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WD 2009/ 024781PCT/ GB2008/ 002821 1 | SOLATI ON OF PROTEI N
FACTORS THAT ASSCOCI ATE DI RECTLY OR | NDI RECTLY W TH

WORIGAE24Z8IACI DS 5 HELD The invention rel ates toPEEEBY®S/002821

for protein and pol ypeptidel factors that associ ate

wi th nucleic acid sequences, particularly genom c DNA
and chromatin. In addition, novel chromatin associ ated
ﬂagtkmsom OFRROTEMN PACTORSIHSAY ASSOMAPEIDIRECTLY 0|§
BACKGROUND Ej ansm ssion o

i nformation ﬁh@ﬁﬁé&@ﬂ‘ﬁggw 'geﬁf?'&ﬁsar organismto
its descendants wi thout that information being encoded
d n the nucl eoti de 15 sequence of genes. Epigenetic

mechani snms can operate through chem cal nodification
of the DNA or through post translational nodifications

The.to {lJrot ns, and ? h{;p $t|des assocjated with the DNA.
VRN Eaéﬁ%msss hPEriGBtaNd RobPPRtidepiAtars thiad gssqciate with
nucleividchi pequieatds, Cp@mbh%}q Yehbmlc I}?Q?ﬁéﬁj Dél\tlkoh@grﬁ elﬁ”%(ﬁﬁtloﬂg novel
ne _expre [ 0 e and controllin
Chm”%ﬁBFF%O %’%Cﬁ%ctﬁﬁse'dﬁﬁﬁ dvdie © 2758V 8IS ROVIHSE- ar e °

associated with the genome contribute to what is

BAC@%@@@ chromatin: the nuclear material present in the
u Q of nost eukaryotic cells. At various tines in

the cell cycle the |evel of packagi ng (or
ndensation c DNA can vary betwee

Epigeﬁﬁ{ﬁgrco&ggwgg%ﬁ &?%ﬁn@sg 'Qfoimf’”i' fiogpra ealt |06r{n6¥1032|5'a"
organlshetoDNAde(sSerﬁdmetmcmt &hermrﬁfernﬁamﬁ Qié‘ir@deﬁdo@Ia@ i HehniReotide

C d|V|S|on where t he genone
Sequeﬂ% &Q%@& Igenaie 8}?8 S o4 éﬂ’ﬁ@te&w@% §g%l“’§é'r{8§d'féﬁ9§‘6“
of thet IéNél @rotheptight pdsh transidiadnel ﬁfodiﬂ@ﬁ\tldhactba&bfe@ﬁs( 88 ealvp&flides
asmm%@ﬁﬂ&ﬁ1 t| tate), whereas silenced genes exist 1n a
te o | packagi ng (so called heterochronmatic
state). The relative state of condensati on,

a st .and th sitjon between
in tho ORISR E ARl ol B AR i Bredatied WhBah Pl aonboveS hat
assist firetHigatadidg bemey e:kgrestwora ppd:kagaigl dfyheJDNS\p@m @dritr‘@thn@ rr@gih@faﬁbﬁ

d t al
The rfRERS prBRAS, 8y SR BEERRed WipinG (SRR MG o TsP e dprriids
termeg h'ﬁ)’ptﬂagedhe onsleaf matesalgeesem o1 HhlAuleUH df mbeluélﬂka@@’uc cells.

t.ei 5.1 th
. ok IO OO T B 95 DTt Bh o,
genonfie PiNAacarealy betweea-sslowien gadkagedsiate sudmae tadig @phication of

the DIOSSPFAA 2l AHELRAETRR kb A chilFe o8 FRslcB W henase)
whereijtig gemme‘p @rmwhgﬂd lotmcl‘b@”nOMes nghly expressed genes also tend

to exts:%QrQ %/ %ﬁ%;ﬁ%gméa%%ﬁﬁi ‘g&oo%éi% F% ag s %tE%/ vg}}%e/%sf Silenced

genes W@t @rﬂastateo@f h;gh packagiag (g cilied ﬂnstdrdsr&ﬂ*omhl}cs&stﬁi@l) | Bhe relative
state 'of‘t@d' Ehs Ep e §r‘?’de torl a;ge%or ' H(gh %ﬁé{él{\% ion Between

oge |gene IC contro Vef
heteroelvrgmﬁm@ @nd @wchiethalio &b belicved do Geansdiatet dhrgblyrbyt Aelurality of

speciaRQpiEbin@ 34 BE %@F%‘?@S{’?@ﬁ@g@' ng of a cell. Aberrant

epi genetic and a decrease in chromatin
st abi I|ty are often seen in senescent, apoptotic or

I ticul arl cer
Ata f@gﬁ@é srk Iéﬂ?errpn%?{ é)h%@ ?roe‘féaré’mﬁ Fyoangt & h@%’f‘ &PWQS%
short gegdonapt thpl genomit BNAswaud proluyig et cbcdetSoft Hn@ibnarpeotelns that

togeth&raferf”? lgint{?: eggéljﬂie . fé ;)R%lee(ﬁé %gr%téé %rgl 8 sgpee he éF’B@t t?ere&s_
on-a-sifing Hormationwalntanaciinds bhw\eeatadracestsmwafsed\ep raﬂb\ﬁlﬂﬁ@formtatlon

t t
of molt M7 RFRe sloriEniRe, L obRR i ket sap ve

|l east to facilitate a better understandi ng of
chromatin biol ogy as a whole. 15Conventionally,

i solation of proteins associated with chromatin has
been achi eved by performng a chromatin

| nmunopr eci p| tat| on (Chl P). I n a typ| cal Chl P assay.
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35fal se negative results with this technique. WO
2009/ 024781PCT/ GB2008/ 002821 3 The present invention

Wo@®po2T8s the deficiencies in the art by provPdi/og2@8/002821

novel method for isolating rotein factors that

; [ rect I ec t iven_ target
modiReE PF SeInPh 5, ialte WS Pl urSefletblt Rs T er
structpimgl erettgion ttuatemyandty infezacfwitre emd tassisierh  priahblivgrihevhistones
togetf{eggard to isolating novel chromatin binding proteins

and 5pol ypepti des. SUMVARY In a first aspect the
i nvention provides a nethod for isolating one of rmre
y lated . wi.th a ta nucl ei ¢ c
=pioo Bl BRI e PERRA Cagibtuar nineh HeBlh B ofaebeder e
normai(ﬁ‘ﬂdr hsaét@ya‘uncarogm’g oiuel elic Abeirdnts esigeitiie msd:ﬂ@dtbnﬁ%nd a

e epti.des that are soma
doore @y Yrd SPARMPRR R Sahi B sl oeh, S0GREHE DT Hhyeatad ool
particgampinecancertveds. It Bad tonsiderable gaporedrestid dRnifyede dnBakterise

the AR 1RSTES T PAPERRISRS rh a7 BasbenchsvobBnd ciriaarete

activitiear getvehas|tbose faciods tret) aesn capabih ef ﬁtdnacttil‘rhg with chromatin and

t t Kk
chrom% nl1 %g&é@?db%‘%\% O@u‘al? r I Setéen&tf V@{ggs VHI?Jgﬁ@ Jdcen%g/ and
characzeraﬂa govelc tieotmiatie qmsob:ateﬁufetokt&s @otMeasse® Adciiit@ass wyier

o AR UGBl ol BL Lo he ot Teast one |

sequence to hybridise with each other so as to form a

cone 858 By 2L B e BRSNS
performa}gg at chiginetin lmhwagdeacaltatmine(:mmé) t Imab typmdls OheP tdieaatihe
e I he one or
chrom!aﬁt‘f"%‘noﬂ'[é r§’>ftef|r11§1 bFey £ro Iﬁg(?% qgg%tg% \%Eﬁ Eiﬁh{c%emt gy%efhe
chromgfiie pse{)hgn aﬁheﬁresielq’@em@” fragménts candt [blﬂflfIBd cTﬂee pusfegiueite@atin
erjm nat i
fragmés’gg\é:réj ?’i"b%ﬁﬂg'?rﬁét% |En d'ége lrf(cgirrlﬁoo ner Isn t?rlgl’g 68@&@39 binding
protein sR/anta isplatadhe cormplex bwnannrmmr@cnmtaaom dar Hasymea:lpitazai ¢hoomatin
is tredtedp rtQ%ber@é B ecrjaé'sshrﬁqrig(h’rth@re?yrﬂe ag?ié 1 B g%edquence

such, when appl i ed resen
analysig. Aghaughrié isi esisipla toning$stigpiecthe iancitany casaoviiated epgotens pan\@b

down E)hi‘ﬁe %t"fb“s%lbﬁ%ﬁ& &R& Hie%lé hbCaktr f%d% oﬁ%‘ ger%n? E?%ﬂ?rh 0%t

hose | ocT. I nventors ave re

Opt'm%dofaaw Pieipedls fasmerfaenipg S5t ars disaoseiddn Netsen it al. i(Nature
Protoc8P{J086) t1o17gse 8 / 0 3

N Occhrématgl goglsg Pr%e%r?ldz\g%% q:?é]tgﬁsé&tz éﬁ%n@?& }Q Eé’%%%) 313996)
304:535mddhse | nportant protein-protein and protein-nucleic

acid interactions are maintained during the
) Eurl fication procedure. éqg:zl cally the target nucleic

A signficanf @éﬂ%‘?‘i‘c\éﬂﬂé&hﬂ? ibgsed tackaiayes iscthet f@rmbaey@teqmence at
least GHEC bSdcFicOpedid t

oae eu kal?é olt [ g Dl{mélsgocgn%[%%rgah% r?éo%]t%l oﬁgl ‘{h% halready
Hencey é?r@éleeﬁ den aireethed @f dwipiioa quoteln teoiopy ﬂrm@swcuate rdirectly or

direc@ WARBL dpcifibd t d
ket T b i B B A PN OERRE g b
me’fhowf ;?B@mqtlae%swﬁatedaw@teat §b@P|dP%Rildw Iscpiammretr@m, eud;ldﬂe racid
sequemdédirMér‘ii Peﬁhér%hé’r’f atﬂ%eﬁ @gberPfAléyJw Cﬁl&a&ﬂéeﬁb@%nﬁﬂrﬁre%ﬁﬁghon

In a specif I ment he net
does ”P’h@%ﬁ*@?%’ﬂﬁ’ reflﬁ@t WSGHCWﬁBG trsitgdleptor.dedhersso ainatysd rsk of
mmer@@&he?&ﬁmgﬁﬁﬁ%ﬁsﬁkﬁhﬁbg aci d sequence are exposed to
conditions that result in crosslinking of the one or
nore pol ypeptides. This crosslinking step occurs prior
to the step of exposing the sanple to the
ol i gonucl eoti de probe (i.e. before step (b)), and 15
the crosslinking is reversed prior to the step of
eluting the one or nore pol ypeptides (i.e. before step
(e)). Optionally, the nethod of the invention further
extends to anal ysing the eluted one or nore
polypeptldes to detern1ne thelr |dent|ty Amaly3|s can

o o M T ' g,
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nucl eotide X is selected suitably froma
ri bonucl eoti de, a deoxyri bonucel otide, a 30

waele@eno2478i bonucl eoti de and a | ocked ri bonucl eocPCTH6B2008/002821

(LNA). Suitably the haptends selected frombiotin or
anal ogue thereof, such. as desthiobipotin: . .
The pr&?%x'f‘ﬁ%ﬁ'ioﬁ ¥ PSS i ﬁé}'%ﬁa'ear'” ﬁi?rfg%h%ﬂ\ﬁpmgl% ngvel
method drtib@IEliny prdIe dhdtent thef asdoeiaten dieatly oo |hdfnﬁectly W|th a given

eroe Q08 P08 S L5 B AR S5 mes

aforem@ﬁﬂmfeuq@@blémé Slithaéddraitd oladghovdl ahdniatie bieironsloginsumd
nprises a second 35affinity |label A, and wherein A

polypeaW@SA' are not the same. WO 2009/ 024781
PCT/ GB2008/ 002821 5 A third aspect of the invention
provi des an ol i gonucl eotide probe that conforns to
SUMM@&YeraI formula I'l, set out below. B[C]n- YIl 5
wherein B is an afflnity Iabel that is tethered to

onucl eoti de se ence spacer oup C ,
Ina f'r%t@ﬁ%??téhwvanﬁ%wav dnametiad fr GoBHES Sos,&f More poiypeptides
associfted UARLChRRE halgeis a6URBG G e COMPIising:Ng at | east 10
nucl eoti des of which no I ess than 10% are | ocked
nucl ei c acid nucl eotides; typically at |east 25% of
t(apobittiel Qat $eﬁﬁéle e cbmﬁm awtuq:]eehoclac iadids@quence as well as

nucl eot i opt na to 1 0% he nucl e

e Soun HaRalidetatnel 1 Atetnat e it SR GO e
cRbbemcespacer group is linked to the 5' nucl eoti de of
t he ol i gonucl eoti de probe. A fourth aspect of
the invention provides an oligonucl eoti de probe that

qBVESrtsding ahel@‘fl slel ith faateaemﬁem‘llgﬁmidlbog‘jdﬂ erabk thatraotripases
111, set

L eapinee S ISRy (o 8 soRatys Al buprielln v Begt @

tﬂwtlcﬁﬁﬂﬁhertar@lef ﬁ@dlamtaciﬂeieheermdz wberedrs frectligeBucleotide probe

nucleotld b acer a

RSP o et AP intieR AP BE o o isBG &g Yty e
adl@oﬁmﬂ@;tﬂb@mbﬂeﬁualner@bn@ommmmt dee effiaitynlabelpf p 30
nucl eotides in length, where p is between 0 and 40;

the nucleotides Z, Wand V being the sane or different
o)l atiling tied aSleiaﬁ;tabieyolfgoomleothdb lroohec bied tHed@rged nucleic acid

e b , : . a
| Ot BRTR T ach RS G iR 5 R SR PR D
| abel is selected frombiotin or an anal ogue thereof,

h Chi e .
S5 ks Ra i HsBRuRbr!huphl 4B HERapie S RISREARIG, s prope-
t taegeit hyteritt ﬁhmmgh lemabcwe that bieds fodibe pi lebst anergliinity dabel; ipad
group of general formula Il such that nucleotide Z

represents the 5 nucleotide in the oligonucleotide
plededuting the one or more polypeptides that are associated with the target

nucleic acid sequence.

Since the nucleic sequence provides a universal means of discriminating a specific
chromatin locus from others, the present invention has utlized 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
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
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drdeombbmmlmﬂrdeuamcela: laoked rmqu@ﬂ@@et Ak Suilg

selectsg f)a/% td% HL5 N alotglag {hgtcelo ' §Lg§10'ag 3’@%}“&518% f @GotiGhin;

WD 2009/ 024781PCT/ GB2008/ 002821 6 A fifth aspect of

the invention provides a nethod of identifying a
w@oiogpasi de t hat associates with a specific regi/oB2@s/002821

chronatin in the genone of 4@ eukaryotic cel

nprising. 5 i denti f I
chromagréaﬁ @ﬁ@t@o%\tc&cé rllr%tact rﬂrgat)s(rb@g?s Iaggé (ﬂ)]pog'{\aﬁé ﬁrrogétnrg rotem
and pratdin-hl8cRWeRS iNREdtoRLare mairthihed dogiy the tpurificadinn procedure

ol i gonucl eoti de probe sequence that specifically
hybridises with at | east a portion of the DNA sequence

Typlcaliy%é‘ttﬁget\’%ddl&@ atif %e@m:me foompriesi @rkaryblic ¢ prakamyjotis hngleic
i'gonucl eot i deb(pro e in tthe t hod descrl b%‘t{lA and
acid (o RBlAs O davA s st ko gekabyotto PR, B T
optronaﬂ%%%cta?de@‘F‘ru&‘?ekrhczchhﬁaq%@@@ “Elcﬁnfpﬁ@mltm{\ Cﬁm“‘fﬂ“at Irntimsgatﬂer
anal ysing the one or nore i ept i de
case, astz«raraiggwswdt!m Te{og opBIey PPy & tﬁ?&b‘gaﬁéﬁgﬁﬁﬁ s"Py\RFP’rH ©s
that arbNSssPRRE Wgthr 8@ ONACEItET inamiduslly bn =& sprcoff multi-factorial

enbodi nent of the invention the specific region of

Compl%ﬁ$orrat| n conprises one or nore of: a telonere; a

cent ronnere euchromatin; heterochr onnati n; intergenic

I ons; ene; eat se .
Ina spﬁetlera %ealmr@t of g %tF%Ofggﬁ (WRRRAN, 3}‘? rﬂ?r@geotrpea“des
associMbd AithdBO 4rBet NicRicadid Eedd@@c@@t&}/@ﬂf@bedm tvatitions that result

associates with a Spe

re
i crost s 68 ey g B reBhoy e ENE B g o
the steegiﬂésesﬁmgimetslégtple@aae loRgeBIcleblide probe ¢ic. fogfore e@pc(h))oasnd
chromatin is identif rospective dr
the Crc§§¥f&<&9aisl rpversed Brief P4 ﬁ@é? pe‘%h@%‘frtgstﬁg ¥ 1o trfnr%oéﬁyp%%hdes
(iLe. bERFY Btdp AGN.| Y)lptrtynall25th% frigkridae bf dispdrotentién timther nexdendsotp
analysgrgﬁéégﬁe%o%c Wprteypoéy&%ét? eg:ta Ie?rrnm% tﬂgggt{eﬁ{ltgrAﬁaﬁysrs can
occur Rl é/rﬁ/?ﬁﬁmﬂ@r bt’fl%bhmlquesdlerm&/unf inet!h\eaasrt ass dypicily rt”ggtwthrhughput
specifjc region 30chromat i n 0
promo@‘&é‘l“?%@cw@e\nﬁ“gﬁ c%rrﬂ"flsr?gs‘?edrf’ Wgﬂr(reﬁ?no%)%gggg%rr EBgaoP tibody
microaa§\écenl y; contacting the isolated pol ypeptide with

one or nore conpounds froma |ibrary of conpounds; and
35 WD 2009/ 024781PCT/ GB2008/ 002821 7 In a particul ar

A secciiiapesEsTithe vehtoni moeddsi anoligpheciéatide atrelte puhysistatdeast

ected from on

one gregp]ﬁ%ltegﬁ fnd ! formwal'e%ﬁg%tt@@ .synt hase; Pri 2;

urora kinase B; USP1
and MTAL. These specific targets are described in nore
detail below. 5 A further (Sipect f the invention
provi des a net hod of A charldeterisi g the bill ogi cal

activity of a pol ypeptide conprising the steps of:

wheregts él?ﬁltgc% cgtev\ﬁ)rp rﬂo%pa“afﬁr]t te/ngél.??etthéréd ltc??"}jrdc[eioﬁ@e %Sby a spacer

Icre

group [heéf rgstomgen tngth; ALdoa‘rpylees @ha@Bh onat tmrdurnrgtagoatmwher ein the
nuclquﬁan g@gg cte? sq,utgtg? Vifom og)tr@bﬂri@&tﬁige nH&l»g:g%ﬁﬁe%hde a

he "pof ypepti eneratin

| BreeheRiEY is

e anti'sense

fluoresiteii; earad a:crd:lnrtremwenb ani empartauleu mq@tm@wtc@ thes ipvertiongthe
ohgonélﬁlﬁgﬁéje po, e%rgﬁ%%s%s fggtf ar&f%eseﬁﬁb %fcﬁ%ts'cﬁ?hé MvEfon whereln the

ana not ype of

first gRitlpacayeprises Caist afioiyaiabeiol ded dhersaeroharomp @pmgne@l 2 gecond
f the polype uitably, the
affm*%%ﬁork)é é‘égwt]%fegl 'gaaﬁ&dg?e“gﬁ‘é‘ﬁg%"%an conprise an si RNA

ol i gonucl eotide (or a precursor such as an shRNA). The
eukaryotic cell can be a nmanmalian cell. Suitably, the
i ntroduction of the antisense nucleic acid sequence
into a eukaryotic cell is to reduce expression of the
pol ypeptide in the eukaryotic cell. This can be

achi eved 30 by insertion of a heterol ogous sequence
encodi ng the antisense nucleic acid sequence into the
genone of the eukaryotlc ceII thereby generatlng a
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35ani mal s, such as 'knock out' mce. WO
2009/ 024781PCT/ GB2008/ 002821 8 DRAW NGS Fi gure 1 shows

wa2geaptiscal representation of one enbodi ment PET/GB008/002821

met hod of the invention. 5 Figure 2 shows a gr aphi ca
; e [ ort|on novel
A il SREEEPO B, AlarBA G800 sh MBARIREED by 4B Pproms o
generpldermulé ilegbt autlleliing to t he nethod of the invention,
that are held in conmon between two di fferent cancer
cell types. The nunbers in the circles indicate the
nunber of novelljeLoqgj .chrqnatln assocjjat ed
10pol ypepti de factors i dentified in the speci fied cel
types. Figure 3 shows the results of an experinent to
wherekmid éskardaffinityt lalse! rﬂmie'ﬂ tetf@lren‘rtorcﬂlgammtﬁbihaé e6qence Yalkia 8 spacer

fac - TR nsf rned human fi brobl ast cel
oroup, ?né(%qrﬁgdgﬁﬁge ? O'E%UO? nﬁ%’“PB“éafeq%oﬁe%we”mY
compiighi etslemitﬂlﬁ)i muddmdadfefebﬂ whicA ime |&APhad g Oeﬂﬂbi‘eblﬁdysdsmm acid

oy o I r in the rge inmage
nuclecBBe SERE taf lonkf BT et ab ol roas 115850 Nael e
nudaﬁ@dsegpmﬂmmy wntohﬁﬂﬁéedEMGermtbﬁmuﬁ B Isth8NAnucleic acid
I RI) refe S
nucle e QY B e oty EP el 1 IR P By Pupgotae of e
oligonugieetisle noolreer wi se def i ned, all technical and scientific
terms used herein have the same meani ng as comonly
under stood by one of ordinary skill in the art to
A fourthiggpedt Ief $he mvemtidnoprobidem g saligbtukddtitie zobmdet sbepdses a
t; 0 ol ves use of a 25 range
gmup%?ﬁ%gﬁ@@wfﬁgﬁﬁﬁkn% égﬁﬂgr t°GV“%y 't echni ques, which
can be found in standard texts such as Sanbrook et a
(Sanbrook et al (2001) Ml ecular Coning: A Laboratory
Manual ; CSHL PrBss USA) . In sE'ting forth the
det ai | ed descrlptlon of the invention, a nunber of
definitions are |30provided that wll assist in the
under st andi ng off the invention. The term" polypeﬁllde
as used herein,_refers to a polyner am no aci
resi dues joinedﬂgb pepti de bonds, wh Her pr oduced
naturally or injyvitro by synthetic neans. Pol ypepti des
of less than approximately 12 am no acid residues in
length are typigally 35 referred to as a "peptide".
The term "pol ypepti de" ed hereipn denotes the
product of a naZura%%y—ecdSﬁ epti de,
precursor formor proprotein. Polypeptides al so
undergo maturation or post-translational nodification
processes that may include, but WO

wherexao@%(ngzé7r%é18€a_ I 47Bg 1R/ %éﬁ%t % ﬂ{eesMF drl dgfférgﬁt fefhered to

cos | ation, proteolytic cleava
reSPecg}f%ﬁafF‘ icise |Zd@1£%awa@%cer Srasipe st Ed‘éccpéamcgw in Iength and
wherelﬁhﬁé m@l@?ﬂ{l@sl Eranle' %I ée)bla écPBy a?lu&@éhﬁﬂé&ﬂje ({hajn i ofsp
|

gg | ation, methylation an such
nucleo ‘?Fa%r@?ﬁsh a¥ere P REMesNyarshé0;dhe ﬁﬁ?léotmlsyzpéfbtandé/ being
the sahw n§r alﬁérer@‘)'afﬂepsélé’&e&o'mh@diy ) Sggt IH d‘{ {éﬁtu’ties a

ended to describe proteins an
deoxyr&’%é?ﬁﬁ?"é’% Fytidroxyibonugleatide @t arﬁ) gioautlentidef (LNA).

SuutablfyatﬁbOéfﬁmtyTlé@eFT%”?@é&e@ffrcﬁ‘n RRAHAPEP LA dﬁa‘?ﬁ'@ t%re%?y uch, as
interact with each other via non-cova of “coval ent

desthiqhintins diowggerai fupraserinesr/er disitrpphianek ft B derticolap Eebodinient

of the W@ﬁﬁfrﬁﬁw% dl@oﬁlnﬁ’éﬂtlﬁe ook Egjnﬁ‘f%e tBQ?FoJé) %e?al f{zlr%wu a lll

pol ypepti deS and protelns al rea

such thgh pHeleqtideEap(gseats thap gistaotigle indhe oligariunleatidmbbe.ed
pol ypepti de conpl exes nay conprise a plurality of
prot ei ns and/ or pol ypepti des which each serve to
interact with other polypeptides that may be
permanent |y associated with the conplex or which may
associ ate transiently, dependent upon cellular
conditions and position wthin the cell 15 cycle.
Hence, partlcular polypeptlde conplexes may vary in

. o,
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certain RNAs. The term 'chromatin' derives fromthe
readi ness of this cellular material to hold stain with

w@eewar418chem cal dyes (chromaticity). ChronatP@I/G82008/002821

primarily conprised of DNA @ssociated with histone

_proteins that together form i eqs ;

A it Sppastccinies MiaRaTROgS TUTY (Ll isE Aartppptde tha
associdiésS WA RpesifRd Rsyi@T ofisbromatihiic thé yenomedofaa stukayetic ofll,
_doubl e stranded DNA 146 bp in | ength. H stones H2A,
comprigipB, H3 and H4 are part of the nucl eosone while

hi stone HlL can act to |ink adjacent nucl eosones

together into a higher order structure. i.nt.o
(@ren T dnaiar St dudapesisuRats BEsghin aF SEdMe eyt
cRRARMB A tHeeuRbrybiecdMNA. Chromatin is often referred
to as occurring in two nain states, euchromatin and
het erochromatin, 10 correspondi ng to uncondensed

s) édf@trMcthF;aé‘rﬁﬁ/lgdohﬁge&ﬂNﬁ oisk ;éémjéﬁf)@ gﬂat Bbécifically thyt_Jridises
respectively. n rther pol ypept.ides .and pr n..
gt ieea piten 2ene VA SRR R BB SR Sp Rt B

hi stones in order to nmediate transition between the
euchromati ¢ and het erochronatic _states. The I tit
AuirigRer s iporelplRe §rope | i GSS”%G%U%"?"S’%S&’ % to
IiSHpREt 8Rd  srh M@t jolypaptdsi atedigiedtwithnsherspeciberplegivasof
is presently unknown. 15 Epigenetics concerns the
tERTRFIS 87N of information froma cell or
mul ticellular organismto its descendants w thout that
i nformatj on_bei ng encoded i he ,nucl.eqt i.de
4P GERBENOEs g BRE T o TR UTES JRURFE,pf yas 10 1E8HY o
asdhyaRblicheet ¥ésacatemitiahe apetiffciregibh ofclubmetie DNA or
chromatin structure. Gene expression can be noderat ed,
in 20 sone cases, via the covalent attachment of _
In a sPEUETE &@bodimentpst the ipanyigre fite stessifichragioaroé chwswtin anogwprises
W th or that can _bind to DNA y ;
one ompfl Phed BHEmEha, PR syl hbroEHRRRAR: imergenic
regionstbi giiriey l-atdpeat anqiarceaachsiératogonsipfindeirtet orpgsenten gndaan

_ to activation or silenci : ' | il M&qi
ntearatSy e Brop Ao s S fs, 8 G PLBLE R A sadtir hyion
of chroméiif i€ &irthen scheened dorc emzyehiic Eotivin Guitablpdi Folwpgplidsn tat
can accur at. different f] i - & Rlive drug target,
assocG Ry BmaR 51 eds T sty U Epe S g ERtve arug targe
especlaflplishidrtamget eitts somerfaim cldrizgmioradvibancer ous cel | s.
Such nodifications often result in the silencing or
activation of certain genes. In cancer, it is well
A furtkercaspent efdtheHavertibe pnayidesi a ynaifod oheeieenied fay aimeghigiper of
. _ahnor epjigenetic inprints (Feinberg AP &
ep'geﬁﬁacgﬁ@icr%”gﬁ?gsa Nature 1(5895):89-92). 30 The
term"cancer" is used herein to denote a tissue or a
el |atih Q& idd] i EoMhtidy WHPREpbdiRSregion of
a?gl?gp%ta}aﬁ%emé%{h%é%’p‘p%gﬁ']lea%g]o% as msn%t ypl caFI %ﬁ ?
pokwemssin cihatiec gendmse i ofs at eutaritic f eslle aegasgdiag t e fier mstRods
narmal ti d normal cells. Anobng such
cﬁg?célgfeélp?%#)ﬁlggyare included, but not limted to: a
degree of anapl asia, changes in cell 35 norphol ogy,
irregularity esheC ol IoVREERSM 4 %
aPrrey R b fesied DB Eep B MR oS RnicHiRas Fm d fiary
anfcagpnesissand ncreased cel |l invasiveness, reduced
| evel s of cellular apoptosis and generally increased

cell malignancy. Terns pertaining WO o
2 GOinat7 SbBRETHoBRDNOAED @28 2indl 1o ttod anadwatecie activity of the

syn nous wi.th "cancer” i . sar.g , carcinona,
RGP P eHeP e R iR e S IR ERERAE DOl V.
transformati on, neoplasmand the |ike. An enbodi nent
of the present invention resides in the devel opnent of
a method for 5 identifying proteins, polypeptides and
protein conplexes that are associated with a
particular target chromatin site, gene or stretch of

........ - ™R I A
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30i ncl udes associ at ed pol ypeptides such as those with
hi stone binding activity, for exanple. In nore detail,

W@ b@oet7Bod of the invention can conprise a fiPGI/GBR@R/002821

in which an affinity | abell?d nucleic acid probe
sequence specifically hybridises to a preparation of
sanpl e 35 chronosomal material conprising the

In a peEmicfmtdanmbddaneretof diie inveRioas the @dﬂ@tesrwmepﬁded@seemet@etj from

T T

USP1i emcdl MO&1.aT hene gpecitpetafctesid @asibed i maret ddrdivesigeguence,
WO 2009/ 024781PCT/ GB2008/ 002821 13 or a sequence known

to have a role in higher order structural formation.

A furthbie agreabef tes hwactoni rolides @OMEREd A haRRREEMGN AL t%log[cal
ridisation conditions such th

er stri
adwnggf§p9&8aﬁgﬁé8 Q@HES%E%EW?Pthe genomic DNA is bound
5The probe is labelled with one or nore suitable
affinity tags. Affinity tags may include inmuno-tags
or haptens. For exanple, one or nore of the

nee|aeog lactmtypeptlldieiﬂ‘raﬁi wbrithied ot hesdvialg vﬁfhoél @Fe&ndﬁ%ot%eof
n or a su

ny; it
ana au'é ‘rt ﬁ‘g rQ%Sf’ me OéaQQUL%fégttorﬁeB GeeRrfing o met raethag dggcribed
aébmmrty | abel s may i ncl ude di goxi genin, dinitrophenol
or fluorescein, as well as antigenic peptide 'tags'
such as pol yhistidine, 10 FLAG HA and Myc tags. For
t abtgisingsibe necleiescidhaiuatoe fpr s @olypéstide] gh copy nunber
in the sanple of interest, probes wll typically
conprise only a single type of affinity |abel. For
t gepetingedn darﬁwenmmmlmcr adid eequedbe had B ®hipEreemaHYo all or a

oF AN BE R ubProal® RO e RDoBRERRET on oy comprise

nore than one type of tag. By way of exanple in an

e ntlon an 15 o n
BB o b Bieel MUCERE S8 afiees o ratenenc relsa s t
i tedaceeamwsemn of the pblypxm’mﬁe irstes eLikiysticcdefigdniddes
| abel I ed with both desthiobiotin and di goxi genin. The
i nclusion of nore than one affinity tag in the probes
odnalysing the eheneliipe ahthsiegkarfotcarst!Isp dsnordesseirnsh@e biological
S process for | ow copy nunber
t%?@@%QWhégﬁgﬁﬁﬁﬁgo the hybridi sation step, the
chromatin can be partially enzymatically digested in
order to increase the resolution and to facilitate t he
next step of the nethod, which involves 'pull-down' of
Suitabiyp @%@rﬁtﬁenwnwlc gelqta@nuewdeydem apmphise enrsRNA elliyondck@tide
o fo¥ar=hs nethods such
(or a GR3CATD SIF B8 PP RIPIIRL SEnaoR X8| E3) oF DRrdleRcon.
Suitablyn thedRtFgketipe Oéﬂmafﬁﬁh@@ nuzteicTaed spalidncd dvin'a stiepyais cell
I t t
s 10 rQcREb eprénien o s Hepup it BRIFRLE: coly 18 BR AR HR Do
by insqriiorhef q BefeEtieapusisaquense eotocangaihetannyexeeemscqermm sequence
e i gl f . 4h r guences. ca
o o P ol LN oo 6 S8R e
r ecom@laamﬁ deelbiciees dowwad ini the sartefe.avi gkeme ﬂargethhg&om}ogBOs
b
recom@gﬁhd’r‘ﬂ blrjg%rl%‘ﬂ ttgtsg%ﬁgfytgﬁ% }%ﬂ |s| ? tp'lﬁlgg%n g?em cefj ot %s an
embrygpie aiieght‘éf"oﬁwm d nticodoaliows forftog BltOIdUmQEItCEfﬁranSgemc non-human
animalél glﬁﬁ%@tzk%gl()bupﬂﬁ .d1l crobeads may conprise a nmagnetic
conponent al low ng for inmobilisation of the beads via
exposure to a magnetic field (see Figure 1).
Al ternative isolation strategies include the
i mmobi |i sation of the LNA containing probes on a solid
substrate such as a mcroarray 35support 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 WD 2009/024781PCT/G82008/002821 14 Iater
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In a specific enbodi rent of the present invention,
protei ns and pol ypepti des associated with a particul ar

W@ 2000002478 r epeat sequence in human cancer cel PGT/GBR@8/002821
WD 2009/ 024781PCT/ GB2008/ 008821 15 identified. In

vertebrates, the sequence (TTAGEE), is repeated in the
DRAWINGQeri ¢ regi ons of chronosones (-5-15 kb in humans)
and can represent around 0.01 to 0.03%of the total

enone. Thi eat seguence was se
Figure i ST BETRRIGH FRAGRE AT roaF, SR 06 3 8f e
inventiégl ati ve ease of targeting with a nucleic acid probe.

The 5 nucleic acid probe included biotin-anal ogue
| abel | ed nucl eoti des and al so i ncorporated | ocked

Figure @%%dWsca Qﬁé:piﬂlcél-r%)es@bltahergﬁnddﬁsng\ﬁecﬂirosmmued)f fovel telomere
substanti a the, s i Ci
chromaty stshe it BUVPTUREaT P Bae sequdiied e Fahar B e
inventi&, E’fa@}qa@é el co@pidndbstween awlbd@ﬁiéneﬁi ednaes cwsm)easatﬁda
with the tar equences, i.nclu
numbeé%dh”}%c'FFé%%\d§af?f g\eh%u'gl?%l ?fer?qvﬁ eé‘%"f B ?ﬂfe?sﬂotg%?ed
polypeb’[’tﬂélﬁc@?@ldBﬁﬁﬂee\(remets@e&lﬂedméﬂtt?pﬁs tel orrer es f rom
amage. In addition to the known tel onere associ at ed

protelns and pol ypeptides, a surprising nunber of
FigureP8! sHo@Rt ihdemsaid oprapt ekpesimeit do i lahent idowadthteh aovehdgelemere

not reV|o Sl bind to ar
assom@@dd:l%éqme;ln @tgbﬁ@%?lrﬁﬁg &&5 Hgﬂﬁ%ﬁglggotbﬁas%%lnme The
PML érﬂﬁb@cﬂ\&E(Fa\Aa)Smsatr];edloéaimhomfsPMEmodmnmtrm ¢ire sellsg The RAPT
. targets rther invest.i gat
antibogy ﬁgowe glaeo\pé;pt}lort 9 &?@ereeag @% In TtgJ g?é“irﬁz%d gﬁctﬁ%%ﬁ\\é{t
telomd1ey GRAR Bl dst Goctis® & BMEdaodmscmML) nn hhaq:tresmce oéOUR-802
according to the nmethod of the present invention. It

ShRN"éan be seen that several of the factors identified are
known to be targets for post-translational

i fi [ n a further enbodi nents of the
DETA%&F%@H%QNN abundance targets are consi dered. For
20 exanple, in Drosophila nel anogast er (fruit fly) the

’ ab-7 h
Al refeidicha o R OREABS TG Rofund, B JRrite, E1RIAbM ety Unloss

othenﬁnk\@ detflaeuscall pédhoital astiasaintite tarnhﬂ)n@e‘ﬂlfte@én@a\ﬁaw@dsame

RPol
meanlﬁgs% m@ﬁg rwte%té Cffi%ggﬁel Jt)fsoﬂfaglgﬁgrslgll t?tﬁ(i%ﬁotg \)A//rélgrr\rt’)thls
lnventamdbelomgshdlrmu lmer ongerstbod) dinas She [gpm@n’gtryﬂ@ﬁqﬁ‘gmycp{ges use of a
range & 'ggrglgﬂ @Idl%c fap g%}?gbggcr{nﬁheu% ORRBRICEA desfoﬁﬁéi il §@hdard

ers nt enance of

texts amhw&dmb:roek at ds(Smmbﬂb@jh@tral 62004 We@glar Sdonings Apleadogatory
t ation is typically conserved in higher
Ma”“%% #’ressr as nouse and humans. The chromatin
assom at ed poI ypepti des and proteins conprised within

In seﬁ'ﬁﬁ%@%ﬁf Ijgtgﬁecpdégjcnb{?%r{: Glbp)f% RAUEtPR! bW Rther bf k2)‘°ef|n|’uons are

rovin i ci ency of stem cel
provideuethatpiitt assistdn ﬂewrderseamﬁlmf theinggrdiopant r egul at| on in
several cancers. Fab-7 30 is a nore conpl ex sequence
to target conpared to tel oneres which are highly
The teapepolypaptide’Ass aisedderain, s 1o PeprlVhas of ﬁ@mps,éCIdfreS'dueS

Jomeds)\??g rqegh%ld hén%sp %hgﬂ{e? Saut?)du%:gd Q‘%htfrél r?; Qremr \ﬁﬁib é;ﬂtr@ﬂc means.

Poly;ieehdnsemfdssa/\ﬂmn aparosmagele 1Brastjeo egif rﬁ%wdmﬂeneth arfgtypigally
th of d r

cterk TG i VO BSpASRUER, I bl O crsiachmiun

of a hb]terdwl%colﬁrrmg@opfpeptvder Ln)se)curwmf@ﬂm |0S proprelginatfelyreplidss also

a
ol gi PP, B PR BTl Ssebd B8t may nlue, u
crucial in determning the aetiology WO
2009/ 024781PCT/ GB2008/ 002821 16 and nol ecul ar
nmechani sms of HIV/AIDS. In particular, it is known
that the pro-virus can remain silent for periods of
tlrre and it |s crltlcal to understand why reserv0|rs

o L N 1 o o,
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Y via a spacer group C conprising a |linear chain of n
atons. The ol igonucl eotide sequence Y conprises at

WO 292481 nucl eoti des of which no | ess than 10P6HGB2008/002821

I ocked 10 nucl eic acid nucl%®oti des; typ| cally at |east

9 t ldes ked nu ,
are. g Hihfieo | e G FRdS oRRR e SFEGoR o TPk st naptce
cleavagee Ipmzieeddmucdleavegam plhmspbd)@tattmdesubllqtmtyaatlslse_ceixm_ﬁylation,

0 of the ent i.on onucl otide is 25
acoty SR BlsR R oR o b ke h P Bsieh s 2 et S Btk S ommbreiiaee
or more(SdvipstideucHadat | des. The | ength of the spacer group C

is such that n is suitably between about 40 and about
170 15 atons; nore suitably between about 70 and 130

A “polipeptide I’afomeldxymscalbéd’ feegine e inteaddd 96 @éﬁén@@q:\tbteﬂqgoand

i tab bout 100 and about 11 tons.
PO'VPE%II%* II%’GI‘I%?S‘%WI?K@E sier qaaf%%wnt) RiassorBiamar Factors. The
membambfe@bn@pemfdetdmmb@mﬁyCrhte@bt dath achviotHer tWikendn-covalent or
tion ocked nucgl ei c ac

nucl ept Lde I bei
covaleft @l rEoB0RET B eIl RRePE SERBIBHIDhEoe i enable
binding milieartto @NApomlpd)Q@eaﬂdeelanngn@téineatre@ dsebiatetiath or bound
hat con eneral formul a

to DN iiRay G AR 2ot sl amoBies Gaw caforise a

pluralityf 6 prdatging adoel/ort halypapsidéd evisameaot Sﬁr\fe‘ &b anterdcetWi@r Bther

ponpe%ﬂ%é Cﬁ%g r%%)y g{egt?lieglln%ﬁterltt ﬁ%ﬁ%c%gegdmvégyt &%Fex?qr)]rg\lljvﬁlch Cmay
assoma@ctrmerrﬂg,sdébmtddnw;ameoaletaarcah@ﬁbr’a;yaracn position within the cell

ol S BEFER 5 SRR L HEL 0L B 0L SO e
at dlffa/elbtesta@ss@‘l metwrr@ut tnabdaepoﬁseam aart;nlan:mystbtagicald@)ndmmns or

o Y S 05 SRR o e

knownr ichmatine ogmaelieliinigNagtivitias @nchalet iPolycambe glragi gems siléncing
' i I b th
complees WAt il B o B B R RO BRERS el Bt ae 2
represents the 5 nucleotide in the ollgonucleotlde
b t f .|
The @eAEIEhe PACECAT) PR DR Rhul e bl <
sequepssr Behhas btehatremomd/&om itsonattiras qugarism of ongmurTmnaey an
o885 QL RBRYAY T SIMRERR SaBpedi il o
the enwmmenbyw wihieh ItMtaérW@duCﬁ@ athpyanid$ eot nebessib in a\ure form.
That lé"kHrFI%oIa?eouﬁM éﬂﬁd%%\‘ ;JBB/HQCIQ& d&eEN 8 n%ggss%p ‘Hﬁ/e §§rled%%t

er tween 1 an nuc
may b?@bp'é’fa Q%I 2%c$%t $Qes50% B W Cih, BRPASIr 94 buree A purified,
] |
solaf) PRORYGHENY A mucRNER, dovoRRRpGIeIPREIRS: Sl arfhiey
be at |8ﬁ3tt5me/° i @i\/‘@ﬁ%h&ﬁ% ot Ak leghi @@ffqmrem 0de9%rmive). nimythe present
contextxtlﬁté’rtéar?rte 98158 WHBA & Eﬁéﬂuﬁs gfol };Q&I&é' Ig nltthdethbema[tgg ?he
nucl el c acid sequencg HE any sequen
same PRiyPeRtjsise Ay glter@att\fe)rph}ésqgaﬁﬂogns g@hﬁﬂpﬁrclt DNAn the natlve form
denatu?@d’ ﬁi?ﬁtagﬁﬁétﬁz d’)IuIttﬁ\Bﬁc L?ﬂ)’ BYihRA, bﬁs@mé 'cﬂnntt %Igrl\%a‘ttagfgdrﬂg
non- co ences, nor-is ki
Advan@@eowlx Hhe@@ﬁlﬁt@md mqlﬁé‘gIe@dspcliynwh@tl@&mbnlmonwmaes le.g.
Tl B B Ao FoBs e dra PEREPRE AHIEEs (SHhuES S
or fraggentsriheigpf) Ioéthenmvemtjoefateeemlatpdt ehnobmm belrlefla:lattyt alunﬁed
where a unique or less frequently repeated sequence is
targeted it may be necessary to use a conbination of
Chromgtig isothe r@@ﬁ‘@apfﬁd@@s}cwtm@f dsinathic BNAOpreseT @t thisi (ueleus of most
PRI &g, tar
cukanBiEELRPR Chbof DRRCLY s AR LR SHRARb BBk FR o
purification of nobuse pericentric heterochromatin is
achi eved using a conbi nation of three probe
ol i gonucl eoti des that hybridise with around to 25% of
the target sequence. However, in order to optimse the
puII domn reactlon the nor e target ~sequence covered by

e I T L L
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15 Jun 1;3(6):327-32). PMF can identify proteins by
mat chi ng the nol ecul ar masses of constituent fragnents

W@ pepo24tel masses) to theoretical peptide masseBCT/GB2008/002821

generated for polypeptides1Pn silico. The preni se of
I.S eyer I
certeurln:> KEIAS Tﬁ@?%rm %gﬂﬁ'e 4 @8&6 'gglﬁ t&@ tr%]adﬁhe.sﬁ §iﬁmbse%¢flﬂl§ag material
to holtastars. wﬂtfdetmrhaﬁ”l ccaemmaal afyea giﬁmnmtlpw ypﬁ&pbmdm iis primarily

onpl t n he aobtain e.nasse
comaSECTP O o A "HbAE B BT T O s
nucleqssmqahetnnmaurdaﬂmamheosﬁfvlé d¢otignised bic attieoof hlﬁompnomls&dround

e MR8 OF L 15 95N G, SRR HRFGs i
H2B, K8 awi.HAHerecst m&:@hum@&mwh@memn@mﬂt can a:utmllnﬁiesdjacent

e BB SAECH: LB TR AR AR g 5B e

structuras aktmvw&m@réaheudmdmg] Dxeodrfdennaibu ro@ thaf DNAOCerdTmatln is often

t df th d .
roforf 30 % SEpdrlRl 7 Bl o R ES. s B PR neETestiimpr
corresperdig nigr ascatdeabed l\mtlveE{gvtercnlﬁZﬁi | DIBA obind (&ﬁﬂ%hse@JQDNA

5 t is pmeant
respeciyBl, B3 BrpePpdiEal i ulaplalt domeldret CyFreap e
nucleasbfrecars! tedligtonges lnmrtjhretoanemmett;arﬂﬁloa bbave@etthé”@ueﬁmh%tic
Nz 30, ch e in acti vi
ane vy B BTS e EHISBhfy an Eaoy SPIREY! ek
cruciabycitrippirtagt dhnorhéian adsseintedl pobteink @ndodmplakes is ppegently unknown.
ot herwi se under simlar conditions, and it nay
represent an increase or a decrease in the normal /
Epigemrtfice| ¢amgermst ihei trgnsnibgiomonf uhrmationayrotye aangﬂ raml recititeular
. C i ul e .
rgonh ARSIt 8 ORTALE Ay BB O e
sequengre ¢fr gsesrt  Epigemtticosontidie arar getcalls easte_rtrhviwd ofier csrehiicel
cor.di
mod:ﬁ@%tﬁgc‘ﬂrf g]éeﬁllglr\]lk%‘?tcﬁﬁ r%’ﬂw @?elss né\?%%ﬁxgr%gg% chi gg?ﬁo rgﬁ@%
some g@seshvienhe |Onv%i§l§<ﬁﬁ8&h@@mf efcthemicahgrdues ds selypetidey tiaatyare
/
aSSOC'gEé?g’Z'%H(@EH% &R blnx&tozhlglqg @%%g oF &%ﬁ%%&é@% én;tlr%{gylgbo%
phosp ordﬁaﬁrgeumqwtvhéoreﬁm/esgceziwamn gichisienesecarl kaddo lagtivation or
r n e T n
sionchf R BISARTLE BIE of T BERNE S8 MR LSl
modifigations hame oseursl. Spigaastie swdificaliong caint ¢coppdi different times in
r
the nogr?sﬂgoog%gﬂ{)gmeﬁﬂ; %f?ag)f‘osrﬁé entgqcpéel?jé glgrlrg;q}’ ﬁfO?HE@dTﬁtgf'r{?)rmﬁl cells
into cayfcerqys geilesaugh Mmediinelians. ofﬁéargémit i hh@rsﬂsh@ng ®hialtivation of
certairpéer?e?éprne@a?)'c@ln ita0 P Uo&r%rﬁ&'l h%%’a Mhﬂ%f ﬁfmdﬂjr cells dlsPIay

specified chromatin associ at act r rnc
abnorrﬁé‘t DNAviepiggnets lraﬁrdntgeﬁ@@baw& & Yepelstel @ol(é@&ﬁi)eélature
1(5899)id3Np)(or shRNA), ribozymes, small nol ecules, and
antlbodles or the antigen binding portions thereof
For a review of nucleic acid- based t echnol ogi es see,
The tehBMcAcBRS BsedHErERAH de%ote(azt%gﬁé or ﬁ%ﬂ %%?@8 within a peoplasm
technol ogi es - I nprovenent through novel chemc P
or wilhp drenestins ciesociatedr with, apingeplasm. mplafagsimmy Pphesess
charadt&%@@ﬁ%t Bi%re‘nﬂ&‘t’el?hédw %rrpﬁorhlé?ﬂ%p Bbl%eﬁ‘%éﬁ%c WS such
factor may affect expression an
characgieristigs gie mslupﬁ@utrté@pt {mitedto: @)@@rﬂeeof Wp&?@ta whangesan cell
or c en esg
morphgfr?ﬁ;lﬁ/n 1rré&ﬁ£r;t?hg?b%tgip% |€égﬁ¥é§{:t<|§e\?l %’dh@%nv&r{%@‘é 'YRQ LhfS to
metast@ﬁrssnﬁlcraasa@é@@iSa@feanglemr@srs mmm@gétbuwywemm reduced
evels OB BRI RN AL R B ey, e fitaining
directly on the chromatin associated factor, to affect
gene expression at the nRNA | evel (e.g. transcri ption
or NRNA stability), or the 20protein |level (e.g.
transl ation or biological activity). Antisense nucleic
acid sequences can be deS| gned that are con‘pl errent ary

a -



10

15

20

25

30

35

associ ated factors identified according to the nethod
of the present invention in target tissues and cells

WO p009fo24381 Al t ernati vel y, such nol ecul es may bePUBE#2008/002821

an ex Vvivo 15treatnent or1in an in vitro diagnostic
test. Re uirenent or the .design_and syn
to anch el e ANEMHEIOHS LV ﬁa%%stmzuafpes@ﬁm&ataér%g? 3 otfumour,
ep1thel16M‘aaIeUk§enﬁ19rl?rﬂﬁlﬁkﬂﬂﬁIMPM&&&WﬁmmﬁpplammmdShé hke
i ntroduci ng and expressing antisense nolecules in a
cell, and suitable nmeans for nodifying such

An emg&ﬂrﬂbhts@ﬂﬁﬁ OIS eRE IHvesticar l@SidevtheOdéth)ppmnsohaoﬁe’rbkd ffdr
In the art. For ex

nttity b onionn R G BRGARRS8s T, P2l 8

particu@t térﬁ@t Shibfadh siet glé'ﬂféubr éfrétbh %X&h[l’plbte adw sutheast DbWA. The
into the cell nmss

method piifserd bish PO a0 Rop ipsq el bR Ancdinfiiso, tat
allows fHMRGIatidR &%rbt&e%aﬁﬁe’!ﬂ%ﬂ@l&é@Be@wﬁertcumm deedrhinanivhbther a

proeincfmgreSt Py BAIEE] 1ogbSRAAle SHePT g ooy L atncBs gy fpen has

been tU %6Fn‘Bfn% |(nHHQ1B%$am|3@Qﬁd Iﬁw guorExueat in, siB3{yb)idiz2@raGnmuno-
her means of speci.f wWn- I e

FISH) G800 SR AoV Ve PEmgsr At e B Pt Betafict Hiroude it it
conveﬁtBnHls eNANAaptiicAFIERr gobes @Rl AtandaNatFUBEl ﬂeyigerRNAuaVB salways

sufferqﬁ% | Caegglo%% I&igtagg gb%} Bq?\g%glg%tucg{, R n% glflgﬁ%tems The

methol Hf Ahe Ihveftich3dérchst@tdsdas ahmmgésﬁl\é\ﬁabhlag/ lthegldentlflcatlon of

oy st S 0 02 Ll il 08 g v

the nekBf&" ﬁlﬁqrﬁfr lkﬁ@hANlBM’é of iyRNABY protédies thas gxalytordn;ﬂ\ubtr’q@l presand gt
are then thou ncor or ate

that. sa HeRER A STPORL g TEbRRIOT A yttrighsatel congiderable

advanfe@@'ﬂiv%}(JmN\rbh@—bre@tpitStlcﬁSb&BeQUBdmm‘Lms sucheard GhEh adndch rely on

nucl ease to e th a
the preasner 655 FESHOTP s BP0 PR e ) graedt Bpund o fhe DA, lso.
if the Sftolly (Lq@ntiklivélp p?e%:ututmmgja RIMAslinKed aultigen, (v§1|¢m\|qg)arecé}lp|P

t hat
con e 5t Ao Y PAGR 3 P g
of mt@mn‘whe metBodies d‘re| beehtlon aEstdaaMwsr foe tchRNggE2D0ah oMt rRINA

assocpiqd P é‘iafd'c‘%S ﬁ)\/% tmoﬁltotr%? Iﬂﬂ{l@ruﬁff&reﬂf’ k& racdﬁ@ﬁﬂﬁs as

speci argeting an

well. degradation of wRNA encodi ng a chromatin aSSOC|ated
factor in cells in vivo. Accordingly, the invention
provi des si RNA nol ecul es and their use to specifical

A spetifid emodimest bitha @regsennevmtupn ésseitinediim Figare §. lpforighéelsrare

fixed, EE{; E?ggogﬁag %Lébll%%g ogi ?teaﬁc OEShy?H&Eéd kd % Bi¥robd3@n, the

Fesent rnve in the case of
hybncﬁimdl &enmetnarssdthem loaptyres mremlmt@ggaada,nthgﬂmmd%aresﬁw and

the prgfa%la%ﬁtglﬁg & é}?s]\{\}ev o%’ﬂﬁﬁk ﬁ%%nuc QUG aLRRhALBSydR N be

t I des and/ or one or
used topresemdipfiteid- mwab@ pentdalnmkqiglesnteﬂaﬁmnﬁa@@lﬂtq glegtegies based

upon @gﬁl?%:{: ﬁqtritlggr? gghtgr}\%c'e{b\/@ h?‘g'ﬁ’ aﬁo %rlﬁé’ér%&ﬁg té ®he presence

tor s and can
of |oraidr‘de11er§ta|etseWh(mhabllows thet u@a/@ﬁdh@eydetﬁfq&nﬁalthrgugmut Vo dimit
r standard rout ti
contalqﬁgn,a% tl' p?{gg?e the' S3bi |tgbcﬁetﬁ96}fr8@{ﬁ‘%}n%ﬁﬁ lrﬁér%e%r% L%Bl%ed

orm o "ot i ons,
Nucldi¢ @de%LN;p)omd&msmgsml;gpomlecriudaesare s&@éeﬁlﬁslpfﬂws because LNA

remdtﬁ;? ﬁ%‘?eg?ﬁ o%@ﬁ%;g&%’ tlﬁag fgvou% gg%%wckiﬂﬁltﬁereb S|gn|f|cantly

e |nv nt1 on
incre@gie® MEksHering m@nmetuoé Vnsltefcal esdtWangadah (R8I Bipeharistry

a tIVII e essi f
43, 188uP5F 05 atbiofee” b SR FRUEARS (whPf 16 QHEIm i ABR ikl
di sease. Typlcally di seases associated with aberrant
activity or expression of chromatin-associated factors
wi Il include: cancer, premature aging, inflamrmatory
di sease, autoi nmune di sease, virally induced di seases
and |nfect|ons and |nfert|I|ty 25 hbvel chromatin

S L S o o . T Y
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drug targets. ALT cells only 20The enzynes identified
in this section may have potential as oncol ogy targets

WO poopaz4d7eént s i n whom the ALT tel onere nmai nt enaPCBEGB2008/002821

pat hway has been activatedland nay provi de a nechani sm
for attaining a d f selet|V|t -
observed wpom DGR EREETAHN e L dih9 HREPEHEUP 28 Bpffiety the
lmmobHa%llg tadVBAd thdL RAlprobe. Suitable spesBis i&@lu%{ller@ didirs alighatic

Groups. 0 AREEIS PRIVDA HAMIRGIRRRATOT MPEoPAEDISF Bhg: o Eiice

precuré&?so&?dhnaé HoS b¥sRiney I”FﬁMbﬁﬁanyAaMt Eva (Methdde Mol e §2605)
he smal | er subunjt,

288, zzwgwbzauv@w@ﬁ @Bﬂﬂﬁ@l‘o@z@?‘i‘ Sﬁac'wvﬁ)’fw}"ﬁss is, fimied ys URine

desthidBRARPL BRiinad itd gy with vedksl afimigetor pivielin, peshittingfa competitive
uncertain function. Martin et al. (Gastroenterol ogy

gentle plptimeysinBRotm 79- 2188) have reported a nunber of
findings that suggest this is not a potent| al drug
candi date in oncol ogy because s are

I a ueibansreSto| T i GHENIaR SRR ER OGS Sapgraed Wi
telomek Q6K AEs T Rllohbrabd pb@lhb&l@ﬁcdtedd% dndadsart ALﬁe(eit@faste/d

senS|t|V|tytoao tic sti er expr
lengtheing: of telprmees) SaREeN sﬁﬁttéwﬁ ngen@ﬁ%“fte% ?E“ge‘f’%ﬁc{“e wE A
the mv@Ntﬁfnel?PécﬁﬁtﬁinQB i pﬂdtdﬁéanmpm&}n@om@mrea@bsted @bk pgsent
decreased tunour size. The data gaese

and assgppicaioi h QOGGES PoRIRAET of GHEPSN Gidl FeseTtsty Bimber o
addmohliannbax/;rs%\fd@@ vidrgnidritiadt Sbimei dfstheepdlybeptidésirduded . knb@vn

| e aPOnE o Ble W MG SRS QIR LRTBAS! kldWh
proteingnpt e gy sfr?er?&% Nu?&%OC@EﬁTW ARG ¢

expressi on
chrométﬁw é’ésohi@ﬁa‘éi%r@t@fris'v}/eré @@Wryobérﬁiﬂxeatastldsreahd;m@irsmianrtres) riégnce,
the IveGumEuT Y 39 0 o GeATEE I h o0 B BLo TR Ve s i nove

oestro en
chromb@f&ftbektiGPadigpy.essor (Martin et al., Breast Cancer

Res Treat, 2006, Vol 95, 7-12). MIAl acts in a conpl ex
with HDACL and HDAC2 (Yao & Yang, J Biol Chem 2003,
Accordifdly, 2@, pé@&ﬁom‘@rﬁfﬁ)&) furtkap residssoim tfe provision of a subset of

nmet as | S- as ene
PolVPeRO G LR BV TR TS B GO psRE AR fll o
thus WHIEM pbRentifllyl aieli axg nb‘ha] mmmn(eﬁiasﬁmkmrsefr helinventtaim dzailitates tthe
. ..2001, Vol 174, 159- a
woniobe el g habsht B ORhENG, B BB R
eplgerz'rm'd activiigsh kiovaf polypeptided. i sed ker ati nocytes (I\/ahoney et
al ., Oncogene, 2002 Vol 21, 2161-2170) and PANC 1
pancreatic carcinoma cells (Hofer et al., Br J Cancer,
In a 2PBdific \évhbcﬁﬁmem53h46ﬂr)asentnmhem@n RDAIdeB- 23mefodaly which
ells 25 with a n
polyp%ﬁ'ggi @8%%#%0&9??‘(8 Fhim prgg E%r}q@!ekéqb?gbcm&llmﬂm%?&ﬁétm at a

on
specifigavsitei i the déronlescan ¢ cladtractemedq It@hpuwm&a@qtqétr@t fheogethod

o Bl R0 o e B SEREBLRRC] ebs B e, o

poor

mclud@é ogpsosiatedi polfemities subhul agr those chﬂb rm‘st(érmrbﬁ‘@tf@u agljvity, for
Oncol Rep, 2003, Vol 10, 599-604). In

-negative breast tunours, high expression of MIAl

is associated with increased 30 rel apse risk, but such

In motééjgotgmgém F%H\% ?ﬁeﬁh&énﬁgg bR cé%ﬁien% first g‘t@ﬁ E\ﬁ W?Chséﬁcﬁflmty

o

racyclines
labellé‘@ﬁ@@élc el p'FolmaSequ%ﬁ(‘)eﬁspéﬁﬂlca%hyb‘ﬂdlsgg)o a prenaﬁatlon of sample

t ransgeni,c n.whi.ch X S
ovoryef S b ST R Bl O R,
deSIggé@I%dcldeNailmpymlﬂkeamﬁtH amnelcgedletsngst gequenod e ithee ®NA. The

teraokaReRHr By U 200024 A CE 008 Go 23 Bk chvere

mechani sm by which MIA1 may i nfl uence tunour

i nvasi veness i s by enhancing both the transcriptional
activity and protein stability of Hif-1lal pha. The
protein stabilisation is via increased H f-1 al pha
deacetyl ation through |ncreased HDAC1 expre33| on (Yoo

. mN s~ O NN PN S ~ - A PN A A PN AA
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10LSD1 was the first histone denethylase to be
identified (Shi et al., Cell, 2005, Vol 122, 654-658)

waeaoszi7ect i vel y renoves nononet hyl and di net hpCT/GRRN08/002821

from h| stone H3 lysine 4 and |ysine 9. LSDl interacts

en re r.to stinmul ndr oge
or & SPRbelsp g oRBpR AR AL ENE POR PRI gePGR o e probe
sequeNed 14rigtrodRGE® at ¥ebnddratidt38ndt3%er strﬁ@énﬂ S¥edisath&onditions

suoh il Bt apBuencah Bisaorut Db = Aot 11547) . LSpn

is required for cell prollferatlon and deficiency of
t he . teip | eads to artlal cycl e _arrest and
e pisiiof lpelad Wi 065 g St et SEuhoRYs, NBRbdRaRMEY Include
immwﬁi—tlagy bi hdpberau Fanébeam?plé}aﬁﬁ@ orJnoBé ot theMaBlkeo R Condéedd@thin
ih 6471 15475%9 &h i gr es all make LSD1 an
© Prape SREYERFE 'BRY 05'9 "ﬂy t(SithPR Vithe BigH Of Gr syifale analogue
thereohi 4 f‘tﬁgt destRioBRAN eﬁilteﬁtﬁﬁ%l akihBn 1dd hdie it xigenin,
q tsafrwtf area for investigation. 20 Pin-1
|mtroph%1 ﬂ

I BuoesRst: 8&y‘1"e 7% PPIIogniGPRAISE claph el @8 Ravhistigine,
FLAG] H@ﬁﬁcﬂ IMS/@ttéagm Fof ta@éﬁé@h@c@@ﬂﬁgﬁﬂé Jﬁeﬁh@m high copy number in

h? %na [ & revi ewe g
the safiple ofinE5Eh Okl Gy Sy P T & HBREEPo AT i Abal
For ta@% @‘GS\N cbﬁ@eﬂftrtaﬂﬁh lsmca a8 R céﬁy é‘e@[l&ﬁ:feﬁ in He yeInedbingn

}' IIun %ﬁer é g}? Lung Cancer,
organisigo 9B g, OlgpNEEpSls BroRen ! deahV4ritan st ErABRRS more
than cmieeryeeudf tﬁgth}CWaySySﬂ%IS(@hﬁlbl @alahYerbddimédteoth@rahiditen an

oded H Pan et al Gastroenterol o
oligon B EPbG GheciE BB 8 S ok G B D Fodpat § Byadotc
cell comiptisds ILmadmdamguémrae)asaﬁwaplbbhe&iesahnim?nmmea@byg@;hnn The

transiti I n br t, can uf e
inciusiph 39 Bk Hesethe SGRR 126 N a bibes 2 M aeih Gn Sanienty
increa$enth@Osemsitieityrofdiré sratesd foalvwatdpymuaibePiargets.and p53 | eads

to accelerated thym c hyperpl asia (Takahashi et al.,

Oncogene, 2007, Vol 26, 3835-3845). Pin-1is therefore
Prior tatheabybridsttiorestopciok efyontatingen Heogartihiiy @neyraaiary ngested in

rtr EPAASE 2 it 4 BORGRL g e A TR Ve

involv@Sipn’qubwa’tce‘dhe rprdbathegatreeqser@bsfyas@ Alzeeativelly, meamwbmatm

i Let 2007, .Vol 419,
can be&@%@&%}%{eoﬂ)y ,g'rhy\flc E{g‘%ﬁ% rsgértfs ultrﬁwatl%lor EX a’ ci)§1 lbn of
physicBedraistrizkmetic ap@o2D@8/ 024781 PCT/ GB2008/ 002821 26 al |
Bi ochi m Bi ophys Acta, 2007, Vol 1772, 422-429). It rray
therefore be necessary to develop Pin-1 inhibitors
The ‘pulrdowd cstepts faritited e uss obd-bordirignmbiatyr ther endagkk tiee affinity
e nj Ci rotelns [.e.
tag an %Aea?tléé d %n&%lsgﬁggﬁé 51833n d%&l%%d [ ER%e Ebweblotmylated
probe Aequenssi lsdﬁélon alf| thé ihybridiséd sequencesishy !Iehaﬂfedtétﬁimgﬁaroolﬁy
10t uces
exp03| g"?m{ %r{dlﬁsgg gg rict % EBs ﬁﬂ%‘& %glg)ééé gH\Aﬂﬁ strg }é 31 5 way
the hYGﬂ@@dmeaueme§ veils ledltattm&)heazds wﬁlwnebe(nfm;atatai outesrf eslution

va o SO R LN 55 MO IR PRGHIER, mov

comprise B, magresic aomBarRIntalloBiAT Tyr. mﬁlrubzﬂnsaW @dhe begptsoxia depasure

o 2 RERA T R ARD A EoRTo} Sl o

immobiilisaorcéfr tberbdldnmintaizEisg eropes opreosadii substerte Swehnas a microarray
cupoof Rl o081 AR AR ALy Ot e

area opGDSYrfage| whish cab 8erEhe 3)itablyt adapésiond at toobe wditddid o use in

teloneres in HeLa cells as detected during our screen
is entirely unexpected. Aberrant Aurora B activity is
bel i eved to be significant in a nunber of cancers

i ncluding lung (Hayama et al., Cancer Res, 2007, 25

Vol 67, 4113-4122; Vischioni et al., MIl Cancer Ther
2006, Vol 5, 2905-2013); oral squanous cell carcinonma
(Q et aI , V'rchoms A«ch 2007 Vol 450 297-302) ;

e o o —— 0 . o ~ 4 a P —
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WO 2009/ 024781PCT/ GB2008/ 002821 27 I nhi bition of USP1
| eads to an accunul ation of this formof the protein

w@ Rhasze7et al ., Nat Cell Biol 2006, Vol 8, 339PGHGB2008/002821

Both ALT and HelLa cells Cerlltal n proteins vvere found to

be associ ate vvlththetelo of
later syfpcgren ?\@B?ﬁrds?%?hud?%f%od‘eé‘%“éz §'Wen°f§o@“m tion ? pebtrdfHiry
(SELDCROEMS) HRBEIsidf thenisebetatnd pbbypemidese cel l ul ar
conditions, there is a smaller group of proteins that
associates with teloneres in both patho-physi ol ogi cal
The plﬁﬁbél H9pulieteet i yBridied sedainoss nomppn'eeaiﬂmtl;slqbekecbwpbe

S b QU B R Pl

protem@rﬁd' Q&U%Lé‘;)tlbé‘\/c@n’(pw& amiti are patued . to lthe t63YBt syaquenag.eThese

PRMI1 20 T i diary fact
sl e, o 1 SORG 588 AL T Bt 51 %

isolated M@k @@t thlhéa%v\lnhﬁat@ﬂhlﬂﬁ,t $t9ﬁlda0ﬁ prétainhwstipigatbh -st@®s and, if

nonophosphat e for ce of
roauireip dSSRRP BHAREm A GPNFTC (i, STSBBACRS) O g reticBFdh®
mcmngﬁgﬁggzaﬁﬁé? Thi's makes i t a key enzyme in the de novo
synthesi s of guani ne nucl eoti des. G ven the
requi renment for nucleotides in rapidly dividing cells

The cBBRMAIR askbcibiBe mblt@lfne@rigd@olmepd titkess csn pat dnadypsd dardetermine
om sing targets, for dru i S

their l%q@tycwcﬁl ylfasw E’YO@BFLEO‘ ﬁg Jéﬁgfmghigﬁ%?(?thc&gg%bly

mcludlh@)’tﬁ‘e dM'aQé %p&&tﬂirﬁl@cﬁﬁ‘ baseu lt&dhmque Mot pepteleemaby fEYPrprinting

own ta interact h S
(PMF)beﬁl@\r@at't’?}y’sﬂf‘ﬂlﬁ?’[ﬁ’?e "gPBnA ﬁf C%%%S}mé)bl Pi nygva\{'t('l Giromatin
associalitd) céapleiesapn et rabnitorddlsifiglahiib@Q05TayMekhridlogies that are

- h h
direCtegj?t?’lﬁ’g’gé?néé’g Hgén&?q?gogft}]%ﬁmgﬁlgé%sugl"Etglg%t : fwfal Sed in

| ong- pat ch base excision repair involving

it will %gmre%%@@%ﬁq}&ﬁe 5% od Af%@&h'%i%ﬁ EPJ ﬁ%"’}gmt%gk@la specllfluB{)/Ble of

genoniit @MNreahd roenebmdilrecﬂélniea eamizxylrmamr MQ@SSegu@mer Iattbg gepgye in
09/ 81PCT/ 0] ny

T e

given ﬁé@mrllcatth\e)mevmoﬂfcaﬁ(ﬂﬁkmm@yadat different Jingisgh d@y@mmg@jg@ the

cell cy@fﬁop féﬁ?"&'ﬁgﬁe g?s]Li?%%F he Jéﬂ‘%& lé%é'i’na‘? il d%éu cg the method of

wher eas
the mvaemen oay gM\esﬁorfctetalleﬁ pFeélhl‘]g afrtde Abarigeds pedteips iane Pekygerfides

assoctaﬁ éﬁl of aet%:?lg%)r%g{ géqﬁg@ Og\%ﬁﬁ@réﬁslggre%gégﬁz”tﬁ%}geth)od of

the nrﬁemtion( allows Idratheoidgntiisatione of apyel JANA| ardy shrogiaga rasgociated

rradi a t
ot 558 o B G R R B3y g o
conSId)Ehe«t lee rheDitOemigénetici BEA hihding or ICbFOmaéln\ﬁsé‘Eﬁ@ﬁgnaqt'H'@eS In

addltl?ﬂ ﬁgngﬁ()ewé) b% FeRim&ith gt‘?\fl’?e Zi’de?’lltl l%\f\énh’ﬁ Bﬁﬁﬁkpttd’ R€locus, the

toa 1 death, and are
presehy pwee’ems ipravidest infarmatio ﬂEtﬂ‘iQrf@‘%'M‘P flevels of ARMNIRNErRIGEINS

bouncgf élvgg Wﬁar{&gtm td[%n 1 ok Eﬂ)@é 3@% ??/Qy ofeXa) Jﬁe 3R%he Erocess of

suza el ¢ Acl
develehg K:(: nWSIiﬁ?tﬁé lnvlen’thmfonmlﬁe U MEes. Jiom ,pgesent inventors

no’uchr F (,X\gel? Sthites it I ge’ll?rh?r‘gceé%og%lﬁﬁé‘sﬁ%n\ 'F-ldere L 8SEPN2hs Bmpred to

|on endent
teloméﬁ]&lpiephrﬂnnnsﬁbma-llel,a 1Chtbgellse, 2005, VoI 24,

8403-8413). 15 Fenl |l evels have been reported to be
upregul ated in lung cancer (Sato et al., 2003,
In aQemaifienembedime?, of7 43-preskh) iaventione neeiAias| 8nd | Ralypeptides

ulated in 5-FUr
assoftRRE M ia Ferlbiar oo rEb e e el on R GBREP Gofielere
24, 1279- 1288). Mutations of Fenl in human cancers
have been identified and transgenic m ce 20harbouri ng
these nutations were predi sposed to autoi nmunity,
chronic inflamuation and cancers (Zheng et al., Nat
l\/bd 2007 June 24, Epub ahead of pri nt) USP7 25USP7

. oy T Y "
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30 Interaction of USP7 with 1CPO protects the viral
protein from auto-ubiquitinylation and thereby

waee@bior478es it (Canning et al., J Biol Chem 20Bd1/GB008/002821

279, 38160-38168). !CPO is1lan i medi ate-early
identifie;d: gg\(qa't_{?gg rtl?etr %ﬂr&pé?eeﬁ é’étdC% ln au e eét%é 'ingtrh%s @élgl%gh(? %gi%'ﬁg
of chrofd8sm&SF6- 1w Menilphatish bhdradn mpreaxeht anotwd artd tD@ @% of the
TSRO N
concenV?@né’rpQr% QE&‘SZ 8!3@(5?{3]@52&&8/ &Q&a@%ﬂng?@ntlﬁ&?)ucld%bmdmrobe The
ater wor romthe s st e r
LA AT TRy ST —
Iockedrr‘ﬁ%é% iaefd Q_fl\lﬁgnﬁim&ﬂ@§§ vWﬁEW sbﬂ)eel ® blybsRiMIally increase the
dest abi |l i sed p53, Inear | ete abl aé ) al@ﬁgfaér&ems
specifigiypf dheapiiope é%&’fh%ﬁ@rgq*ﬁ@ O ‘FI(S? L PETHR PR ‘a PIUS use
and peb'%ezjss\kggrea&éeﬁfﬁflécgﬁg béﬁﬂ:leﬁ&f wivil e tSt@bféq@?te&mclmg Kretvn
in abl at e ells ui tina
candidpigs G 26 GRS PLBI%S 1oUSHH }@“F ol pgreldf i o el ks
protectat%bhﬁéégééd %}U\gjlekma Y a&dltlwhho el Iknow&&@l@mteY@bssh’&[ated proteins
r rom el st ein
and podmp%@e? SUIBHSIPH 2MOSPe ROVREEY 9% n%gjrﬁraﬁ?{“s. e s .%%ﬂtha"
were l't1§t ﬁr@w@@sﬂ@'kgndww tﬁlablﬂd latﬁdor% bﬁ@cﬁ%bﬂlth sdorivehit? rediemdph the
o decrease evel s q S
chromogsee dbfre eyt e extimeo Bl TR SRR PRI PPl ets fo

further! lﬁvt%k@a\}@rqe patievateds cSwrarugsisSolog tdrgetei ﬁam@en lt@pcded out
0]

the notvelipREET BreEsed BUBTEtdTRcasniea ot *AER D bReRiaag o

the pré%ﬂin@ém@ﬁ/ I eghlbatsedn itz sevaralMinie (dvkusd weetfiesraretknawn fo

0 3,..565- 576). Further |evels of
be targ@é@fﬂr8?%’[?”8'@%%9]@'03?0@ added by the effects of the
ATM 15protei n ki nase, which by phosphoryl ati ng Min2

ina g mESme 6 e dh <Dl ol ey (0 gy SRR, B

exam;ﬂ@&ﬂ@rb}io&ﬁ@ﬁn&pmgﬂsmr gfiuit figk thenaleT regien mepreserds ﬁeﬁ‘éﬂlgée

I

statusedf aahomecﬂQEJ‘@@ rhme&DAFJorvol-B 6 msgﬁagrgsmtys nag]avl @Bglgggrgb
Respcgmg \%‘t hﬁrrei:ﬁ{tss Hac rs Hp{h%%élyd%mbegﬁ ﬁ‘ﬁl’%%)?grohﬂ oftgenes.

see’ above) ses the
Unden@t’ambingutrtel Myrctibi ouf dlﬁe hiFatt-6 neiteHAB, Dmsophilst Imltl(salaﬁp the
Kna

underthaglpg oﬁ%ﬁe B%azrbﬁnqnggleor;bcéﬁ) %eneﬁé’ g%’t?svm "lg;ﬁer @@ér%@gs) asthe

basic datomatjnireguiationsis FEX¥@Ily rwgaerv&céiryhlgbgmrg@mw@s istigh as mouse

and h%rg]alﬂsglfggt '@%ﬁ%tlnag}%o\ébﬁé' éég&fg%s 3?0’(@1#1 %lompnM within

compleRes kpbbint tpFabdi are(i@tieerd tal be caitint mm@p\awyg gffigiency of

stem go%]ﬁgurag&eggﬁd m\él eve%%je ft]o‘r’ %%%)ﬂ re ulatlgPﬁreg&@ié’%l %agwc%%sl Fab-7
is a mm enmlem s¢nUEB G Gp farcmt mmnasedm@ telomergsatbighwarien highly
repetnE/\Zef rg%ﬂﬁégg)er%ﬁihlp& s t’% s%\/er%ll di stHct%‘ét%%' to NBBthe

arge e a viab
regioft meaapmetlampnmapr oanilyubas fashoima Lol é(f |t%|0'ﬁ1§fﬁ§u\f“'§ere FRRiNgle
0 30 1393), DNA
Pmep‘iﬂ"&ﬁg’f?ég g@’ qéﬁﬁn%\% '?s%gér?&'a . FASEB J, 2007,
Vol 21, 26-34) and Rl P140 (Mostaqul Hug et al., EMBO
2006.. Vol 5 P f
A furpnpbei of e prAnero bl e PHY bRl gL R, e TR o
the pﬂczwus@aﬂmaam) Lntégrastedmﬁol-ﬂde @enwemfuamniegtednhtémn ¥ @Hdme
t in en [ r
nder i Psn' 8RR REMTB P oSt B TRl B 8eR5REg the ptclooy
281, 27242-27250). Inductlon of |nterferon
all3-nedi ated gene transcription is also critically
determined by the activity of PRMI1l, in this case

operating via Statl (Mowan et al., Cell, 2001 Vol 104,
731-741). Inhibition of PRMI1 activity has the




10

15

20

25

30

35

Moosmann et al., Nucleic Acids Res 1996 Vol 24,
4859-4867). Al though not believed 15 to bi nd DNA
WO e@®et478TTRI M8 is known to interact with a w BEI/GB2008/002821
vari ety of nuclear factors1éncl ud| ng KRAB repr essors
(Kimet al., Proc Natl Acad Sci S A 1996 V
and mol&2G0 merh3uaNs of HB//NE%St dheaEa. Hgs ndhal tilmro @E‘i"rﬁ%‘i
remam(gfé":r‘-r}or n‘@d |éﬁéf if %Hhtﬂ!a@rtd/ ufwé@r%%hd%h)p%%e(\)éﬁﬁg)f

5Nol 24 3279-3290). 20TRIMP8 is
infected oals @E@lae@i theoam@s @eﬁ@ﬁ?@etho%ﬁ C@@\Fé’f‘éﬂ‘” pyFglled ‘dormant’ virus.

Deternﬁ?ﬂ’wg} :%fétvgﬁt lBX BSmbORENtd ¥Rk 6l ditel MG EIRBmEMN in the

eSSIO ene expression and stabilisation o
region Ioétfericblé/hlrmatanptegrsrlIiopygtfwyth%tmsaght intgihe meghanisrgg gfj disease

and thgrg&g |d¥ﬁ n‘leg %ew%gaﬁldgé?tﬁb taPG Y WVQH@E ¥p iThe HvehR IR wWs

esence of several recognisable domains

for compesis s wgoa\maée hietwesien RhNEafidcrengstign @the idnal &g
humart) ‘re egelmegvtﬁgt hgdgethkant‘é\%l ¥|ﬁ§étlbﬁ‘s ‘Ei‘éf]rﬁ‘éHthr édﬁ@@gé‘rhd it also

nteraction Mol . Bi ol %{
prowdemmngant dlanaa’@atagpsefaém\ﬂ@sugn@g r@V@'&Wﬁ Eﬁ%ﬁthPIBf%méiV BRo
domai ns that are believed to interact with
transcriptional repressors such as HP1 and SETDBl. |t
The prczbeappxmlerﬁmd {sheuesioas of RapPresad INMEWIoRRMABAYBRRGRYS!Y
Compr{ R acchn%Fé gem | %l@% Q&@S(em\) 30ciboees! LRA mldeeuses are

i cati on of achrorratln aCt_IV
bicycli¢ BNA ammwatheé eenteip a 10,4 ethyleng brigge ip r”b‘%ﬁ“bqsﬁdx%ety

The mfé@rMéHeatS Q%Q%tsftﬂé fFeQ%ﬁﬁ‘y g WY BSoffaRtR fng aRd Wekis’ ase

rmtl n on potenti al -factors, the

structureviatet povgial $ERRAG cﬂon%?rmav@ f B (plterRp é%@SB@W%&?”dPL@“e
nucleo‘ﬁHé‘ﬁ‘?Yﬁg Wa nﬂj\et REQEht SRR RImetNRobdleghbhdteads @haated

rotei hat interact w th genom c region

nybridizatiey pOYonenes 900 Sistandr. QISOMIEe Gt et sa g ore less

than %)? @Wsor'm&%bndgbﬁﬁ%ngﬂﬁééd Qlﬁlfébl‘}'aé&nmrseVJpOtUSMﬁ%ENA
udi e usi n eneti cs | ochem

TyploalaloREercrPEASPHRICSD CABPERS ﬁﬂr\@xféi'% AOL cAPEnEonRLRI €
DNA RLQE&RIES. LM@ ENSHREARbE 8HhOR2 82MoRdtrated particular

I mrunopreci pitation, and cel es | i shi

suitabilifye fOFC‘%ﬂ‘b ﬁﬁP'IOﬁt‘?r& (Rilagtoregiu feéc‘t"o?ém%g Lﬁ;'ly?g ég’b@f)f"ie Rés

107: 3b9§7') an& hschARLBO By pRdbd f@u@h@@@é&gn Areadistdbed in Tolstrup et al.
% fi cantl advance ng] &;qzl terization of

(NUClQi% 6‘%5@?@%0 Byiviay 106 é%‘p cation, in using the

present methods to study tel oneres, the pr esent

inventors identified nost previo
The ojigpryclepiid ok J@ speRif oM ?fﬁmﬁaﬁﬁr?gﬁ"ﬁyam? g .%Os‘P“?gSn%v'véast
one gFHUBttﬁétrb‘énfohﬁé toPdeheP VorarRsi, eered bélowbe rel evant to

tel omere biology. The surprisingly high nunber of

proteins found at each class of teloneres (-200)

under scores the dive S_L_t_y ey_enj(s occurring at this

| ocus. Cearly, the rret ho&s of the present invention

have the ability to identify factors that would be
wherdlh Wlh&lﬁﬂlés a*rpafﬂlﬂ@/qs(@él tetRéred to theetudktibe Xaysespaeygroup C of

ei t her 10rol es el sewhere_ or
n alofts, 1R R PG ApFOPRISE T B3P el ? GRerls PUPPHEPALYY the
nven'g% bp&%@l@% bgtin, o aﬁcdnlamgu? ghemgf duichriat ianipsénatigtinesoledie.
e present |j ors have
The TGERITR 628 AR EaR LD P BRI Poa & SoRpgpgosotic
a dud@&%%rﬁ@@oﬂaé ahd aS!éEFEédChlﬁ)"ﬁUCMﬁdé yLMAo) ahé damgth of the spacer
entification, of the m;oan qg ti desabI
QFOUH ﬁeSUPBr”geétnéa SP'@H}ébetﬁﬁ é? u} Z %f% , more Su‘ ably
betw®drP B 7508 R 8@ bRfind rhdsremvgxbaum bepeat abben@ntisd about 120

present in manmalian chr iﬁb h[ave been purified and
atompratiably Petvegn feeyt o U@t rometry. Appl yi ng

this technol ogy to human teI oneres, 92% of all
proteins previously shown to bind teloneres wer e
identified, including proteins with Iow |evel
expression. In the foll ow ng exanpl es HeLa tel oneres
25 were conpared W|th ALT teI omeres, and a plurality

o . L 4
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1XPBS sol ution bringing the volune to 50 m/tube, then
spi nni ng down at 3200g for 10 m nutes at 4C. The

waapeonasant was di scarded each tine and the fPCEIGB2008/002821

washed pellet 25 was resudpended in sucrose solution
(bringing the volune to 50 m/tube). The solution was
spun down at 3200g for 10 m nutes at 4C, the

In a spegfy Babaditnedt st adiadertiod, thBeligehlckiotids PRt ofUBe titveRtion
crose solution. The m xture was

vol une of 40 ith s
Co““?ﬁéﬂ@?@?@g@”g@aiﬂﬂﬁﬁw?ﬂﬂﬂﬁbe honogeni zer on ice and
dounced 20 30 tines with a tightly fitting pestle.
The dounced mi xture was transferred to a fresh Fal con
tube and spun d@&w—atl GR6G6g Yor 10 minutes at 4C. The
supernat ant was di scarded and the pellet resuspended
jn, 50mM. of glycerol buffer. This step was repeated
wherelgy 3 5 2 iy a5 aniers (hehis elberer o an olgpnaciopBiassgnce
Y via @l yeReplgrdisl Cesontigistiaas ipéart et hedtolbhathe 'oﬁt}godufc!e'bh@e
Eelget volune is 7.5 m, 7.5m of glyceral bug er is
sequedery & fSCmPSES St L@&a? 3 ngriectidss 98 WhishIMdigss teni H% ate bgked
nucleity abidrregldotibes:; tg;ﬁcallg)-aﬁ 14429 269 bf BAUiLRLEMS ﬂ%rloéke%nﬂucéeic

.. Eppendorf tube) and is then either snap frozen |iq _
acid TRBSBRS il iy 0o b BT D d QE Dot S

nucleciQ@9/ ?1247&%}3&'5/ @8%@%??3’8% %eﬁﬁﬁﬁ,ftﬁ{e ﬁcﬂig?ﬁllﬁclédiiﬁe is 25
alrge -aown. For e P es 0 d e el onnere
ructea et iieBith it W ai99ne BV 0k pod bt A Rudedides. The
lengthexd tHevapeeart grbo% %:x sulc-k:)fﬁm‘at rEl%Fl@JﬁQltﬂy Betwébﬁ%beﬂ;(t_ 4déhd abtout 1|70
prepar a . e a cnr N preparati on rotoco
o R A B A B LRI ok
90 andpalsduit d 2D atdnys; saiatA betwesiehbaut 160VRY abouti1ti0\Wtdrhs. @tionally,

appr eci at.e h he_net ho of the_ present ipvention
the spgggr %@Ppr'%ipﬁt‘?%%oe&]et 2 ri‘%%ﬁ’gé? oL &8 SWDOG‘FC'ﬁ?t&ee?(nW%dhe 5
nucleqtioé pptptaiiyglbeihg atlocked tnakicakckl raelcetiye.associ ated with
eukaryotic genom c DNA and chromatin. Protocols for
purification of nucleic acid plus associated factors
A furtreer spati§o ekihodmeninofpthe kaueytidre sroxiied Ginedligomsclastitis $8sbe that
Lnj.sin chromatin tenpl ate f.or e
Cmﬂmﬁ%%?%%ﬁgggﬁgﬁﬁgygﬁgogenaawﬂgaﬂ%hfS%Y%ﬁbggwdescribed in
reference to a single 1.5nl aliquot of the chromatin
15tenpl ate preparation as the starting point. Using a
table top centrBfuge, the chromatin Bénplate
preparation was ;spun down at 2000g faor 2 mnutes at
roomtenperaturg. The pellet was resuspended in 1.5nl
of I'x PBS-Triton solution (1XPBS; 0.5% Triton-X1l p)
and 1411 of Concentrated RNAseA 20 (O agen 100ng/rd)
was added. The Kalution was incubat efotior 60 minutes
at room tenperatiure with shaking (using an Eppendorf
Ther nor ni xer at |1400rpm then for a further at 4C
(wi thout shaking) for 12-16 hours. This RNAse step can
be omtted if the intention of the protocol is to
purify ribonucl Boprotein dMiplexes—tWat are or are not
chromatin associated (e.g. Xist coated chromatin
domai ns on the inactive X 25 chronosone). The RNAse
treated (or untreated if necessary) m xture is pool ed

W he X L .S Ont,.Eal t ub
e BT P0G &1 896918l 510 M seB 4B AR
respeqﬁV&nucleot(d%vZ 8od Ve bpepatiengraupstrend Caot hragors il leagtal snd
rsh BRI, 292008 el 30 ) -ERaed0 0
nucleotidgreiatlenptopvbere  isibeesend did 46,eh@uticlestaiee L, O afdY being

t be prese hen t el |.et S )
selecto S0 1 Ruti et " Peon el shBiuf A Sooryfiagucieotas
HEPES- NaOH pH 7.9; 100 mM NaCl; 2 mM EDTA pH 8; 1 nmM
EGTA pH 8; 0.2% SOS; 0. 1% Sar kosyl ; nmake fresh, keep
at roomtenperature and add PMSF to 1mM fina
concentration) at room 35 tenperature. The sol ution
was spun down at 3200g for 10 mnutes at 4C to

Y A =
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converiitigl Steinesieghs Refiiiies To8 shesh
. purifiedl | brahdlyea‘qmercﬁﬂgﬂte molediner WdightdiTeedsGaimt@SproRir® can be

on B S D0 BN B S BN, LB

where rteaweauamy ther eethoidt oft the tinaintidh negxhayel foravesl she binthore

15 present in the soluble chromatin preparation. The

pool ed solution was cooled to roomtenperature. 0.5
w@Rooto24781 | Nk Streptavidin bead slurry was equPCT/EGBa108/102821

in, and washed twice with 1® m of LBBJDLS buf fer (10

mM HEPES- NaOH pH 7 9 30 mM NaCl; mvl EDTA pH 8;1 nM

and agiepkedy ipanucigotiag EH). ¢n f%}%&q%swboqmre@t @fr@gthQ(@@@ the
ohgon@&leét%‘"ﬁrb!%%ﬁ@rts‘é& %@é@uﬁ@ﬂgéﬂ% férﬁnﬂé"M Ju‘cﬂ Zt“at nucleo’ude Z

concentrati on) spun

represanuhe sy’ ”‘l’ﬁ‘éo@lﬁ*p'érth%toﬁgﬁmﬁ/&@ﬂ‘éﬁ @@é}ed@ae |péc&>@|s nr@rrwnsmg the
groupSdf YénulP gl ér@%a@tﬁcu%@%ﬂﬂat@e %Tﬂ{aP{;%'t uEH@eéNf?’nSa'F F\tén that

streptavi di n beads were added t ooled SO

have gHpPHFERIUANSOPIESWICRIRI SUSE 3% sangieecqnasmmtmsagwoe@r(eg
parhctﬁl@rubénékt) Tﬁ’é’@bbﬁﬁ'ﬁ&{ %Ewta%noﬁh@edﬁ%@tzoﬁnd Welssﬁo%' B the

was S down at m nut es

interveriigh %RWP@OHQ? Fbﬁﬂv\é Wb@h !§f UQLl‘q'léy @rmaltb@@nbatwe?n 0 and 40
nucle&id@é in"l&lwg?%ﬁ eﬁefBFa@)‘i)ﬁtbé?\ﬁee@'ﬂ gn& @6 Gaélé_% guﬁgﬂ% nucleotfdes Z
background in | ater e superna

and V\é%f\)@%ﬁtaﬁbb%leﬁk% rrt@ntlﬁeohd@lse%w ly, sr@ﬁq&bg@ueﬁﬁcﬂm¢ rmay be
of theSAhd brOMiferdMBeKHhS Wﬁte'n{bo?!%é%ftér BB RVAHINN  Rady &Wcleoilde
hybri di zation. 1t had

oW ng spectrophotonetr

prObeﬂ?é{rGS&pé'?‘P 8p¢ ersmowroumw:@n@m ration (0.D.260):

2-2.5 ng/m -0.D. 260/ 0.D. 280 = 1.30-1.45. Hi gher
values for the OD. ratio would nean that the initial

The pRQRIRIEISG 24 ARGHENGRS %tbes@mtqdyateawwnue@eathat apnears in,
for exérh@lepgéhcfnh@‘bl\lmt@fv‘aﬁ a278 HRE i BRGHTS Nk ‘ﬁﬁiutgd' td'884ing or

chromatin 09/ 02 CT/ GB2008/ 002821

non-cegipg SPAHEICRS: Mp'ﬁelké%stﬂqfﬁ%é@ Upgl Wity ewéhr@n@m aegve@s whdle
genonkd33WRbR Y fietetBsquetRed &mpirRes’ é)lr@[i‘é%t §é&u‘éﬁéé)n%uc-ﬁh§s a

sol upi | i.sed and cl eared chromatin solution can

repealg Jpigmes Sgevensega st PEpbs APesiRs dn after syiiericipuelirst pull
down. Qﬂmsltﬁr@eé Phble SloMBle bhRsE BBl TE5katdY Qéfﬂfehae ﬁsat

. B‘Flae?e?i it
tained in the previous step were spun down

may ?ﬁ rﬂ?ﬁ%%saat %U*‘@o@gcamb'ﬂa%% toéntw@r 8 ypee m@e&mawm to
consedive, @\Q@lbﬂﬁi V\%@Q@Ibb@f/ |dcRtedi e |oﬂ§@mhe5t%ﬂge@floc9§‘rlﬁrﬁ?ltéﬁmple

dded 20% SDS to 02% f i nal

or tre S o ol o e S 2 S Ltk S el hiove
using A@otb@matdii omtatedprasé uﬁg@mré@ﬁde@dﬁadwy%ﬂd@e imtﬁfaréthfﬁi to 25%

nucl eotid uence (from 100pM

of the J ek SGuPurer BRIVeLGe mAIFE! B GO SReaiRLG Cor( FROtB S ere
target Beq@uanice obverehly therpreisbié aihai gigatar RE9RE.havi ng a

scranbl ed or random sed sequence was also run in
parall el . The hybri di sation reaction was divided

Identificatian apeoprotet ehy pBlﬂypéfptHéOfabiorsade@dQbsoé/\lﬁé,@'@la?&\/\@ﬁﬁ the

i di satjon_ste

ced in a ther cIe r the h
speciBy a0 Ryintor it Re Senled Prodales AUBPe G RMeon TGy 458
protemmaanca$ofypépttrdms ar@ S€pérated3from Ntk e oS tal Gt sfe@[leﬁ:emww&i%y

OCfo 2 m nut es 38
BByaerten g Bepsttably

hybri di zat i on

novel SOGRIFY S07S 1 P BB ASedE SEEUSS orprogei esiioaton are
appropriagehe ttilsedt F(ﬁmhﬁmhﬁb rpr&leiﬁc@nﬁdléﬁ/ tar 66 RYivVIEEMIBBSPAGE

of LB3JD buffer

and 1] SbfRAly SBIeGE: fo BrtapbCrsiie Adneane sy & redtiston of
dlsulfldermmﬁlides z edrb@nymbmylmn ebi CCy:starm amthot haxi URRTRRE aMhe

protelr\é%}o,lygppn

qarded The eada re vvasEed in 10 m of LB3JD
St (1 inf peVErl JRANRRE Ustne 52 suikable
total vol une of LBSJD buffer The supernatant fromthe
spun down hybri di sed chromati n sanples was transferred
to two 15m Fal con tubes. To each tube was added 3.5

m of mlliQwater and then 1.2m of C nagnetic bead

sol ution. The mxtures were nutated for 12 hours at

Y . U
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Typicall 0, 8V9Ep SERRLTo P GRS 1o-BOGIHES
referradets uspasptes niass @lnéerﬁ‘nntﬂfg TEHIR SFter Mbﬁiﬂfet (al&Cﬁfﬂ\Blﬁl PFQQB)

HEPES- ;
sun 1:5{eP Sk RRTE 1o Tog sk Bl RRPR RIcaNd (oL Sjcugr Stgsses of
constit0e7hadln s KM{H% n@efﬁées)’ltbubﬁb%ﬁczﬁlﬁfeyﬁ@e ML Feddrated GoY

erature.in the.t X shaki n
polypep RO HIFSS ABBLAPRSE Ty MBGs ekt ee) PRAPFRRBAPLERFSs @
umquef/\ast cEEIp@‘pﬂdeﬂa@rﬁer&S@aﬁﬂdvnlhh@'ndmé(bewt@% Messes| laentifiadtRd of a

. of
aiven bElpdof f.A-EopaRasd
theorevmemamsnpqelsaﬁem anPMe séqimicd oddtabeagnePME Ribatifidation is

optimifey iRerk TR ald Stetal e PRA PSIneue fBG e
mass mm@@mm@w IEBRMO 8le0 62,8241 BT OB Iess spéarcdid®gprofides a

partchlensl afeclch’r%?1 el%e etogclr%g cfkn? <] t&lw%k;rg%slﬁdoé Pa%{;ti gf %P%errl?%pﬁljgé frtagments.
Proteamtig) aepmecmm beTla;seelato kletdrmirteethe | nazdre f aRbeip kcomplet&Oat

ere ool HECec iR Bf TR MR B i et B i

exampidhege Sjngrasddah Nat R&6 000 Gefl Biol. (2007 )rhulgedt8 ed45-0.m

The vol unme of the m xtures was made up to 10 ml in
each tube with LB3JD buffer. The magnetic beads were
W@ b@n/024780bi | i zed on the magnetic stand. The PCT/GB2008/002821
supernat ant (approxi matel y140ml) represents the
hybri di sed frac e .sa

proteoly 5 A B o Uy Gos LY r | orEOBEN TSt i QAN e ot
overnigiet! ér@dthémlhidoélbﬂ\lreﬁepbpﬁlhé@@% kit @&@eted witreag@dditdle and

washed vent me 10l buf f er.

S
cried Wies VR TR AORIAES BRadomaREOURn T § N R o dsgled
water @hﬂhtiaérbor@adf%ﬂ Maks§ Gpkbrornetsb érfa%ﬁ; tl\h‘d%sbﬁﬂééﬁorW@fr)e can be

per tub

uspend of LB uf nd
porfoniES fEr it Pt §f FeehyiRIorIPINS. SHAYRO? GROBEHE: Ry HALDI-TOF
mass $¢3@&gr{h§hﬂ§/ |T31@Q3&_fbut ﬂr@mﬂgé W%Elsb@&d@pw@lry%nglysgr% in silico,
using BTG Al GranaleH dr U A qo i e i aien g peein databases
such dseﬁém@@w&blﬂrﬁﬂmcﬁrdéﬁ%l@erﬁlﬁ BA8 proit $dHRBceMRfRmation

ncu tes at_42C in a thernom xer

d f
for thq JRUR. G oL CUBTER SERACETENT He (BRI Ecaaym Mass

SpectrioriTHyi $)t 1526-5051aRg ChHRckaPeNg OPdtichBanetdog) Meditds mau Biol.
1124$5§ﬁ1§ep was repeated before the beads were finally

pended in 0.6 nm of LB3JD buffer. The beads from
each hybridization (telonmere and control, 2 tubes
wer e poo e onge, t be/ re?ctl ?n ancgql nmobi |.i zed

lqﬁﬁ’gﬂcatlon are

m.nutes i.n or?{er to, ef

5mp Gl JBE otk Sk hepado the

bepds %Qrogéggwggﬁfgtelwe

tenperature, and -1.1 m carefully renoved by
I petting. The tubes were brought up to 1.5m wth

p
By the-teC" roodulatart dtie meantg imaecitt fecy. althesdcad adsstane /tehtity) that

otecEBRafR A9% a0 o 2000 el UL FaeT bt e
changw_lin adivihelisrelativeate thé sbtsha .or Paeelinellé el ofvacdiviyOinvies Alesbnce of
the m%&éi}#g%{ggut%t@e?\ﬁfsg ﬁd@lﬂs??m[lédI c}olﬂgf’tloﬁ%l%%m g f%ﬁ%ﬁ%@t\@n lﬁct:rease

t roomtenperature

or a deurgasenatiznnormas/ hsstine deliVityrnthe nedyetol ey delapwetblécule as

Al . LI ' h I
dosorifed neloly fof BEaBle oL amaP BRI Tyl 160 Bhlop S of 8 e it
the contexkefsthe psedent mant(oZBﬂrH\/laTgetss pMcﬁfeBchrWatﬁDé?esoalaw factor

- I h b
L N R AR R
modulgigdn efrcheeroatindassbcia®dGapiendiaygd asdesesd bwahysneﬁné kaswn to

exanpl e by nmass spectronetry). 20 Sucrose Buffer 0.3 M
Sucrose; 10 mM HEPES-NaOH pH 7.9; 1% Triton X-100; 3
nmnv Cad 2; 2 mM MgOAc (Magnesi um Acet at e)

d ycerol Buffer25% d ycerol; 10 nmM HEPES- NaOH pH 7. 9;
0.1 mM EDTA; 0.1 mM 25 EGTA; 5 mM MyOAc (Magnesi um
Acetate) 4. digonucleotide probe design The probes
are consti tuted of a mxture of LNA and DNA reS| dues

S ~ - ~ o~ .
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Where CAPI TALI ZED letters represent LNA residues and
| ower case letters were DNA residues. The

waele@bl24ki ot i nyl at ed LNA contai ni ng ol i gonucl eRCT/G82008/002821

probes were synthesised to2order by Fidelity Systens
(Gai t hersburg,

| ecul 1 :

the pergen pikeskinithe ?Hefoék%%’@A% b BEn{Tied o gt B R Sression of
genes e@ﬂlgier(! aﬁhe Bhiolraiie absvmted faptok] ed down proteins The
own proteins were |oaded on a Bis-Tris 12%
acr yI am de mnigel 20 (Invitrogen) and run at 100V

The pr%’égngllnvtehﬁor{ giadiraigtcdye rﬁé‘thb@arﬁdﬂeolgﬁésmo“ﬁbeforgmle trasdm ethtend

SIEELCE L SaNC NI NN UR D

associdlBd Bictdtd ld@h ificdll 86rdirieo i Rete8 vehengedeneinwidioe. | ane) .
ese sanples were submtted to the Taplin Harvard
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Cells were incubated for 60 m nutes 15 at room
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associ ated chromatin binding factors froma HelLa cell

WO 200e/08t18r t f or m nane/ Uni prot entry name DescrP@I/Gan008/002821

factor Previously known to2associate with tel onere

tin? USS1 116 kda nucl ear
It hes PEB AUV BB SR G Ao AaP) RGBT (S RNAS) cpp iitate
RNAI, Jh33fmtléhicB - molcandialNwPRPH: 8@@0’[%%@@@% &%n@tfﬁr?e‘%@n ln
ul ator%‘; subunit 10 N PSD5 26s 1? ot easone non- at pas

vivo, fPég%ﬁfaQ'%r %%P&Uh@rc{ inSEIRASANRS R (P81 Vel e (4 & 49%498). Thus,
this tBEHMiRRY pPAVRERN AP ARk Nfod 2thbamtbstivBB BRET s AMRSdng and

i dic Ieuc:| ne-ri ch nucl ear phosphoprotein 32 fam
degraﬁ% {O

iPpePT enRNAYRYSEINY & W'%o%%ﬁpaﬁ nfacist Br celisnnamRE.

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 .

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
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.

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.

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
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
affinity-based screens such as radioligand binding and fluorescence polarisation.
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adp-ri bosylation factor 5 N APEX1 ap endonucl ease 1
(Conponent of the SET conpl ex, which also contains

WGEDIHOMWB2A, HMEB2 and NVEL) N AURKB Aur or a- BPOU/GB2RS402821

Basi c | euci ne zi pper and 23 donai n-containing protein

or eal N CYBP Cal cyclin-binding protein
In a %%sfé‘ﬁ ‘ETPEQ&FF ﬁn"pi"J ﬂ@ eSRP*CII‘l"@lt}IOé‘hIr@V‘? d%roéﬁ‘féﬁ‘ﬁél polypeptide

chromaHe kesdcibRidehors w@m&ﬁmdwﬁsmm@ tOMALAT Rlofidie SedViences
STAG28%§)heS| n subunit sa-2 &stroma antigen 2) (scc3

alone.hdfte EPDS™eNEBRBICE R NS AL ERINISRRIFRIRD At H‘”ﬁgj’eﬁ%ﬂéﬁt@ﬁ

that th® tBEHAidRRRs Gapdbid BOUSphiRatiRYAsal & dﬂ@er@h%éﬁhl@r érWronments
air protein ?) N CND3 condensin conplex subunit 3
Altera@@% ) ﬁ%gra

Bhe- coggngél@p%@g—}jb%@&cg%bqﬁlgmmzant 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
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
previously known proteins that renders them of even greater importance as potential
drug targets.

ALT cells only

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.

s Pri-2

* Hini2

e MTA1

e Pin-1

¢« LSD1
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.

Hint2
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Q@HYHS cpsf5 N CPSF6 cpsf6 (in paraspeckles) N QU532
CSNK2A1 protein (kinase) N CANDI Cullin-associated

WORIDD824i85s0ci ated protein 1 N Q4R5B9_MACFA CyrCT/6B2008/002821

A/CDK2 associ ated protein 349 N DDX1 ddxl N OruBl
RPA2 dna-directed ma

ubi tinati n enz aruBl
rint2. 351 eb IR | e qRRA VA ERE R RAFPAR SioHS: Peangertain
functiom pmmﬁeétaae @aétmreg@%lo@gmﬂmf 64 1%0&25%19@)%@% t?édo@t@N d a
I -associ at e act or a subuni
numb el R L SRR of Jite Paselonel 25 gard el oncoloay
becau@@@ﬂﬁ@?eddé&]d?@bm@élﬁét@@%ﬁépafé’cellular carcinomas and knockdown
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 Hini2 may be

significant in its cellular function.

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, Vol 102, 13968-13973). It is also known to be an
oestrogen receptor co-repressor (Martin et al., Breast Cancer Res Treat, 2006, Vol 95,
7-12). MTAT1 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
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
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 fumours, high expression of MTA1 is associated with increased
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
gland, inappropriate mammary gland development and tumorigenesis were observed
(Bagheri-Yarmand et al., Development, 2004, Vol 131, 3469-3479).



10

15

20

25

30

35

pol ypeptide XRCCl dna-repair protein xrccl (x-ray
repair crossconplenenting protein 1 N DCTN2 dynactin

WG aivan24782 N ELAV1 ELAV-I1ike protein 1 N PA2GAPCT/GB2008/002821

Er bB3- bi ndi ng protei n 1 (bi251ds AR and NCL) N Q724L1
variant

one ERRERL R PR B FaxifiRts Rined PlElknesiak b dnginding
both V@rltramcnbltldd%@ atikiar watl i proteirarssdbalty Hnmtambl OITheagioldin

POl e
StabIFGR{R, 5 4o CEAgr e BT A7 Hoh1o669'Y NP ABOROR AVBRSHY HRAST
expressidn théteaanEMmmwBI Vel 78 1Bl 1THNS E/U@IBZ'Def &nsistent
with tHg rela{3 onmh Egtﬁfgten bellenv%%edgl\/ﬁ‘rAqt leverz]s an'é| intratumoural microvessel
density in breast cancer (Jang et al., Cancer Sci 2006, Vol 97, 374-379).

LSD1

LSD1 was the first histone demethylase to be identified (Shi et al., Cell, 2005, Vol 122,
654-658) and selectively removes monomethyl and dimethy! 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-regulated in high-risk prostate tumours (Kahl et al., Cancer Res,
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.

Pin-1

Pin-1 is a peptidyl prolyl isomerase involved in the isomerisation of numerous
oncogenic and cell-signalling pathways (reviewed in Hel et al., Lung Cancer, 2007, Vol
56, 51-58). Over-expression of Pin-1 has been reported in a number of cancers
including non-small celf fung cancer (He et al., Lung Cancer, 2007, Vol 56, 51-58), and
hepatocellular carcinoma where it may act synergisticaily 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
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 atiractive oncology target for drug discovery. However, Pin-1
activity appears to play an important protective role in the amyloidogenic pathways
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
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FBRL fibrillarin(rRNA 2'-0-nmethyltransferase
fibrillarin) N LEG/ Galectin-7 N GRWDL G utamate-rich
WOBROpEat - cont ai ni ng protein 1 N AB002283_1 hiMBFEGB20M8/002821

HMGLX hngll 10 N HDGF hnmgl126 N Q6T6WU9 HMGAL N Q75WMM 1
hmgbl N Q6J53 h rotein

N HMGEB3 3 [
. BoGOVRDepIH Ay 20 {eA Eh 47 K285k TOTHYRERHbT Biescen)
develo@bﬁt?fnﬂlb%rs that do not cross the blood-brain barrier.

Hel.a cells only

Some telomere-associated proteins were detected only in HelLa cells and not in the
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 (HeLa 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.

e AuroraB
o USP1
Aurora B

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,
Vol 67, 4113-4122; Vischioni et al., Mol Cancer Ther 2006, Vol 35, 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
66, 2670-2679). In an animal model of renal tumours, Aurora B expression is
oestrogen-responsive (Honiz 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-
proliferative (Girdler et al., J Cell Sci, 2008, Vol 119, 3664-3675).

USP1

USP1 is a cysteine protease which deubiquitinates mono-ubiquitinylated PCNA. Mono-
ubiquitinylated PCNA is required for the translesion synthesis of damaged DNA.
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QUFCO0 Hypot hetical protein DKFZp434K1815 N QB3RR5
hypot heti cal protein yvvhag N IMBLl inportin beta-1

WG awa02478N 075141 ki aa0650 protein (SMCHD1) N REAIGB2008/002821

Leuci ne-rich repeat-contai @ing protein 41 N (BVLR4

. ..Lung cancer oncogene 7 N RR nmakes do in the nucl eus
InhibItiRT RBSSE INBRSY fo0a GEGHBIIFHON 2N Rie: Oéﬁﬂstwﬁ'm%n%&t al,
Nat CeJIEN8ICH08WoIek B8o-8xpSONES etc..) N GBNI9O nenber ras

oncogene fam ly. N NACA Nascent pol ypepti de-associ at ed

conpl ex subunit al pha interacts with snydl N SEPT_2
NEDD5 N NUDC Nucl ear distribution protein C honolog N

Both ALT and Hel.a cells

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

¢ GMP synthase

s Feni
s USP7
¢« PRMT1

e Transcription intermediary factor 1beta

GMP Synthase

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

Fen1i

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
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NUMAL nuclear mitotic apparatus protein 1 (nuna
protein) N UBF1 Nucl eol ar transcription factor 1 N
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recosnition conplex N ORC328rigin recognition conplex
. N ORC4A origin recognition conpl ex - .
with urmmgalgsizﬁ?sememésﬁosevvmi%ﬁ‘f@&%%o X‘%P? fiynassociation with

PCNA [ gt | @ G PRRY, @80 VRARYS! 1Bagaci oeom). di sease protein
f7 inds AR, DAXX N PI'N1 pepti dyl -%a;}glmyl cis-trans

I somerase ni mai nteracting 1 N PCNP pest-contai ni ng

KnockSW S 8261 RE Rk nlNaPiihdritd thi@amimerdds double heterozygotes for
Fen1 and Apci 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
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).

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

USP7

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). lt is a target of at least two viral proteins — ICPO of HSV type | 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.

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.

Early reports claimed that USP7 has deubiquitination activity and is a strong stabiliser
of p53, even in the presence of excess Mdm2 (Li et al., Nature, 2002, Vol 416, 648-
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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
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
protein kinase, which by phosphorylating Mdm2 and Mdmx, weakens their affinity for
USP7 (Meulmesster et al., Cell Cycle, 2005, Vol 4, 1166-1170).

It has recently been speculated that one of the major effects of USP7 is to generate
apoptotically active non-ubiquitinylated p53 at the mitochondria (Marchenko et al.,
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, Vol 17, 695-707), at least in Drosophila embryos.
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
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

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-
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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 Voi 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 p&3 (Wang et al., Embo J 2005 Vol 24 3279-3290).

TRIM28 is considered to be a member of several larger muiti-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
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
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considered to be reievant 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

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

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

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
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 HeLa telomeres
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
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.
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cells in spinner flasks (20 litres culture at a density of 0.5-1 10° celis/m!) were pelleted
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
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
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 TmM 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
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
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
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
aliquoted into 1.5ml volumes (that is ~0.5 109 cell equivalent per 1.5m! Eppendorf

tube) and is then either shap frozen liquid nitrogen and stored at -80°C or taken to the
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The above chromatin preparation protoco! 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
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

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 15ul of Concenirated RNAseA
(Qiagen 100mg/ml) 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
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 50ml with 1X PBS. The pooled
mixture (now corresponding to the starting 6 aliquots) is spun down at 3200g for 10
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
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 mi. To the peliet was added 2.5ml of LB3JD
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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
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
(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
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
at 3200g for 2 minutes. The supernatant was discarded leaving a slurry peliet of around
0.5m!{ 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
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:

- 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

fully effective and that the purified material might be contaminated by non chromatin
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3. Hybridization and target sequence capture (puil 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 w 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 ui 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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were i%muo%ﬁrz)ed on the magnetic stand and the supernatant was discarded. The
beads were washed in 10 ml of LB3JD buffer, immobilized again and resuspended into
2.4m| 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

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
separate analysis later. The pellet represents the pulled down hybridised chromatin
target. The pellet was washed seven times with 10ml 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) low binding tubes/pull-down.

The magnetic beads were immobilized using an Eppendorf magnetic stand. The
supernatant was discarded and the beads were resuspended in 1ml 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
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 mi 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 %
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 to effect elution of the pulled down chromatin target sequences.

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 1.5ml Eppendorf
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16000g for 15 minutes at room temperature, and ~1.1 mi 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 peilet was
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 50ul of
crosslinking reversal solution (250mM Tris pH 8.8; 2% SDS; 0.5M 2-mercaptoethano}).
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).

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
EGTA; 5 mM MgOAc (Magnesium Acetate)

4. Oligonucleotide probe design

The probes are constituted of a mixture of LNA and DNA residues and were 25
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 exira-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
chromatin immobilization strategy could be impaired by steric hindrance problems (see
for instance: Sandaltzopoulos R, Blank T, Becker PB. EMBO J. 1994). Suitable exira-
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In the example described above the telomere targeting probe sequence was:
5’ TtAgGgTtAgGUTLAgGYTLAgGgt 37 [SEQ ID NO: 1]

The randomised/scrambled control probe sequence was:
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
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
(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 hitp:/gyai.med.harvard.edu/facility/#intro; Taplin Biological

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

Typically this analysis involves the following steps:
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

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



10

15

20

25

30

35

PIAS1 PIAS1 PIAS3 PIAS3 PP25 placental protein
p25 PNKP pol ynucl eoti de phosphat ase/ ki nase

W@ pwbyeuIel eot i de ki nase- 3' - phosphat ase) i nt erBCT/6BaM0B02821

XRCC1 Z B3FVO prohibitin3%ariant PINL Prolyl

i sonmer ase P rote| NI PS1 r ot
The cpyjesghethgata 'bgmfwegrpé% i}ﬁﬂif% SreATYIP g e e
corresponding proteins they matched to. Pephde 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

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
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.

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
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 Example 1.

The novel ALT telomere chromatin associated factors identified are set out in Table 2.
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 (HeLa) and ALT cells (WI38 VA13) are shown in
Table 3.

Example 3

Characterisation of novel chromatin associated factors identified by the method

of the invention.
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AF054183_ 1 ran @T3J3 receptor-interacting factor 1
RCC1L regul ator of chronpbsone condensati on (chronosone

w@orderwsat i on protein 1) AB209732_1 repl i catPCHGB2008/002821

protein A, 70kDa variant 4RCORl rest corepressor 1
Expenﬁ{%&? o&érrr‘]?e? ?n%itaéﬁ%g‘ 8@%@%& tﬁ_aiman%%qt?% identified by the method
of thehyd'é@tmﬁatélyurtdhalﬁ@lﬁleﬁlgﬁlﬁcadm t pRdhondr icall nné amwaswxw was
transfected1 with Sfﬁcr) %IhﬂNe\lcons{\l ucts (glGl\ﬁAaMlS%lO%CSh??NS collectlon) targeting
the COUP-TF2 gene. COUP-TF2 is an orphan nuclear receptor identified as a novel
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 monoclonal PGM3, Santa Cruz) to identify
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
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, viral 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
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
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.

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
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
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N Q7Z5A3 small nuclear ribonucl eoprotein smdl N SMD3
smal I nucl ear ribonucleoprotein smd3 ( N 075141

W pbHd4781 STMN2 stathmn-2 N ERRL steroi d hoP@ma82008/002821

receptor errl N STM.2 storatin-like protein 2 (slp-2)
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chemicaBy tractable components of a gene control pathway.

Example 4

Preparation of the chromatin template by ultra-sonication

The present example provides an alternative method for preparation of the chromatin

fragments to that described in Example 1.

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 pellet volume of 1X PBS-0.5%Triton X-100 and
90 ul of RNaseA (Qiagen 100mg/mi) were added. Cells were incubated for 60 minutes
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:
Power setting 7 (36-45 Watts), 15 seconds constant puise and 45 seconds pause for a
7 minutes {otal process time. Sample was collected by centrifugation at 16000g for 15
minutes at room temperature. Chromatin sample was then applied to Sephacryl $-400-
HR spin columns and incubated at 58°C for 5 minutes.

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 temperature. Beads were discarded and supernatant was saved.

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
departing from the spirit and scope of the invention as defined by the claims.
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Short form to associate with
name/Uniprot entry telomere
name Description of factor chromatin?

116 kda ub 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

ARFS 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

RCCH1 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 protein g) N

Q5HYH5 cpsf5 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

OTUB1 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
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DCTN2 dynactin subunit 2
ELAV1 ELAV-like protein 1 N
PA2G4 ErbB3-binding protein 1 (binds AR and NCL) N
eukaryotic initiation factor 5a isoform i
Q7Z4L1 variant a N
eukaryotic translation initiation factor 5a
Q53HJ5 variant N
IF6 eukaryotic translation initiation factor 6 ( N
exportin-1 (exp1) (chromosome region
XPO1 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
LEGY Galectin-7 N
Glutamate-rich WD repeat-containing protein
GRWDA1 1 N
AB002283 1 hMBF1b N
HMG1X hmg1110 N
HDGF hmg1l2 N
Q5TBU9 HMGA1 N
Q75MM1 hmgh1 N
Q96J53 hmgb?2 protein N
HMGB3 hmgb3 protein N
Q55WC6 hp1-bp74 (fragment) N
Q59FT0 hypothetical protein N
QOUFCO Hypothetical protein DKFZp434K1815 N
Q53RR5 hypothetical protein ywhaq 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
WDR61 homolog (check out ski8 exosomes etc..) N
QB8NI90 member ras oncogene family. N
Nascent polypeptide-associated complex
NACA subunit alpha interacts with smyd1 N
SEPT 2 NEDDS5 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
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PIN1 Yoin ALT interacting 1 N
PCNP pest-containing nuclear protein N
PP1G PP1c gamma N
SMCA1 probable global franscription activator snf2l1 N
Programmed cell death protein 4 (Nuclear
Q99834 antigen H731-like) N
PDCD6 Programmed celi 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
RAB5C 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
SNW1 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
Qo6QB7 tc4 protein {ran) N
THOC4 tho complex subunit 4 N
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TCOF 1433B “ITreacher Collins syndrome protein N
tRNA (cytosine-5-)-methyltransferase
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
QBUXN9 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-acetyitransferase 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

e

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
API5 apoptosis inhibitor 5 ( N
ATRIP ATR interacting protein N
BTBDC btb/poz domain-containing protein 12 N
QOB6E14 ¢160rf75 protein N
Q5VYVT C200rf94 protein N
QBNXNS Cborf25 protein N
QO6HY3 calm 1 protein N
QOBRL5 calm3 N
PEBB CBF-beta N
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2009/ 024781PCT/ GB2008/ 00287_16_ 49 HCCL1 cip29 N CLIC1
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CAF1Bina- hi ndi_nighrpmatnesissertly PAE@NI@bunit 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 gthe1 protein N
Q535C4 Ewing's tumor-associated antigen 1 N
FANCJ Fanconi Anemia Member J N
Q9BQAS 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 110 N
HMGB3 high mobility group protein b3 N
HINT2 Hint2 N
HDAC?2 histone deacetylase 2 (hd2) N
Q75MMA1 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
SAM6S 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 mta1 N
QeuJs54 Methionine adenosyltransferase 1l 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 phosphonbosyltransferase N
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TR2 hi st one- bi wdmanmumyervemtor bp7 (retl nobl ast orth- bi ndi| ng
PTMSprotei n 7)pdbtidpidB62 i fapsoriasin (filaggrinN N H2AY
pegpfTaCT OHZA NoHBLB3itidylethanolamine-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 XRCCA1 N
Q53FV0 prohibitin variant N
PIN1 Prolyl isomerase Pin1 N
FA50A 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
ERRA1 steroid hormone receptor errt 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/ué 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




Mtotic checkpoint protein BUB3 (WD repeats) N B67Q0
peptidyl prolyl isonerase a, isoform2 N PRP19

W@e@9ne418t spl i cing factor 19 (prpl9/ pso4 honol BGH/GB2008/002821
(nuclear matrix protein 2088 N ANML PRMI-1protein N

PHBZ2—prohirpi ti -2 N PSNE3 proteasomne activator compl ex
£apy Subuni t 3 RIEREEEUISP STEIOeCIRBPI e N|SET Protein SET
(iRteraets re%@h—m%ﬁp%—lm—‘mﬂ—f%%bﬁ%
Htetfract SV " ; (e ; not
Q53RF.}\§_?\.E2) _N-RMMI38 ¢ a5 ¢ ol at edprotei-n—+ah—tb—N-CDIR
Q8N279 .- gdial g Foemxeeind4 hel i case p68 Nl RBAMBAN
ZA2G - bi ndi_ngzine-elpbi-A-gBeppvteRpPreairsor 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 YinALT
RAD1 DNA repair exonuclease rad1 homolog Y in ALT
QIBMF7 MMS21 homolog YinALT
QO6SB8 smc6 protein YinALT
TOP3A topoisomerase 3 alpha Yin ALT
SP100 nuclear autoantigen sp-100 Y in ALT
PML pml ” Y in ALT
H2A1D histone h2a type 1-d Y
Q6FGB8 histone h4 Y
Q99525 histone h4 Y
Q6DRA9 histone hd/o Y

Table 3 Telomere associated chromatin binding factors identified as common to
both the HeLa (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
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with WRN hedebgas@e sNiribMspRate r ansnenbr ane protein 109
DUT precursor NutlBRdohydrolase 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
swilsnf-related matrix-associated actin-
dependent regulator of chromatin subfamily
SMCAS5 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




ubi qui tin carboxyl -term nal

ubi qui tin-|

hydr ol ase
i ke 1l-activating enzyne e

7 N ULE1A
a

W@ sma024r8tact i vati ng enzynme subunit 1) N BWWA43PCFkBowWBE/002821
cont ai ns wd40 repeats (vagae honol ogy to CSA, xrcc8) N

in

TCEAl FAH W Tl T%EE&B%H 8BRS - BLRIpSPME Tegron 1
TP OO N A BN g T8l O T ST o foyet e
|8 ot UI I IO IIUIIUI O cont al ||| ||y |J| Ot
1 N HVBX1 ﬁgﬁa&f f}“%%&ﬁmmr EFa%l pha N in human

TERACBX:hph—balgragiswil | hpt—garma-N-inNauman | A

M@ang_ge_memwmt%ﬂ 54 Rrecyrsor N

UBP7 ubiquitin carboxyl- terminal hydrolase 7 N
ubiquitin-like 1-activating enzyme ela

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

MCMS5 mcm protein Y

MCM®6 mcm protein Y

MCM7 mcm protein Y

PCNA pcna 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 TINZ2 protein Y

ACD TPP1protein Y

TERF1 trf1 protein Y

TERF2 trf2 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




MSH2 dna mi smatch repair protein nsh2 (nmuts protein

honol og 2) Y PRKDC DNA- PKc Y MREI| doubl e-strand break
WO 2paloe47protein nrel 1 a Y FEN1 fl ap endonucl eBGEGB2008/002821

KU70 ku proteins Y KUB6 kuSproteins Y MCM2 ntm protein

H2B1§ MCVB T T [e%zgtyﬁe'Y—fblYﬁzb'}f,mnﬂrS[ erniy I'V'f,l“v‘:t_)xllblll

HZB18I orerir Y 'Hstc?ne'hbor%é"f-lc?ellf)é/i Y WicVir— T mprotet IYI Y
H3T histone h3 Y
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PCNA pcna Y POTE1 POT1 protein Y TE2IP rapl protein Y
RFAL replication factor a Y RFA2 replication factor a

WOoROEH247$lepl i cati on factor ¢ subunit 5 Y TI NFPCFGB2008/002821

protein Y ACD TPPl protein YS2TERF1 trfl protein Y TERF2

cLAMNigf 2 protein Y CDC2 cdkl protein Y in yeast H2ALA
hi stone h2a type 1-a. Y

1. A method for isolating one of 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 polypeptides associated with the target nucleic acid sequence;

(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

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 polypeptides that are associated with the target
nucleic acid sequence.

2. The method of claim 1, wherein the target nucleic acid sequence comprises
eukaryotic DNA.

3. The method of claim 1, wherein the target nucleic acid sequence comprises
RNA.

4, The method of claim 1, wherein the target nucleic acid sequence comprises
prokaryotic DNA.

5. The method of claim 2, wherein the eukaryotic DNA is mammalian DNA.

6. The method of claim 1, wherein the target nucleic acid sequence comprises

viral derived sequences integrated into mammalian DNA.
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H2A1B hi stone h2a type 1-b Y H2B1A hi stone h2b type
1-a (histone h2b, testis) (testis-specific histone
W 209p/0247800 2009/ 024781PCT/ GB2008/ 002821 51 H2BIT/BB2008/002821
hi stone h2b type 1-b (h2b.#} Y H2B1 C hi stone h2b type
7. 1- cTre/ meigpbil o akiBfreliost olaén h@h¥reinBe target nucleic acid sequence

: 78 (3B2008/ 002821 52 CLAIMS: 1. A nethod for
S confp&%?é\%ﬁé Cbrﬁogéot{‘r" nore pol ypepti des associated with a

target nucleic acid sequence conprising: 5 (a)

obt-gj_nj Le $hat conprises target nucleic
5 acid® é%gqeogjcépg%&m o%ew%?re'ﬁon‘ﬁjg il fgé?ﬁr P aRUYReRides b pre
associgitech witfe ther deigenhunloiic add dsep@uencere dhBIm&RPNtRSHAEd
l 8 Sc,anpl e with at |east one oligonucleotide probe
poyp%‘ﬂ'a? ‘conprises 10 a sequence that is conplinentary to
and capable of hybridising wwth at |east a portion of

th nucl ei c aci d sequence, wherein the
o ol A ERte Pt G bRyl B 1eae e kY isbeissiggtsg from
the grmupl epmsistinigd of AN nudm@hﬁldgu@ﬁder\ébﬁf@g@?iéef)ﬁw; {Iuorescein;
o ele) | eoti de probe further conprises a east one
dmltrogb%r?oﬁ,ir%@ q%d@gﬂ!no%:?(c) allowing the at |east one

ol i gonucl eoti de probe and the target nucleic acid

ridise with each other. s s to forma
10 o aHE e O Fueralh oS Rlpoih & ety get
hybrid fromthe sanple by ihm’mbi:izingmet oi nds
- t [ hro a ecul e in 0o
1 Prate; hRURE, ol K el REE i o ericiro by et iy s
immohilired dhrough anmplecyleltygididsdeshé hateast encasfinie) RbECaNY Which

mobcggﬁf%%tg%’%gé’t@aﬁgﬁ &Jb%ﬁ%%- sequence. 2. The et hod

erein target nucleic acid sequence
conprises 25 eukaryotic DNA. 3. The nmethod of claim

12 A e e B P S P B e B e boa
nucl ei ¢ aci d sequence conpri ses

13. The method of claim 12, wherein the microbead is capable of being
magnetically separated from a solution.

14, The method of any previous claim, wherein the oligonucleotide probe

sequence comprises more than one LNA nucleotide.

15. The method of any previous claim, wherein the oligonucleotide probe includes
around 50% LNA nucleotide residues.

16. The method of any previous claim , wherein 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.

17. The method of any previous claim, wherein the one or more polypeptides
associated with the target nucleic acid sequence are exposed to conditions that result
in crosslinking of the one or more polypeptides prior to the step of exposing the sample
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prokaryotic DNA. 5. The nethod of claim2, wherein the
eukaryotic DNA is mamral i an DNA. 356. The net hod of
W@ L@par4r81 wherein the target nucleic acid seque@ieB2008/002821

conprises viral derived seg@tences.integrated into

to the piaanHF PeeTIbS, ANG YSUO) 099 PIPDRIBKeD SIS TSRSt (6 e ste

ofelutiﬁgﬁé‘@{eh&%&g PRyl ous claim, wherein the target
ntcl el c acid sequence is conprised within chromatin.
8. The method of claim7, wherein the one of nore

18.  Pol ypepld dedoli _ebnpRvioas erfrh afufHlemédniprishig dreddRtional step
nucl ei c acid sequence are chromatin associ at ed

of:  pol ypepti des. 9. The nethod of any previous claim,
wherein the affinity label is selected fromthe group
consi st | nc}; of biotin or an anal ogue thereof,;, . . .
df)eorivgaitie elptedaness s19re PRbRPRIITES ApARiABNINe g identity.

i mmunotag 10. The nethod of claim9, wherein the

bi oti n_anal o%ue is desthjobiotin. 11. The met hod of
19.  any prEw duethef apfn claifer 8. n Whateinr B5e-analgist quﬁ)gﬁdrqags
spectrdmbfrobi i zed through a nolecul e that binds to the at
east one affinity |abel and which nolecule is
attached to a solid substrate. 12. The nethod of claim
20. 1lAn Mfgsﬁlﬁilébtiasepréséld%nﬁdﬂam r af o0kl §RSpathat conbeasl.to
2013. The nmethod of claim 12, wherein the mcrobead is
generg fyamiel, 8¢t Qe PRIGWhagnet i cal |y separated from a
solution. 14.The nethod of any previous claim wherein
t he ol i gonucl eoti de probe sequence conprises nore than
one LNA nucl eotide. R5—1EC lTte et hod of hny previous
claim wherein the oligonucl eotide probe includes
around 50% LNA nucl %P i

t.jde residues. 16. . Th t hod of

wherciinh AR A8 IR0 SRR U SR PSP & B § pAcer
group PR &A% alich@th3@ dofiprieké gorzpereat ardienrpurabiagy ad wherein the

spacer ﬁ{)ogﬁ ha |%g bet ween ago%t 40 _an g;(\br utn 167‘%99 a
nucletidg X for 81858 afP) bRt WIPERUESYE: 78 ST FERigte:
dideoXyBbEnucEdtie@ bhy albeikee ebomamdtidd QLA about 120 at oms;

sui tably between about 100 and about 110 atons. 17.

The net hod of any previous claim wherein the one or
21. mvhﬁ owﬂrﬁbﬁléﬁﬁded;ﬁ‘@bé5ﬁasiﬂgizat\mbrw'g_tth¢ hhgteh ﬁer gaecteditbreiane

aci d sequence are exposed to conditipns.that result i
of thegir B PRSI G G1OUP 1 20 2 AtoUrong g St e LUg e e
dinitrdohéngt ep of exposing the sanple WO

009/ 024781PCT/ GB2008/ 002821 54 to the oligonucl eoti de

probe, and wherein the crosslinking is reversed prior
to the step of eluting the one or nore pol ypepti des.

18.__The net hod, of y previqus clai urt her .
22, conhei 8rPg gh i ’owﬁPr%S X @”ﬁyﬂa&e{a s09dgdied o the
oligoriiblebdt probe Gia Bpacgrofippephides bawdet eboutrdd aheabout 170
atoms!; (ljneorgete IS}Ji){eibly between about 70 and 130 atoms; more typically between about

90 and about 120 atoms; suitably between about 100 and about 110 atoms.
23. The probe of claim 21, wherein the biotin analogue is desthiobiotin.

24.  An oligonucleotide probe that conforms to general formula I, set out below:

B—[ClLh— Y Il
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19. The nmethod of claim 18, wherein the analysis
i ncl udes nmass 10spectronetry. 20. An oligonucl eotide

WQEL@BO2478Nnpr i Si ng at | east one gr oup t hat confRCTEBLWS/002821

general fornula set %)ut 5B

- X wh
whereif i aen SRBTGFbRbHE it FIHTES | Maitickaliin sEadrge o Vi 5

spacer%hs%h@ﬁsuﬁﬂ by lifea¥ REMERY 0Ok %@fthé cgetEIdotidé %@gﬁéhceﬁv
' ses a

or_an

compnmna|8écb@qsaé0>w|0@0§%48e%ft\%'a0'? ’fi‘?'gaﬂ%c?@gha@@ “% ot acid
nucleo8&aXyri bonucel otide, a 20d|deoxyr|bonucleot|de and a

I ocked ribonucleotide (LNA). 21. The oligonucl eotide

probe of claim 20, wherein the hapten is selected from
25.  ONPhOTrdde0EIanP 26 0REb@IN Adie@ét FHWOF the hudotiiea! g Uscked

thereof d|gOX|gen|n fluorescein; and dinitrophenol,
nUdQQHWdQQPeq%@Sprobe of claim20, wherein the affinity

| abel is conjugated to the ollgonucleotlde probe via a

spacer group and n is between about 40 a bout , 170
26.  at dhePr ol §'afm%8ﬂ>ﬁrﬁe%@\éféh?r%eﬂotﬁ? 0&'60%3801' %‘%@B#@st 25
nucleof@ELintidR)te Bhd ¥omplisdaRo@osi% BRAGNIBDIa DMAL nutRdtiasns;

sui tably between about 100 and about 110 atoms. 23.

The probe of claim 21, wherein the biotin anal ogue is

27. de3‘h@'pﬂﬂieQ$f'aﬁy of claims 24t 78) \Amlekeﬁwmé(‘éfﬁﬂtyllﬂﬁsl lycﬁdmﬂlgtalwto

orms to general fornmula || out be
the Ohsas]nucgﬁotlwrféggf;maweﬁ%@f@d‘sﬁ Aol ad Aoeit 70
atomsam@ﬂa alifablyi Batwb&bgbout Tataridst Mtbméeﬂiot@typlcally between about

oo anup TS SR Lo Ao 2Bl o Bns

ollgonucleotlde sequence Y conprising at |east 10
| eoti des_of than 1OOoar ocked .
28, dhiREOS PH S SATHRE B2, Suiete g aEeropEaErs SpuP i
linked Zdthe\VBn ALEEStidet ofltieasligoAbSlestidetgnebenuc| eot i des are | ocked
nucl ei ¢ aci d nucl eoti des. 26. The probe of
clainms 24 and 25, wherein the oligonucleotide is at
29. I eagt olig@n&@edstwél pobe drst camprzegtshgand thanporiferes & germtal
( Hﬁ}é} 50% DNA nucl eotides. 27. The probe of any
m"“maﬂ SEHP M'to 26, wherein the affinity label is
conjugated to the oligonucl eotide probe via a spacer
group and n is between about 40 and about 170 atons;
more suitably b& ween about 70 and 13% atons; nore
typically between about 1590 and aboui 120 atons;
sui tably between| about 100 and about 110 atons. 28.
The probe of any| of clainms 24 to 27, ereln t he I
carbon spacer group is linked to the nucl eoti de of
the ol i gonucl eo{Clie probe. 2029. An ol[ hnucleotlde
probe that conprjses a group that conforns to genera
formula Ill, set|out below wherein B and B
include an affinjty label that is the|sane or
different tethered to respective nucl eotides Z and W
by spacer groupy C-and C {¥]on—atonss Wh 1 ength; and

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
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
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35 wherein the nucleotides Z and Ware separated by an
ol i gonucl eoti de chain V of p nucleotides in |ength,

wob@pe2458i s bet ween 0 and 40; the nucl eoti des PCT/GB2a09d/002821

V being WO 2009/ 024781PCTA&B2008/ 002821 56 the sane
the s8hedi &f edglterandingel stdatetl ssiitadhl y fromomaa ribonuclectide, a

soop SN e RIS b Pareren
(LNA) . 30. The probe of claim 29, wherein the

20, (e dbe of Giam 29, ubetan B Ain R EGH R cRleSledfort Bt A

analoglib YRIrESIC QM ast@iHidbistinnditoxigdremdluoresoein; gralldridinitraphenol.

enbadi nent  _of the invention 31. The probe of clains
Ina P@@“&Woer@l?? IRAR e IPKRIBN I gonucl eot i de probe conpri ses
the group of general formula Ill such that nucleotide

Z represents the 5 l eotide, in, .10t
3. o) T GbATRESAES BBBE SO BhelRT B RSHD B e lih PToRgi RgPaoes
the grcﬁQJ ¥Rpetd gorhdifd [IRSEBChE! RRlotitid Zaepeaentt itite SegioEotidé in
chromatin in the genome of a eukaryotic cell,

the oligisleptidegrobes(a) “i dentifying a tar get nucleic acid
sequence present in the specific reglon of chromatin
in the euk Cc ce struc
2. ol AgBRlet SLIraRvBeerseh i Bel Srserassaa T saqy reoion of
chromBitbiniteé §&soré bha atikdrgastcel, cpatprising: of the DNA sequence
|l ocated within the specific region; 20 (c) utilising
the oligonucl eotide probe in the nethod of claim1 so
) ideniifgas eargsenwicicracie seqliympeptresked imdwospeaatiedegivn fof
ecijficre n of chromatin; and
i§Y°@ﬁwﬁw§Fﬁ§U%%¥°6ﬂﬁ*or more i sol at ed pol ypepti des so

as to identify a 25po| ypept| de that associates with

t specific region £

c&gi‘:ﬁg%%{c{‘%@% o'?‘hc 9%@%8 Ki |ecserla‘éar|]%nth8 Q;S%c?%%@f%b‘ﬁfdlses

CRNpEi I88s sonEtiar ofitos BNAf seighenaggr locaied witlsin $hd spcifit region;

telonere; a centronere; euchromatin; heterochromatin;

a gene; a repeat sequence; a heterol ogously inserted

s@g uuamm; tr@rmngsamiedmeegma iadhe inmeiihocgendaie 1 sg4s Thgplate
of cla

i ﬂréet\ or, @8{?&%{3{%%%@% %s%ogat%ﬁ ’mw}ﬁé ?béhf chrg%ipl‘? Iotg@rﬁe%bﬂ‘? and

a“specific reg romatin is
further screened for enzymc act|V| ty. 3535. The net hod
claing 3 4 SLe hat identif
gcgognaé)(s‘é%g &X’ % hon% gr\g@l Pi igglra {64?1‘3889%%(&@% omatatsnﬁ)lt oy @
i delmbe;fnldedih&tsasaocnhrtelgwtﬂaﬂ@eipemflmglon of chromatin.
2009/ 024781PCT/ GB2008/ 002821 57 36. A nethod of
screening for a nodul ator of epigenetic activity
33. corfprel mbihgd of claimidoWaeieitythe pebipeegioniel ehamafin comprises
ent | f n peLicEhtfo &%‘%UlQE tin;
one oc,rh'|n8|t?rr:105c e %ﬁ?ﬁ%‘aﬁélé‘(d & Vgatt%% g’?’y%ﬁ% ce acc%r Enﬁgl;
heterctonmm@tmmtgwd @frenelaaswesaa alaﬁtasiogou@mrﬁ@tte%geqq%ce and
{ ptide with one or nore conpounds from a
an mt?é%#e% \ﬁr‘gl $&?gﬁe§ounds and 10i denti fyi ng conpounds t hat
bi nd to and nodul ate the activity of the isolated
po' 5 | laY hddbciates with
34. 'VI% rplg 2‘8!35859%% %ﬁ@%ss vﬂ{ r&ﬁ'tr%mgpée’éﬁ ﬁ ciates wi
a spemﬁor@]cedofpmnrq:pﬁm i d&fthes sereérct fotlerfiayone anigityf t he group
consisting of: H nt2; GW synthase; Pri2; Fenl; USP7;
PRMT1; ;; 15Pin-1; Aurora kinase B; USP1 and MIAl. 38.
35. A netehmdthod of beimes 82td 34, mietdire thei polypgplide thalcassetiaigs yith a

specna c Ragl%po?%mo‘fir?at%qgf&rehf?ﬁe%gas a drug target.
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the steps of: 20isolating a polypeptide that is
identified as associating with a specific region of

webkmomt’sh in the genome of a eukaryotic cell BCT/GBRI0RY02821
to the nethod of claim 32 0 35; obtaining the nucleic

36.  aciAlmstwdenicereboing fdie rpalujgientiiepigenafc gainigy ednprgingn
anti sense nucl eic acid sequence that is conplenentary
to all or a part of the nucleic acid sequence for the

ptsloga;heg)tal mﬁ!ypeptlde that is ldentnﬂadi ae@sma@m@hﬁtr‘a@%p@dﬂ%&@glon of

el FEis SEEERT B RRGo o LR oiRe metiod St clns

eakaﬂ’/@tl c ceII and anal ysing the phenotype of the
eukaryotic cell so as to determ ne the biological
activity of the polypeptide. 3539. The nethod of claim
3eontadtingehe isokatedapdiyrssptise with oheios niute SoFmPEauURIZcHFOm a library

s .an si RNA ol i gonucl eotide. WO
o008 355e3ReY) o008/ 002621 88 40, The rret hod of
clainms 36 to 39, wherein the eukaryotic cell is a
n%%mé nco(r:nepolunds that bind to and modulate the activity of the isolated
polypeptide as modulators of epigenetic activity.

37. A method according to claim 36, wherein the isolated polypeptide is selected
from one of the group consisting of: Hint2; GMP synthase; Pri2; Fen1; USP7; PRMT1;;;
Pin-1; Aurora kinase B; USP1 and MTA1.

38. A method of characterising the biological activity of a polypeptide comprising
the steps of:

isolating a polypeptide that is identified as associating with a specific region of
chromatin in the genome of a eukaryotic cell according to the method of claim
32 to 35;

obtaining the nucleic acid sequence for the polypeptide;

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

part of the nucleic acid sequence for the polypeptide;

introducing the antisense nucleic acid sequence into a eukaryotic cell so as to
reduce expression of the polypeptide in the eukaryotic cell; and

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

39. The method of claim 38, wherein the antisense nucleic acid sequence
comprises an siRNA oligonucleotide.



WO 2009/024781 PCT/GB2008/002821
58

40. The method of claims 36 to 39, wherein the eukaryotic cell is a mammalian

cell.



