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TRANSCRI PTI ON FACTOR This invention relates to a novel transcription
factor, to its 5 production and uses. The nol ecul.ar events that occur
during the cell cycle need to be integrated wth".the transcription
apparatﬁs? & that gene expression can be synchronised with cell cycle
progression. 10 Recently, a transcription factor called DRTF1 or E2F has
been identified and shown to bind to pRb,_ the protein product of the
retinobl astoma susceptibility gene, an anti-oncogene or tunmour suppressor
gene (see for exanple Wagner and Green, Nature 352, 189-190, 1991). It

is wdely believed that the ce F@){Ip niERPGCopLL | on factor DRTF1/ E2F
functions as a key conponent in ce cycle control because it associ ates
with inportant cell cycle regulating proteins, such as the retinobl astoma

gene product thib)inypdrtionctelliatesand &)ymdvedl- d&ﬁﬁ&d@ﬁ&stiﬁm&%&%oz@”% its

furthernoregi L SohdANSH Rk gRak. activity is nodul ated by certain 20 vial
oncopr ot ei ns,i’s%cl?] as a enowgrghé Ela, SvV40 large T antigen, and the human

papi | | oma virus E7 protein. It is believed that the transcription factor
DRTF1/ E2F pl aise amvliempdaraetents ahat bodegdaring €6l lced¥ChocEY &itlen Wht Bet he
25 transcri pti o aRRaAt Ysehecayse. ' Le_progression in

manmal i an celTs, 1t _under%ggs gﬂierﬁ%gég?g%‘g%rlod%jglaﬁ?gt%%cﬁ%n Ct hgene

nol ecul es t hA*XRESFROBnAaR P BYIFIFORAREd el Seddscyele @yaargssion.

prol i f er atl1@rRedemt 1y ampltranisikeeipeiom ofd cteiro@all eG0DRTEL PEF CBSP! h86NBeen
product (pRb) I e [ r ls regression from.GL into S
phase and is #drégafdgﬁf Iaggﬁrr%d%{ 1?‘%%% ﬁ%fl ﬁ{iroeﬁ? cel’l gg& ﬁé_st?lgl WTFEZ?’E the
Simlarly, tHEHRONEFEPRY Brecertibildbyogenss 3t caanfidi~easegne noant Snplrase
conpl ex Wit h sDiPfEesERF. genBo{Se@Rioinkappé WaPHaS add GreealSRat i 05y

activity of LRRREELLE2F, i 4dych isglikely, tall i mporfant. for
regul ating cellular fgrol i )erat I on gecaﬁ%%%?ﬂ%ﬁi %%g?%et ggeﬁ E2F
site) occur iNF3PRETIBRITR| L3 RRTSR/B2E ofunaticse geneskerarompenenty dinved
with prolifecallorycdecicansrol mecansd p84mesbliatdsiried NDisor taHtaNde 1D
proteins, enegdsd breqiilating | prbalsad, TR UEBYIE®! LoesddillactOnd Wi
' proguct (pRb), p107, cyclins and cyclin-dependent kinases, and
furthermore its trangbripticnal activity is modulated by certain
20 vial oncoproteins, such as adenovirus Ela, SV40 large T antigen,
and the human papilloma virus E7 protein. o '

It is believed that the transcription factor DRTF1/E2F plays an
important role in integrating cell cycle events with the
25 transcription apparatus because, during cell cycle progression in
‘mammalian cells, it undergoes a series of periodic interactions
with molecules that are known to 'be important regulators of
cellular proliferation. For example, the retinoblastoma tumour
suppressor gene prod\_.l_ct (PRb), which negatively regulates:
30 progression from Gl into § phase and is frequently modified in
tumour cells binds to DRTF1/E2F. Similarly, the pRb-related
protein pl07 occurs predominantly in an S phase complex with
DRTF1/E2F. Both pRb and .pl07 repress the transc'riptiohal
activity of DRTF1/E2F, which is likely to be fundamentally
35 important for regulating cellular proliferation because DRTF1/E2F
binding sites (the E2F site) occur in the control regions of a
variety of genes that are involved with proliferati"on, such és c-
myc and p34°92, Furt-hermore, mutant Rb proteins, encoded by
alleles isolated from tumour cells, fail to bind to DRTF1/E2F,
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and hence are unable to interfere with E2F site-dependent transcriptional
activation. Another inportant feature of DRTF1/E2F is that certain
viral oncoproteins, such as adenovirus Ela, SV40 |l arge T antigen and hunman
papil lema virus E7, nodulate 5 its activity by sequestering pRb and pl07
fromthe inactive transcription factor. This effect requires regions in
these viral proteins that are necessary for transformation of tissue
culture cells and hence to overconme growth control. Thus, the ability of

these oncopgglieifihck0 4£9ULARB1ORYGL/ EfefBOrde i RR Jﬁzﬂmaaéebaema%bmt hey
over-ride tggangéppltln%gtjan%gu q,jm%el I ul ?ﬂo%owt h.mcorllr k a d conversely,
i D ST pRE- e Fa%

transcriptiona eCF né’ ative

ey b
growt h cont PBIF1/ESffanthay "I‘Fé’('fﬁéﬁl‘éﬁﬁaf:'oPnFﬁE%@F%H‘ﬁg EH‘Fé’ PPaﬁ%‘?ﬂ‘?“iﬂ{m@n- 15
regul ati ng ptapeidteiapge iRankidep @7 \iuranophpillohd wiywlseERY amidnlaae

suggest edshyeg hsctﬂmﬁyfb akéeﬂe&feﬁ)ﬂé’ | PR\ 8R4 ghevc%%mr riad eﬂuactlve

cycl i n-dependent ki nase kerr rl Qf'gffRTFllE F co Cyclin
necessary fB?a’fﬁ?fd'Péé‘QPo PﬁughT§ ect MRS Fﬁ&?‘°€§ul”& ﬁé‘reﬁ&ps be
medi at ed thvin:am prctedh| thytta)réazemaarty tfloe tyahkfiorlepeinsterdf Kiizgne
p33ferr] tg, @%’i{a alékﬁéhééDQeé Wez%ﬁwﬁe BREhSH&QPP 1! hazt @?I 'E?::/ E2F

is a transcrlptlon whose
events to t#RIYityhef FBFF6n°5‘b‘b%’f%ﬁe&§'5vF& FGBB%F%SD§W%? P&?Y ’p'>fo1=he
cyclins andmeatiss byt Whicknshey ryetriiat dgetize axpmeds mechanidbs syfhicdeldmlaed and

integrated gidftiebh: Mhﬁdpré&fv@%gep M apeabhin A e%%i‘éﬂ'kﬂfeP

factor with th&?2 g ertles &ﬁg’ 8 e(g | oned and uenced In et
al, Cell 70"¥AgE2fpestyel %ﬁ MG R tn‘%ﬁatl@él pTont %1%‘25”3351 364). 30
W have now surprisingly found that the protein termed E2F is a conplex of
factors, cogpr &ee@ﬂiwe &a&ﬁ%&d ongd byqeebi-ar ghgal pied @é’ﬂédh%'% and
a novel protei ose eque reSent ed” pel ow as Seq

The sequga %’B’aﬁﬁégcmpggtgﬁoﬁ n&R‘k’hldg‘dpr%"toel v} sﬂﬁﬁﬁrbgﬁqm &é’cé%q |.D
‘No. 1. The eventpsr ehsecauggestHdhyedheo idenod f hsatDion . ofiVuyedl imoA wndhithg to

i ot Gerlalfens i il
presented i &*acc ny® nﬁéﬁ/splfcfﬁﬁesmc’n thr°“9]h s Pk"ase'

a function that could perhaps be mediated through its ability to
20 recruit the cyclin- dépendent kinase p33°%? to DRTF1/E2F. Taken

together these data suggest that DRTF1/E2F is a transcrlpt:.on

factor whose primary role may be to relay cell cycle events to

the transcription apparatus via molecules such a pRb, pid7,

cyclins and cdks, thus ensuring that gene expression is
25 synchronised and integrated .with cé.ll' cycle progression.

More recently, a transcription factor with the properties of E2F
has been cloned and sequenced (Helin et al, Cell 70 (1992), 337-
350 and Kaelin et al, Cell 70 (1992), 351-364).

30 .
We have now surprisingly found that the protein termed E2F is a
complex of factors, comprising the factor cloned by Helin et al
and Kealin et al, and a nowc.el. protein, whose cDNA sequence is
presented below as Seq. ID No. 2. The sequence of the cDNA

35 encoding this protein is shown below as Seq. ID No. 1. The new
protien is referred to by us as DP-1. While not wishing to be
bound by any one particular theory, it is believed that the
factor cloned by BHelin et al and Kealin et a]l may dimerise with
DP-1. EBvidence presented in the accompa;uyi-ng examples shows that
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-3- DP-1 and the protein of Helin et al (referred to as E2F-1) forma
conpl ex which is involved in the regulation of transcription. 5 It has al so
been found that E2F-1 is one of a famly of related transcriptiqgn factor
componehts. * Menbers of this fanmily are believed to interact with DP-1 to
forma series of above transcription factors. 10 Brief description of the
drawi ngs. Figure 1 shows the results of. affinity purification of the DP-1
protein fromF9 EC cells. 15 Figure 2 shows DP-1 is a DNA bi nding

pol ypept i deDPnlt #rd BdR pappkeér. ofiRplia 2tshdwiretmpurenc ¢ospscELF €l DNbrm

bi ndi ng of BPrdmpPék hitleheid ShGYBvey GANRREI 58, §hf§ﬁfg% %faegaﬁggéﬁptfgnﬁure o
sumari ses the constructs used and results obtained i'n experinments show ng
DP-1 activates E2F site dependent transcription in vivo. 25 Figure 6
shows that DP-1 and E2F-1 exist in the sane protein conplex in vivo. Figure
7 shows thattDiad aﬁlrgé: EaEnlfbuxmi ﬁt&tt h@pEzFlélér?e f @ %QmEPyDéi?)&-el@tQure 8
shows t he |€tg£act of IfDPt ?% eII§ EEgure shows
there i s fuRctionar ﬁﬁe & -B&t \ﬁé’é'R°w*f and EPpeys 38%; Fhpp LapRivaagel | s.
Figure 10 skebiesd 1teordntepacrts WiGhE2PP <l t sodefremieat derdescroft iabovien F9
EC cel | s. traﬁgcﬁﬂpgubg gdesdyys DP-1 and E2F-1 activate E2F site-dependent
transcription in yeast cells. The present invention thus provides a :
polynucleotlde in5 substantlally i solated form which conprises a
cont i guot® Bripfdes 21 cOf dpawitgs s capabl e of sel ectively

hybri di zi ng to Seg. ID No 1 or to the conplenent of Seg. ID No. 1. A

p0|ynUC|eOt§£¥%ré:1tggolnvéﬂglégéulgglg iy fﬁnlty purlg catzoJ«%f the DP-1

protein from F9 EC cells.

15 Figure 2 shows DP-1 is a DNA binding.polypeptide in the E2F
complex.

Figure 3 shows sequence specific DNA binding of DP-1.
20 Figure 4 shows a comparison of DP-1 and E2F-1.

Figure 5 summarises the constructs used and results obtained in
experiments showing DP-1 activates E2F site dependent
transcription in vivo. :

25
Figure 6 shows that DP-1 and E2F-1 exist in the same protein

complex in vivo.

Figure 7 shows that DP- 1 and E2F- 1 bind to the E2F site as a
30 complex.

Figure 8 shows the interaction of DP-1 and E2F-1 in yeast cells.

Figure 9 shows there is functional synergy between DP-1 and E2F-1
‘35 in Drosophila cells.

Figure 10 shows DP-1 contributes to E2F si%e-dependent
transcription in F9 EC cells.
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and fragnents thereof capable of selectively hybridi zing to Seg. 10 1D No.
1. A further enbodi nent of the invention provides a DNA coding for the
protein of Seq. ID No. 2 or a fragnment thereof. The pol ynucl eoti de may al so

conpri se RNA. It may al so be a pol ynucl eoti de which includes within it
synthetic or nodified 15 nucleotides. _A;nunber of different types of
nodi fication to oligonucleotides are known in the art. These

i ncl ude net hylighes phonathewandphiosaidr Behi Datethaakdomey, aiih tdependbnt

acridine or ppLyiysidieocanahngefiit Re18. and/or 5 ends of the nolecule. For
t he purposes ‘of the present Tnvention, it is to be 20 understood that the

ol i gonucl eoti des described herein may be nodified by any method avail able
in the art. Sheh prsfentcathventingy dugar Provides ia areflemuddeothdaceinhe

int\r/]i \éo a}?Sitﬁﬁﬁéﬁ:a@fcih%ﬁ?%la@%d?f&z??ﬁhﬁéﬁ@dnﬁ?' asfeé atleen'ttmg&:sﬁé %@guggee! n

met hods o r apy. pol ynucl eot i ap e sel ecti.v ybri di zi ng
To he DA off cobtTedids s PiPHT i g b aiehl €160 S ThariSe st miBriatbots | bon:

| east 80 or 96 akill. mdice Ipr ef etablbheat complsmesslodonSeagodd 1Mot he . DNAROf

Seq. | D No. %o%fcl@o(:?gé% heintERSilor? IncPLEE S T2 RN 8k _§qu e o303z, f Or
i nst ance at 5€£St 40, 60%108 or ag_'reﬁ,%ont uous .nu Ieot%des. Such a

pol ynucl eot i I° FFRETMBRES F8d TP PR aZ® eg"rfdvfr]ré'c BT ARG 5PdPRE - ¢ o
the i nveniPol® M®.pdl.ynicfuxitliede epbodimenthedhtheninient ion iprovildesant PHA| v

35 isol at ed ¢iifg okt thé prbteih0bi séy WL ot 21 6 f & e@rYmedtith@hereot.

pol ynucl eotides with which it may be associated in the natural environnment
of the body. It will be understood that the pol ynucl eoti de may be m xed
wi th carri erBheorpefliynusdestifie cmavi also cemprisa Ry e Wkt Maphaalast drical

pur PofedOf t;lstﬂlymbylaue%@é&tﬁmmr%oam%b hﬁth_&ﬁaadeﬁyashsabst apt imgli'{ifi%d

i sol at ed. ol.ynucl.eot i accordin Lavention e.used, to

pr oduce algrrﬁlr%)réf’ %é‘.ia'.s‘ a SCIQ%S@ Fﬁe?? ggg%sgsn{; gﬁ?%bgﬁéﬁg@iﬁff’ﬁa’é"‘?’évﬁﬁl I ng
| abel by corridgionuadeowidas (BYeng kngwhoadni veéher avh. radTbasei véntibde s,
or the pol ynthgaphespianate £idnsHbsphoRoBhY66t&! baSkibbndl ) NBAGit WPbEs and
ot her fragn%&%gsgnetgg E@%&fgsfﬁgqchgghgbat1tﬂ@|g’bgnQ}o}EQSteélé 8£eé§éably

at | east 20,
molecule. For the purposes of the present invention, it is to be

20 understood that the oligonucleotides described herein may be
modified by any method available in the art. Such modifications
may be carried out in order to enhance the jin vivo activity or
lifespan of oligonucleotides of the invention used in methods of

therapy.
25
A polynucleotide capable of selectively hybridizing to the DNA of
Seq: ID No. 1 will be generally at least 70%, preferably at least
80 or 90% and more preferably at least 95% homologous to the DNA
of Seq. ID No. 1 over a region of at least 20, preferably at
30 least 20, for instance at least 40, 60 oxr 100 or more contiguous
nucleotides. Such a poiynucleotide will be referred to below as
. a polynucleotide according to the invention. ‘

A polynucieotide‘ of the jinvention will be in substantially
35 isoclated form if it is in a form in which it is free of other
" polynucleotides with which it may be associated in the natural
environment of the body. .- It will be understood that the
polynucleotide may be mixed with carriers or diluents which will

This Sheet Has Been RT

i




10 exanple at |east 25, 30 or 40 nucleotides in length, and are al so
enconpassed by the term "a pol ynucl eotide according to the invention" as
used herein. A polynucleotide such as a DNA pol ynucl eoti de according to the
15 invénti oh may be produced reconbinantly, synthetically, or by any neans
avai lable to those of skill in the art. Lt may be also cloned by reference
to the techni ques di scl osed herein. The Pnvention further provi des a doubl e

stranded polypushegtide ¢2¢FOHY iataohda BE b@ot hd @ oRGAAEHEOG; d& ahlRe
e ? &gder e% odl nt %‘gﬁ

i nvention and I.ts. co nent. A furt ) di me of °t I nvent i on
provi des ved@tdrld P8rreFardasd B SEPHAntialiXpteREt6 A -of a pol ynucl eotide, in

particular a 25 DNA or RNA pol ynucl eotide, according to the invention.

The vectors Amyoiguciebt $48MkBor @A MY, the! Uhiveht PHRIRaYCHOT 3504 O¥bded
with an origin. of replication, optig ally a pronntgr for _ presslﬁn of
the said 608\}’!?&8%9?&??%&1 8p9ro“haﬁqc'lypﬁ PRI EFPEf €1 Fie eg Witfe
vector nay eowewealing:labeluneceoverslisnadhernmuking gaddoactdve examphe an.
anpi CIt Ilin ﬁ%ié?éﬂ%.M1:sD bbetﬁésﬁbﬁ?u%laaﬁ%&‘élrﬁy mgawdixea_r iﬁt_etearwm n
resi stance gene for mral i an vector. e vectqQr_nay be | itro,

for exanpl e SFBFOF he SHARIAEAPERS 0P HaRA= P8 R a0 L PRRLTER (S e INEY BF
host cell. $eg.vERtNe. riaywidllsbebetaliedrtedStoprefesakl B8Rt deaisgo 20 ofor
exanpl e 1 8xERbI@htOled8r24,N8baEY 40 nhelddtdues 0 diciRRh, Odnd hird BYBBL I ON
provides host cells éiagsf%égeq:or tJanSf%&%@ﬁi\M tg the vect.ors for hhe
replicati on®BREBXFIHEEsPOn a8 yrficPR CLEEEP i T X G PHe ThVERE on,
-6- i ncl udi Agvehei®dNA aGeysedChereinl. or the open reading franme thereof. The
cells will be chosen to be conpatible with the vector and nay for exanple

~be bacterial, yeast,, insect or.namalian. A polynuclgotide _according,to the
Crvent on iy PaTERiaedtigR! pRhn AT (B pelvBReY SR RAorRite PR Ene

ant i sensd5oineentidronayrbe pieduced pegonbindnily, heyptrhaticaldy, odx oyt asEnse
RNA.  Anti sepsgn &NV Bh1Rek cARKbSENSE m:mmﬁ: ookl d8e. Mytapmap Be Rigduced
by 10 Syt Ngf | e 58N Se £t ERd NS Y10 B BRI SRLLESSd HeEa 000 11

The invention further provides a double stranded polynuclectide
20 comprising a polynucleotide according to the invention and its
complement . '

A further embodiment of the invention provides vectors for the
replication and expression of a polynucleotide, in particular a
25 DNA or RNA polynuclectide, according to the invention. The
vectors may be, for example, plasmid, virus or phage vectors
provided with an origin of replication, optionally a promoter for
the expression of the said polynucleotide and optionally a
regulator of the promoter. The vector may contain one or more
30 selectable marker genes, for example an ampicillin resistance
gene in the case of a bacterial plasmid or a neomycin resistance
gene for a mammalian vector. The vector may be used in vitro,
for example for the production of RNA or used to transfect or
transform a host cell. The ¥ector may also be adapted to be used
35S in vivo, for example in a method of gene therapy.

A further embodiment of the invention provides, host cells
transformed or transfected with the vectors for the replication
and expression of a polynucleotide according to the invention,
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a method of controlling the levels of the protein of Seq. IDNo. 2 in a ,
cell. Such a nethod will include the step of introducing into the cell the
anti sense pol ynucl eotide in an anount effective to inhibit or reduce the

| evel of trianslation of the DP-1 nRNA 15 into protein. The cell may be a
cell which is proliferating in an uncontrolled nmanner such as a tunour
cell. The invention further provides a“pfofein of Seq. ID. No. 2,

homol ogues e galag 2Btle! RAMEUS: Ofo U, SEAUBN RN éﬁsragamavlfggmss

o eh L CORRE s Mt Lol Pty SR LR Ll

form whi ch cespersend (mdy fohe epaopbe nbef ISmteriBlNo.yeastor {ngect aar
allelic varipapRha®{aspeci es honol ogue thereof; or 25 (c) a protein
at | east 70% honol ogous to (a): or (d) a fragnent of any one of (a) to
(c) capabﬁe of formng a conplex with the E2F-1 protein or related famly
menber; or Repolymudlesgidat acdordipgote tdfe fnyentiqremayf akso | mdnsestad

am no a|CI dsa?e%ll wlaezg:a&lsdaésafﬂaunaw{{é ﬂ'?fdrf”athBeﬁé@ 61911;&{1:%?@?%0099' ow
as a pol ypeptide accor di nti,on. e e .0 e
ovent s on wPFREEEY RRORBAE A SAE PTREIEIH of AHtiRer e BYA 25k s bRy

whi ch it i sRNAeer opthrhantiseppe példomclerhidpes oAy talmyy hee pyodueedted i n

t he natunael s?ﬂtﬂhé&%&bn@f t Secib sy i séliseVigd1yRRclBeei §éHakhy bat uEEB in

pol ypepti de m.xed Wlt carrierss on _d nt Lech I igterfere
Bth ohe < a Bty BetSonttan 68 o€t oot MK BB Th dF sedrp MO
regarded as2simst gadlal I-'§M¢f5(§l methkpad Hléél W@hd%éhef step QﬁV@ﬁFpéﬂcm al so
be in a 5Ub§ﬁ@<§‘tt|h%| c¥1D ther hﬁtﬁkrﬂ‘s@rﬁlmmwmﬁaﬁﬁamamﬁﬂt @epeEeivy

corrprlseth po tide | p ration,i nor e t 95%
S0 or oovs BP " THEHER: oo sefuge e He¥5oBs, ErriiabdBy el 0R8 PRAL B o

i nventi oAS dmtovpxatiedni.c Theicadl Brybpdi yqedgt whiechfis inralidemardngwinl be
a variant W Gihd¥rithro2tedr makiidy BukN ad) 2 vutoupecell /al and which

The invention further provides a protein of Seqg. ID. No. 2,
homologues thereof, and fragments of the sequence 'and its
20 homologues, which is capable of functioning as a mammalian
transcription factor. In particular, the invention provides a
polypeptide in substantially isolated form which comprises:
(a) the protein of Seq.- ID No. 2; or
(b) an allelic variant or species homologue thereof; or
25 {c) a protein at least 70% homologous to (a); or
(d) a frégment of any one of (a) to (c) capabl.e of
forming a complex with the E2F-1 protein or related
family member; or )
(e) a fragment of any one of (a) to (c) of at least 15
30 ' amino acids. |

All polypeptides within this definition are referred to below as
a polypeptide according to the invention.
e

35 A polypeptidew of the invention will be in substantially isolated
form if it is in a form in which it is free of other polypeptides
with which it may be associated in the natural environment of the
body. It will be understood that the polypeptide inay be mixed
with carriers or diluents which will not interfere with the
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will function to regul ate gene expression in a substantially simlar nmanner
“to the protein of Seq. IDNo. 2. Simlarly, a species honol ogue of the
protein will be the. equivalent protein 15 which occurs naturally in another
.speci es, intluding man, and which perforns the equivalent function in that
species to the DP- 1 protein of Seq. IDNo. 2 in nurine animals. Wthin
any one species, a honol ogue may exi st™ as “sever al aIIeIic vari ants, and

these will geg&dcgaﬂ,ggge& WH@D%M&&B&E gl &Ng % ﬁ) RUPLE N

Allelic variants an i ecl es gues can tal ne ow ng the
procedur es THREHAPEAELAEr B AEGE t he product i on of the protein of Seq. ID
No. 2 and perform ng such procedures on a suitabl e cell source eg froma

rodent car nyi 3&,@ pRlbe! be VAL HberRiicANgbbeh18pent On o ShES e gt e

appears to utionaril onserved it, w pOSSI, use a
pol ynucl esotpiud‘é%&F tI‘f@rF“nvéﬁ‘t 'E#/f"ﬁ‘o GAEEhE Y i Hrkdr | FRReTRdL YT (CAPEd B8N Ry
ot her cel | polypeptidde tin abprepaxdtivesirenwbddhmprehehah| Hi%i,cegr 3Fhecisss

variants. Theggko BopapH duliat efe APYENGA ARl HE ARSI
identify alt 9§§66'f|5té{e‘é‘%fo ?ﬁe 30 ir?ventl(t?nke\%hl ch can the% be pr oduceg by
Y

reconbi nan PRER% ¢ t echni gues known per se. Preferred species
honol ogues i ncl ude manmal i an or anphi bi-an speci es honol ogues. A protein at

o TR i, S BBl e R SRyt 6231
' No. 5 oyBFLARE g iR grilare F'é‘a\Etn%ra?J?%f’e?a’%l“VréPel%’é%"{‘g%(?n Shiehst ance
at | east 4@ils0 f@ncmOnotonmeguéemlgem:semmlaoi do. dvesdhmtsndiiagdgsuri ng

protein hogRh9Pyr ah&nNEF | &NV ;!z%ttslﬂﬁ 8ftsénd ig w12 be s‘i‘&d‘i‘éﬂQOd by
those of skill.,in the.,art that jn res con
Lo ool of caSBRCLAE Heltalbaye Bf RS RASHRHCRIIY PO CBReE L IAA O EEERedB as

"har d hdhowbigh) ocduzneatabtal 1y riagmeotbenf si83sried,DiNcluBing mas, akhdl i c

variants ocme&%a&:&mvmg wa%@@ffuﬁeee&k qnoéhéerapen.qea £OBeCHpW th
the E2F-1 grotel n,wl east _1Q, preferab Feast |15, tor exarrpl e

at
at |east 28, P58tedpy o élO"se"'é‘fO T N0 Znitho MHEIRR ?’H“‘} gt h ¥ithip; apy| poge
possi bl e tepdeimmmélommébgee hay@xdetsas meneaa&oainlekiwmdrmhesEZEnd

proteln byrRéSY I Ginp L1 BEFednPiddreldn 13RE14d es of the Seq. ID No. 2

20 protein. Allelic variants and species homologues can be obtained

by following the procedures described herein for the production

of the protein of Seq. ID No. 2 and performing such procedures on

a suitable cell source, eg from a rodent carrying an allelic

variant or another species. Since the protein appears to be

25 evolutionarily conserved it will also be possible to use a

polynucleotide of the invention to probe libraries made from

rodent or other «cells in order to obtain clones encoding the

allelic or species variants. The clones can be manipulated by

conventional techniques to identify a polypeptide of the

30 invention which can then be produced by recombinant or synthetic

techniques known per se. Preferred species homologues include
mammalian or amphibian species homologues. '

A protein at least 70% homologous to the Seq. ID No. 2 will be
35 preferably at least 80 or 90% and more preferably at least 95%
homologous to the protein of Seq. ID No. 2 over a region of at
least 20, preferably at least 30, for instance at least 40, 60 or
100 oxr more contiguous amino acids. Methods of measuring protein
homology are well known in the art and it will be understood by
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fragment under conditions in which the E2F-1 protein and DP-1 nornmally form
a trans-activating transcription factor, and determ ning whether or

not a conplex has forned. The 15 determ nation nay be nade by, for
exanple, measuring the ability of the conplex to bind an E2F binding site
in vitro, or alternatively , determ ning the nol ecul ar wei ght of the
putative conpl ex by nethods such as SDS-gPAGE. 20 Preferred fragnents .
i ncl ude those which are capable of formng a trans-activation conplex wth.
E2F-1 or itthasel afeskibinidry thenduot sthathd nekhapbresendy ciontdat crhdmelpayunber
of met hods #=0 edlDulaeethenl et ibaBisf cEhamPRolapiat edenedey t hesetimesbe

adapt ed 10 .,8338384 V\@gtg'ger,.h%{rdn?hmgjé%}%peptide Is capable of formng a 25

trans-activation conplex w protein. For exanple, the fragment
can be added to E2F-1 in the presence of a reporter gene construct adapted

to be actsg \Gkhéd‘abyyl her ddme bt B26£ Jsezprrmbawo as ofebed idla@liia Fagmﬂ:sl&r Such

necesbary BRECEP poYiedt ORI Cabpiy PR BEBMIAS d COBTE B 8 |, ()
a reveal i n@zrabeprotemhéﬂrlév@&l aﬁglemllqmwrwéeaﬁy ¥urt ala%sq Asel fm ch

al | ows t he epahmppendt deals® be, drs eebedso SEd 2kl 60 | akiflcs aciabuile length.
radi oi sotopes, e.g. [err]l, enzynmes, antibodies and |linkers such as 35
biotin. Labelled gplypeptldes of the invention may be used i'n diagnostic

pr ocedurl®s 1§ueh e Ragmielss psdeterarine, wherhest EXRgReNtH EoxfolRomBL eppl
protein i nwathaghé eE2F-1 Apmxtgdpepiy cj:&oaﬁdiﬂ@etheoﬁzzm-lzymum andotdeng to
the invent EQQgﬂgﬂ ﬁ%ﬁ%éﬂd&%‘io}ag #nS@hith W%zﬁ-@f ah | of

an i mrunoassa resent 1 nventio

rovi des eotldes
encodi ng pBPﬂB%HY dé‘r§r5‘f ?hé:‘iWéﬁFY-jo‘FPtiﬂﬁr Ei%‘fﬁ%’ g deGn :
pol ynucl eotietlesmirfingh pdieghet| eoti dest can lremphenr phamt eﬁbm&: a The

reconi ggnhe iﬁ%@o‘é’\lﬁﬁgtﬂé ‘made i?f Vht @ka b‘?ae‘é%% ﬁ %}?@ a'b‘ii&%# he

DNA. Pr era |s o] H%g tro
sequence V\ﬁIfCHtr*eS eamRAe &P R df‘ﬁg ’@%r gsk¢ or‘?"’of Viﬁ%"'coa?’ng
sequence bgltéendinistelyel, | defl'énsnmnnm ﬂhmmoé.lebylhr nvesigthtr efetse tpmtative

j uxtaposi t ;@R YNy hetBBds such as SDS-PAGE.

20 Preferred fragments include those which are capable of forming a
trans-activation complex with. E2F-1 or its related family
members. The examples herein describe a number of methods to
Enalyse the function of the DP-1 protein and these may be adapted
to assess whether or not a polypeptide is capable of forming a

25 trans-activation complex with the E2F-1 protein. For example,

the fragment can be added to E2F-1 in the presence of a reporter
gene construct adapted to be activated by the DP-1/E2F-1 complex,

_as described in Figure 10. Such an experiment will determine

whether the polypeptide fragment has the necessary activity.

A polypeptide of the invention may be labelled with a revealing
label. The revealing label may be any suitable label which
allows the polypeptide to be detected. Suitable labels include
radioisotopes, e.g. 1¥°1, enzyﬁeé, antibodies and linkers such as

35 biotin. Labelled polypeptides of the invention may be used in
diagnostic procedures such as immunoassays in order to determine
the amount of DP1 protein in a sample.

-
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conponents described are in a relationship permtting themto function in
their intended manner. A control sequence "operably 15 |linked" to a coding
sequence is ligated in such a way that expression of the coding sequence is
achi eved under condition conpatible with the control sequences. Such
vectors may be transfornmed into a suitable host cell as described above to
provi de for expression of a pol ypeptide-of the invention 20 Thus, in a

further aspeg nt|o | G epti de
according to t%e }I’pe 3&?. oR- Vit cegl\ieg ? gp?% g t?{"/a‘?zi’ ﬁo@?e &@IQ' n{PSR
transf or ned wrytalamstheifdxed th anse ffi@‘@ﬁ@n fert examleuéé@r weddl ebowm
under conditimmndassdy RieMl.de for expression by the vector of a coding
sequence encoding the polypeptide, and recovering the expressed

pol ypeptide. The invention also provides nmonoclonal or polyclonal

ant i bodi es5 3the opPrepent pépyeReier cat R ngrevidefe PolMalertidegshenradirg i on
furt Be(r]I _ prowm@e@ma@ee&s ]'g-.hé i Heemt 1) C tfiorn eRbmBPDe 081l - s@&aa?éactmal
anti bodi es t 0 r pRLY. t he
Mvention. PAAGSLeaEadR; Sk potypipiéotiacs” Bnbl ViR roR R ko

hybri doma t@hﬁ%@wwtngﬁmé%%ﬁ@t% or Tﬁ@pt"lﬁ!‘é‘*r&@h‘erhes ygest kF |, as
an i mmnogerreplilaelt)ectnaaimantpb@ﬂbmlwytwé wp.ben m&paéeﬂobmscep&ﬁmlpnal

means whi ft? GRS 38 ”%@H’:g&i “Seeglh Hee @ESHHL; aﬂ@%r@vié&t&% £&k

rabbi t, peptide e inv recov
_10- Fr agrrerﬁlge SKPEBRELPR A thAt FPRd% Seqeenial Pyt fms Fedlnt TBR W#EEN
retain thei moperapdy blhdkedr actefersy, touch - Fyuxﬁpﬂﬁz)tmd whabéix r |ghe

f ts f h t ' I
ant  bod o Sonpanetth BespiPed fre 1F LT¥EIGRhenit? 5%“?‘“*% TP eone
sequence an W§°Bflf‘rfeh§jé'né§t§§ﬁ?%§%§q?§rsuc% %FBBO‘F%&E fARfERR e d

anti body 38 tiliinkedp| arend acolyngesequendengis eyigasedf innsanhi bodgayamtdi ng

Lo the | nvention uiis ggsgﬁggv o gxegakéaaen A A0 thhlr t BEnFRENGS
-compatible with the control sequences. Such vectors may be
transformed into a suitable host cell as described above to
provide for expression of a polypeptide of the invention.

20 |
Thus, in a further aspect the invention provides a process for
preparing a polypeptide according to the invention which
comprises cultivating a host cell transformed or transfected with
an expression vector as described above under conditions to

25 provide for expression by the vector of a coding sequence
encoding the polypeptide, and recovering the expressed
polypeptide.

The invention also provides monoclonal or pelyclonal antibodies

30 to a polypeptide according to the invention. The invention
further provides a process for the production of monoclonal or
polyclonal antibodies to the protein of Seq. ID No. 2 or to a
polypeptide of the invention. Monoclonal antibodies may be
prepared by conventiocnal hyﬁridoma technology using the proteins

35 or peptide fragments thereof, as an immunogen. Polyclonal
antibodies may also be prepared by conventional means which
comprise inoculating a host animal, for example-a rat or a
rabbit, with a peptide of the invention and recovering immune
serum.
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10 The present invention also provides conpositions conprising a

pol ypeptide of the invention together with a carrier or diluent. Such
conpositions include pharnmaceutical conpositions in which case the carrier
or diltuent Will be pharmaceutically acceptable. 15 The present invention
further provides conpositions conprisiragian anti body or fragment thereof of
the invention together wiwth -a carrier _or_  diluent. Such conposi tions

i ncl ude pharFRABEPFEAPECBRPBSTI N ARtFLRALER BSSErRiRg cbPr FR? HVERTiRiNt

will be 20 pisicmacetdin dhejrazutigeabbéndPhaamdautycatbgh doceptabi e and

Car[' f‘rs or Ifieéﬂtgﬁn_tﬁralmﬂt@f fobase !ﬁ?é}lzéf‘ %Bgsé’%ﬂl g 0:El|§e)5i&h¢éﬂ%'i%|nf.0r 19 al

rectal, nasa i cal” (including.bugcal an ubl i.ngu , vagi.nal or

ey enter - PateaBn Ran el ARRaBHaLEs AerRte O the i pvdithisnenay be

| ntrader me$ ,analyzedhéesl kandNpisdquenge calm lysisr ofi 6he Frves cexpriersiogs my

conveni ent | g, g F%{(r&%%%‘i‘gs) NaHA hufl@seséa f ahf ”@Ytl@ecB&EPérﬁé‘rfta%it?‘y of
wel | he art cl ude the

t he net hods Known 1 nt of - 1%2%5'@(%{}‘ uch methods 1 n
step of bri MGtEEMIRIRE TE94CPE195ARt VRCERYIIng: £Qi thR TRVERCIPR MaXr 1 i er
whi ch const ideumede pri®roexavplke dncessordangegywitihetlhs metthogisndiadldded in

fornmul ati ongpaneoPs S aGiR¥edni formy and intimately bringing into

associ ation the active ingredient wwth liquid carriers or finely divided
solid carf9ers or both, and then, if necessary, shaping the product. 35 For
exanpl e, fomiel pregest sinventionf @lspapevvides adnpesitions orerprdeddg a

aqueous and FBQ%@?HW%fSEEé'i'rﬁrehﬂi@ﬁtﬂﬁéﬁl‘é&uhi%% \Waireh e FBYr GEARRNR |

anti -oxi dants, . buffers,- bacteri fs%até? and sol yt ef whi ch render the,_ .

for mul at i on SPEBt GRATRORS HHPREL AREIYY RIZTIRECULIFAL cRORPF A P Vhigh

agueous and caea-tdguesvsier ari dElwntpwhll dres phhrpdcentidaidiyudeceptsidrdi ng

agents ang thi ckening agents, and |iposones or other mcroparticul ate

syst ens whi are designed.t.o target the eptide. to bl ood conponents or

one or 5 moihe Feattt Slkneide Aldfer dE PRI RIS onb ST TR 81,

fragnent s tRakdesdyt Ppcnagnestahererhgof otk elnvpntdidro-agetbenewibby a-
carrier or diluent. Such compositions include pharmaceutical

compositions in which case the carrier or diluent will be
20 pharmaceutically acceptable. '

Pharmaceutically acceptable carriers or diluents include those
used in formulations suitable for oral, rectal, nasal, topical
(including buccal and sublingual), vaginal or parenteral

25 (includingsubcutaneous,intramuscular.intravenous,intradefmal,
intrathecal and epidural) administration. The formulations may'-
conveniently be presented in unit dosage form-ané may be prepared
by any of the methods well known in the art of: pharmacy. Such
methods include the step of bfinging into association the active

. 30 ingredient with the carrier which constitutes one or more
accessory ingredients. In general the formulations are prepared
by uniformly and intimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers
or both, and then, if necessary, shaping the product.

35 | '
For example, formulations suitable for parenteral administration
include agueous and non-agqueous sterile injection‘solutions which
may contain anti-oxidants, buffers, bacteriostats and solutes
which render the formulation isotonic with the blood of the

[ —
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menti oned conpositions may be used for the treatnment, regulation 10 or

di agnosi s of conditions, including proliferative diseases, in a nmammal

i ncl udi ng man.  Such conditions include those associated with abnornmal (eg
at an+unusually high or low level) and/or aberrant (eg due to a nmutation in
the gene sequence) expression of one or_ g?rg transcription factors such as
the E2F factor 15 cloned by Helin et al the protein of Seq. ID No. 2 or
the E2F- 1 p{t&idedor zre@ig&eétfanaﬁa NRERSAS  Tdi CHYH-LigBBSus! seeippidide

t hose which are eru%ht F‘ oHt %{ abnor.mal exg{‘ﬁsy on of a ﬁge whose, gene
product is rEYTRSEIAHBY VEHED pPIY etIF ' IFCSEYSPPEF NS 3FenfS, fhigkening
regul ati on cfgeguedi andrisipmisbines igr abber mimwbpanticWlnyzepystiens whithbod es,
fragnents t hfd8eheaNto CURAY theNSoWrdptiatatd \biddMOLYRpAEHIY Skebhddht 0 a
recipient In need of such treatnent an effective anmount of a pol ypepti de,
anti body, 1™ ffefFStREr eof or conposition. 25 One group of preferred

pol ypepti des according to the invention are those which are based upon the

region of arddpRiaebdactePaind eb e8e. inbebPior, IAALSbERAHPNoPT £1igndHta) €in
has a honol of agout 4?2/ to a simlar region.of the E2F- 1 rot%’n .
described b ff’ﬁ P RFP %?%I)a%ﬁlar. $856h P dPSnd PR IR o379 5T 26l i cal
30 regi ons. menkiippedorompostiitigns onae bgounead fem ke orreatmente uregulatdeny, we
bel i eve tiptort agabﬁéﬁ:ré)ﬁifneeiﬁaﬂ%im,OinE}zﬁﬁyip&bnﬁéﬁéﬁA\fé acie_easldl:él,g io the
invention is pediate r,ough t hes 0 s _regions. ,Accordin
preferred er?b%?‘mn%a‘ihtmgﬁufiﬁggi%?éntlg%% ggnﬁg&;% sy%@ﬁ? ‘l’%%sthcﬂs St %55%1%%r?t%| on
based upon ™ty 3bnoxgadn,(eg atd amphnumieddyi ddigh @nhpe tlewel) and/g@ming
such pol ypepbegeant f pég Unfe ite a8 mREAbrOfin BREDéhd BddiRnae) | ¥apit&dkith
transcriptigon factors via tpe dI'SI‘.%%t.I on-of the fo‘rgatal og:%of ézr}e‘r{%- 1- Seq.
ID. No. 2 pPSt&iF FnpPde Cranscriptign; faghers, BP0 38 FRCaFE a6 es,
and fragréncdonkédriepofieldar gbtald orothdipratednont deedP ¥ Noor2the EgFder to
achi _e\ée t he jahpyE HE ST f@?&f eg{ Ifﬁﬁiti;y %etﬁmrer. eIy cbﬂaﬁmbdrm alB6t iR 1uge
provi des an_inmunoassay. f or. de | e pr.esence ar_absence a_ .-
bol ypept i do UPEENERFa (T GFOIAEE SRART P bRoitaT SxpRgsaien’ ot o gene
whose gene product is regulated by the protein of Seq. ID No. 2.
Treatment or regulation of conditions with the above-mentioned
20 peptides, antibodies, fragments thereof and compositions will
usually involve administering to a recipient in need of such
treatment an effective amount of a polypeptide, antibody,

fragment therecf or composition.

25 One group of preferred polypeptides according to the invention
are those which are based upon the region of amino acids 160-220
of Seq. ID No. 2. This region of the protein has a homology of
about 40% to a similar region of the E2F-1 protein described by
Helin et al (ibid) and both regions are putative alpha-helical

30 regions. While not wishing to be bound by any one particular
theory, we believe that the heterodimerisation of E2F and the

- protein according to the.invention is mediated through these
homologous regions. Accordingly, a preferred embodiment of the
invention is to polypeptides~ofhthe invention based upon this

35 region, and pharmaceutical cbmposi;ions containing such
polypeptides, for use in a method of inhibiting the activation of
transcription factors via the disruption of the formation of the
E2F-1-~-Seq. 1ID. No. 2 proteih complex.

[
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(a) providing an antibody according to the invention; 10 (b)

I ncubating the sanple with said antibody under conditions that allow for
.the formation of an anti body-antigen conplex; and (c) detecting said

ant i body-anti gen conplex. 15 In another aspect, the invention provides a
novel assay for identifying putative ehezotherapeutic agents for the
treatment of proliferative or viral disease which conprises bringing into
contact E2FThe piRs{esitiioBr ad5AePTVECEFeaRhEPAICH FO FEFOrgatsr thageoL.

i nventi on atargeymd &b tlkis regdoherfaSeqt | ID Nyenk, ianckr@dér measwhipryet tiee

degree of i ghbdd tde@brPbed ML ON Oof the E2F-1-Seq. ID. No. 2 protein
conpl ex caused by the agent. It may not be necessary to use conplete E2F-1

and/or Seq. ID. No. 2 protein in the assay, as |ong as sufficient of each
protein i S Theviptedesticlinvieatiomddurther crdviideas ad timeunosasayn fdwe

absence of &&%&upﬁ5 éﬂyﬂy £0ddAcR *’tﬁteéﬂﬁéﬁ?é of alhg aa%gap&a@vs@t'ﬁ{e

provi des a screening, rreth d for.identif ggutatlve chenbt herapeutic
agents for ingentien: }B R W%Po\”i"f &6 E" f8tase which conprises (A)
bringing into contact: (i)- a polypeptide according to the invention, 30

(i) (a) the lizP 1 gﬁ; &H% & aélmg%prsc@&d%?ccoveaeamv B iomPeci es
F

honol ogue_t her eof vin east 70%
honol ogy*®ver thébbNA ﬁ@)nﬁ’eé n, s?f?p VSR sald a?’t'f;ﬂm 2 f‘f’h‘b‘?fe%t of

(a), (b) or (c) capawndisiohsrvhay aaX¥lexct fonalthe arfermetivat i ©h @anpl ex

with the protein of Seag,tlbgd{}bant& efl céfdlex ;2 andsi on protein conprising
ut ative c?em)t her apeuti c

gg)ent(bzmd(e(r:)coﬁ(rﬁ?fl oﬁ’fﬁeﬁtmﬁcﬁ? énﬁb%%ﬁ d9BM 8RB €Ft) in the absence
of (iii) forma conplex, and (B) measuring the extent to Whl ch conponent
(i) i ssoble {thed %rsl&&saltﬂecga%x%oﬂ Npi oL RS Y, nBV¥10RGEsay Hyre Of
the t hree identifying putative chemotherapeutic agents for the treatment of
proliferative or viral disease which comprises bringing into
contact E2F-1 pi-otein or a derivative thereof a polypeptide of
the invention and a putative chemotherapeutic agent, and
20 measuring the degree of inhibition of formation of the E2F-1-Seq.
ID. No. 2 protein complex caused by the agent. It maj/ not be
necessary to use complete E2F-1 and/or Seq. ID. No. 2 protein in
the assay, as long as sufficient of each protein is provided such
that under the conditions of thé assay in the absence of agent,
25 they form a heterodimer. Thus, the invention provides a
screening method for identifying putative chemotherapeutic agents
for the treatment of proliférative disease which comprises
(A) bringing into contact:
(1) a polypeptide according to the ihvention,
30 1ii) (a) the E2F-1 protein, or
(b) an allelic variant or . species homologue
thereof, or :
(c) an E2F-1 family member having at least 70%
_ homology over the DNA binding region, or
35 (d) a fragmentﬁ of (a), (b)) or (c) capable of
forming a functional trans-activation complex
with the protein of Seq. ID No. 2; or
(e) a fusion protein comprising (a), (b), (c), or
(d); and
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conponents may be | abelled, eg with a radi oactive or colorinetric label, to
al |l ow neasurenent of the result of the assay. Putative chenotherapeutic
agents include peptides of the invention. 10 Variants, honol ogues and
fragments of E2F-1 protein are defined in a correspondi ng manner to the
vari ants, honol ogues and fragnents of the DP-1 protein. The conplex of (i)
and (ii) may be measured, for exanple, -by3its 15 ability to bind an E2F DNA
binding site in vitre Al t er ativegz t.he assgy be an in vivo assay in
e Pr

which the ability {3 nd RERYE FEenRthsFaPsY Y conprising an E2F
bi ndi ng si t exrriderk ezbniditdonepdnt shighnthe scomponengd. (fhe and Vidid dw:saherny
be perfor mecafgancexarpl €idy fcﬁ.fnp@eagﬁpié;(tlggdexarrpl es whi ch show 20 such an

: t, | | di, dat t
Senls o ort g PR RREnR! oBTHRkA efiinehy (G 35° Al et ©
am no aci ds d:afsr(ua): saidecqumpdexi n Iaf tBepssay, \any 2ngsor more EOff) the fhrelel el i c

\éarl i’int or &neﬁlff[lﬁ}oﬁéeliﬁafl%qf,,e@wﬁﬁ)a ran.B St £ve o&g cbEaSimet %

onol ogous egt,ors_carr nucl ccordi ng

vent fon: ortSbeti ke 19 neBRE A oF T BEnEfk SEoeRE ARy it ive

i nventi on 3Chemptherapeutic aaemahwmdeg@net;m a#ythswhvgretn:eort herapy may
be used to treat uncontrolled proliferation of cells, for exanple a tunDur

cell. Metho i ncl.ugde dellver n_a in
need of tlibeg's ﬁf‘g e’é 21&3‘2%8 agients, 2 rl=t 'g‘aﬁgﬁ%l%fazé?ér) ?§§’| gin
the cell ei tlﬁeraa@%ﬁﬁﬁ?@ﬂé@QSW?ﬁu@l"eoﬁh@le"é?lﬂh@4 nhepeiesues ender to

- inhibit or Eedymentéeos reesppl-topréfeidR-1 MRNA into DP-1 protein or a
. pol ypeptide which interfers with the binding of DP-1 to E2F-1 or a rel ated

fam |y menber. - 14 - The vector is suitably a viral vector. The viral
vector may BBeasgmBlex £ di)candr(id)amayithe measered afort sxampleetiyngtsunour

cells. Rer apiagPy o Uuhera:etszal nﬁfmchdzhlgtézteAsﬁovnS@ Aﬁ%zﬁﬂa&%ﬂ%
8039) repor;:h%he use of aﬁ@ otr h‘lnc%, ret r‘sgw Luses, fﬁ)r B LL; transfo tion
of hepat oma, br 888FY B&Y of" of" BUTT TP e SRId4EY PosBs 256:
1550- 1552) gpgglg%5§¢| agtivate a promoter compr;azng an E2F blndlng 51te :
linked to a reporter gene is measured. The in vivo assay may be
performed for example by reference to the examples which show

20 such an assay in yeast, insect, amphibian or mammalian cells.

Candidate therapeutic agents which may be measured by the assay
include fragments of 10 or more amino acids of
(a) the proteiﬁ of Seq. ID No. 2
25 (b) an allelic variant or species homologue thereof; or
(c) a protein at least 70% homologous to (a).

Vectors carrying a polynucleotide according to 'the invention or
a nucleic acid encoding a polypeptide according to the invention

30 may be used in a method of gene therapy. Such gene therapy may
be used to treat uncontrolled proliferation of cells, for example
a tumour cell. Methods of gene therapy include delivering to a
cell in a patient in need of treatment an effective amount of a
vector capable of expressiﬁg'in=the cell either an antisense

35 'polynucleotide of the invention in order to inhibit or reduce the

" translation of DP-1 mRNA into DP-1 protein or a polypeptide which
interfers with the binding of DP-1 to E2F-1 or a related family
~member.
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use of retroviral vectors in virus-directed enzynme prodrug therapy, as do
Ram et al (Cancer Research (1993) 53; 83-88). Englehardt et al (Nature
Genetics (1993) A, 27-34 describe the 10 use of adenovirus based vectors in
the delivery of the cystic fibrosis transnenbrane conductance product
(CFTR) into cells. It has also been found that the protein of Seq. ID No. 2
is distributed in the cell in both the-cytoplasmand the nuclei. In 15
order for a otel Lo be tra ortedf om the cy lasmto the nuclei, it
i s usual for% ESSI "n§%o fuﬁ‘l%’ &gfﬁa o SEEar %%‘? YSEMp Ve Gpr may be
phosphor yl at BBY évltgﬁrhiieed‘leﬂcpg eVﬁp]Eﬁhig! 1@orﬁ§\§=uﬁd‘§ mrcn:arsntbng tumour
phosphoryl at cenisr € KaeWexaniplld)e Haber Eerramurwswhlnatlnhwa& ps&i ecrd:sﬂlc

di ppi ng may i d es of 20 i nventi h act_.as .anta i sts
Co Tantbi ) elbsrts ettt Sl o Bg1 7, Aveot FOp Tl Yertiad ok ofes e
present inGebhe ohrcmszﬁnr@twlancoﬁpbgpdtmchbrmu)l tepghosphoskimt cehl®r
proteol ytic é\!xiwpe&‘ 'é@: fa‘ir (Béﬁeh@e a(ﬂﬁtz'?o?jﬂf 1644 bigsihng atlrs%n%QQEhBé the
protein of Se t ectop smto the nucl.eus of gell

The foll om?%g &H%@n de"s’c?FP in G TIg SHAC6H e‘h%“e Pr°

char act er i zathexapyf, f@ise deoRem mtotadi n(memeeéarm (heehr i BB; f 8BS .

rru[ Ihne tsﬁurcﬁn 1lénafs~ueret0£ﬁem§awe0@§?eelas gwmr) r 39- @hhatresams@lm{ are
wi t hin scope rese vention an an_or manmal i an
I oo 5598 o adaen i Bt Sheth 2R ShoSABE TR e CPATRL
Section A Afihhnctsy.sPnransmmeotomynEEFpro@mu:mCE(I'Rc)elthOPoeJ,q@pt i des
in affinity purified DRTF1/ E2F (approxi mately 5[err]g from about 5x10[err]

F9 EC cel | ted b troph ' d dwith
Coomasst e b BAP HiRh HSF0- S8 ERAF B0 BFOCRrhCRE: SeflondDl MB-rd ekl ar
wei ght st andtiratsibrte®Nm thadreld dol setdpthdesytoplasin andythrimuciled. In
DRTF1/ E2F svafr@ie3s gy €4l ﬁ%b&‘e&@xs%o' békirihsbertbe sEanRHe tEﬁfa@ﬁ%@tﬁ{e
ot o2h el 110 Sl 8L SedaddhEohe hid @téa%eéalg% S Sid "ol "

t he absence rack presence %\Mé
mutant (tr acﬁ?ﬁGFIEZPYbPh@I’F?RP%T]Péém n%? eE’EFP |1ghf=1}BP§tlanda¢'éFBP%Hf@% hown
in track 3. wHiehp46hpoiy psiddridryiatish Gateeknown in the art. .Compounds

which inhibit proteolytic dipping may include peptides of the
20 invention which act as antagonists to inhibit enzymes responsible

for clipping. Thus, in a further aspect, the present invention

provides a compound which inhibits phosphorylation or proteoclytic

clipping for use in a method 'of inhibiting transpért of the

protein of Seq. ID No. .2 from the cytoplasm to the nucleus of a
25 cell.

The following examples describe the isolation and
characterization of the novel protein and DNA of the invention
from a murine source. However, other sources, e.g. human or

30 other mammalian are within the scope of the present invention and -
the human or other mammalian homologues of the protein may be
isolated in an analogous manner.
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t he upper bracket shows another group of pol ypeptides which al so
specifically bind to the E2F site of approxi mate nol ecul ar wei ght 55, 000.
Met hods: DRTF1/ E2F was affinity purified fromwhole cell 20 extracts
prepared fromF9 EC cells as described by Shivji and La Thangue (1991) Mol.
Cell. Biol. 11, 1686-1695 using affinity matrices containing the wldtype
E2F site taken fromthe adenovirus E2A pfonoter (-71 to -50) with inclusion
of an additional step that involved gﬁﬁ%&ﬁg_lon of the binding activity 25
to a matri x containing a nutant E2F 'site (mutated in nucl eotides
-62 to -60)8ealiomndr age about 5.0[err]g of protein were purified froma
whol e cell extract prepared fromabout 10[err] F9 EC cells. UV-crosslinking

of DRTF1/ Ea ke fek f'gteio\“a%fpen, % 42! Qg!,$%1t §_gng of affinity
purified pr6?%gh—gkiﬁnnﬁ%%Tanwmﬁr%ﬂ§ BT 100-fol d nol ar

excess ofSeither 'the wildtype (-71 to -50) or nutant (nutated in
nucl eoti des -62 Pelyﬁé)bt:D.-léaganusfﬂnﬂuieﬁurinedlﬁn'n\ucnmt(aﬂﬁr@ﬁma&réq of a

cDNA encodl Qi r RRLEL | t d th
TCA, el ectr hor ese}ﬁr oug dl %Sg&o{:g%l%éjyl am deéggélrg é i{ %E \gll
el-ect r oel uted@ctrAELBLEFiS andpéeamg cwmr Reemassis e’@c‘?ﬁnpﬁ%r éB‘P‘Sn afd
silver stairigageal sttddcksaypltraek 1 hshosisutike modeeul st weighit verandiagast ed

ith a lys d f | d
chr omat o5, Sy 48] %%elagﬁégxﬁ%obﬂe%@&{si%sﬁ‘uﬁiyfs%s?%ﬁ/&“ﬁ WEER Lt
a 1% nin aeéﬁemeérbvecg%ﬂﬂeﬂﬂkmsotpeakef?%ﬂqv s\ EfR BERRhfZcdigpal
aut onmat ed Edresitebigdingreite dedd7rsé ti2@Acgbed linthe fiduse) SEimiICeh

(Applied Biogyshelhcd Nidacite) SBE %PgSen%%gggeéﬂ'ﬁpsetiné 999&%1@% (@8R TS

were synt hésrs am -no_ acl 6 (75
to 91) and5% (3smeEARt9)tEack ob) ok2F tlh’é"%nﬂersfﬁtﬁﬁll rlegnday weight

pepti de1s sGandaf@NHdeVshown i track 3. The p46 polypeptide is indicated;
CCCCEATOOC AR AT ARSI o7 pAUBRRRLESR APERRY
antil se e stran T
(ACGT) (Ccoppeadficaklorpindcig the RRs sdteset asefﬁmsvargmeée@&alayslghé| uded
a linker segueogce at the
Methods: DRTF1/E2F was affinity purified from whole cell
20 extracts prepared from F9 EC cells as described by Shivji and La
Thangue (1991) Meol. Cell. Biol. 11, 1686-1695 using affinity
matrices containing the wildtype E2F site taken from the
adenovirus E2A promcter (-71  -to -50) with inclusion of an
additional step that involved application of the binding activity
25 to a matrix containing a mutant E2F binding site (mutated in
nucleotides -62 to -60). On .average about S;Oug of protein wereée
purified from a whole cell extract prepared from about 10! F9 EC
cells. UV-crosslinking of DRTF1/E2F to the E2F site was performed
using about S0ng of affinity purified protein. Competition was
30 performed with about 100-fo0ld molar excess of either the wildtype
(-71 to -50) or wmutant (mutated in nucleotides -62 to -60)

L

oligonﬁcleotides.
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20 5 end. Peptide 5 antisense oligonucl eotide was used to synthesi se cDNA
fromF9 EC cell RNA which was then used in a PCRwth both peptide 6 and 5
prinmers. Products were subcl oned, sequenced and cDNAs derived from DP-1 RNA
identified by the presence of peptides 21 and 3, tw further peptides
obtained by 25 m crosequencing peptides derived from p46, which are

| ocat ed between peptides 6 and 5. Thi s-cDBA-fragnent was used to screen

several murine cDNA hlbrarles . lently rearranged
and the finag—m . Te obt ai ned from

CDNAs isolated froman F9 EC ceII I|brary 30 - 17 - DP-1 is a DNA
bi ndi ng pol yept i dgffihﬂiﬂ'FJdtﬁ-ZElaad DRTELC| s W'rbblp&)até‘d ViWiZt.h PQIQiAi de 15

(representi 5 d e

(representi Qeq%g %pggn%%ge acl oug s§§ 85%5? %Igeml?ogu n% RER dRE used
to i nmuni e edgsbreslutpdy gbﬁeﬂlétlitdmf)fp‘*ént"?%méraﬁ@ hmﬁﬂuﬁebtmftqmgmer e
performed byngt ammaéﬁl HE LAY %Ssmlamlgﬁém bt afﬂi&mboalaséayﬁa@ém& Splgg of

affinity pur|f| a er rude ce tract
20 wer ¢ abs o8 SipEared MREP §YANE F%@Lwﬁ% FerEiglet, Buriies By

ol i gonucl eotiigh perficamangg Eizma#ﬁ Ghvpeatmﬂmwusingﬁmpose AX-30% and
presence of R@bgub eekobs irﬁ)loaueme&stafa 1@2hiﬁ(hdel£%ﬁﬁegme(r}£&%m¥& to

-50 nut at,ed siti.ons - ( ti
prelnnuné%ég 3k I%Ft%ﬂfgdwﬁ ?lrﬁﬁ?ﬁ?cefS ré?%%%% ?ﬁmaﬂrgg ddatio in
| munopr eci Bi 4 &tA/31208f g3l fiqudf mqmseeue@q:qr éilPPh-tQ% Bwagygéem% Amed) by
standard procedurgs. séfhe BEesmgenei-awb blhécﬁﬁldlmmﬂér ecisramtasb es w\é@é

confirmed b nobl s are sho ur e

20 =) Db 1 PYoRPRRiERd o Be RS S chB AREIE plaheiit it At iBernity
purified DR$F1(ﬂE2Ftcarﬂ)anamd pépt(?aé £9 248k »6 dnldowssi dlhes O3Brmanalo)
Reacti vi tig w&;p@nfmd P25t was poaly/ tpr asent ier the pmm:mep(v,) ;racls 2) but

1% £ kel 5Eihc Aloh TP BBEI S SE A, sl

conpetitive
peptide 1 (éo#paﬁ? eEt Fa&ksNG)and 5)ya puetid |5 k@Y Fo De asde‘Fl va® Ve 8f p55

5’ CGCGGATCCA (AG) (AG) TT (CT) TG (ACGT) (CG) (AT) - (CT) TC(CT) TG (ACGT) GC
3/; both oligonucleotides included a linker sequence at the

20 5’end. Peptide 5 antisense oligonucleotide was used to synthesise
CDNA from F9 EC cell RNA which was then used in a PCR with both
peptide 6 and 5 primers. Products were subcloned, sequenced and
cDNAs derived from DP-1 RNA -identified by the presence of
peptides 21 and 3, two further peptides obtained by

25 microsequencing peptides derived from p46, which are located
between peptides 6 and 5. This cDNA fragment was used to screen
several murine cDNA libraries. DP-1 cDNA clones were frequently
rearranged and the final nucleotide sequence shown in the figure
was obtained from cDNAs isolated from an F9 EC cell library.

30
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(indicated in track 3) because anti-peptide A (see below, derived fromthe
N-term nal region of DP-1) only detected p55 (data not shown). Mol ecul ar
wei ght standards are shown in track 1, and the 30 * i'ndicates a _
non-specific reaction. b) DP-1 is in the affinity pure DRTF1/ E2F DNA

bi ndi ng conpl ex: gel retardation was performed with affinity purified
DRTF1/ E2F and t he adenovirus E2A pronoter §996 to +68) in the presence of
35 immune (tracks 3 to 6) or pre| mune (track 2) anti-peptide A together
with either ulE jed an ONAI_ Piné pp e teid IRTE Fleadd 4

The specifici tﬁ;gfgkbeiﬁ)llﬂg@g react i on was confirned by including 100- foI d
nol ar excess of the wld-type E2F bi nding site (E2A pronoter -71 to -50)
in the reaction (track g; all other reactions contained 100-fold excess of
the nutant site. c)Pertide g5 ninepreBREFINE2PP PN/ andinediawjd aeslidue i p359t&C
cel| 5 extractas)gaid pepeidata q&epaése@ﬁxsg B8d1 i dhind E&Ms‘idﬁé'i LO3BACtS
(in which DRTE;%EZJ,:OJ ele(g ‘éSSxﬂi %rrBs é S and bi ndi, ng
site (E2A pronp dquences - 7 % 1258) ?&Wlﬁ?é%‘a\ﬁ&és ﬁ?é’Fratlo’-
prei mune (tr &€k anfibediamuaad( timmnoblobhing pypre dpex\femoﬂn bifhetangard
shift was pr epeaéwhﬁe N | Lgalnsre&raaaabﬂeaésaﬁ tdrti ndiong E:?a‘affﬂﬂl

conpar e dupl d 1 associ

|(n \r/ero anpl *)munoprem pi tlzﬁr'?g °ﬁ/a§BBgFf ?l‘é% ¢% g;rﬂ % &ud eeﬁiic?§tﬁ??%

ei t her thelln¥er9RAFsayedpwbh Gﬁ&heam‘hﬁ)bfd}dtm @2hapromatest (rB6dE 684l or

?golc ;)odydAt7h a'ﬂneougaum@elewet@amz\eﬁhg Eﬁﬁaéz%(?w?&hs%e/ é&%ogiht%alfo _
an ease e or act | in

a gel retardat ‘?%’% sseél(rzl bgg QB%@% {M%EE&H NP dh v 12§ Q%SY%?#y

det ected in tfRAUENGESpRH7} manofitechptatedsific pogitionrd t-ﬁack612a1nd 360t he

JM cel | extragtefiepl)et et yipdptadel ADBP ﬂl@iuﬁ@ﬂé%ﬁi—d %%Sa@cieé RErPEY the

| t di
gg{rgr Sén'g E:$el ease(fq%%gfﬁEégnod g@"ﬁ%)éfﬁggica%%*& %GRB‘PI gf‘?? ‘Wt"ﬁmle_
anti - pepti de 721} RELFRALM MR UPeREOrmed Oy éFﬁh@#@ prpaedureniudbd pressyeye

shift (conparef pRBCcis IFst Dmmnopreicighcat €5 vakg ddnfirmed by :.mmunoblott:.ng
The results are shown in Figure 2 as follows

20 a) DP-1 is present in affinity pure DRTF1/E2F: immunoblot with
affinity purified DRTF1/E2F and anti-peptide 15 (amino acid
residues 235 to 249). Reactivity with p46 and P55 was only
present in the immune (I, track 2) but not preimmune (PI, track
3) serum. This was specific because it was competitively

25 inhibited by peptide 15 but not an unrelated peptide, peptide 1
(compare tracks 6 and 5). p46 is likely to be a derivative of p55s
(indicated in track 3) because anti-peptide A (see below, derived
from the N terminal region of DP-1) only detected p55 (data not
shown) . Molecular weight standards are shown in track 1, and the

30 * indicates a non-specific reaction.

b) DP-1 is in the affinity pure DRTF1/E2F DNA binding complex:
gel retardation was perfonn‘_ed‘ with affinity purified DRTF1/E2F
. and the adenovirus E2A promotér (-96 to +68) in the presence of
35 immune (tracks 3 to 6) or preimmune (track 2) anti-peptide A
together with either unrelated peptide 1 (tracks 4 and 6) or
peptide 15 (track 5). The specificity of the binding‘reaction was
confirmed by including 100-fold molar excess of the wild-type E2F
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- 19 - DP-1 in a sequence specific DNA binding protein Regions of the DP-1
cDNA were anplified in a PCR and subcloned into pGEX-2T (14). GST-DP-1[err]
and GST-cdk2 were 5 affinity purified on glutathione-Sepharose . as
previously described by Bandara et al (1991) Nature, 352,249-251 Cel
retardation was performed as descri bed above with either the E2A pronoter
or an oligonucl eotide containing E2A seqeenrces from-82 to -50; the nutant
bi nding site had nucl eotides -62,-61 and -60 10 altered. UV-crosslinking
was per f or rB#RH R sA66uIEH EFereter of 1T 03 4R theorerRti®y) thy@ckst) £ usi on
prot ei n desall edhernrédnet icarst contai®ed- DIV -1falrd pxceds If chatmitantDPitde.
protein sequence fromanm no acid residue 84 15 to:204, was expressed and

ffinit d to h 1 th f t fi

Re e 11 ot P e " D Bt R S PR BRrB et kb LrBLEE LR i g
to the E2% éxtuhate S|ge§, xétfaxdatjopuwasi perCSTme&P- iQOF;B[eEG]le@]tmud:elll
O[err]g) Waéx%{e}isilt%a gihaehebk?ﬁ/éﬂe meemeeoﬁ ié%ot b nd c)

ol i gonucl eot | bi ndin etalls at t tom o e
figure) con‘t"a"rmﬁﬁ’gE@A bRding é’-%eﬁ%%demmefosewtﬁeﬁacﬂ%f%r5?)ne’-%arre
cont ai ni ng thengresenceFofi ebtlidy ép!‘lelﬂinuné\ Cordcko|2)GBE fimmuae [(tpack 3)

GST- cdk2 ( bl pbpBh8E"A BeruleCrhld stpeli B61410 vaS! | wﬁ $enddd 3K sndiGattld 9

tracks 1,4 an on ai n no, Crossl I nk]|

af fi ni t y1PRIRGIGE Bn Bperbi 9“]119({?% op (gPmpase lfeFac%%c}*wsand

i ncubat ed vé tto B2Andrdobt er 30 sequences -82 to -50 (indicated at bottom of
tracks). After crosslinking, pol ypeptides . were resol ved by SDS

gel el ectrophaoresis; crpsslln e T-DP-1[err] is indicated, by the bracket.
%o fuston PotECT ARSCRIRRRS MHICh B S AASE hen TRIAREECABLENE LR ARt ds
are indi catped-fioomedackrdm IV delB neéxnyagtdpaevitheseDfhédP- Thien. amfi+pRYy
purifiedy ORERHERRa1 béms E;O&r@l&* &l één% biondbebhdl ﬁtlma Cﬂﬁ't e

f t GSI- ¢ E2A t
st on o Ttk el L e iRl D, 15t ST ol bife

DRTF1l/ E2F the detergent-released mater1a1 assayed for DRTF1/E2F activity in
a gel retardation as described above. DRTF1/E2F binding activity
was only detected in the anti-pRb immunoprecipitates (compare

20 tracks 2 to 3); the JM cell extract depleted with anti-pRb had
reduced levels of the pRb complex (compare tracks 4 to 5, complex
indicated by a). The detergent-released DRTFI/EZF was further
assayed for reactivity with anti-peptide A; the immune but not
the preimmune serum produced a super shift (compare tracks 6 to

25 7; indicated by ¥). .
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- 20 - (tracks 3 and 4; about 5.0ng); the binding activity of the sane
anmopunt of affinity pure DRTF1l/ E2F is assayed alone in track 2; the E2A
promoter is shown in track 1. Note that the binding characteristics of
GST-DP-1[err] and DRTF1/ E2F are different when 5 assayed together (conpare
tracks 2,3 and 5). Conparison of DP-1 and E2F-1 This is shown in Figure 4
as folloms 10 a) Line diagramof DP-1-ang E2F-1 showi ng the |ocation of

t he DNA bi ndi ng donalns (an1no aC|d reS|dues 84 to 204 in DP-1, and 89 to

191 in E2F- juenge : gatednnilarity (am no
acid residues 163 to 236 I n DAP—l and 162 to 226 in E2F- 15 1). Note that

the regi on of si I cl qUEHGES out si de, t b|n g dopmai n.
b) Alignnment of a C|8Q é ﬁgﬁﬁ conﬁ%rlﬁﬁﬁ o1 R ﬁ?% % %&QE 4?1
(bot t om secflyéwéénﬁﬂ rigyioo reCRN¥-251 i34 t‘;STB%R-sI“ Adi @mde GIX-cdkat jwette
(bol d) 0rf§|dﬂf|1'ﬁ|it§| i g»]pafﬁaa NOERCI dlﬁ@@ﬂ}ﬁl&feo]sbﬁhlﬂ‘@s@ as anﬁr@?fodsl
regions of sjnila or a pa i X -
(ront: am eoaEEhed] o’ el DR o aofil | niBeR, b EliRests dan)
regions of sqertialrdatwn ¥asapeEioEned s ﬂhe@nb@amxetw’dn @itheF the E2A

site- deF)end@i-bmbEaﬂS&f laﬁat bl) rihdlllédtidEl é&arai&lexgogzﬁ ﬁ@dﬂc@sofr&ﬂszor

2.8 8.8 fected
mnthoéltheg%ggi %[é? bln f%ﬁ 1%98 er rTu§§gé¥Q ?(0 %{ng] ?nto

SACS- 2 celf §15§r¢ﬂd|%tws| mkgmewss (E%Trfé—‘t ts'lr‘-hdabav‘éd51wga)of ESONT
and p3xMI r gpeibsrpreeiin.ucts contain either three wildtype or three nutant
E2F binding sites, taken fromthe adenovirus E2A 35 pronoter (-71 to -50,
mutated at nucl eoti des -62,-61 and -60), positioned upstream of the ninimal

herpes si npP&xThe G8F EngieniDTetRin Aasgribes: 18 thengarhoen H&ST-BRsE i *ad
previ ousl y. wam{cﬁnmﬁisamsltﬁﬁomhﬁ%qaeﬁad P Riniho’ agi8Nrdsidik 18Q +72)
taken frqm {06, dMedial & 5ldel H5A%h n*ﬂz'{mﬂlxr%&oEegg'h%\’n'or_c;‘é%ezé)y Frack ~21
1 shows the affinity purified DP-1%*-?°* and track 2, the standard
_molecular weight markers. |

b) DP-1 binds to the E2F binding site: affinity purified GST-DP-

20 1%°? (about 1.0ug) was incubated with either the E2A promoter
(track 2), or oligonucleotides (WT and MT binding site details at
the bottom of the figure) containing E2A promoter sequence -82 to
-50 (track 5) or the same containing a mutant E2F site (track 8).
A control. GST fusion protein, GST-cdk2 (about 1.0ug), had no.

25 binding activity (tracks 3,6 and 9); tracks 1,4 and 7 contain no
protein.

c) Crosslinking DP-1 to DNA: affinity purif.ied GST-DP-18%-20
(track 4) or GST-cdk2 (track 3) was incubated with E2A promoter

30 sequences -82 to -50 (indicated at bottom of tracks). After
crosslinking, polypeptides were 1resolved by SDS gel
electrophoresis; crosslinked GST-DP-1%2* ig indicated by the
bracket. No fusion protein was added in track 2 and the molecular
weight standards are indica{:ed in track 1.

35
d) Binding properties of DP-1 in affinity purified DRTF1/E2F:

binding of purified GST-DP-1%-3% or the control f_u—'éion protein
GST-cdk2 to the E2A promoter was assayed .either alone (tracks 5
and 6; about 1.0ug) or in the presence of affinity pure DRTF1/E2F
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contains DP-1 protein sequence fromamno acid residue 63 to 429, and was-:
prepared by replacing the Gal4 DNA bi nding domain in p&Anpolyll with the
DP-1 cDNA B9, Transfection into SACS-2 cells was perforned, and CAT
activity was determ ned and TLC plates 5 quantitated by phosphori mager.

| sol ation of a cDNA encoding DP-1 DRTF1 was purified fromF9 EC whole cell
extracts using a high stringency procedur._gzo that involved sequenti al
applications 10 to a DNA binding site affi nity matrix containing either a
\l/)vl | d- Itype or (e caat 3gaﬂd|41;g abol€, 5. ary] ; a&ﬁé%ﬂﬁﬂﬂgea%btﬁdéflhg;}ﬁﬁtga%ty
y gel retar 1]:)2@ [ om t a Vi rus
E2A prom)terdiﬂ"-idlﬁﬁ ot Lf ﬁ?t 11%nﬂtg'h§?/‘g(?gtn? g}"’%ésé@%& ’}e'r i t %F%

bi nding site "'(}?3) AI'I’PE" Eedﬁr &hown dpt trark EJurF“PFéd téagr(ﬁ!iﬁ dfinding

pol ypept i des c(lﬁzgmteriaticsaot @3T{Dra *rR8t andapm‘f/ssz' arki @i £fddeht when
activating p dependent fashi on.

Sever al poléypept (l;,lsul> ﬁ’&gﬂt‘é)} t%&?%‘ Sgna%‘tdta‘rgl)al specifically bound
to the wildtype but not to the mutant E2F site (Figure 1, conpare tracks 20
5to 6). The B r fiison) e DPR @ Jrda t hat specifically bound had an
apparent nol ecul ar wei ght of about 46kD (Figure 1, track 2, indicated as
p46). Subsequently 46 was excjsed, digested wt h a lysyl endopept | dase,

and the resulting |3tfe§hﬁﬁ?|¥’? F3oHRE $AFERdAYSE he amino aci d sequence
for ten paxides was 25 obtained. W predicted the DNA sequences t hat

encode two of)tNfndAbgHEs ptf dJﬁsﬁ' Fi @E‘%@hﬁiﬁ{f 918 SRtAP%n@Dkﬁ\ErS

to arrpllfyacDNAfr nment erlve rom
libraries wePaneing iRFt frmine E?%é'&s&ﬁ@? faﬂab?re?ﬁ“ i&nBPach%We” to

represent i nglpheim BH-a; eswmefgzsbcprmwaeréjlqm&f(éimﬁbwsﬂﬁlnaiﬂffred
toas DP'1) l(biighdaditrkabeshdd 38 ath 23eEin L | QLA Yoo I S0U 8 pop.

propertles of corrp i.ng, se ué ce was erm fie
2. 4kb &BNA’fH%PgH‘FeﬁPa Hhesregien eSrﬁ%iﬁéal%h%&ﬁéHdﬁéa%ﬁwme@neumtwi ng

429 in framethei PNA ddindingsdohsin.t hat i ncl uded’ ei ght of the peptides

obt ai ned from sequenci ng p46. The cDNA sequence probably includes the

initiating rrﬁ Q}Qm ne use an |gframe term nati gn codon eX|sts
i mredi at el y Hﬂggwp aghao acid sequence: comparison of DP-1 (top) and

E2F-1 (bottom) sequence in regions of similarity. Bars indicate
20 identical (bold) or similar (light) amino acid residues.

c) The DP-1 and E2F-1 regions of similarity form an amphipathic

@ helix. Presentation of DP-1 (right; amino acids 167 to 183) and

E2F-1 (left; amino acids 166 to 182) regions of similarity as a
25 helical wheel.

DP-1 a.ct::l.vat'es E2F site-degendegt transcription in vivo,

Either 2.0 or 6.0ug of pG4, or 2.8 or 8.8ug of pG-B9 (DP-1

30 expression vector) were co-transfected with either p3xWT (5.0ug),

P3xXMT (5.0ug) or pCMVcat (0.5ug) into SAOS-2 cells as indicated in
Figure 5 (constructs indicated in a).

P3xXWT and p3xMT re’porte:q constructs contain either three wildtype

or three mutant E2F binding sites, taken from the adenovirus E2A

35 promoter (-71 to -50, mutated at nucleotides -62,-61 and -60),

positioned upstream of the minimal herpes simplex virus thymidine

kinase promoter, and have been described previofisly. pCMVcat

contains the enhancer and promoter region (-301 to +72) taken

from the immediate early gene of human cytomegalovirus. pG-B9
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- 22 - noreover, the nucleotides flanking and including this nethionine
woul d be an efficient translation initiation signal. The | ongest cDNA cl one
i sol ated so far extends 55 nucleotides 5 fromthis predicted initiating
met hi ohi ne.” However, it does not extend to 5 the transcription initiation
site because prinmer extension analysis with F9 EC cell RNA has indicated
that the initiation site is 250 nucl eoti des upstream The cDNA al so
contai ns about 1.1kb of 3'untranslated-s2yjuence, part of which is
presented. By northern analysis of poly adenylated F9- EC RNA the size 10 of
the DP-1 tr&RBERIpE DRad BEPEeAR €6THENER HsPuEMingREid| Yeskdieohd kv éd@ St hat
DP-1 RNQ Ib Saf@nehbt ptrepakzd expr eepraciny nﬁwd cHli4f oNantbicrlingt ¥e@aiandnwhen
assessed by t l.ssue r ri ne
nbr yogenosP S iYL VIShkAE 4 LByR 88 ThepRR8EOlor 13RUCEAGHTS QR

RNA i s 15 n¥#gi H%fmm qﬂ?glﬁAé‘t é&t&é’lFE wes sdeterined @nds é?@ntﬂléttés

Sout her n anghystseated b3t pHosplsdriMageri.s encoded by a single genée.  Honol ogy
searches of the currently available protein data bases (Leeds and Swi ss)

failed to detect any S|gn|f|cant 20 SI mlarity between DP-1 and any ot her
prot ei n. ' Prlregion within the DNA binding

domai n of DP- 1 hammlgnaél pardfﬁanﬂrw Fy EO wiplanzedjjoestragisomsingt he DNA

bi ndi d gt hat
al so B?ndi”?ié& RensEesey Broadiiy tile] FOTETIN ERRARLSR, BBt IEhe, ™

DP-1 i s #%ctPfoiith Pipdipgraite mifidity WRtEPhicoRtRRRIRS eitheYs ap?”é%éﬁt in
‘'t he DRTF1l/ B2fpedDNSrbimdiany cohirpdimg aitvenbendofassayingpegite dmvmnbh.adliagwer e

rai sed aga'ﬂz_vé.%ydb{(f Séfrlietra% QQEnF%%heTQE %N)grﬂtn%'lﬂg( gitgé”vﬁsz}.ake
R

| mmunobl ottln 4 2F wt nt |-£ept| 5 reveal ed

nit uri
two pol ypept¥ ?Idé'ﬁfg’aﬁré’ﬁt Eth arometetieilght H8kDSahd 55E59%Pi‘gﬁpét2a
track 2). Bmdta;ialsypemu'gﬂeafﬁbmftxsmﬁfﬁmmhhg sbteagtﬂs)e.d Thi st beoaatiuserum

e auce SRS SR cSITE et VR AR yielaei ],
was confir et H%&rqDPciP%Hse p%f teSF"‘EW@RTFa_L‘?tEZ’PtE)Rﬁ transcription A—
vitro in a binding site-dependent fashion. Several polypeptides
in the affinity purified material specifically bound to the
wildtype but not to the mutant E2F site (Figure 1, compare tracks
20 5 to 6) . The most abundant polypeptide that specifically bound
had an apparent molecular weight of about 46kD (Figure 1, track
2, indicated as p46). Subsequently, p4é was excised, digested
with a lysylendopeptidase, and the resulting peptides purified
and sequenced; the amino acid éequence f6r ten peptides was
25 obtained. We predicted the DNA sequences that encode two of the
peptides and then used these as oligonucleotide primers to
amplify a cDNA fragment derived from F9 EC RNA. Several murine
cDNA libraries were screened with the cloned cDNA fragment, and
a clone representing the complete coding sequence of p46 (from
30 now on referred to as DP-1) finally isolated from an F9 EC cDNA

library.

Molecular grogertieé of DP-1°

The complete DP-1 coding sequence was determined from a

35 2.4kb cDNA fragment. This cDNA contained an open reading frame
encoding 429 in frame amino acid residues that included eight of
the peptides obtained from sequencing p46. The cDNA sequence
probably includes the initiating methionine because an inframe
termination codon exists immediately upstream of it and,
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bi ndi ng conpl ex by determ ning the effect that another anti- peptide serum
(anti-peptide A had in gel retardation assays; - 23 - anti-peptide 15
coul d not be used for these assays because it only reacts with the
denatured protein. Wen anti-peptide A was incubated with affinity purified
DRTF1/ E2F a super-shift was apparent with the i mmune but not prei mune
serum (Figure 2b, 5 conpare tracks 2 and .. This super-shift was specific
because it was conpetitively inhibited by Including peptide A but not the
unrel ated pepddréevér( FilgunecPéot idEmal enkirgc ksd 4 ddl udl ng St e maithibhgne
bi ndi ng act i wowdrsé%vgéfiaé&eéﬁamlat&aha{mtllae@oﬁ &allonSny@ioﬁgsgtf Ic
for the E2F bindi n site ( ] tg e 2? ’F%are é;iack dﬁﬁ t hesé
resul ts indi CN& F gaee D% 3 lépéf’t 8F THEnSETRY RYRleREE nél n§r8[9t Fbify.
The anti - peptpirééianed bioditdat dhg onetdionine. stpweveh, fitt dpneahwite extlelhd to
extracts. lochd dﬁ?é ?%%RTCtﬁlQﬂﬁoﬁe%‘i'&:&‘?%é’c%u%eseﬁfﬁﬁezof ebdblenRE gh el n
erre

conpl exes, g and c. 15 The agddition_of .anti-peptide
A but not t RBARVEARTIHED S8 B CELh RN é‘assuﬂéFléﬁ?‘F? ARt thsndBihi £hREn
reduction i nsbBéFie, bsantucl eotidas cupst,reaonpThe tDNK kslsd awattdinvhabbutoul d

be conpeted hy;REPLE Okalét&ﬁhsyaée@%eqseﬁp@r epatxftaskswﬂlapcié as8ntdd. 10).
Simlar effects were %rent | f queé%{)% VT\% 20_extracts
derived from ot her Yﬂﬁ’gg 612 13 San‘?: Lo at ggs%% J& thepgizep. |
is a conpaepf bhetDR-DNAdmscadipy was mstu.ylatmn[dﬁlabmrt;aﬂ ébb.i httwas|y
defined in FSpEErréd| cRXE 38Le 306 W ChoNeicliVetpalaghacbaad i HRkp

cell extract soci ates h the reti n bl ast ofma roduct
CTvo DRTFL) ESREESTERE o LinBvRIR ad: WDFr, APaRRe inbY, Jo.au JePeiinaticn;
DP- 1 assocint aswide ttangpRbf tissuesi deringmurinenepbxcigenestiison Bupeng nent

extracts Brenar aF 1T e A L D R 2ort 8 ns
i ah | evels. BRTSHRA TR ISR RS E R Ex S APE o P LSt P e hALERERBAAT
DRTF1/ E2F DNseuthetrm cansclyisiist yinddcated etladd BR-Am jxRbetpodedediy gy sbmglemune
conpl ex withgghdd detergent. In these conditions, DRTF1/E2F DNA bi ndi ng
activity Was rl-?l 3%89 seé).pé}}/es o]:‘."rgﬂ; c&r@%ntl?Rgvailable protein data

bases (Leeds and Swiss) failed to detect any significant

20 similarity between DP-1 and any other protein. However, we
noticed that a small region within the DNA binding domain of DP-1
has significant similarity to an analogous region in the DNA

binding domain of E2F-1 (see later), a recently characterised
protein that also binds to the E2F site.

25
Characterisation of DP-1

. To confirm that DP-1 is a component of DRTF1/E2F and to
determine whether it is present in the DRTF1/E2F DNA binding
complex, a number-of anti- peptide antisera were raised against

30 different regions of the DP-1 protein (Figure 2). Immunoblotting
affinity purified DRTF1/E2F with anti-peptide 15 revealed two
polypeptides with apparent molecular weight 46kD and S55kD (Figure
2a, track 2). Both' polypeptides were specifically recognised by
the antiserum because the reaction was competitively inhibited by

35 peptide 15 but not by an unrelated peptide, peptide 1 (F:Lgure 2a,
compare tracks 5 and 6).

It was confirmed that DP-1 was part of the DRTF1/E2F DNA
binding complex by determining the effect that another anti-
peptide serum (anti-peptide A) had in gel retardation assays;
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35 i mmunopreci pitate, and not the control antibody inmunoprecipitate
(Figure 2d, conpare tracks 2 and 3 ). The presence of DP-1 in

pRb- associ at ed DRTF1/ E2F was confirmed by treating the detergent rel ease
with anti-peptide A which caused DRTF1/E2F to supershift - 24 - (Figure
2d, conpare tracks 6 and 8, indicated by *). This denonstrates that DP-1

- -associates with pRo in vivo. DP-1 specifigally binds to an E2F site and has

a novel DNA 5 binding domain In order to #et'er ni ne whet her DP-1 coul d bi nd
to the E2F sifs idark18Q048NcRuIBChbE! Bef 504 OFpy AN pefete!
sequence weféeﬁtgx#ggged gs I&t gthi oneEa -t?gns_ %r?gégygég%);yﬁgézn r&qei ns,
affinity purdiiYedeaghg vith ddier GPnpRIAr e RFot§18ct iWheRy anhb-PERE 1daah |wag
region so famabitedd witdt affiminy Porified DRTILVEIFt 3 eopénisis fEP-vias
protei n sequepeg-ehk ORAH NheACininirS iKile B4 t10AMubEl GUEEn StFigure 2b,
GST-DP-1[err]); this bound to . the adenovirus A pronot er ¥hegeas an .
unr el at ed BELORTRERT L 8R9)3 k wilhdE FPYHu s fEI’—‘ﬁﬁJFBe%,“b RPAPES thtacks
2 and 3). FuasheompeeitielpNiniipitiediibyy iacluding peptidpesi butc faw dhee E2F
site becausguFaiabBa é‘ﬁ{ﬂd& §' (PSSO S ELERkS % EQ dHhesyhédiape
- than to the tapt _E S|t_e,§:F|€e:Jr %%,bgz%rg%are tracks ? to 8%.%;{1@ DP- 1
has sinmlar DIRIRG FEITELY 'ﬁ?‘v FEFeY FeRATHAE{on FoRddtianss and
p46 in affi wasyspercef DRTFO¥ BEHe B2Rebioding|siCeT (Figuom Jh.orenpard tracked
any DNAI :&ld“i' ntgoa%t)',v't_t.Heété:' Qfaéﬁéé)b%ﬁa;@[)ﬁfp\@ Eh@lgk%Palt.QLsfg_)paz_Qﬁ af'th g:n@ST
serum al ter it e DP; conpl-ex, confirm ng
presence of %gglf!&ggzg?@?#]b%ﬁf eaﬁﬁﬁ"b%%di ng conplex. Furthernore,
GST-DP-1[err] shBhedanthepemrider apsibpdies alars davsedas supeowihdfye in
fpeﬁ') fi Egl Ilw%xﬁies§ei1 r%n_@@z(‘jgc'i:tst.ot:%hﬁs Eiﬁ:E %me_e&&aew xﬁ@mcegpai\qut ra%d&?] 3
o] : - erefo inds . tQ the site Lh a uence-specj fic fashion
bod 15 Chus SEPRES,oF YRS BEOS 60 SRR BRE e B0t F8ORIRAEr PO o ¢ he
DNA bi ndilsgThpeeidficibn. oft tantit-pepbidef AnebuhendhAthe ngiedmuimenise rmoy,
precisely 3Q2H348 P Md-I$UCEREH WoncthtSradthireahedion if pRf¥Tal ¥ anldi kel y
to be close tgﬁihe m i mal__amount _of, protei th@t Sllowﬁiigquence %PEFIfIC
recogni t i onSaftrIHeT Fr (?PmPﬁrﬁI'I"r_iﬁ’ng&bFﬁit | Viaffngruld be competed by
peptide A (Figure 2c¢, compare tracks 7 and 8 to 9 and 10).
Similar effects were apparent in a wide variety of whole cell
20 extracts derived from other types of cells, including HeLa. This
suggests that DP-1 is a component of the DNA binding_activity,
DRTF1/E2F, that was initially defined in F9 EC cell extracts and
which was aléq characterised in Hela cell extracts.

25 DP~1 agsociates with the retinoblastoma e _product in vivo
DRTF1/E2F binds to pRb both in_ vitro and in vive. To
determine if DP-1 associates with PpRb - in wvivo an
immunoprecipitation experiment was performed with the anti-pRb
monoclonal antibody IF8 from whole cell extracts prepared from
30 the human leukaemic cell line JM, which contains high levels of
the DRTF1/E2F-pRb complex. After immunoprecipitation, DRTF1/E2F
DNA binding activity was released from pRb by treating the immune
complex with mild detergent. In these conditions, DRTF1/E2F DNA
binding activity was released . only from . the .pRb
3s immunoprecipitat'e, and not the control antibody immunoprecipitate
(Pigure 2d, compare tracks 2 and 3 ). The presence of DP-1 in
pRb-associated DRTF1/E2F was confirmed by treating the detergent
release with énti—peptide A which caused DRTF1/E2F to supershift
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the DNA bi nding domain. Overall, it is unrelated to any other typée of DNA
bi ndi ng .structure so far identified, and thus 35 represents a new cl ass of
DNA bi ndi ng, domain. A small region (DP- 1 amino acid residue 160 to 200)

t hat has S|gn|f|cant simlarity to aregion that lies within the DNA

bi ndi ng domai n of E2F-1 (Figure 4a), where 42% of the am no acid residues
are identical and 70%simlar (Figure Qbjhgswas noted. Secondary structure

- 25 - predictions suggests that these regions include two a helices, one
of which is éhjpdnupat 2dc cooparsettradkas 6a dnd | &al mbeeeitem Byguie 4ﬂ)1s

Since DP-1 agémdiderhtlsNehi® 881 33EBcHVes GALBNERDL egi on of
simlarity appears to be involved in recognising 5t e sequence that

constitutes an E2F bi nd| ng S|te . The potentlal S|mlar|ty of two other DNA
bi ndi ng pr otR2E Bbet i Iiay, * - ' b dehggaat novie :
supports tblﬁﬁdj&@ mmighus the budd| ng and f|$$| on yeast cel cycl e-

regul atin r ot el coded SW.4 an dcl 10 sequence
thgt rese?rbloes th nEQ §Ft'é° %{FCFWaV Q?Pﬁ' h?ngf%w# Tdi ng
domai ns t hatsites imasurseguenceospesifiict hfatsheomP- YeE2Png afhélﬁ-dalchagug)n
glorsr;ﬁs%i agélaé;el&agde%fe ée r?-ﬁs’é&ds dﬁ%g@@%ﬁs -thiing SV Qe AR nr
regi on ofysﬁ?ﬁq W@gﬁ g8 Fgga%pr #gﬁ%géegpa%c%vexw

bi ndi ng db¥relhe (mllle@m rmegiond a%siim@me@o thay, xu6taking] RNAJ driknidsialg

am no acid raaﬂlebtiez? cbhERi s PP)-1\préteid lstu&ﬁee EExF drd eimﬁega@m ERiduer m an

anphi pat hi c is_re Pm, actlvt .- 20
Dgl-ol[grr] % g %6(%: (Ptigf"ﬁe :gab' %Fgaﬁp mer atql(?ngf’ﬁ{l‘\@r?agg eeﬁfsé" .
addi ti on of EZ@SPIWU_?JEWFI’GGB axf ﬁnnelgtquSTufezflpRTFGﬁ'Ezﬁkr%sﬁa;beﬂ |t|q> a

sl ower m graid B& QFY él ﬂ\;lAceaﬁBketha@@t BVand 33 €l tFut hePlorE: Wy rdmor

affinity ni.fied er, f.usion p.

Mttre ribainding Farutyiote aMRIETE fonl § B AT, 208 HAa e DoR B A

result from*‘hbound drars e§ficiemay bp- themildrypn than fer the onetant IEZF
affinity purdiitieedrRERiFd/ IR ddipatehtdaskdmey lﬂiﬂtal)QnTﬁQEHDF-:QQst'ildﬁdl\let hin

DP-1ferr]. Hh& BiRhifL dpedi®iveey P oh@9ebeFid JHALC R FOOMEIGES ana
p46 in affinity pure DRTF1/E2F; the control GST fusion protein
20 lacked any DNA binding activity (Figure 3b, compare tracks 6 to
9). An anti-GST serum altered. the mobility of the DP-1/DNA
complex, confirming the presence of GST-DP-1%2 in the DNA
binding complex. Furthermore, GST-DP-1%*-3* ghared another
property with p46 in that it could be specifically cross-linked
25 to the E2F site (Figure 3¢, compare tracks 3 to 4). DP-1
therefore binds to the E2F site in a sequence-specific fashion
and is t.;hus J.ikely to be a polypeptide in DRTF1/E2F that
contributes to the DNA binding specificity. '
Attempts to define the DNA binding domain more precisely
30 have proved unsuccessful. Thus, this region of DAP-1 .is likely
to be close to the minimal amount of protein that allows sequence
specific recognition and therefore, in all probability, defines
the DNA binding domain. 0v§ra11, it is unrelated to any other
type of DNA binding _structtire-:-_so far identified, and thus
35 represents a new class of DNA binding domain. A small region .(DP-
1 amino acid residue 160 to 200) that has significant similarity
to a region that lies within the DNA binding domain of E2F-1 .
(Figure 4a), where 42% of the amino acid residues -are identical
and 70% similar (Figure Sb) was noted. 'Secondary structure
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within this region suggests that E2F-1 is a strong candidate for 30 such a
dinerisation partner. DP-1 activates transcription in vivo The E2A pronoter
distal E2F site (-71 to -50) functions as an activating sequence in a

vari ety of cell types, such as SACS-2 35 and F9 EC cells, when positioned
upstream of the mninmal herpes sinplex virus thymdine ki nase pronoter. To
determne if DP-1 can trans activate trargri ption through the E2F site,
the effect of expressing the DP-1 coding sequence (anino acid residue 63 to

429) on the R¥efistiopsi SHPeaESs | thaty WYieas3YRFigRE posiude rtasoet delices, 26 -
constructs tdrmd off ashichvdas BypRipdehiid hfrepreskdty@ecadra thgeanuivheél EAF

bi nd t Fi I Fn2

o tr ansi eots SHTY 16t phiipe PE Gpel F2PEF BERFAR tne Bank B e€fhodee. i ¢y
of P3xXWT, vvrféwéa§e9hene°$\a§1%1¥ eepe@ﬁs t4f J% &gﬁpa"mr{ regepRistng
Transcri pts asted Diat bequence hatGddnstasutiepant @2F bindihgtaipe E2F sites

because the acti virhy ofe SILA BRI Oy %CE'VVGZFI gureﬁgg Lafdd pagtLyy

affected in the sa ransfection con i.ons 'S shows
that DP-1 spd¥&t FE&PH“%&“&‘&F&PP%% 19e; Bhe t¥paitgRed vﬁxq}@yﬁepm#qo
site. Thus, tHisl fiinddngequEhae, stiecibuddibyAahdnfisgiqt oteaist thal cgche-esent

I n DRTF1/ E2F | %?ie[ p d Vi el l
types and tlsgg Egﬁ%tﬁ%%y é}i W@%R%é? Egéil@nag 1%iel'T%c ?NIE

dependent (’f§§l‘li“6ﬁ°ea'r\hqtr11r€|3§!‘}mﬁﬁ ‘tbﬁangm and LANGEISN2 i Tpgife within
transcri pti ahabiraDNAvbiydivg [iShielirs? Ehathbas feaplmecsin icogabhewith tthed he

free tranSClﬂpDE/ﬁQﬁli)& ﬂ%ﬁ&&g f R d%féée%zgr:o{?én( Fr@SPé)VeiaEQd o
extracts-from asynch ro Qus cu‘béureso tissue culture ¢ A

striking fe&tr %‘fe'tﬁ 15Pg'11 ‘?ﬂ%oongt?’c% AomaipJpay, éﬂl}%%lt"F’b'ﬁlYﬁdE-ZF 1,
a recently O¥3csefeenge atexiogndftioh.al so has propertles simlar to
DRIPL E2hs Thus, AiGidesDNegi il 58 %ﬂiﬁt@n% SlANDMh Sl |BEhY A e

| ocat ed |n ver p05| I ons. (FI qure 4a t hough t he rest of the
proteins ar éPP 9""25’%%5 ¢ D¥A 3g <de [SP 11302 peidekesidue

together in2am to 240, with 41% identical amino acid residues; Figure 4b)
which, like the earlier region, may form an amphipathic o helix.
This region may contribute to DNA binding activity.

20 DP-1%-2* may also contain a protein dimerisation interface
because the addition of GST-DP-1%?" to affinity purified
DRTF1/E2F resulted in a slower migrating protein-DNA complex
relative to either GST-DP-1%2%.or affinity purified DRTF1 alone,
whereas a control GST-fusion protein had little effect (Figure

25 3d). The slower migrating complex is likely to result from the
interaction of GST-DP-1%2% yith another protein in affinity
purified DRTF1/E2F through a dimerisation domain contained within
DP-1%4-2"_ The siniilarit;y between DP-1 and E2F-1 protein sequences
within this region suggests that E2F-1 is a strong candidate for

30 such a dimerisation partner.

DP-1 activates transcription in vivo

The E2A promoter dzstal E2F site (-71 to -50) functions as

an activating sequence in a varlety of cell types, such.as SA0S-2

35 and F9 EC cells, when positioned upstream of the minimal herpes
simplex virus thymidine kinase promoter. To determine if DP-1 can
trans activate transcription through the E2F site, the effect of
expressing the DP-1 coding sequence (amino acid residue 63 to
429) on the transcriptional activity of p3xWT and p3xMT, reporter
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E2F conpl ex because anti bodi es agai nst E2F-1 supershift conpl exes which

al so contain DP-1. This is remniscent of the situation that exists in
other transcription factor activities, for.exanple AP-1, where very
differént proteins interact through related 30 domains. It is, however,
believed that there is nore than one partner for DP-1 because although DP-1
Is present in all DRTF1l/ E2F conpl exes tha¢ £ormon the E2F binding site,
anti body super-shifte exgeri ments indicate that E2F-1 is not; perhaps other
E2F- 1-1 i ke RANFSEPCFBesbaki aret 85t ¢4 1three Hekldtype: | Eikas

- 27 - SECTIntidaBtSBgErkindingesités endspertédvellygBiqureisal heaschssdsded.
transcriptiof, i3ek0s &EIHEL/ ERELPhRY S A ohTBEr p@ B hallth bRxHr@Okt Ahh1G dd1€

| I f K |ls, F | e, F1/ E2F bj nd tiLvit
'S per] odi oAy VRRRCEAPELPENG BEHVAE % HPEOT b sPORTSPRaRRRES dYPPnGiss
phase (Mid gffertabf theQsilasnid petikaigete &b),. TH8jcriptdonajasctitation
regulated d ?e-ﬁ’é fv;a%rﬁé‘%%ﬁén@n.oﬁlvﬁlﬁ'ﬂ%ga'-%lﬁs@!tggybeéa&%@ thd A& A4419) N9

activity correfates wt e transcription ,actgllt of certaln gene t hat

f
are necessafy FoFhe%R B3XE, op RIMMCAL YIS ROt fLEDY Y BRACEHEY R
[err] and p3émer t¥ansfeatiionocbaditidREF1FEGereiSkliangl <)t eThis dlnsvs that

pronmoters ( %baEesﬁécﬁ.zfii@éFw1aé&%ﬁems@riﬁltionla%ug@u Qﬂld%?}‘fi‘

Furthermgre, .the Teti nobl aStonma tunour suppréessor gene product,
negativel’3’J Féﬁﬁrat es cell cycle progression fromGlL into S phase and is
frequent |y nut at ethus, DErbUis Gelsegquenteadperdf DRTINA EdhdiBgnpretetmdtHat

Thangue, 1994; pEbgbh@pPa) ﬁrsal/mﬂs&@lexﬂae abBRgEE0NA| eLOPSAMBI§REHaHed! N S

interaction_is that p reven s DRT 1/E3F J‘r%m activating transcription

( Zanani an aﬁﬁ°Taaﬂ?ér%§3£°§9§%. YBFE &P N HEYSFol ecul es that are

“inplicated in celBotdycpRb candr pip7sbindasoRPRIFIAESE pir07a cpdlli mycdeand E,

(Bandar & 5t Sgpondefs TARKIGE, Ui qupee s ied cAlE et o BUBLE R BFTNT s

ot Al 1 005TankeRiRT Hongt A vkt TRaBat, ciieak, SOEBI SEra HosRtheELF

i nt egr at es with theclfereeveransoxiphionel Xy agtive pfoxm ofpPRTEL /E2F errsuy beg

that the ceftsdBkad ihhétracts from asynchronous cultures.of tissue culture
cells. '

20 A striking feature of the DP-1 protein is its similar
organisation to E2F-1, a recently described protein which also
has properties similar to DRTF1/E2F. Thus, their DNA binding
domains and regions of similarity are located in very similar
positions (Figure 4a) although the rest of the proteins are very

25 different. It appears that DP-1 and E2F-1 exist together in an
E2F complex because antibodies against E2F-1 supershift complexes
which also contain DP-1. This is reminiscent of the situation
that exists in other transcription factor activities, for example
AP-1, where very different proteins interact through related

30 domains. It is, however, believed that there is more than one
partner for DP-1 because although DP-1 is present in all
DRTF1/E2F complexes that form on the E2F binding site, antibody
super-shift experiments indicate that E2F-1 is not; perhaps other
E2F-1-like polypeptides exist together with DP-1 in these

35 complexes. '
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appropri ate changes in gene expression at-the correct tinme during cel

cycl e progression. Further evidence for the inportance of DRTFl/ E2F has
come from studies on the nmechani smof action of viral oncoproteins. Thus,
certain oncoproteins, such-as adenovirus Ela, Sv40 |large T antigen and
human papilloma virus E7 regulate the activity of DRTF1l/ E2F by sequestering
pRb and the ot her associated proteins, c gyertlng it froma
transcriptionally inactive to an active fdrm (Zamani an and La Thangue,

1992; Hi ebert et al., 1992; Zanani an ﬁ@;ﬁl’eﬁ ghangue, 1993). Because this
effect requires regions in these viral oncoproteins previously shown to be
necessary for cellular imortalization and transformati on (Bandara and La

- 28 - Thangsevexfiolings mfheuhdance saggestnbat tB92ellularitrdriscaliptiat
Egﬁllnggg PLQ?’&&“IUR'TPQV’EENPIQ@ sngri&.ﬁeﬁ&m exlii{] g“:?.%;?ﬁ A mm, Rh@OEESE has
DATRL BoF, | reXShd vif Pl fn Eel 1t Ao sRafbrs . pth 200, O Bingtaul ar
detail s. Tvma@ﬁmlltr}'ctl-sppﬁimcﬁdéy mﬁ%@%rtbnb@lghcm ¢ty ek rpyogeepgenent s of
DRTF1/ E2F hayeaiioy @eetn beeyéeélmm?saet:eansedlsﬂﬂe §H1rx§JdkaEeE€r sed, to

as E2F-1 ol ate to dlrect ind t.o ich
it does thv%gér?%a o2 rrﬂet%%qygéﬁ{orfeﬁ'—'}&#%detd% Qgﬁ ari:pé’ln a\m
1992). | n cdrhange, &DRigbyaslgR?) nedhis bziaénpgnemivﬁtm/egaﬁes)l\mth
bi ndi ng acE |t xraﬁsemlmmﬁqrrhlelaﬂyqu éare&@lazﬁasf £ 040 I?&eeaeexeaa}y
car ci noma el sSysteman, D%yz

down-r egul at ecf cf ?ﬁ]ﬁg fhét%ﬁ ‘?ax}"“é:nc'¥1 t|%n process (L Arﬁ&r?%a'ﬁsréﬁ%l ﬁ%’b@/
1987; La Th@#ATE" etwhach, conomin DRIFDKREF thinding sdteprin thaiy promotexs

af_ter_obt ai nemkearﬁ Nz 23Hath, Sﬂﬂsﬁ}n%anfsrqm &f fj niss2 pupaiissl, DPedz) .
(Grling et contalnarelon t hat _al | ows

each pol ypeﬁ &é‘e B%hot%% ra?%éé‘aé%ﬁ%te“?pé& MPHE PURRY GiP s 85" ﬁoﬁﬁ W to
t he E2F not ivhicHehegatsivedly. reggbazte«apeﬂﬂncmlelprogrssamm framGleintd .§

1993) . At hgjalet f'ﬁuﬂ\lfsb'ﬂ@q?ﬁnd mitaBe® NOf EhRsie! Ycbela! etilhesa%

pr evi ous| y §{f bgﬂdéo%gg@%}thy,{g%e.hfmr TnelT¥SRANSL 533, Hhayntly
The functional consequence of this interaction is. that pr
prevents DRTF1/E2F from activating transcription (Zamanian and La
Thangue, 1992). Several other molecules that are implicated in
cell cycle control, such as Rb-related pl07, cyclins A and E, and '
p33°* also associate with DRTF1/E2F during cell cycle progression
(Bandara et al., 1991, 1992; Mudryj et al., 1991; Devoto et al.,
1992; Lees et al., 1992). Taken together, these observations
suggest that DRTF1/E2F integrates cell cycle events with the
transcription apparatus, ensuring that the cell makes the
appropriate changes in gene expression at the correct time during
cell cycle progression. .

Further evidence for the importance of DRTF1/E2F has come from
studies on the mechanism of action of viral oncoproteins. - Thus,
certain oncoproteins, such as adenovirus Ela, 8§V40 large T
antigen and human papilloma virus E7 regulate the activity of
DRTF1/E2F by sequestering pRb and the other associated proteins,
converting it from a transcriptionally inactive to an active form
(Zamanian and La Thangue, 1992; Hiebert et al., 1992; Zamanian
and La Thangue, 1993). Because this effect requires regions in
these viral oncoproteins previously shown to be necessary for
cellular immortallzatlon. and transformation (Bandara and La
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sone yeast cell cycle-regulating transcription factors (La Thangue and

Tayl or, 1993). The functional relationship between DP-1 and E2F-1 has,
however, remained unclear. In this study, we show that DP-1.and E2F-1 exi st
as a conplex in vivo which recogni ses the E2F binding site. Mor eover, in
vitro assays denonstrate that DP-1 and E2F-1 bind efficiently and
preferentially as a conplex to the E2F siage- an interaction which requires
the region of simlarity between the two proteins. Furthernore,

reconstruct i RHABRIE1ARIE: | FAmRdagpind dagFeanmiest 1822 |)g Sﬁgg%sltlé‘etlﬂa'@hﬁp 1
and E2F- 1 i NnDRTRTAEZR paagsSan chiportiant FPéle sint ehdepemcsndsselsr.anscri pti onal
activation. These data indicate that DP-1 and E2F 1 can functionally

i nteract and at such an i nt raction is |ikely, si ol ogi c

rel evant in Q%EWE%QF?S as been mle %ﬁ’Idl Mgst the Seiltl)\‘\%?’éx in

HeLa cel | s. pPetieins ahaanpiortextacbf whEd FDR‘H-ZE’BHﬁ,crrenatpveLpnhtmeruwas\ﬁ

devel opnment whe I @ﬁ%@'{? E2 and

thus is Ilkglilﬁ%f %%ggﬂfgn% cébn%%gr%? b %dggﬁlgﬁﬁ b?r? Hgggﬁét
activati es. P°h(¥?§RYé—rdﬁﬁr8hl‘E3P are PoLh DN} Ripdingr copronentisy of 88 B1E2Re it

- has been obskdwehowybeéw xwlm&hrmvcﬁmtractéhﬁsea cirheetirgte| ae€drpedttsdn i s

expressed i n, arplp a%saﬁgg%ﬁi@ en PP lal 14t yApBeRL e l-0) deb%&y@&uem

and evol utionari y conserve g co ne
whi ch was |S%‘T%t haty &GgﬁquStQBP‘Pﬂ)Ft%' D r’éﬁﬂ?ntg'l?ﬁt:&f‘
I nteracts i meeXxekaeddn- epexl f,i a99akhi dn wonhrase, EH-1swae (ibiéinadeas ai

1992; Kael i rb&ﬁpd'ﬂem é?%ﬁm%z'@ Bﬁﬂtﬁmngoaeem@ SarﬁleE B?Gbﬂ@mﬂ%an
sim | ari ty t hat over g donmi ns ¥ OUS sh own to ECEecessar

sequence- speYFHtyipgAP ?ﬁﬂlf@%rﬁ ‘farﬁj”'é‘f’mél 985sM ¢¢llRys a
assessed whetdldr @&¥stlemanih ERBidh enR'sn/&Fa I npdex- teguliakadc eluriegt rdet s

using anti b%ﬁ@;@hﬁiaép&?w&%km&cﬂ% g Sﬁ&*hil%&l euaaﬂnts'ﬁké igye'e

determ ned by gel - ret at i‘on th conponent 0
DRTF1/ E2F. s34 o %5‘%9 nﬁ%ﬁalc @5 cﬁnﬁ898 %@ ?15&% ST DP- 1
pepti de ant |°3?¢tatimidgsrmitmd peld csiguenrs FIfxERE aflf:alispeophr&fiaéhlmi?rm nce

I t.s (Girling et al., 1993).

Both E2F-1 and DP-1 contain a region that allows each polypeptide
to bind in a sequence-specific fashion as a homodimer to the E2F
motif (Helin et al., 1992; Kaelin et al., 1992; Girling et al.,
1993). Although the DNA binding domains are not closely related
tc any previously defined DNA binding structure they are,

- nevertheless, distantly related to the DNA binding domains in
some yeast cell cycle-regulating transcription factors (La
Thangue and Taylor, 1983). The functional relationship between
DP-1 and E2F-1 has, however, remained unclear. 1In this study, we
show that DP-1 and E2F-1 exist as a complex in wvivo which
recognises the E2F binding site. Moreover, in vitro assays
demonstrate that DP-1 and "E2F-1 bind effic_:iently' and
preferentially as a complex to the E2F site, an interaction which
requires the region of s:.m11ar1ty between the two _proteins.
Furthermore, reconstruct:mg DRTF1/E2F in Drosophila and yeast
cells suggests that DP-1 and E2F-1 interact synergistically in
E2F site-dependent transcriptional activation. These data
indicate that DP-1 and E2F-1 can functionally interact and that
such an interaction is likely to be physiologically relevant in
mammalian cells.
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effects were conpeted by including in the binding reaction the honol ogous,
but not an unrel ated, peptide (Figure 6a, conpare tracks 2 through 5 with 6
through 9). Anti-DP-1 antiserumwas used to inmunoprecipitate DRTF1/ E2F
from HeLa cell extracts, the i munoprecipitate subsequently being

rel eased and then inmmunoblotted with an anti-E2F¥1 nmonocl onal anti.body.
The DRTF1/ E2F DNA binding activity i mmnéfreci pitated. by anti-DP- 1

(Figure 6b, ﬁp %%gcifs As_sa}:nqt % cont |n(ig &Qﬁ %ﬁ]’ protei n because

I mmunobl ot ti ng nopreci pi an an T nonocl onal

anti body re\,l?a'lledl% POFGERPReRe Of thRT!He/m StUiIchr iReiRFIeEeBkpdet dMTige
‘E2F-1 (Fi gurdtv@qophéaexuﬂy regulfdedy] ana aceDW) cydhe pégsenem bRTRFERFWAS
dependent upop, ﬂﬁean @u@% 'ﬂxfﬁgn% | e V1S ggagﬁgiem oHBRE e

i munopr eci pi presence ogous peptlde
(Figure 6c, Wﬁé&fﬁ@l‘"t Pﬁ'@k?’ﬁ‘d&ﬁg @FtlTﬂEléesDP Fuzrkhepoere, RPzt 48 fhe _
conpl ex in Igalodueel bfext consexrved gendl sinbe- itahds BBéerl obdearvaet byn tiet r o

in a DNA bi qagie%@nheiﬁf&%& &hﬁetg chTsjel@nQ‘eEgEe& &Qﬂ:te% ﬁ%@g{sﬁw fic

DNA bi ndi ng "donal ns osI t1ons of et ween
ani no acid rP@Phdbaans aRf) DIRERRIpR. 1 DR Wi GEPITE LT

al ., 1993), anidi etoDutniemaridyr egummﬂ BNAi biarding d:dmionenteoﬂsnmmme' of

t he DNA bin d C I ERRB Bt
with previ o?s@g%ug%s& ﬁ%P f‘éBl’Hleﬁ éﬂr&%gi ik %ﬁ%% -b]'md al?é:g rli ng et
al ., 1993) B8Pm preq wﬁfrrsfﬁspm %rﬁ%ﬁ‘é%ﬂ?@c’c%%u ﬁ& 00 Wb ER

either in tisdteoriHeXinoktt h2. AdE99R;i HaelERA etr advt e193H .gLB:!!:h?éprdtleaubs 2

and 3) or a%oﬁtéiggl at 534'_115' E—S#M" 68 "LﬁﬁnﬁQE‘gEF“EhQE 'o%&-ﬁagsd a‘%%‘iﬁlére of

Figure 7a, trac ta not s I'nding activity of, DP-1
sonewhat | e§§ef’haﬂs’c¥1atsh8VnE# 1bet MECRESRBKs O3y %ﬁ“@ﬁ‘cﬁr gpgettimt WA

uncl ear. Hbiedgng adtEvitipot(Bipliveiats ale; el1pozsent in the same binding
reaction, increased E2F site DNA binding activity was apparent (Figure 7a,
conpar e tracks 2 and 3 with 4 . and_6 and 7 with 8). The DNA bindin _
activity wadtnfRs 3@"@&?@? whehfernBE- %)@E@CF%@ :|‘red‘rhs§na%tddFPF‘9%°’éf%%FLGf t he

two DNA bi ndebl extradtis esingnshtiliadigst bhattspstilfdcalPy Irectsgnise each
protein. Initially, we determined by gel retardation whether DP-1
is a component of Hela cell DRTF1l/E2F. Thus, as in F9 embryonal
carcinoma (EC) cell extracts, anti-DP-1 peptide antiserum
disrupted Hela cell DRTF1/E2F in a specific fashion since its
effects were competed by including in the binding reaction the
homologous, but not an unrelated, peptide (Figure 6a, compare
tracks 2 through 5 with 6 through 9). Anti-DP-1 antiserum was
used to immunoprecipitate DRTF1/E2F from Hela cell extracts, the
immunoprecipitate  subsequently being released and then
immuncblotted with an anti-E2F-1 monoclonal antibody. The
DRTF1/E2F DNA binding activity immunoprecipitated by anti-DP-1
(Figure 6b, compare tracks 4 and 7) contained the E2F-1 protein
because immunoblotting the immunoprecipitates with an anti-E2F-1
monoclonal antibody revealed a polypeptide with the molecular
weight expected for E2F-1 (Figure 6c, track 4, indicated by
arrow) . The presence of E2F-1 was dependent upon the anti-DP-1
activity since it was not present when the immunoprecipitation
was performed in the presence of the homologous peptide (Figure
6c, compare tracks 3 and 4). Thus, 'DP-1 and E2F-1 exist as a
complex in Hela cell extracts.
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E2F-1 recogni se the E2F site synergistically. The presence of both DP-1 and
E2F-1 in the DNA binding conplex was confirmed using antisera specific for
either protein. An anti-E2F-1 peptide antiserum supershifted the DNA

bi ndi ng corrpl ex (Figure 7a, conpare track 8 with 10), whereas the anti-DP-1
pepti de antiseruminhibited the DNA binding activity (Figure 7a, conpare
track 11 and 12). However, the effect of zthe anti-DP-l anti serumwas | ess

dramatic, the reaso ch are, uncl ear; but mm rel at ed to t he
CvalTabil ity Bar e pe Sadt i ANeRPARE St PR in i IpabintiAd ghresa trete (o
t he DNA bi ndBeghdd?Riln ethPEZLF-(IG FPRtRiret saquenqe?r%)euthcs M¥¥sabindinaised

L 0 get erm nelabhlslﬁfﬁl DoSatdn B biwhgh ﬁiﬁt’i@ﬁ95§tﬁr&aém Iﬁr&_@jae (BeEh¥en

I nNal nNng conplLex w S ous val |

expr essed asa@S'?"fﬁgi‘%nrepﬁ‘ﬁu& Hg aﬂgag %?ﬁ h?rb%b nq:o Rglt ﬁﬁnﬁggsjeSSed
for any inteficiinm af . E2F9&3).Swh¢eht¢m§@1aemmlpnegf ofindRariegr that

truncated vepgtends qut@haevwfckﬁé'@mmm@ngmaﬂanpf tbham iz aass flle to
duce function

interact with E2F-1_tao actiyity
Shoul d_r eoul 245 min Bk Do RoRGredins ra&&r%ﬁlgwat bhiige GRtann Bt ox
Mor eover, ifl8sky I@ﬂrﬁel:fraatelalm gLa82 nPicddpbertwel o 9530 ebothabDhel eamdli mer

of the two PESELE] Ng1aul ekl dHNR rwmlhakebytaéphgﬁamea éme@:d,l
either DP-1[err

PR ﬁde% o 5h, B SE s 4 oL PR e S 1 @
(Figure 7b, 2bnpar@st macking tB?FZEé-r'FG dyhérshEZstepa{eretF.gmrenqaeased

i ndi cating téﬁsoédﬁsaft etttk 0f d¥tal ndershowdl)e tThd DRI Botd Md h

E2F-1 and th e t r

bi ndli ng act | GTE3V Y 156 PBFLLMe. Fonpeiet 18 %ﬁﬁ%%?s O B e or
E2F-1 al one {ﬁmnse fax \elmﬁiareerq repsrent gyt noleart 3)Heweyyr.l[vwher hatitch
had | ow DNA pi-swliigs ﬁéi‘é\'ﬁﬁééelnlﬁ izhﬁtheoéh?ﬂlé maalﬁr&be&eﬂon N iifdreagég e dat a

not shown) bt n he S.C |f|caII e ni.se,t he E2F site

(Grling et % . %@9@} é’?'}?e V:bl n%as g ACt V:ftt P Th2 E5°TPRER. flfaécf)ﬁ

feaction was?|and 2 withedr. andps 1374 Wilﬁél Bati nﬁ‘% R biadiagi aetvritDP- 1

bet ween am neasfimutl efiedter?2tdamnthatd @xpected from an additive effect of
the two DNA binding activities, indicating that together DP-1 and
E2F-1 recognise the E2F site synergistically.

The presence of both DP-1 and E2F-1 in the DNA binding complex

was confirmed wusing antisera specific for either protein. An -
anti-E2F-1 peptide antiserum supershifted the DNA binding complex

(Figure 7a, compare track 8 with 10), whereas the anti-DP-1

peptide antiserum inhibited the DNA binding activity (Figure 7a,

compare track 11 and 12). However, the effect of the anti-pp-1

antiserum was less dramatic, the reasons for wi'zich are unclear,

but may be related to the availability of the epitope which, for

this antibody, is located close to the DNA binding domain of DP-1

(Girling et al., 1993).

This assay was used to determine the regions in DP-1 which are
necessary to produce a DNA® binding complex with E2F-1. Thus,
various derivatives of DP-1 were expressed as GST fusion
proteins, cleaved with thrombin, and then assessed for any
interaction with E2F-1. Since these derivatives ©of DP-1 were
truncated versions of the wild-type protein, any of them which
was able t'o interact with E2F-1 to produce functional DNA binding
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whi ch shows significant simlarity to E2F-1 (Grling et al., 1993), also.

I nfl.uences DNA binding activity. The synergistic DNA binding effects of
DP-1[err]*and DP-1[err] were al so apparent when the uncl eaved GSTF fusion
proteins were nmixed with E2F-1 al though, because of their increased size, a
faster mgrating DNA binding conplex did not occur (Figure 7b, conpare
track 1 with 4 and 5). Further deletion-ofzthis region, either fromthe
N-(DP-1[err]) or C (DP-1[err}) term nus yielded derivatives of DP-1 that
failed to foasptividy sliovdichgesudpl ér ai smal2dr jandi hkure afaAIF Mmigirening

?cri 0: ei nst ( Flh 15107 ebiﬁdh@m&ﬂt S1dx ac kM&ré:_‘waHt 5 andonfly Qineafita«lyte&l eR\42Eeing

ata no snown | ndrcatln nl na |0n

defined whi cF°T I%wgﬁﬁea%? %dusqﬁpﬁt%ﬁkeﬁl %Qﬁlﬁ 8 e °I‘—_“§’% &

Anal ysi s of them BiikelWgexplanatiion: yIndeede when- q_;mrlp@raj"’é oopl BR-wi t h
a panel of bimdrngegbt ASxEQrwyes piz“mm tlesTagepoy® Uy, Eeﬂfﬁt@fotna@rdt&ﬁgl

E2F site (L an ef al 1990 L T 9 di cat ed
that it vvasa?ﬂ;? %‘Lﬁi otmf):“f"'teﬁaf""—"?orOJEQ"%'ld f%r%%&ﬁe ( I guf'e l70%' g)nﬂg P& Facks
3 through 6 W+t hcgnna%u@raql&)lawathfar @Rer For oF (BRF-LEPP1] EAFigure TAA _
bi ndi ng actimidicat@highethdth thedd eqbl dextivacived Fogupe- iC,weG:leﬂﬂQ: tgacks

13 through Weernce dfcn WOl gEACTaE TURLyCLathe Libiracil ondigt vgen
-1 and E2 we ed ‘an assay ran crl
transl at ed E%%%Wﬁeptﬂﬁféfboﬁhﬂ W%Hi{“élw actaxity ofi bhe Fdt-di/] @? 1'I’he

ability of B#F-conplebntwiisaGirestedy Dhah whatafoes B20'-af adbneol(Feghterg7hb he

GST- f usi on | ut ope-agaLQs saiifl SU t
rel easi ng t%eoqubound%gkg 1@:[@111 ? 893 Bgt %Ing?Pd%err %%&e&l][ie%% m?:%ul d
i nteract wi tl?iréz-FlglasthEétYh@d‘?hﬁJﬁPnéﬁtE@Fs 1emedtbn®n@mfpﬁr i«}la%md
GST- DP- 1] er rdot\Washowing N bl C Altbyt §é B e lcainh apeth 81 cdXiin dRghiise Gle bEzrdls

20111ty o 1 HOBRACRE At dinet APOVET (B P HHeng] pebb ey P (ke g

to E2F-1 wh&2Fz3/PP-1'dP) [reamtiion wasdbess t(llrargusrz@ 2dDPcHPYr éndigrtkén® to -
4 and 5). Dithhitethd +8§icH G Dol Bebtedn dbiBic) acilli £dsimeedoanNabhc2eanr | i er
results is Uhii%&'xy sth%wlge ﬁg@lﬁ'&:hﬁ@t 's?ﬂiﬁ%’?w to E2F-1 (Girling et al.,

1993), also influences DNA binding activity. The synergistic DNA

binding effects of DP-1*"**® and DP-1"-* were also apparent when

the uncleaved GST fusion proteins were mixed with E2F-1 although,

because of their increased size, a faster migrating DNA binding

complex did not occur (Figure 7b, compare track 1 with 4 and.s).

Further deletion of this region, either from the N- (DpP-124¢-24%) or

C- (DP-1%-%¢) terminus yielded derivatives of DP-1 that failed to

~ form a DNA binding complex with E2F-1 either as GST fusion

proteins (Figufe 7b, compare track 1 with 6 and 7) or after

cleavage (data not shown), indicating that DP-1%-?* jg' the

minimal region so far defined which is capable of producing a DNA

binding complex with E2F-1.

Analysis of the DNA binding specificity of the E2F-1/Dp-19%-2¢°
complex with a panel of binding sites derived from the adenovirus
E2A promoter distal E2F site (La Thangue et al., 1990; Shivji and
La Thangue, 1991) indicated that it was vei-y similar to that for
E2F-1 alone (Figure 7c¢, compafe tracks 3 through 6 with 8 through
11) and, furthermore, the DRTF1/E2F site DNA binding activity
defined in F9 EC cell extracts (Figure 7c, compare tracks 13
through 16).
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that allows it to interact with E2F-1 but |acks sufficient am no acid
sequence for the heteroner to bind to DNA. The additional information in
. DP-1[err] is necessary for the conplex to bind to DNA. These data therefore
suggest that the region of DP-1 which is simlar to E2F-1 (am no acid 163
to 236) contains a dinerization domain, and that additional N-term nal
sequence i s necessary for DNA binding actsipvity. A sunmary of these data is
presented in Figure 7e. DP-1 and E2F-1 interact in yeast cells. To
det er ni ne i f TOEhRrAsgeERFe funtherdite dnteradtidmbetwerrBPadaan®d28-1 we
previously dessidyatl a3 S¥sayy shewhidh YRASH t66l tbakddGlbad and Seafs1dO6D)
which utilis ' 4ec t t i I aypr | ot ei one
derived fromE%i.D%pé\Oﬁlﬁﬁ%glogh%r% ?omﬁgéég;s?ﬁ t%%'er ?Iﬂfg%ﬁ? #ggp%ﬁi% gf)hcﬁ ng
sequence wasabikidy t oft F2FDNA t0 néntrrastmavitlbf DPht wast er9anssedffien ein,
to rr?ke gLE?%%&t%cﬁr@ gﬂet(fﬁ'—iﬁ%aﬂipﬂ%@é@nﬁa&ﬂglhbsu% el agadond IS@é&bef thnce
was fused wi aci di c, transcr iQnal acti iLon_donai n 0 e
Voast caia’ T AReRgueRE e TEIRRPLEY TS BRRRO AT -4 PebTTRsL ARy e -
driven by a 1%%R shddhd ‘SFY ecoulidedoheracth withdERF ot etimcehghecanounthexf t he
}_kr)ans act%aészxdsa@aI ﬂ&l@g‘-fnlboﬂ“f’ggE&@-G@&%ﬁlﬂ‘ﬁﬂuhdsg E&gﬂiﬁ%ﬁéntly h
wever, en . OR- a ) - e, _expresse et her. e
transcriptiona alﬁé%t R\P}ﬁnx Bre hgg"%l:&)?Ab eﬁé?tgrg&cgﬁ'sa (u&io\?/g's {.Eﬂl éa%e" !
consi der abl \equaFet t¥8ckoRdFor 8| andve!  occonsistentywiph theinzmbiljtan te t her
pPLEX. DP-1 orfqimAR. BREk-Hintdnhg Repéaeed (Figue (bl gur-18)8-3*Thalsor bsutd ,to
conbi ned wi tdy 4 he | £Studise | ' r gest
Chat Dp-1 arPRedrvAEFa PR a i PTaRi S B 40 (elbfeBORE colphfd Raackld
si t e- dependehttt fadR@ rdpt PBn1I‘R*Vitherefare ceentadnehe ddadns whiehdasmd
protein in anateteardietoreahles i{ellikelfyorcerenpl @imEDiELL i A Fomk idn)d
3T3) and gr | L f al Eg [0 SEANBSH G2 y: ' .
transcripti 8-,‘345{1 gg? %l&téwo%fo giﬁl: sr?'ie:gt?ézf)ﬂe(r;ldg{ﬁ% :'Fgeéléosr![lé E’?E?‘é%ﬁt n%'}mo
shown). | n @&F& seguaRseskoy tthephetexpmer, to1bipd tq H%’&I-I yThat additiqpal
t her ef or e hachfiormhaken ain ap-arth? i iee neppssarynefor the complex to bind to
DNA. These data therefore suggest that the region of DP-1 which
is similar to E2F-1 (amino acid 163 to 236) contains a
dimerization domain, and that additional N-terminal sequence is
necessary for DNA binding activity. A summary of these data is

presented in Figure 7e.

DP-1 and E2F-1 interact in yeast cells.

To determine if DP-1 and E2F-1 interact directly in vivo we
adapted a previously described assay system in yeast cells
(Fields and Song, 1989) which utilised expression vectors that
synthesise two hybrid proteins, one derived from DP-1 and the
other from E2F-1. In the first, the DP-1 coding sequence was
fused to the DNA binding domain of the bacterial LexA protein, to
make PLEX.DP-1 and in the second, pGAD.E2F-1, the E2F-1 éoding
sequence was fused with the acidic transcriptiénal activation
domain (AAD) of the yeast Gal4 protein. pLEX.DP-1 failed to
activate a reporter constfuci: driven by a LexA binding site,
whereas a hybrid protein that contained the trans activation
domain taken from the pS3 protein could (Figure 8). However, when
pLEX.DP-1 and pGAD.EZE-l were expressed together, the
transcriptional activity of the LexA repbrter construcﬁ was
increased considerably (about 75-fold) relative to its activity
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(a) Drosophila assay. A first approach involved devel opi ng the appropriate
assay in Drosophila SL2 cells, a cell system which has been used previously
to study the activity of mammalian transcription factors (Courey and Tji an,
1988). These cells were particularly appropriate for this analysis because
t he endogenous E2F site DNA binding activity is very | ow when assayed by
gel retardation (data not shown). In ordgs Lo assess the functional
interaction of DP-1 and E2F-1, we determ ned the effects of each protein

al one and whaiere¥ptRes asLEXN.PH-Nebr GIGADE2F-aNsexd pkbﬁeeéemcﬁﬂo\nbt VP {furf@3x I,

a reporter ns t VRN e ' L. gnd La
Thangue 195@) %S rgéﬁ#’l ﬁb eth%ga%H \e/ezsiltrgﬁf) %@" gose tEajé‘hpendent
fashion (Fi gdté opaRewy cs':é'BﬁﬁéYe quggesti thar opP vBheFéQs %ﬂf'il f RO do

so (Figure Hireedlg, inovpese | anes 3 and 4), results which are sinmilar to
t he behavior of E2F-'1 and DP-1 in manmalian ceIIs (Helin et al., 1992

Kaelin et al., 1993;_ and data nat shown %e Y._&/x/nen DP- 1 and E2F- I wer e
expr essed t BFsthEroRiRtes B2R Site depen m'deﬁféﬂﬂ‘é domdar Viveonal

activati on uacreppimgnitheclbévels tof echeeDRllorEratieigurin 98 amgietycafpare
lanes 1, 3 an qm%xa\l}/béfﬁéprcf&ﬂ;'e aﬁyf@rwtﬁc‘: 8hbH 603 aemss&bsréﬁ@ta:%&%cause

i ncreasing the oduced g S|te- erPen dent transcription
(Figure 9b &Rgdit %?rrﬁ.ﬁlelﬁdaﬁessﬁnlftfl&ﬁﬂt Y ShdUpEe i tZpREgriptional
CO- expr essi extéfity el EREdsDhé-depedidegt deponted fdara tive €hbvn)r otlai n,

did not prodygerany Sé&ﬂ-ééé capt pelhechny (2@ efx%btﬁ%@xa@lycqméiﬁcé ages 5
and 6 with 7_and si,m | ar 4)rer|ments per f or med

with p3xmr f HIFEQ‘F%%J liaré\ttq lﬁ%eaéill%]grﬁ’m?t\ké@ 8RRE9aSNESor the wil d-type
E2F site (data not shown). It therefore appears that DP-1 and E2F-1
functional | y b nEL {7 t e-dependent transcription and that this
I nteraction gl St F9. EC cell assa In an alternative

approach a Adéﬁfi"ﬁﬁnf“fﬁ€aé?lﬂvénvﬁje‘F‘?Q/eﬂ?‘(?é%PnE#EeV\ﬁEPE%%‘i‘g’ﬁ@d affa¥hi8oul d
crippl e t heDendopglehlraus SDRTFELERS, t mansell ptsystam awhich t has BEerdl[ esel was

prepared WhhebviSi6deS, to. study the activity of mammalian transcription
factors (Courey and Tjian, 1988). These cells were particularly
appropriate for this analysis because the endogenous E2F site DNA
‘binding activity is very low when assayed by gel retardation
(data not shown). In order to assess the functional interéction
of DP-1 and E2F-1, we determined the effects of each protein
‘alone and when expressed'togethér on the transcriptional activity
of p3xWT, a reporter construct driven by three E2F sites (Figure
9a; Zamanian and La Thangue, 1991). Thus, E2F-1 was able to
activate p3xWT in a dose-dependent fashion (Figure 9b and c,‘
compare lanes 1 and 2) whereas DP-1 failed to_ do so (Figure 9b
and ¢, éompare lanes 3 and 4), results which are similar to the
behavior of E2F-1 and DP-1 in mammalian cells (Helin et al.,
1992; Kaelin et al., 1993.‘: and data not shown). However when DP-
1 and E2F-1 were expressed together much greater E2F site-
dependent transcriptional activation was apparent relative to
either alone (Figure 9b and ¢, compare lanes 1, 3 and 5).
Moreover, this synergistic effect was titratable because
increasing the level of DP-1 produced more E2F site-dependent
transcription (Figure Sb and c, compare lanes 1, 5 and 6) and
specific since co-expression of an unrelated DNA binding, derived
from thé Gal4 protein, did not produce any significant effects
(Figure 9b-and é, compare lanes 5 and 6 with 7 and 8). Moreover,
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am no acid sequence fromboth the N and Ctermnal region. Thus, when
DP-1[err] was expressed in F9 EC cell, which contain high |evels of E2F
site-dependent transcriptional activity (Zammani an and La Thangue, 1992, a
reduction in the activity of p3xW was apparent (Fig. 10c, conpare tracks 1
and 2 to 7 and 8, quantitated at the bottom of the flgure) this effect was
specific for the wild type E2F site becaud® the activity of either the

nmut ant E2F si ﬁlrlggorg(ggep sorpet}g%@& Wesh nggxﬁ,fgﬁae{gtﬁa q_xdator{__ﬁlhse

earlier resul ntial exp Ianatlonfor th err] was
that it sequeas,‘t%”é&lEEF"’is FBe‘Fbﬁ'ﬁ af et Bt idapende Fndtiteapdnta grot
activati ng trsmsmr)l pt Tonthétefore rappleagstbhaar’im-nt amid mm—habhﬁcﬁ?:ﬁua]lly

When E2F-1 %43;;@8%@9 e B3R 8S50RRAT PRl ol BYPTEALE Wha .

"dom nant neg atlve par e- dependen
transcri ptlor?@lteEEFFW% %%erses':-t‘b-rrpare tracks 7 and 8 to 9 and 10).
The ability of E2F-1 to rescue E2F transcriptional activity is consistent
with the ide h - LLgggduesters E2F-1 into an inactive
transcriptio atible with the idea that an interaction
bet ween DP-1 I&nanE#tsr%femes apprREfAeR| SfeRant nppativel dsrivatisve et e
E2F site- dep®pdenivaisr aesidrndd iwkiiclieasiild edtippllePtheaeddbgdéndus\eDRTRIYE2F

assessed {0 YERREOLS idnan " QeedBBeLUNCIHENAIY LlboLAthatBaEehich 1acks

site-dependent transcription In st ce constructs 1 n
whi ch the yeég‘i‘nEyac‘fldpFSﬁB?’é?e \ﬁﬁ?mdﬁ"?%ﬁhﬁy’ql?é@ Gr FeFRiiad £egiPRKeFMEom
t he adenovi r whe&2bPpl1itft easvwexpressed in | P9 pR&\Vdell,Ciwhifahurcdmitaini idighg

sites drive ﬁggefy%f @5?”?11‘?4-:1@5bﬂ5 kRt ]t]:aa)xz’scﬁ"iiati/@ﬂélngctlva.t?? ( ammanian
transcripti on_gbout

g ove the_activit g % é ata not
shown) . . ThRB tPanE%?frqaﬁ'o&aPzram%ww&m%* BhebReReT iR P4 FEHE wEfon
i ntroducti onapparm EAFig. exgiicossFompaxet racks pGADaREF-2. to 7 abdise,

pGAD. E2F- 1 qh&ﬁiﬁ@ai%ii Eh%hTer AstHInPt bON2heaChiiguirky ; Ofr IAX W LG gagut
10-fold, conpared.to ect si on_ vyecgtor.,

VeI b 1 OBRb SR HOE BAT st P4 LEVne BF, Te bohricds BB ARSIFEES Ben

E2F- 1 either the mutant E2F site reporter p3xMT or pCMVcat was not
affected. Based on the earlier results, a potential explanation
for the effect of DP-1""2*° was that it sequestered E2F-1, to form
a heteromer that was not capable of activating transcription,
thus 'limiting the amount of available E2F-1. When E2F-1 was
expressed in the presence of DP-17"%%°, it overcame the "dominant -
negative" activity and partially restored E2F site-dependent
transcriptional activity (Fig. 10, compare tracks 7 and 8 to 9
and 10). The ability of -E2F-1 to rescue E2F transcriptional
activity is consistent with the idea that DP-1"%' gequesters
E2F-1 into an inactive transcription complex and is compatible
with the idea that an interaction between DP-1 and E2F-1 occurs

in mammalian cells.

DP-1 and E2F-1 activate E2F gite-dependent transcription yeast
cells. _ . '

DP-1 and E2F-1 were then- asgsessed to determine if they can
functionally interact in E2F site-dependent transcription in
yeast cells. For this, constructs in which the yeast cyc1
promoter was driven by. E2F binding sites taken from the
adenovirus E2A promoter were used. In p4xWT cfc;, four E2F
binding sites drive the cycl promoter (Figure 1la), activating

[ )
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and DP-1 were expressed together, the activity of p4xWr CYC1L was even
greater, and usually about 50-fold above basal p4xWr CYCl activity (Figure
5b); the activity of p4xMI CYCL was not significantly affected by either
the E2F-1 or DP-1 expression vector (data not shown). This shows that DP-1
and E2F-1 activate E2F site-dependent transcription nore efficiently when
present together than either does.al one, 3suggesting again that DP-1 and
E2F- 1 i nt eract nergistically i n E2F . site-dependent

transcripti o?‘@ﬁnséé'thgé‘P‘T‘oﬁb"EP izm%ﬁﬁ"? ntR% REEFH ekl | R4 F¥C1
Previ ous stutista haoe ishdwodted This m%ahslcsiptiusnaAeraatmmpomandofbe

DRIFL £28 DV fade0d FSEENELY wbln InEFoREl forb SGEUERe Tkpr{co N DL N0

conpl exes that occur te are disru

(Grling et ‘éﬁ°t°r1993§GABH$ s‘&ma sit UHtY%m e E?%"HeLd'nEé'PF‘s%‘it r ddss
where all theabREFipERXINdNAchiniiinfcpexWE XY Claalsow! 1eefelld byocaphre®Rdl

anti bodi es g BHaL egﬁect tgaf%eosptieéfp%%aea&fm i I \M’ th

studi es perfor Bandara et aration

a
bel i eve t hat°™DP?% q’é“a’??%ﬁ'&%ﬁt“&égﬁbﬁ i 1gur Fr’a’r@crlg‘?‘!’%‘Fsz'ag’PSP E2F-1
DRTF1l/ E2F. I|amdt DB-1 ivghtte ekpriassad clogethet| orise astivitye omt;amm eﬂc:t ovas

det er i ne i foylp- &f&éﬂef DR Ueutin i Lﬁﬁuetia@rfcﬁ%casbbs Bhabi g tein,
E2F-1 (Helin et a 9927 Ka |ne 92 ur t est lish
whet her sucREAVERY or FdBHEHR ur st "&It gi Tl PERMT t% “’Eﬁr 1'%°ésu| ts

i ndi cate thaug@Pficmni}EkafwadsbyaszahennphexEm-l-led::a DB+l exprexsion and
Btivity 1o Pepely (R hod QiR AREHbUE chs 98 Vi BB 1 and
't s uncl oBRF Biterdenmmint, CrASPCRARY I MG SRR TRESTEN g
activity istagethet edhaof e@lEhéradmbaEﬂohe. sug@ﬁstmge(agaia bhat adR-anping t o
use anti- E2gyp. fnt'ﬁ&@f&éo Byheehi by DI adi nopget vgswe'&e dent

retardati on assa c‘))Lag'een unsuccessful (data not s we cannot
rul e out thi¥2Bf i ASEHY#E DP-1, in the place of E2F-1. In fact,
this woul d seem a I [ keI y possibility because several pol ypeptides

DP-1 and E2F-1 interact in mammalian cells.

Previous studies have indicated that DP-1 is a universal
component of DRTF1/E2F DNA binding activity in F9 EC cells
because all the DNA binding complexes that occur on the E2F site
are disrupted by anti-DP-1 antibodies (Girling et al., 1993).
The same situation exists in Hela cell extracts where all the
DRTF1/E2F DNA binding comi:lexes are affected by anti-DP-1
antibodies (Figure 6a). Based on these observations, and
combined with studies performed in other cell types (Bandara et
al., in preparation), we' believe that DP-1 is a frequent
component of transcription factor DRTF1/E2F. ' '

In the light of these  observations, we were interested to
determine if DP-1 can interact with the other E2F site DNA
binding protein, E2F-1 (Helin et al., 1992; Kaelin et al., 1992)
and, furthexrmore, establish whether such an interaction occurs in
physiological conditioms. our results indicate that DP-1 and
E2F-1 exist as a complex in Hela cell extracts, and thus imply
that at least a proportion of the total DRTF1/E2F DNA binding
activity is likely to be a heteromeric complex involving DP-1 and
E2F-1. It is unclear, at the moment, just how much of the
" DRTF1/E2F DNA binding activity is a complex of DP-1 and E2F-1
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in affinity purified DRTF1/ E2F with di stinct nol ecul ar’ weights (from-45 to
55, 000) are capable of specifically binding to the E2F site (Shivji and La
Thangue, 1991; Grling et al., 1993). A physical interaction between DP-1
and E2F-1 In vitro and in yeast cells. W established that DP-1 and E2F-1.
can directly interact by studying their DNA bi ndi ng properties in gel
retardation assays. DP-1 and E2F-1 fornéd 38 heteroneric DNA bi ndi ng conpl ex

wLn exactly ﬁ@%@%u@%;?%actdﬁg:osﬁﬁé'iﬂ&iﬁ‘ﬁ% mbdm%e%éegfeg%{/%tr the
whs appar ent. PV BRELERA 2IRS o0 Goby TRt THEAER crRRAYAuabave  Been

consi der abl y @mc@estfn&n (fara pegt 1shawndp- 1 AdFOnewe sGRERSY  yule vt Drhat and -
E2F-1 i nt er acde e grditelingablNa to Amma egwl gheapphysi &f 0&215116 I e Ofldt

DP-1 whi ch was necessar tofo din |l ex wt -1 i ndj cat ed
that the regi f’°§iﬁ1¥ lﬂ’éq %ﬁcﬁggﬁ\%evetr e?‘ﬂ SRt
addi ti onal l\l—imraﬁﬁlmlltd'oparnfzed/\mmqswedlth dils¢ inegi mnleéumrn\beﬁrghqs

al | oned DP-1 andaFEgk- 1o esbw&b (e @ aBids ?&&E&éa%se'ﬂai&?éﬁh

O
constitute a dimerizatiop gonain, |rrre rvati ol in §east
cel | using aFds&dfFenifriviniangd ﬁ'§eT’6?n9t“r?e oot a‘f“gr‘ﬁ‘ﬁnr"’faﬁ on bi?3) -

transcription factors (Fields and Song, 1989). Thus, DP-1 was fused to the

bacterial LexA giyhiialdisnges0PMidh Bubwebh BpSERENAIEIITY aGilvaeE2nk ti t he
acidic transcrl p |ong#aact|vat|on domai n of the yeast Gal4 protein. In

this assay, & Yunctf activation domain is recruited to the
LexA- dependerﬂe peatradtidished| yhat DRele and E2Fh}sicenl dimectdyt iiotesrtedty t he

two hybrid pret@ia ﬁ e DRR biaimgprepdtaledl 18 gyar Fe@UPALESSH atézaqﬁléﬁer

there was str D%ng éa:? ﬁn of the L x@g en.de:’Ba 390 r

E2F-1 are abl®& to Py Hari ForREsr AcPerh A I\%‘Pgoﬁ?fnp il é”ﬁ’%‘sult

i ndi cat es t h&xackdy she aphe PNA d@irsiingn sppeificit aspfthat poppessBNAbY

bi ngl nlg si nCoRTre /DA I@_hndjfruaeslaﬁg_n,f i;asm;&acws (D& OYhRSudY ekesA . éllrld.stsfws

t oo pacel nt t dtl[ S anseri tJd.qna yneragy

by DP-1 and EQ§9?§ vl%//o aﬁ/‘fq%&g ggs{éaa @ef #r?gtP% é%on%e’“d’ﬁ'&ﬁ'cg % he

i nt eracti on heteromexr was considerably greater than for EZF 1 ox DP-1 alone,
suggesting that DP- 1 and E2F- -1 interact synergistically. A
molecular analysis of the region in DP-1 which was necessary to
form a DNA binding complex with E2F-1 indicated that the ‘region
of similarity between the two proteins, together with an
additional N-terminal domain; was required. The region of
similarity allowed DP-1 and E2F-1 to bind to each other and thus

is likely to constitute a dimerization domain.

We confirmed these observations in yeast cells using an assay
which makes use of the modular organisation of transcription
factors (Fields and Song, 1989) . Thus, DP-1 was fused to the
bacterial LexA DNA binding domain and, in ‘a separate molecule,
- BE2F-1 to the acidic transcriptional activation domain of the
yeast Gal4 protein. In this assay, a functional activation
domain is recruited to the LexA-dependent promoter only if there
is a physical interaction between the two hybrid proteins. wWhen
the two hybrid proteins were expressed together there was strong
activation of the LexA-dependent reporter. Thus, DP-1 and E2F-1
are able to physically interact in yeast cells. Moreover, this
result indicates that they are able to do so in the absence of
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between DP-1 and E2F-1 for E2F site-dependent transcription in both
Drosophil a. and yeast cells. W took this approach because our attenps to
activate transcription by introducing wild-type DP-1 into mammualian cells
have met with limted success, the reasons for which are unclear but may be
related to the | evels of endogenous DP-1 protein. Both types of assay,

whet her performed in Drosophila or yeast zelds, indicated that DP-1 and
E2F-1 interact syntergistically in E2F site- dependent transcription since
when bot h pr D8 béndinge eiqre sthed INdgdtinddngr specif jnitonatasagiriovatednbyas

more ef fici eRlxhhaia ftHusLitbBR dppéa; GifdepbAfEnt Ty Idfkehy BxPlnRliingn sfheL , such
an effect is that the DNA binding activity of the DP-1/E2F-1 heterodiner is

nore stable than either honodi mer and thus transcriptional activation is
nore ef fici eArandéniptidaaluepherdie konDPrdl yne diA-St datviweh the in vitro
DNA bi ndi ng gat %dﬁ'&r@SSQ&théarﬂdn@hbﬁaih'c%n%&éﬂé’nd!’é Cof seagesidrhbaiopP- 1

d E2F-1 | th
Sotential i npEbEsen D Hrdl EBRL Y pod T rdF Hie-gRBURNER (abelecibeShiCin
activati on dbewh rPrgosarihd lpPand parast neibsodumrw@#dthm approachebenause

experinments bayeastihgasited atclﬂabaﬁelce;aaaa?aytbbhl by i ﬁtfddiﬁ:la.‘hgt oume eppsect
e al a

Z i Th bl
tomonst 1 at edbPFa: 085 ThamAling. ealge nale e, Pukal SuiSESH: pUEraREY cne
DRTF1/ E2F, tveasadudorawinheh brﬁdmrrglmuewm behrelsatxerﬂe toretedeyelstaf e

over either gmggﬂmrs Dﬁl.mo%‘&%inl can bind to pRb (Helin et al., 1992;
Kaelin et al., 1992) in such a conplex it is |likely that E2F-1 will provide

an interface recognl sed by pRb, thus enabling the transcriptional activity
of this partBeth &yresr off tasspyA bhathey performed tim Prosephide cor Y§apRh.
It is possédlis, LhaicatddehatDEeQuUhag M-Qrﬂﬂtéﬁdtzsym&fgl%l:am9 ime.

DL 20e, o (3 D ghah el Lo PLHLE kPRl BELEBERA S0 oo

such as plOo7eXpessedarogetharn tTARSCHAPtIPNAY) actiNptign was mpreheféinbertul es

al so to reguiai fb2Festhér §eRRBERN1SHANSAr 1 Did 13N exPlaRagiasifor such an
effect is that the DNA binding activity of the -DP-1/E2F-1
heterodimer is wmore stable than either homodimer and thus
transcriptional activation is more efficient. This idea would be
entirely consistent with the in vitro DNA binding data presented
earlier in this study which suggested that DP-1 and E2F-1
interact synergistically. We cannot, however, rule out other
potential influences, such as activation of a cryptic
transcriptional activation domain in the DP-1/E2F-1 heterodimer
and, in fact, recent experiments have suggested that such a
possibility is likely to be correct (Zamanian and La Thangue,
unpublished data).

In conclusion, we have demonstrated that DP-1 and E2F-1 interact
in transcription factor DRTF1/E2F, to produce a DNA .binding
complex which is the preferred state over either homodimer.
Since E2F-1 can bind to pRb (Helin et al., 1992; Kaelin et al.,
1992) in such a complex it’ié likely that E2F-1 will provide an
interface recognised by pRb, thus enabling the transcriptional
activity of this particular E2F site DNA binding activity to be
regulated by pRb. It is possible that othér molecules
. heterodimerize with DP-1, in the place of (and perhaps related
to) E2F-1, prov1d1ng an interface recognlsed by other proteins
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therefore that distinct heterodiners recognise the E2F site, with DP:1 as a
common conponent, enabling different nol ecules, such as pRb and pl07, to
integrate their biological activities with the transcription apparatus and
hence to regul ate genes driven by E2F/ DRTF1. MATERI ALS AND METHODS
Preparation of cell extracts, gel retardation and i mmunochem cal

techni ques. Cell extracts were prepared- &8 previously descri bed (La Thangue

et al., 1990 | L8l adalhond nlﬁgga%tawléﬂetgz et gk (aabOUIm

6.0[err]g) n e presence of previ ou
déescribed  @@PApiag andila %angue'lég)%)' th ug gl ‘?Wﬁﬂ?oﬁﬂ?&?p!“?b??ﬁﬁew th
anti-DP-1 fralsbeta eefhlstd rEaR sivesdeperddentetriyysctiptdend pwecedggest The

| munoprecip r %Qg” R: . d r gent
rel eased nmat lg?llgggﬁgga@g ?%WF&W E‘Q-@cé?g dé\lt ?%nﬁfahﬂ(f&?%é s%%%ence
of E2F-1 by Pﬁnﬁrﬁﬁnaoppmglmnwmtaﬁpﬁb diffarantonal eamkeshogiicE@a
(Kaelin et aprb 39&2§107'Th© aftegidtel taBit Eb1OGicaDdcIRkiids ﬁu@ﬁdthe

ant |- pept | dop Ao BANE. DSETM AR 2 Shg AL 180 LELE b ROl a0

Rabbit anti - 'Ser u I'Serum was “rdrsed a| nst & pepti
whi ch represEﬁFéDlEQ?-il ami no acid sequence 315 to 323. The sequences of the
bi ndi ng sites used to assess DNA bi nding specificity were derived fromthe

adenovirus E2A promoter (-71 to yalhe Il ows: WI;
TAGTTTTCGCGCTTAAATTTGA; Iig'g/ %@r f?m TCGATATTAAATTTGA 63,
TAGTTTTCTCGRRTSPERAtAGR of4ce T GrFFIchucael TRotarirtion | ang igmprochenisatks 1
to 4), the atesvidgues.F2A prondter (-96 to +68) was used; in all other
cases, the distal E2F site in the E2A pronoter (sequences -71 to -50) was

used. About 100-fol d excess of conpeting binding sites were used in the gel
retardati on S8EhyRXtRAGESMERR RESRIL eI A5 | RFYRPRELY (dgRITdPRrEN (La Thangne
DP-1 and E2Fet abre 1@gmesseel astaxddtieh das®d ECcand @eLaf velbneptrdeias as

previously d@g&sﬁ@ee 6547 | iROeRE ﬁlreseﬂc.géq‘?af arfiowp- 100001 6k 65638 s the

corrpetl n9 bl:?revnlouslltyes Vgers%rt:{ggg 'n (glrhng et al., 1993), and
immunoprecipitation. with anti-DP-1 from HeLa cell extracts was
performed by standard procedures. The immunoprecipitates were
treated with 1% DOC and 1.5% NP40 and the detergent released
material assayed for DRTF1/E2F by éel retardation and the
presence of E2F-1 by immunoblotting with the anti-E2F-1
monoclonal antibody $Q41 (Kaelin et al., 1992). The anti-DP-1
antibodies, anti-peptide A and anti-peptide 18, have been
previously described (Girling et al., 1993). Rabbit anti-E2F-1
antiserum (antiserum 134) ‘was raised against a peptide which
represents E2F-1 amino acid sequence 315 to 323. The sequences
of the binding sites used to assess DNA binding specificity were
derived from the adenovirus E2A promoter (-71 to -50) and were as
follows: WT; TAGTTTTCGCGCTTAAATTTGA; 62/60,
TAGTTTTCGATATTAAATTTGA; 63, TAGTTTTCTCGCTTAAATTTGA; 64, TAGTTTT
AGCGCTTAAATTTGA. In figure 2a (tracks 1 to 4), the adenovirus
E2A promoter (-96 to + 68) was used; in all other cases, the
distal E2F site in the.EZA"promoter (sequences -71 to -50) was
used. About 100-fold excess of competing binding sites were used
in the gel retardation assays.

Fusion proteins and in vitro translation.
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retardati on assays, with the binding site taken fromthe adenovirus E2A
pronmoter (-71 to -50). The wild-type E2F-1 codi ng sequence was transcri bed
and further translated using reticulocyte |ysate (Promega) and

radi ol abel I'ed wi th 35S net hi oni ne. In the dinerization assay (Figure 2d),
GST-DP-1 fusion protein was incubated with E2F-1 pol ypeptide for 30 m n at
30[err]C, collected with glutathione- agarb%e- (Sigma), and washed repeatedly

with 0.1% NP40 in PBSA Bound E2F- ﬁge peptlde \/\/ajzfé rel eased tc)e?/ )
denat ur at i onPPrt BRI Eafisle WeEer EXPY &5 v8Rd; ¥e gﬁ?‘i}a A &vsdengel .

Yeast assaysprpBdifid s griexiionsledesmibete (GexPimnpdngls equesie. ( baGR)
under the CoﬁbekoPci AR %! tﬁ@"l‘:o éHI‘P:tbe indPhd 8 ildesl wa‘é iy Lie %&?d' ng

sequence for ?‘é fomam no aci d kﬁ -1 €rm nus) wnst f eam t he
LexA codi ng §€&ﬁ€ Y9 AR Es. wWithsThESe fes $Hee Wltla SRy FSFur £HE ps53
codi ng sequeadenoéﬂma ERRnpremoter] (+ 31 346 ) 5Sdbwn Shecedd dft yipecE2ExA colAng

cont ai i ng et { L aRe et e et vat [ 20, Come R ai. %**‘9
oni duo 70g. B8RS CuARRICS ndveBte: o (PEpusaaL N AU IAEA

cont ai ns t hemethiomwinE2F- 1Inothag ddmgqubzraticyf ragaagn (Rigased 2ﬂ)t,o G$3‘F;DP -1
downstream Ofy élgne %ﬁe%ﬁ%a\’é&b@ﬁb@@@'ﬁthpﬁ%% gX@p%ﬁéé‘%W $0'mknNgE €

derived from peEFS|te

rr nt e, and ;Nason, t
was taken fr% Cthe°° 71f°tt5 S‘ﬁ{‘&bgg{)‘h hione- 33%?1 r 481 prﬁﬁ%t ¥psBAd t he
mut ant site weseshediyesich 0uty @iR40de PBSAt 0 BBMJ E3FThapojipeptide. yvas

1990) . For tPélé/é‘s'ie?i Hynhﬁﬁéﬁﬁf%%%%y sbEi 84S 3 burEe Ladi L AGeR¥RPRESSI ON
vectors Were]l(li orne e yeast strain CTY10-5d (MATa ade2 trpl -

901 | eu2-3 §°§U a@é 2 80 URA3:: | exAop-lacZ) which contains an
I ntegrated plasm d which carries 2 copies of a 78-bp oligonucl eotide, each
copy contai nggki \Q&BQ%EI- operators or four bindi ng si tes for LexA di ner s

veast  E2r RAGAS.OEREERRS (o CEPPRETS a0 89T Febense (12UauPagE  ai n
WB03la ( MATatheleahit¥@d ©fyphelykas-ADHI] PriowoBet]l uphBY.DRxd wsedieartheng
ei t her - 8ing sequence for DP-1 (from amino acid 59 to the C-terminus)
. downstream of the LexA coaing sequence in pBTM116. PBTM126
carries the wild-type murine p53 coding sequence (from amino acid
1 to 346) downstream of the LexA DNA binding domain. pGAD.L6 is
a derivative of pGAD2F (Chien et al., 1991) containing the Gal4
transcription activating domain (from amino acid residue 768-881)
under the control of yeast ADH1 promoter. pGAD.E2F-1 contains
the entire E2F-1 coding sequence (from amino acid 1 to 437)
downstream of the Gal4 activation domain. p4XWT CYC1 and p4xMT
CYC1l were derived from pLGA178 (Guarente and Mason, 1983). The
wild-type E2F site was taken from the -71 to -50 region of the
adenovirus E2A promoter and the mutant site was mutated in
nucleotides -62 to -60 (La Thangue et al., 19%0). For the yeast
interaction assay (Figure 3), the indicated expression vectors
were transformed into the yeast strain CTY10-5d (MATa ade2 trpl-
901 leu2-3, 112 his3-200 gald gal80 URA3::lexAop-lacZ) which
contains an integrated 'plasﬁlifi which carries 2 copies of a 78-bp
oligonucleotide, each copy containing two colEl operatofs or four
binding sites'for LexA dimers upstream of the transcription start
site of GALl-lacZ. For the vyeast E2F site-dependent
transcription assay (Figure 5), the yeast strain W303la (MATa ade
2-100 trypl-1 leu2-3 112 his3-11 ura3) was used carrying either
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p4xWI CYCL or p4xMI CYCl and was transfornmed with the indicated expression
vectors. [err]-gal actosidase activity of m d-1og phase cul tures was
quantitated,as described previously (Johnson et al., 1986).

[err]-gal actosidase activity was neasured for at |east three independent
transformants. Transfection of Drosophila tissue culture cells. Reporter
constructs were all derived from pBLcat 2-a#@ -have been previously descri bed

(Zamani an and La_Th n_and so es denote wi |, d-t nd
nut ant E2F bi P&?‘Hg gpgg 4@%‘3{ F%g é]waﬁDL’rin te)tor?é’d‘&gs with &5 dpgd ég d
protein, andepBARB8ioR| VG‘F\@-"@&M@BA BFhﬁ%ﬂjséoﬁﬁFhV{%tﬁsﬁ emdetloal phase
1989) . pE2F- 1ctmubesman§ Whﬁmmabbﬁic&ibmeRWsﬂy ((§8Bhédn eét al.,

1932). Cells d by the ca hos hate roced re
narvested 40 L808bn |Arantacrgerdeed Bt Ls Eh B PrERT a&%t‘iﬁe Fethaee
i ncl uded t o mihdepéndent tframlfomt:@ncent ration const ant

transfections included an internal control pCM/ [err]-gal. The. assay for

CAT activity, corr ct n fo tra%%f n effi ncyagquantltatmn of
TLC pl at es havE2BBERS %‘tr‘? 2ge 'é‘h %‘PZa ki 5ﬁg £4 Thangue, 1992).
Transf ecti on Béponbenlcenstomicks. wae@carltleﬂecbm firoms pRbeat 21landdbeiveedeénom
pBLcat2 and hg ¥év98@éud>0r@éaceu§éa P 1280 s d A naRgasY 1dzihanegen 4892) .
e a5 SRR SR dapfes A S B e A B i e,
acids 73 to 3nesp¢|ctiveeWI d- tRRR=-1DPencedan et c Sompiete dRndt rmheom t handa14
sequences in g vi1 dnéehatier pRA Binduﬂgf)&%)nalact\%%l dtaaibgenssgs) .

previ ous descr Kae | tjvation,of F9

EC cells and Phgfdl Mgwﬁtqrﬁﬁlﬁgée&bscé{tlbﬁ?e% Bm?'% Sér %ae%il £kafit an

and La Thangud$32199Zplls waye tramsfeqhed ethhencalqimuebewmtemmesdure

Itncl “fethO N@hdt ﬁammd ehi nfd Dblﬁmnceatélat afa Cﬂﬁ:Staﬂléh ?'ﬁhnsfectlon,
ransfections_inclu an a rrliga e y

CAT activity %é ecfucarftptt atﬂls{;n%’% E&gTPég&s AwEh é‘élﬁl esc |be€ifl sfelw o%sl y

(Zamani an andeerRceRHEafion congyantpet &«lﬂearae%feqtpppenlmlw éﬂa%aﬁﬁg%nal -

41 - control pCMV-B-gal. The assay for CAT-activity, correction for
transfection efficiency and quantitation of TLC plates have been
described previously (Zamanian and La Thangue, 1992).

Transfection of mammalian cells.

Reporter constructs were all derived from pBLcat2 and have been
-previously described (Zamanian and La Thangue, 1992). Open and
solid boxes denote wild-type and mutant E2F binding sites,
respectively. The plasmid pDP-1""**’ encodes a protein spanning
amino acids 73 to 340 in the wild-type DP-1 sequence fused
downstream of the Gal4 seqguences in pG4MpolyIIl (Webster et al.,
1989). pCMV E2F-1 has been previous described as pCMV RBAP-1
(Kaelin et al., 1982). Cultivation of F9 EC cells and their
transfection have been previously described (Zamanian and La
Thangue, 1992). For each transfection, pBluescript KS was
included to maintain the final DNA concentration constant. All
transfections included an internal control pCMV 8-gal. The assay
for CAT activity and quantitation of TLC plates have been
described previously (Zamanian and La Thangue, 1992).

Detailed description of the drawi
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Figure 6 DP-1 and E2F-1 exist in the sanme protein conplex in vivo. a) DP-1
I's in DRTF1/ E2F DNA bi ndi ng conpl exes fornmed in HelLa cell extracts: gel
retardati on mas perforned using P9 EC and HeLa whole cell extracts (in

whi ch DRTF1 resolves as three distinct conplexes, a, b, and c¢; indicated in
figure) with the E2F binding site taken fromthe adenovirus E2A pronoter
(nucleotides -71 to - 50) in the presence ¢ -either preimmune (Pl; tracks 2
and 6) or imupe (I; tracks 3 to 5 and 7 to 9) anti-DP-1 (peptide A
antiserum wi t¥*94%® &ddition of either unrelated peptide 1 (tracks 4 and 8)
or peptide ANR+lacissl E2BAl &}ist nirhdide BAmEGpodteik lcompibk Hxtvagd.s, all

t he DRTF1/ E2ZF DNA bi ndi ng conpl exes were affected by the anti-DP-1

anti body. b) Anti-DP-1 inmunoprecipitates_ DRTF1/E2F DNA bi nding activity:

i mrunopr eci pit’aPFoh *7\%§"p8?‘?’5£ﬁ%%? B PLREINE QomPd gKe8 cRoyrmed; fin Helia pR1l in
t he presence eftraictber gednoletgedatpept wde petforeed dsing F9)EC Oandnfielat ed
peptide 1 (4§ Kk 'ng$1 I pl treated with 1%
deoxychol at e HB%%) %5%2 Iig%%;/gél\ﬁ:‘s40?-ﬁgn* t e(bﬁrelfgr ggﬁgifée?.\é%%g%’rﬁgt éirlF'éf"HCt
assayed for Iﬁ(Q?‘P PESE: (NADwi A% iy 400i6REGD imEigupebiidhbhe ERR binginact
is al so indi sitedt{}sm faoacklse AdemdvirusNeRDidkohbtdr nthvdlebtifigs Wal to -

rel eased in fly S e bgel t AL P B EARANRY (b1, ¢ n .. L)

| munobl ot ti i il?l@?&n?ﬁ%p&eciﬁpb?t g%gééi\?vi antl ?Eéé?l;&?n%j%- éDgng 8)of

i munopr eci p'?‘ﬁ'ﬁ‘?@g déit STACYS 7 (W Bré®dnde W &l ¢ MBEipRRt} dépeplidencd 3)
or peptide laptisekum witdrthe mddicilont 62k ivhielr utihel atad pefPidd 1 TergstoHnal
anti body SQ4langt 5 ' ' r ngy i ¢ LS Lndi ed
by the arrow. ég aa?ogfﬁiét%nﬁgﬁ?aggguf %%né) '01[&!% r%gézé?lhéugs‘?%nggﬁa
protein, GSTSCERFS¥FERFEE: wadli R oPRTAY/ERE PNA abiknding Teemnd exeshovexe

st andard nol e€fieatedvdythe. ahtduDR-¥ &ftiboldyd E2F-1 bind to the E2F site as
a conplex. a) DP-1 and E2F-1 interact synergistically in DNA binding to the

EgF_Slte' Cfib[ikééfggjl i&%ﬁggérggfggtéﬂéseggigg5§%£egﬁi bin%?ggu;c5§¥¥gy: )
immunoprecipitation was performed from Hela cell extracts with
anti-DP-1 in the presence of either homologous peptide A (tracks
2 to 4) or unrelated peptide 1 (tracks 5 to 7). The
immunoprecipitates were treated with 1% deoxycholate (DOC) and
1.5% NP40, and the detergent-released material assayed for
DRTF1/E2F DNA binding activity; the depleted Hela cell extract is
also indicated (Sn; tracks 2 and 5). No DNA binding activity was
released in the absence of detergent  (indicated by c; tracks 3
and 6). '

¢) Immunoblotting DP-1 immunoprecipitates with anti-E2F-1: anti-
DP-1 imrhunoprecipitates performed in the présence of either
peptide A (track 3) or peptide 1 (track 4) were immunoblotted
with the anti-E2F-1 monoclonal antibody SQ41; the E2F-1
polypeptide, present in track 4, is indicated by the arrow. As a
positive control, about 100hg of the E2F-1 fusion protein, GST-
E2F-1""*7, was immuncblotted in track 2 . Track 1 shows standard
molecular weights. T '

Figure 7

DP-1 and E2F-1 bind to the E2F site as a complex.-

a) DP-1 and E2F-1 interact synergistically in DNA binding td the
E2F site: GST-DP-1°"‘* (about 25ng) or GST-E2F-1°"%" (about 50ng)
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wer e assayed either alone (tracks 2, 3, 6 and 7) or together (tracks 4 and
8) for binding to the adenovirus E2A pronoter (tracks 1 to 4) or the distal
E2F site taken fromthe E2A pronoter (tracks 5 to 8); tracks 1 and 5 show
the binding sites alone. Note that a DNA binding conpl ex was apparent in
track 6 upon increased exposure (data not shown). The E2F site-
specificity of the conplexes was confir] by perform ng the appropriate
conpetition experinents (data not shown). The effect of anti-E2F-1 (tracks
9 and 10) orwapéi abPayed t ¢tHexr Bloned (tZ2acketz, pepté dand 87) Got| tBgethedl .

1993) was asggsgefl of 2 %3F'fo¥[ %"nh;ﬁbo% Ehéa%'éeg)avi’{-u@sizﬁzﬁr%g&l and

GST- DP- 1] err] to et her (tracks 12} % ti1on he” reacti ons
in tracks 11 'éﬁ 5 toffait 7% hEPe "ﬁﬁ?JeI E¢R(SLER abR¥ER) TEP™ thhe E2A
honol ogous (pﬁqxbmm 1@ rackack- ti?)8)peprades.1 and E)PsnomrnhaEbEnalﬁgr 81 6DNA

bi ndi het |
G!S'rll' :‘Egl o(ra] Sr? el n (1@&?3516%%@] P%ggﬂﬁ E%g\i\?%rriﬁor gerrTgf éD(r)lcj)t
15ng, rel easBRORf tlé*FréFléa‘Ja(j’é‘PRFFﬁet HiSa&Bi r¥l°tt r gaRr)?. andT: F site-
GST- DP- 1[ er r gpedifhicilty- Hferite domblliRed| @ts] conf{iwleddiby | ﬁéfion(ﬁtgou&he

300ng, th 7 f
the E2F-1[ éﬁé @%eg o Iof efopdndlfl {oactincl GABIAP, CHAG! LALLY ©
conpl exes fof eftxarke=Srang| 19} jox %ﬁg’n?'r]ac aEkFolﬁ)a’b‘F 12;

GST- E2F- 1] erax}tmpelptﬁ)lael[wf r¢ix13mgg eanal 1501393} cepe dAssemlspr bnaGEE-B2E0 11)

was determ -4by?gg€peg¢£%lem9§ hot f@gi’“éﬁ*—i&’% %d”&é@hﬁ% ﬂeﬁ:iove‘%%%(?ml o

t he di stal F si denovi rus prom)ter ut 100

excess of t hEFTASKE AG- st And Ad) catlypdditing, &b ﬁpﬁ??%‘iﬂ?ns ANSFRRFLS 11
experiment isn¢howeonbasn éHe® aal inpedawed (tracklai)2 oxothé) holisl dgemno-

and het er one}j Lnd gglagl very simlar sequence
spemﬂmhe@%% E(b: %%1?@% ‘ack 1 shows the probe al one.
Details of the conpeting binding sites are given in Materials and Met hods.

d) DP-1 contii nsDR-1i and i B2B+10nfctan@iNA  biilhdingdhetémsneregi @sT-8RFPR¥1*Wer e
expressed as a%(n:f §§h§i‘ Wa's Oiﬁéxﬁ%t%hrﬁféﬁ? c%nEPof)Gsﬁlnﬂué‘P&&'br%Eéifx] Babont

I ncubat ed vmth err a_reticulagyte sa;,g containing translate
wild-type EX2 errt CEB% f 85i BR- :broteF’ﬁs ¥ Csfabout 150ng, released
after cleavage with thrombin; tracks 2 and 3), GST-DP-1%-%%, @GsST-

DP-1%-2%  GST-DP-13%%* or GST-DP-1°% (about 300ng, without
cleavage; tracks 4, 5, 6 and 7). S

c) Sequence specificity of the E2F-1°-%7/Dp-1%-%%? heteromer: the

. DNA seqﬁence specificity of complexes formed by either GST-E2F-
1%-97 (s50ng; tracks 2 to 6) or GST-E2F-1%"%*" with DP-1%"**° (50ng
‘and 150ng respectively; tracks 7 to 11) was determined i'Jy
competing with the wild-type or mutated derivatives of the distai
E2F site from the adenovirus E2A ﬁromot:er (about 100-fold molar
excess of the binding sites indicated). For comparison, a
similar experiment is shown in an F9 EC cell extract (track 12 to
16). Both mono- and heteromeric DNA binding complexes had very

. similar sequence specificities to F9 EC cell DRTF1/E2F. Track 1
shows the probe alone. Details of the competing binding sites
are given in Materials and Methods.

d) DP-1 contains a dimerization domain: the indicated regions of
DP-1 were expressed as GST fusion proteins (tracks "3 to 6) and
about 2ug incubated with Sul of a reticulocyte lysate containing
translated ranslated wild-type E2F-1'7, GST fusion proteins, or GST
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-43- protein alone (track 2), were collected with glutathione-agarose beads
and bound E2F-1 pol ypeptide rel eased. Track 1 shows the |lysate wth the
E2F-1 pol ypeptide. Note that DP-1[err] binds to E2F-1. e) Summary of the
data and nol ecul ar properties of DP-1. The C term nal border of the DNA

bi ndi ng domain, which is knowmn to lie within the region indicated by the

br oken | i ne, has not been defined. Figure 8 DP-1 and E2F-1 interact in
yeast cells. Summary of results. Def af? s~ of t he expression vectors and

reporter c ﬁgkgygtﬁ%ngeoq?%&%d @,Qﬁg Flle%lé;ag r9 Funcltut%g ruc%merég%c)’(bet ween

DP-1 and E y of*°cons S and
p3xMI havebpads BP@VPBE%‘F ﬁ%r?@é@e@zaﬁﬁnﬁﬁhﬁam L%raﬂ*ari'gtﬁim‘*@g?)e

pDP-1 and pi&ktd wiith aihe B2F-1l polybeprideni Moteantlap @MUY BihwiSaksd DNA
bi ndi ng dogggny b) and c). SL2 cells were transfected with p3xWr and the
I ndi cat ed expression vectors. The anpbunts of expression vector in each
treatnent were as follows: 50ng (lanes 1, 5, 6, 7 and 8) or 500ng (|l ane 2)
for E2F- 1, eb[ Suivinagry lo&neBeBdsmdaa)i nolddlay pgopbttiss bfans-6) fThe RR- 1,

and 3. 7[er£L i 41”‘%&&;"& t:!'%T g;nv%r@ﬁoﬁelﬁorwﬂmg XBJaJm L‘%l jwal ues

are expresse atrve one ven an ar |trary vael ue of
1.0, and aVbthepr&enraﬂ% n Je&aqeéaay tqlhee@r%ﬁgr di@eex Besi Rt e
shows an edefgnexi.of the crude data which is quantitatively represent ed in
c). Figure 10 DP-1 contributes to E2F site dependent transcription in F9 EC
cells. a) Summary of constructs - 44 - b) F9 EC cells were transfected
wth p3xV\7I¥%§HF’H?e I ndi cat ed expression vectors. Al treatnents were

per for mred pR-Xwpd E2Fe latdtamcetedieyehot ¢eXlws ection efficiency. Al l

val ues areégymmary of results. Details. of the expression vectors and
reporter construct are described above.

Figure 9
Functional synergy between DP-1 and E2F-1 in Drosophila SL2 celle

a) ‘Summary of constructs: P3XWT and p3xMT have been previcugly
described (Zamanaian and La Thangue, 1992). pDP-1 and pE::
contain full 1ength prateins. and 'oG4MpolyII the Gal4 DNA bindinc
doma:m T~
b) and c)_./SL%*‘"cells were transfected with_prWLand the
—————""indicated expression vectors. The amounts of expression ve;t6r~in
each treatment were as follows: 50ng {(lanes 1, 5, 6,7 and 8) er
500ng (lane 2) for E2F- -1, 5ug (lanes 3 and 5) or 10pg (lanes 4
and 6) for DP-1, and 3. 7pg (lane .7) or 7. Opg (lane 8) for
pG4Mpoly II. All values are expressed relative to p3xWT alone
which was given an arbitfafy value of 1.0, and are representative
of at least three sepd¥ate experiments. b) shows an example of
the crude data which is qua.ntitatively represented in g)

Figure 10 .o
——we-1 Contributes to EZF Bite dependent transcription in F9 EC
cells.

-

a) Summary of constructs
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expressed relative to the activity of p3xWr al one which was given an
arbitrary value of 1.0, and are representative of at |east three separate
experinments. Note that DP-1[err] cripples the endogenous DRTFl/ E2F °
activity and that E2F-1 can rescue this effect. The data are represented
graphically at the bottomof the figure. Figure 11 DP-1 and E2F-1 activate
E2F site-dependent transcription in yeast.cells. a) Summary of constructs.
b) [err]-gal actosi dase activity was neasured in S.cerevisiae strain WB03la
carrying p4xWr CYCL and the indicated effector expression vector. Al

val ues are expressed relative to the activity of p4xWr CYCL which was given
an arbitrary value of 1.0 and are representative of at |east three separate
experinents. - 45 - References for Section B Bandara, L.R and La
Thangue, N.B. (1991) Nature, 351, 494-497. Bandara, L.R , Adantzewski,

J.P., Hunt, T. and La Thangue, N.B.- (1991) Nature, 352, 249-251. Bandar a,
L.R, Adanctzewski, J.P., Poon, RCY., Zamanian, M, Hunt, T. and La
Thangue, N.B. (1992) J.Cell. Science, 16, 77-85. Blake, M C and Azi zkhan,
J.C. (1989) Mol .Cell.Biol., 9, 4994- 5002. Chellappan, S.P., Hiebert, S.,
Mudryj, M, Horowitz, J.M and Nevins J.R (1991) Cell, 65, 1053-1061.
Chien, C -T., Bartel, P.L., Sternglanz, R and Fields, 'S. (1991) Proc.

Nat|. Acad. Sci. USA, 88, 9578-9582. Courey, A J. and Tjian, R (1988).

Cell 55, 887-898. Dalton, S. (1992) EMBO J., 11, 1797-1808. Devoto, S. H
Mudryj., M, Pines, J., Hunter, T., and Nevins J.R (1992) Cell, 68,
167-176. Fields, S. and Song, 0. (1989) Nature, 340, 245-246. Grling, R
Partridge, J.F., Bandara, L.R, Burden, N, Totty, N F., Hsuan, J.J. and La
Thangue, N.B. (1993) Nature, 362, 83- 87. :
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GQuarente, L. and Mason, T. (1983) Cell, 32, 1279-1286. Helin, K,

Lees,J. A, Vidal, M, Dyson, N, Harlow, E. and Fattaey, A .(1992) Cell,
70, 337-350. Hiebert, S.W, Chellappan, S.P., Horowitz, J.M, and Nevins
J.R (1992) Genes and Devel opnent, 6, 177-185. - 46 - Johnson, A L.,
Barker, D.G and Johnston, L.H (1986) Curr.Cenet., 11, 107-112. Kaelin,
WG, Krek., W, Sellers WR DeCaprie 44] A, Ajchenbaum F., Fuchs,

C H, Chi ttenden Y., Farnha - Bl anar Li VI ston,
D.M and FI emngPoer Eﬂ%ls( Y553) tesepﬁfe?'aed SRR, i, rfd‘t?e igatgfy
Ri gby, P.W JexptégFiorCatdctos®,. 5SBYL h®atimanthawepse pedfBrmedhinmhpiayateB.
and Ri gby, Pg¥§J cdr&%%QLanzeI@rﬁcéf&tRsﬁ ,eflzac;aaag 293&11 '—@aﬂ?@é‘g'é&e
N. B. and Tayl or, 41933}: Trends. Cel | | z& ]6} éﬂ?% Faha, B.,
Dulic. V., KEERTeseqd TRItigs bR, Ehe aqtigs )v of i atons ﬁﬁe‘fﬁs ggven
1874-1885. Memnsrbitiary Sradnuekywf 1.B,, akdMakenrefrésentidtivie, olfl 4t dedst

Farnham P.J 2, RHOR4- %ﬁ&’i PLLHS Yo, o]
S.H, Hi eber%mgé@V\%ép%?nt%fé#P&ﬁer%ssl . and ng J.R f%déf P%él t‘:5{565
12431253 ShERdRAGHoUsS DRI E2 ?Mactegesbrﬁa $hat E%rbaﬁanJ reSEP9| S§deon,
D.M and Chiéffswten, The(ﬂE&QZthEbépréﬁbnﬁHi?gkﬁﬁhﬁhahly atMthe batdomaof
Thangue, N. Bpd 1891).J\V0l . Cel|l.Biol., 11, 1686-1695 Webster, N.J. G, Geen,
S., Tasset, D., Ponglikitnongkol, M and Chanbon, P. (1989). EMBO J., 8,
1441-1446. Zamanian, M and La Thangue, N.B. (1992) EMBO J., 11, 2603-

2610. Zamani an, M and La Thangue N.B. (1993) Mol .Biol.Cell., 4, 389-396 .
Figure 11 :
DP-1 and E2F-1 activate E2F site-dependent transcription in yeast
cells. ’

a) Summary of constructs.

b) pB-galactosidase activity was measured in S.cerevisiae strain
W3031la carrying p4xWT CYCl1l and the indicated effector expression
vector. All values are expressed relative to the activity of
P4XWT CYCl1 which was given an arbitrary value of 1.0 and are
representative of at least three-separate experiments.
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- 47 - SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (i) APPLI CANT: (A) NAME:
Medi cal Research Council (B) STREET: 20 Park Crescent (C) CITY: London (D)
STATE: .Londpn (E) COUNTRY: United Kingdom (F) POSTAL CODE (ZIP): WN 4AL
(ii) TITLE OF I NVENTION: Transcription Factor (iii) NUMBER OF SEQUENCES: 2
(iv) COWUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy disk (B) COWUTER: | BM
PC conpatible (C) OPERATI NG SYSTEM PC DOS/ - DOS (D) SOFTWARE: Patent In
Rel ease #1.0, Version #1.25 (EPO (2) INFORMATION FOR SEQ ID NGO 1: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH: 1700 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: doubl e (Dge¥dReh gg;;/ + deibhi ND_ECULE TYPE: cDNA
(i x) FEATURE: ( VE/ KEY: CD (B) LOCATI QN 55 1284 (Xxi ENCE

DESCRI PTI ON: s&‘é’?‘gAﬁo LyR. m&ﬁ‘A %ﬁ% FordF4TaoT.
CTGGATCTGG TAAC ATG S7 Met. GCAAAAGATGCCAGT CTA ATT GAA GCC AAC

GGA GAA CTA AACssﬁBGrITTL R., Adincilewsks #5P. AHn®e" Tl6hd IR @hunibé A8TB.
Gy Qu Leu Lys 10 TA GAC

CAG AAT CTT AGI ’é%f‘ G&Gtﬂm @52 .GRASGRRL TCT CTT GTA GOC 153 Ile Asp
G@n Asn Leu Ser Pro Gy Lys Qy Val Val Ser Leu Val Al a 20

25 . Banda%ﬁ G R CAQddniezbWek £ A0 PG %GnAQé\@.’&T.,G@%MEa&AQ GIT
TTG CCA AMA 1203 VahaHig fieve! 818, YAloodi T lga F b Gkl vEs G b 1t

Leu Pro Lys 35
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ACC
Thr

55 °

AAC
Asn
CAC
H s
90

AAG
Lys
CTG
Lau
120
GIG
Val

TTC
Phe
155
GIG
Val

TCC
Ser
190
681
200
CTC
Leu
CTC
Leu

TTC
Phe

ACT
Thr
ACT
Thr

GCcC
Ay
CGG
Arg

GCA
Al a
AGC
Ser

CTA
Leu
AAG
Lys
CTG
Leu

CAG
Adn
ATC
I'le

A
Ay

ATT

Il e
CCC
Pro

GAG
Au
CAT
Hi s

GAG
du
GCT
Al a

ATG
Met

GAG
Au
CCC A

Pro

GAG
Au
CTG
Lou

CAG TCC AAT GTC AAT ATC ACA CAG CAA GIG GIG ATT GGC 249

A n Ber Asn Val Aan Ile Thr Gn d@n Val Val Ile Gy 50

60 65 ACG CCT CAG AGA CCG GCA CCA TCC
GIG GTA .GGA AGC CCA . 297 Thr Pro A n Arg Pro Ala Ala Ser
Val Val Ay Ser Pro 70 75 80
AAC ACG CAT TTT GIG TCA CAG AACAEAG ACG TCT GAC TCC 345

Asn Thr Hi s Phe Val  Ser G n Asn. @ n Thr Ser Asp Ser

Johnscgg A.L., Berkere \De@r angziphpsten, dod-AAR° é@b AAC AGG
AAGUXKTGEREL., 11, 103931Zer Pro Trp Ser AI a @y Lys Arg Asn Arg
Lys Asn Gy 100 105 110 AAG GCC

SRRy 0GR T SRS S ierts, o141, ° O

Ajchenb&im AM\ ,GEGCAEC QT ,TChitaendad, GAG GG BCT BYRHMG CTG

J.4881 dxs G W, Ixh% E&vimfdechyr pARD de’ E‘i@miﬁb@oﬁ‘s% &u LEZS
GcéléA@ Aﬁ@hAé"’AT?SET%“bCA AAC GAA TCA CT TAT GAC 537

Ala Asp Asn His Ile Leu Pro Asn Qu Ser Ala Tyr Asp 150
360, R A CafiCridiy CFCH0 PLp T GelAC BT LEFhEN AAT
La Tg Cé:ﬁ Lys Asn Ifgﬁ,’é\rg Arg A?;'gga—vflilT Teyr Asp Ala Leu Asn
165 170 175 GCC ATG AAC ATC ATC
AAGa Arhaighie ANCBANATROGPIRYSGCE. and R APaWhbEt (990)l e |l e
Lyﬁuk!éigkbiésedeﬁs Ti®, |32632$3380 195
GAG TGC CAG AAC TTA GAG GTG GAG AGG
Thr Asn Ser AIa Gln Gu.Cya An Asn Leu Qu Val Gu Arg 195
La Thampie  CNGBAGERATRIRE ,GHG ALESNT TrentsCOel MBEGAG BCT CAG

75-7€9 G n Arg Arg Leu Gu -Arg Ile Lys Gn Lys @n Ser dn
210 . 215 220 225
CAG CAA ATT GCC TTC AAG AAC TTG GIG CAG AGA AAT CGC 777

G he€$n B{.c Faha, PRe, LBwlimsn N-euReed, §+1-AsgdaHariew, E. (1992)
Genes and Development, 6, 1874-1885.
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Farnham, P.J. (1992) Mol.Cell.Biol., 12, 1054-1063. ’
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1686-1695
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230 235 240 CAA CCT GAG CAG CAG GCC CGC AGG
CCG CCT CCT CCC AAC TCT GIC ATC 825 G@n Ala u @n dn Ala Arg Arg
Pro Pro-Pro -Pro Asn Ser Val Ile 245 250 255
CAC TTG CCC TTC ATC ATT OTC AAC ACC AGC AGG AAG ACA OTC ATT GAC 873
Hs Leu Pro Phe Ile Ile Val Asn Thr Ser Arg Lys Thr Val Ile Asp 260

265 270 TGC AGC ATC TCC AAT44AC AAA TTT GAG TAT CTG TTT AAC
TTT GAC AAC 921 Cys Ser Ile Ser Asn Asp Lys Phe G u Tyr Leu Phe Asn
Phe Asp Asn 275 280 SBQUENCE LISTING 285 ACG TTT GAG ATC CAC
GAT GAC ATT GAG GTIG CTC AAG CCC ATG GGC ATO 969 Thr Phe Qu lle H's
Asp Asp |l e d d1lNeknERsu mperMATIONbEt Gy Net 290 : 295

300 ”f“?% TOT GGG CTG GAG TCT GGC AAC TOC TCT GCT GAA GAC

01l

CTC AAG GTG RERaal Rddia@hloccigbnd Y Asn Oys Ser Ala G u Asp
Leu Lys Val 310 (B) STREET: 20 Park Crescent 320 GCC AGA AGT TTG GTA

CCA AAA GCT CTA GAA CC§ W GAA ATG 1065 Ala Arg Ser Leu Val
Pro Lya Ala Leu G u Prg)T kedKin 325 330
335 OCT CAG GGA TCC ATIF) ROFTASCOBT AZIFTC mamce ACA ACA GGT TCT ACA

1113 Ala @dn Qy B o Yrfedrrdg| . Thr Ay Ser Thr 340
. 345 : o hgg 'I%CF:CI AAT fé%c’i@%é?@f‘% GCC AGT GAT TTG AGC

AAT GGT GCA GAT (ii) m&n OB SEQUENCESy2Thr Arg Leu Ser Ala Ser Asp Leu Ser

Asn Gy Ala Asp 3pf) COMPUTER READABLE FORMY : 365 - 49 - GGG
ATG CTG GCC ACG AGC Tas) mmg:gsﬁ Iﬂﬁ AGC GEC TCC AGG - 1209 dy
Met Leu Ala Thr Ser 35 ASHETIER: dy Bar Arg 370

375 SOFTWARE: PatentIn R ﬁEA QQTsz}'go‘[CC TAC OTT
GGG GAG GAT GAT GAC GAC GAT GAT 1257 VaI G'u Thr Pro Val Ser Tyr Val
Ay Gu Asp As . 395 400
GAC TTT AAT GA )ﬁ%‘?@%@%@%} ﬁ«%o'réG\TTACTCA ACCCGTAGAC : 1304
Asp Phe Asn G u Add) 410 CCCTCTCCCC
TTCGAATCAG CTTCAGGAMA FR00Raem e tm ACTTAMAGTG 1364

(C) smmmss double
(D) TOPOLOGY: Iine_ar

{ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 55..1284

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GTTTCTTCTG TGGAGGGTAC GCAGTTAAAG CCTTGATTTC CTGGATCTGG TAAC ATG 57
Met
1
GCAAAAGATGCCAGT'CTAATTGMGCCAACGGAGAACTAMGGTCTIT 105
Ala Lys Asp Al; Ser Leu Ile Glu Ala Asn Gly Glu Leu Lys Val The
. 10 is -
ATAGACCAGAATCTTAGTCCTGGGMAGG‘IGTGGTATCTC’ITGTAGCC 153
Ile Asp G;Lg Asn Leu Serxr Pro Gly Lys Gly Val Val Ser Leu Val Ala
. 30 -
GTCCACCCGTCCACAGTCMCACACTTGGGAAGCAGCTTTTGCCAN 201
val Hg.g Pro Ser Thr Val Asn Thr Leu Gly Lys Gln Leu Leu Pro Lys
40
ACC!‘TCGGACAGTCCAMGTCAATATCACACAGCAA!TGGTGATTGGC 245
Thr Phe Gly Gln Ser Asn Val Asn Ile Thr Gln Gln Val Val Ile Gly
50 55 60 65
ACG CCT CAG AGR CCG GCA GCA TCC AAC ACT ATT GTG GTA GGA AGC CCA 297
Thr Pro Gln Arg Pro Ala Ala Ser Asn Thr Ile Val Val Gly Ser Pro
70 75 80
CAC ACT CCC AAC ACG CAT TTT GTG TCA CAG AAC CAG ACG TCT GAC TCC 345
His Thr Pro A:!si Thr His Phe Val Ser Gln Asn Gln Thr Ser Asp Ser
90 - 95
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GEECTTTCTG TTCTTTTTGG CCTACTCCCA AGAAGATACC CGCGAGT TCT GGAGITGAGT 1424
GIGCAGCTCC AAGTGAGGAG GAGTGIGCGC AGTTGAGCC TAGCTGCGCGA TGIGITGTGA 1484
AGCCAGCGTG CTAATGCAGA GCCTCTATCT ACCTTTTAGG ATTTTATGGT TTCTCTCTTT 1544

TCTCTCTTTT TTTTCCTTTT CTTTCTTTTT TGAGITTGAA GCTTATTTTG CCCCTCAACA 1604
GITGTTGCTG GGTTTGCCGA GGAAACTGTA CTGCGCCCAC ACCAGTGACA ATGACAAAGT 1664
GCTGCCCTGC CTCCGATGTIC CAGCACCCAG GIGGTG . 48 1700

(2) I NFORVATION FOR SEQ ID NO 2: (i) SEQJENCE CHARACT ERI STICS: (A) LENGTH
410 am no aci d§?$mmﬁmqu e g S ECLABE
TYPE: protein kS - e d Lys Asp Al a
Ser LeuIIeGIuAIaAsn ; - 441

10 y Vat**val
Ser Leu Val 20 Lys E}é’]’?ﬁg gﬁ eg&'s er %VEm?g:#g %a a H| s Pro Ser
Thr Val Asn Thr Leu GI #s dn Leu Leu Pro 35.

45 Lys Thr Phe“@ %mﬁro @FEL‘%@Q“%I %ﬁ%g'“gsﬂ%lhf ISP‘eBBVaI

35 130
Val Gy Ser 80

g(r)o s Pr he cgﬁﬁl—gﬁ Hggsg%; gghlgggrcﬁ%sn Arg Lys Gly

G u Lyn Asn _— mr c'rc e(leYS Ay Leu Arg
H s Phe Ser Ne ﬁs"@ﬁ pate &L&S’é var zgaﬁ’.‘ﬁtiﬁf Leu Asn Val Leu Met 120
125 Arg Lys Gy Thr Thr :.Ssr yr "Asn d uz Ala Asp d u7keu Val Ala 130
135 140 d u_Phe Bar Al a Al a n sIIeLauProAsnGIu
Ser Ala Tvr 14 CC ATG AAC ATC ATC TCC GAGAAGAAdA%BGA%C ATCGGC 633 160
y a Met Asn Ile Ile Ser Glu Lys Lys Glu Ile Ile Gly
Asp G n Lys Asn Ile Asg Arg Arg Val issr ‘Asp  Al'a Leu aI Leu 165
170 : 175 50
TG CCC ACC AAC TCA GCT CAG GAG TGC CAG AAC TTA GAG GIG GAG AGG 681
Leu Pro Thr Asn Ser Ala Gln Glu Cys Gln Asn Leu Glu Val Glu Arg
195 . 200 205
CAG AGG AGG CTG GAG AGG ATC AAA CAG AAG CAG TCT CAG CTC CAG GAG 729
Gln Arg Arg Leu Glu Arg Ile Lys Gln Lys Gln Sexr Gln Leu Gln Glu
210 215 225
CTC ATC CTG CAG CAAR ATT GCC TTC AAG AAC TTG GTG CAG AGA AAT CGC 777
Leu Ile Leu Gln Gln Ile Ala Phe Lys Asn Leu Val Gln Arg Asn Arxg
230 235 240
CAA GCT GAG CAG CAG GCC CGC AGG CCG CCT CCT CCC AAC TCT GTC ATC B - 1
Gln Ala Glu Gln Gln Ala Arg Arg Pro Pro Pro Pro Asn Ser Val Ile
245 250 2558
CAC TTG CCC TTC ATC ATT GTC AAC ACC AGC AGG AAG ACA GTC ATT GAC 873
His Leu Pro Phe Ile Ile Val Asn Thr Ser Arg Lys Thr Val Ile Asp
260 265 270
TGEC AGC ATC TCC AAT GAC AAA TTT GAG TAT CTG TTT AAC TTT GAC AAC 821
Cys Ser lle Sex Asn Asp Lys Phe Glu Tyr Leu Phe Asn Phe Asp Asn
275 280 285
ACG TTT GAG ATC CAC GAT GAC. ATT GAG GTG CTC AAG CGC ATG "GGC ATG 969
Thr Phe Glu Ile His Asp Asp Ile Glu Val Leu Lys Arg Met Gly Met
250 295 . 300 305
GCA TGT GGG CTG GAG TCT GGC AAC TGC TCT GCT GAA GAC CTC AAG GTG . 1017
Ala Cys Gly lLeu Glu Ser Gly Asn Cys Ser Ala Glu Asp Leu Lys Val
310 a1s 320
GCC AGA AGT TTG GTA CCA AAA GCT CTA GAA CCA TAC GTG ACA GAA ATG 1065
Ala Arg Ser Leu Val Pro Lys Ala Leu Glu Pro Tyr Val Thr Glu Met
325 . 330 33s
GCT CAG GGA TCC ATT GGT GGC GTA TTC GIC ACG ACA ACA GGT TCT ACA 1113
Ala Gln Gly Ser Ile Gly Gly Val Phe Val Thr Thr Thr Gly Ser Thr
340 .345 350
TCC AAT GGC ACA AGE CTT TCT GCC AGT GAT TTG AGC AAT GGT GCA GAT 1161
Ser aAsn Gly Thr Arg Leu Ser Ala Ser Asp Leu Ser Asn Gly Ala asp
355 360 . 365
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Arg
255
265
Asn
H s
300
310
Lys
335
345
Asn
Thr
380
390
du

Arg
Au

Met Asn Ile Ile Ser Lys Gu Lys Lys GQu Ile Lys Trp Ile 180
190 Ay Leu Pro Thr Asn Ser Ala @ n QQu Cys @ n Asn Leu

« 3 u-195 _ 200 205 Arg G n Arg Arg Leu

IIeLysGInLysGInSer Adn Leu dn 210 _ 215
Leu Ile Leu An dn lle Ala Phe Lys Asn Leu Val Gn Arg Asn 225
235 243 Arg Gn Ala Qu dn dn Ala
Pro Pro Pro Pro Asn Ser Val 245 250
Hi s LeGSPABE [URS GCF ACE| ASCVEAC ARTNGEBhTCTSEAS MMQ) Aty $ed mec\Mac | | e 240
$1y Met 2’?70 "7&3;}"‘63%’5%?’ A Slg ferpgin ;Sgtpsg:g,glpﬁgr ¥ Tyr Leu Phe
Asp 275 285 Asn r Phe Qu lle

) Asp |

QXE GO@KT- GAT GAC GAC GAT GAT 295 1257
Al a Q/sa]GGy L 5 ’gg" rF SRR AR AR O’%gﬁplf‘éa Lys 305
320 Val Ala Arg Ser Leu Val Pro
Leu G Eqp 'J; gng % 'r TGATTACTCA ACCCGTAGRT() 1304
Ala d npefg enrf Y dlgaghe Val Thr Thr Thr Gy Ser 340
350 Thr Ser Asn dy Thr Ar Leu Ser Ala Ser Asp Leu Ser
Al a 358CCTCTCCCC TTCGAATCAG ncaca'm GAGGAAAGRA ASFTABAGTANet 1364 Al a
Ser Asesctrircte rTéimTias o A&I@Aﬁ&@ cacanarTeT GGAGTTGAGTS /O 1424

¥ é Asp Asp Asp 385
Val Gél Thr Pro VaI Ser VaI Gu E E p AFs)ri“Atp

Asp 40&ccm;cc'rc crm'rccma cebtEraTer accrTiTacs- m@bﬂﬁ&- Frererérrr 1sad

pol ynucl eot i de,_J antially isolated formwhich conprises a contiguous
sequence of nﬁ‘(ﬁrgﬁgﬁﬁém| TTEFANT WWWW ng €84

Sequence.

| D NMFTCreOTe GErnrheccaGHARNDTETH CTdcoSEBo SCAGTGAEA NOGACAAAGT 1664
GCTGCCCTGC CTCCGATGTC CAGCACCCAG GTGGTG 1700

(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 410 amino acids
-{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Ala Lys Asp Ala Ser Leu Ile Glu Ala Asn Gly Glu Leu Lys Val
h ' 5 10 i5

Phe Ile Asp Gln Asn Leu Ser Pro Gly Lys Gly Val Val Ser Leu Val
20 30

Ala Val His Pro Ser Thr Val Asn Thr Leu Gly Lys Gln Leu Leu Pro
35 40 -

: I.ys Thr Phe Gly Gln Ser Asn Val Asn Ile Thr Gln Gln Val Val Ile
: 50 55 60

Gly Thr Pro Gln Arg Pro Ala Ala Ser Asn Thr Ile Val Val Gly Ser
€5 70 7% 80

Pro His 'I‘hr Pro Asn Thr His Phe Val Ser Gln Asn Gln Thr Ser Asp
85 80 95

Ser Ser Pro Trp Ser Ala Gly Lys Arg Asn Arg Lys Gly Glu Lys Asn
100

Gly Lys Gly Leu Arg His Phe Ser Met Lys Val Cys Glu Lys Val Gln
120

Arg Lys Gly Thr Thr Ser Tyr Asn Glu Val Ala Asp Glu Leu Val Ala
130 135 140

Glu Phe Ser Ala Ala Asp Asn His Ile Leu Pro Asn Glu Ser Ala Tyr
145 150 155 160

Asp Gln Lys Asn Ile Arg Arg Arg Val Tyr Asp Ala Leu Asn Val Leu
_ 165 170 178
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2. A pol ynucl eotide according to claim1 which is a DNA pol ynucl eoti de.

3. A pol ynucl eoti de according to claim1 or 2 wherein the contiguous
sequence conprises at | east 20 nucl eotides. 4. A pol ynucl eoti de accordi ng
to claim3 which conprises Sequence. |ID No. 1. 5. A doubl e stranded

pol ynucl eoti de conprising a polynucl eotide according to any. one of clains 1
to 4 and its conplenent. 6. A pol ynucl eetsale- accordi ng to any one of

claimse 1 to 5 car% 2@ a revealing | abel. 7. A reconbi nant replicable
vector which cdffb g geofimita %‘i?&‘b“ﬁ&'&? dh§t Fradysdive Be clains 1 to

6. 8. A host cell conprising a vector according to cl/aim 7. 9. A
pol ypepti de i nG3Yi3suhypi Bl o0 Sey| Alacfly §¥1¥rﬁmﬁé¢11\e¥)r¥§u icdeval(@k the protein
of Sequence. ID No. Z7"or (b) an al P¥ic variant or% ¥peci es honol ogue

t hereof; or (cChre GinGixrgiArgateul @aSArg/ DPé6 E@ Gl GedIo1d Gef ha 1RG GIln - 52 - (d)
a fragnment of any2dfe of (a) to (#35 capable of f@8®hing a conplex with the

E2F- 1 Protel n @t i8d 306G ah il ha PRI phY 1fhen S WRHTEN aenelny OVE O

(a) to (c) of agsleast 15 am rasoeaci ds. ypept 1 ing to claim

whi ch | f her eof ble of f
compl ox with anests M dle de "R %;ﬁéﬁefoﬁ% %@rﬁgg #ined 25 a

protein having an apparent nol ecul ar wei ght of about 46,0 on an
SDS- pol yacryl aftt8igydee R8s 3L Senypd Perahray Lo 7BY Y2t ddeesented by a
sequence conprising residues 84-204 of Sequence. ID No™ 2, or a variant

t her eof havi nghss CYteést 116 %eh (o | Jog)LyshBrecEly. Tyl Lew\PioAmp@pé iagg accor di ng
to claim9 or 10 car ﬁng a reveal i P abel . 12." A 2 osition conprising a

pol ypepti de aczsw dluﬂghé @13/Xfe His Asp Asp Ile Glu Val Leu Lys Arg Met Gly
295 _ 300

Met Ala Cys Gly Leu Glu Ser Gly Asn Cys Ser Ala Glu Asp Leu Lys
305 310 315 320

Val Ala Arg Ser lLeu Val Pro Lys Ala Leu -Glu Pro Tyr Val Thr Glu
. 325 330 335

Met Ala Gln Gly ser Ile Gly Gly Val Phe Val Thr Thr Thr Gly Ser
340 345 350 ’

Thr Ser Asn Gly Thr Arg Leu Ser Ala Ser Asp Leu Ser Asn Gly Ala
355 360 . 365

Asp Gly Met Leu Ala Thr Ser Ser Asn Gly Ser Gln Tyr Ser Gly Ser
370 375 380

Arg Val Glu Thr Pro Val Ser Tyr Val Gly Gln Asp Asp Asp Asp Asp
385 . 390 400

Asp Asp Phe Asn Glu Asn Asp Glu Glu Asp
408 410
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one of clainms 9 to 11, together with a carrier or a diluent. 13. A

pol ypepti de according to any one of clains 9 to 11 fixed to a solid phase.
14. A.double stranded DNA encoding a pol ypeptide as defiined in clai

10. 15. A reconbinant replicable vector conprising a codi!nﬂmm '
encodes a pol ypeptide as defined in claim9 or 10. 16. A'h m,”]m”mml"
transformed by a reconbinant vector accordi By to claim-15. * ¢ 53 -«

host cell transforned by a reconbi nant vector according to claim 15 wherein
the coding sequence is operably |inked to<s2&¥%trol sequence capabl e of
provi ding for the expression of the coding sequence by the host cell. 18. A

process for preparing a polypeptide according to claim9 or 10 which
Corm_ridsefs cul tigvating ﬁ%bﬁ'ﬁ.tcl(é‘atﬁdaCSQYdiMaheialﬁjf Mslol atede EogRNhicPNS to
provi de for expr [ vecto _ 0 sequ

Bnd recover | ng SoEE48Re ¥ SAASEERE bARacko Bl bul eonkace ity £8 bt e
bi ndi ng: (a) tef pedeetively doydxddising sonFeqz: IBr o)l &7 5P| Ehec vari ant

or speci es hondopgleméheredigeqar I6Choa rotein at | east 70% honol ogous to
(a); or (d) a fragnent of any one of (a) to (c) capable of formng a
conplex with the E2F-1 protein or related famly nmenber; or (e) a fragment
of any one of @a) toR(R91ucIectidetaceprdipgotacFirim dr whirht H8 dINbepti de
of claim 10. 2polpnuenéstiadb. according to clairm 19 which is a nonocl onal -

anti body. 21. An anti'body according to claim19 or 20 carrying a revealing

| abel . 22. An anti body accordi ng to any gne of clains .19 to 21 fixed to a
solid phase. 3- A polynucleotide according to claim 1 or 2 wherein the

contiguous sequence comprises at least 20 nucleotides.

4. A polynucleotide according to claim 3 which comprises
Seqg. ID No. 1. '

5. A double stranded polynucleotide comprising a
polynucleotide according to any one of claims 1 to'4 and its
complement.

6. A polynucleotide accordirlg to any one of claims 1 to 5
carrying a revealing label.

7. A recombinant repliéable vector which coﬁprises a
polynucleotide according to any one of claims 1 to 6.

B. - A host cell comprising a vector according to claim 7.

9. A polypeptide in substantially isclated form which
comprises: _
~ (a) the protein of Seq. ID No. 2; or
(b) an allelic variant or species homologue thereof; or
(c) a protein at -least '70% homologous to (a); or
(a) a fragment of any one of (a) to (c) capable of
forming a complex with the E2F-1 protein or related
family member; or )
(e) a fragment of any one of (a) to (c) of at least 15
amino acids.
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23. A hybridoma cell |ine which produces a nonocl onal - 54- anti body
according to claim20. 24. An imunoassay for detecting the presence or
absence of a polypeptide according to claim9 or 10 in

conprises: (a) providing an antibody according.to any umﬂ"ﬂmlmﬂmn“lto
22; (b) incubating the sanple with said antibody under tondit4 offs fhat
allom/for the formation of an antibody-antigen conplex; and (C) detecting
said antibody-antigen conpl ex. 25. A screening nethod far identifying
putative chempter apéuP‘P%)’ER}&W REFOFHNG tOEHRHT DHICAFFYLNG A aRel‘KPéléﬂg
viral disease Wabeb.conprises (A) bringing into contact: (i) a pol ypeptide
according to any one of clains 9 to 11; (ii) (a) the E2F-1 protein, or (b)
an allelic variant or species honDIogue there an E2F-1 famly
menber havi ng &&-| ealt CHMPBHEHIRGITRRAFL ER&VHﬁRﬁ} g2FERFIRg &O cdpim
fragment of (ap, orb)ooctodephexamhlibn @fcafnrﬁétrngraafdmmenal

trans-activation conplex with the protein of Sequence ID No. 2; or (e) a
;. and (iii) _a putative

fusion protein conprising (a), (b), 1 )

chenot her apeut A8-ageh tE°Jtmt198n%I¢‘F?’€4ﬁ‘9 fowptddm thercdfpbinad $o B) sghdd
(it) in the abphase.of (iii) forma conplex, and (B) neasuring the extent
to which conponent (iii) is able to disrupt or inhibit the activity of said
conpl ex.

13. A double stranded DNA encoding a polypeptide as defined
in '
claim 9.

14. An recombinant replicable vector comprising a coding
sequence which encodes a polypeptide as defined in claim 9.

185, A host cell transformed by a recombinant vector according
to claim 14.

16. A host cell transformed by a recombinant vector according
to claim 14 wherein the coding sequence is operably linked to a
control sequence capable of providing for the expression of the
coding sequence by the host cell.

17. A process for preparing a polypeptide according to claim
- 9 which comprises cultivating a host cell according to claim 16
under conditions to provide for expression by the recombinant
vector of the coding sequence, and recovering the expressed

polypeptide.

18. An antibody capable of binding:

(a) the protein of Seq. ID No. 2; or

(b) an allelic wvariant or species homologue thereof; or

(c) a protein at” least 70% homologous to (a); or

(d) a fragment of any one of (a) to (c) capable of
forming a complex with the E2F-1 protein or related
family member; or

(e) a fragment of any one of (a) to (c) of at least 15
amino acids.
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26. A nethod according to claim25 wherein the cGﬁﬁTEY‘BT‘(‘T—and—f+l IS
measured by its ability to bind an E2F DNA blndlng

met hod ,according to claim25 wherein the conplex 0 f,m,””mm"n '&

measur ed by its ability to activate in vivo a pronnterccohprnsmn n- .
binding site |inked to a reporter gene. 28. A nethod according to cIa|n127
wherein the assay is performed in a yeast cehl . insect cell or a manmmalian
cell. 29. A nethod according to any one of claims 25 to 27 wherein the
putative chenotigar apatit antfgedy dctoxdingot®ndlaiim 18 @hiciris amdAoalogks) of
(a) the protelgLQf ggﬂuence ID No. 2; or (b) an allelic variant or

manmmal i an honnlogue éreof; or (c) a protein at |east 70% hornol ogous to
(a). 30. A nmethod according to claim29 wherein the fragment is a

pol ypepti de fragnentahaéﬁtimpdytduaorﬂhngreglaﬂaxﬁ:1866rtIB:Haln?&ngequence.

I D No. 2. 31. t ccording to any one of clains 9 to 11 or an
ant i body accor?lngggg§§n§g%ﬁg of clains 19 to 21 for .use in a nethod of
treatment of the human or ani mal body. 32. A vector according to claim?7 or
15 for use in 2inet han aitiboht meebrding heo lanyaoner ofinclaimsbddyto 20 f£ixed

to'a solid phase.

22, A hybridoma cell line which produces a monoclonal
antibody according to claim 19.

23. An immunoassay for detecting the presence or absence of a
polypeptide according to claim 9 in a sample which comprises:

{(a) providing an antibody according to any one of
claims 18 to 21;

(b) incubating the sample with said antibody under
conditions that allow for the formation of an
antibody-antigen complex; and

{c) detecting said antibody-antigen complex.

24, A screening method for identifying putative
chemotherapeutic agents for the treatment of proliferative or
viral disease which comprises
(A) bringing into contact:

(i) a polypeptide according to claim 9 or 10;
{ii) (a) the E2F-1 protein, or
(b) an alleic variant or species homologue
thereof, or
(c) an E2F-1 family member ha#ing at least 70%
homology over the DNA binding region, or
(a) a fragment of (a), (b) or (c) capable of
forming a functional trans-activation complex
with the protein of Seq. ID No. 2; or
{e)} a fusion protein comprising (a), (b), (c), or
(d); and

(iii) a putative chemotherapeutic agent;
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under conditions in which the componehts (i) and (ii) in the
absence of (iii) form a complex, and
(B) measuring the extent to which component (iii) is able to

disrupt or inhibit the activity of said complex.

25. An assay according to claim 23 wherein the complex of (i)
and (ii) is measured by its ability to bind an E2F DNA binding

site in vitro.

26. An assey according to claim 23 wherein the complex of (i)
and (ii) is measured by its ability to activate in vivo a -
promoter comprising an E2F binding site linked to a reporter

gene.

27. An assay according to claim 26 wherein the assay is
performed in a yeast cell, insect cell or a mammalian cell.:

28. An essay according to any one of claims 23 to 26 wherein
the putative chemotherapeutic agent is a fragment of 10 or more

amino acids of:
(a) the protein of Seq. ID No. 2; ox
(b) an allelic variant or mammalian homologue thereof;
or '
{c) a protein at least 70% homologous to (a).

29. An assay according to'claim 28 wherein the fragment is a
polypeptide fragment falling within the region of 160 to 220 of
Seq. ID No. 2.

30. A polypeptide adcording to claim 9 or 10 or an antibody
according to any one of claims 18 to 20 for use in a method of
treatment of the human or animal body. :

31, A vector accordingfté claim 7 or 14 for use in a method
of treatment of the human or animal body.

' 32. A method of treating uncontrolled proliferation of cells

in a patient in need of treatment which comprises administering
to the patient an effective amount of a vector according to
claim 7 or 14, or a polynucleotide according to claim 1.

[
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