1 ISOLATION OF PROTEIN FACTORS THAT ASSOCIATE DIRECTLY OR INDIRECTLY WITH
NUCLEIC ACIDS 5 HELD The invention relates to assays for protein and polypeptide factors that
associate with nucleic acid sequences, particularlyigenomic DNA and chromatin. In addition, novel
chromatin associated factors identified by the assay are provided. 10 BACKGROUND Epigenetics
concerns the transmission of information from a cell or multicellular organism to its descendants
without that infort 3t B SRBIEWIFAGT ARS dbHHE ASSQGMIRBIBESTIHYORpigenetic
mechanisms can operate througNDIRBEGTRYrTHicaliopEdE the IDBIA or through post translational
modifications to proteins and polypeptides associated with the DNA. In the genomes of eukaryotic
cells, gNA%}s ssociated with protein complexes that 20 assist in regulating gene expression,
packaging DNA and controlling replication. The myriad of proteins that are associated with the
genome contribute to what is termed chromatin: the nuclear material present in the nucleus of most

eukaryolic aelisvehia s e lhe eplexcie dng lekBlalipaskading (cendsasgiion) of the

genomic DNA can vary between a lower packaged state such as during replication ot 25 the DNA (S
Phase) to 41fi6f% accéaggﬂg%cgfat%agiféﬁl?% SR TANGABD SRSy whdHetheqyehome is
packaged itowRlorassiates, it /ideqifessadieassplre teaddedexist in a state of low packaging
(so cafled euchromatic state), whereas silenced genes exist in a state of high packaging (so called
heterochrog%@' G?i SNJ he relative state of condensation, maintenance of this state and the transition
between 30heterochromatin and euchromatin is believed to be mediated largely by a plurality of
specialist proteins and polypeptide complexes. At a fundamental level, the most ‘open’ or euchromatic

form of chih@isteMprisemshag seriansphtig aapamBiRMAWeHndrqupd atAgiet of histone

proteins, t > her.form a nuclepsome. The nucleosomes are arrayed in series to form a beads-
on-a—string?) %ﬁ%ﬁ?gﬁﬁﬁt%?%% {bgr?sn %e \'/&'é)éjrg} ga}degjﬁTﬁﬂ%Tj%%B%gg%ﬂ%ﬁl‘é@?o’?H‘f%ﬁ?é’H%f more highly

orderBY chigfHamse S genseEnor s dacrhansoivae theereimthiouahmebeinited hgddisaliones that cataiyse
post-transilaftitreabnadificatiogs ebbisiansiatiostriediiciprielns Maneywicadlyotarast with and
assist in agehoring thehigtoprg together. SEpigenetic controls over chromatin organisation and
stability are essential for the normal and healthy functioning of a cell. Aberrant epigenetic modifications
and a decrease in chromatin stability are often seen in senescent, apoptotic or diseased cells,
particularlynirtrcageeemelisofitaskafcdinsidirableAnp asaneade identisendehanasterisaithe multiple

proteius aadplypenlinidyehe’s GRRARIE pLEIIRIBRERIBRACIE D ARINIR RSl as those

factors tha.hgere cahogbl? 0 iptera ting with chromatin and chromatin associated proteins. It would also

be of great vallY 16 9a2nhR'8RG HivirafkePraociogd tiiho i tiPacsc raniir et drs Mhat 8ast to facilitate
a better urigiErseheivH YN cio metiabivitizlay eseviidlehd hdevenfionatlgpisolatior@bproteins
associatedwirkrieQEomain Rambaan aghieves RyAefopmingASIE ealiLIEMYRoRraRipitation (ChIP).
In a typica g;mﬁicaﬁm the chrogn?tin binqin roteins are crosslinked to DNA with formaldehyde in

in i fed into” “%Fﬁ%@?fﬂ%%‘ls%ﬁ% WARUIHING perlicaticar?bmatin

vivo. The ¢hromatin is then Sheared into sma
fragrientsBeDNOBE I age histin denes eqpeertretostatenseh esrdating iasthdiwsbmVhgh28e)rotein so as to

isolatel _thkqmzammb@nmmmmpﬁt?mﬁmmmtm QfBQEFB@éEBiaéﬁ%QTQQOt%lF%VGfSG the
cross-linki I a or sequence analysis. Although it is possible to investigate
the ancilla%%ss%@a{e%ép%oéggs&h E%l?eag@m%ﬂﬁeedc c(:}r%%sr-ﬁ ﬁﬁgf%@’r&&ﬁ@&gssﬁ%ﬁ%dstricted to one
genomic r8Fi6A S8 & AGHdBtFhhiet reskaiaFsteatng hatperuamnis Glate) afbeadiskibeed in Nelson et
al. (Natures@fe Ribtocode(2626) 1idtenkiby and fBranaRobingontet alatMesh. B&rasah (1999)

304535 SAR-4,IORIPSh ARSI CUIRBSE L eR I i gt (0ra gl sgauence, at feas

fie A e

one specific protein associated with that sequence must be’known afré ence, is a need for a
method of RETHRYPRHISIER AL RIEPeRIs SSeMisesirectly or indirectly with a specified target nucleic
acid sequence. In effect, there is a need for a method of chromatin associated protein or polypeptide

isolation th@tejsfqu,gign@é}i%@q%nmgriggé}‘r%wg& Ct‘t;@pn gtigen driven. Also, in ChiP a lack of
immunoprecipitation does not necessarily reflect an absence of the teste actor, 8o there is always a

rsk of 35@% %%Célﬁgg Pés‘tnﬁsgﬁmﬁlg) Wﬂﬁ%_argund an octet of histone proteins, that

35  together form a nucleosome. The nucleosomes are arrayed in series to form a beads-
on-a-string formation. Interactions between adjacent nucleosomes allow the formation

of more highly ordered chromatin structures. It is these interactions that can be



The present invention overcomes the deficiencies in the art by providing a novel method for isolating
protein factors that associate directly or indirectly with a given target nucleic acid sequence. In
particular the method of the invention overcomes tRe aforementioned problems with regard to isolating

novel chromaliaibin@ing pintRInSAACARRNPSRILRS SHMMAR calBR fishRRRRS! the invention

provides asrprgtpo for '{solat' one of more polypeptides 10associated with a target nucleic acid
sequence Eompriaing® T o EiRmG SPLK PRt b Astigess! 1argreibithadiF9sgBence as well as
one or moregsigpeptides that are associated with the target nucleic acid sequence; 15 (b) contacting
the sample with at least one oligonucleotide probe that comprises a sequence that is complimentary to
and caeoab%Pfeﬂgpridcisi@r%lwith at least a portion of the targcet nucleic acid %;eé%uence, wherein the
oligonticleHoe probe Somprisée af 1L8% Bherstieaieni et slarity N9 Faesadabiéonieewherein the
20oligonudlestide b tedlifthé&rctnnirises at ledstAbee affiripjgkaisi; (cpailicatiogthedtdeast one
oligonucleatdepiohecfnstihp asntywelsiAELATIERCE IR AR itheach dlher so as to form a

probe-target id; 25(d) isolating the probe-target hybrid from the sample by immobilizing the probe-
target hybr% %ﬁr%r%%’hl%éﬁ]?b gl égfﬂéfsbﬁag'}%&ﬂgbé? f&ﬁ’%ﬁ%eatﬁil‘ﬂﬁm’%%ﬂda BYLIBRing the one or
more polyepiiAEdRItarareiassaetheeRfplites tthejerrricieiableidoseexhitey 3iGéneticthe nucleic
sequedice peovities @uﬁé}{aﬂh@@@éﬁﬁ@&é Cii(ﬁ@@_’(’;ﬁﬁé_ﬁl@ wﬁ%ﬁ&ﬁhgqmﬁti%hl%@ﬁrgna ot_]t_lers_, the
present in ha a nucleic aci ridjization approach as the basis for a purification
strategy. A@ FsBuHi 'nwégléngg%% i C[%%:' Sr'oarﬁa N l)f/%e %’ngggt %Peﬁ{ga?aﬁ%f 5 Re U oANSF specific
chromatin BBiBHE SR MREBsEIpRacriserAsrCcARiaref the Jeestire Hedifiato thdasitéoci. The
inventors henerstdediegl dbctirentiadrtigspesidblbe present invention when it is applied to use with 4
chromatin as Proteomics of Intact Chromatin (PICh) because important protein-protein and

prote*%—nu leic acid interactions are maintained during the purification procedure. Typically the target
nucleid acidS¥GURElY. SABlieR Sbpickrtsiessr frineaniieRIBRlE Baschese. actranad GYDNA). Suitably
the eukaryericoDNA is rebromiraimdNAcaratipidiamalleiiie target iywaic@did seguemss is comprised

within chroiRatitilh BHSilRteF 58, fdvapLagaushy. m f invention is able of isolating
polypeptidghs tha lare %%I%c?a?ed é&/ith the DNA eithler m'?v@lﬁﬁgrg'rag}g%@% c[ik r?’wﬁﬂi-?iﬁc%orial

complexes TUTA 5,8GR CBFRFEHIMR AR G IMSHS FBF R figsenthsnPriEeshehesmabie polypeptides
associatedragtheiie airgetohedievihnentisedjaespediie txpokenivo togdititbnsibin issditign crosslinking
of thedne o0 pehHIeHHECHe Uoin HERTS NN SEREPRAUSR. BARY SR IR SIRPAlHRRsing the sample

to the agopu ide. probe (i.e. before step (b)), and 15 the crosslinking is reversed prior to the step of
e e e TR R BB T G ern”
urther ex Avepadesstpdetermin puidentity. Analysis
can occur doavaby theroes-iliee tig uesHorwRodbeicsd RIHSH¥RIcANN BRIt HEWAEProteomic
analysis willdne S try. C onent, or an antibady 20microarray screen. A second
asp?g% of t#e in%%?ﬁ%@fﬂg%ﬁ@%?%&ﬂ% %E?Pg}f@f' Ergbee%%cﬁqﬁ?%i'ﬂgﬁgt%%%g{ aﬁ%ﬁﬁ’p that conforms

to géeral TEHRRAS (2990 ut: hBfow: 1881 adc Granevanbiasana sh il dddedne Rirzmord 198ty labels
tethered t@@4H38K86TIHe X by a spacer group C of n atoms in length; A comprises a hapten or an
immuno-tag; and wherein the nucleotide X is selected suitably from a ribonucleotide, a
deoxyriboRuc.eloéide 3{30 dideoxyribonucleotide and a locked ribonucleotide (LNA). Suitably the
hapten is 5eRtBgAh ATMBAR P IH GHE RGsed HerhRiRuSscis datdrtiashisnreasigeidgenin; fluorescein:
and or diniéaspHnsokneciiparitritaresnbietidneith ofhtiesiyemidenrinet alig amdaleatida gyobe comprises
first and seeaBs WURSLS the AnvemieNg in.the first gr ises firstaffinity label A and the
second group com rtijlses as cor;d 35affim?ﬁ I?kt%l %&%ﬁd%ﬁ%&?ﬁ%%ﬁ? iatérél%g l r¥’<-:-r same. 5 A third
aspect of the IventionpTBvdSES A BT fRRid asstimeen it SBofbiradsqeARREl fRSrtnula 11, set out

below: Mmethod of chromatin associated protein or polypeptide isolation that is nucleic acid
sequence driven rather than antigen driven. Also, in ChIP a lack of immunoprecipitation
does not necessarily reflect an absence of the tested factor, so there is always a rsk of

35  false negative results with this technique.



B - [ C ]-1YII 5 wherein 13 is an affinity label that is tethered to oligonucleotide sequence Y via a
spacer group C comprising a linear chain of n atoms; the oligonucleotide sequence Y comprising at
least 10 nucleotides of which no less than 100/n ar® locked nucleic acid nucleotides; typically at least

25% of the nucleotides are,loc lejc,aci . otides: [ | ) 00% of the
nucleotidé\lesh %@%‘8& nﬁ’ﬁﬁ‘@ﬁc?ﬁé& ﬁﬁ(ﬁégﬁgi&%gﬁ%@?ﬁ%%ﬁr%gﬁ%é \lél%ég gjaro%,cg}?i linked to the 5'

nucleotidénéthe’ Bigeplabnsorerisirdaeiors thetigasarialateahing indErtiynYpHyAoE¥ean
oligonuclestige nicbe twd eoquprisesia fhtitaup ttrahetnfowhshtoigentoal doencutaekitset out below: B'

20 I deldelions e fLBal G5 AR Ay daReldiRbindhG SRR osAifierent tethered

;
to respective nucleotide én‘ﬁs\iw\/v%@ spacer groups C and C' of n atoms in length; and wherein the
nucledtid®'7PEREAP?-are separated by an oligonucleotide chain V of p 30 nucleotides in length, where
p is between 0 and 40; the nucleotides Z, W and V being the same or different and selected suitably
from a ribgwg;ﬁlﬁ:ﬁlgge, a deoxyribonucelotide, a dideoxyribonucleotide and a locked ribonucleotide
(LNA). Suitably the affinity label is selected from biotin or an analogue thereof, such as desthiobiotin;
digoxigenin; fluorescein; and/or dinitrophenol. In a particular embodiment 350f the invention the
oligonucleatidirgiradpe cidhrpinsestitrepgroidpsod getterdfdoisnlaing loseatt therernadyeepiiées represents the
5' nugjeotidle i, the, qligpausiertifieiAroRes Sddiil aspgrtakthe invention provides a method of

identifying a polypeptide that associates with a specific region of chromatin in the genome of a
eukaryotic cell, comprising: 5(a) identifying a target nucleic acid sequence present in the specific
region of chromdthdbiaivengskeayutie thetlcomprises a target nucleic acid sequence as well as

one or more polypeptides that are associated with the target nucleic acid
sequence;

15
(b) contacting the sample with at least one oligonucleotide probe that comprises
a sequence that is complimentary to and capable of hybridising with at least a
portion of the target nucleic acid sequence, wherein the oligonucleotide probe
comprises at least one locked nucleic acid (LNA) nucleotide and wherein the

20 oligonucleotide probe further comprises at least one affinity label;

(c) allowing the at least one oligonucleotide probe and the target nucleic acid

sequence to hybridise with each other so as to form a probe-target hybrid;

25 (d) isolating the probe-target hybrid from the sample by immobilizing the probe-

target hybrid through a molecule that binds to the at least one affinity label; and

(e) eluting the one or more polypeptides that are associated with the target
nucleic acid sequence.
30
Since the nucleic sequence provides a universal means of discriminating a specific
chromatin locus from others, the present invention has utilized a nucleic acid
hybridization approach as the basis for a purification strategy. As such, when applied to
chromatin the present method allows the isolation of specific chromatin regions and the
35 subsequent identification of the proteins bound to those loci. The inventors have

referred to the broadest aspect of the present invention when it is applied to use with



(b) constructing an oligonucleotide probe sequence that specifically hybridises with at least a portion of
the DNA sequence located within the specific region; 10 (c) utilising the oligonucleotide probe in the
method described above so as to isolate one or mdre polypeptides associated with the specific region
of chromatin; and 15(d) analysing th r maredselated DAIXRERHASS: SPAS I IGeRify a polypeptide
that asso€i ?&&Mtﬁsﬂ%og%%nc}j ic (?cfeﬁg;nlf)é'ﬁqOQLT31 c%roma?in. In{?‘a specific gmbodi?nqent o?‘)the invention the
specific ragibPretishrupirisinddinisRdiosaoraiBRsH A8 MeRicRlion MesFe Sichromatin:
heterochromatin; intergenic 20 regions; a gene; a repeat sequence; a heterologously inserted
sequence; and an integrated viral ohypically e Rolpentids; thakasseciaterwith a specific
region of%)‘f?&%%&ﬁﬂ‘%ﬁ&?&é‘? %lg'r%egcr?gg %?%Eé;ymat?{cr activity. g_ﬁitablyr/@g E(ﬁ@[é tide 5hat associates
with & speelfic(regioRNA chirdihttin BUtRINifEE S EYRISH AR I TREEE e E@tiﬁﬁy if said target
exhibits sgmerrMief RgatMicRetisty. s iusttecamspiedolithia icverttitin. providésiiarmethod of
screening for a mog] 2;ate(%)r u%(é,eR{Qf?ﬁﬁﬂgoa&“twéyirﬁ%‘ﬁl@ﬂs‘@%pabléséﬁ?sm iﬁgp&gmggmthat is identified

case, ad .
as assoc:|a?|ng With & Speci region of 30chromatin in the genome of a eukaryaotic ceIII according to the
methods Hedclse @RISR IMEoE BN trdnebIRY BBelh e Rith 8#@8 R & mpounds from a
library of gempmexsds; and 35 7 In a particular embodiment of the invention, the isolated polypeptide is
sele;‘:f)ed from one of: Hint2; GMP synthase; Pr12; Fenl; USP7; TIF1-beta; Pin-1; Aurora kinase B;
USP1 and MTAL. These specific targets are de%cribed in mqre detail l%acl)?\e/v. 5 A fuﬂrérelgr aspect of the
invention By8vieedfis fBRdinsn AR IRFERTAHEHIRYEEIA! HiORS 8F R BoSeptitie comprising the
steps of: Heigeiatinpwatipdigpepgie toridsiitptdiezhes assosiatk twkhndidpec#ietr&§idh of chromatin in
the ge”0q}fc%h&I?rM\T?d%?t{%eC@H@BP%QJQ%R/;SB&iH&IhF}dsd@@@fiibﬁﬁ@l@w&baﬁwrpimrtlg toe nucleic acid
sequence for the polypeptide; 15 generat n antisense nuclei | i
compleméﬁ?a?&‘??oogﬁ%pa"ﬂ%f'?%? ut&g%g Q ' nsueczel?r(}a'?l%é) 'i‘%rettﬁéggg )%E%%%%%)S _ghbsintroducing the
antisénsethecisissicithgdeueyriesateriardakhpyeige ebIpkEngstis 20RAUBKEKPIYESHIFST the polypeptide
in the eukaryotigrsrll: Agd anglysineiaRy plenoikeaef shareukaryation Ctilitserasterdsteomine the
Diological sV OS RNPERUIS, 53 iabliod0 ARUSFARG TGS AR Apssacerean comprise an
SiRNA oh@gﬁ e[t e?or a precursor suclt as an s_hgzNA . The eukaryotic cell can be ? mammalian
cell. SuitabbguthéararodneabaoPiHecaaYen st iBidscRTls &t AYRIeAIN MG HRHIBRE cell is to reduce
expressionafdbaipavarplidein theueekarymis cefedhiscan bengchieviec8Gbyanémdon of a
hete&ca)logor#l(s:rseggengr%eemcoding the antisense nucleic acid sequence into the genome of the
eukaryotic cel??helye%y generating a transgenic cell, via recombinant techniques known in the art (e.g.
gene targeting/homologous recombination). Optionally, the eukaryotic cell is a pluripotent stem cell,
such as an estonbaipsieat ibelinSartraprositrscbal Wigeniaebédprogtetiamerisiagh sy EarRt non-human
35anima|so§éj§ g&{M%B%gqgsen%mmg§§é@meo;@bpws a graphical representation of one
embodiment of the method of the invention. 5 Figure 2 shows a graphical representation indicating the
proportion of novel telomere chromatin associated polypeptide factors, identified according to the
metzgl of the invention, that are held in cammon®§iweerXtwo different cancer cell types. The
numbers in the circles indicate the number of novel telomere chromatin associated 10polypeptide

factors Ide&ﬂgree?nlr/&tirrlslg eescglrﬁaed ocrer|1|1ctJ¥£ gﬁinity labels tethered to a nucleotide X by a spacer

group C of n atoms in length; A comprises a hapten or an immuno-tag; and wherein the
nucleotide X is selected suitably from a ribonucleotide, a deoxyribonucelotide, a
30 dideoxyribonucleotide and a locked ribonucleotide (LNA). Suitably the hapten is
selected from biotin or an analogue thereof, such as desthiobiotin; digoxigenin;
fluorescein; and or dinitrophenol. In a particular embodiment of the invention the
oligonucleotide probe comprises first and second groups of the invention, wherein the
first group comprises first affinity label A and the second group comprises a second

35  affinity label A’, and wherein A and A’ are not the same.



Figure 3 shows the results of an experiment to knock down the novel telomere associated chromatin
factor COUP-TF2 in a transformed human fibroblast cell line. The PML antibody (PML) shows the
location of PML bodies within the cells. The RAP1 35 antibody shows the location of telomeres in the
cell. The mef’gﬁ*d'%@B@Cﬁ%@%th}%ﬁl&mﬁ&%@%lblgﬁrﬂ%é%@??réBePWrt QBH%S@CF':M L) in the
presence of Cé?é{l}?-TF? 1 RNA. I?é%TA_ILED DESCRIPTION 20 All references cited herein are
incorporatggrby ferErae e iR %\?’ety. Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will kﬁg@ﬁétf@_th@t the present irn/ention involves use of a 25 range
of conyentional molecular biology techniques, vhich can be found in standard texts such as Sambrook
et al. (Sambrook et al (2001) Molecular Cloning: A Laboratory Manual; CSHL Press, USA). In
setting forifiiereinddslan eféaityijptiehtiodtisdaiheseditnoligonimibetidsf siefisitiony deea3Pprevided that will
assist in thersipderstangingref daiieventiam thentesmmpolireBligs AR MRe0 8fsin.Lefers to a polymer

of amino acid residues joined b ide bands, whether produced naturally or in vitro by synthetic
means. Po%%]g%tsisg sa?)! %%iqt g{Hegegéggfir#a‘f'e S‘/Erlﬂoai%ﬁﬁ 28id %"sﬁfﬁégcﬁ?f’eﬂﬁ‘ﬂ‘?'ﬁr‘%ci@pically 35

referred to4§'80tseptidericaiie risapblypéptidethes tiseieotidesiraderotsstheystedustiof a naturally
occutling palypstpiéde, resiBoruOrte orqorepWtaly Palipapiideslse dadergrratysation or
post-transl,%@g@dgg)qg'q “8! p that may include, but 9 are npt limited to: glycosylation,
proteolytic cleava e,‘,lip%’c@at%h?ﬁ;glgecr%g? ??e[%ﬁ & CIRAY. g'gﬁ%ggéet&%g ¢ e'?ﬂg Og',%ﬁh‘gg'vﬁorylation,
ubiquitylat%‘ﬁ,ogH f?ﬁiBF?,bﬁcetylation, methylation and such like. A 'protein” is a macromolecule
comprising one or more polypeptide chains. 5 A "polypeptide complex™" as used herein, is intended to

describe pIofgiRh PP UPERIASS 15! ARSAIBDISIAELIGLIS BT, AHDIRLY gsseriaton of factors. The

memgyers of a pol Pe tide complex may interact with other via non-covalent or covalent bonds.
Typically rﬁ%%@g}é 85@?58]%%%6@%6%@@? Wikt @rie¥to enable 10 binding either to DNA or to
polypeptides and proteins already associated with or bound to DNA (i.e. chromatin), Chromatin
associated polypeptide complexes may comprise a plurality of proteins and/or polypeptides which
each serve to interact with other potypeptides that may be perntanently associated with the complex or
which may associate transiently, dependent upon cellular conditions and position within the cell 15
cycle. Hence, particular polypeptidercomplexes may vary in the’i} constituent members at different
stagee of development, in response!to varying physiological conditions or as alhctor of the cell cycle.
By way of example, in animals, polffegptide complexes with knfwijchromatin remodelling activities
include Polycomb group gene silenging complexes as well as Trithorax group gene activating
complexes. 20 The term "isolated",(%/hen applied to a nucleic adid or polypeptide sequence is a
sequence that has been removed from its natural organism of ofigin. Typically, an isolated polypeptide
or polynucleotide / nucleic acid mo?cule has beef}glemoved frqm the environment in which it was
produced:; although, it is not neces$arily in a pure fofm. 25 That is, an isolated polypeptide or
polyfiticleotide is not necessarily 100% pure, but may be about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80% or 90% pure. A purified, isolated polypeptide or polynucleotide is advantageously at least
80% pure.Rsinay BikiabI9Asa0%, AP ACALALITASLIRE BIGS 4, S8RRIE). I the present

context, the term "isola}eo " when applied t0 a polypeptide Is intended to include the 30 same
€

h
polypeptidS SRCSHEFIRR IRFs o AN M EX RSSO S AL foRterereindanelts femeh,
dimeric/mwitiereividhg lpoolepkisies Zcaystaliised, paraledivatise cligomsciduiidantagigously pthe nucleic acid
molanulesllies!Rolina/ AHgRNyHaRides o anBuelCif AR RERRES PRIV ALTGIBGHIes etc.), and
a

polypeptides / peptides (e.g..antibodies or fragments thereof) of the invention are isolated; and more
beneficiaﬁ{)ﬁepu?ﬁ%a. 35 titg geaérrt%'?n Fﬁ(fis.slarlneegtt%fm HirbMatifePerifes TPORVEROERdifess of this
cellular mégsraiensRioligan wittidemuibonmniiiedyard (ehlonhaticitinprGhisotivatinlisAyimarily
comprisedsaitdblyAtassemaiehmithisiear R ebinsidiAt BPaginsadRgN-21hadiG nuglgosomal structure.
The nuclegsimeﬁlcgrrjn%isex]s an o }et of histpned&ro eiri\s around 5 which is wound a stretch of double
stranded DNA 146 bp i argth Hisfones oA NPRTA NG L FLRUEr #RIGENS, ome while
histolve HefdhA Breriamkhaoptiaentaertide suphescrneines theogiduigié wertes Stiuatlzrdll Assembly into
higher ordaychtmatnieralitsiprarertanpacking M SR SRR g BRA Chromatin is often
referred to as occurring in two main states, euchromatin and heterochromatin, 10 corresponding to
uncondensed actively transcribed DNA and condensed DNA respectively. Many further polypeptides
and protein complexes interact with the nucleosome and the histones in order to mediate transition
between the euchromatic and heterochromatic states. The identity and functional activity of many of
these crucially important chromatin associated proteins and complexes is presently unknown. 15
Epigenetics concerns the transmission of information from a cell or multicellular organism to its
descendants without that information being encoded in the nucleotide sequence of genes. Epigenetic
controls are typically established via chemical modification of the DNA or chromatin structure. Gene

expression can be moderated, in 20 some cases, via the covalent attachment of chemical groups to
nolvvnentidec that are acenciated with or that can bind to DNA Rv wav nof evamnle methvilatinn



11 to and often synonymous with "cancer"” include sarcoma, carcinoma, tumour, epithelioma,
leukaemia, lymphoma, polyp, transformation, neoplasm and the like. An embodiment of the present
invention resides in the development of a method for 5 identifying proteins, polypeptides and protein
complexe t are assqcjated wit i rt h incsite, fetghyof nucleic acid,
such as &&F%Tﬂ%oﬁﬁgtﬁo{ uti i%’ggpéﬁi ﬁ%‘i%ﬁﬁg%%&qﬁwgﬁf ﬁe{%%’ﬁépg vith an affinity tag that
allows forassigieitns ofiirsbereriet RyintdRie GaeRiEn e dor §0MmFnihE \ﬁﬁéﬁWé} '% Brotein of interest is
localized tgrappiRREific genomic region, the standard approach has 10 been to combine
immuno-staining and DNA fluorescent in situ hybridization (immunoFISH) on fixed nuclei. However,
previous attempts to retrieve target chromatin using conventional DNA caéotyre/FI.SH ch)robes and
standard FISH réddeantiviage Aes)eagisag 4 SHRaPIBIFSABIR HIfasRiGH & dRTmiRation from
non-specific progiasatinenteikodapfdhedelyention demonstrates an advantage of enabling the
identification of 15 any and all DNA and/or chromatin associated proteins at a specified target site
without the need for prior kr_lowledq_e of any of the proteins that g\iy or may.n tgrtiedggessent at that site.
Hence, the metHBY ONERIHHIE AbLAIERY HeoHER SHehS S BN 1Bl ReRRIN gL RVeT
immuno-precipitaitbratiessich teatinigeidse SN s @R, logated vélyipineroeriésap@ienof a known protein
antiqgdy target that is already bound to the DNA. Also, 20 if the antibody is quantitatively precipitating
a crosslinked antigen, which is rare, ChIP does not ptﬁrmiteworgi?ggign gé a soiggl%)lggi fut a mixture of
loci that contain ¢ e“ﬁi’é'l’(lﬂnﬂbef pliesRueePHde RIIRS o the fvenfion also allows or changes in
chromatin/ DNA issisteciate protedmecaipheriidead besasirirdradiunier sprefente@ifti? conditions as
well. 25 A specifig,embgeligient of the present invention is outlined in Figure 1. In brief, cells are fixed,
the chromatin solubilized, a specific probe is hybridized to the chromatin, the hybridized chromatin is
then captured on magnetic beads, the hybrids are eluted and the proteins identified. Extensive
cros$hnking with(dgenaysineh B fonnaiefipie Epipiss Frlyeeptidshraeedse BriteMiivbna and
protein-protein inggkaethans thinlisecsitate girs thaspdafleasgittibbeyantigen affinity, nucleic acid
hybridization is insensitive to the presence of ionic detergents, which allows the use of these
detergents throughout to limit contamination. To increase the stability of the probe-chromatin
interactions, 2 sEREfiNRTERIIMeN of KD&)R¥saRIthE SRSSITG TRt &l 8%0[??35 SLHOHEs because LNA
35 residuasmbaenitabieraddiankbgne thatrdaeer s sensitickimgetioshepyatignificagriydncreasing their
551, BooBnd gl I (ZURARIAG)Hlsios KRchard- 2824, To minimize

melting tem erature Y
ich is detrimental for yields%5 12 observe,dtu%oE} immoaobilization of chromatin a
g'tNA

the steric hidrance

very long dpas@ieghalin LepeNfe MR RR M PARETPENT HIRaeR Db dGitaBid spacers include
long chainotliphatietyrdsiisitoerspaeersed dor benzymatie st tirofivitablh oxRoaaRiRfo tBAW succinimido
precursors,such as these desarbashiopEARNRath. iMdehmcdMathqiisshialiBial (208ReE 288, 225-240).
Finally the co-elution of,non-sp%?hl‘jc_ factorsg's Iimjfterqzb%ilésig&ﬁlesthiobiotin, a biotin analog with
weaker affitR§$BIalRAT BERIRAD'S SSMpLITYE §EAIE eflition using biotin. In a further specific
embadiment of the invention, protein complexes associated with 10 telomere sequences in telomerase
positive canggric&!lspadiBranhletAbarpriieteagitemopokteiemeyes) eamcduletlt tyfpe were
identified according to the methad of the invention. In addition to the proteins and protein complexes
expected tSP&eB?E%gﬁ?V& %880eAed to the telomere sequences, a surprising and unexpected
number of additional polypeptides were identified. Some of the polypeptides included known 15
proteins not previguishhg ¥ pskaiiadessaciatrisvitiiechaomatinjatiheg nets tiperiknoegipstromatin
assogjpted proteins yerg-newly [enlified a5 Iacalialigds Omesengnte. e igagon further
provides for identitication and isolation of polypeptides with a novel chromatin association activity.
20Accordingly, théepFEBEAPIRVIENENN further resides in the provision of a subset of polypeptides that
are newly identified as possessing chromatin association activity, and thus which potentially act as
novel epigenetic (agiars, EeaRIQN ipllies Jhe e uiiRien fduliey paganeris actors and
importantly, the identi Ication 01‘ novel epigenetic activity in known polypeptides. 25 In a specific
embodiment, the PreQBREIMAENEBH provides a method by which polypeptides and components of
protegscomplexes associated with chromatin at a specified site in the genome can be characterised. It

should be noted t%ﬁ%ﬁn&“?ﬁ&g %ﬁh}%m\é%gti%ﬂso%t linited teothese RlyReRitgest that are solely
clu ate

DNA binding, but 30in es associated polypeptides such as thgse with histone binding activity, for
example. In moreiRFEH ARY Pﬁ@fﬁ&féf‘iﬂ@’i‘ﬁg’éﬁﬁ ﬁpé%‘?{'%tbcr%h\g a first step, in which an affinity
labelled nucleic acid probe sequence specifically hybridises to a preparation of sample 35
chromosomal material comprising the chromatin target of interest. The probe is designed such that it
hybridises with a specified target sequence in the DNA. The target sequence may suitably include a
unique gene sequence, a repetitive sequence, 13 or a sequence known to have a role in higher order
structural formation. The probe sequence is introduced at a concentration and under stringent
hybridisation conditions such that only the target sequence in the genomic DNA is bound. 5The probe

is labelled with one or more suitable affinity tags. Affinity tags may include immuno-tags or haptens.
Eor avamnle one or more of the niiclentidece contained within the nrohe ceairience mav he hiotinviated



order to increase the resolution and to facilitate the next step of the method, which involves 'pull-down'
of the probe-target sequence hybrid. Alternatively, the chromatin can be fragmented by physical
methods such as ultrasonication, or by a combination of physical and enzymatic approaches. 25 The
‘pull-down’ step is facilitated by use of a binding moiety that engages the affinity tag and enables the
hybridised Fequence to be isolated. In case of a biotinylated probe sequence, isolation of the
hybridised $&f lﬁ’@ﬁt&%'iaﬁgﬂ"%déﬂ%@t@& HeVRSHP B RPBdislpiek pRIRIINR isasirstre e microbeads
coated witiPrereptélintin GNEhmymbys80RIE; diridisedBenaenees Will-bjinsutertheifeads.and can be
precipiatediort ahalion vids: Siaiafy A aiRosRal gRIRaAIgR Allomatively the microbeads
may cgmprise a magnetic component allowing for immobilisation of the eads via exposure to a
magnetic field (see Figure 1). Alternative isolation strategies include the immobilisation of the LNA
containing fridsroaspesblid Subsivatdiguchoasies micnetisayBoatippeinR HiPSiskgkathis way the
'pull down &f@@i@@%&g@@%i%aﬁg%@%g gfea on a surface, which can then be suitably
adapted so as to be suitable for use in 14 later surface-enhanced laser desorption ionization
time-of-flight mass spectrometry (SELDI-TOF-MS) analysis of the associated polypeptides. The
purified, or 'pulled-down’ hybridised sequences comprise affinity labelled probe 5 hybridised to the

targetGequence {agatiRgravithpapias IRStaled iRl al RRRNRGRIARS . LLOILIAS AEhRYYPeptide
complexes that a(r:ﬁrgoggrq itno,[g]rée te%%t s?guegce. ;Fhese associated chromatin Egﬁ ypeptides, proteins
and polypeptide comralexes can e f50Tated AR 6@‘I8898Wﬁ Pﬂé&&ﬁ%?@ﬁ% Hﬁt?adprotein
precipitation step3P&M8, if required, separated via electrophoretic (e.g. SDS-PAGE) or chromatographic
10techniques (e.g. HPLC). The chromatin associated proteins and polypeptides can be analysed to
determine their i ' ia. high throughput pol tide identification protocols suitably
including the madso?eégﬁ% rgr%gt%/y %agg? ?ggﬁﬁ%ﬁg%{)ﬁ] peeéﬁﬁﬁeeﬂ#ggs fingerprinting 15 (PMF).
AIterflngtiver, gualitative changes in the composition of known chromatin associating complexes can

be monitored usiggrantibgiynamdyctechmolegiesithaiqasnstingates domaasivent imempers of the
complexes of int%rgﬁsgflﬁj\gillllt}a%i@%@g@}g&g&&ttﬂ%ﬁﬁ%%@é the invention is not limited to a specific
J . : VRS

type of 20 genomic DNA and can be directed a virtu target sequence in the genome in order to
identify the associated protein and polypeptide profile. In addition, for any given sequence the method
can be employedrdtodiffiéne ib¢ s indevettineit, seqtecelhty ale afolowiag expesyre of the cell to
extepml stimuli. AsisuEBxihessspthebibEnaRloms ANl AL fefaied profiing of the change in
proteins and polypeptides 25 associated with a specific target sequence to be monitored. Moreover,
the method of the invention allows for the identification of novel DNA and chromatin associated
proteins and polyPEhsMs fhetohsnetapsy ftathastanajiceskisown jordtéinsihithiestbisiogicansidered as
having epigenetiaciilfobthdipgypestidematin-associating activities. In addition to providing information
on the identity of proteins bound to a locus, the 30 present invention provides information on the
relative levels of abundant proteins bound to a given sequence in distinct cell types. By way of
exar%ﬁle, in the process of developing the methods of the invention for use on telomeres, the present

inventors Sottebiy, fiwemkistose sunidrlame dedusiearaiip BsnfiEe HALIRRA (ke cRBaged to telomeric
preparatio ) identified. In.vertebrates, the sequence (TTAGGG)" is
repeated iﬁ}geo‘f&gﬁéeﬁc%%&;ar%%ﬁ gﬁ%&#} 's%ﬁrr%e%u%-gyﬂige& %aﬂm%ng) %ﬁrﬁ@gﬁaﬁé?gsent around
0.01 to 0.0398BY iR SHEPguttiomar hsiantisrase sutirinaeidrssyensetiniobe el aicitetelatively high
concentratiote sevtlicthespdmsicel ativbecasigpoplidegating auitaraoit Aeic amdarobe a e 5nucleic acid
probgoinclygledaigsinspadiensadahalsdnurleaisRAnd lspincapraled logked mucleic acid (LNA)

nucleotides, whjch served to s%%stantlally increase the specificity of the probe f%?%%nfgrget telomeric

repeat sedUenEE. ASBRIFSIS of 5r AL SR P thpsetyeteneratinged d3nssenisatst. wih the target
sequenceszdpeibiding kieovniaasdidatessuich &= members.of gbessheligstmdamorgpreteins which are

believed t%é&mﬁ%ﬁg@lgm@;@mqﬂé chl %é?idgitéoﬂléﬂ&&&hrk‘?m E%I@rgerﬁ assaociated proteins
and polype %des,.a iUﬁPrlyng number o&ysolypeptldes and proteins were | _enlfﬁlegstha“( were not
previouslye&n&\%“fosei 1°R or o Bsthan s dRidRR RERTO B PYERT SRS MBle se novel
teloPere &sdvelatedciaasokerdpreteniceromising targets for further investigation, particularly as new
drug discovery targets. Tables 1 to 3 set out 15 the novel telomere associated chromatin factors
identified according to the method of the present invention. It can be seen that several of the factors
identified are known to be targets for post-translational modification. In a further embodiments of the
invention, lower abundance targets are considered. For 20 example, in Drosophila melanogaster (fruit
fly) the Fab-7 region represents a single copy chromatin fragment that is responsible for the
maintenance of the transcriptional status of a homeotic gene named Abdominal-B. This fragment is
named a Polycomb Response Element and recruits factors of the Polycomb and trithorax group of
genes. Understanding the function of the Fab-7 site in Drosophila is critical to the 25 understanding of
the maintenance of epigenetic states in higher eukaryotes, as the basic chromatin regulation is

typically conserved in higher organisms such as mouse and humans. The chromatin associated
nolvvnentidece and nroteine comnriced within combplevece that hind to Eab-7 are bhelievved to he central to



5 region of the HIV LTR promoter allows further insight into the mechanisms of disease and thereby
identifies new candidate drug targets for HIV therapy. The invention allows for comparisons to be
made between chromatin composition at the HIV L8R region in human T cell lines that model the two
situations[%&wé%—r' active, and this also provides important data that is useful in designing novel
drug treatments for HIV/AIDS. 10 The probe nucleic acid sequences of the present invention may
advantageously comprise one or more locked nucleic acid ([NA) nucleotides. LNA nucleotides are
bicyclic RNjuanalegurs thataomtainep2@n@meaftoylereboitigenh ehédbosbedsietpe The methylene
bridge restricts.the flexibility of the ribofuranose ring and 'locks' the 15 structure into a rigid C3-endo
conformaﬂncyr?iéy altering the conformation of the nucleotide in this way, the resultant oligomer/polymer
probédemonstrates enhanced hybridization performance and biostability. Oligomeric probe
sequencesgifags areness thanEparioxipnatehyalismindleattigethénplengtiiosael saieldsiBeiprise up to 100%
LNA. Typi&ﬂ% ARGRLBLRRS; SSRGS aMRLSnhitoAdhiagd LomvaniinneloR e or 20 DNA

nucleotides. [NA containing probe sequences have demon?lgt?ratedd’}%arti(:uIa(l s[uitasbilimgor ISH
applicatiofy¢BiRhtdraliaret Hald 0 D MIRE g RHYERTL A & HER G745 395 and Techniques for probe
sequenceriesigrs drettie saritesdindiFats the mirabe(Nldeis|AeldaRe cronatifuRsPRtee3): 3758-3762).
25TI:|% oIi%%%%I&ggj%agpp@emi%i%@mmﬁg@éghe invention, comprises at least one group
that conforms to general formula I, set out below: A- [C]n- X 30wherein A includes an affinity label
tethered to the nucleotide X by a spacer group C of n atoms in length. Typically A comprises a hapten.
In a specifitgerabddiime st tiehesniertfornAeaiiirEsBisaACHIaH AtER GEhEIBERich as a

desthiobiofin sapleeuRrohRRMiHERP iR K-G0 heaselasiathsyitablxrifmosiboslLitiective, a
oot YIS e NS e Tkninon or

n'Is suitably between about 40 and about 170 atoms; more suitably

betwtn aysitods ahevs3beatepadomerdapmetan Behfeetl- bR R $hiMs96 R P36 d8hns:; suitably
between ajapiwdi@d @oPapasinbldaisso RilbadspeEit pmitosimeenoé tiedAUERTER, the
oligonuclecs)it]i'c\jﬁ;probe of the invention conforms to general formula Il, set out below: 5B - [ C ]Y
wherein Bs a iImmuno-tag or a hapten that is tethered to an oligonucleotide sequence Y via a spacer
group C comprising a linear chain of n atoms. The oligonucleotide sequence Y comprises at least 10
nucleotidepefabiEih DBSESIRMBEINLO% are locked 10 nucleic acid nucleotides; typically at least 25% of
the leotides are locked nucleic acid nucleotides; optionally up to 100% of the nucleotides are

locked nucleic acid nucleotides. In a specific embo(i: ent of the inv Htion the oligonucleotide is 25
nucleotide&In"RFgRFeh S ESRERs A P BOG'T B’a%%%%edmi RUCTEOtIc gi)Phe%ength of the

SUCTeOiEs.
spacer grootheBrisesuteinkdt mllstsditzbly batvedantboUeumsanera bR a5 difinE8Mfore suitably

between ahout 7 aRA:EIR-BINMEGH ABRYB R PigadNDBIVERAR-APaKIIAA and abaotlithatidms; suitably

between about 100 and abouyt atoms. Optj ly, the s is i t " nucleotide of
the oligonJRY&8HgR W%?ﬁ't#e\’é}%ﬁc grgﬁaseogé&g%a yeb%ﬁ%sga%?%&%é%%mﬁ%?g%g%gﬁEflgotide. 20A

furth@5spewifigesofirodreniiens thelaruaitiinlasoiraBaIaHe S iWbif FeBtRfe PBHEB PR prises a group
that conforgggd @ @ensyadepnidadt asesambhsiowt A3 MoRRUIAtplordieyei  Blamat @y include an
affinity Iab%hat Ii-sclgﬁ SBFgeSO[JgK erent tethered to respective nucleotides Z and W by spacer groups
C and C' of'li atdmg |n|Teng§n: and 35 wherein the nucleotides Z and W are separated by an
oligonucleotide chain V of p nucleotides in length, where p is between 0 and 40, the nucleotides Z, W
and V being, sigatpebatitablyidtenscaddsonpttieatidiae drdeotynibomucsletidé daftitex@i®onucleotide
18 ang a locked HRoNugGIPQUAG (AL RABAMG RRRAiBRNt of the invention the dligonucleotide
probe comBrlses e group of general formula Il Such that nucleotide Z represents the 5' nucleotide in
the oligonucleotide probe. The probes comprising the group of formula Il are particularly suitable for
targeting sayueRees  joigpsptatimthadds Haveia Ieferfsequemolyoleosiuareinceacidichsidi!single copy

number sequences (e.g. paricylar : ARG PSYESR O UGl ROfiFREZARMYY is shown by
the interve ||r1'$gjeogl?§og?%g%t%§% 'a%ﬁ%h%@s%ﬁuané%r{ﬁhmg betwge 9%{1and 40, mﬁcleotides in

n
length, prefRPBRPHREEIFSS D RPRIKIEBIRILd 2APRARS Thigd! Hﬁ%énsq?"g Al WPIE3St will be locked
ribonggleotidrsrcauitadyyy SEatide’yTuptetdpd\Dentiay e 16edfttreiBalerotasdiffepspdueingths. In

embodimenjs of the iNvenignihs Qisgnmelepridersptis may srRIpREsE. ayResmese sraups of formula

1. o '
undergo maturation or post-translational modification processes that may include, but



The probe nucleic acid sequences may be directed at any sequence that appears in, for example,
genomic DNA. Advantageously, the invention is not limited to coding or 15 non-coding sequences, nor
is it restricted to use with euchromatic regions of tHe genome. Where the target sequence comprises a

repeat SCENGe: Shiflbasa 'EREALTH IGIBRIEARARNERSSa GoS BB RIRRC %f%%usj;g ISyien sufficient to

effect pull down. In instances wheré a unique or less frequently repeated se Ce s targeted it may
be necess3R718%se &OBRMITRALFHEBY IR orWB%Bt&“tha@%ﬂﬂ’éﬁ@tﬂ?coﬁ%@e&iﬁ’\t}é,noverlapping or
closely locatetyisdigiomsetiythtotaryet $acbidikin Ariresdinble ahtherdnwgatios darisesimutfisation of mouse
pericentricetgropbrIRRR isharRieved using a combination of three probe oligonucleotides that
hybridise with around to 25% of the target sequence. However, in order to optimise the pull down
reaction the more target sequence covered by the probe(s), the greater the yield. 25 Identification of
the proteinfariePpyoBpiiietiderfatistsfoumtdo heassdeiatenhdeith thedspatifiedrtasgat s@guence can be

achieved thgughriacumbesidabiesodsirisaly ihsPipiginsand aokmeptises atpseparated from the
probe-target uenF% Exfgg%?%)éconventlonal protein extraction techniques. The proteins/polypeptides
rifi

s (
are then sm?ar??fyrﬁcp D QISHRIBK AR (5 RIBR NI SR FhY S AparcEisst fBins can be
analysed I5p\sisrirbpdetHogisatydermbiredtie melyrepfiddingnwéssterii iotimgteHoweatde, where the

outpyoof thpdnetemeketd NN RRIIBBIE SRS ISOH B EeMRR LPBSID BB RAUGk Ak DS Eass

spectrometry d techniques faor protein identification are approprijately utilised. For instance, protein
samples (?tgn %@%ﬁ‘ﬁvéﬁr r@%ﬁ'@D@lﬁfR P 35anaTRde %%‘?Potﬁgl ﬁfﬁ?éﬁféﬂ%%ﬂésrecﬂemical
modificatidtralii¥h s retriesicRnefonisliiaertfer) exhigirepeimea g atiorintstagistethe adineino acid
residues. Phigreisiaissipatpeptideparadnamclearistoneveral Bagmants whirg aayitable 19
proteolytic : trypsin. . The proteolysis step.is typically carried gut gvernight and the
resulting c?gg‘éﬁ%éﬁ%%s_ r’egt%z%r? c(jel}"}r,a%%%j c\zf\?ll'?ﬁzgc% Bﬁczillil[lﬂ% an grolg?f Und r'r\]/ggﬁlﬁ%g The peptides
are than drYSBVERNFRa RaisHIBb RABSSHHR AABRIRKER e aieiRehEly Fepshisstgpemtieretric analysis.

Mass speectrdifieteytciadee b pevétupneshhmarspinyetofvaginyiifipslpeptidlesieavagairagments via
ALDITOE s SoRpireminscT s BB MAYRT O s s el nglysed n sitco

using bioinformatics anal,xtical techniques, and used to query o rotein databases such as

GenBank §P¥Ris¥BrRH of&@?ot%efmtﬁ’;?fk‘(ﬁﬁ%rB\?fH@esepcﬂlé?%@bin%?HihtRﬁﬁ‘?orsﬂﬁéqif&/el factor (for
example, seadr@nast !l ADIFHRapigtComenarcitaisgl@Bmeateam. 9(15):1546-51; and Courchesne
& Pagterson (1999) Methods Mol. Biol. 112:487-511). Typically the mass spectrometry based
techniques-far polypeptide identification are referred to as peptide mass fingerprinting "PMF" after
Peppin et ipe((%PrYB'% fa?fggéyr}]fg iﬁﬁﬁf%?g)%ﬁ-cﬁ? PARFCL PP RRSRIEE PSRRIy Sratching the
molecular $9@4es dhabhasitbesn firpeveatiqpeittidetialssesntenhefovdtical Peptiady nwsses generated
for p?jlyr;em'majirpaumﬁa@@rppamhael@ftiab/lﬁmiﬁct&ata%x@m@m@@&f&%”@%ﬁ@&%ﬂnique set of
peptide fr ' igue_peptide masses. ldentification of a given polypeptide is
accomplisigé}e@?ﬁ]ﬁaﬁ’%ﬂ}%%iaé%{g#ed %%u&? laarﬁnﬁrfsf_j $ 'fés‘tﬂcétI 'ﬁf?ﬁ%%rggﬂﬁgl FH’iglés@gg“present ina
PMP2Sequbiftdsadaiaiatep Meerpidrcati oal6 epkrtitso i iRk nechsserihrd (epateodptide fragments

obtained frosm aeg@bentmr@migam mmﬁwb@,ismpmw&el&okpgwgo%@ue@, Mpldakd OF mass
spectromelyRigMKs RSB ARGHASIRARR adiEIgmITe eyiass of cagh of hese pepide

fragments, Proteomic approaches’can be used to mine the hature of protein complexes that
25are con5o¥e§arb P thedh PRI dner prolkant 38¥énaHE(§ig: rAB%sRpseL rinieeryTaRs Bxample see
Gingras etaihtdthttReteMoliGedt@id wi2a0phet 18(8) ol <ptii B¢ thestden fonacutrtarsit is meant a
molegle (e SRR hSghta( R idRa RIREISMEABRYE D iReActhdiy el Algroet molecule

(e.g. agene, enzyme etc%. The 30 change in activity Is relative to the normal or baseline level of

activity in rﬁ‘?@'aa%rgéin@énbf IRehRiaUidRsTiH A ARt GraaSerisr ébAamisieehftiMsmay represent

an increasideardadecrshisdhien thueleioracil Mudeseiiere /autlyitycldbie esodoligtouchayides asy.molecule as

described hipfginader sepepiRNASMALmRIeEIS 95@%@%@5&%@%@5@@&%@5@%@%&@6 context of
as

the present invention, }]he t tis a novel chromatin associated factor 35that een identified
according ¥0"S9UERRY %%?ﬁgg B el asHSH e i RatPePelrBI abiiRS ociated factor may be

assedsed by any means known to 20 the person skilled in the art; for example, by identifying a

change in@hﬂ)mrﬁﬁﬁw&h&mrﬁ%&%ﬁ%%bgéﬁ&rﬁ@f@mﬂ%mﬁi%%‘é&%of Hagpresent
|

invention %IuSI% reolﬁléecse ﬁg rir,?ethods ani?composi ons for the treatment of 5diseases associated with
modified eXpresaion 8t one SrISIE Steaig e PRI PR s Bodinghniotesis Jadralties according to
the method of the present invention. Reagents for the inhibition of expression and/or biological activity
of a specified chromatin associated factor include, but are not limited to, antisense nucleic acid 10
molecules, siRNA (or shRNA), ribozymes, small molecules, and antibodies or the antigen binding
portions thereof. For a review of nucleic acid-based technologies see, for example, Kurreck, J. (2003)
"Antisense technologies - Improvement through novel chemical modifications”, Eur. J Biochem. 270:
1628-1644. The reagents for inhibition of the chromatin associated factor may affect expression and/or

biological activity 15 indirectly; for example, by acting on a factor that affects gene expression or that
modifiec ar inhihite the bioloaical activvitvy of the novel chromatin acenciated factor Advantaneonticely the



hybridise with a given mRNA in-vivo. Antisense nucleic acid sequences may be in the form of single
stranded DNA or RNA molecules that hybridise to all or a part of the 25 sequence of mRNA for the
specified chromatin associated factor. Typically, ambantisense molecule is at least 12 nucleotides in

length andaklgasthaQYor 93 %mRH o RRHy 30N AR MCRIIRIRTEH AN IR tR ChRsg farget

nucleotidetse uence. Antisense o!igonucleoﬁides can be of any reasonable length, such as 12, 15, 18,
20, 30, 40,%50794005380 B SREATCIENHREE! HiGhg SAE BAtEagBB0S aboVE-nREmfhed
30complerrempaised tolitdolyresporiaied) teithetintorieotitéepeqtrehcegsihanfisense oligionucleotide may

contain megdifieskbreleatitasdorLIRlRRILS HeTivatvRs) MRl snelsoiseshahesemble the
natural nucl .%gdes ACGT and IL)J byt whjch are chemically modified. Chemical modifications can
i RrSieh ph R

be beReficlal 35 Yor EXH 5 i PRSSIAR R 1 SRR AR dinfogenous
exoand/or 2iglongicledsEsate packehte theckalidife efia wtipoa itiectidacitvilnk adjaeerding the delivery
of an oligopuierBAR0BJaIet ARl ar MeTBPIaRer ANGRaSIRGIAbI? InliogyaLaAkliEyof an
ollgonucleottrllcjje[. ;I'e)épal ayl‘lg,fan anti ensekmolecule contains a{rrl]xture of modified and natural
nucleotide” and i particuidr SFRE'S RRSKrgndldiite B Phiiaddies e BN i8Sutermost
nucleotideElr@dcioend siogrerawaitd)weayTsnntielifiededchieoresiise dnd Hufdifelubthatiantisense

moletlile ibovi¥gpdAdaeditionuesonddit sy alietnaliverdhrirekiong ofrn astisansa nislgeule may be
chemically ified, e.g. to increase resistance to degradation by nucleases. A typical backbone
modificatigﬁggﬁg%%ar@gag }(I)fqgﬁtgeecr)r %%Pg q@(?sspﬁ(q%i sr.aé?"l?)q?motfgxtlgxaespﬁré%ﬁ %é(\)'\yl@oﬁg bonds. An
antisense fY6leesREaRcstiieaiRionrd Bafiftide aetialpimpstnndnarsy hpehca@nasit, which act to
increase thedhalétie oitheatntisaase Thelageiitin 4he pisswnee afillpusiansep. Antisease
oligonuclegfides BRIPEA Lo IR ' 0 e chromatin, associated factors
identified accord??lg (o] tﬁe merthodr%)flg gﬁ?g@:‘#ﬁﬁ%rﬁ? %)rrIW g%é%% {?s%rﬁggné&éj rc‘?g?f)swlrﬁ viva
AIter?mgtiver, such molecules may be used in an ex vivo 15treatment, or in an in vitro diagnostic test.
Requireméipigdoetitee desigmanttestriehenisstdrantisefsaatiote tulas againsiraspecticitarget gene (via
its correspgadingHRVASEUEREE MAROMSIAY IRBRILRINGERY SXRIaSFRaADsERsRJ0lecules in a

cell, and suitable means for modifyln such 20antisense molecules are known to the person of skill in

the art. FoP eXSile Chridiitse TRERIIR S TR i ehdYRIES 87 BRshrdinidterepiEhatient directly
at the site opdification o{fitve dXldmplehtymajiectiorcint Geneeikpresofictrebkimode)aeditiey can be

trangmyibeddrimeasuectay thatkcis,HiansiRelaariohe sherdumoiigrr SIS phiansiRRIO S fgnour cells with

gene therapy vectors can chieved, for example, using suitable lipospmal delivery systems or viral
vectors (Hﬁosg\éﬁg?izti%tﬁ’ﬁﬁ§[ﬁﬁg‘j‘? %%&HQB@(B%& SX?}&%{)?%%'P%L%:{H% eéti?é]ciﬁ‘érgwlatg(?ﬂn-reguIating a
target genBNRREIPY OB HiYAHIrEtoaaseeaase tiation gEhistines e RadAdneti@tamcer (RNAI).
I\rl1aturally, RibiAsing tyDigany Eﬂﬁﬂi@éiohymﬂgadl@gwf-sﬂﬁfédﬁéh%mﬁcm@% g@big@ﬁf@ procesrs]ed by
the Dicer j cleati sRNASs having two-nucleoti verhangs at the 5'
and 3' en«?g&%" @S}@glé#‘; é&&i@%ﬁ%@&l@%@% t OI‘?_OSV\(I:ﬁng(S) Siha yi#{%% 8§n§nﬂ?ﬁlAns (SiRNAS).
Thege shdRERIINA AsyrieRmenbeban SFofbHBHe Hecidutradraneteramiies ailammal-sstiiced silencing
complex (RIS CrnagrooteteiRNBuchmpkifcatbich dkts asdtguide foteasigndogenaipmuglease to

degrade e BI9SLRNA, Znlihariaen s Al PR a2 D) daRV g jecules

(siRNAs) can initiate RNAI, and that such molec ow for the Selective Inactivation of gene
function ind003 8} KM SRR JEHSELR i Eibher AF of 698!SieituRe, (9834 MaER). Thus, this
technique HEBa8E8RePR)eans for the effective and specific targeting and 5 degradation of mMRNA
encaogting a chromatin associated factor in cells in vivo. Accordingly, the invention provides siRNA
moIecuIeSﬁg]n their use to ,speci%i]ﬁalg/_ reduce or eliminate the expression in cells of one or more
chromatin aSs5UAtEq 15 tors eRhIREES AR HR G RS YL RIWENR G e2BIA ™ the case of
antisense @ndmMtho yppertieshreskapiatan siRNAaomshRasm mbdlemibsifer itypicallyispoagesmtageously
contains ogieicBRsecsheaninadi madiisshiHeir AliflRs aedlonRIsAMAIARNRAITSS hagkbone linkages.

Pharmacetﬁié:ral res}garations ?f 4%? invention are formulated to_conform to regulatory 15 standards
, Intr

and can b8 administered oramy ktra rﬂ%élﬂ?ft?gpﬁ%:aﬂﬂegﬁﬁa%m@ﬁﬁd%”ﬂﬁi&.C?lhe

pharffacetsahplesyaraniegidaniay be isheneforetutadblest, piledotioess,gets; ligbiidg, powders,

SUPPOSItOTifSiaSUERENFHeRBAORIBIE Sf IBifBpMESe S aIbeY suitahissiosrudations knpwn in the art.

20Thus, tqe i ve?tiop gncom asses the use ﬁf moleculgs that can regulate or modulate
evels of cellular apoptosis and generally increased cell malignancy. Terms pertaining



activity or expression of the novel chromatin associated factors of the invention for treating disease.
Typically diseases associated with aberrant activity or expression of chromatin-associated factors will
include: cancer, premature aging, inflammatory didéase, autoimmune disease, virally induced

diseases and infections and infertilitxmgﬁ l%gxgéphnq&pu%gn asspciatedfagtons (pPrlyReptides or
° id metho inventi )

fragment§ th@?gof? Bnﬁﬁ%%f%ry“?H% s of the invention can be recombinantly expressed
individualpihelivasmiBiHasstedysreaE &A% de Hi SINMALR aRRPBERLA A FSSor use in drug
screening. Cell lines over-expressing the chromatin associated factors or fragments 30 thereof can be
used. for exampie, il hroyaliant seisrpine.meerplociesraaist bbiatiasehoempounds (e.g.
"small molecules 9 antibodies or other biological agents. These screenin% assays may suitably be
eithebcellidsatibingseEy_inm ﬂmm‘?ﬁi@ﬁﬁéﬂ‘ﬁkR—:‘HE?pr?E?'Eﬁﬁﬁﬁ%éhg}eaﬁeﬂ?ﬁlédaéné’Y'ogous to calcium
signalling jarRIeRiéTLHP Rresresiningy, eeoarsestadasdtheustrivcect, gt leselNdf ginsfied proteins for
use I SN RARESLS rﬁgﬂ%&&‘&ﬁcﬁ rdiglicand hinsingranskfiymressensapelgrisation, 23 Ina

specific embodiment of the present invention, novel protein and olﬁgte tide chﬁgmgrtig associated
factors weto Ve RTiERaton & IiRIARCHASET RERSITIEsd SBARIMESs StoRe HEl'S thlomere sequences
alone or hedidjses iablest 1s Pcdkizidemeopstittamsthaicedeshitie gaisiaapRmiettgSriminating
bet\/\@en qifferapt ealilar SMMINERERTS ariiikaliansdadaiomert ¢coptmaition @renbeteved to be
significant in cancer progression and develo mer&t, antd heré{irﬁf%e%[r éthinorsne?%i(agmgfied in the assay
as teIomeFé%@%(?&aﬁ’é‘?f’rﬂ'a\ﬁ)%eﬁf‘(@?’&én?irﬁ(‘! n° t??&?ﬁe% and pathways that form useful therapeutic
interventianpeintisrial diffekecHrtardeSty prrebeurher senrarof B Sumasest e faMeYs led to
identificatigp:of RratGinsha i fiidy mafi6ige thafrakivalioperbh apresaipe shatifactdhe possessing an
enzymatic function can exhibjt promising potential in drug di ' it e scope of the
invention,’3?@?&%%&'%@%‘8&% %?ﬁ%?%e%har%r%%\f?ﬁ a so%?gt%%!gg'ﬁ%hgr%“s@ggggig?more detail
belowstogetheanitil KNasuritosheiriadi assesnteh PRIl @itheslice (B9Rf A8 BiBGYht invention may
provide adgiliqpah iRfopmaticpwRladinertariner bielpgicahadibities of thesendBpeavisesheknown proteins
that rendeys th@ of even g{%gterrr] é{ﬂ%‘frt&”%‘?eaﬁ][?égfg&%'aé|95U91éﬁ{&¢§§at%§Tc6ﬁﬂﬁié}%B{e20The enzymes

identified iN'hid'Section may have potential as oncology targets in patients 'qu om the ALT telomere

maintenarRey pEeR Y ¢S PSR- REIRRIBIPRRATRAYSSANALES A FHEE RS R 18P UHAIRMG ™A degree of
selectivity PeasraaALd & &noon matteaotilslinttheshatdspatady, R8RHRtHeiRIPAMISAL Pin-1
LSIDJ030 R TS5 0% ara Sl BILCRAERA, BRRRMARHGASAAARYTAPPRIM2A in

humans. It'is believed that the protein is only enz matlc_alli}/ acﬁil\/e'iﬁith% oresence %qépe smaller
subunit, pAgessiobramitPaiication GsHg hiRTbPHA BRATESVIRE MRHSTaS Srediously of uncertain
function. Mariinceisat (GastaboderdlbgyinZotien k3@ il Bahaagesrépehematiniber of findings
that suggesldbizisdotado Ak Rl B NRaLCIfASRUES ifin edeyeimas
down-regulated in hepatocellular carcinomas and knockdown 5 of Hint2 in HepG2 cells leads to
decreased"%'nsitivity to apoptotic stimuli. Overexpression of Hint2 in the same system has the
convggse effect, with overexpression of Hint2 in HepG2 xenografts leading to decreased tumour size
The data pregsnigg dmtismeRisatienredesnrtshatistsusiredanaligation of biatataypise significant in
its cellular function. 10 MTA1 MTAL is a component of the e ' deacetylating
(NuRD) co%ﬁfjei%nﬁ'ri?@@%r%gg%ﬁz?g a?lggg%lé%ﬁfg%:eotrﬁrgﬁ%ﬂ gtgﬁ}%atﬁg%rggrgﬁ#ﬁ%ﬁggel by c- Myc
(Zhang et abrIgas choosatngs 102N cauemd 20 7859RC e8I SIHE TS é}ﬁelg'%ﬁgt%éen receptor
co-repressgis(MainatiehifBieasidaans erdssmringatit2agenty slibad {d@halahAdeasts he a complex with
HDAgél and.H éC{Z LA2 g‘rc}{g' rf\wl/iqizli}AB %%Bﬁ&h—&%@ém Yiodr2 46 rt2 Bhkd <pa Ry B BEREEION Of

metastasis-3SSoci Sdegene 1 ( Al) has been shown to be caorrelated 20 with invasiveness of a

number of tRebaPSRAENATgRATHBINaNsirie Bt BYPTERIgR ISIPSRBTVG 8P 172 PTE6"E3) and prostate
cancer (Hoferighial d &iegeatsResich0arowsolits! 82508 28y sen dateigiertio rtrandgimvasionigitimmortalised
keratinocytes (Mahone I ) RPNl Peskekeatic
carcinoma %%rl]l%1 M(iag?r}éﬁzﬁawggg %)a%égrt%ggi éf/%h% rgé‘l:'lr5<§5‘1:E‘:HZ((SJTZ%)QBIin ;1 nQan MSIJDA-!\/lhI?I-/%Sl breast
cancer cell&!psaifth s didEy H%‘F?MW\P[%%@B?\??%%M&%&% iRFSANSioH of growth and
invasigm (Nigsitsass aizab, HinlEr Meathbtasisi20G3ydin 2054 Sadkindidremqyrsigidindeibels of MTAL
have been reported t ' | IR 0L R AYBASE IN hemaiperilHan inoma
(Hamatsu é?cg.?gr}]%g? %fe%%ﬁ%%g,&%\?%%%h%ggé%%@n nod -ﬂﬁ%\ﬁi\}lg preas},)% l']upour%gh expression
of MTA1 is %S%&%ﬂﬁiﬁ@éﬁ@éﬂ'ze the steric hindrance ?w is detr al for yields

ic imen



30 relapse risk, but such tumours may be sensitised to systemic therapies such as tamoxifen or
anthracyclines (Martin et al., Breast Cancer Res Treat, 2006, Vol 95, 7- 12). In transgenic mice in
which over-expression of MTA1 was targeted to the mammary 35gland, inappropriate mammary gland

e S-aa - HeIR Tt Shysa Badhauntaumeac bl WDsglamraat 2004, Vol 131,

3469-34791° 25 O thd¢hanisi y which MTA1 may influence tumour invasiveness is by enhancing
both the tramstilptteratagavisythn d Nforsapetatiiabi6rIarces  Bisk dpHaNs SHaR sa?%ﬁg%\tion is via
increasedg%mpg,amhgpqlgéy@ewati@@ &;rmp&]simre.ased]btmaapﬁéssm (Yowieimado EMBO J, 2006,
vol 25, 12314241 Jis WUl be consistenaitbie slalionshiaievasnsrieyaies) MTAL levels

and intratf ou?gfmlcrovessefsaensny In breast cancer (Jang et al., Cancer Sci 2006, Vol 97,
374-379).288D2256A48 b 1NnakytHBsirse KisHoRe ﬂeﬁ?é‘fﬁ??é%fé’%aﬁg’riﬁle'ﬁtiﬂ@&ie& Yet'&"9cell, 2005, Vol
122, 654-§58)i8pdiFels Givaly feirgvesimaxeretifiigridrdavidithyberaitisdrareohisedieeH3 lysine 4 and
lysine 9. LSD iat%a}]cltjss.\r/]vit 'éﬁﬁ androgen receptor to stimulate androgen receptor-dependent
transcripti%%n ﬁ/leszger ot zgl ature, 2005, Vol 437, 436-439). LSD1 levels are up-regulated in
high-risk prostate tumours (Kahl et al., Cancer Res, 15 2006, Vol 66, 11341-11347). LSD1 is required
for cell projiferaiiverasie drfieiaboyinbthepividnvéetios torgainiapoullexpsi@ssresiedndiSensitisation to

01O SUPPLESHIOL Y SIRI TR SRIG umREN Rt LRIOKCIe . PRrvnNaE2,
15471-15475). These features all make LSD1 an attractive oncology tar, etF] The [egson for its hitherto
CROTER g TP °

unreporte!$aEE6RIRgiGh Wﬂﬁ‘?ﬁ%ﬂéﬁ?ﬁ@ré?&ﬁ%&é@fﬁ?é DitfeEs %8 P?nvest?grgﬁtohr?. 20 Pin-1 Pin-1is a
peptidyl pradyirigoneraseaiiiimved inetheisomensatideintempiereiexoaeisddnieeariasesh-signalling
Eathways zg;]%‘\j/ges\ggga}gd;@ @ﬁfxltelgm@%gaagglﬁcggoa? sb/@'ri%ﬁﬁ@nﬁ?m&w@fwmbf Pin-1 cr;as

een reported in a number of cancers 25 jncluding non-sma c ., Lung Cancer,
2007, Vol %‘@,'@I‘-@Sﬁ?@(ﬁﬁpﬂgf)saﬂ%éqldfj;epgg?gir??l)(r)naewﬁe%r@itprﬁggleﬁ:%%ilr?g%%tice?lly with the hepatitis
B-entddegriBinobgentoPairrxeacitd Gasaensifier ol cronating gyheseas 68 HP3Y" Activation of
Stat-3 by Ripsileadsis e arediepiteediakioymeseniet s al daasiagiontaobreast dancer cells (Lufei et
al., Oncogene, 2007, Jup 11, e-publication ah f pri padelsdiad @plation of Pin-1
and p53 Id 8@%’8@'@&%&?@@ Vﬁ%?f&/‘ﬁ%%ﬁggla é@afﬁ%ﬂ?ﬁ%@%?%&gene, 2007, Vol 26,
3835-3843hrpimetinigagraiationaativiitiractive oncology target for drug discovery. However, Pin-1 activity
appears to play an important protective role in the amyloidogenic pathways 35implicated in

Alzheimer's disease (see f . e [ i b5 \bokddRt 15-17; Wang et
R L ‘;ﬁﬁﬁéio’-"ﬁ?ai?ﬁfgghyas Acta 2007, vol 1772

422-429). RoMesPHiderSRFARRNTUELESAN?E AR DRSS SSIRY LIS 8P B8 hat E:rﬁgs,sa e blood-brain
barrier. 5 Helsawels ootyrBsineatélamervassigtaiit feoteins Therdndenbenc@elifian MeLa cells and not

in the 10 Al T-pasitive el fing: dhishay mysthrtthepserifhedidetaipapie snagvganance system

not only induces localisation of certain proteins to the telomere, it also prevents association of others
(HeLa teloﬁ?&@%eg?é‘?ﬂﬂfﬁfﬁih’é‘ﬂ”ﬁ)}’?&'gﬁ?@?ﬁe, and as such, one can expect telomerase associated
protef®s, not found in ALT, such as GAR1 or BAT1). This may again provide a mechanism for patient
stratificatiop for thRraRy EnRBRFEET StHAUERAIAIRIRIE 20ANIGse kinarehBdsty chtehosomal

passenger protein that forms a complex with, inner centr i gk iewed in
SistayanarBHYRERdeA AR RREP RISES 6PV "ﬁgo%gqf%g%%o?@%%goﬁﬁg%ﬁﬂﬁﬁ t%{zgtelomeres in

HeLa cellssecise sitainl tringepamscrae heschamerfisafk-Ihaleald. heoarleth iRl a8 % vity is believed
to be signifigapt iR membensf fansens imcksliRgybepgdttayanaeale)ydaNAeriRiy, 2007,

30 includes associated polypeptides such as those with histone binding activity, for

example.

In more detail, the method of the invention can comprise a first step, in which an affinity
labelled nucleic acid probe sequence specifically hybridises to a preparation of sample
35 chromosomal material comprising the chromatin target of interest. The probe is
designed such that it hybridises with a specified target sequence in the DNA. The

target sequence may suitably include a unique gene sequence, a repetitive sequence,



25 Vol 67, 4113-4122; Vischioni et al., Mol Cancer Ther 2006, Vol 5, 2905-2013); oral squamous cell
carcinoma (Qi et al., Virchows Arch, 2007, Vol 450, 297-302); breast cancer (Tchatchou et al., Cancer
Lett, 2007, Vol 247, 266-272); prostate cancer (LeBet al., Cancer Res, 2006, Vol 66, 4996-5002);
glioblasto I in l, iV - otheligma (Lopez-Rios et al.,
Cancer Rergs'a,1 4278%%89\3{8%%%952@%@5%%%@% tgnﬂgﬁ?nréfo%rgéé? %%%r?éﬁ?@rﬁ%tﬁﬁ ?Aé?c(%% B expression is
oestrogenSRBSHREI R TiRsiveed i, @oRRRaNRR 2pE0ndeictEnged ByLydisgiion eangdifianwlecule inhibition
of Aurora Burhdieesenigitircart setheliomia tellgeicinmicebrh, idniodiiadiat Biol Phys, 2007, Vol 67,
1519-1525) and the inhibitors are themselves anti-35proliferative (Girdler et al., J Cell Sci, 2006, Vol
119, 3664-3675). USP1 27 Inhibition of USP1 leads to an accumulation of this form of the protein
(Huarty et 5i¢ RIgPeBI'EsissnEh 98e ©r aesayiabesfiiy taosnAfindy dassimaydreiifdroteins were
found to benasseetagsdnitptie (Elamesempief bodhoAlhdrandinonudéodsE celiminddsvBbiggests that in
addiion toyeeraiRSRESIIn BECHRI) 0GB AR:Aal A EPIHH NS S ASIRALRL QP of proteins

that associjates with telomeres in both patho-physio settings. Selection of profeins not previously

known to B¥ELoziafey vgﬁﬁt'?é%mg})es%%ﬁ??ﬂ&‘?c&@Wﬁévﬁﬁ%?aﬁ@)’tidﬂﬁt&‘?/eﬁﬁ%%‘ﬁts that could not
previouslydiivepbeeol anficipatedinl 5s GNPasyattigseic peptldd JBBY dRRIMVEELp3QHisadiseription
e AR DSBSV AR SYELBASE A AINGPINTESS AL plyses the

amination,[ﬂf xanthj‘):Bsiiir{]e 5'- 2 monoph_osghate to form GMP in the presence of glutamine and ATP

(Nakamurd &3P GEEI\PEY 2R Y IHR BR IS 48 BPHIF LR SU RIS RS ‘éfr&f{)ﬁ‘l% [Abe de novo
synthesis bpylagetealipicotitiesiraioansih e singin enp feenusiestide thingapidly divading cells

enzymes igrfaRisHcianiinaisymhesioraRyns seBleRBRisiRgdanasts fesfpgissayery. The best
known an %Iri]nicr%ll meo%th{gefuéexampl? Is 5-FUJ, the 30 trrﬁém'd late synthase inhibitor. More recently
GMP synt ase%asxlg%en shotvn o TiteracEiitiPGs g7 Ee& ecfé(/'%e Sitlfa R HleshaE 128

deubl§uitiyEans eelifedero ke dligrtadalowasisGe HinPBOSL Y GIreMOBY S <BIT) in Deskepiolis. Feni 35 Fenl is
the structwelrspedifisdiapnendotiscicasedbvRiyedtin JemodpaichRAseAYCIRIeRI geRair fR¥olving
muIti-nuchrpctliLgisq ngmcy thesis (Pr ef al.. J Biol Chem, 2000, Val 275, 4460-4466), and in
Okazaki fragme%t renew%l?%ﬂeoﬁzgﬁnﬁgyc{% \%éhgﬁ%rg 1A eos1r %% %Y%n%%naﬁanréeslfg?i'f ag}?gs and its
activity is IRErERR S St Tae HEREEER TRitRVPRORMENY érgts Biol Chem, 2000, Vol 275,
10498-10505). Knockout of Fenl is embryonically lethal in mice, whereas double heterozygotes for 5

Fenbgnd ARGl i u e ' vival (Kucherlapati
el A B raciation,

showing eX&fisi9dGiRARoNe [SsrldiPaand indreiniaibe A8uasienio e nensSs NIAR the chicken
DT40 cell liwelviise pélidawe’ viithie ncbe-tatss reeg ofice riviviat Witeenatisklyy thewihiroptaginotype, probably

due to a @highraigateebglsrisicandarsdynrises sitiusdadarildrmstians, siifapais and hydrogen
n%g/}o uv |rrad|filt|on X-rays and etoposide (Matsuzaki et al., Nucleic Acids Res, 2002,

peroxide b#ztsy / Irradi;
Vol 30, 32733 ﬂ”qn n rma'ﬁ%potﬂggc ﬁ?bryonic fibroblasts, Fenl levels increase in response to UV

irradf&ion, and this effect is p53-dependent (Christmann et al., Oncogene, 2005, Vol 24, 8403-8413).
15 Fenl lenpispua hrestdie Rorelititcey RiRgblatlashiiny Rt eAN aRlt Ry 8S dle 2RPRy Oncogene, Vol

Angelis ot T REsans DRI b KRt 61 Eh? 9 MAR bancers have.
been idenBfRRE aiF4YRAREgENtipef2DRaRYBItiFRA tsegLentetion PR aftepiestispyiiedty autoimmunity,
chronic in#apusiagidhe hybridised sequences to microbeads coated with streptavidin. In this way
30  the hybridised sequences will bind to the beads and can be precipitated out of solution
via a straightforward microcentrifugation step. Alternatively the microbeads may
comprise a magnetic component allowing for immobilisation of the beads via exposure
to a magnetic field (see Figure 1). Alternative isolation strategies include the
immobilisation of the LNA containing probes on a solid substrate such as a microarray
35 support or a dipstick. In this way the ‘pull down’ is facilitated by localisation to a specific

area on a surface, which can then be suitably adapted so as to be suitable for use in



and cancers (Zheng et al., Nat Med, 2007 June 24, Epub ahead of print). USP7 25USP7 cysteine
protease is a component of the PML (promyelocytic leukaemia) nuclear bodies present in most
mammalian cells (Muratani et al., Nat Cell Biol, 2002, Vol 4, 106-110). It is a target of at least two viral
proteins - 1CPQ of HSV type | and EBNAL AL ERYLRIwRY. 6L abnt BRiRkChRencAAR, Vol 278,
47753-47"7 ).3 %\frbr%é\% seg%%gig%‘n%}?egion of USP7 as p53,bwhereas ICPO binds to a different
region. 30SFEPEERINNE Loplysiial ftsperprdtet RoMReOidt Hrotein from auto-ubiquitinylation and
thereby stabilises it (Canning et al., J Biol Chem 2004, Vol 279, 38160-38168). |CPO is an
'mmed'ater'eaf'}ﬁlrﬁfe%'%lioy ﬁ’é%’%%h?\Efﬁﬂ&f&é@@éﬂ}’é%&f%%mi?@Qﬁﬁﬁ?tlyséwd frpsadatency. 35 29

653). Howeh\?eP, ater’'work from the same group suggested a moggg?gnamlcagy-detgrmined effect,

wheréby pbiigisesditecisriaseerssyencoee WA VR RIAR BIALRAPEERGE ear complete
ablation lgfidieind Jstapdipssiniie Terenplsttear shelare thisis! HectresidSREwese. régesfed for Mdm2

stabilisation, so 1t i B 2pIAEELRES!S pralibigHIINEE AV 2daRsames vary yastable leading
t ' !
to p53 sta%slﬁggct?t?%gr? aﬁd%%%vgtiggw(%ipet al., I\Blol Cell, 2004, Val 13, 87 't%gn% Work %om Cummins and

Val 13, 87
Vogelsteirse@ifsbiien the RLiediaVihaatses 24 ﬁ%%%‘ﬁ%’dﬂtsm ﬁ{?&‘%{i 151 & %8 ey i(ﬁfuitinate and
thus stabilisguMdim 2deadiag toideclessamhoigitevisls of P33;AAGHHown (ctighRgBPTdeficient mice
Md be‘?@é’ﬂﬁ?d@% _B_Iq_l@rp_@)c_)SB levels are elevated (Cummins & Vogelstein, CellCycle, 2004, Vol 3,
689-692). USP7 is also involved in a further complex levels of control of p53 via the Mdm2
regulating/regulated protein Mdmx (Meulmeester et al., Mol Cell, 2005, Vol 18, 565- 576). Further
levels of r@alatonnetmplssitiatac prdthins nthecbipsplisies wrn Apvenalpidteln R8BI Ghich by
phosphorylaiing M2 aRdVdanigienksrmitesaaiutodefiRdatidte pimeastes etaaly, Cell Cycle,

2005, Vol 4, 1166-1170). It has recently bee culated 0 i of USP7 is to
generate é’b%‘bq@@cgll?/ fve ﬁ%%‘i{ﬂ%’f‘fﬁﬁﬁn?/ 3?(@5%%@1@ ﬁieoﬂ?t%c oncﬁ}%g(hrﬁgggrﬁfiﬁﬁ %St al., 20EMBO

J. 2008, VE2B). 0ategRdiyelyS Ruadisiuar shRnEes dbter campas itsiqafilaeed (ShRRaYH a complex with
GMP Synthase-aee AbREdibcasalysesisteuhiguginylistaty aHaistenrei2Bebubaicai2A (van der

Knaap et_%li. g I\Q(gé %n%%%% }/r%l?%q%’e?sgé;%%%rﬁﬁl@%%tdpiﬁépe%‘?ph”a embryos. 25 It also

deubiquitlnafeecs , hegatively regulating Its transcriptional activity (van der Horst et al., Nat Cell
Biol, 2006, Vol 8, 1064-1073) and Chfr, a checkpoint protein (Oh et al., Biochem Biophys Res
Commun 200ifl DéalpppiféB-Hohe mEsshapthsungeisioglis, het tisitef isPpagiie d¢ried in 59/131

f ith is wa i it ioryéNmseiyia et al., J
L e s e

-JO, . e eHj/iable tlherlape &i{: ap%P%%Q for
haematopSIgaE fRrifsaiey Branerraeaisn Rty AidPPYRTRLIE A Phta &ﬁiﬁgﬁbusﬁ et al., FASEB J,
2007, Vol gieR6Sricans tRéMI4D(Msstaguitileyed at.dENMBOtme0sleyprpRIenhdaH804). PRMTL is
regulated Ry hCAEL(RABIRHESRINEHEE® R - cdliGe b asinAMNhOh 20 IBSABINbiZibNe HA

methylation is an early and key event in gestrogen receptor-medi ene,r ' (Wagner et at,
J Biol Cheffi® %@f’%f‘%f,@é%{f‘i ?.r??wﬁ]éﬁﬁc é&l‘eoﬁ'ﬁpeqr?époﬁzggi%-éﬁegﬁ%%ﬁgg%\% transcription

is alsehcritiesshciittdmithedsppdlie leaeityealERRIPIDGMANREe MpERYR B GEPIMbwan et al.,
Cell, 2001 Ml iAMéhiibAalalidws kBhibitapeplifRiRNM loacitvisy Damthadetentialio afteciajehe expression

on a large scale. 10Transcription intermediary factor .1 beta TIF- 10 alsqnowmase iM28 has been
identified &% %J{eég?n%ng?ny %%#gﬁsgrcﬁ) Bna Pé/gﬂlat_orcy corr@fexe.s (Fr?édman et al., Gepes Dev 1996,
Vol 10, 2067r20Eged as having epigenetic, DNA binding or chromatin-associating activities. In

addition to providing information on the identity of proteins bound to a locus, the
30 present invention provides information on the relative levels of abundant proteins
bound to a given sequence in distinct cell types. By way of example, in the process of
developing the methods of the invention for use on telomeres, the present inventors
noticed fewer histones in telomeric preparations from Hela S3 cells compared to
telomeric preparations from Hela 1.2.11 cells.
35
In a specific embodiment of the present invention, proteins and polypeptides

associated with a particular telomeric repeat sequence in human cancer cells were



Moosmann et al., Nucleic Acids Res 1996 Vol 24, 4859-4867). Although not believed 15 to bind DNA
itself, TRIM28 is known to interact with a wide variety of nuclear factors including KRAB repressors
(Kim et al., Proc Nail Acad Sci U S A, 1996 Vol 931515299- 15304), the histone binding protein HP1,

SETDBL %EfﬁfB#T CLYRME 2 v eoulalony AEIO! §93,00a%: 5haloi AR Bkd Vol 24

3279-329 s consi ere e a member of several lar er mul | tor omplexes that

typically fahefiomiseasressior? &i’f’g'ehé’@(b?b@é‘i’o‘f?%ﬁ%oﬁ‘?%“l ?é‘t“émj Heidfhe ?JHH n (Sripathy et al.,
Mol. Cell.{Bigl. RP0mMY/OT A6, BH23t3&3RErDSequanceiantly SiecfubR|IM 28 sieirfvsts thielpresence of
several recoansable domains. nelusing N-eimie| RING Pk alshealdemaies thaare believed to

be involved I COfAGor recognition and 25 interaction (Peng Bjol. 2000 VoI 295,

1139562),nus|ole Reid rroks rinplagesHiio Bnansieons B’Sﬁ%‘&ﬂ@%ﬂﬁ?@ Sb%]?e%‘éa PeRIRSFAS With
transcriptigprRédepliessorcRUCNG MBPdeatideS BAHDB 1sétiscapparerstatiiatiyfoneredrst the information
derived from the,m 1Ihr9éj g%‘gﬁef&frh tR9 e&mfm ewee@;enke aRGAlRyde piieation of a

chromatin 8¢tV {iyyfor hese factors to e in the cell row ma a cellular canteﬁt for these diverse

factors, a§ﬂ%ﬂeﬁ§qﬁ$d?ﬁﬁﬁtﬁﬁpﬁff?ﬁét%ﬁ?%ﬂ%e\%&m§h rﬁFé@ M ERGE DA SN RV S more focussed
approach tarditgtelistevery mechberget setestigiermende oiificattdrs ofitish profesheyvashitinteract with
genq@m r?r%'t%@?t%mé%gﬁdﬁ %ﬁﬂé‘g{é“‘?ﬁ'é&hm%QB%W%I%Q@%Q@C%E&MJ@WJM% questions

have previously been studied using genetics, biochemica

characteri2a#isRYRSATIRRR B AYSREREY e SIRENRS t&%‘?’% %roﬁnﬁnwrﬁlrjenggpggﬁﬂtgﬁgn and cell
biology. By@statlispiegjctiy' ctrommatin mmmabofaam@qmﬁutabgpﬁéeﬁ@m%r@ dhethods of the

present 'nxmtm&wfvﬁegﬁlmevw@eé@ee@mmm ebrRomasanses Beayoof

exemplification, in using the pre tmethodst stu omer h inventars identified most
previously' WW‘@§%%8?§ iR a:fé; ﬁafé’ EXperiment, cgjXdo ?eu)ﬁda ag%ﬁ%riﬁ%}%‘q:éov% p%{tegl[rl?s that are now

consl@erethtorioealcigoneransshnintae @mﬁwnm%ﬁlﬁBﬁ%‘iﬁ@ﬂ/%ﬁHqﬂﬂﬁBéP%mP&rﬁg found at each
class of tejpmgag it ZRRhtisiler %ﬁﬁ@@ sherdivarsitycnf evemniSatasridegtéis thisd donsnearly, the
methods of the resfent myentlcin hg g g}{ to identify factors that would be difficult to uncover
-frans tlon ﬂ"#
using gene’ﬁ 8calsk A ay vital 10roles elsewhere or are redundant (e.g. orphan
receptors). The invention is further illustrated by the following non-limiting examples. 15 EXAMPLES
The prese iwaRtpisiivderdewseca ieeition) éothrat dbolatase hageistatevidnsidyedidied bound factors
in su ¢°'e”‘>P ?naﬂPa@ r%rét'maéwébQétﬁ?e(mmtﬁm%nﬁa%ozﬁeyaﬁnage%axtgh@ tgeted locus. By

way O exemp catlon oteins associated with medium re eateememﬁ present |pona§mmallan

chromatin ‘F%YeCB[é@F?H&ffﬁ’@ﬂ‘%“ﬂcmabﬁtfﬁéaoﬂ'ﬁ@&lyoﬁéhﬁ eEle Bt ADBAING this technology
to human tenaseres, 1R29%ott aepeoienedpiddionisis-Ehabis forbinentdfonfared ERYRREMified, including

proteins wigh lgwy level GrpressioRaliithadrlie winacramidias biel-ailedameyieap bl werescompared with
ALT telomeres, and a plurality of factorg \%eregq? r_}tlfletd thathd 5 C|ffgaﬂyttgar0\lrél' meres. By this,

it is mferreH'iﬂ%‘rs\ﬁadéf‘@hgi’Fg YRR <8 {hose telomeres different proteins w bind to the
chro@&tin Timkststehdinuefctin ieaintesees tof epigsasio Ftpe iBARST SHIGHRGIRS iRSIUEg viral 30

integration,sigs.ARARLR [appke! ealbicy anserisiexment ghesgesoinamedasa few. The

method of the invention ously allows, ide | GRmplexes
assouated"\/\ﬁtﬁlérqa?&etﬁl’\roma{% e Wlﬁ’l(\){\llj r%q%g gééﬁg;{gc Wegge&%o@gﬂfg@f the Protelns that

may alreadyivelexsotiatdind/ith ﬁﬁbﬂt@ﬂ“@él%‘i%éedBt? E?(é&?iﬁ[é' fo impRyig R ATBFEREYRromatin

template: 5[he statpesielamEie s subioatsateiainaydatoenceitire kaRcers. Sadpension, cells in

spin 4“35‘6 (20 itres GulLyre Sgnm@ﬁgytgﬁg& &&9&&?'&8’%%@@ Relered-byHrgnyrifugation at
r§ or i%) mlnu{es at r om?

2500 perature, and then immediately resuspended in cro?Js linking

solution (20€ratitifs: 19190 68HY; EP@SEITﬁRH@%(Bh&nW SOAFYFRRL RIS |?ll?8515? BRE" (7Sm
formaldehyidgi7 4. anestenpphighiizensplationshico; dbilked freréxieoetss m@rﬂe@ilaﬂg@s first
discarded andbcross ll)wagz 3|HH Pﬂglgngﬂegfn%g%%@&prg%me plates (10m1/15cm plate), Cells were
incubated iR 2rosalinki ng solution for 30 minutes at room temperature. Cells in suspension were spun
down at 32009 for 10 minutes at 4C and the 15 supernatant discarded. The material was aliquoted
into 43Ealcouititpes éhpoallyedinof pelleiartion facyeisltrer &ty cetimeter OrpsddihkirtgesbhRioh was

discarded gnd the p it mwienacstmma RlxsRhRPpyRsred saline
solution su?)%iep ented? méﬁr[}?l\(/l?n% Slééﬁ'li Et%)é{hﬁae%%ml of ceL scra soI tlon (\1XPBS 0.05%

Tween-20) W@M@@%éﬁ‘?}l@@?ﬁaﬁﬁ’é s PIRRINI I8 IS iR F—'eﬁ% ﬁ 3BV % ne cells were
then washed four times in PBS by resuspending the cell pellet in 1XPBS solution bringing the volume
to 50 ml/tube, then spinning down at 3200g for 10 minutes at 4C. The supernatant was discarded each
time and the final washed pellet



25 was resuspended in sucrose solution (bringing the volume to 50 ml/tube). The solution was spun
down at 32009 for 10 minutes at 4C, the supernatant discarded and the pellet brought up to a volume
of 40m1 with sucrose solution. The mixture was traeisferred to a 40m1 Dounce homogenizer on ice
and dounced 20 30 times with a tightly fitfj estle. The dounced mixture was. tr erred to a fresh
Falcon tuBBMA'HUR Wa%&o%é%%%gmﬁ) B?e%céf{aié. '%Lkréogﬁﬁeéélglgﬁt%\g}su%lgs%arded and the
pellet resuspeindaitbin EOnperofdglydeiviebafi@rit Thisrdiea) ivasndgselanst Wheeshyaie pellet
resuspended in an.eadal ylumepkelyssmldauiesdacthatcahtan selatdthabimahtherpellet volume is

7.5 ml, 7.5m1 of glycerol buffer is added). The preparatigon, can be i int m1 volumes
(that is --05'268 S LgURISYERE BRIPIEH B5) egr? 5?? tau'bger;hgn%alse ﬁgﬁ%ﬁ%ﬁ%ﬂ@@ f%g%en liquid

nitrogen ardistorethatH800 B mkerictoalinws3Btet Bagh FrenBeRgERHUHONHSEBFthe purposes of
thg te'o;n%% %ﬁ&‘é&?iﬁ%mﬂéﬂ%&g&#&@ﬁf@ﬁrag%vwwsmvade@gwmemmm BB Epﬁendkort
tubes of the preparation. 5The above chromatin preparation prot i i with eukaryotic
cells, partlRUEANPRIEMNRARES Q8RS P%\\'/Vvee?/neﬁ]ﬁovnﬁﬂ?ﬁecgﬁg?%}g%%e% ﬁ%?ﬂeﬁi%?#ggy zr?the present
invention hueaot Festtidiees thalemdflehtitm BiopritaeARFBBIARE RiRE R RRLHES 25 Q0lely associated
with eukaryglig geRpdia R AARs: Ghieshatin dBsriaaglsda prudfieadtoret fardii¢/dD@. plus associated
factors are also known in prokaryotes as 10well as viruses. 2. Optimising the chromatin template for
the Hﬁjridisation step:  The next step is described in reference to a single 1.5m1 aljquot of the
chromatinde?mﬂat@tm‘éiﬁa?&Woﬁ%ﬂﬁé%td?ﬁﬁ@%@fﬁﬁer@s'fh‘@'&'?&bf@%;?%?ﬂﬁﬂfé’é',slﬁe chromatin
template pISRBHBEHYaRS AW Bened alikRNDgdidr @ Niihuteseatidesnt WANpeatiices Tare pellet was
resuspended Ig LAl OLIK Bl iiaR:aplb0n, GRS oTHiRmAOAbarckisg. of Concentrated
EY5HGen T80 dded’ The soluti i

RNAseA agen was a . The solution’was incubated for 6 rpisn%%s at room

temperatufEeviTIeEHeRmM PS5 S B B Hhe Ah BRI R HIRIR50 1Y) FAEN TS5 ifther at 4C
(withpsit shakiagiefantb24l Gidiours-driis Robisenstiep.cBy bdavimittt ifctonsormelitiorPbftilSe protocol is to

purify ribo i | MEERNLIGREIPAIIR assasisietécghistgoated
chromatin%o%ﬁgﬁglﬁr\%%%gﬁ%%%g gg%ﬁor%os{gwg&m erBRNAse treated (Rartue%rqgggd if necessary)
[

, e). Th
mixture is POSIEEIRM PRESHRIE SNL FARGRAE égg)@r%riclfé?ggnsﬁ%g? ringing the volume to 50m1
with 1X PBSnThspootetsmikiunedroiideindspotidiag w-iabls ey ss aiwqt?o@gi’é $ph down at 32009
for 10 30 mipies, dbAfeaRgibasyRarRalapkis Hiseardrds The washiogysteprea e repeated up to 6

times to dilute ou?’trac_es of RNAseA that may be prese h ; spended in
Som 2t rBLH B S er 1D AN e SN 58, 180 e N o CEO kb : 1 i
EGTA pH 8yitabity SDSIShi19pdientiony| (Plakiomelsh skedp @PP4boaastaftfe°HI%d B PMSF to 1
mM final cqpgeptratiomPltpaRuSS fepR@EsgIchoe seligioarsvdassiived doleisttiB200¢ for 10 minutes

at 4C, to pf&gﬁceﬂ\éﬁgl&%g ngsgﬁ':uwltlh éﬁ@gﬁl%g@g@?ﬂ.S ml. To the pellet was added 2.5ml of

LB3JD 34 81to resuspe e resultant viscous solution was divided into two 3.5ml aliquots in
Falcon 15m1 tubes. The solutions were sonicated on ice in a 4C cold room (Misonix 3000 sonicator
with asnicronépigheisiesicatinotearasteieis wrebedjpowir GfattingVenionseeontsssdidtast pulse, 45
seconds pause wi DBipES {otR RIOrRs S UEE <& R roNditions will usually give chromatin
fragments ﬂ?gtgz;?é}g@gat Z-Eﬁﬁ in Iéar%gth which is a suitable size for the subsequent hybridisation and
pull down steps. The sonicated solution was divided into 1m1 aliquots and spun down at 16000g for 15
minutes at room temperature. The supernatants j\@rng peolkd into a 15 ml Falcon tube. 400 pl aliquots
of the sonicated chromatin solution were run each on S-400-HR gel filtration spin columns
10(MicrospinTm, GE Healthcare) at 800g for 2 minutes so as fa reduce the salt co B;ration in the
solutidf. THERIEFHAPHR IﬂMﬂgt\%etle{ 6%438%?3%”% %01&%?5635%5{6880%8@#& ated at 58C for 5
minutes, whieiohelps engthmiBgkcaty Aroeuiseasiysipny lxedsprsibiambsdsnest At ivghe soluble
chromatin grepaiatian FheRaclefslHtianMmstealems somaempatipif Sorwafleltralink
Streptavidin bead slurry was equilibrated in, and washed twi i Ruffer (10 mM
HEPES-Nab¥® 'E}ﬁ'?ogqsé’,é Fﬁ‘N/Ibﬁe? F%eﬁ?\w %*KOH]H%@% cl%@ﬁ&PA%&é%Q éb %/ggs(%% 0.1% Sarkosyl;
make fresha kiidapatrivmwctestige endre leaked dibemsizoigle NPindhe derehPhtemn Pe#PSpun down 20
at 32G3g fog2 MiRUES, HhESKRRIMMI NS fissaited wavibgua STorsopsleicbaroanty 0.5m1

volume. The washed streptavidjn beads were added tg,th | omati ution and the
mixture waSSHEHREY %5 3 ﬁB#J r§§t ?%g}ﬁ;ténr%rger%&hcra(é%§e§'€%§3%§rg#gegs%%tiéc?r?§?a@pun down at

3200g for 18tenisiseitablyrogweesmpevhidkaedrabrold 18K et the endogenously biotinylated proteins,
and thereby reducing 25background in the later steps. The supernatant was saved and contains the
‘cleared' soluble chromatin solution. The chromatin solution was now ready for hybridization. It had the
following spectrophotometric characteristics: 30



- DNA Concentration (0.D.260): 2-2.5 mg/ml -0.D.260/0.D.280 = 1.30-1.45. Higher values for the
O.D. ratio would mean that the initial RNAseA treatment was not 35fully effective and that the purified
material might be contaminated by non chromatin 135 RNA-protein complexes. These values were
obtained when LB3JDLS buffer was used as the 'blank solution. The solubilised and cleared chromatin
solution can be stored at 4C. 5 3. Hybridization and target sequence capture (pull down) The
solubilised2RrSR74HIE SamRpriawttalibs invend el cioses\reitespraRedeihednEDton minutes at 16
000g at rooonftensper gtueallibaraliguosstweteqeeled together to give about 5m1 of chromatin sample,
to which was added 20% SDS to 0.02% final concentration (1/1000 of volume of chromatin sample).
To the chromatin solution was added 30 ,ul of the desired oligonucleotide probe 15 sequence (from
100p|\ﬁ stock solution, see part 4 forRletail$ Gfltheprigbe). A control reaction containing a probe having
a scrambled or randomised sequence was also run in parallel. The hybridisation reaction was

avided G RpRIOKTRAISM XSO RIEKABANCAOUEIE ASEAIAIBIERIGLIOr e

hybridisation step (HYBAID Px2, Thermo Fisher). The h satiorn program was as.lp(ﬁlows: 25C for 3
minutes 28 77 0P8 RIS 38 CIBIPEDNAIAUIBR OIS MiRigas I RioeoHmiRRlifiss 60C for 2
minutes 3688@:foe I20omistes R3&$int) tertpetidéaref wiike hyhsidiseshstowples wekedoooled back

into 4GmInEaaendariiudesiand spusaApunalst68008gl1% FNAHIRS aHd QNP TRRIAtUre SO as to
remove an%/?%recagaE%that 35m51§ have formed during the hybridization step. 36 2.4 ml of MyONE CI
e

magnetic STEplTEM HEa P (RRAPOYBAP WL RIS iRUg'Teides FrR dorkegen6isim s .6 mi of LB3ID
buffer washaeigetitrs e duikibrpecitie emiddinterd ds e cinnemtaivilizee oligtinecieatitetic tand and the
Supernatan s gSeAIRRGH T REARRILE R SRS, N ik aobBaAR ullesrdnumehiized again and
resuspenqgrq into. 2é43mé Ctgtalrgglu&g gJ lﬁ%ié]D Ibuffe,[r.t?;[ I-ﬁ &Ja%)emata?t E‘)rorr(uj the s %Jn down
hybridised chiomatily SAMPIes Was tranefarrad tohwo 1B CPARBRENEY 3% @R 162 was added 3.5
ml of Millitarase MRl THEaPY. PRivesnGIbRid gfcard e st orerd winslkt relwersretrmutated for 12

hours at ragrartOsecupeEtutems heuNatietwEdheapaxty esan@arB@ade o'Btbnd Oaplisngrch tube with
(531D bulfe FAE-ARBIS et were then tamabed on e magueliy Sigi g supermatant
(approximately 10m1) represents the unhybridised fraction and can Be ‘Saved for separate analysis
later. The PEHEPYER RAIOARINRE P IFAUEH AU ieribaeleRS¥ftin target. The pellet was washed seven
times with 10m1 of LB3JD buffer. After each wash the beads were gently resuspended by nutation.

Folloyging Hhs.wasfysters %}ﬁd&%ﬁ%wﬁqéqﬁ@%ﬂd&mﬂ&%%%oﬁc%é&%%umwb%égbe and

transferred to 2 Eppendorf (1.5m1) low binding tubes/pull-down. e magnetic beads were
immobilized URIRGSh ERPFe b omgpRiRostital finaia HepRbeAhPHRY discarded and the beads were
resuspended in 1m1 of LB3JD buffer. The tubes were incubated for 5 minutes at 42C in a thermomixer
(shaking at 1000rpm) and then the heads were again immobilised using the Eppendorf magnetic
stand. This 25 step was repeated before the beads were finally'resuspended in 0.6 ml of LB3JD
buffer. The beads from each hybridization (telomere and control, 2 tubes each) were pooled in one
tubef&@action and immobilized on th} Eppendorf magnetic stami. The pellet was resuspended into 1 ml
of Elution buffer (12.5mM Biotin (Invitrogen); 7.5 mM HEPES-NaOH pH 7.9; 74imM NaCl; 1.5 mM
EDTA pH 8; 0.75 mM EGTA pH 8; [l % 30 SDS; 0.075 % Siekasyl) and incubated for 60 minutes
at room temperature in the thermomixer (shaking at 1000rpm). Following incubation for 60 minutes the
temperature was elevated to 65C arE}d the mixtures were incubated for 10 minutes in order to effect
elution of the pulled down chromatin| target sequences.

30 Z Ve W

wherein B and B’ include an affinity label that is the same or different tethered to
respective nucleotides Z and W by spacer groups C and C' of n atoms in length; and
35  wherein the nucleotides Z and W are separated by an oligonucleotide chain V of p
nucleotides in length, where p is between 0 and 40, the nucleotides Z, W and V being

selected suitably from a ribonucleotide, a deoxyribonucelotide, a dideoxyribonucleotide



37 tubes. The 0D260 of the eluates was checked (should be 15-25 ng/pl) to verify that the probe had
been eluted from the magnetic beads. To each of the eluates 230 pl of 100% TCA was added, and the
tubes were incubated 5 on ice for 10 minutes. Thd8pulled down chromatin solution was then spun

down at 160009 for, 15 minutes at ro erature, and HI m| carefully removed by pipetting. The
tubes were' B%o%g;%‘fkﬁg g')h T.'gﬁ%@\}f{ﬁ ?%gig]oﬁda a%aerttbdr%’za,ra %?éjﬁ%'ﬁﬁ} i@%b’hvc?gtéoﬁdtﬂ?en spun down
again at 16090 firclidenpinbteerairrisemiferaperaa gerera fonpeln tanthvhstdisciantidd and a small

white pelletepiassiginie Thaupeletavasthbbirpiednib srisaagone.e8e durthrsitingand spun down
at 160009 ﬁltohoor? fterrnqaerﬁ‘ture for 10 ranutu(?t%. Th% rs%per atant was discardeﬂh%nd the pellet allowed

to air dry. The %eol e con?alni%rg %aempcﬂl?eg aowr?l?arge %eré'?ﬁaﬁ?ﬁw gerseghgbré) 4 maéOpl of 15
crosslthkindgievarQyy SEuuIty 2BoPaM eSS H 88 2068 copsMumhrsreaptortaariely. The solution
was then ipatifsaiad reelC Toe28epainites sdaithauipatadontean RDS-BAGEE 9eles stored at -80C
pending f r analysi r example by mass spectrometry). 20Sucrpse Buffer O. Sucrose; 10
mM HEPé@ﬁ?é@pﬁ@%%i%ﬁdﬁto%%ﬁlrgo;@'m chﬁjfgglf h "Rﬁgg t\ge(ﬁﬁa(én%% um Acetate)
Glycerol BUffdpotifiesaneass); aiefrimh b rsNbad pHnrdedides yeicTita nodlenife28 EGTA; 5 mM
MgOAC (Maghesiatedsteliitey bekdipmuntiaodioeprabieggsiciadongRiphes A1¢ cangfitséed of a mixture
of LN and A IR sanchnera® imucinidesdpog inadeifion ey weredapelled with the

biotin analogue, desthiobiotin at their 5 terminus, wi el being’linke o'the probe sequence via

an extra-1IdHG AL CEIRIISS ORRUIR VR 156RES B0MaiiE 195 carbon atoms in length. Desthlobiotin was

selected as the affinity label so that more gentle elution conditions could be used compared to biotin.

The extra-9po SPRCEL ispf | impor, t I ilization strategy could
be impaire{d%rb%?ter'\c hindragr_ﬁ:%%g%rtﬁ'grﬁséI??sae%&]%rﬁﬁesﬁ?ggcgeeaégﬁggfg%@obﬁg{;%?éﬁn@’T, Becker PB.
9

EMBO J. B RitaSRRRFPTES BN Ysgea N biBYaLoRr s et disd R KRYBRIRS et al. (Nucleos.
NUCI&Bt. Nuan-fedits 2008)@2(5:8): 8% eHiricied Methedsit@Bobn3R0RFER:2A5tH0). In the

example desesthed aens the talgBresBdABRlINGRIPRESCANENGE WaGend, such as a
TtAgGgTtA G%TaA % TtAgSG t 3' [ SEQ.ID NO: 1] The randomised/scrambled control probe
sequence WA T 5% %‘T‘”CT @T’E} GBS NP P P L RSER M N RIS STERAYALIZED letters

represent fOXSidFERNapRIbAercHRIBUetes s Sadreu DAY repichied sEheedesthitigstier fated [NA
containingnedig asei cleediskaprabesswese ybiesiee tto [kl elr DinSrisleliybey steapufRRithersburg, MD,
USA)~The \ ili in the abpve probes was 108 carbqn atoms in length. 5.
P S Qs T BT A A B e Jalhe el D AP 1206
acrylamid®niifidRYedmniitsgepyriisatinmaiimerse ptisentitobeipigeayeMetindd asigedd The gel was
then fixed wtmigedcorithiGatnidkinBlaedbyitiagensiatowing npysifactuisr ahiastyeiions, 15-25 bands

o o ik iR e Lot BENRIGE WA TSR SATRIRARIE SR SR (he Tapln

Harvard Mass Spectrometry Facility (THMS) for analysis and protein identification (see

http://quciiAied FRPUBREeSAY ALY e RIRRSSIpG BiERRiEhe ¥8itass Spectrometry Facility, Harvard
Med#fal School, C-Building Room 517, 240 Longwood Ave., Boston, MA 02115, USA). Typically this

analysis invghgiedinsh e amdngcitarsndQapapshdisesliealelandusnat k- Micgacapillary
LC/MS/MSSF%% elg I?arget sequence can be achieved through a number of routes. Typically the
proteins and polypeptides are separated from the probe-target sequence hybrid by
conventional protein extraction techniques. The proteins/polypeptides are then suitably
30 . purified broadly according to molecular weight. The separated proteins can be
analysed by several methods to determine identity including western blotting. However,
where the output of the method of the invention is expected to reveal one or more
novel factors, mass spectrometry based techniques for protein identification are
appropriately utilised. For instance, protein samples can be derived from SDS-PAGE
35 and then optionally subjected to further chemical modification, such as reduction of
disulfide bridges carboxymethylation of cysteine amino acid residues. The

proteins/polypeptides are then cleaved into several fragments using a suitable



c. Protein database searching 6. Data analysis and web-based reporting of data 35 39 The
condensed data link showed peptides identified from the sample along with the corresponding proteins
they matched to. Peptide sequences that were fourdd in other proteins listed in the database are
allocated Wbet (ér?z Jr’r"rJé) [ FHC0 .gellﬁqa"r : ndancies), The information in the
condense r%ata?hflfﬁk wa% cré::%te_ctzl1 b%/ggﬂs%é%ng and rﬁ{gér‘?gg gtbﬁe%%aaaf%?{_ ihed f%rfrrwl.etﬁeogqequest
database S¥EANGPEEARERS URE FRAVIASPRRIIECRsER Taproatiastas WEhvagsiadHeqRRfement of two or
more strowacmrrhﬂgrpepti@s ma@cpieedd«gsibty mmb%g-&earshiélg WIoGEADT Jietjleast . _
supplemeniad bymanualnapestion.of . dasmdue e iesiliet hadiehiemne,4g atching peptide

were listed for mformatlon;%)rotems that only had one matching peptide may be correct but are

typicafly veRFIBENS feRtRBrlgHAH AL REY G ertB SRR iRyt &iA AL RIERRre chromatin
associatednizctepsittentifigd re aapwdtdm TableAl D1 ERanipde Bt stadingceallsiwere the
transformeg; rg]gmfgmgﬁégr}‘jﬁallv{p(gafig@mggggeélnlaﬂ%ggl%Sq?gé%%%%s@ytgm Sétgbage%%) J. Cell. Biol.

103:1671-1677). Unlike the HeLa cell line 20 used in Exam \ Al3 is a non-telomerase, ALT
cell type. PHENG#B(ER BARSBIvIYEsRITRt i REE S R PR TRY e SRANRNIESBERTBABRY were isolated
according flor ttihe methbfhdiesdfiveekamileampie Griffiheshabel 209%)télapie reoohromakiasassociated

factors idesifiatbaleses ot bR iR BHIR ZSBalS 8T ARISENRaRRerIgan Blihe novel
chromatin ﬁﬁsd%%a%ﬁ factors identified according to Examples 1 and 2. It shows that an area of
£

overlap is hich certain factors are commonly associated with telomeric sequences in both
telomerase and ALT cell types. The identities of the chromatin associated factors common to both

te|0meraSﬂ’ﬁﬁ&lﬂI§Hﬁéa%e?sfédséé&r§ﬁ@%>(\'ﬂé%§d\/t%§ﬁi§tﬁ§§?B?‘?ﬂ&é}'béﬁfﬁ@hh%ﬁiﬁ%é%ﬂpJF‘e?’
e

Characterisation,qf novel chromatin associated f S ident] by the method 35af the invention. 40
Experimerﬁ?ge\;\%?g%g?f&e %éo(r‘ftg%sesnfllcn) e é'rtlﬁa candi 8{esaQPé'ﬁt¥ﬁéL @ufﬁé) 'H{'e&%%gl)f the invention
are flinctiohAly:3(§1idadr) THEFAEaN deaniife MaBsy RY Ingisinc tafevmecwithmassehRNA constructs
(SIGMA, Mm?néhl%blﬁv@atlle@wtwwm@ém)th@ @@@cﬁFga@ea@-&%gaéﬁara@fb@r%han nléclzleg)r
receptor i if] n chr i i ctor in Exam own in bold in Table 2).
Cells wergp%%iqs%%%dg\)\\{(ﬁ% i r&;nép(e%n égrgimﬂ)g_rg eéli![netzvt)e_ﬁ%t?ﬁgp F(E é@gntﬁg fhose which had been
successfull) i sfd BRI R JaNsoLt- s Fabt SRidR Repido B1es R ddgAtfisriignsedifed with an
anti-rap1 ayhtevoytypaptidepislyctanaliabdd &, Mbtching thedebeohial paairs raaskad antid® ML antibody
(mouss maaAAal RGN, SanienCriz) Bty LEMLhadies: Higdomlisaian signal was
developed using donkey anti-rabbit-Cy3 and donkey anti-mouse-Cy5 polyclonal antibodies (Jackson
Labs). As SR80 eﬁ“ﬁ?&é&“@f‘ﬂﬂsﬁﬁ%{ #BARIdR Haimesiebirkehomrasirr At identified by
lack of GFRPasaiMingciHoweueaidly @PRmbEitive, MNsDIRECIVD aig satsinomabylprgyeesalocalise. This

demonstraggsidhahFaAelPalAdane piiae-fanlogrlizing telanerepttr RMLRedies Refs T cells. PML
bodies ha\ge een assomatlid with Enan%/ nLgSCI)%aéefunctl%n |nclud|€‘g: transcrlr%%on, DNA repair, viral
lysi

defence, strosa B&IPRPEIETESUTANGT Prote THASINSBYE Rl MRSX Rhibit localisation

of teBmeraet6PMIespodien ifhearmsdides|rnechayofriosidéeniiiad piataraseo spedooozive(f@Otherapy .
Further kneekdionw B2xeRigrassiauNacrehRNAssssifligto7ihadBé \ammes@nother novel factor

identified herein) have shown the similar results as for COUP-TF2. These results suggest that

COUP-TF2 and/or TR4 can act as critical mediators of telomere 25localisation to PML bodies in vivo.
By the term “modulator” it is meant a molecule (e.g. a chemical substance / entity) that

effects a change in the activity of a target molecule (e.g. a gene, enzyme etc.). The
30  change in activity is relative to the normal or baseline level of activity in the absence of
the modulator, but otherwise under similar conditions, and it may represent an increase
or a decrease in the normal / baseline activity. The modulator may be any molecule as
described herein, for example a small molecule drug, an antibody or a nucleic acid. In
the context of the present invention, the target is a novel chromatin associated factor
35 that has been identified according to screening method of the invention. The

modulation of chromatin-associated factor may be assessed by any means known to



Further experiments (not shown) have demonstrated that these effects are not cell line-specific as
knockdowns of COUP-TF2 or TR4 have exactly the same effect in the Saos-2 osteosarcoma ALT cell
line, as in the WI38VA13 cells. 30 Using the meth@tlology of the invention for targeting of polypeptides
and protejns that associate with_telomerjc ugn %t ' i ificati significant
number otpﬁs%e&??é’té%”%% gi\{r%se. .arﬁlg%ﬁﬁaeﬁﬁs%ﬁ e%%n?gt 0 sggﬁ?h&gﬁ\@eﬁogrﬁgg g?irﬁonstrate utility
when adagstees tegalefet Single eupyabyasrehisi¥ it is anticipated that 35smaller numbers of
proteins may be identified. In these cases, the methods of the invention lead to identification of

nteraction paltyays 1 can B2 P60 eyl 4L oYeh BXBRURRSRP Willadhsisiams bioooy

framework, ‘arfdRence e e most chemically tractable companents of a gene %ontrol pathway.

Exanfiple dissavesrasaniriost 18 creaiiastimRIRssIZteohy 1t QRS PREHFESYRERS

xample provides
an alternative snesheskfors Mep@ratiaccofding ehtematinoftagthe ptssenthiataidiscribed in Example 1. 10
The following volumes and numbers are given for one purification (that is -3.109 cell equivalent): Cells
were centrifuged at 2000g for 2 minutes at room temperature and pellet was resuspended into the
same pellBesaanticfet 1he PEERGBYAfiEXRREI80 3R Yo %?'89'@%:3%@%@?19%}3 HGORG/m1) were
added. Cellsonetn instbasest feadh miclutes b6t areoooh temipe ratusatisinsshakdfictigeidl at 4C for 12-16
h. Cells were washed 6.ti [ i |8l B satigiae£16r g HEPES-NaOH
pH g 1(5]6(%% %agirgg%n&%l%@gﬁﬁ%ﬁj%m%éﬁr%@@ 8%@8'@20/ SD ” 0 10/? Sarkogéll, protease
inhibitors)2ataesdnetiRa 8 eians JBrisal ik BEBY AL RLIYS ﬁw%cgfﬁ_eﬁﬁ olLtoN Samples were
sonicated fivlismtis, Misosik, 3002)Ailntiserfesl dvoimylpaieimdments BO EHWEPYSUIRY S (36-45 Watts),
15"secogd§hgmﬁqf%m%%@q %@ﬁ%?@mmumfom@a?-mﬂum@tma@mmmamo&mp||e was i
collecte centrifugation at 160009 for. 15 minutes at room tempe in.sample was then
applied to%éBﬁaW’@%@-S?ﬂﬁ'astﬁﬂ?%‘(gfﬁhWS %r?heelﬁtc%%%s At 5%@%&%&#%%2? %205|®LBJDLS (10 mM
HEPES-Naditqilt 7c; SGmme NaCkeng MrED TaxipHtBat afealE & FHEPES99,°5 5% 0.1% Sarkosyl,
protease ipPRJRKLES) PIEnRAYliRsatRsoseaptastidiy beads Weke andeath(Riessedalizdlifaktstreptayidin,
0.5m1) and the sample was incubated for 2h at roo e d reqgi ed and
supernataff gagg\é/)%%?" %“Rn'i?&‘SSHFgghfé% aarase?n %ﬁ@ﬁéﬁ%&e?ﬁ%%nﬁ%ﬂgggﬁﬁ disclosed
herein in destediated Fretopeisienitiag byroiapr diaripiRndha FramathApRsRi%st ek aflon only. The
aforementigped pmbediraesith atemoiRientedte e thmitnigtivitorespiét saihiey sawpeeof the

appegyded claims, which follow, It is contgmplatediiy the inventors that various substitutions,
alter&tions’ rgqr?' mo } & i%lr?s n?a?/ e mag% to the igg(/)tention without 35departing from the spirit and

scope of the invention as defined by the claims. 42 Table | - Telomere associated chromatin binding
factors fromnasdiedsancelbiinscBhedfonmes emert) disioneshtngtrraereo Delsorptian tf 38etwiiPreviously

known to %%%%@é%ﬁ@;&\%‘%ﬁﬁﬂrmnKM?&%&A@«:I@@%@ woalbAbsdansyibenugieoprotein
Componen}oero?Z%%l?e1str'a3r'1§eedtaDNA or RNA molecules that hybridise to all or a part of the
25 sequence of mRNA for the specified chromatin associated factor. Typically, an
antisense molecule is at least 12 nucleotides in length and at least 90%, 93%, 95%,
98%, 99% or 100% complementary to the chosen target nucleotide sequence.
Antisense oligonucleotides can be of any reasonable length, such as 12, 15, 18, 20,
30, 40, 50, 100, 200 or more nucleotides, having the advantageous above-mentioned

30 complementarity to its corresponding target nucleotide sequence.

An antisense oligonucleotide may contain modified nucleotides (or nucleotide
derivatives), for example, nucleotides that resemble the natural nucleotides, A, C, G, T
and U, but which are chemically modified. Chemical modifications can be beneficial,
35 for example, in: providing improved resistance to degradation by endogenous exo-
and/or endonucleases, to increase the half-life of an oligonucleotide in vivo; enhancing

the delivery of an oligonucleotide to a target cell or membrane; or increasing the



N 1433G 14.3.3 Gamma N PSD10 26s proteasome non-atpase regulatory subunit 10 N PSD5 _265
proteasome non-atpase regulatory subunits N AN32B acidic leucine-rich nuclgar phosphoprotein 32
family member b N AN32E acidic leucine-rich nucfar phosphoprotein 32 family member e N

AYB892677y; d i [ RF. sribgsylation factor 5 N APEX1 ap endonuclease 1
(Componeﬁ%ﬁ ?ﬁ%ﬂg Tséﬁ?rﬁpr@g%v Cfgﬁmglésﬁo pﬁyﬁ%igrqg’_s%ﬁﬁ%‘ﬁ@’ e %rh%"&%)lv?’ﬂ) N AURKB
Aurora-B N'B49ssf Baditeraptheaiipérskatioes fomimaauanitg Sroter anNBARBA borealin N

CYBP Caloyctimbatetitigepreteithésilobiadingtpratiestdes at each end of the strand) may be
modified to increase the half-life of the antisense molecule in vivo. In addition, or in the

S  alternative, the backbone of an antisense molecule may be chemically modified, e.g.to
increase resistance to degradation by nucleases. A typical backbone modification is

the change of one or more phosphodiester bonds to a phosphorothioate bonds. An

antisense molecule may suitably also comprise a.'5’ cap structure and/or a poly-A 3’

tail, which act to increase the half-life of the antisense molecule in the presence of

10  nucleases.

Antisense oligonucleotides can be used to inhibit expression of one or more chromatin

associated factors identified according to the method of the present invention in farget

tissues and cells in vivo. Alternatively, such molecules may be used in an ex vivo
15 treatment, or in an in vitro diagnostic test.

Requirements for the design and synthesis of antisense molecules against a specific

target gene (via its corresponding RNA sequence), methods for introducing and

expressing antisense molecules in a cell, and suitable means for modifying such
20  antisense molecules are known to the person of skill in the art.

For example, antisense molecules for use in therapy may be administered to a patient
directly at the site of a tumour (for example, by injection into the cell mass of the
tumour), or they can be transcribed from a vector that is transfected into the tumour

25  cells. Transfection of tumour cells with gene therapy vectors can be achieved, for
example, using suitable liposomal delivery systems or viral vectors (Hughes, 2004,
Surg. Oncol., 85(1): 28-35).

Another means of specifically down-regulating a target gene, such as a chromatin
30  associated factor gene is to use RNA interference (RNAI). Naturally, RNAI is typically
initiated by long double-stranded RNA molecules, which are processed by the Dicer
enzyme into 21 to 23 nucleotides long dsRNAs having two-nucleotide overhangs at the
5" and 3’ ends. The resultant short dsRNA molecules are known as small interfering
RNAs (siRNAs). These short dsRNA molecules are then thought to be incorporated
35  into the RNA-induced silencing complex (RISC), a protein-RNA complex, which acts as

a guide for an endogenous nuclease to degrade the target RNA.



N CLIC1 chloride channel nuclear N RCC1 chromosome condensation protein 1 N STAG2 cohesin
subunit sa-2 (stromal antigen 2) (scc3 homolog 2) N DBPA Cold shock domain-containing protein A N
CIRBP Cold-inducible RNA-binding protein (UV repair protein ?) N CND3 condensin complex subunit

3 (chromo ociated praotein g) N YHS5,cps PSF6 cpsfe(jn.paraspeckles) N Q5U5J2
Conikonr oo RSBt e 2 SN B R SR, barees
MACEA C m,,@@jk%gg@bmmpﬁo@pwﬁggthpgglg@igg\ipactivation of gene function in

vivo, for example, as described in Elbashir ef al. (2001, Nature, 411: 494-498). Thus,
this technique provides a means for the effective and specific targeting and
5 degradation of mRNA encoding a chromatin associated factor in cells in vivo.
Accordingly, the invention provides siRNA molecules and their use to specifically
reduce or eliminate the expression in cells of one or more chromatin associated factors

identified by the methods of the present invention .

10  As in the case of antisense and ribozyme technology, an siRNA or shRNA molecule for
in vivo use advantageously contains one or more chemically modified nucleotides

and/or one or more modified backbone linkages.

Pharmaceutical preparations of the invention are formulated to conform to regulatory

15  standards and can be administered orally, intravenously, topically, or via other standard
routes. The pharmaceutical preparations may be in the form of tablets, pills, lotions,
gels, liquids, powders, suppositories, suspensions, liposomes, microparticles or other
suitable formulations known in the art.

20  Thus, the invention encompasses the use of molecules that can regulate or modulate
activity or expression of the novel chromatin associated factors of the invention for
treating disease. Typically diseases associated with aberrant activity or expression of
chromatin-associated factors will include: cancer, premature aging, inflammatory
disease, autoimmune disease, virally induced diseases and infections and infertility.

25
Novel chromatin associated factors (polypeptides or fragments thereof) identified by
the methods of the invention can be recombinantly expressed individually or in
combination to create transgenic cell lines and purified factors for use in drug
screening. Cell lines over-expressing the chromatin associated factors or fragments

30  thereof can be used, for example, in high-throughput screening methodologies against
libraries of compounds (e.g. “small molecules”), antibodies or other biological agents.
These screening assays may suitably be either cell-based assays, in which defined
phenotypic changes are identified (analogous to calcium signalling in GPCR FLIPR
screening), or can serve as the source of high levels of purified proteins for use in

35  affinity-based screens such as radioligand binding and fluorescence polarisation.



N OTUB1 DeUbiquitinating enzyme OTUB1 N RPA2 dna-directed ma polymerase i 135 kda
polypeptide N RPA1 dna-directed ma polymerase i largest subunit N RPE53 dna-directed ma
polymerase l-associated factor 53 kda subunit N RPB5 dna-directed ma polymerase ii 23 kda 43

e L A ROl B R S AR ) T
NCL) N QPrmmabnRappshtehinainsh teEtoldsalifsiarmaoptisinata N-T telomere sequences
alone, Hela telomere sequences alone or both (see tables 1-3). This demonstrates
that the technique is capable of discriminating between different cellular environments.
5  Alterations in telomere composition are believed to be significant in cancer progression
and development, and the different protein sets identified in the assay as telomere-
associated may lead to identification of targets and pathways that form useful
therapeutic intervention points in different cancer types. Further review of a subset of
these factors led to identification of proteins having enzymatic activity. It will be
10  appreciated that factors possessing an enzymatic function can exhibit promising
potential in drug discovery. Without limiting the scope of the invention, a selection of
the novel telomere chromatin associated factors are set out in more detail below
together with a description of their known enzymatic activities. Clearly the present
invention may provide additional information relating to the biological activities of these
15 previously known proteins that renders them of even greater importance as potential

drug targets.

ALT cells only

20  The enzymes identified in this section may have potential as oncology targets in
patients in whom the ALT telomere maintenance pathway has been activated and may
provide a mechanism for attaining a degree of selectivity over non-ALT i.e. non-cancer
cells in the same patient.

25 e Pri-2
*» Hint2
o MTA1
s Pin-1
« LSD1
30
PRI-2

This is the large subunit (58kDa, p58) of DNA primase, also known as PRIM2A in
humans. It is believed that the protein is only enzymatically active in the presence of
the smaller subunit, p49.

35
Hint2



1053HJ5 eukaryotic translation initiation factor 5a variant N IF6 eukaryotic translation initiation factor 6
( N XPO1 exportin-1 (expl) (chromosome region maintenance 1 protein homolog). N FAS0A FAM50A
N FUBPL1 Far upstream element-binding protein 124 FUBP2 far upstream element-binding protein 2 N

ibrillari -0- ibrillari in- Glutamate-rich
o kgl B 2SR R ST SN SUDg flaante
function. artin et al. (Gastroenterology (2006) 130:2179-2188) have reported a
number of findings that suggest this is not a potential drug candidate in oncology
because Hint2 levels are down-regulated in hepatocellular carcinomas and knockdown
5 of Hint2 in HepG2 cells leads to decreased sensitivity to apoptotic stimuli.
Overexpression of Hint2 in the same system has the converse effect, with
overexpression of Hint2 in HepG2 xenografts leading to decreased tumour size. The
data presented in this application suggest that telomere localisation of Hint2 may be
significant in its cellular function.
10
MTA1
MTA1 is a component of the nucleosome remodelling and deacetylating (NuRD)
complex, and its expression is at least partly controlled at the transcriptional level by c-
Myc (Zhang et al., PNAS, 2005, Voi 102, 13968-13973). It is also known to be an
15 oestrogen receptor co-repressor (Martin et al., Breast Cancer Res Treat, 2006, Vol 95,
7-12). MTA1 acts in a complex with HDAC1 and HDAC2 (Yao & Yang, J Biol Chem,
2003, Vol 278, 42560-42568).

Expression of metastasis-associated gene 1 (MTA1) has been shown to be correlated

20  with invasiveness of a number of tumours including thymoma (Sasaki et al., Cancer
Lett 2001, Vol 174, 159-163) and prostate cancer (Hofer et al., Cancer Res, 2004, Vol
64, 825-829) and migration and invasion of immortalised keratinocytes (Mahoney et al.,
Oncogene, 2002 Vol 21, 2161-2170) and PANC-1 pancreatic carcinoma celis (Hofer et
al., Br J Cancer, 2004, Vol 90, 455-462). In human MDA-MB-231 breast cancer cells

25  with relatively high MTA1 expression, knockdown resulted in inhibition of growth and
invasion (Nicolson et al., Clin Exp Metastasis 2003, Vol 20, 19-24). High expression
levels of MTA1 have been reported to be associated with relatively poor prognosis in
hepatocellular carcinoma (Hamatsu et al., Oncol Rep, 2003, Vol 10, 599-604). In
node-negative breast tumours, high expression of MTA1 is associated with increased

30 relapse risk, but such tumours may be sensitised to systemic therapies such as
tamoxifen or anthracyclines (Martin et al., Breast Cancer Res Treat, 2006, Vol 95, 7-
12).

In transgenic mice in which over-expression of MTA1 was targeted to the mammary
35 gland, inappropriate mammary gland development and tumorigenesis were observed
(Bagheri-Yarmand et al., Development, 2004, Vol 131, 3469-3479).



Q5T6U9 HMGAL1 N Q75MM1 hmobl N Q96J53 hmgb2 protein N HMGB3 hmgb3 protein N Q5SWC6
hpl-bp74 (fragment) N Q59FTO hypothetical protein N QOQUFCO Hypothetical protein
DKFZp434K1815 N 053RR5 hypothetical protein y§vhag N IMB1 importin beta-1 subunit N 075141

Kiaa0050 RApleiRdSHMEHR) MR G IS £5RRALPSRIERINLBEGLEE) Ak GRYLR4 Lumg
cancer onco
both the transcriptional activity and protein stability of Hif-1alpha. The protein

stabilisation is via increased Hif-1alpha deacetylation through increased HDAC1
expression (Yoo et al., EMBO J, 2006, Vol 25, 1231-1241). This would be consistent

5  with the relationship between elevated MTA1 levels and intratumoural microvessel
density in breast cancer (Jang et al., Cancer Sci 2006, Vol 97, 374-379).

LSD1

10 LSD1 was the first histone demethylase to be identified (Shi et al., Cell, 2005, Vol 122,
654-658) and selectively removes monomethyl and dimethyl marks from histone H3
lysine 4 and lysine 9. LSD1 interacts with the androgen receptor to stimulate androgen
receptor-dependent transcription (Metzger et al., Nature, 2005, Vol 437, 436-439).
LSD1 levels are up-reguiated in high-risk prostate tumours (Kahi et al., Cancer Res,

15 2006, Vol 66, 11341-11347). LSD1 is required for cell proliferation and deficiency of
the protein leads to partial cell cycle arrest and sensitisation to growth suppression by
external stimuli (Scoumanne & Chen, J Biol Chem, 2007, Vol 282, 15471-15475).
These features all make LSD1 an attractive oncology target. The reason for its hitherto
unreported association with the telomere represents a fruitful area for investigation.

20
Pin-1
Pin-1 is a peptidyl prolyl isomerase involved in the isomerisation of numerous
oncogenic and cell-signalling pathways (reviewed in He} et al., Lung Cancer, 2007, Vol
56, 51-58). Over-expression of Pin-1 has been reported in a number of cancers

25  including non-small cell fung cancer (He et al., Lung Cancer, 2007, Vol 56, 51-58), and
hepatoceliular carcinoma where it may act synergistically with the hepatitis B-encoded
HBx oncogene (Pang et al., Gastroenterology, 2007, Vol 132, 1088-1103). Activation
of Stat-3 by Pin-1 leads to increased epithelial to mesenchymal transition in breast
cancer cells (Lufei et al., Oncogene, 2007, Jun 11, e-publication ahead of print). In

30  mouse models dual ablation of Pin-1 and p53 leads to accelerated thymic hyperplasia
(Takahashi et al., Oncogene, 2007, Vol 26, 3835-3845).

Pin-1 is therefore an attractive oncology target for drug discovery. However, Pin-1
activity appears to play an important protective role in the amyloidogenic pathways
35 implicated in Alzheimer's disease (see for example, Nowotny et al., Neurosci Lett,
2007, Vol 419, 15-17, Wang et al., J Alzheimers Dis, 2007, Vol 11, 13-23; Balastik et



PIR makes dots in the nucleus N WDR61 Meiotic recombination REC14 protein homolog (check out
ski8 exosomes etc_..) N Q8NI90 member ras oncopene family. N NACA Nascent
polypeptide-associated complex subunit alpha inteacts with smyd1l N SEPT_2 NEDD5 N NUDC

Nuclear distribution protein C homoloq A ar, mitoti ' tein) N
UBF1 NuEle I SRR AR L N ORI ot e N RS ofgin recognition
complex Ne@RGPorYinhititwgtikddccarhpless RnORDE-BFRiPrERFgnition complex N

Hela cells only

Some telomere-associated proteins were detected only in Hela cells and not in the
10  ALT-positive cell line. This may imply that the use of the ALT telomere maintenance
system not only induces localisation of certain proteins to the telomere, it also prevents
association of others (HelLa telomeres are maintained by telomerase, and as such, one
can expect telomerase associated proteins, not found in ALT, such as GAR1 or BAT1).

This may again provide a mechanism for patient stratification for therapy in cancer.

15
e AuroraB
e USP1
Aurora B

20  Aurora kinase B is a chromosomal passenger protein that forms a complex with inner
centromere protein and survivin (reviewed in Sistayanarain et al., Anticancer Res 2006,
Vol 26, 3585-3593). lts association with the telomeres in Hela cells as detected during
our screen is entirely unexpected. Aberrant Aurora B activity is believed to be
significant in a number of cancers including lung (Hayama et al., Cancer Res, 2007,

25 Vol 67, 4113-4122; Vischioni et al., Mol Cancer Ther 2006, Vol 5, 2905-2013); oral
squamous cell carcinoma (Qi et al., Virchows Arch, 2007, Vol 450, 297-302); breast
cancer (Tchatchou et al., Cancer Lett, 2007, Vol 247, 266-272); prostate cancer (Lee et
al., Cancer Res, 2006, Vol 66, 4996-5002); glioblastoma (Zeng et al., J Clin Pathol,
2007, Vol 60, 218-221) and mesothelioma (Lopez-Rios et al., Cancer Res, 2006, Vol

30 66, 2670-2679). In an animal model of renal tumours, Aurora B expression is
oestrogen-responsive (Hontz et al., Cancer Res, 2007, Vol 67, 2957-2963).

Small molecule inhibition of Aurora B radio-sensitises mesothelioma cells (Kim et al.,
Int J Radiat Biol Phys, 2007, Vol 67, 1519-1525) and the inhibitors are themselves anti-
35  proliferative (Girdler et al., J Cell Sci, 2006, Vol 119, 3664-3675).

USP1

USP1 is a cysteine protease which deubiquitinates mono-ubiquitinylated PCNA. Mono-
40  ubiquitinylated PCNA is required for the translesion synthesis of damaged DNA.



44 ORC5 origin recognition complex N PARK7 Parkinson disease protein 7 binds AR, DAXX N
PIN1 peptidyl-prolyl cis-trans isom erase nimainteracting 1 N PCNP pest-containing nuclear protein
N PP1G PPlcgammaN SMCAL probable globm transcription activator snf2I1 N Q99834

Programrr] Ibl " d%p 0 Igs4tél\la%céec%lrlrﬁu c|>_1‘| h??g' ]J(I)I%)cl)}l the protein (Huang et al.,
Nat Cell Biol 2006, Vol 8, 339-347).

Both ALT and Hel.a cells

Certain proteins were found to be associated with the telomeres of both ALT and non-

10 ALT celis. This suggests that in addition to certain specific proteins for these cellular
conditions, there is a smaller group of proteins that associates with telomeres in both
patho-physiological settings.  Selection of proteins not previously known to be
associated with telomeres may indicate new therapeutic intervention points that could
not previously have been anticipated.

15
¢ GMP synthase
¢ Feni
s USP7
+ PRMT1
20 ¢ Transcription intermediary factor 1beta

GMP Synthase

GMP synthase is an amidopeptidase that catalyses the amination of xanthosine 5'-

25 monophosphate to form GMP in the presence of glutamine and ATP (Nakamura et al.,
JBC, 1995, Vol 270, 23450-23455. This makes it a key enzyme in the de novo
synthesis of guanine nucleotides. Given the requirement for nucleotides in rapidly
dividing cells enzymes in the nucleotide synthesis pathways can be promising targets
for drug discovery. The best known and clinically most useful example is 5-FU, the

30 thymidylate synthase inhibitor. More recently GMP synthase has been shown to
interact with Usp7 (see below) to stimulate histone H2B deubiquitinylation (van der
Knaap et al., Mol Cell, 2005, Vol 17, 695-707) in Drosophila.

Feni

35
Fen1 is the structure-specific flap endonuclease involved in long-patch base excision
repair involving multi-nucleotide DNA synthesis (Prasad et al., J Biol Chem, 2000, Vol
275, 4460-4466), and in Okazaki fragment renewal. The enzyme cleaves substrates



PDCD6 Programrr_\ed cell death protein 6 N PSA7 Proteasome subunit alpha type 7 N PSA7L
proteasome subunit alpha type 7-like N PSB6 proteasome subunit beta type 6 precursor N PIAS1

protein inhibitor of activated stat protein 1 N RCC28 protein rcc2 (telophase disk protein of 60 kda) N

PTD4 . Putative GTP-bindin
with unanneal r& ge 5gtglnr(lj ltls\l activity is increased 5-50 fold by association with

PCNA (Tom et al., J Biol Chem, 2000, Vol 275, 10498-10505).

Knockout of Fen1 is embryonically lethal in mice, whereas double heterozygotes for
5 Fenl and Apcl develop increased numbers of adenocarcinomas and decreased

survival (Kucherlapati et al., PNAS, 2002, Vol 99, 9924-9929). Fenf (-/-) blastocytes
are very sensitive to gamma irradiation, showing extensive apoptosis (Larsen et al.,,
Mol Cell Biol, 2003, Vol 23, 5346-5353). In the chicken DT40 cell line, the cells are
viable in the absence of Fen1 but have a slow growth phenotype, probably due to a

10  high rate of cell death, and are hypersensitive to methyimethane sulfonate and
hydrogen peroxide but not to UV irradiation, X-rays and etoposide (Matsuzaki et al.,
Nucleic Acids Res, 2002, Vol 30, 3273-3277). In normal mouse embryonic fibroblasts,
Fen1 levels increase in response to UV irradiation, and this effect is p53-dependent
(Christmann et al., Oncogene, 2005, Vol 24, 8403-8413).

15
Fen1 levels have been reported to be upregulated in lung cancer (Sato et al., 2003,
Oncogene, Vol 22, 7243-7246) and the gene is also upregulated in 5-FU-resistant
HCT116 colon cancer cell lines (de Angelis et al., Int J Oncology, 2004, Vol 24, 1279-
1288). Mutations of Fen1 in human cancers have been identified and transgenic mice

20  harbouring these mutations were predisposed to autoimmunity, chronic inflammation
and cancers (Zheng et al., Nat Med, 2007 June 24, Epub ahead of print).

USP7

25  USP7 cysteine protease is a component of the PML (promyelocytic leukaemia) nuclear
bodies present in most mammalian cells (Muratani et al., Nat Cell Biol, 2002, Vol 4,
106-110). ltis a target of at least two viral proteins — ICPO of HSV type I and EBNA1 of
EBV (Holowaty et al., J Biol Chem, 2003, Vol 278, 47753-47761). EBNA1 binds to the
same region of USP7 as p53, whereas ICPO binds to a different region.

30
Interaction of USP7 with ICPO protects the viral protein from auto-ubiquitinylation and
thereby stabilises it (Canning et al., J Biol Chem 2004, Vol 279, 38160-38168). ICPO is
an immediate-early regulatory protein that stimulates lytic infection and reactivation
from latency.

35

Early reports claimed that USP7 has deubiquitination activity and is a strong stabiliser
of p53, even in the presence of excess Mdmz2 (Li et al., Nature, 2002, Vol 416, 648-



PEBP1 Raf kinase inhibitor protein N AB051846 1 Raichu404X-ras rab related N RAB10 ras-related
protein rab-10 N RAB35 ras-related protein rab-35 N RAB5C ras-related protein rab-5¢ N RAB6A
ras-related protein rab-6a (N Q5T3J3 receptor-ireracting factor 1 protein N Q6PAU7

653). However, later work from the same group suggested a more dynamically-
determined effect, whereby partial reduction of endogenous USP7 levels by RNAI
destabilised p53, but near complete ablation led to p53 stabilisation. The authors claim
this is because USP7 is also required for Mdm2 stabilisation, so that in USP7-ablated

5 cells, self-ubiquitinated Mdm2 becomes very unstable leading to p53 stabilisation and
activation (Li et al., Mol Cell, 2004, Vol 13, 879-886).

Work from Cummins and Vogelstein supported the assertion that USP7's most
important interaction is to deubiquitinate and thus stabilise Mdm2, ieading to decreased

10 levels of p53, by showing that in USP7-deficient mice Mdm2 becomes unstable and
p53 levels are elevated (Cummins & Vogelstein, CeliCycle, 2004, Vol 3, 689-692).
USP7 is also involved in a further complex levels of control of p53 via the Mdm2
regulating/regulated protein Mdmx (Meulmeester et al., Mol Cell, 2005, Vol 18, 565-
576). Further levels of regulatory compiexity are added by the effects of the ATM

15  protein kinase, which by phosphorylating Mdm2 and Mdmx, weakens their affinity for
USP7 (Meulmeester et al., Cell Cycle, 2005, Vol 4, 1166-1170).

It has recently been speculated that one of the major eifects of USP7 is fo generate
apoptotically active non-ubiquitinylated p53 at the mitochondria (Marchenko et al,
20 EMBO J. 2007, Vol 26, 923-934).

USP7 appears to have other cellular ubiquitinated targets. In a complex with GMP
synthase (see above) it catalyses the deubiquitinylation of histone H2B, but not H2A
(van der Knaap et al., Mol Cell, 2005, Vo! 17, 695-707), at least in Drosophila embryos.

25 It also deubiquitinates FOXO, negatively regulating its transcriptional activity (van der
Horst et al., Nat Cell Biol, 2006, Vol 8, 1064-1073) and Chfr, a checkpoint protein (Oh
et al., Biochem Biophys Res Commun 2007, Vol 357, 615-619).

Perhaps surprisingly, levels of USP7 were reduced in 59/131 patients with NSCLC, and

30 this was associated with reduced p53 expression (Masuya et al., J Pathol, 2006, Vol
208, 724-732). Targeting USP7 may be a viable therapeutic approach for
haematopoietic tumours.

PRMT1
35

PRMT1 is an arginine methyltransferase whose targets include histone H4, GRIP1 and

PPARYy co-activator-1a. (reviewed in Lee et al., Mol Endocrinol, 2007, Vol 21, 1381-



ribosomal prot related N FUS ma-binding protein fus (oncogene fus) promotes D-loop formgtio_n N
FKBP5 rotamase N PP | B rotamase (prolyl-isomerase) N PRP4B Serine/threonine-protein kinase
PRP4 homolog (interacts with snwl ) N PP1RA S#&rine/threonine-protein phosphatase 1 regulatory

subunit 101%’:}5,9[%@& NLIRUINY 8@5 BN ARG s?'&{V‘(dl%@E?% n &B‘i"&%i- (am
Pt oy A

D-mediated transcrip

10

15

20

25

30

35

n function as a splicing ?actor in pré-mRNA"spliting:.
RIP140 (Mostaqul Hugq et al., EMBO J, 2006, Vol 25, 5094-5104). PRMT1 is regulated

by hCAF1 (Robin-Lespinasse et al., J Cell Sci, 2007, Vol 120, 638-647). Histone H4
methylation is an early and key event in oestrogen receptor-mediated gene regulation
(Wagner et al., J Biol Chem, 2006, Vol 281, 27242-27250). Induction of interferon o/B-
mediated gene transcription is also critically determined by the activity of PRMT1, in
this case operating via Stat1 (Mowan et al., Cell, 2001 Vol 104, 731-741). Inhibition of

PRMT1 activity has the potential to affect gene expression on a large scale.

Transcription intermediary factor - 1 beta

TIF-1B, also known as TRIM28 has been identified as a component of transcriptional
regulatory complexes (Friedman et al, Genes Dev 1996, Vol 10, 2067-2078;
Moosmann et al., Nucleic Acids Res 1996 Vol 24, 4859-4867). Although not believed
to bind DNA itself, TRIM28 is known to interact with a wide variety of nuclear factors
including KRAB repressors (Kim et al., Proc Natl Acad Sci U S A, 1996 Vol 93, 15299-
15304), the histone binding protein HP1, SETDB1 (ESET), and MDM2 a key regulatory
factor of p53 (Wang et al., Embo J 2005 Vol 24 3279-3290).

TRIM28 is considered to be a member of several larger multi-factor complexes that
typically function in repression of gene expression and stabilisation of heterochromatin
(Sripathy et al., Mol. Cell. Biol. 2006 Vol 26, 8623-8638). Sequence analysis of TRIM28
suggests the presence of several recognisable domains including N-terminal RING and
coiled-coil domains that are believed to be involved in cofactor recognition and
interaction (Peng et al., J. Mol. Biol. 2000 Vol 295, 1139-62), as well as C terminal PHD
and bromo domains that are believed to interact with transcriptional repressors such as
HP1 and SETDB1.

It is apparent, therefore, that the information derived from the method of the present

invention allows for the accurate identification of a chromatin activity for these factors to

olved in vitamin
3B1

the in the cell. By providing a cellular context for these diverse factors, as well as

information on potential co-factors, the present invention allows for a more focussed
approach to drug discovery and target selection. The identification of the proteins that
interact with genomic regions of interest is also critical to the understanding of genome
biology. These questions have previously been studied using genetics, biochemical

characterization  of  soluble  complexes, structural  studies, chromatin



Splicing factor 38 subunit 1 N SF3B3 splicing factor 3b subunit 3 N SFRS9 splicing factor,
arginine/serine-rich 9 N SND1 Staphylococcal nuclease domain-containing protein 1 (contains tudor
domains ,RISC member in elegans) N SMC1A stiuctural maintenance of chromosome 1- like 1
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bound at specific loci, the methods of the present invention significantly advance the

characterization of chromosomes. By way of exemplification, in using the present
methods to study telomeres, the present inventors identified most previously known
5 factors in a single experiment, and found a plurality of new proteins that are now
considered to be relevant to telomere biology. The surprisingly high number of proteins
found at each class of telomeres (~200) underscores the diversity of events occurring
at this locus. Clearly, the methods of the present invention have the ability to identify
factors that would be difficult to uncover using genetics because they either piay vital

10 roles elsewhere or are redundant (e.g. orphan receptors).

The invention is further illustrated by the following non-limiting examples.

15
EXAMPLES

The present inventors have devised a technique that isolates chromatin with
associated bound factors in sufficient purity to allow identification of the proteins and
20  polypeptides at the targeted locus. By way of exemplification, proteins associated with
medium repeat elements present in mammalian chromatin have been purified and
identified directly using mass spectrometry. Applying this technology to human
telomeres, 92% of all proteins previously shown to bind telomeres were identified,
including proteins with low level expression. In the following examples HelLa telomeres
25  were compared with ALT telomeres, and a plurality of factors were identified that bind
specifically to ALT telomeres. By this, it is inferred that via a change in the sequence of

those telomeres different proteins will bind to the chromatin

The technique can be adapted to a variety of experimental situations, including viral
30 integration sites, specific knockout cells, and post-drug treatment changes to name but
a few. The method of the invention advantageously allows identification of changes in
protein complexes associated with a target chromatin site, without requiring prior

knowledge of any of the proteins that may already be associated with that target site.

35



N 096Q57 tc4 protein (ran) N) THOC4 tho complex subunit4 N 45 TF3C3 Transcription factor
1110-subunit gamma N TPR1 transferrin receptor protein 1 N TAGL2 Transgelin-2 (nuclear
membrane) N TMEDA transmembrane emp24 do@fain-containing protein 10 precursor N TCOF
Treacher %Qgirﬂsl g;{ndrome protein N Q9NXD9 tRNA (cytosine-5-)-methyltransferase NSUN2 N RU2A
112 small nucfe%rnbonucleoprotein A' (interacts with hnfl a) N UBE1

1. Preparation of the chromatin template:

5  The starting cells were HelLa S3 cells (a human cancer cell line). From suspension,
cells in spinner flasks (20 litres culture at a density of 0.5-1 10° celis/ml) were pelieted
by centrifugation at 2500g for 10 minutes at room temperature, and then immediately
resuspended in cross-linking solution (200ml for 10 cells; crosslinking solution: 3%
formaldehyde into 1X PBS (from formaldehyde 37%, methanol stabilized solution)). For

10  adherent cells, the media was first discarded and crosslinking solution is immediately
added to the plates (10ml/15cm plate). Celis were incubated in crosslinking solution for

30 minutes at room temperature.

Cells in suspension were spun down at 3200g for 10 minutes at 4°C and the
15  supernatant discarded. The material was aliquoted into 4 Falcon tubes (usually 8 ml
pellet/tube). For adherent cells the crosslinking solution was discarded and the plates
washed twice with 1X PBS solution (standard phosphate buffered saline solution
supplemented with 1mM PMSF). A further 3ml of cell scrapping solution (1XPBS;

0.05% Tween-20) was added per plate and the cells were pooled into Falcon tubes on
20 ice.

The cells were then washed four times in PBS by resuspending the cell pellet in
1XPBS solution bringing the volume to 50 ml/tube, then spinning down at 3200g for 10
minutes at 4°C. The supernatant was discarded each time and the final washed pellet
25 was resuspended in sucrose solution (bringing the volume to 50 ml/tube). The solution
was spun down at 3200g for 10 minutes at 4°C, the supernatant discarded and the

pellet brought up to a volume of 40ml with sucrose solution.

The mixture was transferred to a 40m! Dounce homogenizer on ice and dounced 20
30 times with a tightly fitting pestle. The dounced mixture was transferred to a fresh Falcon
tube and spun down at 3200g for 10 minutes at 4°C. The supernatant was discarded
and the pellet resuspended in 50ml of glycerol buffer. This step was repeated once and
the pellet resuspended in an equal volume of glycerol buffer to that of the pellet (that is,
if the pellet volume is 7.5 ml, 7.5ml of glycerol buffer is added). The preparation can be
35 aliquoted into 1.5ml volumes (that is ~0.5 109 cell equivalent per 1.5ml Eppendorf

tube) and is then either snap frozen liquid nitrogen and stored at -80°C or taken to the
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down 3. 10 cell equivalent is used, equivalent to six 1.5ml Eppendorf tubes of the

preparation.

5 The above chromatin preparation protocol is suitable for use with eukaryotic cells,
particularly mammalian cells. However, it will be appreciated that the methods of the
present invention are not restricted to identification of protein and polypeptide factors
that are solely associated with eukaryotic genomic DNA and chromatin. Protocols for
purification of nucleic acid plus associated factors are also known in prokaryotes as

10  well as viruses.

2. Optimising the chromatin template for the hybridisation step:

The next step is described in reference to a single 1.5ml aliquot of the chromatin

15  template preparation as the starting point.

" Using a table top centrifuge, the chromatin template preparation was spun down at
2000g for 2 minutes at room temperature. The pellet was resuspended in 1.5ml of 1X
PBS-Triton solution (1XPBS; 0.5% Triton-X100) and 15pl of Concentrated RNAseA

20  (Qiagen 100mg/mi) was added. The solution was incubated for 60 minutes at room
temperature with shaking (using an Eppendorf Thermomixer at 1400rpm) then for a
further at 4°C (without shaking) for 12-16 hours. This RNAse step can be omitted if the
intention of the protocol is to purify ribonucleoprotein complexes that are or are not
chromatin associated (e.g. Xist coated chromatin domains on the inactive X

25  chromosome).

The RNAse treated (or untreated if necessary) mixture is pooled with the other treated
aliquots in a 50ml Falcon tube, bringing the volume to 50m! with 1X PBS. The pooled
mixture (now corresponding to the starting 6 aliquots) is spun down at 3200g for 10
30 minutes at 4°C and the supernatant is discarded. The washing step can be repeated up
to 6 times to dilute out traces of any RNAseA that may be present. Then the pellet was
resuspended in 50ml of fresh LB3JD buffer (10 mM HEPES-NaOH pH 7.9; 100 mM
NaCl; 2 mM EDTA pH 8; 1 mM EGTA pH 8; 0.2% SDS; 0.1% Sarkosyl; make fresh,
keep at room temperature and add PMSF to 1mM final concentration) at room
35  temperature. The solution was spun down at 3200g for 10 minutes at 4°C, to produce a
resulting pellet with typical volume of ~4.5 ml. To the pellet was added 2.5ml of LB3JD



SnoRNP at telomere Y NOLA2 snoRNP at telomere 'Y SP100 sp100 protein Yin ALT cells Table 2 -
Telomere associated chromatin binding factors from the WI38 VA13 cell line (an ALT phenotype cell
line) Short form name/Uniprot entry name Descrip8®n of factor Previously known to associate with

telomere GAINAITIZ R86APZ S 23R GIGHIAIIE RUPSAAGIRASE A8 Rrotein ANG2E acidic
leucine-rich nuclear 611 sphoprotein amily member e P apoptosis iRhibitol 5 fN ATRIP ATR
interacting'pretedn 15/ uzedonia RobdivRENH R HIBtSHETION o) IB FBESCcod 96E AMsPBXL175 protein N
3000 sonicator with a micro-tip) The sonication parameters were: power setting 7, 15
seconds constant pulse, 45 seconds pause with a 7 minutes total process time. These
5  conditions will usually give chromatin fragments that are about 2-4kb in length which is
a suitable size for the subsequent hybridisation and pull down steps. The sonicated
solution was divided into 1ml aliquots and spun down at 16000g for 15 minutes at room
temperature. The supernatants were pooled into a 15 ml Falcon tube. 400 p! aliquots of
the sonicated chromatin solution were run each on S-400-HR gel filtration spin columns
10  (Microspin™, GE Healthcare) at 800g for 2 minutes so as to reduce the salt

concentration in the solution.

The eluates from the columns were pooled in a 15ml Falcon tube and incubated at
58°C for 5 minutes, which helps to unmask any endogenously biotinylated proteins

16 present in the soluble chromatin preparation. The pooled solution was cooled to room
temperature. 0.5ml of Ultralink Streptavidin bead slurry was equilibrated in, and
washed twice with 10 ml of LB3JDLS buffer (10 mM HEPES-NaOH pH 7.9; 30 mM
NaCl; 2 mM EDTA pH 8;1 mM EGTA pH 8; 0.2% SDS; 0.1% Sarkosyl; make fresh,
keep at room temperature and add PMSF to 1mM final concentration) and spun down

20  at 3200g for 2 minutes. The supernatant was discarded leaving a slurry pellet of around
0.5ml volume. The washed streptavidin beads were added to the pooled soluble
chromatin solution and the mixture was incubated for 2 hours at room temperature on a
nutator. The solution was spun down at 3200g for 10 minutes at room temperature to
remove most of the endogenously biotinylated proteins, and thereby reducing

25  background in the later steps. The supernatant was saved and contains the ‘cleared’
soluble chromatin solution.

The chromatin solution was now ready for hybridization. It had the following
spectrophotometric characteristics:
30
- DNA Concentration (0.D.260): 2-2.5 mg/m|
-0.D.260/0.D.280 = 1.30-1.45.

Higher values for the O.D. ratio would mean that the initial RNAseA treatment was not
35  fully effective and that the purified material might be contaminated by non chromatin
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as the ‘blank”solution.

The solubilised and cleared chromatin solution can be stored at 4°C.

3. Hybridization and target sequence capture (pull down)

The solubilised chromatin samples obtained in the previous step were spun down for
15 minutes at 16 000g at room temperature. The aliquots were pooled together to give
about 5ml of chromatin sample, to which was added 20% SDS to 0.02% final
concentration (1/1000 of volume of chromatin sample).

To the chromatin solution was added 30 ul of the desired oligonucleotide probe
sequence (from 100uM stock solution, see part 4 for details of the probe). A control
reaction containing a probe having a scrambled or randomised sequence was also run
in paraliel.

The hybridisation reaction was divided into approximately 34 X 150 pl aliquots which
were placed in a thermocycler for the hybridisation step (HYBAID Px2, Thermo Fisher).

The hybridisation program was as follows:

25°C for 3 minutes
70°C for 6 minutes
38°C for 60 minutes
60°C for 2 minutes
38°C for 60 minutes
60°C for 2 minutes
38°C for 120 minutes

25°C final temperature

The hybridised samples were pooled back into 1.5ml Eppendorf tubes and spun down
at 16000g for 15 minutes at room temperature so as to remove any precipitate that
may have formed during the hybridization step.
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Falcon tube, to which 7.6 ml of LB3JD buffer was added to equilibrate them. The beads

were immobilized on the magnetic stand and the supernatant was discarded. The
beads were washed in 10 mi of LB3JD buffer, immobilized again and resuspended into
5  2.4ml total volume of LB3JD buffer.

The supernatant from the spun down hybridised chromatin samples was transferred to

two 15ml Falcon tubes. To each tube was added 3.5 ml of milliQ water and then 1.2ml

of C1 magnetic bead solution. The mixtures were nutated for 12 hours at room
10  temperature.

The volume of the mixtures was made up to 10 ml in each tube with LB3JD buffer. The
magnetic beads were then immobilized on the magnetic stand. The supernatant
(approximately 10ml) represents the unhybridised fraction and can be saved for
15  separate analysis later. The peliet represents the pulled down hybridised chromatin
target. The pellet was washed seven times with 10m! of LB3JD buffer. After each wash
the beads were gently resuspended by nutation. Following the wash steps the beads
were resuspended in 2.4ml of LB3JD buffer per tube and transferred to 2 Eppendorf
(1.5ml) fow binding tubes/pull-down.
20
The magnetic beads were immobilized using an Eppendorf magnetic stand. The
supernatant was discarded and the beads were resuspended in 1m! of LB3JD buffer.
The tubes were incubated for 5 minutes at 42°C in a thermomixer (shaking at 1000rpm)
and then the beads were again immobilised using the Eppendorf magnetic stand. This
25 step was repeated before the beads were finally resuspended in 0.6 ml of LB3JD
buffer. The beads from each hybridization (telomere and control, 2 tubes each) were
pooled in one tube/reaction and immobilized on the Eppendorf magnetic stand. The
pellet was resuspended into 1 ml of Elution buffer (12.5mM Biotin (Invitrogen); 7.5 mM
HEPES-NaOH pH 7.9; 76 mM NaCl; 1.5 mM EDTA pH 8; 0.75 mM EGTA pH 8; 0.15 %
30 SDS; 0.075 % Sarkosyl) and incubated for 60 minutes at room temperature in the
thermomixer (shaking at 1000rpm). Following incubation for 60 minutes the
temperature was elevated to 65C and the mixtures were incubated for 10 minutes in

order 1o effect elution of the pulled down chromatin target sequences.

35  The tubes were again placed on the Eppendorf magnetic stand so as to immobilize the

magenetic beads and the eluate retained and transferred to fresh 1.5mi Eppendorf



high mobility group protein 1-like 10 (hmg1110 N HMGB3 high mobility group protein b3 N HINT2
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To each of the eluates 230 ul of 100% TCA was added, and the tubes were incubated

5 on ice for 10 minutes. The pulled down chromatin solution was then spun down at
16000g for 15 minutes at room temperature, and ~1.1 ml carefully removed by
pipetting. The tubes were brought up to 1.5ml with -20°C cold acetone, agitated for 10
seconds and then spun down again at 16000g for 10 minutes at room temperature.

The supernatant was discarded and a small white pellet was visible. The pellet was

10  washed with cold acetone one further time and spun down at 16000g at room

temperature for 10 minutes. The supernatant was discarded and the pellet allowed to
air dry.

The pellet containing the pulled down target chromatin was resuspended in 50u! of

15 crosslinking reversal solution (250mM Tris pH 8.8; 2% SDS; 0.5M 2-mercaptoethanol).
The solution was then incubated at 99°C for 25 minutes and either loaded onto an
SDS-PAGE gel or stored at -80°C pending further analysis (for example by mass
spectrometry).

20  Sucrose Buffer
0.3 M Sucrose; 10 mM HEPES-NaOH pH 7.9; 1% Triton X-100; 3 mM CaCl,; 2 mM
MgOAc (Magnesium Acetate)

Glycerol Buffer25% Glycerol; 10 mM HEPES-NaOH pH 7.9; 0.1 mM EDTA; 0.1 mM
25 EGTA; 5 mM MgOAc (Magnesium Acetate)

4. Oligonucleotide probe design

The probes are cohstituted of a mixture of LNA and DNA residues and were 25
30  nucleotides long. In addition, they were labelled with the biotin analogue, desthiobiotin
at their 5’ terminus, with the label being linked to the probe sequence via an extra-long
spacer group, typically of between 20 and 95 carbon atoms in length. Desthiobiotin was
selected as the affinity label so that more gentle elution conditions could be used
compared to biotin. The extra-long spacer is of considerable importance, as the
35  chromatin immobilization strategy could be impaired by steric hindrance problems (see
for instance: Sandaltzopoulos R, Blank T, Becker PB. EMBO J. 1994). Suitable extra-



lon protease homolog N PPAC low molecular weight phosphotyrosine protein phosphatase N LSD1
lysine-specific histone demethylase 1 N AB002283 1 MBF1 beta N MTA1 metastasis-associated
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Acids. (2003) 22(5 8) 1439- 41 and Methods Mol Biol. (2005) 288:225-40).

In the example described above the telomere targeting probe sequence was:

5
5" TtAgGYTtAgGYTtAgGYTtAgGgt 37 [SEQ ID NO: 1]
The randomised/scrambled control probe sequence was:
10 57 GaTgTgGaTgTggAtGtGgAtgTgg 3’ [SEQ ID NO: 2]

Where CAPITALIZED letters represent LNA residues and lower case letters were DNA

residues. The desthiobiotinylated LNA containing oligonucleotide probes were

synthesised to order by Fidelity Systems (Gaithersburg, MD, USA). The molecular
15  spacer utilised in the above probes was 108 carbon atoms in length.

5. Purification of pulled down proteins

The pulled-down proteins were loaded on a Bis-Tris 12% acrylamide minigel

20  (Invitrogen) and run at 100V until the loading dye exited the gel. The gel was then fixed
stained with Colloidal Blue (Invitrogen) following manufacturer’s instructions. 15-25
bands were cut all along the lane (covering the whole lane). These samples were
submitted to the Taplin Harvard Mass Spectrometry Facility (THMS) for analysis and
protein identification (see htip://gygi.med.harvard.edu/facility/#intro; Taplin Biological

25 Mass Spectrometry Facility, Harvard Medical School, C-Building Room 517, 240
Longwood Ave., Boston, MA 02115, USA).

Typically this analysis involves the following steps:

30 a. In-gel digestion of gel bands/spots
b. Micro-capillary LC/MS/MS anaylsis

c. Protein database searching

6. Data analysis and web-based reporting of data
35

The results are provided by THMS in the form of a private access web-site database.



nuclear receptor-interacting protein 1 NUCL nucleolin TR2 orphan nuclear receptor tr2 PTMS
parathymosin. PEBP1 phosphafidylethanolamine-binding protein 1 PIAS1 PIAS1 PIAS3 PIAS3
PP25 placental protein p25 PNKP polynucleotid@phosphatase/kinase (polynucleotide kinase-

31'ph05p%tgsc%}1&tne§§é;t§a¥¥nﬁ1n&( %%%%ﬁgé%%y%entiﬁed from the sample along with the
corresponding proteins they matched to. Peptide sequences that were found in other
proteins listed in the database are allocated a number (i.e. +3) in a column labelled
‘red” (redundancies). The information in the condensed data link was created by

5  sorting and filtering the data obtained from the Sequest database search or searches.

The proteins were listed for each sample with the requirement of two or more strong
scoring peptides matched to it by the database-searching program Sequest
supplemented by manual inspection of the data. Proteins listed that had only one

10  matching peptide were listed for information; proteins that only had one matching
peptide may be correct but are typically verified by further confirmation (by western-blot
for instance)

The novel telomere chromatin associated factors identified are set out in Table 1.
15

Example 2

The starting cells were the transformed human embryonic lung fibroblast cell line W138
VA13 (Castellani et al. (1986) J. Cell. Biol. 103:1671-1677). Unlike the Hela cell line

20  used in Example 1, WI38 VA13 is a non-telomerase, ALT cell type. The protein and
polypeptide factors associated with ALT telomere sequences were isolated according
to the method described in Exampie 1.

The novel ALT telomere chromatin associated factors identified are set out in Table 2.
25  Figure 2 shows a graphical comparison of the novel chromatin associated factors

identified according to Examples 1 and 2. It shows that an area of overlap is evident in

which certain factors are commonly associated with telomeric sequences in both

telomerase and ALT cell types. The identities of the chromatin associated factors

common to both telomerase cells (HelLa) and ALT cells (WI38 VA13) are shown in
30 Table 3.

Example 3

Characterisation of novel chromatin associated factors identified by the method

35 of the invention.



prohibitin variant PIN1 Prolyl isomerase Pinl FA50A protein fam50a NIPS1 protein nipsnapl.
PPME1 protein phosphatase methylesterase 1 AF054183 1 ran Q5T3J3 receptor-interacting factor
1 RCC1 regulator of chromosome condensation g@éhromosome condensation protein 1) AB209732_1

replicationmﬁfﬁi%ﬁlg m@ge%%%%%gr%ﬁgirate that candidates identified by the method
of the invention are functionally significant. The ALT cell line WI38 VA13 was
transfected with two shRNA constructs (SIGMA, Mission shRNA collection) targeting

the COUP-TF2 gene. COUP-TF2 is an orphan nuclear receptor identified as a novel

5  chromatin associated factor in Example 2 (shown in bold in Table 2). Cells were co-
transfected with a green fluorescent protein construct to identify those which had been
successfully transfected. 96 hours post-transfection, the cells were fixed and dual

stained with an anti-rap1 antibody (rabbit polyclonal ab4181, AbCam) to detect

telomeres and an anti-PML antibody (mouse monocional PGM3, Santa Cruz) to identify

10 PML-bodies. The localisation signal was developed using donkey anti-rabbit-Cy3 and

donkey anti-mouse-Cy5 polyclonal antibodies (Jackson Labs).

As shown in Figure 3, PML and Rap1 signals co-localise in untransfected cells

(identified by lack of GFP staining). However, in GFP-positive cells, the two signals no
15  longer co-localise. This demonstrates that COUP-TF2 is required for localizing

telomeres to PML bodies in ALT cells. PML bodies have been associated with many

nuclear functions including: transcription, DNA repair, virai defence, stress, cell cycle

regulation, proteolysis and apoptosis. Hence, the ability to inhibit localisation of

telomeres to PML bodies in cancer cells may provide an important route to cancer
20  therapy.

Further knockdown experiments using shRNAs specific for the TR4 gene (another

novel factor identified herein) have shown the similar resuits as for COUP-TF2. These

results suggest that COUP-TF2 and/or TR4 can act as critical mediators of telomere
25  localisation to PML bodies in vivo.

Further experiments (not shown) have demonstrated that these effects are not cell line-
specific as knockdowns of COUP-TF2 or TR4 have exactly the same effect in the
Saos-2 osteosarcoma ALT cell line, as in the WI38VA13 cells.
30
Using the methodology of the invention for targeting of polypeptides and proteins that
associate with telomeric sequences resulted in the identification of a significant number
of associated proteins. . Nevertheless, the methods of the invention also demonstrate
utility when adapted to target single copy sequences, where it is anticipated that
35 smaller numbers of proteins may be identified. In these cases, the methods of the

invention lead to identification of interaction pathways that can be used to develop



rest corepressor 1 (protein corest) N GLYC serine hydroxymethyltransferase N GLYM serine
hydroxymethyltransferase, mitochondrial precursor N SPB12 serpin b12. N SIAS sialic acid synthase
N Q7Z5A3 small nuclear ribonucleoprotein sm dl N SMD3 small nuclear ribonucleoprotein sm d3 ( N

075141 Sr%ggldﬂy%%@@l%vlﬁﬁtang)’&% EIEﬁBi;Ty framework, and hence identify the most

chemically tractable components of a gene control pathway.

Example 4
5
Preparation of the chromatin template by uitra-sonication
The present example provides an alternative method for preparation of the chromatin
fragments to that described in Example 1.
10

The following volumes and numbers are given for one purification (that is ~3.10° cell
equivalent): Cells were centrifuged at 2000g for 2 minutes at room temperature and
pellet was resuspended into the same peliet volume of 1X PBS-0.5%Triton X-100 and
90 pi of RNaseA (Qiagen 100mg/ml) were added. Cells were incubated for 60 minutes

15 at room temperature with shaking then at 4°C for 12-16 h. Cells were washed 6 times
in PBS. Cells were equilibrated in LBJD solution (10 mM HEPES-NaOH pH 7.9; 100
mM NaCl; 2mM EDTA pH 8; 1 mM EGTA pH 8; 0.2% SDS; 0.1% Sarkosyl, protease
inhibitors) and pellet was resuspended into 55% pellet volume of LBJD solution.
Samples were sonicated (Micro-tip, Misonix 3000) using the following parameters:

20  Power setting 7 (36-45 Watts), 15 seconds constant pulse and 45 seconds pause for a
7 minutes total process time. Sample was collected by centrifugation at 160009 for 15
minutes at room temperature. Chromatin sample was then applied to Sephacryl S-400-
HR spin columns and incubated at 58°C for 5 minutes.

25 LBJDLS (10 mM HEPES-NaOH pH 7.9; 30 mM NaCl; 2 mM EDTA pH 8; 1 mM EGTA
pH 8; 0.2% SDS; 0.1% Sarkosyl, protease inhibitors) pre-equilibrated streptavidin
beads were added (Pierce Uliralink streptavidin, 0.5ml) and the sample was incubated

for 2h at room femperature. Beads were discarded and supernatant was saved.

30  Although particular embodiments of the invention have been disclosed herein in detail,
this has been done by way of example and for the purposes of illustration only. The
aforementioned embodiments are not intended to be limiting with respect to the scope
of the appended claims, which follow. It is contemplated by the inventors that various
substitutions, alterations, and modifications may be made to the invention without

35  departing from the spirit and scope of the invention as defined by the claims.



steroid hormone receptor errl1 N STML2 stomatin-like protein 2 (slp-2) N STIP1 stress-induced-phos
phoprote in 1 N SODM superoxide dismutase N TADBP TAR DNA binding protein 23 N TCPH
t-complex protein 1 subunit eta N KITH thymidine4Rinase, cytosolic N P66B transcriptional repressor

P66 beta (ARG8T NohfefalZs EANR0E Urd N R Bidiing factors from a HeLa cell line

Previously known
Short form to associate with
name/Uniprot entry telomere
name Description of factor chromatin?

116 kda u5 small nuclear ribonucleoprotein

U581 component N

QOP037 14.3.3 eta N

1433G 14.3.3 Gamma N
26s proteasome non-atpase regulatory

PSD10 subunit 10 N
26s proteasome non-atpase regulatory

PSDS subunit 5 N
acidic leucine-rich nuclear phosphoprotein

AN32B 32 family member b N
acidic leucine-rich nuclear phosphoprotein

AN32E 32 family member e N

AY892677 1 ADP-ribosylation factor 3 N

ARF5 adp-ribosylation factor 5 N
ap endonuclease 1 (Component of the SET
complex, which also contains SET, ANP32A,

APEX1 HMGB2 and NME1) N

AURKB Aurora-B N
Basic leucine zipper and W2 domain-

Q15394 containing protein 1 N

BOREA borealin N
Calcyclin-binding protein (s100 binding

CYBP protein) N

CLIC1 chioride channel nuclear N

RCC1 chromosome condensation protein 1 N
cohesin subunit sa-2 (stromal antigen 2)

STAG2 (scc3 homolog 2) N

DBPA Cold shock domain-~containing protein A N
Cold-inducible RNA-binding protein (UV

CIRBP repair protein ?) N
condensin complex subunit 3 (chromosome-

CND3 associated proiein g) N

Q5HYH5 cpstb N

CPSF6 cpsf6 (in paraspeckles) N

Q5U5J2 CSNK2A1 protein (kinase) N
Cullin-associated NEDD8-dissociated

CAND1 protein 1 N

Q4R5B9 MACFA Cyclin A/ICDK2-associated protein p19 N

DDX1 ddx1 N

OTUBH1 Deubiquitinating enzyme OTUB1 N
dna-directed rna polymerase i 135 kda

RPA2 polypeptide N
dna-directed rna polymerase i largest

RPA1 subunit N
dna-directed rna polymerase i-associated

RPF53 factor 53 kda subunit N

RPB5 dna-directed rna polymerase ii 23 kda N




u4/u6 small nuclear ribonucleoprotein prp31 N U33K uba/ubx 33.3 kda protein N UCHL1 ubiquitin
carboxyl-terminal hydrolase isozyme 11 N Q7KZSO ubiquitin-conjugating enzyme e2i (ubc9 homolog,
yeast) N UAP1 udp-n-acetylhexos am ine pyrophd&phorylase N CTO77 uncharacterized protein

c200rf77 N-Q1I7R98 U‘ﬁ'r(ﬁ"‘\f’rgl N 484+ witltams=beuren-syndrome-chromosoeme region 1 protein N
053RRS ywhaa - 08N279 2 G S SI0 P hcray repar cross-
XRCC1 complementing protein 1 N
DCTN2 dynactin subunit 2 N
ELAV1 ELAV-like protein 1 N
PA2G4 ErbB3-binding protein 1 (binds AR and NCL) N
eukaryotic initiation factor 5a isoform i
Q7Z41L1 variant a N
eukaryotic translation initiation factor 5a
Q53HJ5 variant N
IF6 eukaryotic translation initiation factor 6 ( N
exportin-1 (exp1) (chromosome region
XPOA1 maintenance 1 protein homolog). N
FA50A FAM50A N
FUBP1 Far upstream elemeni-binding protein 1 N
FUBP2 far upstream element-binding protein 2 N
fibrillarin(rRNA 2'-O-methyltransferase
FBRL fibrillarin) N
LEG7 Galectin-7 N
Glutamate-rich WD repeat-containing protein
GRWDA1 1 N
AB002283 1 hMBF1b N
HMG1X hmg1110 N
HDGF hmg112 N
Q5T6U9 HMGA1 N
Q75MM1 hmgb1 N
Q96J53 hmgb2 protein N
HMGB3 hmgb3 protein N
Q55WC6 hp1-bp74 (fragment) N
Q59FTO0 hypothetical protein N
QOUFCO Hypothetical protein DKFZp434K1815 N
Q53RR5 hypothetical protein ywhag N
IMB1 importin beta-1 subunit N
075141 kiaa0650 protein (SMCHD1) N
LRC41 Leucine-rich repeat-containing protein 41 N
Q5VLR4 Lung cancer oncogene 7 N
PIR makes dots in the nucleus N
Meiotic recombination REC14 protein
WDRG61 homolog (check out ski8 exosomes etc..) N
Q8NI90 member ras oncogene family. N
Nascent polypeptide-associated complex
NACA subunit alpha interacts with smyd1 N
SEPT 2 NEDD5 N
NUDC Nuclear distribution protein C homolog N
nuclear mitotic apparatus protein 1 (numa
NUMA1 protein) N
UBF1 Nucleolar transcription factor 1 N
ORC1 origin recognition complex N
ORC2 origin recognition complex N
ORC3 origin recognition complex N
ORC4 origin recognition complex N




N ZA2G zinc-alpha-2-glycoprotein precursor N RMI1 protein rmil homolog N SSB single-stranded
dna-binding protein, mitochondrial precursor (mt-ssb) N RECQ1 atp-dependent dna helicase q1 N
COT1 coup-tf1 N COT2 coup-tf2 N TR4 orphan nydlear receptor tr4 N ERCC1 dna excision repair

protein eng éﬁ" EREC4A4dna r._c“'.;l'rr en lo.rtic%ne]";; xpF-Y-RADSO-tha .tpﬂ.. protetn rad50 Y PARP1
Arn—fa
poly [adpr arkinson dféease protein 7 b?\ﬁmAR’
PARK7 DAXX N
peptidyl-prolyl cis-trans isomerase nima-
PIN1 interacting 1 N
PCNP pest-containing nuclear protein N
PP1G PP1c gamma N
SMCA1 probable global transcription activator snf2l1 N
Programmed cell death protein 4 (Nuclear
Q99834 antigen H731-like) N
PDCD6 Programmed cell death protein 6 N
PSA7 Proteasome subunit alpha type 7 N
PSA7L proteasome subunit alpha type 7-like N
PSB6 proteasome subunit beta type 6 precursor N
PIAS1 protein inhibitor of activated stat protein 1 N
protein rcc2 (telophase disk protein of 60
RCC2 kda) N
PTD4 Putative GTP-binding protein 9 N
PEBP1 Raf kinase inhibitor protein N
AB051846_1 Raichu404X-ras rab related N
RAB10 ras-related protein rab-10 N
RAB35 ras-related protein rab-35 N
RABS5C ras-related protein rab-5¢ N
RABGA ras-related protein rab-6a ( N
Q5T3J3 receptor-interacting factor 1 protein N
Q6PAU7 ribosomal prot related N
rna-binding protein fus (oncogene fus)
FUS promotes D-loop formation N
FKBP5 rotamase N
PPIB rotamase (prolyl-isomerase) N
Serine/threonine-protein kinase PRP4
PRP4B homolog (interacts with snw1) N
Serine/threonine-protein phosphatase 1
regulatory subunit 10 makes dots in the
PP1RA nucleus N
SNW domain-containing protein 1 (Invoived
in vitamin D-mediated transcription. Can
function as a splicing factor in pre-mRNA
ISNW1 splicing.) N
SF3B1 Splicing factor 3B subunit 1 N
SF3B3 splicing factor 3b subunit 3 N
SFRS9 splicing factor, arginine/serine-rich 9 N
Staphylococcal nuclease domain-containing
protein 1 (contains tudor domains ,RISC
SND1 member in elegans) N
structural maintenance of chromosome 1-
SMC1A like 1 protein N
SMC3 structural maintenance of chromosome 3 ( N
TADBP TAR DNA-binding protein 43 N
RBP56 tata-binding protein-associated factor 2n N
Q96QB7 tc4 protein (ran) N
THOC4 tho complex subunit 4 N




Y RFC4 replication factor ¢ Y BLM Bloom helicase Y in ALT RAD9A cell cycle checkpoint control
protein rad9a Y in ALT HUS1 checkpoint protein husl Y in ALT RAD1 DNA repair exonuclease radl
homolog Y in ALT Q96MF7 MMS21 homolog Yin ALT Q%SBS smc6 protein Yin ALT TOP3A

topoisomy n L&)cwll%ell Sp=300 Yin W_I Pivi
histone hZgfype 1-0 Y Q6F nsz ﬁﬁ?@c%&or protein 1 N

TAGL2 Transgelin-2 (nuclear membrane) N
transmembrane emp24 domain-containing

TMEDA protein 10 precursor N

TCOF Treacher Collins syndrome protein N
tRNA (cytosine-5-)-methyliransferase

QINXD9 NSUN2 N
U2 small nuclear ribonucleoprotein A'

RU2A (interacts with hnf1a) N

UBE1 Ubiquitin-activating enzyme E1 N

KCY UMP-CMP kinase N
Uncharacterized protein C140rf21 (contains

CNO021 pumillo repeats) N
V-set and immunoglobulin domain-

Q5VU13 containing protein 10 N

QBUXNS WD repeat protein 82 (interacts with CUL4B) N

Q2F831 YWHAZ. N
atpase wrnip1 (werner helicase-interacting

WRIP1 protein) Y

DHX15 dhx15, interacts with LA Y

NAT10 n-acetyliransferase 10 Y

RAD50 dna repair protein rad50 Y

NBN NBS1 Y

PARP1 parp1 protein Y

NOLA1 snoRNP at telomere Y

NOLA2 snoRNP at telomere Y

SP100 sp100 protein Y in ALT cells

pml Yin ALT H2A1D

Table 2 — Telomere associated chromatin binding factors from the WI38 VA13

cell line (an ALT phenotype cell line)

Previously known

Short form to associate with
name/Uniprot entry telomere
name Description of factor chromatin?
14-3-3 protein/cytosolic phospholipase a2
Q6LD62 protein N
acidic leucine-rich nuclear phosphoprotein
AN32E 32 family member e N
APIS apoptosis inhibitor 5 ( N
ATRIP ATR interacting protein N
BTBDC btb/poz domain-containing protein 12 N
QOBE14 c160rf75 protein N
Q5VYV7 C200rf94 protein N
QBNXNS C5orf25 protein N
QO6HY3 calm 1 protein N
QOBRL5 calm3 N
PEBB CBF-beta N




Y Q99525 histone h4 Y Q6DRA9 histone h4/o Y Table 3 Telomere associated chromatin binding
factors identified as common to both the HelLa (telomerase phenotype) and WI38 \(A13 (ALT
phenotype) cell line Short form name/Uniprot entryhame Description of factor Previously known to

assoqiate AR j't'%?gr%%ﬂﬁ&h% prgf‘.&ni“lBCi?SES].z:r_]: "4;3;%%6_? N Q4VJ86114_-3;S
protein epsiton ISOformT trarTsript th 1] arrt()gdy%%?éf#ﬁ%by'du n-factor4-protein N 49 HCC1 cip
N CLIC1 nuplgas chloride ch ?&{péﬁ ) ig}@g:pmtem 4b N
CAF1B chromatin assembly factor 1 subunit b N
complement component 1 g subcomponent-
C1QBP binding protein N
CCNA2 Cyclin A2 N
dihydrolipoyl dehydrogenase, mitochondrial
DLDH precursor N
PRI2 dna primase large subunit N
DNJA1 dnaj homolog subfamily a member 1 N
DNJA2 dnaj homolog subfamily a member 2 N
DNJC9 dnaj homolog subfamily ¢ member 9 ( N
EAR2 ear2, nr2fé N
EMD emerin N
ETHE1 ethe1 protein N
Q53SC4 Ewing's tumor-associated antigen 1 N
FANCJ Fanconi Anemia Member J N
Q9BQAS8 g patch domain and kow motifs N
LEG1 galectin-1 N
TRAP1 heat shock protein 75 kda N
high mobility group protein 1-like 10 (hmg-
HMG1X 1110 N
HMGB3 high mobility group protein b3 N
HINT2 Hint2 N
HDAC?2 histone deacetylase 2 (hd2) N
Q75MM1 hmg1 N
ITAX integrin alpha-x precursor N
UCRP interferon-induced 17 kda protein precursor N
IDH3A isocitrate dehydrogenase N
kh domain-containing, rna-binding, signal
SAM68 transduction-associated protein 1 ( N
l-aminoadipate-semialdehyde
dehydrogenase-phosphopantetheinyl
ADPPT transferase N
Q5T974 LEM domain-containing protein 2 N
LASP1 lim and sh3 domain protein 1 (lasp-1) N
LONM lon protease homolog N
low molecular weight phosphotyrosine
PPAC protein phosphatase N
LSD1 lysine-specific histone demethylase 1 N
AB002283 1 MBF1beta N
MTA1 metastasis-associated protein mtat N
QouUJ54 Methionine adenosyltransferase 11 beta N
MBD3 methyl-cpg-binding domain protein 3 N
MORC3 morc3, nxp-2 N
negative elongation factor b (nelf-b) (cofactor
NELFB of brca1) . N
NAMPT nicotinamide phosphoribosyltransferase N




cyclophilin N CSRP1 Cysteine and glycine-rich protein 1 N DAXX daxx N DUT Deoxyuridine
5t-triphosphate nucleotidohydrolase N DDB1 dna damage-binding protein 1 (damagespecific
dna-binding protein 1) N DNJB1 dnaj homolog suk#family b member 1 N DNJCB8 dnaj hornoloq

subfamily

factor 5a-1

protein N

IIE””JCI O I\l U:ﬂ.

FD2enos lllt)l

rycléar recent Orinta %t‘%gpp 8%5”‘1 NTFS5

2 eukarMOIic translation initiation

\ InYalas) i
POZexporti

-LAg)wc) Umporun alphia re-exporte

[y (chrorgosome 3egregation 1-like

RZ 7 ALLIV 90 orp an nuc\:ﬂe%'r thor tr2 N
PTMS parathymosin. N
PEBP1 phosphatidylethanolamine-binding protein 1 N
PIAS1 PIAS1 N
PIAS3 PIAS3 N
PP25 placental protein p25 N

polynucleotide phosphatase/kinase

(polynucleotide kinase- 3'-phosphatase)
PNKP interacts with XRCC1 N
Q53FV0 prohibitin variant N
PIN1 Prolyl isomerase Pin1 N
FAB0A protein fam50a N
NIPS1 protein nipsnap1. N
PPME1 protein phosphatase methylesterase 1 N
AF054183 1 ran N
Q5T3J3 receptor-interacting factor 1 N

regulator of chromosome condensation
RCC1 (chromosome condensation protein 1) N
AB209732_1 replication protein A1, 70kDa variant N
RCOR1 rest corepressor 1 (protein corest) N
GLYC serine hydroxymethyltransferase N

serine hydroxymethyltransferase,
GLYM mitochondrial precursor N
SPB12 serpin b12. N
SIAS sialic acid synthase N
Q7Z5A3 small nuclear ribonucleoprotein sm d1 N
SMD3 small nuclear ribonucleoprotein sm d3 ( N
075141 smchd1 N
STMN2 stathmin-2 N
ERR1 steroid hormone receptor err1 N
STML2 stomatin-like protein 2 (slp-2) N
STIP1 stress-induced-phosphoprotein 1 N
SODM superoxide dismutase N
TADBP TAR DNA binding protein 23 N
TCPH t-complex protein 1 subunit eta N
KITH thymidine kinase, cytosolic N
P66B transcriptional repressor p66 beta (p66/p68) N
TAGL2 transgelin-2 N
PRP31 u4/us small nuclear ribonucleoprotein prp31 N
U33K uba/ubx 33.3 kda protein N

ubiquitin carboxyl-terminal hydrolase
UCHL1 isozyme I1 N

ubiquitin-conjugating enzyme e2i (ubc9
Q7KZS0 homolog, yeast) N
UAP1 udp-n-acetylhexosamine pyrophosphorylase N
CT077 uncharacterized protein c200rf77 N
Q17R98 unknown N




gm p synthase N HAT 1 histone acetyltransferase type b catalytic subunit N RBBP7 histone-binding
protein rbbp7 (retinoblastoma-binding protein 7) N Q5D862 ifapsoriasin (filacyin 2 N H2AY macroH2A
N BUB3 Mitotic checkpoint protein BUB3 (WD repétats) N 056700 peptidylprolylisomerase a, isoform 2

N PR_P19 pre-mrna-splicing T E;é'%e‘xf?éﬂ% [oyers g%p%&g,)e(nuclear maitrix proteipn 200) P RMT-1

protein N NeANM 1 PHB2 pk@ E\ HN5dtdh ME3 proteasome agtivator caqmplex spbunit 3 N CN166

Protein C14esEkeh ywhag N
Q8N279 Zinc Finger protein 64 N
ZA2G zinc-alpha-2-glycoprotein precursor N
RMI1 protein rmi1 homolog N

single-stranded dna-binding protein,

SSB mitochondrial precursor (mt-ssb) N
RECQ1 atp-dependent dna helicase g1 N
COT1 coup-tf1 N
COT2 coup-tf2 N
TR4 orphan nuclear receptor tr4 N
ERCC1 dna excision repair protein ercc-1 Y
ERCC4 dna repair endonuclease xpf Y
RAD50 dna repair protein rad50 Y
PARP1 poly [adp-ribose] polymerase 1 Y
RFC2 replication factor ¢ Y
RFC4 replication factor ¢ Y
BLM Bloom helicase Y in ALT
RADYA cell cycle checkpoint control protein rad9a Y in ALT
HUS1 checkpoint protein hus1 Yin ALT
RAD1 DNA repair exonuclease rad1 homolog Y in ALT
QIBMF7 MMS21 homolog Y in ALT
Q96SB8 smcB protein Yin ALT
TOP3A topoisomerase 3 alpha Y in ALT
SP100 nuclear autoantigen sp-100 Yin ALT
PML pml ‘ Y in ALT
H2A1D histone h2a type 1-d Y
QBFGB8 histone h4 Y
Q99525 histone h4 Y
Q6DRA9 histone h4/o Y

Table 3 Telomere associated chromatin binding factors identified as common to
both the HelLa (telomerase phenotype) and WI38 VA13 (ALT phenotype) cell line

Previously known
Short form to associate with
name/Uniprot entry telomere
name Description of factor chromatin?
1433B 14.3.3 Beta N
BC051814 1 14.3.3 zeta N

14-3-3 protein epsilon isoform transcript

Q4VJB6 variant 1 N
ARF4 adp-ribosylation factor 4 protein N




N SET Protein SET (interacts with ANP32A, APEX1, HMGB2 and NME1, but not NME2). N RAB1B
res-related protein rab-Ib N GDIR rho-gdi alpha N DDX5 ma helicase p68 N RBM8A ma-binding
protein 8a N SRP14 signal recognition particle 14 #da protein N HAP56 spliceosome ma helicase batl

(N SUMO3gigmo-3 N SMCAR;sai/sni-related matrix-associated gctin-degendent regulator of _
chromatin jgulfamily a membgiN dHeFR éearaplex protein 1 subunit beig N TCPP t-complex protein
1 subunit qeite/dh TCPE t-corplexHretein 1 subunit epsilon N
CSRP1 Cysteine and glycine-rich protein 1 N
DAXX daxx N
Deoxyuridine 5'-triphosphate
DUT nucleotidohydrolase N
dna damage-binding protein 1 (damage-
DDB1 specific dna-binding protein 1) N
DNJB1 dnaj homolog subfamily b member 1 N
DNJC8 dnaj homolog subfamily ¢ member 8 N
Q96FD2 enos interacting protein N
IF5A2 eukaryotic translation initiation factor 5a-2 N
exportin-2 (exp2) (importin-alpha re-
exporter) (chromosome segregation 1-like
XPO2 protein N
SPT16 fact N
SSRP1 fact N
GUAA gmp synthase N
histone acetyltransferase type b catalytic
HAT1 subunit N
histone-binding protein rbbp7
RBBP7 (retinoblastoma-binding protein 7) N
Q5D862 ifapsoriasin (filaggrin 2 N
H2AY macroH2A N
Mitotic checkpoint protein BUB3 (WD
BUB3 repeats) N
Q567Q0 peptidylprolyl isomerase a, isoform 2 N
pre-mrna-splicing factor 19 (prp19/pso4
PRP19 homolog) (nuclear matrix protein 200) N
ANM1 PRMT-1protein N
PHB2 prohibitin-2 N
PSME3 proteasome activator complex subunit 3 N
CN166 Protein C140rf166 N
Protein SET (interacts with ANP32A,
SET APEX1, HMGB2 and NME1, but not NME2). N
RAB1B ras-related protein rab-1b N
GDIR rho-gdi alpha N
DDX5 rna helicase p68 N
RBMS8A rna-binding protein 8a N
SRP14 signal recognition particle 14 kda protein N
UAP56 spliceosome rna helicase bat1 ( N
SUMO3 sumo-3 N
swi/snf-related matrix-associated actin-
dependent regulator of chromatin subfamily
SMCA5 a member 5 N
TCPB t-complex protein 1 subunit beta N
TCPD t-complex protein 1 subunit delta N
TCPE t-complex protein 1 subunit epsilon N




N 50 TCEAL Transcription elongation factor S-II protein 1 N TIF1B transcription intermediary factor
1-beta N TERA Transitional endoplasmic reticulum ATPase (interacts with WRN helicase) N TM109
transmembrane protein 109 precursor N UBP7 ubfduitin carboxyl-terminal hydrolase 7 N ULE1A

ubiquitin-likeck#activating enzlyrmg&lpadsuegalioacidating go@rme subunii) N 08YvV43 unknown

contains w

gd4Qgepeats (vagu

eheEnglegitpriaSiby rHaes)-bed-4H willlams-Reuren's

yndrome

chromosome region 1 proteinm ka3 Ramfiemnircslldivision cycle protein 73 homolog) N

OBFC1 ob

TéRAcontaining prgteanedtNvitiiBXdhBrdsex 1 protein N
TM109 transmembrane protein 109 precursor N
UBP7 ubiquitin carboxyl-terminal hydrolase 7 N
ubiquitin-like 1-activating enzyme e1a
ULE1A (sumo-1-activating enzyme subunit 1) N
unknown contains wd40 repeats (vague
Q8WV43 homology to CSA, xrcc8) N
williams-beuren syndrome chromosome
IF4H region 1 protein . N
parafibromin (cell division cycle protein 73
CDC73 homolog) N
OBFC1 ob fold containing protein 1 N
HMBX1 hmbox1 protein N
CBX5 hp1 alpha N in human
CBX1 hp1 beta N in human
CBX3 hp1 gamma N in human
LA autoantigen LA Y
DCR1B Appolo Y
dna mismatch repair protein msh2 (muts
MSH2 protein homolog 2) Y
PRKDC DNA-PKc Y
MRE11 double-strand break repair protein mre11a Y
FEN1 flap endonuclease 1 Y
KU70 ku proteins Y
KU86 ku proteins Y
MCM2 mcm protein Y
MCM3 mcm protein Y
MCM4 mcm protein Y
MCM5 mcm protein Y
MCM6 mcm protein Y
MCM7 mcm protein Y
PCNA pcha Y
POTE1 POT1 protein Y
TE2IP rap1 protein Y
RFA1 replication factor a Y
RFA2 replication factor a Y
RFC5 replication factor ¢ subunit 5 Y
TINF2 TIN2 protein Y
ACD TPP1protein Y
TERF1 trf1 protein Y
TERF2 irf2 protein Y
CDC2 cdk1 protein Y in yeast
H2A1A histone h2a type 1-a. Y
H2A1B histone h2a type 1-b Y
histone h2b type 1-a (histone h2b, testis)
H2B1A (testis-specific histone h2b) Y




N CBXS5 hp1l alpha N in human CBX1 hpl beta N in human CBX3 hpl gamma autoantigen LA N in
human Y LA DCR1B Appolo Y MSH2 dna mismatch repair protein msh2 (muts protein homolog 2) Y
PRKDC DNA-PKG Y MRE11 double-strand breakMepair protein mrella Y FENL1 flap endonuclease 1

Y KU70 kulipgeigins Y KUB6 KulsphiensybMGM2s 1) Y
H2B1C histone h2b type 1-c/eff/g/i Y
H3T histone h3 Y




mcm protein Y MCM3 mcm protein Y MCM4 mcm protein Y MCM5 man protein Y MCM6 mcm protein
Y MCM7 mcm protein Y PCNA pcha Y POTEL POT1 protein Y TE2IP rapl protein Y RFAL replication
factor a Y RFA2 replication factor a Y RFC5 replication factor ¢ subunit 5 Y TINF2

10

15
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CLAIMS

1. A method for isolating one or more polypeptides associated with a target nucleic acid

sequence comprising:

(a) obtaining a sample that comprises a target nucleic acid sequence and one or more
chromatin associated polypeptides that are associated with the target nucleic acid

sequence, in which the target nucleic acid sequence is comprised within chromatin;

(b) contacting the sample with at least one oligonucleotide probe that comprises a
sequence that is complimentary to and capable of hybridising with at least a portion of
the target nucleic acid sequence, in which the oligonucleotide probe comprises at least
one locked nucleic acid (LNA) nucleotide and in which the oligonucleotide probe

further comprises at least one affinity label;

(c) allowing the at least one oligonucleotide probe and the target nucleic acid sequence

to hybridise with each other so as to form a probe-target hybrid;

(d) isolating the probe-target hybrid from the sample by immobilizing the probe-target
hybrid through a molecule that binds to the at least one affinity label; and

(e) eluting the one or more chromatin associated polypeptides that are associated with

the target nucleic acid sequence.

2. A method according to Claim 1, in which the target nucleic acid sequence comprises

eukaryotic DNA.

3. A method according to Claim 1, in which the target nucleic acid sequence comprises
RNA.

4, A method according to Claim 2, in which the eukaryotic DNA is mammalian DNA.

5. A method according to Claim 1, in which the target nucleic acid sequence comprises viral

derived sequences integrated into mammalian DNA.

6. A method according to any preceding claim, in which the affinity label is selected from the
group consisting of biotin or an analogue thereof; digoxigenin; fluorescein; dinitrophenol; and an

immunotag.

7. A method according to Claim 6, in which the biotin analogue is desthiobiotin.



TIN2 protein Y ACD TPPIprotein y TERF1 trfl protein Y TERF2 trf2 protein Y CDC2 cdkl protein Yin
yeast H2A1A histone h2a type 1-a. Y H2A1B histone h2a type 1-b Y H2B1A histone h2b type 1-a
(histone h2b, testis) (testis-specific histone h2b) Y 51 H2B1B histone h2b type 1-b (h2b.f) Y H2B1C
histone h2b type 1-c/e/f/g/i Y H3T h stone h3V 52 53
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8. A method according to any preceding claim, in which the probe-target hybrid is
immobilized through a molecule that binds to the at least one affinity label and which molecule is

attached to a solid substrate.
9. A method according to Claim 8, in which the solid substrate comprises a microbead.

10. A method according to Claim 9, in which the microbead is capable of being magnetically

separated from a solution.

11. A method according to any preceding claim, in which the oligonucleotide probe sequence

comprises more than one LNA nucleotide.

12. A method according to any preceding claim, in which the oligonucleotide probe includes

around 50% LNA nucleotide residues.

13. A method according to any preceding claim, in which the affinity label is conjugated to the
oligonucleotide probe via a spacer group having between about 40 and about 170 atoms; more
suitably between about 70 and 130 atoms; more typically between about 90 and about 120 atoms;

suitably between about 100 and about 110 atoms.

14. A method according to any preceding claim, in which the one or more chromatin
associated polypeptides associated with the target nucleic acid sequence are exposed to conditions
that result in crosslinking of the one or more chromatin associated polypeptides prior to the step of
exposing the sample to the oligonucleotide probe, and in which the crosslinking is reversed prior

to the step of eluting the one or more chromatin associated polypeptides.
15. A method according to any preceding claim, further comprising an additional step of:

(f) analysing the eluted one or more chromatin associated polypeptides to determine

their identity.
16. A method according to Claim 15, in which the analysis includes mass spectrometry.
17. An oligonucleotide probe comprising at least one group that conforms to general formula

I, set out below:

A—[Cln—X I



CLAIMS 1.A method for isolating one or more polypeptides associated with a target nucleic acid
sequence comprising: (a) obtaining a sample that comprises a target nucleic acid sequence and
one or more 5chromatin associated polypeptides that are associated with the target nucleic acid
sequence, in which the target nucleic acid sequence> comprised within chromatin; (b) contacting the
sample with at least one oligonucleotide probe that comprises a sequence that is complimentary to
and capable of hyb?i&i@}ﬁ‘“g%v}ﬂel&éféggee?fp@&fsﬁféfltwelﬂg?&émﬁaei A LRRGHERESY i WifER the
oligonucleotide probeupanprsgssah lkagihl dansdeakadpsiglec.agishduNAonusiegtidedansgiseswhich the
oligonucleotide pr betfurther com ristes. at lFast ne ﬁl]ffinité/l Iatbgl;x(gg lo ilagr.lé)he athletagt one
oligonucleotide pro 5B'Ehd the' arrngé]tonal%c &€ deid 'lscequgﬁl}:le 3 ﬁbrillsae With et bti8r'sd as to form a
probe-target hybridLNA). (d) isolating the probe-target hybrid from the sample by immobilizing the
probe-target 15hybrid through a molecule that binds to the at least one affinity label; and (e) eluting
the oneor mMére cH¥BRiEaMssaBidarsebpotypelndiestnbn dreinsdvehdhedavigr thecterge fiutisie acid
sequence. % AHpethad-asaonaing tothaimdalpiypicihdhefangetipugleimacidspamance comprises
eukaryotic DNA. 2 3.,01 method according to Claim 1, in which the target nucleic acid sequence
comprises KA R%ethod according to Claim 2, in which the eukaryotic DNA is mammalian DNA.
5. A method according to Claim 1, in which the target nucleic acid sequence comprises viral derived
sequences i]rﬁegra@bogfﬁ%nﬁﬁﬁﬁ?ﬂ%\ﬁé‘??ﬁ\cl‘)?@%Fﬂ%@]&&’ ToBiehibe o UM APHesEgiNg claim, in which
the affinity labehisbéslected from the group consisting of biotin or an analogue thereof; digoxigenin;
fluorescein; dinitrophenol; and an immunotag. 7.A method according to Claim 6, in which the biotin
analogie is Hesthiakiotigonb3e @idd pridthd: acahichin g igeastyl poacekdingselambéowhich the probe-target
hybrid is immobilized through a molecule that binds to the at least one affinity label and which
molecule is attachgd tg @ golidsubstrate. 9. A method according to Claim 8, in which the solid
substrate comprises a microbead. 510.A method according to Claim 9, in which the microbead is

capable of being magnetically saparatad ko asaludancdlo Himsthac.agerdiRado vryapreceding
claim, in which the oligonucleotide probe sequence comprises more than one LNA nucleotide. 12.

A method accordinaeaH I ELBMHY A MGA (ML HE ARG SR P AGBE!FRAMERP Y around
50% LNA nucleotiderasifisethe dBgdibRihial sapeidiny @apyifngeeding olan]dotwbicht thieaffinity
label is conjugated to the aligonycleoti robe via a spacer group, having between about 40 and
aboutj% atoms; fargger%StSllﬁ)ta“bahr}%u v%)eg(%'?l %u%%c}:ﬁ%g% ag?orrﬁus[%l?ﬁ%(rlee%ypically between about 90

and about 1210 atomﬁroi%%@b[cﬁ?gt%e@l’&ﬁbﬂﬂﬁwﬁéﬁg @lei%%l& HOMRicotides are locked nucleic

acid nucleotides.

22. A probe according to Claim 20 or 21, in which the oligonucleotide is at least 25
nucleotides in length and comprises around 50% LNA and 50% DNA nucleotides.

20 23. A probe according to any of Claims 20 to 22, in which the carbon spacer group is linked to

the 5' nucleotide of the oligonucleotide probe.

24. An oligonucleotide probe that comprises a group that conforms to general formula 11, set

out below:



1514.A method according to any preceding claim, in which the one or more chromatin associated
polypeptides associated with the target nucleic acid sequence are exposed to conditions that result in
crosslinking of the one or more chromatin associated polypeptides prior to the step of exposing the
sample to the oligonucleotide probe, and in which th&crosslinking is reversed prior to the step of
eluting the one or more chromatin associated polypeptides. 2015.A method according to any
preceding claim, furtger comprising an additionaBstep of: (1) analysing the eluted one or more chromat
n assoc ated polypeptides to determine their identity. 16. A method according to Claim 15, in which the
analysis includes mass spectrometry. 17. An oligpnucleotide probe comprising at least one group that
conforms to general formula 25I, set out below: A[ C InX 54 in yyjpich A includes one or more affinity
labels tethered to a E(Lé leotide X by a spacer gr f n atoms in length; n is between about 40 and
about 170 atoms; A prises a hapten or an immufotag; and in which the nucleotide X is a locked
ribonucleotide (LNA).|518.An oligonucleotide probe according to Claim 17, in which the hapten is
selected from one othe group consisting of bioti% or an analogue thereof; digoxigenin; fluorescein;
and dinitophenol. 19.An oligonucleotide probe actording to Claim 18, in which the biotin analogue is
desthiobiotin. 1020.An oligonucleofidé, probe thaconforms to general formula |1, set out below: B[ C
InYIl in which B is a an affinity label that is tethered to oligonucleotide sequence Y via a spacer group
comprising a linear chain of n atoms; n is between about 40 and about 170 atoms; the oligonucleotide
sequence Y compiisiibich Rayd Bo Reludotalipiniahsl hahisihsse it shitass L locked
nucleic acid nucleotigestiv@hudlrohs Acearivigy topickaintolds i0 mdich af teasin? icaktheanddleotides
are locked nucleic aﬁi%n[Fcleotlidetsd ? Ad be accorgi(rilg to Cllaim 2010r %1, l‘E .vvt{;chfthe
oligonucleotide is at 1&ast 25 ucleotiaed i enaé‘fhs%?r?crla fomﬁr?%’s%%‘ﬁ% B985 1A ahdP509% DNA
nucleoties. 2023.Auploidacodedgily, toharsypak GiavasnZ0atel 29; thewhodévthiescarboamsiéddemgroup is
linked to the 5' nu%?eostllql?e%fr%&&QQPM;@E@%% w@%ﬁ?’%?\% glﬂzgg{}ﬂg@%gg prob_e that comprises a

group that conforms to general formula Ill, set out Wi p in which B and B' include an affinity
label that is the saf¢eo@itfaksiptidena didery yabpaesivetifydedtdesadaemmclytigadai dtoups C and
C' of n atoms in length; and in which the nucleotides Z and W are separated by an oligonucleotide
chain V of p8nucldBtRlEL ARt PRRE AS ST Iscfea o 4ri wb&%&&&f@r&&ﬂa@ 2593?%% V being
the same orfdiffdrent anenseldcied huitalblyufiom desibohistieatigesigetiapRyviketriicelotioe, a
dideoxy(gibog%q%%q%&@nd a locked ribonucleotide (LNA). 25. An oligonucleotide probe according to
Claim 24, in which the affinity label is selected from biotin or an analogue thereof, such as

desthiobiotin; digoxigenin; fluorescein: and/or, 10dinitophenal. ,26. An oligonycleotide probe according
o Claim 243 25, 1O T B e LB 25 e B BB et
that nucleotidePriseptes e piezsnaiaiciemide Iih theh ditjonclersiderprsbrnts therS myplettidd of
identifying aychsamatin asaeeidird polypeptide that associates with a specific 15region of chromatin in

the genome of a eukaryotic cell, comprising: (a) identifying a target nucleic acid sequence present in
the specific f@g'onQWQMH&Ming%Mf&%%Bciated polypeptide that associates with a specific

15  region of chromatin in the genome of a eukaryotic cell, comprising:

(a) identifying a target nucleic acid sequence present in the specific region of

chromatin in the eukaryotic cell;

(b) constructing an oligonucleotide probe sequence that specifically hybridises with at

least a portion of the DNA sequence located within the specific region;

20 (c) utilising the oligonucleotide probe in a method according to Claim 1 so as to isolate
one or more chromatin associated polypeptides associated with the specific region of

chromatin; and



(b) constructing an oligonucleotide probe sequence that specifically hybridises with at least a portion of
the DNA sequence located within the specific region; 20(c) utilising the oligonucleotide probe in a
method according to Claim 1 so as to isolate one or more chromatin associated polypeptides
associated with the specific region of chromatin; and®%6 (d) analysing the one or more isolated
chromatin associated polypeptides so as to identify a chromatin associated polypeptide that
associates with thé 8FeaHHITB J6IP Y ChRATIRIAISB X HREtHLE B FdiRG B RIXIR P75 Pwhich the
specific region of qasaaTaticERMALISASORBEDHINYE Gl dhien 010N R SISHiNG Ofh & iRdaBesa ofl
centromere, euchrohmatin;. heterochromatin; a gene; a repeat sequence; a heterologously inserted
sequence; and an (fnfgrgr]lraatﬁré‘d viral genome. 29. A method according to Claim 27 or 28, in which the

chromatin aggociated, pRIVPERIAE INALARROSHIES WL ASBREIHE Fggfq '_%9%&95%@95\43&%&%@@

screened for enzymic activity. 30.A method according to any of Claims 27 to 29, in which the

chromatfin a85BEFteHOPBIATEp e thak A4S0rIaie S RATT AMSHe R TgIbR: SEERPeRRITHFS fdentified as
a drug targetendla Apnaethge afcsenesningetars madudlpiequehapigrnaticaativlyvaangprising: isolating a
chromatin associated polypeptide that is identified as associating with a specific region of chromatin in

the genomexof a eukarylicacell ascasdingnio adnadhadWafany.ehfoiaims 24Ht93Q:pbBgepiasting the
isolated chromatin associated . 1%?[%%?({)%(3 with one %r more compounds from a library of compounds;

and identify g CBIRpBLIRASAA B A HEHU A T REART O the feBlkdt ¥¥omatin associated

polypeptide as modulators of epigenetic activity. 32. A method according to Claim 31, in which the

isolated chrofhatina ¥ BORP LN DO1A 8BS REIRd Hah BB B A IECGHiAES 8 tng of: Hint2;
GMP siihthaséypepidicRenladdBSR%Es RRMalhe8 - teghurof ahkimasa B;idciERddand dilgAhrgd3. A method of
characterising the biological activity of a chromatin associated polypeptide comprising the steps of:
isolating a chromafimassaciaieepohgpeptide thatds idepiitindiascassoctatingivith a 25specific region of
chromatin in the genome of a eukaryotic cell according to a method of any of Claims 27 to 30;
obtaining the nuclgigagith senvensenfassthe el poiain esociated PelyeeRligeo fiiptemuging the
antisense nucleic acid sequence [nto a euykaryotic cell so as to reduce expressign of the chromatin
associated polypeptité'ih O&Hélaf SHetR Y éﬁﬁ)gg?l(gﬁfsﬂ?& ﬁﬁ‘gaﬁﬁ%th%‘ffiﬁé‘cé:f’f D2iAaRIERCLell so as
to determine the bigflagyoat @ktiviy?2 dftdls®,chromatin associated polypeptide. 534.A method according to
Claim 33, in which the antisense nucleic acid sequence comprises an siRNA oligonucleotide. 35.A
methodSaccording tondasying Graisnk@8 chramajmwssietialed pelkaepitie well me onaonnedianaeils

from a library of compounds; and

identifying compounds that bind to and modulate the activity of the isolated chromatin

associated polypeptide as modulators of epigenetic activity.

32. A method according to Claim 31, in which the isolated chromatin associated polypeptide
20 s selected from one of the group consisting of: Hint2; GMP synthase; Pri2; Fenl; USP7; PRMTI;
Pin-1; Aurora kinase B; LISP1 and MTAL.

33. A method of characterising the biological activity of a chromatin associated polypeptide

comprising the steps of:

isolating a chromatin associated polypeptide that is identified as associating with a
25 specific region of chromatin in the genome of a eukaryotic cell according to a method

of any of Claims 27 to 30;
obtaining the nucleic acid sequence for the chromatin associated polypeptide;

generating an antisense nucleic acid sequence that is complementary to all or a part of

the nucleic acid sequence for the chromatin associated polypeptide;
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introducing the antisense nucleic acid sequence into a eukaryotic cell so as to reduce

expression of the chromatin associated polypeptide in the eukaryotic cell; and

analysing the phenotype of the eukaryotic cell so as to determine the biological activity

of the chromatin associated polypeptide.

34. A method according to Claim 33, in which the antisense nucleic acid sequence comprises

an siRNA oligonucleotide.

35. A method according to any of Claims 33 to 34, in which the eukaryotic cell is a

mammalian cell.



