinted profeins. To confirm the nssocintion beotween YY1
nned NG, coimmupoprecipitation wss npplied to stehle N11C-
vrpressing K562 eoll lines Do to the mpid tormever andfor
lemy brvel expression, the expression levels of tho endogenoas
nnd exegenons N1IC were too wenk to be detectad n K62 colls
14f). The Cderminnl PEST-like domain of Mobchl meceptor
ot Elmites to instability aoil degradatbm of N11C by the aheg-
ultin-protesscn pathway (26, Thepstore, the FEST domin of
Mateh] receptor was omitted from this stsly in onder to evsr-
express NG cmetitutively, The HA-N1IC fusion protein of
bt 98 kDo was immuineprecipitated from whols-cell extnicts
by antfodies agninst M1TC (Fag. 24, 7). Aller stipping, the
HA-N1IC (usson prolein wins Turther confirmed by anti-HA
andibody (Figp 24, midefle), Tronscripiion fador YY1 was also
detecied nfter stripping and reprobing this mosenoprecipi-
tated hlot with ant-YY1 antibody (Fig, 24, mghth Alternn-
tively, the HANIIC fusion prein was also colmmunnpre-
cipitatod with cellular YY1 by anti-¥Y1 antihody (Fig. 281
These results ghowesd that ectopieally exprosssd NI1IC wns

3
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Fun. 2. Humn N1 st iolel with cadogenais YY1 in KEI2
enlbs. A, whilo-cull extracts uf K582 alls |Hﬁ5&l‘|.nd.1.'-.‘.ﬂ.a «nnd HA-H11C
prolsin-vapreasing K5AZ colla (EREZHA-NIICT Promusiireca il
with anbi-Nulchl C-terminal ppddsady, The provipitabod profeins wers
resulvisd by ENS-PAGE and nnafveed by Western Bled waing anli-
Moteh1 CAerminnl 10-fer ) nnkibody 100f® prsed v, nnb-FES antibadr Gl
e pural |, or AnEEYY1 mntibody (rght panalt B, whalo-cell extracts
mmunoprec pitated (TP with asb- YY1 antibady. The preo pitated pro-
tuing wure rescebved by SDS-PAGE amd analvzed by Westorn kot using
anti-Motch] CLernbnal astilsaly iwpper peaed oF a6G-YY 1 astilealy
| b g i

amzociated  with  andogenous
CO AT e i R b,

Mepmieg the Associoted Regionas of NTIC and YV in Vitro by
the GST Prull-doren Azsov—To disgect the pegionis) peeentinl
fur the association of YY1 amd N1IC, the Ja vitm bmling
properties of these two prodedns wers examined by the G8T
pull-dewn nsany. Partially purified GST and GST fusisg pro-
tedma of MITC and YW1 wers analveed by SDE-PAGE and Co-
miaasie  Blus  stolning (Fig. 3L Wholeesll sxtreets ol
EaedipeDMNAS aml KSR HA-NIIC cells were propared for the
|.ll.l|||-:|l'-'|l-'ll. AARAY h_'u' GST aned GET fisini hhﬂﬁllu- Al faaion
proteins of GET-ANEAEP GST-ANK, GST-RAM-ANE, GST-
ANK-TAL, aned GST-NIIC were aasocinte] with sndogenans
YY1 of Ksh2peDMNAL ells (Fig 341 This resalt alowa thot
only the ANK doinpin of Nobchl reeptor was aufficient to
memnciate With YY1 Morsover, N1IC was anly associated with
the GET full dength YY1 fusbois posein (GST-YY L 1-414) but
oot with other truncated YY1 fusion proteing, eg GETYY1.
(1-Fb), GET-YY 14 1-800 GET-YY 101-154 0 and GST-YY141-
1885 or GET-YY1-1-2851 (Fig. 28, Therelore, the region of
aming neid residoes 205- 414, U zine fnger domain region, of
TY1 is es==ntinl for the associntion witls B1C.

To determine further whether the region of nminoe scid res-
idues 285-414 of YY1 ia sufficient to nesocnde with N1IC,
partin]l purified GST and GET fusion proteins were sed to
pulldown N1IC in the whobs.cell extracts of EE4SHANLIO
colls, M1IC was ooly nssocinted with the GST full-length YY1
fusion protein (GET-YY 1, 14141 bat not with truncoted GET-
¥Y L2084 048) fusion protein (Fig. 30L These resulis sug-
pested thet the zine finger domnin rogion of YY1 is essentinl,
bt not suffcient. for the nssocintion with N1HC.

The Activeted Notoh I Receptor dssociafed with YY§ in o
Large Complier in the Noeleus—The introeellular donin of
Notehl recaptor hsd been demonatented to be aeanciated with
the tronscription factor CBF1 and Masternind-Like-1 (Mamlb
in an —1.56-MIks high molecular waight complex in the nuclsus
1471 To elucidets whether the essociation betwesn the neti-

YY1 by

the  analveis of
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il for mesoclation with eock other by the GST pull-own nssay. A, the

reg
pirifiis] GET, GET-ANKAER, GET-AME, GET-R-A, GET-AT, ond GFT-N 1 Tugion proleins iwopper portion ol feff paned, Cistris sl Bloe-s0ii mead
(R e for the pall-<down sesay with whole-rel] exctracs of B8 cDENAT celle. The poll-dewn pellets were resolved by S0S-PAGE and annlyzed
by Wesboinn bt d=ing niil-¥Y1 nntilaxly Uower porton ol faft pane | o] siigamonsed the daka in rghit paned. B, the pid Ged GST or YV 1-dermesd
dohgmn GST fusion protene lupper porion of L posel, Coomassic Bluestainedi used for the pull-dows assay wiih wholecoll extracts of
KR HA-NIIC culls. The first and the lest amino aceds compared with tho fulllungth Y51 protein ore indicstod in posenthoses. The pall-doesn
pallits wurn nsnhed by SOES-PAGE and anslyesd by Westors Blot weing anti-Notchl Cotormmnal (0 ter) sntibody Goiiee poefion f ket pasel) and

sammarized the dota s cplf panel. ©, the peritod GET', GET.YY 102804141 amd GET-YY 114041 Fusion protelns (upper

s, Codiminssk

Elluse—apsinied ) ussal fee Che goll-dSown aesiy with whssle-ooll sxtrits of KERZHA-MNIIC eslle This prall-dwi pmellits wers resalvad by STS-PACE and
analvzed by Wistars hlot using amt-Molch] C-temsinal antibody | fasr perasal b

vabed Motchl receplor and YY1 oceur in the nucleus, sucmmse
gradienl annlyses were applisd to pedesr extrocls prepared
Froms RS2 pcDNAY and HAN 1 expressing KSGZHA-N1IC
cells, When the collecied fractions were pnalyzed by Weatern
blot ueing anti-Xotch] Cderminnl antibody, ¥ 11C was detected
in fractions =8 and 14=148 {Fig. 445 After siripping omed rep
rohing with anti-Y'Y | antihody. tronsemiption foctor YY1 was
detected in fractions 1=12 nnd nlso in froctions 14 -16. There
wery three distmbution peaks of tronscription fnctor YY1 in the
sucrnse gradient analysis, {0 fmctions 2-5, 8£-10, and 1416
The sucrose grodient onalysis profile showed thet N10C ond
Y1 coexisted in both lower moleculor wedght fractions |Frae-
tbone 1-f1 and higher molecular weight fractions ( fractions
1418}, In the aheance of M1IC, YY1 showed the sume surrogse
pradiant prafike as thot of KAGEHA-N I colls. The prosemdce of
MI1IC did not alter the distribution of endogemous YY1 in the
suernen gradiant nnalysis.

T detormine whethar the associnted complex of MITC and

4

YY1 s preseni in these coexisting (mections, froctions 3-5,
B-1) nnd 1418 were individually combined and immuanopre.
cigitnied with mnti-1gls or anti-Motchl C-terminal astibodies,
YY1 was coimmunoprecipiinted with M1IC in fractions 3-5 mxd
14 =18 hut mot in frsctions 8=10 (Fig. 480 Thia reaolt deman-
strotes thnt M1IC is sssociated with YYI ns both a lower
moleculnr weight complex (fractions 9-5i ond n higher melec.
ular weight complex {(froctiona 14 <161 in the nucheus.
Suppression of Luciferase Reporter Actienity Tronsoohivmfed
iy Weteh § Roceptor—Identification and elusidation of the phys.
inlogicn]l function of Nobch receptor-associated proteins will
provide insights inte Notch signaling. To delineate the hialog-
ical fametion of the associntion betwesn N11C nnd Y01 in Notoh
signnling, we used o reporter gene assay. K52 cells ware
cotransfected with o locifornse reporter plismid containing
four copies of wild type or motant CHF l-pesponse @loments
(4wtCHF 1 Lue nnd 4= mitCHRFILse, respectivaly), M11C-ex-
pressing eonetruet, pElNAS-HA-NIIC, and YYl-exprossing
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Fiul, 4, Huinnn N1HD pssocinis] with YY1 in high moleculnr
weighl nuelenr protein complexes. A, neclenr extimcs fron
KM e DNAD and KSG2HA-NIIC colls subjected to swerse gradiont
fractionation. MIIC and YY1 were visunlkzed by Westarm st with
nnti-Motehl Ctemminal (Cters amd ant-YY1 amtibodies, ruspectivaly.
Arrows imlicate the native molular mneses of known @damdnnla. @,
MIIC and YV1 phy=sically assocated in the low and high molecular
wedght compleses. Three frichions enccewpassing the indicntod sucriee
prodnt penks were peolied and immunmopreeipitated WP with moose
ATt oF aitl-Motoh ] O-tapindnal astitsaly |rl11|||m|||nl-ri||]l'.|h|.-l e
ilotectind] witl aeti-YY1 antibasly

canatruet, pUMY-YY L, er their control vectors, Twao daya after
transfection, o=lla were harmested and asavs] for hedferass
activity. Because N1IC can promets the sxpression of the -
pocler gene containing CEFlresponse elemeni=, there wos a
fd<fold enhancement of the luciferase netivity by N11C (Fig. 51
When ootransfected with the YY1 expreszion plasmul, this
ebvation of lueiferase nctivity was suppressed by A9% to about
#3-fold, This effect of YY1 was not oheerved in the luciforase
peparter plasmil containing four copies of the mutant CRF1-
response alements, The trincated YY1-01-2856, withoud the
gine finger domains, did ned puppress the luciferse activiey
trnnamclivnted h_'." N1IC, which also reflects the imporiance of
the zime Anger dompins in pssociation between N11C and Y1
n= shewn in Fig. W This result implies that YY1 suppresses
the luciferase reporter aetivity tronsactivated by Motchl
P T,

frerinaic NIIC Associated with Endogenous YY1 (0 ofwrkor
anad SUPTY Colla—It hoe been reported that the activated
furm ol Motchl receplor s unstable and can slicit bisdogical
effecis ot o very how protein concentration (451 11 i possibie
that the constitutive overexpression of N11C moy cmese the
fortuitows associntion between WI1IC ond sndogenous YY1, To
wxchude this possibility, we examined the assecintion betwean
BOLIC and WY1 i Jurkat eslls by colmmusmoprec pitation naing
anitl-YY 1 antibady, The intrnale M1 osild be aodmouimgne-
cipitated with endogenows YY1 (Fig. 641 Allematively, emlog-
enus T 1 coubl also be coimmunoprecipitnbed with intrinsic
M1LIC w=ing anti-Notchl C-terminal antibody (dnta oot shown ).
The intrinsic YY1 coald alss be coimmunoprecipitoted with
endogenoes N11C i EITP-T1 ealls (Fig. 681, These resulis
abnwed that intrinsic N1IC might he arsosintad with sndoge-
noas ¥ 1 in cells,

The YV I-NIC-aseocioted Comples Binde an the Wikd-fype
CBF -responae Elenrent buf Not an fle Mutond One—To prove
thal medulation of Motchl signelng by YY1 was not an ariifact
from overmpression nnd’or alterotions in signeling pathways,
ofigoprecipitation was performed to study the internction be-
twasin the YV 1-N1TC-assoeintad compden and DNA. In Jurkat
cella, imtringie M1IC and endoganoas YY1 could be precipitated
together with the 5%-hiotinylated wild-type CRF1-pesponse &]-
ement bt nat the mutant one (Fig. 600 Howessr, YY1 ooild
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Fio B YY1 supprission of CBF l-meiliated tronsactivation sc-
livity of NIIC, Rejrrier plsmils ontaining wild-type or mutan!
CBF 1-reegeamse eloments were cobianaleche] with plasmids sgpresing
e imdicoded proteins ingo AL colle. Aler 45 b, lnoferase sciavity wos
ibotirnibnisd frim whsbesol] ontracts, nnd the haeal prometor oetivity ul
the ruporter construct wos sot o unity. Blusn values and stusdard
ey iakings from @1 least Fear budependepd sdps rimenls ans sbown

not be precipiiated with the 5-biotinylated wild-type CBF1.
response clement in BS62 cells (dotn not shownd. Additionndly,
the ChIF assay wos nlso used fo exunine the specific asso-
cinting af transcription factor YY1 and N1IC with IINA in
the ermtent of living eelle. Jurkat colls wers transiently trans-
fected]l with luciferase reporter plosmids with wild-type
(dwtC BRI Luel or mutant (4<miCBF1Luc) CHF1-pesponas
alements, Twanly-four howrs oter transfection. s cells wam
harvested for tle ChIF nasay using mouse anti-lgls, onti-YY1,
or anti-Notchl Csterminnl antibodies. The amplified PCR prod-
uck af 470 bp was only presont in the sample prepared from
wild-typo CBF l-responss alamant-trnnsfacted oolls hat was not
prosent in these transfected with the mutast ope (Fig. 600,
Thess datn suggeat that trameeription factor YY1 indipectly
binsla an il wild-dype CBFL-response element vin psaociting
with MG which directly interacts with CBFL A similor pesuly
wis mlsn chinined for the ChiF nssay wsing KSg@HAN1IC
cedls.
[MBCEESI0N

In this study, we investignied the relotionship between the
intrncellulnr domnin of human Netchl receptor nnd tronscrap-
tion Enctor YYE We show bere that N1IC is assoointed with
YY1 in the nuckns nnd that YY1 suppresces the CRF I-dopemnd-
et lucifornss reporter netivity transactivated by Notchil recop-
tor, This is the first repart regarding the rde of the muoltifuse-
tional tronseription factor YY1 in CBFl-dependent Motch
sipmaling

daffries et ol 1471 showed tho a high mobsoular weight Molch
compdex of ~L5 KIn wna present in the nocleas of N1IC-
transformed RRE colls and in o human Teeell lookemin cell
lime, Wa demonstrate that YY1 is associated with N1T1C a= hath
emall and large complexos in the mocleus and suppresses the
CBF 1-depemlent luciferase reporter activity tranaactivated by
MG, Theretors, YY1 mny mecdulote Match slgnaling via the
liurze high mobeculor weight Notch complex. In sucross grodi.
ent mnnlysis, ihe disirbution profile of YY1 i tle nucleus did
not vary whather N1IC is presented or not. This phenomenon
miny be dus tn the multifuncticnality or thondanes of YY1, The
ubigquitoas transeription foetor YW1 plays severn] egulatoey
roded in the trapscription of target genas, Only 8 amoll fraction
ol WY1 may b= involved dn the regolation of Noteh sigaaling in
the pucleus. Therefores, the distrbution profile of YY1 o the
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Fui 6. Endogenous NI1IC assoecinled with intrinsic YY1 ond dhis complex hinding o the wild-type CEF Lresponse element, A,
whiolo-cull extroces ol Jurkat oulls immunopreciplentod with antl-Y¥1 or antl-1gG antibedy. The prochp tated proboins wors messheod by SDEPAGE

nnd anokyzed by Wostern blot asing snt-Netchl Coterminal (C-fers antibody (spper ponel) or anti-YY1 ontibedy dfower possed).

, whaole-cull

autrasts ol HUTP-T glla fmen useospreci pliati=) (P with anti-Moteh] C-teemingd o antl-leth antibedies, The precipitnled prtsins wire esedveil by
ENS-PAGE and annlyzed by Westorn hlit using anti-Notch] C-lerminal nntvbady Cogaper paned oo anfs-YY 1 antibady (loeser panel), ©, the MEIC
and Y¥ 1 comples binding b the doigble-strandsd slipomicheutides of CAF - respnse elements, Naclear extracts of Jurkag oclls were ineahaled with
the &'detinylated double-stramled shgonocdeotides of wild-type |WT) or matant (mi) CEFL-respunss elements and then precipitated with

[ o H]

vliin-aganse hegda, The pripitadisad proteles sem msolvicd by SDE-PAGE and analysad by Westorm blot wsiee ants-MNotch] C-terminal

AiiEEaly lopper paael| GF ahE-YY1 antibady fower ol D, tha M amd YY1 |.1ih||||ll. Isbmdd | et Bt 1'[‘|r'|-hlh'|l.ﬁ.||u alomiunts. Jurkiat cefls
trpsientlhy tranefecied with lacifersse reporler plusmide mntaining wald-4yge (W or mutant (mé CHF ] -respomse clemenle Twenly G boars
nffer tronsfction, tronsfocted cells were horvested for ChIF assay using mouse antdlptr, anb-¥YY L or mnti-Motch]l Ctormimnl andchodses, The
immuannprecipetated DNA was usd to amplify o 4V0-bp PCR prodoct by gpecific primors far tho region of the CBFl-reapones element in the
roparter plasmid +, POR-positive eontrol mees 4 ng of 4xwiCHFILue plasmid as tha DNA templte.

uhsinee of exngenous M1IC in the nocleas was the snmse ns thst
in the presepce of N1TC,

YW1 Qs o coanplen multifaceted protein thot ey oct as a
transciptionnl mepressar (45600 o tramscriptional sctivatbor
513, or & trnseripioan] initdntor (521, Diflerentin] expression
of the YY1 prodein in myocyies affects bolh transcription of
specific penes nnd cell differentiation (530, Therebore, the nsso-
vimtbon of W1IC with this moltifunetionnl tmnscription fetor
YW1 moy ba pelevant to the diversity of Motch signaling. Thess
resilis imply that YY1 moy regulite o]l difforentistion by
itealf or wia the eontre] of Notch signaling,

YW1 i o whiguitous protedn abundantly expressed in both
K562 and Jurkat ecells, Alihough trensient trunslection of Che
YY1 expression plasmid showed oo significant incrense i the
expression level of the YY1 protein in the locifernse reporter
nesay (dntn not shown b, the low kevel of exogenous YY1 showad
% suppression of CBF1-depandont lucifernss activity trans-
activated by N1IC, O of the explanations is that only & small
sl of exagenmis YY1 8 sufficient to suppress Noteh trans-
weliva b, PﬂLErtluIJ'-‘eh', m"-'|}' avnithestesd YY1 moay diller
from endogenous YY1 in compnrimentalization or biclogicnl
function. Only the newly syothesized exogenoas YY1, oot the
umdogenous YY1, bound with the high molecular weight Motch
complex suppressed Motch tronsactivation. In this study, Y001
only partially suppressed the activation of CRF1-dependemnt
lueiferase aetivity tronssctivoted by N11C from G- to 33-fold
Why dil the exogemmaaly sxpressed YY1 oot completely bluck
thes metivity of the reporter gens promded by M1TC? Possibly,
the nmount of exogencus YY1 wos insuflicient to completely
antogonize MIIC, and o very low concentration of M110 can
uficit its hiokogieal fanetions (45,

I the reporter gene sssay, transfection of the transeription
foctor WY l-expressing plasmid alone did pot activate the
CBF1-respunse slement (Flg, 5), This result agressl with e
tnahbility o precipliate YY1 with the 5 -bdotinylnted wild-types

6

CHF 1-pospmse eloment in K562 cells by streptavidin-agnrose
baads (datn pot shown), Howevar, YY1 could be precipitated
with thie wild-typs CBF1-reapomes sleimnt i Jirat oells (Fig,
GE miel B IIC-expreasing K562 cells, The lucifirss meporter
plosmid with the wild-iype CBFL-respon=s elemeni could also
be precipitoted with anti-¥Y1 and anti-Netch] Coderminal an-
tiboikies. in the ChIF asaay (Fig. 61, Therefore, transcription
foctar YY1 regulated the transcriptionsl activity of the wild-
typi CRF l-responss alement vin an association with the high
mealesulnr weight Motch complex eontaining CRF1.

The zine flnger domains, DA binding domains of the tean-
seription fuctor, are required for the association of YY1 with
NUC according o the GET fusion protein pulldewn nssay,
dine finger domnins are olso importont for the interoction of
YY1 with several other cellalor fnctors, inclading THP, CRPY
P00, TAFIIRS, TFIIR, E1A, e-Mye, SP1, and ATF/CRER (re-
viewed in Bed. G40, In mogping the binding region of the acti-
wated Motehl eecoptor, the ANK domain of N1IC alone was
maaatiated with endogemous YY1 (Fig, 84k The ANK domain
has been detected in many proteins, sach os cyelin-dependent
kinnse mhibiiors, signnl transduction nnd transcrptional reg-
ulntors, ortoskeletnl orgnnizers, developmental regulators, pnd
towine 156, 5. This unctionn] matilis & well lenown region for
the internction bedwean proteins (38, A7 Althoagh eoly the
ANE domain of N1IC is suffiesnt to asscciate with YY1, it
alone eanpot transactivite CBF-dependent Moteh skgnaling
iFig. 18y,

The 30 protein nesociates with N1UIC aned acts 0= a -
seriptiomn] cosctivator (280 The associntion between patd nned
NIIC requires the CHE region of p3ii, and delotion of the EF
dimeain, & segmwent of 15 amino acid residoes 3" ndpacent ta the
ANK domain, within W10 destobilizes the internction with
PR (e C2HL The pd) protein also sesceintes with YY1
tlurvugh the C-terminal megon of pdok that includes CHE die-
miidn (461, The regon of the four zine fingers o the region
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arvaed reaiclues 150200 of YY1 are required for strong wnd
wenk sssocintion with pald, wspectivaly (4L The essociation
between M11C and YY1 requires the ANK domain of N11C ond
the foar zine Angers of YY1 (Fig 35 Deletion of EF domnin,
AMBEAEP, did noot allect the associntion of ANE domain of N1
with YY1, Thes abservation may exclisle the possibility that
NIl pzeovintes with YY1 threugh pixd and explain the sup-
preszion afect of YY1 on CHFl-medinted transsctivation
wrtivity of N1IC.

A ks fedlgamenfe—We thosk Dr. ¥.-H. Lio Wu for kindly providing
plasmid pCMYYY1 nnd esprosston construces of various Joogths of
EAT-YY1 fusmon probmine and D, HL Chen for provesding the pdFIILI -
CAT reportor plosmsd. We also thank Dr. 8. I Hayward for the kind
wift of roportor plossoids 4 wiCEFLILue and 4 =miCHF 1L
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