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WD 2005/ 040377 PCT/ EP2004/ 011974 H GH EFFI Cl ENCY GENE
TRANSFER AND EXPRESSI ON | N MAMVALI AN CELLS BY A
wORLBIRLIE7 TRANSFECTI ON PROCEDURE OF MAR SEQUENEEEEP2004/011974

Hrelif'éﬁrﬁh Vs EREERAMDFERTARDPEXPRES SIONIN MAMNMALI AN CELLS
pro%M I ABLE AﬁSF@@ﬂoﬂ\iﬁmBUﬁ?owmgsemmces

lon I'ncreasing activity and nore specifically

to the use of matri t |ons(MARs) for

i ncreasing protein ﬁ@g}u@fﬂgﬁﬂig{ y i n a eukaryotic

cell. Alsg disclosed is
The prégart iieaten GRSt temlﬂseﬁnﬁ‘is&a%ffoﬁ&'/* Tueaees baygg proi
produRiien INTreARiNG: aet iy eFR-aRecifigaly ip dhe, use begitachment
regionsh@@ABSelor insieasing PEtRIFProdeetiaTastivity ina %meptcreg @'50
disclosed s & enathot forsha ddentiicatiarol Bmd @ctiveregiangNT PeRicy
nuclediidaseypsnceheambthel uss of thepe ¢batadteriragantiva ioR a@quences In a
new reulkipleytcdrisfectionanethodes i s wel | accepted (Boulikas T,

"Nature of DNA sequences at the attachnent regions of

genes to the nUEAKGROUND of THE INVENTIONS ochem ,

52:14-22, 1993). According to this nodel chromatin is
Nowalda ?Whé‘?ﬁodé’ of &Jﬁ% il §H12590r199e5i@a ﬂ@@%@ﬁwds@nié@ is well

GUIiKER T Nat P ﬁ’s H'Fﬁ Bt 1éBidMs of genes to
?hC: ?1 ér rﬁglﬁrxﬁ’tﬁ o O drhg 6Qhis model

hromyt %g r& d to the nuclear matrix, a
Sréﬁé‘ﬁg" d8 ;g% i Boce |
Stenggg&?bgé kq% rg %6 ‘?T \ﬁﬁne Exp.,

Q (durl ng met aphase) or rratrl X (| nt erphase)

attachnent regions 25 (Hart C and Laem'gsé@g ﬁgg)
The D¥Ac¢pgippgaattaehest t%%\ﬁdw@ieraﬁ % #re e ‘of bi n
respecively sceiold (dwirg metaphase) su mﬁtﬂx H@f@éph‘raégb gHachment regions
(Hart @einch basmmidd (1€$8) ofFaqﬂdamhquromﬂtm@naml%hﬁﬁﬁBs Curr Opin
Genes Delr &,1540-528.)y t he enconpassing ci s-regul atory

el ements control the expression of the 30 genes
As suth! these rbgiods medyndeflievismardarieb eif indepiendesyt ¢hoomatihydomains,
such #Htenty the@nconpesiny diseaguldtonneleaarity cottralitae ierpression of the
gene€WtARNthe doadint hus confer position-independent gene

expression, has not been seen in stably transfected
Howei/8k 'tﬁerr 59'“%{0%")5@!#@0% cNﬁirﬁd)éH?fhalTo&@frérﬂer@'Qrby thromatin
elemérits 74 itOH-AHEp Y derfl Yenalexpritstin, BRSIrdt 8&en seen in

?r

 stabl aERXlPr f ﬁd/r\_ R@F 19594 ) “SAR
:tﬁnu)} Eggggggg §SI ﬁé‘ﬁﬁh @ﬁ\éen f 8)r(pr u(clelc ,2\CIds Rses

22, 4 §/2 g) hp hown to
rnterqg yvlrt 5e(n ANCeLs %é'?fg A an aqE: Je YV Forrester
Fepan éfﬁé% gee ﬁ%ﬂ ﬁi‘e sion of
chror@@tabggqe@rsrwlr ua@@r a@ﬁrlmrtarhmﬁmr&smrén ay .3%269 -272).
Specifigally, éﬂ@%@lerze xap)enhpncexerassiqn e heteyglo @Wﬂe@ in cell
culturedinesKalesd @x r"_@}gﬂ@h%(ﬂg &} dresit wea@ﬁ@@f transgene
expresaionunediatasely peundaly plementsdiamite apeol in B chromatin
domaliPo¥ot CelhBiohd 6 JO8eRM), transgayin micepasiisiJoRintede & &ela, |,
Sanchyz-bugado ¥, aicEpjuases LoitOP8k Engiheeruny massive ilimunity in
transgémiomité secretingivinlis-Meltralkitihg Bhtibodi€s id@ilR0VS{ Biofechnol 16, 349-
354) hnapkgen(Allem @ eHAICaR! MitkaldwsigiS)telomBn VSpSprker S, Weissinger A,
and Thonsha-\Wor1988) “HighaledelEransgeas dxpld<iidh) in"giagl aedler effgcts of a
stron§ 8E&HfNE alttabHimiehy rdgiorfrofrl {BRa6EdT Riapt Cell 8e89%0NBY The utility of
MAR ‘ébhHén&%%F abidbpitig bt ARE Rctdm 16 ggne N@a‘ra@ RtAEO ROEognized
(Agar%\% Arstin TP MARAF PERSE 9, BAhhIRH g amrav?émggé?) “Scaffold
attac orrpsg bbf? aééé\? E‘I é%rméwveﬁé%rr alrrsgeﬁgr%g {eesssolnolﬁqr‘irrlrmaryT

plant cells: effects of a strong scaffold attachnent

regi on fromtobacco" Pl ant 1 8, 899-913). The

utility of MAR sequences for devel oping inproved

vectors for gene therQBNHBN!ﬁE Nr%égé'm zed 50

(Agarwal M Austin T, Mrel F, Chen J, Bohnlein E, and

Pl avec 1 (1998), "Scaffold at t achment regi on- nedi at ed

enhancement of retroviral vector expression in primary
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CONFI RVATI ON COPY WD 2005/ 040377 PCT/ EP2004/ 011974
cells" J Virol 72, 3720-3728). Recently, it has been
wehoowv4odtat chromati n-structure nodi fyi ng sequeRCE&EP2004/011974

cells” IJF\Q,W(E}IQHQ-,Q(M@?:QB? as exenplified by the chicken
I'ysozyme 5° MAR I's able to significantly enhance 5

Rece 4 éﬁ lll tlf'rEEH% &ﬁeﬂ@ﬁhahdmg
MAR@gr x§ % Hz% %ﬂ% I\ﬁAR able 955?: jf enhance
repo [ o 2 lls (Zahn-ZabaI

p r@fﬁf‘@@gﬁlﬂﬁ‘ Uﬁ i 1ér:1 s C’[IOfl d fsx glon using
matr%g@@chm%nt, I’ﬁg}O@éSé ﬂag y was used
to incrgasadbe prorerties @i fPPIBC'HQ ﬁi%}es@#hta é'§'" Of clones
that neediie bsciceesnadl. Thessdepefisthave WW%B@ é&oaﬁwts with
MAR¢ Banldog $he tiansgaie: éxpressigtRsasdediek aa gvalhas whan $gaptucts are co-
transfexfedesih tre MaSR on taesepasateddiasmaisl. Woweveorexpressien lgvels upon co-
transfeetion nithSMIARS ekrairtdh at thigHVéRirmsezobsepeadhios aptenstiugt in which two
MAR&HG8RR the Baps@sRs expressien sinitpAthichand peefefaine ipoocasstwas shown
to be MRFamEeetitiObf Bansyaiesaditi MRS lodthdinked td the ransgene and on a
sep ar@%‘ fakHfid (GRodMat &1, $uMnittdRs slediication)t Mewievansgengersisting

|Imlt bmeﬁﬁé %hH Je is 'ﬁ1é Hhérﬁht BF"DNA@&@% 3Bh ®etiargsStedgser cell.
estt VeBbbe deVARSSERESder thadhiBSe a high

: transiké% H1 tJyt’t cﬁw ?a émgggn&% cheb DSt ‘?he protocol

appli g *H@ﬁ fe?@ 'rﬁ iple transfection

protoE %ﬁfcgﬁone §’i@¥f) E@ gﬁ% Ié ; t%bout 80 %

after nt r o
iy EEas R cpaehtonal ey
bl e eaﬁif%az&@%m:"

intringin pepditivityr dheseloradbranngb peiuse g ucer
monopigw! celHings. ance; mgfreg@uélytde@ﬁg e teghnigye has Bvo major
drawhackssf ecti on 20 protocol ", Histochem J. 31$ 4),
i) 241-this3pchrigds does Aot ganesbte a ihomagenoss epyilasionf dtansfected
80 %eliaf since & danant ffaaiur dns indegratien offthergenkecopy, nor does it
conwhrect tealransgemnsisdo favamalpleahocrobsomil/locgchi eved a
i)r at ehefuss4ithe Yhimecsdlditablbandmiterire nutiplbdransédationvdvents does
one it PRemititie selRetieadedolisly pf oy transfeeteceaglisessi ng
cells, it does not lead to cells with a higher
In patek ébaﬁda%ﬁrwdmt/omgae thENGHilRy ef MARsI fd?@lﬁ@@év&@pm‘éﬁ@ of stable
eukatyBtidBERTIRESLhEE Sﬁo%%ﬁl’dé’rﬁ ﬁs'irel?@di‘qq WeGer, Bas 'apbhébﬁﬁ}n does not
discideNHthet BRy RERYEQEE NG 'fethe technique for

= e
In faq'jit pcc nn?éqt{l\ﬂl%%ogé?r%' nt e rgﬁf@f 21%8& ?H‘]E)QB@ g%ﬁl@&soppwature of

DNA sgdi ithe att n r matrix”, J. Cell
Biochegn.ee E afr EPUF ﬁvqme‘{%n%n@ e § B?@Eﬁf PE&E@@&%‘GB seem to
be fupgeffo VﬁPﬂSQrNédi%PEEQ’V@?‘P e%n%mam n‘Eﬁ apimayARs can e to plant

nuclegf aﬁ%ff@e$ and vigq versa (Mihteht abgp i cEPhwhS afsudeand Bode J,
“Hierangbicat binding @‘fDNAFféamnts Herived pgpseaifoldatigehen eegions:
correlatikarof properties in vitraandifasctidnsio wWee nBiehentsinat2&il475-7485,
1990However, this application does not 35 disclose

nei t her any conserved honol ogy for MAR DNA el enment nor
The idantificatibniofl MAR® by picetientical gtudies sba langyaridunprebidtable process;
vario$€ fpseilts €ah hebebtainddRiependimgos tHenadsagt(Raairc§¢atFunetional
architdbiRire @i sRASHGsIRAIUBN AR dnesind'e Ot RewnEuKdspod Gsaé Ekpr., 6:247-269,
1996). "EHrigicerily thEMygeatiehsas expetied MARBGH FEAIkarEiOFsndhe and
the a@RAAB of SedUtPcBY FERRNM M lgeNomelprofertd, AdoPhpleteMiter Potential
MAR§3n bfietdo pkPRRh tAket&Y Qkybgrlrﬁé‘rﬂé'v%’uld b@%rééﬂWGééﬁJP 0

hese sequences seemto be functionall’y conserved in
eukaryot| c genones, since animal MARs can bind to
pl ant nucl ear scaffolds and® vi ce versa (M el ke C,
Kohw Y, Kohw -Shigematsu T and Bode J, "Hierarchical
bi ndi ng of DNA fragments derived from
scaffol d-attached regi ons: correl ation of properties
invitro andfunctlon in VIVO Biocherristry,

PN\ O Ay g o A~ - = A NN\ | LY L Y R AR P~
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50 1996). Considering the huge nunber of expected MARS

in a eukaryotic genonme and the anmount of sequences
CurreR®) &8 HffererYRYRSHibiveolod®y for MARS ey avaikibleviadhe Internet.

' 'mﬂtﬁnd‘@#’(‘?ﬁ bﬁut@n?@éﬂfﬂ SrgiafFihder2 SINGh2GBSKPAASY JA and

55 ﬁﬁoo@i‘fd I@dléf reM1Bn & bf CRFGAMtIVARsHHEheMEo the

patterg{s %ﬂ ﬂé gi qﬁlzﬂ Mpe! dd“ﬁ@éurrence of
these r i of { éﬁﬁi@f‘l text
meaning é’ W g q\%g &C r&eéf?f; e&t?ence The
other Qgediqmlg sp 2‘@!‘911 Eq@)&weéﬁggoma Ié% f{ S?th Q/I Frech K,
scaffoigimajex stteshrent reglope dilaran Genemic SRRINCSS tt gipyme Research,
12: 3484984 200%), Useavighti atrices sledvpd freanexperimeaataly ilentfiad MARs.
SMARTeet éxsaid tobarsuitgblettatpepfosay latgsdsoami@analsen B draatually aside its
large pesidiasialyses swthtityane, in BidkiRgasd wahto incréasanits specificity to restrain
the nigAPeNER hypoﬂfetmﬁr MaRs, BVARTest iconi@s algeshobéless to screen for
potenCRIARRfdriSlalge bNAhietfuehcesid Verner T, "In silico

wO2e0s@doF7r om genone projects, a tool able to fPCTAEP2004/011974
ﬁe@é ha 59I 4‘4 & 4 1 QV?Tsrt%sed Theset of
Klingandefit A\t ¢ aiinagusif, nLI%K?Br' and iop of
relativeqriarspeoficity) e¢hs abrdunt efl hyeatheticad MARe rapidiyegets huge when doing
Somepétﬁef §bfhoareaf nét(}a\/%\ﬂéblfeq}léitr@trﬂémeﬁtdlwbmt tHegoarersasied as well

on the ﬁé @e AR%G&@WMF@S crI@IBﬁ%H:@WmOM et al., “A bipartite
sequeht ed V\h'lfﬁeméﬁ ffEﬂélt étté‘&ﬁn&ﬂrrég{ eflsT NUBleic Acids
Res, Egﬁh%@» yg je ﬁfé?n 'a?at%' éi‘u@y?and
predicll ln I[? fqg e &5 e?rvﬁ?n \‘7 S thEY clear matrix”,
B/och .

1)?%@3@890‘?{ he%eﬁftlfl Sn of sites of
streseagdH ed

plex DNA
dest i 9 Eeé%m%re.rfg@ov% He a$'ﬂ/ 1 196, 1907).
owewahﬁl@@lréwt I mm@nw&a& CRIRISte mm%e%&@ﬁﬁéef&m&s%nknown
and V\Uf@ém%@be%tc@iﬁ eay allow thgddesntificaiies of Braieinrgdugior-increasing
sequensgadasaint bsensepdted. sof t wares, not available via the
Internet, also exists; they are based as well on the
Furthémmmedue toftheMiehativetyi pcmr(slpesmcrty pkthese;sefiwapes (faiscai, Frech K,
Klingeathatf A, CashduiiysalKt Lléblchéeamddhleenal'érfhnsﬂlaspmdldtcmcbf\m th
scaffdi@niatrik attatirabot rrbiansimtayergeniontis Seqiderdes!’ cGéoomns Rdsearch,
12:3485364, 20039 24e 28hnt P APIothélidul MIARS iddatified in G¥nemeslrapidly gets
UnmahGeEBRIE AN Sihy tifga Rdalerdreiystis espetialNAnidstofitizse have no or
poor AGRRG IRpR-LNE I Thushaging ) WER IS MchdaddSredittibA@pecificit
restraifiHd MumbeBhbOfHoRetRaPRIAS, Miyof the blafadie pregradi) come
almostusBResE! o‘?cﬂer& Aﬁﬁgﬁf‘geﬁé’cﬁ?’éle%nﬁg msshé\ﬁ%f%ffﬁc;lently mcreasmg

recon*?r%@?@@as | nd&ce pl ex DD; Benham C and

upl ex DNA destabilization in

s|nceféﬁm%gép%@g'§v%a@as§§gm %{g sa% ngproven
3 qlﬂﬁﬁ oyel

the object

large-
of thi WE@E Rra 19%158 ?Wée? |mproved
- recomgingpigraiein E?‘B@ﬁ%‘f)ﬂo aw. mfog ee%c

structyead feqtfrsy 2% Predicy CHbP hwPet 'OlauIéOf rt ﬁ

analyseeef gemrf@s & ideptiyencyel angnare poter : alﬂ cfm

demorsiratgdnmweyedeefficiench io incsease ttlieaqudhctlormforevemhmantprotems

from eukargotid callsmredganisos vdfen eging tiw dﬁwb/t idertifigc Mérheequences.
regions in |arge genom c sequences", Cenone Research,
12: 349- 354, 2001), the anmpunt of hypothetical MARs
identified in gencpemmARYIOH THEJBWVENTIONTBNageabl e when
doi ng |l arge scal e anal yses, especially if nost of

This dUjestehdsdmacHisvedIOPprovidihg ah¥mpFovidedrid Feﬁabféhﬁéthod for the

identifiéti Moo IONNEELENESChARRE pRItER srol Ncthty3
een lrestral n the r?urrrt])er of hggot het@?ag&ﬁﬁgs%kéﬁgwyg oC K

avai | abl e prograns becone nost useless to |dent|fy
potent genetic elenents in view of efficiently

i ncreasing reconbinant protein production. Since al

t he above avail abl e predictive nethods have sone
drawbacks that prevent 40 |arge-scal e anal yses of
genones to |dent|fy rellably novel and potent NARS

g, Y " s a A o o,
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45 denonstrate inproved efficiency to increase the
production of reconbinant proteins from eukaryotic
woebdsp4a@77 or gani sms when using the new y i dent pCTaa200dB11974

particGief AR esicleoBibMBRYefdes] Hhd IthYbE loPthese cHaractelized tictive MAR
sequdites Peamef fuliRs trisftayh dhdtBo@ o intRsaeatieqtdduction of
recon’ftﬁﬁérﬁtﬂrSté@ inQslikaPyotich@lls! dentification of DNA

sequences having protein production increasing

activity, in 3 011974

partl cul ar MAR %&%%%éﬁgﬁifp% é't he use of

rized acft ces

" Fig. 1 S %C g I thes! ?Irstograms are
d:egnsrg;b‘II og%g?g;&%&%ﬁ%%@ ﬂpy@o S0 W t}@&% (J;EK ;core of the

obseryaq parargetgfh
databgpe iishawn HU'P'?é'ﬁ- vreslmlﬁ @e&enﬂ&m%%aﬁbw mug@cﬁ\féﬁeﬁ@some 22
are ingrey.ograns are density plots (relative frequency

di vided by the bin wdth) relative to the score of the
Fig. 2cliems/@chtfmapateokthe fourdifferarit oyitdriasusegrianBMAR Boan® and the
AT-cdvitétst with hineaBNWRRs Bidnl SMaRBDBse i s shown i n bl ack,

while the density histogramfor the human chr ompsone

g. 3%how' tBeidistéibelion plots o VIARDYEgURMRES O Drgdsisof. MAR skquences
from IMINFRRITS® of BHelr OFdahistne Gvdhe r&%%@@ﬂﬂ(dngéééd The MAR sequences

densifydisPBLEGs Mrithe B, tRRshickeH™ itdloriadd tBe human
are plofiedfoibdig di stributi on plots of MAR sequences by

organi sm MAR sequences from SMARt DB of ot her
Fig. 44H3 STRARSESN® PrédieN@ts an Humiznl dtefhosdie 2°8nhd on shuffled
chroWQ?sTorS‘Efb‘f' Nepd ﬁurJﬁHér QFﬁtsf(%tahEG BPSFAR BBSn® with five:
rubbl bleEIh§h gt\ﬁrﬁd g9 103r:5|c5E order 1 Markov
charnQ nh%fht hlé n

B umber of
MAR Ay s \)ﬁ innon-
_ overl W@chrﬁgf; %%ﬁ&?ﬁ&ggﬂig;;&% dg'tlji the native

shuffled within nonoverl app| ng w ndows of

er r with th
Fig. S%HV@& oher 9% a %&gbggﬁ Chicke wgpa é&jg*ﬁe‘é Rt
stimulate yaRgg %@’I‘R‘!?%%!OB § ﬁaqm% pdd; show the
hrghe%@@%ﬁ@&“%&ﬁ%@%%@ ﬁmreﬁ@wn berm%\ eﬁgelﬂtlﬁeérrengﬁﬂ of the
elemerts wias hasedrontheenutahercofligh-expiessoreriiswi t h the nati ve
chronpbsone 22. Fig. 5 shows the dissection of the
Fig. 6adhiohist the @ffech ef sdriatidetetions of yine Sgem: (UppekipRrt) anddhe 3'-end
(lowespamudfahe 5 -MAR gerthe dogw efsability to stiGHBteBadsgend sxpression. The
transifib@forninerdseld tanikcreaskavadtivity cbingidestitteBi,|K-tand B-fragments.
stinmul ate transgene expression. The indicated relative
Fig. 7S§h"o@\l%%Bt pbrtibhe ofmeemrygmdm m@tlgﬁtrWMtélﬂMQeﬁé
expreB&igh: ?H@Fer%eﬁ Ponsfh@icated egryf Hedw Yere multimerized,
insert&"in an: lﬂUo?r%l 8hd tBRsfcta éH@prf‘éllsP?ﬁé klHEnt thgt displays
the hi % T? I8¥\§ré F?ﬁ“iﬁé c&itrdl lé?ﬁ‘e t &5FeHonds to
fragm RldEmbid a ’F% ﬁ?‘é’dcﬁ (a: cer activity is
i

Iocatlf%rﬂfﬁé eﬂgmnthSE‘aH'}&rtﬁ I ERBriRELEAR Soysh 1Ll AR

enha R7) portions of the F fragment Si gnl f| cantly

f*?l%e%? nis @ Mag of 'paa <an ROFENCEAptifs within the
CLYSWB%nX?"e"@?bW%{eéF@e@é thesposify RHgE-PEgAicied pites or
sequange Melifsedengths I34base P@b%@%@er GhygMAReand rt§|ac !@ fegipns, as
presenigd ig| t Thadussived tptienfactorites ntMIEF2 (05 Qc&ék USF-02,
GAT%_&#FAB)Her Refivaionsi ang ( zSATEHaGJ i GIRBRM foe repressors of
transciiption; were islentiiirchuging iMat r‘rwestorf(Gemamg'xpam @pGtiglands were
identified with CRGRILOT (Matifs prewipublyrassabiatécdithvMAR eléraantsrgre labelled

45
4

Fio.3 &'ré‘ﬁr%réé@,a cdlpiiyo rﬁ%r'crelfsh@ %W? mwg*&w@%m the cLySMAR.
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Fig. 8 shows a map of | ocations for various DNA
sequence nmotifs within the cLysMAR Fig. 8 (B)
woeprsage1rs a Map of | ocations for vari ous DNAPEEMR0EO11974

in blaH!@tahHSncyma@ G BRucklofiadBnd \BRIC igfarlds, URRNCTSY FRBAIAATATATT
and 'F’F’)S‘gb %A@ ghdtiiae éRm?élbﬁﬂ oY, @?b%rﬂﬁla&bb@i%oﬁferase Il binding

sites | SN 'flé(lﬁ% r{ (:"rpﬁ’é]dgibcg R&%?ﬁt Ithglsa? p 8 Pe and High
bil G | t
nmuoclé m | 9\@ e ) lh 'ﬁcé@é 8 ﬁﬁ IFﬁTOU &ﬁ%relleve
the s gqv e ability of
portm% x&;\% taac Vo éfﬂn r' fth tnfﬁ e'e gpore profiles
@é@jm?% b hlscen oug YR actity o i Fio. 5, whil

i $4VgP BFOYIAR P e ElepAIRNTADY MAR activty and

for best &%ﬁgugtuéea @@@Ep%‘cem V\D 2005/ 040377
PCT/ EP2004/ 011974 in bl ack and i nclude CpG

Fig. Soshave et dadesdationoofipRA pivaisesshamiggirppgrtiestwiths MAR activity. Fig.
9(A), (epeaamsThe SINA AT jemprybiurasdeuide Telix pengingsmajar groove
depthGand Dinergphovawidihqrefies cate 5't{MARmatlichgeresdetesmined using the
algori(HERNGAY AT ET ATINNREKyWI; P onaehardeikd MPB; RandrhareBkopV, Frolov
AS, KattteineRdNAT Ighcleo®dinbl DMAgsreperty datddask!, Biopfarmeities, 15; 582592,
1999 T rABsBAGHRS B @& BRa Ffragiéntsalepitiéd b thapuste ds shown as in
Figur@y4c¢ F@OWBPTJ% éH& ABENH§ERRAPBEthE dfta \npesdrisd %«\ b&sel A to

displ F fFRginknt eq Wi ﬂh%\t?a i oRBINeCR the melti
g .ws)” o DR b oS o AT
ﬁ]ﬁlvﬁ\g%ngc I on ﬁnr@%rnl\}kﬁaﬁllg Etf Ie%%ésrcor e pr 18?8[1 fg&b% ?re as

Fi nder The top di agram shovvs the MAR fragrrent

ctivit e an _
& Wﬁ%ﬁﬁﬁm s ecsualth ra ool ias ion e s

®.shows the correl ation of DNA phyS| co- chem cal

ropertles with MAR activity. Fig represents
Fig. 1t1t1=‘é"0@)rﬁﬁthﬁéichﬁﬁ‘@ eaﬁf@lmlwpévarmm@m@s p&tr@elw&ﬁq he indicated

portiomsjad the cbysMARIegnreraranlified kol R, ddrasuging BolbrBamHd dnloer
elemerie abeaMhBRxtiachityeard desembleddd geseraie tie depictddyocompbsite
elemarfts Liemi instancet thel top loenstredtycoxistPointberwssekib et all CUE and
flankifg sequaemedscatieir loriginal locAfion KrtegtdahalBiIRBaMill Golssemsaquences
sepaditieptivpitiahtdat abase”, Bioi nformatics, 15; 582592,

1999). The nobst active B, K and F fragnents depicted

Fig. 12treph&ehedther Ragmicchps. as in Figure 1. Fig. 9(B),
represents the enl argerrent of the data presented in

Fig. 1@3§Fﬁwsﬁhé%ffe@'t SPleah g%’ g.ﬁﬂg\ﬁfﬁ QC@HQ&?@EF’P’ ERpression.

Cells (BRJ-DRM4 Ut?ér%‘? or pMAR-
SV40ERIFE caé ‘Ft & {a@.é?gg? %27 nsfectted with
Smg\fg (% Fb egrfg%hng I»%EGE 2 sﬁqg;eé ion, tr?end ?

|o J K
Phen%*we? rjf %fanﬁgotra ?%t?évcs PPRH PPPHY%?P%%% kY BAGR ng
es within th cLysMAR Lar earrowsmdlcate
Fig. 1¢ m%%sth?.eéfﬁcbpf mﬁl&t'p&@aél & MARcontzRingrrIps ik e pMAR
/ FP1secondary transfecinaisevere usesking ghlr@lfcycle of

transfegfiorn a&th@o@rtd @ﬁqt@eo?re!w@nmpacesm d heraitiesy Bansfgstion wigs
accorgplighed witly BMAR e pMARSIVAOEST hio giortertiaty bausfeaignts. After 24
hoursBgelis werentrnsfeeledragsin with Whesplasn‘edwaselﬁng émtheyquatethary
transfestnth(see Tablgdher ate t he depi cted conposite

el enents. For instance, the top construct consists of
Fig. 16shoassaominbarative pelfofhlnanef SIAR kicdistivagignitmsadxemplified by
regiort WP 13 ATOAT . NA) SMARIS im@extpsis Watpdsirimedanith Hefdultkettings.

(B) SIDENHRAIGSS (topeRvabhdaethafl @mnéealévﬁ ahti9he dachment of several
represents the plasmid maps.. Fig. 13 shows the effect

of re-transfecting primary transfectants on GFP
expression. Cells (CHO DX4) were co-transfected with
PpSVA0EGFP (| eft tube) or pMAR- SVA0EGFP (central tube)
and pSVneo as resistance plasmd. Cells transfected
with 40 pMAR- SVA0EGFP were re-transfected 24 hours
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Fig. 14 shows the effect of nmultiple | oad of
MAR- cont ai ni ng plasm d. The pMAR 45 SV40EGFP/
WORBIRNSMMIOEGFP secondary transfectants were usedT/ER2@4/011974

DNA gn@’tB'tﬁe ?iﬁcletaf’ ﬁ)??ht ViRtB @ér- Eheﬂghtoﬁar‘id@de scale) was

taken? 8 89 Glﬁéﬁ' & fBehE IN“®GRputational and
in V|tr (1 g’ﬁ i @A&gﬁ rgntg‘é%% éﬁ.‘?ster gotentlal of
predi 'Paﬁg?@é“@agsa%%ﬁﬁﬁnfﬁ% é PRI AN0N

o AR RS g

The IEURPT mmsm@}é&??p M ngfvorK e tdyRedhBPaN

experigeefi( dipblaya better Imﬁéctm@fdhmmtw'td@fc&ma@ Ptqf ge injected
by origiBp! B:tDDrianithgut MAR. dAiftes 2 mentisd heeetogiisin dYigR-containing

- group¥isasti)at vahuest ighert (658h)rtban nefmekhematocsit iawel0@s 50877

PCT/ EP2004/ 011974 DNA fragnments to the nuclear nmatrix
Fig. 17 mepiesents(therscgttamptiot fof titet 176h8/MARsestaheds nhthe AhKiep) and
TA (bbtterm) Geicistiet percdritages eeiSus GeipredicteBEA rbeBdingoatecomputed
by SMAR 'Seeput ati onal and in vitro analysis of

destabilized DNA regions in the interferon gene
Fig. 18 r&§ieRBntsPPbalihidéotile p é&%@ﬁ!agb'd?ﬁrlﬁm Riabvgeane 1757 non-

S/MAﬂgrgglq[]éncesBl ochem stry, 42:154-166, 2003). 5 Fig. 16
represents the results of a a gene therapy-Iike

protocol using MARs. The group of mce injected by

Fig.1 \Dﬁﬁ’c\? fect! d? 893 an@ﬁ% ﬁ”tl‘i@ ctgﬂfindof ;ﬁcomblnant
ed with a

green r‘%?\ ’rt n a)rl
expre in a e
uoros AR ﬁ?"%ﬁi % %g’ YpiC r Fha geﬁh@rffhe profiles
displaygBecet wamh%manf %ﬂoncré ﬂaor@@%m% &lsy 7
represents the scatterplot for the 1757 S/ MAR
Fig. 20 elpipiate 8 effoet {ner INusoN 26 ACTTARGT§1 Mieg njected by MAR-
netwadk.nucl eoti de percentages versus the predicted DNA

bendi ng as conputed by SMAR Scan(r). 15 Fig. 18

represents the dinucl eotide percentage distribution

plots over thDETAREDDESCRITOROFTHEUNNERSION20 Fi g. 19

shows the effect of various S/MAR el ements on the
The p%é&ﬂ%\)é?ﬂloﬁfrera@@s}!@a Pafified BhE Roldtbd WA seqUent®haVing protein
produtfIncrEaaHY aktiffischtrasiezé@ ! tat éé‘iﬂﬂjlﬂAt udh&d cemiphiBes at
Ieast §i& bERAPDRIA MI%HéHt &Wéﬂgﬁé{f‘&nébwa Elof FEDNA Hsding protein.

I ndi cated, were anal yze | udérescence-acti vated

Certa eé u%% Ie (‘ﬁ\g&é Mowﬁ‘%’f&r é?é\ \Fgly?f'éthﬁécéfv%"s\bl‘i’él\%the DNA
follow, Irtlg ap A imen @Iormal B-

a5t
DNA e fclgﬂ @98 e also
efin g{\ iy ﬁ' hE ﬁ} % "
?Drj’c ﬁgagE %‘%&5% | i\%?ntl oﬁhjr el at es toBa bQNA

purified and isol ated DNA sequence havi n

Surprmqgix.e%w isanischavesshoymeat 118 b e@@%&@m%a@a? # Rufified and
isolatgdiDN/DspAYeR\NG BFRIEINSedyétion Ingraasyiseagiivity obklpe present
inventiore paually condains at éeast 18Meobdintclrgtide A, ppe/at ablgast 12% of
dinucleiotide #g’ pn at séraich oB50Cepntiguousdipserpaits. breforablyrtbe bent DNA
elemdmicantdios Bbleash33 %l eftdimetigotidst BAj and/ar akleasiBdYeeoftdirucleotide
AT orDhlatrefadl dfolE) eontiuoius lase p2irdi Teese datal hapeet beerTolotajned by the
methdmdéﬁaﬂae@iffuhhet. being in the normal B- DNA .

conformation ("straight"), the piece of DNA can forma

~ Accortiryf to tAk@t8sertlfivhtiaing the plerficdleshdisolzeed DRMAséddaricei ysually

compféedih MARIHRZIcItRR!sdiRieh6@ seictdiCroihehe yréum ebeprissy the
sequdiiBs.SEQ 1Brss 1807 orAradis MR elddiént ot fra§Rvent fHedeof.
Prefer: I)prthé'pﬁghéfd aﬁ@%dlé@@tBNh%é%uéhé’é% 4 VAR tMRIHAE sBdence

ement a purif
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i sol ated DNA sequence having protein production
increasing activity of the present invention usually
woanisadess7at | east 10% of di nucl eoti de TA, andPOT/ERR004/011974
selecterpBdmiRgbU SodipnisitigetheissquaiicemSEGsITY MosH tof27,0gore
prefeFéHN? trausutsudheee SEQND- NG 24 e 2Pl y, the bent DNA
| ement cont ains at |east 33% of dinucleotide TA,

Enco ad ﬁg thé ésé’fﬁ%\igntlgh HE Iag%él%mﬁérrﬁhtéry%elqabﬁbes of the
abov&m ﬂHés Norss’} toT RRQﬁéﬁhent or

fragn}ggﬁgb’g' EOdg?ése ent| onEMELe r?l?rsl fied and

 An“qigite eeﬁdagg'é\aie e”"ﬁpeq“f‘éstseea ZE\? 5?9 TR asiope!

propQrH%S REEion % GeokD
sequencey P?"a‘gfh%nt t her eof Preferably, the purified and

i sol ated DNA sequence is a MAR nucl eoti de sequence 6
A pamof seauses35EQRDTINGP (0 A7candthe clysMAR elemenArifagment refers
to sequengesshapingsatrigastivd% ayaleatides BEengh Witk the faspgegtive sequence
of therBEE IIpNeket wb2y. Thess equeenses @ Dsedhes fang as they exhibit the
sameEpopeptEssasitheynative seceseane fionvahichahepiderive. RMrsferably these
sequencas staratraoe thequeis s particuiar mbrathewed (%6 muickaadides in length
with $edespsciveSeQuencios tHe SEQRID Nod o2 CLysMAR el ement

or fragnent, which can be produced by using PCR or
The Bt ifB&Mon ARo iRtieaENTAridrEs of tasfersradntivradesdduiaces SEQ ID
Nos $€519¢ %@%hé%&sm S|cHEATRN flaghsdritohat is noitidel euences that
vary ﬁrbmethe S bﬂ@e §é&§éncfe°6 Eér?éb’?%ti\lét hiRiledtiet sUbslit@ions, whereby

i ishotisa Lt ol reusiaes it

e MifPhéh
Tf? %8 %ﬁ) gEh é@g\g(f 55 aﬁe bte SQME,%(&G% i%?ﬂ?c |EH%?rr]10vel MAR

have

nf@?daey SFRN gg , 2 B0MaEn GRNAME HSdpe combined

thedr abl y t hese sequences share nore than

80% i n partl cular nore than 90% nucl eotides in | eng
In a fivst stephther easpplete olrosmaeppsie @ asd 2 Weresseiepneid ey bent DNA
elemeft ad hegipn esespomiiea to the hipbesti bantunergaeewendepths minor groove
widtH fred ofverst meziting tesdperature raseshcBEGN figur@ 8. Moe secend step, this
colleetivh theeqieyebAfRiesameed for bindagnsites, oftragulatary proteins such as
SATBUCGATH, eec. seBHyWEen thbdigures8BY yikidimg séeuersesrSHQdD 1-23.
FurtHEeahees) CSécleién@QQ ser2miverefunther ehbive ¢o behstated neahts known gene
from\m@[—mhyan CRfofie DBfLBAsS| eotides are substituted by

another with same characteristics. The sequences SEQ
thh@b&'ﬂ%%é@ I%B@ﬁo@%ebé’%@ﬁﬂéh&% HaveSsesH ViBRicdWiRstanning
the i i 5%1%@@ f"&céoréi‘?l t6 ths baﬂmbﬁl\é%ﬁméﬂm(éad waRoukeatddhay

S

d% equences is feasible
exa ZJB(:J?QA%S% té}gggh erea tgr whereas SEQ I D No

24 to 27 have been identified by scanning the

Mole EI e huqﬁ\ﬂAﬁsne?qﬁéng %%Iﬁg c%gw%fg?e Q??%ﬁﬁ {dntion. By
Q USRG n
culﬁ%l

mole&H @ I§ érgtg tlonal
pom%@ a r%@segaa g?av sqﬁegﬁs PY58 qyrfas%ods
B%é‘ ‘Wi dth and I owest nelting

nperature as shown in figure 3. In a second, step

| sequgaae gfﬁgé gsmg B[e(afﬁeﬁgv%ei S §%§.‘ﬁfﬁo 24 to 27

Partlt:wias cormbinasiens & WR%U@Wé@r\K)é?Q'%%VHﬁ @é&UPtPP”{lj?riﬁj‘ihﬁQEOf are also

considered irotherpgarat ibrentinrotldicss fagmenis casegrep gDy a variety of
metheids knawnshdie airn Thieee Mejbeds BrJudg, buﬂamn@dmmmm digestion with
restricior eA3yma$ ahdrieheyveryof the fggmentss cheri@l agnibesisrarmalymerase
chairs rengttion® (BER)ocat ed next to known gene fromthe Human
Ther€nenrarfadlar Baswinalibhk of efmnehts or $B@ddidof the sexuences SEQ ID

these sequences have been yiel ded by scanning the

human genonme according to the conbi ned nmet hod and were

sel ected as 40 exanpl es anong 1757 MAR el enents so

det ect ed. Ml ecul ar chinera of MAR sequences are al so

considered in the present invention. By nolecular

ch| ner a S |ntended a nucl eoti de sequence that nmay

N I T
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45 portion of a MAR el enent and that will be obtained
by nol ecul ar bi ol ogy nethods known by those skilled
wonodasieozrt . Particul ar conbi nati ons of MAR el BOEMP20081011974

Nos 1%@9’% éL}iﬁMAR%Iéﬁl@ht%ﬁfré esefara s Pémdsioned #i they p@sent

: nvent'id?w td ecm tHenMﬁBﬁdJr% rediMR6 W GStERIRES Eftieme of the cLysMAR
are e. £hy¥ de crlb'fe(al IH‘V\/@’@ /0’?&9@@ the distostre -of which
is her fé hé H ?efe cedinStd tlr { r&frred elements of the
cLys Fg @tﬁ'@ FEse'ﬁ \)eﬁ{l rﬂgr &Yser nI Reement
might o 1{% g?fjfs?ﬁk r cO | onsnzg
elemegy W?‘ Brisery the sequences SEQ I D 7 WO

2005/040377 PCT/EP2004/011974 Nos 1 tog 27 and CL¥§
By fragmebift Btesided a geEinnsoldhe rasRestiug Slesda SeRUERGE. Fragents of
a MARmeskeotideiseauance maisiaindiolegienl agikity andfiespg oind to purified
nuclearewatricestandder altardhe edpressiondatieras of peding pemuencas eperably
linkedetoga praneotBy. Fkagnenits pbg MATR naclegtide sepeen¢emap range from at
least A0 74969, 1G00ebyli prefeyably dronf abhiic200 tos7 0@ bpbgnore preferably from
abouti 300oBE0Rbe tubleotides iso eheisiemed, areranytnainatiasyof fragments,
whichiHzekahe edngd aumibes op hutlbetidescpresdhRnussyhthetic MAR sequence
consifrRSEMatiir AR lerdknt dfitFoBiradimants. Fhedgigments @né prefeeably
assen%lemtlmke} 98udifodss Preferrediihkénr! Fe @il Banif| lifkersame

di sti nct eI enments (nmultinmerized elenents) m ght be
“Proté1l (Efoc%%?ﬁ a§| )e)ctlv r&fe‘?@ﬁ?ﬁﬁ dchvitybeheefirfied and isolated

fin

DNA n 1 rf%H/ L d O BUEES tRder suitable
condlﬁé7 ‘@ Huka 1{3{ Qﬁg & ? é%‘ﬁ%ﬁ%e?ﬁﬁ reaSirg protein
re 9 tug ar &O

~ produgfief

mpay (? &2 r fi ted W|thout said
DNA griiagien o Sga BLissiels Bni ébﬁ i This
corresRAATIRIEPISty KR%@ lae%o io cellylatipcadutyty 2hgLiERBHAD po per
cell pet day (sget Exapple rogn bp, preferabl y from about

200 to 700 bp, nore preferably from about 300 to 500
As uspg heueineths ﬁwgwm @@p nifipnssAre e pled inardes ipdaciiatedhe
understarfdingabiisinvestiomi ch have the same nunber of

nucl eotides present in a synthetic MAR sequence
"Chrogmatisi' ¢ thegproteinaindr micledRciel raatemial aonstiuting tertomosomes of a
eukarybtic telhgmentserarte ONAf RNAHN asswiated edotbinsl i nker

sequences. Preferred linkers are Bglll-BanH |inker.
A "chrdthéfireeRnid U Hddnea hindéiearid\gequmdricei drya chedraosorhe hawing the
prope@t@ttb\fhéd' fiothet (flﬁoﬁialhhé is@rtlciuns wheal inlegfated IntoHaseToAISeMe.

défined as follows: after having been introduced under

"Cis" Pitbifd the AAQGhER V\}orHr‘?néYeeélléﬁ%hfg Istich @8tcHi6inatin iegments) on
the s&if8 Hikdfetc béld BRBLR (lich BStRESHMG I eplasfil o éhtdrRbsome).

In ce as corrparedtoacu ure of

el B Hgg L z%@%ms B Qi demers

on twp g gnorggierens pHglels, agd riglectilss rtwo

, Chro“%‘ﬁ%}f‘i‘?"’rc cel | ul ar product|V|ty of at |east 10 pg per

5 cell tgler day (see ExanBI e 11 and ?/

Chromatiamedibing #lBnas et ﬁtqnﬂlawscw@lgeép Sreqryipg positon
effectgr adl hepce aee of nserest fas theifevelepment ALstapla ¢alldines, include
boundaryetements Ei-s) omediraetiachmentregiops (MERS) degun genispldegions
(LCRs) iandrntarsall chrometintapening ele@meptsy dHe9bses of a

eukaryotic cell, and refers to DNA, RNA and associ at ed
Bounpamdemntsﬁ(“BﬁsF)o oninsulatorelementsisiefise doundpaes inehrematin in
manysegesiBell dnard Eblsemisld @& 1980; t8fopped aptheplorder:thwundaries and
insulatodi Cyrt OpircGensbDend, 491-U88)nad whaynplagteegiairedefining a
transdripionahd emagoimevivo. BBES [ck Intriegie psomotdriemhahaeeastivity obut rather
are tHot@hPfo protectejepie ficim (isaithnasiptibnanafliends efvegtisfogrelements in

the sUrPSUrRIAAE cCRPEHIT TaR) ehiimicerbloek (E@yay issorhraosed to identify
vector, plasm d or chronosong). "Trans" refers to the

pl acerrent of two or nore elehents (such as chromatin
el ements) 40 on two or nore different nucleic acid -
nol ecul es (such as on two vectors or two

chromosones). Chromatin nodifying el ements that are
pot ent| aI I y capabl e of overcom ng p03| t| on effect S,

o - o o a g, r o o Y
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~ unpairingsiegionisn(

45 boundary elenents (BEs), matrix attachnent regions
(MARs), locus control regions (LCRs), and universal
wohommaei’n openi ng el enents (UCCEs). Boundary eCememiog/o11974
insuldtoBERMents! Ini thklasdag! thel sHremiasin elerhientis pacetbbétaeenran enhancer
and aC OPAGET, arleniBHBSr-aefestel Belnscrptaitfisreéaqiree] Bodadary elements
have b shoﬁ PRAS e tbrb%ﬂ%%f gb m@&éu% Snéer gérfes against

osmbﬁseLl' ALISDrdSBphil ﬁ H@gn Yo all Eﬁh ?MVQ%YSO been
e B et e et

expregﬁ{onrat her are thought to protect genes fromthe

transcription nfl uence of reuator
Loous fanteh eHinns (algcéﬁf &

—regy}ego gw@g}/s [ﬁc%%r ‘{1% |p|§|al
chrore@mﬁ@ﬁql\get@g locHg @ne] sng ion eirnative
locatipoy A Sroieid., diﬂ@@@ “Activalian Oy @cp%%qntgol “PSHOFﬁ? Ly Qpin Genet
Dev 9,Hb2 % Odthierpctivatirg funiciiop od EeRsralsaediaws ihe AKaIgssion of a
coupleddransgeoedn éhe apppsiatertissuie-indrEnsgenie micgnitaspgetivenocf the site
of integratieasu thee hoSigetang. \WhiehORs génmarelibeenies Hesue-spedific levels of
exprezision 0w lipked getes tedfidigntt examsdson ednearhoalt tissugperie dransgenic mice
has baghi repbriefdsi & troncefebenirsan M-dallaeoppior ACR/and & rahdAPLCR. The
most ExBRIiVe chaldcterizBAE)CR & that bf thebglebindosli® s dse in vectors for the
geneltRERFIST sidide BEIPERERE®ANAT(3IthABSERTIa. i§icOAen!) being evaluated.

i nduci bl e transgene expression. Locus control regions
“MARs” LQ@%OM & Sl AL Péd)ﬁﬁbd§| %Wﬁr%dié’télﬂhé Qﬁcrﬁ&égé ld¢ specific
DNA sBhEéRte t& IHORISAY Ak ixY hé’r‘étlﬁ rﬁ&ﬁﬁl omains that extend
outw Iltlj Srf&iﬂ%ﬂé fdtSchio Eré OWh M Ré Hor}?dt'c\bﬁ aWany obvious
cons r% 0 85 eé ue rfe ars to be an
over ' 9@{) e s e J, Schiake T,
Rioskg rgg leél‘f e 5{[‘ trix-
attached es@ions: § F%%r é reﬁ %ﬁgaﬁrﬂm@n@ 'y 'PP ructural
and fygngtipab 593 #al {o,lp Q ge g ation view of Citology,
162AGR45, | ;99éb nhasetegions- hayeca piopensifieiasfosm bant seeandayy
structiies Ihﬂiéﬂa%u pdsone(q sicanthseraiptiersiay ane often 1ejersed to as base-

Re)sgadtheynsarains pere-wawndingnelement (GWExthat might
representhitet metleatianpdinted stransteapasatiorcBentwna G and alArSiress induced
duplexieNAndestakeilizatitsi nelcaffoldamatrixaattachhdntRegions hatMoff Bidke274:181-
196, 4boD). IBdvecalsimplesATisichisequent® motfohavd efteg deen tfbemdipithin MAR
sequ@ﬁcéd &t forctBeImaeksigeat ¢heinflincBohdldmpostantaandpotential mode of
actiof vemamH Lixcles). Thee¥ahslads the A'DBRAATARAPAAIN) Ghe T-Box
(TTV\WE\NTT?W‘FEF tBATRARhdinEBMoE YAATATIATET, 20CHRTRISAAB1 binding sites
(H-b3RRGTId S %s%ﬁ%‘@ ofs8 n{erﬁﬁsé‘H%lltéérforrﬂPérféHfates
(RNYQ\W@N d N’ﬂNYLB "mw TN RRM

s fromt roc r Rs do

out \Na | n cores.
Ubqurﬂ &é&%ﬁ{ adBén?rp Biven t§ ‘Psro kr?&ﬁlgglszﬁl!ﬁ it usly-acting
e 2 R, Pl

An" redoanr}au : o(ih(%ne strgg?}é%Bo ee tq\]Po 5 ktiﬁgranscnptlon of
geneg|! FWF%S‘ hesésﬂ %9?7‘ P&S{tﬁ’@h@c ﬁ g%%’%ce in relation
to the;gene.tQurtae Oéieﬁﬁt@tnl %ﬁ@ﬁ%‘?'ﬂf‘get ‘éQ,Ctt‘Prﬁtq [e,sent invention
optiogally sludecgrhancelet ural and Functional Organi zation

of the Nuclear Matrix: International Review of
A "gepiet' i agleoxyrisancisgitiel DNASEqueThe sedinggfoo agiten/mature protein.
As ugmdbiperesi, tthe tern tgendi shall set metateyunteansiated flaskingaegiong such.as

. RNA bnpciapt@ort imitiEtioarsig redg grayademylatioa yadaitonositesn prahetersedr

enhahoe@s base- unpairing regions (BURs), and they contain
a core-unw ndi ng el ement (CUE) that m ght 30 represent
A "prbbectryetict ad agrenpdhat eldodeisraapiibtsiaprodiictdravirBeddsimble
charatfiéristics suBhrasdiagnobticast therapeetic Dhlﬁydﬂqirabmétlgéatellmﬂud@s e.g.,
scaffol d/matrix attachment rggions, J. MIl. Biol.
274:181- 196, 1997). Several sinple AT-rich sequence
notifs have often been found within MAR sequences,
but for the nost part, their functional inportance and
potential node of action remain unclear. These
|ncI ude the A- box (AATAAAYAAA) the T-box 35

——— S S —— A S—— L L OOR R TT™ R Y [ ge—— AN A Y= P pem——
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An "enhancer" is a nucleotide sequence that acts to
potentiate the transcription of genes independent of
woheosidetrity of the gene, the position of thePeEqReI©11974

structd?alrﬁ‘ér%s' régQJIétB B &, or the orientation of the

sequence. e vectors of the present invention 45

A "st tturgp r#éf‘ |J Fétjs%i BERcodes 9SBctutal potein. Exam les of
struc O&Jt téc?%le@y? K %émo s %x‘%iJa%1 lar matrix
proteH'bel, enﬁxl ﬁae Ela r|e r8 rﬁa nH GPE § annels
and 1Ry EFR e e rﬂ A by 5%@{}@ felitplgenes
encoﬁ@(ﬁ?&ﬂ""ﬁl@@l‘@%@,ra tTEAEM@HS50 enhancers. A " product

gene" is a gene that encodes a protein product having
A "red!ee‘t@rme@e" ceferain @ gepeitioal enconlead regalpiymretedr. Examples of
regulatoey ppeteinsdndluide] byt ara nut dcited tgetransaniptiod éactoes, hgrmones,
growth faBtar605/t0Ki083, 7sifraAl/tEPRAQdHi @1 Adlerulas, mncogenes, geniosoncogenes,
transamambegel rateptprgemelsprofeitl &imrasesur al gene" refers to a

gene that encodes a structural protein. Exanples of
"Oriedtdtioft' vsfals geimesordec bingelbotided i angiveh DNA edqtience. For example,
an inG¥tes bekelafibn T et BNASecgéhtaEbhalirpwhibhtthée 5’ td3' order of the
sequBh&é i RFatic@YaRstheskd RMCeRO Fevhsed RhBA caRtpated k@alpoint of

refer&é fnothd. [mp\tf?drﬁﬁvhlétpfh -8 viobthREPSUER rSference points

can iRQOHE # b r@ctﬁHrPBteﬂra\% ﬂg %IF%ﬂfer% geifiefTNASEg§Hences in the

sourcdl DNG 4 S B 125 E 8, oF POl oo BT tre

sequ ngnents. ry gene" refers gene t
encodes a regul atory prote| n. Exanpl es of 10

"Eukary f r e| ns ' nc e buc}n ra‘re 0ol tte aeukaryotlc

org_ailry%ﬁ fﬁ % [nIqua ;3|1er %eni (5% a%agote of being

mamﬁ&eq)ugé [ure CpL; a) 23% ns epg §w Re

inclu lnv |%t%§qe&;a Iyrpé Qﬁ,la udgse. d., stem cells,

embrygpiceiemaellsi frhiegeam Rir CORaRiie21, NIKISTS,

Helaa© 3Gl rqaasebceuaqtaadumtmaw oatfwtle@qwmdlffege@wed gells. Other

~ suitablei st chlls Bre known tothpse skilledhs theaguence in rel ation

to anot her sequence is reversed when conpared to a
The teainst'host cellt baderesmbsinamtchddtaeflt ama wdaddhterdlearsmapbdnicerein to
indicst@sa ebkaryotic celbintd whidresed o njuoe vestors ahthierialarstiort eve been
introdlideRiC 1t i© tinGErsto @ it ispth ey reféhest sl thegshribiar subject cell
but aEteaRE fb?ogéhyl BlepotéﬁﬂélciﬁO@Wy BNEUEH a CBR BdalisB defrtain
modifi€atidradhb@ Bellir e cbé ﬁ gepetationswRid @i dithe nidiatiaiPor
envir8 KRR Safludret §f oge mafﬁ@t i fa8t, Wdéﬁt“@ﬁ‘té fHe Rarent cell,
but aFk?QtlF’ﬁ\ e'd%trﬁﬁt e Eé 8f iR Oats' GsedHddp. Sm By way

non-11'mting exanple, "any eu aryotlc cell that is

The t%ﬂpt n‘?ro%c#\ unﬁ@d B ﬁ?éj %”%S P et cti
deno?OE é%ce%ﬁ%Y r| )Kt?a %{P&laé \ ny\§| é&s\’é %Zn%fe yllgg

matefi QTgT ecte%' means the

cell ind M%g eé‘nelpr d n r the

extrage bs%tat ‘?uﬂ'& ttcgd| tgto ﬁo A enuclelc acid is

replicg \%eﬁ"ftqsa @hrwomﬁtmtagé%t %ft%soa't@?“tf%c '@c”h%‘%oma' element.
suitable host cells are known to those skilled in the )

"Prorgeter” agusad heegingeferptn a gecleic agid senueaemihahregulates expression

ofagafld." are used interchangeably herein to indicate a
eukaryotic cell into which one or nore vectors of the

"Co-transfedtion’ nieeves thegrocess otidancsfelctirig a eakanydtic selbwithtrharte than

one exogkenbes geneebdeveciorn, oo plasmid, foneignds thescdiRionswfjvertith may confer

a selééthble fhenoctysdoh thd bell.pr ogeny or potential progeny of

such a cell. Because certain nodifications may occur

i n succeedi ng generations due to either nutation or 35

envi ronnent al influences, such progeny may not, in

fact, be identical tothe pa1rent cell, but are still

i ncl uded W|th| n the scope of T he term as used herein.

The terns "introducing a purified DNA into a

eukaryotic host cell"™ or "transfection"” denote any

process wherein an extracellular DNA, with or w thout

acconpanyl ng 40 rraterl aI enters a host ceII The term

- s o .._.__I__L__ o "
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extracel lular DNA. The DNA nmight be introduced into
the cell so that the nucleic acid is replicable
weitdsamoxs a chronosomal int egrant or as an eXPCHEP2004/011974

A RbIafE d%fm S8GCHAT Rcre tivit
s e o s e

DNAg):l( &liié'ogem ans eCtI on

transfectlng a eukaryotlc cell vvlth nor e

Usuaﬁ ﬂ?ﬁ ﬁﬂf nfyiH%e r&¥e1n9 Zr‘ 2C CtP of ge%atrgnscnptlon

factors.ar, rau d
Anotpn %ﬁﬁ@% %ﬁ%ﬁgﬁgg 'aﬁ H PF igide {/ﬁam'm'gaf o 040%0' from the
grouee@néﬁeegr%m% NMR4IME B2 0ok | FBEA@XsﬁEq\'?a&NAt;ﬁ TATA,
BrightIM&Xc Ar I4EBP, B&REBRS, @, breaads &lFkEh tHngalphaniike2 :
POU3E2, it tT Ore XFT i AR, STEBPgamma, Gole&, 6P HdH 3t'dNrF3 beta,
MRF3, OstlaPQUSHE SRE, WENTIATA (B,0tkb2, Bache, ﬂ&mﬁm (Edbh FOXJ2,
HFL, fHet,dvyc, B@&XipPas3, ofEE BB cXFPB| Bm2,fGoNMeHs ExileFOXE 3, GATA4,
HFN I3, SEBA, $OY1FHePags yTIOA yPacombinatiorobeiwtsor more of these

* transéfgtidiefactra pé préferad! MRRS prafeire@aré SNT® 1, INMP4, MEF2 and

poly(MéWP%lbhﬁilthot st or selected fromthe group

conprising SATB1, NwP4, MEF2, S8, DLX1, FREAC7, BRN2,
SATEY MiviPs s | 1(feEBR e GREBBVeloBRnt and/or
tissue- Eiﬁ/ 3% é!é%i%;ﬁ\pe s a%te é% oy &le the
a_l E? : & j 5l teric ligand

modi cehl A ture
circu bm %ﬂan (J]Tz‘al , é&f’ “Tissue-
speci 'eafs%hﬂfc Lﬁ&?é‘ 49118 BPSSB ARG A Gonet,
2003 )oFP 4 transcription factors are preferred.

Most preferred are SATB1, NMP4, MEF2 and 15 pol yQool yP

Yet agetharehiecosthe presentinventipn issionopide, a piifi arr\%nselated
cLysMAR eleowant adiardagiment Bsequeace sﬂmmeraﬁm/aaf thereof, a part thereof
sharing s leas 8% hidegiidrs indpngths Ranoleaulanchimera threresd a combination
thereof and waripbison factors have the capacity to alter DNA
geonetry, and reciprocally, binding to DNA as an
Moregdrefshiely| thd tlgaMAR @lemdhf adiot fragment arectarsisting of at least one

nuclestieeehien&éEbibcrabfroeithe B, K had P egiage- | i ke
structure circunscribing het er ochr omati n (Cai S, Han

A furiitér obftd oKeah relBhORNBRESH i to prbvidE &r syrliestid MARSEd RAHce

comfls %Féirl\ﬁAR@eH\%rr‘lf ?dﬂr%@h@ht §9§’élﬁbﬁe€i H&w@éﬂ Bhker

sequ net 2003 Yet anot her
0 Ject of the present |nvent|on |s to prOV|de a
Prefe‘l?u'rIf synél 'S l éoer e and/or
fragr %ﬁqu §r(i smqn rﬂJe % 8 he{' pst 0%
nucle%l @ éFQL}l@'r I, variants.
Also Q'éﬁ? %, '“ @r%ﬁﬁl@%eéfaé? K éMAR eI errent

and/ or fra%rrent are consi stl n of at | east one
An otfige pepeFtdd Bequeﬁ\@ensetcee&oywera sathed fog identfuiagm MAR sequence
using 2 Gigjformatic teelirampising theogorpputing gkvaldes alene ppmarg DNA
sequercefaaligs corpRendindcoNMiA degding: eajeogieore degth and minor
grooveawigitiapotentialy andmelingliconpératigaeRafermble e stenbfcaticanmof one or
morel DNResequehics éeptaresiirther ebmpiibey a futthersh) NAhsaduenepReature
corresponaing ¢o bordimg sikss fordNA Mhilied eneteinsawtiobris alscagpraputed with
this neethequence conpl enentary thereof, a part thereof '

sharing at |least 70% nucleotides in length, a

Prefai@b|§CpiofilesCdt waight-Hie of shid BEMBAHARNtII aFeBhsénen

d,nuc‘i@'gﬂc@%éo HiloN so preferably, |inker sequences are
| -BanH |inker. An other aspect of the invention

|s to provide a nmethod for identifying a MAR sequence
using a Bioinformatic tool conprising the conputing of
val ues of one or nore DNA sequence features
correspondi ng to DNA bendi ng, major groove depth and
m nor 45 groove width potentials and nelting
tenperature. Preferably, the identification of one or
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nore DNA sequence features further conprises a further
DNA sequence feature corresponding to binding sites
woaoosDMs7hi ndi ng proteins, which is al so conpupet/ErRi0h/011974

The bfd?hﬁm‘?ﬁ%h@%l RedReefrRy @*élsént pedfdd i§préferably, SMAR Scan®, which
contalffs' #Qbrit sr dié\Fe?oﬁgd BRIGEMY Bkptess (Rt -DsleBiomitaiseaaRes6bin/cgi-
bin/w 1999 These

algori% % |Ieflt% d%?’n 1&3%% 'e i :@ cdhiBute the
theoreigal Xplie %? @ive op%cYSB"’ nﬁéﬁ éﬁé

Prefetan %£6 (RERs i oy ScEsS Y ﬁgrm'sgadse 7gjed as DNA
sequaneg; fegkye@pogespoqcygg to englp ai%&fOP}é% gﬂ and minor
groovprifith patentialsemedingiempraraiie dﬂs@ Hian, ysing scanning
windoysnplnasiableesize (pe® Fig. |3aaIForveaqmefynpmn @éﬁcﬁ,oa ﬁﬁ*r@f&M%'Pe has to be
set. Thadrposesn cetahena bitlevery timetthe soofpubbehscorer eff 2giypn yegion is above
the sebMiRoRoa(e Jorsdlasf theehbeen ctitesiar Eocddta ouitpwmedesd are available

(

© to haritfigitige alts thaFiriNballed dpeosfite-ikea simpely returne s ditgiosiions on the

querydtyenndiang themicorregpoadiag dapids fanthendifferentgritesiaechosen. The
secont flddeRehsY i"abstigutRistHiky') FEHRES Gilyitiee positibhs pbseverhle
contictAiR 'm@térfd“thewsddi*ﬂe BigNgglienbe NEevisoodal ihalrhiimum number
of cor?t u Sfﬁl% i€ 'aﬁotlf@r cut-of f\%ﬁf@t o B8 bensed Saghin dvithud tublable window
size. Usee ﬁa rﬁ&d % e&defadlf ?no‘b‘"eoéfr SNNRESHARS. FﬁdBeB fotfra/'semantic

pomt em{: ré¢ 8% rﬂME&ﬂ re?@r‘n%ﬂt SUBPQA a cluster of

CUE lu%{% Sftglﬂamg |te§ fiefeaihe aﬁs' iE&‘@dered asa

h §$ﬁgﬁs Rk PR AT § e A
i t SItI uer uen

To tu:a%,ﬂ?%g {%@t lt%Hq%t"@ riteria,

expergngatly vah@atw@ %@ /3 Suag.om

were paedr A thenh ﬁﬁé\/l%s‘-‘ﬁqt@ﬁg% o

analyzed WithePMACoBE@RB dtsinthtes srfiglieclike” mdq WI’CQ ’fh%&?;ur q"H%ﬂa and with
no sehui-afi valendéis aliswesbths @Qj’@m@ oheach funcinpfarevesypogifipn of the
sequeraiase Thba:tlstubutn@efwaachagaermmwaa then gp@mputed@enpsding to these
data @eedig.-Thiasds¥cond node is the default node of SMAR

Scan(r). Indeed, froma semantic point of view, a hit
The deFa@iPbst-6F alied of SMARES¢Hn® futithg behd et mafddigroovendezth and
the wﬁﬂxdrsgr@bv@bwc&ﬁ Vid/ESs 1 o B avirage oy thd wsthedqsarile bhd thenmedian.

" For thd Hiéhi mﬁgf[@rﬁ;%rﬁt(ﬁ‘@ﬁh@d&fﬁulﬂéuﬂ—@ff C8IGI hukbe sebat BR5th quantile.

Sba&his Obide SRBEaIPbe 8ENfol DM WEcause it is
assu Sto%%tﬁeﬁ’ﬁ\[% r'n"’\len f a VAR R Eigesdpiden) Howelepidne skilled

in the'&t Wotild B & [er g %ﬁﬁ%@ﬁbvé-ﬁ{énﬁoned criteria
fmagﬁ?ﬁ rgﬁ‘% acg 3 E% ) 25 were used. All

t he human MAR sequences fromthe dat abase were

retri zed W|th R, Scan
Preferaliy SNA holing FRRES A'e ompsisel petieeh St 5 5{{ ig] dearee). Most
preferﬁb'»s theycare-ppt %P%féveenﬁ a|41 neRPTiasoBE N h%ﬁ”@éé&ﬁt peak of
Fig. % unction for every position of the sequences. The

di stribution for each criterion was then con‘p
Prefesaldy it mpjorgronse deptiavalues ake Fompriged Ratvgen 86 ftpr9e3 A
(Angstefraliand eninoogioova widh FluspEiveeang. 22t0f50$ A Hdogicgferably the
majort greonejdeptiyraloee ade somprisad betwesn A} fog?. 80y endirainar groove width
value\'islebresleweelh5&14’:(1‘5!517 Average of the 75th quantile and the

medi an. For the nelting tenperature, the default
Prefecatily ofid meatlingetesiseratlurbds sempased betwdarh55daibi’l @ (CelShus degree).
Most Bréferadly | e ghéltihgternberatarniticpuprelidetivesn s toléaA @.

be set to 300 because it is 35 assuned to be the

The DA HTHéﬁh?o? sieth of whicMARINSLEarTbE cofhpiel By thdimeahed is usually a

The fi’Mﬁu d dcdr

' trans@ﬂﬂl val(blﬂ?efserﬂ?%l? B QuBN P GRaiRre frans&@iptibAifaGof 88lected

he” a ove ntioned criteria for a
given organlsn1mnth m ni mal perinmentation. 40
Pref erably, DNA bendi ng values are conprised between 3
to 5 (radial degree). Most preferably they are
situated between 3.8 to 4.4 , corresponding to the
snallest peak of Fig. 1. Preferably t he maj or groove

o s s e ~ ~ o~ re
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- weightthalrfdes! ?[r? Lfifs hHdt K, 'F‘Fecl?'71
Wing Oesr. ' qegﬂaﬁﬂat% rl\gam‘l) stt v'er /gimc?ls for

maj or groove depth values are conprised between 9.0 to
9.2 A and m nor groove width values between 5.4 to
w52605/h403?veferabl y the nmelting tenperature i s eomEPR®aMd11974

fromt morRin A?BGICRI'WAJ&\AEPQrse) PDLX3OFRERC7, BRN2, GATA
113, T Eﬁ 5(*‘ /e % BPaL HOR F?eWFf??d—lNFBaI ha,

Nkx 2 ith OT DiN&R r§? REQLes! ﬁbsMFH@ HNF3
beta %gt Eﬁp lg V%%cgﬁu 8 rTC‘é{S (F;%);?PS
FOXJ , ,

GATA&dﬂIF@b‘Q K ¥ thggé O[[]FIJF ShBrgo Baté%r%étwo or more of

these ippsCripppfackys. DLXl FREACY, BRN2 GATA 1/3, TATA

Bright, MSX, API, C EBP, CREBPI, FOX, Freac7, HFH1,
HowewanF8akpkiled iNdke Rt wouldize ablette detearmine wbfrer kings of transcription
factorOhEBRIENEANGdE theaxBed Erdinguaathelnsesentirrentione t | |

POU6F1, SRF, V$SMIATA B, XFD2, Bach2, CDP CR3, Cdx2, 5

FOXJ2, HFL, HPI, Myc, PBX, Pax3, TEF, VBP, XFD3, Brn2,
in casEAAR Bebh® iE@WRageAd pérfotiiNior exbriple, NCge/ scaOahalysis, then,
preferBoiO thd Bbble-Pherftionedhstioddurthér tovpasesiat least ond filkerepredicting
DNA Hlﬁ&ﬁ%%lté%tﬂoia DNARGLAESHptIdRERSTs iIPBRIes tb Fédite thetdoenmutation. -

be able to determ ne other Kkinds of

f ﬁ’ﬁé thc]t@ cbfb rfessSMAFQS@éﬁ@ttS chfgute ¥ strl@ural features
%gm Q 4 d"é( QR ﬁ‘? arbh, r%%’?the pftools
ér%ﬁ rH €. “A flexible
5% eg%l f fl'%r e (?(51% ?érs 8 Chem/s (% é20:324,

1996) W@P‘ T LI BEAD ﬁﬁ%ﬂ%ﬁ@ Se for DA
Exam‘élrg%té{{qet%kgn fact L%a}’r%& I| | ospﬁsg@hﬁhtl\aegtmpﬁggor RMatch
Professipielgngh S$H¥'structural features

descri bed above and a filter, such as for exa oIe
This comigined imethpdoimestibe stustiral fephirra g SHAR Scanthan thﬁ? Predlcted

bindinguxfrepedific tkangdripdior fasioes Of te e thafomaree apphed sequentlally in
any ofdeexto lslete@ MARay ihlerefoodh rdeqpeedb@@uﬂmﬁlmn@aaph@bat the beginning
or at the &nid ekthe rGetimak. er s and Chemistry, 20: 324, 1996) to
predi ct the binding of sonme transcription factors. .
The fifsx 2| &2 lsdts behliencescoutufitae primdry dtpit setiuénee sed tHeosecond
level, B6SSIBEIRY in e filbsD Atdye ubld edrestiat! esongihé seledted sequences
those WRANPEAY rtﬁé%‘éﬁéﬁmaéec?ﬁ e §iteronbi ned net hod uses the
struct ural features of R Scan(r) and the predicted

In thisbécﬂfioﬁ% eﬁR’fd:f d fitdr § 'cms'téfg me,@bﬁwo‘i’rﬁ Eifes usmg profiles or

det ' Research
g(f y | PF? % J@ﬁgg an Alpa %}%tlesl %fo\;glijsters of DNA bﬁ\dlng

ites conS|st|ng in the fllter may be used to restrain

nong the sel ecte
The comtIged A16iBed (Hgcily A EaEPers i tﬁnﬂrm* l?e&%M@%%can@ and, in
case et pisgataieistyg s aéﬂt@btfgore thes pipals of hexeaMbinggl mgthod performs a

twolest! fargcessing upingrat eas devel\magcpﬁthﬁse tedls (SIMAR Sean® or filter) as a
potentixldifites, emah fitepbeingroptignahand rossibledn bie usest toscampute the
predidféc deatiees #ithwet deingBny filleringd and Mat | nspect or New

fast and versatile tools for detection of consensus
If SMARt SbasRiin usad iretitd filst eeglienfiier dabséquecekeit basddd e used with
the "alRéls@ @odkiguous Bits"4B 684 8 érdek 28 Fefurn $bguéndaseif thapfsdasch is used
in thedipd Elele 0@ kst ifiRsr, o ha toshee used it pome brgfile 48d i distance in
nuclediite #eBHE e Berprbligdd] Fhiudistahby ivuset mp@eup togétheepfsearch hits
that aReIdcdiéd aBNRIRst8RB8 (rfbrien® thelisteAsE pidvedddf mestientd eturn
sequéﬂ?%%@ Fhetdhbih8d méthemihhecHelstsFedsrch TharsesMBidusut and returns

thod perforns a twolevel ocessi ng using at each
Ievel one of these tools (S Scan(r) or filter) as a
45 potential "filter", each filter being optional and
possible to be used to conpute the predicted features
wi t hout doing any filtering.
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If SMAR Scan(r) is used in the first level to filter
subsequences, it has to be used with the "all the
woanisiogesoas hits"™ node in order to return sequedTaEP2004011974

sequeh®és BE%Q{)éﬁdlhg t4 %ﬁébar@ﬁ) hit8 thdtearbigrtipdERjettdsr ddcoeding to the
dlstanf:é r&Videl! THES wirtd\Rer4fe %WJSEdQH Itl5/e fAfee | VP ithe ?erﬁ@ﬁﬁ’ ofthe sub-
seque é sél@c ﬂﬁe‘i std ﬁaﬂfﬁ 8‘éit $Bfh et §ccord|ng to a
oup t er search hits

0oge
paramare ocate at a di stance inferior to the di st ance

The Smdea 8Ha€ler tscgaa{{@%% Sﬁ@éj esC aﬁ?chtered
SequeP%?%Pﬁé‘“iéWé'E B and/or
pfseargp ingyapy fi ?%%Peﬁh?ﬁ% %eqweiiceér ‘?88 evel'o
combipeg ddg ¢6editpdites foneachiciteda considevediedtoffyadyes (hit per
nuclequ@t)ee@d te he nr@wpledéeéltehowbose ﬁ@ﬂuﬂéﬁﬂﬁ (,seerFég | 2hgt h

of the sub- sequences thus sel ected can be

systematically extended at both ends according to a-

AnothBPESHB R ofRAL |p‘?§seljﬂ' ihverftithas alsto- provitiBe e G identifying a

MAR éé%ﬁ.lé?{% RY G ll’l st %ﬁ@%ltdeEtécfnﬁg cﬂljﬁter‘%QﬁW}\Qﬁndmg sites
using g fl1ES e'l Ht esS‘qu P41y, 'is MR H\A ris é‘é”fﬁ/o levels of filters

and infiie §§e6 al%tl% ?II Ef’ro 8 L the two
thout “doi ng Fltering on f

: 'e"e'S%Hﬁ@ﬁé%@ Sse%? q 'he second IeveI of conbi ned met hod |s

Also teresfgtgtrl g%%:h C! ter| 31 d @ %lggswﬁlsequence
'de”t'fﬁbﬂ$ &CC [ﬁlng % 57&%1@5 Cflé

descripes dupinfermaticelopl. dae ﬁPmme@hmPH?Pd qr f&les%et@dp%wféﬁén% at least
one filigst hod for identifying a MAR sequence conprisin
Analystls:@s/tth@r@mbmedrme%vpdafut whiolgs hdimancge noree Mlle}ﬁﬁd%@t(?fa' of 1757
putaties MEARs ugpregepting altetal of 1\9@1593ﬁ51|aa$e paises. pp erderdp|reduce the
numberifraseithpa diumiedtslesanalysis was! pertormiad eretheses! 7ATdVMARS,
computimics eaals ef VAR pBsaibie Jlinusleptide lpeycartiaga forfaasin segjugnce
considegintpbothlistreaidsyin thé®’ tow®’ difextiehs consi st i n pfsearch.

Al so enbraced by the present invention is a purified
Surpn§|ﬂ§ I%%pﬂk@ﬁtd\m&ﬁo\ﬁﬁmwﬁf thd esupdrt MARs aeteetati wih the
combl ed BtHARE EttainCdt 1E8SIM A% o Ath kI dANdeSEA vANC Streteh g 100e
contiggOude3ee Fi; I QAR MiRELE sbﬁ@éncésh@onﬁﬁﬁ%tﬂéﬁ'sﬂ%%%
dlnu0|%ntl({igq_ &9%? | bg%nﬁéué]@saﬁéee ﬁﬁ"s ter.

conbin e whol e human

App|lC%e OEE eé’él %é% éé Yﬁ%lﬂfa‘%%nte\m at Iiast ;i"/; of
'i‘as"l 3'@“93&9' o%@éﬁ@ﬁ%ﬂ i g%?‘jg gﬁf éﬁl& Q},ety e

conputlng ach of he 16 possi bl e ucleo
An ol ASRACAGE T iMveReN gsefeﬁﬁwée = ppfaba, Oﬁﬂ&?ﬁ AR Dhia

sequanﬁetcrfearw ofttbeaoreaedt@e desalibes, MaRs %?gw*s'r)qaﬁ [SegEpRGe selected
from tha geasiesnas SRR IRINosT te B, a §egeencemmpm@ttﬁe/dthmqf a part
theredf sbaringrileast 7256 moelandideaimlength, engoleqigrgshimera thereof, a
combidatan|tketsod @antivasiants.st ret ch of 100 30 conti guous base
Prefenablyr, saidPpefifiedbhy isdlatesidVARDNAcEE usnee giompiises easgquence
select8@¥rarh thdisegobreds SEQTD dios &4stor 2%, chserfuehze comblementary
theredfas @ aptiheseofEringaattisadtai0ss auszotiiesin kehgth, teheskecstarehimera
thereds e wongisiBafion thweotand abnams. Teess sd@Q¥éraes 24 to 27 correspond to
those deméaw e odmisined n3éthed eidatholP highdripgoteirs plaitietion
increaBily Sctivityed\eir aBhMenédey teopt ain at 35 | east 33% of

di nucl eoti de AT on a stretch of 100 conti guous base

The pRRE i |n emﬁéo @ﬁesﬁﬁoaeéest iR it 64 bgﬂﬂééﬁ ahe i1 MEHABNA
sequeﬁ SWdrh bfsi% %hrﬁ@ﬁf‘@%? RPYubkotide
PR ot

sequeﬁ \,Wilﬁ romthe S o Sng%%%l’%‘ti% %Bcc%mpnsmg

sequence conpl enent ary thereof a part 40 thereof
sharing at |east 70% nucl eotl'des in | ength, a

nol ecul ar chinmera thereof, a conbination thereof and
variants. Preferably, sai d purified and isolated MAR
DNA sequence conprises a sequence selected fromthe
sequences SEQ ID Nos 24 to 27, a sequence
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45 thereof, a conbination thereof and variants. These
sequences 24 to 27 correspond to those detected by
woOherspaodor ned nmet hod and show a hi gher prote| NPCT/EP2004/011974

8 et:l %'?ud lé&ﬁte%?‘BNﬁgs&ﬁfénl\ébtﬁé as f 'ﬁﬁ&%loﬁ |F\é’reasmg

resent |nvent| SO enco the use of
i ué& %ﬁg%‘ at c%%gﬁtm 6Hdr°nlgna tRle method
rTBEI' e&t?yltgg %Jéu %9 %Qi matlc tool, the
VE?% OéTI)%I' HE%% ﬁr r,
) - f d d
- |%Buat'ea EIDNAS%é‘ P’b@'éqi ' MERL o
- iheyethetig (ﬁqqueny*e corrgprﬁmg lﬁrp\tgaal ganmhfragments

Iesetabled eaerhlnker sasiuengeording to t he met hod for .
a sequetere coOppMentanRirgolk aqartitheneofisharestreasd 0% nucleotides in
lengthb aanbleutat chimeomthere bl ascanuibatien thesebband variards or a MAR
nucledtielehsequemge ofsa obysifiAReslemenbendldrfrelgment, alsequence
compleAfisranethetssd, bRabtheredfasharing-at éegui7i0P% adcleotides in length, a

" molecuf®! cHig@ra st bOR et anBinktion eiareof angvanants-forincreasing protein

produéb’dﬁ betiviey #@eﬁ?ﬂ‘]@ﬂ@ﬁﬁﬁ&” sing natural MAR el ement
/ or fragments assenbl ed between | i nker sequences,

Said |ﬁ%05§|’?d‘ & ubl fthe cOR |sé§18ﬁ§ 8f more
regula eQSQ‘R E Sﬂté e?%% nhan er,
AR St o

polya ns élﬂﬁ 88 fB n of the

protet o) Yy oR 8“% y encoded s ee %( ed and

'Solattctqéﬁ@ﬁeqae% EOMREFEHA pgﬂ%ﬂP ?th'aP |'%88? '“ 0 a gene of

Interesficl eotides in length, a nolecular chinera thereof a
conbi nation thereof and variants for increasi n?

The DivAsenHenseHPbNR NVeRtiar £aR) Peyselated ataesdipgrtp stasigrd PCR

protocats pndgapthodsnvell lktpvemin thetht ed DNA sequence usual |y

further conprises one or nore regulatory sequences,
Promefersmdveh can bReisedtprevigeddhat siiabt promatersoaresgempatible with the

host cefl lzaac far,exapuly aprenydtats ehtatieddtoribie gehooesj aivirtisemsuch as
polyomaudiusy aelepbuiyesi(fuch ashddenquirisd)ppajpiflomiaeri2e (pmh a$ hovine
papilleranasusypdviam shfgonean o, aytaméegalbaible(suehkes murine or human
cytomBgaf@naiel ishreedidtepsery peinated, airetbates] hebatitieBudnecand Simian
Virus 80'TBGES &8 SV ROEERlyaindVate rdrﬁot@p@f@mrwntdtéﬂs%ﬂ)télﬁe@from
heter&@%@u@%amma‘ﬁéﬁ em-Bt@'s tﬁ@ﬁﬂ%néétﬁt Qlforﬁcﬁtkaﬁot AN ffuPBglobulin

| prom(ﬁé o ﬁe?FQ h&d Lfélh r@g %'e uBhEes divect constitutive

jocol's an metho n the art. Pronoters
ch can be used provi ded that such prormters are

Furth% tgﬁ) Sgﬁftj%ﬁ]ﬁ ?eolj Er)llgﬁ ﬁ@%ﬁ% ﬁ(ﬁtﬁg 8om se regulatory

expre Vé{

sequ ic Iaf gapg trreﬁ:ﬁ g sggon \nur%fjei et%?entlally in
a part PGi(PLg: m% tn% erfrta Sxpress the
nuclelg %@ﬁ%peﬁl qjgeg hmttlng
examg,lps tpg @lﬁﬂ" er (ljver-

spemfrceﬁaatw@g al. he%% cae@esBDwﬂugeswméwmpm e pmeters
(Calamgand Eatay %Se&tdwylrawnpbﬁé porAddr i pasticilaiprematers of T cell
receptstss 4VYieata andrBakiveeieo 8§8uk  i728-proranddrnuragippulins
(Banesgi athb, 4283.Ce¢ll 3%ni29-740; QueemandRaltimare, il 953 6el33:741-748),
neuroorspresific promedtepy @t dhs. n@mﬁtamgtn pearoeterBymeace KRuddle, 1989.
Proc.Natt.e8cad.o0Bsit US@t 86.6b473-B4pf e pancreaspectierprometers{ediund, et al.,
1985. Boiehce@3and12-9dbatad! DA mayugacd-spegific frombtess (e. g., milk whey
promatenTi SePatqNd. 3, 87,316 endehwrepenhiApplisatore NpaR64, 166).
directing expression of the nucleic acid
DevelBp@fetitani-retjulatet hromoRsts tdré Blst elfedrhpagaer. Exanples of such
promdtbESHRIRREE.d.| the REiHhathpbrehRAER(Keds6! atkPdrids, 1990. Science

| 249: FHDERS ah@%félféwﬁto%lﬁ Girfdter (Dapfss SRETiGhSan, 1989. Genes

regul atory el enents ar knomn |n the art. n-lrmting
exanpl es of suitable tissue- Ebe0|f|c pronoters |nclude
the al bumn pronoter (liver- specific; Pinkert,et al.
1987. Genes Dev.1l: 268-277), |ynphoid-specific
pronoters (Cal ane and Eaton, 1988. Adv. |nmunol. 43:
235-275), in particular pronoters of T cel
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receptors (Wnoto and Baltinore, 1989. EMBQJ. 8:
729-733) and i mmunogl obulins 45 (Banerji, etal.,
waesB/04@3k| 33: 729-740; Queen and Baltinore, pOBEP2004/011974

741-748), neuron-specific pronoters (e. g.,
Dev. %%37@%5 Ofl | ament prormter Byrne and Ruddl e, 1989.

Regul Egﬁf |or§ Pom [T art?

on Q
3221? 866)(5 gfﬁgnQ% o cy §é I /I{- )ﬁ\%ystem the
TET sazs@ﬁs : ﬁéomy @r? “ 1e8)

Leu3 s .g auer, 1998,
Methi"éigm (5. 'Sy fg%?fggérean'g 1 (j£43-55; Legrand-
Poelsetgl., 19%% J,Tﬁhcp-;@c h@]‘:ﬁﬁl r Rel8dp , FEBS Lett. 390
(2):19% OWasgi rede PHAS US}‘M:l@Q@ 68( ):tHER5) et oprot ei n
Howepenmpeskilledanibe ashaouid kehable, toxsermice méiserignggpof promoters that
are sUbE 04@BYHdPOut Emmmeomngentlomev 3: 537-546).

Regul at abl e gene expression pronoters are well known
Enhanders ban detoptisihliyietiuded irbihenayrifisaf DNAnsddquante rod the invention

then BAGGINE to BRYrayalhEsedidicerecylIthé psorasferessi on of a
gene encoding a 5 desired protein by binding an

%' lude, by way
e encoding a

" The® @ﬂﬁt&eé@'&eﬁbﬁsgwlbré@réH? ABBULSS rpdie (@trddh@ral or

regula )Sfeﬁr%”)i\st G%dﬂ REMETY G rofn'sisTé _MerietSily o RupiRiBs Wid

polyps ﬁalLr%B “e?%’r‘hﬁﬁyé&% aftfe bb‘iélﬁglm Be

*romdI9& éﬂ Rhofis t% ell f1)1 a%d

‘hete II b ?B% til E protein
produ Fﬁq E%% l ma i aggéi gate oras a
solub ginjn the %ﬂ@_a L'%gfr\._—,cy %I fa cell 8 gxtracellular

med'% YBPieg prgtﬁg@% gIoN&sh 9r AOMENg of
erythr@@qphm&% M gr%thof@t:@rwa@h afsre@adﬁ(mﬁkgrw PEiRG; Analgesic
substamggs likgrankemhadip enayines liks cRYMBLIYPSIRergseptssto hormones or
growth fgciarsi, sntibadiesranst isclide asewelhprefains Ysualy Ugae @siavipyalizing
markeye-¢ fgreen BuARresermcetest. the i nvention 15 then

bel onging to the regul atory sequence, e.g. the
PrefemabbntbearurificteDNgeseausincerfughes comprises atleagbasecond isolated
matripattdahnadrit yegioro(MARN npclebtide ségtiencs selabtanirfrom the group
comptisigyl atory protein). As used herein "protein” refers

- g@@anﬁéd ¥nd PsoBRId DA eagliere! pRARS prRSINfFrdU BEtidhereasing
té]@ﬂn bout ten ami no acids. The proteins may be 20

- RHOPaNS lsélﬁtéJ‘ﬁIAT@@tNK ée&uenc%“i@@ﬁﬁi‘%lé a'i:@oﬂd?fg {40k method

Cra' LBty B AR 86 158 GBS b ol
rrﬁbﬂ@dﬂtr%;tm)% o rl?aes od%c%lgggnéiﬁb } |Dioklorhatic tool, the
- RERLS 'SER"H yeas e prote n ey be
- pé%?% &Raeq ﬁd/%?f qtSol ubl e

- pc@é%eg e g ﬁla”té g
?%;(eén &d ‘f"ﬁa h as r owt h B

a seqﬁ?rﬁqﬁ:qyﬁg a% Tg gﬁq.y % tldes in
lengt 3¢ £oime @g.,@cwgﬁgﬁr&&erﬁ PLaNG MR 81 iThe isolated
mat%ﬁtianmenhrﬁ@mhgi\% pelentide segpenss mightrhs Wentieal gr different.
Alterngtivgly ha fiest oidsa sgaen tsiﬁnél@alaM& Rutlaalideseqrarnce are used.

proteins usually used as a visualizing nmarker e.g.
Prefetpbéie thd MAdt ssictentiderssgiences aretasiatadhsl yothtibe @oang itieel 3" ends of
the sebNanse gaetaid nputhe psomotermnidstiee gand efisterasts Bubthwe invention also
envisioeotre fadt thahtsaid fiedt taadhorettieasdt @esond MR nuetdodidiei ssiejuences are
locategiegiue sequatiee digtithct from theeorgy cotainimniie isiongpter and the gene of
intereptur i fi ed and isol ated DNA sequence having protein

production increasing activity, 35 - a purified and

i sol ated MAR DNA sequence identifiable according to

the method for identifying B MAR sequence using the

descri bed bioinformatic tool,” the conbined nethod or

the nmet hod conpri sing at Ieast one filter, - the

sequences SEQ ID Nos 1 to 27, - a purifi ed and

i sol ated cLysMAR el enent and/or fragment,
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40 - a synthetic MAR sequence conprising natural MAR
el emrent and/or fragnents assenbled between |inker
weeqs®aexrs, a sequence conpl enentary thereof, RCPaP2004/011974
Embradif §pthesbesgener e preasit in0sntivrcisenéo thesplinified amdyisblatad DNA
se uéﬁ%%m;ﬁtrsu bTR§tisbesEafatritatacitnant fegiort (AR hueledtide
seque ¢ is AMBARTRIK Stfle $Bfuente FelattEiBin fHeggroaP comprising
- w.éHJéh@j%én%f@%%e éﬁc@ﬂav‘i}?g ?ﬂﬁéﬁh'pﬁéﬂu@rfen increasing

t er nat y, a first and a second
g @%ﬁj@f\lﬁ? & iABAtitsHE acc iﬁﬁ fg to the method
g cwgéwcgel.%é gme $<9§Jer %Sblgfn?o t8 l, the
c?ﬂﬂ‘%‘ﬂﬁ?' (Rt ?Pﬁ?iﬁsst But
- tihe segyep P% SV iQPéns the f that said fi rst

- @Guﬂﬂe%ﬁnﬂéﬁ%?t%%wm& fmentand /g’é}'? ces afe
- | asuttbatioMARSaqUense comprisimg natuh AR QamepbAnds O.'iiffﬁ@ments
t aeseptiedthatwaad linker $RAUSNSPS, i nterest. 16 WO
a SeqRENS CORRMETRNEREIea], 8 PesY therepishering aljeasid 0% spelectides in
lengttofa mblecpltagsiimeranthareota dasnbination Herpaf and warianig that can be
used fos dhaeasi ngiotese guedhutioo agiivitys ing eakéaryotic hosbtelt eylintroducing
the puriiiedi ahdaisbribd®NA sequence MiRp eukaingstid ftest celt queortling to well

" knowMBidtbedls. BsiYAIR apsiiezbinetitodseigr énarliustieDNEdinta enkdrietic host cells

applicdl &6 § CHPESThIRGductdrPof didnéad DAAIbY seitirgectidfor microparticle
bombéRﬂ‘H@«ﬂ%lé&Mﬂ%s’f&r%@é Bf PirAdkeetdraneh s@ﬁidﬂgmtrﬁn a carrier

sy stet"i\céhé( 'u§¥ of“tra"hs‘?étftl r%@ éﬁfé Pl 2 Bslc Rb¥pIrRE UGiBHfylaminoethyl
(DEAE y’% B eol%?éi% hBﬁs nké‘ Bk LigSRELAKING 2000
(Inwtre? P?@Fé‘.‘&ﬂi‘l et rg CE PIPIRLALERYHES pLiffed DNA
SequECE | |? e{'@uﬂg ofif & secgﬂe'nsctes r@% ﬁgoﬁggﬂﬁﬂeﬁ’u gaéu ﬁﬂftfc cell as

descr kﬁl%‘/& and i sol at ed cLysMAR el enrent and/ or fragrrent

nt het i eguence conprisin
The pyfri d §=ch/6 é‘@g@ﬁﬁb d 1 lcularvector
Prefegrg?%ge@ ﬁ%@%@ mﬁr&%ysttﬁ[hi?egﬁn Erw%?fta linear DNA

SeqUQﬂ‘\?@raéo\feC‘é‘,ﬁbrl ng at | east 70% nucl eotides in length, a

nmol ecul ar chinera thereof, a conbination thereof and
As usedheseins"plasmidianchivect®” gertsedinteishapgeably, (Tﬁ Brecplgsmid is the
most pemanty bredsertarfgrm nHaweviailioinventior is iptandegito include such
other formsoofumiprgssiba vestars iadluding, bsibhat Bt sdalivecters (e. g.,
replicatidrodefeetikargtodvirudess ademd\iruses @andi a@rtoeasmjdlated vouees), which
serveouivedatSuntiiered. | y appl i ed methods for introduci ng DNA

into eukaryotic host cells applied are e.g. direct
The predent éhuetrition fafthet eneampésdsya method rﬁq)retcarnafactmg a eukaryotic host

* cell, saiccmetiaud tomprisingnbar dnent ; el ectrotransfer ;use of

a)Vintr@buviagtintessaig mﬁydt@thdyﬂ call bhlerasaon@punﬁed PINA sequence
SYSHBABIng Nl 15t dHe DN ?féﬁic@gafﬁmewfa‘hdﬁdﬂéi léast one purified
Céh&is'émté'a%lﬂhaée@rueﬁbétcﬁ AEMPE MR nucledigh sed@shed@dr other
O{:hr% r,qgoa haeg;g,ﬁ,,%ﬁ{é on systens |ike the
g N%a @lRed tikitvédis Ql%@.?ect&‘] %Ul%é@/@hé‘ ho&h@ell to at least
5 &l nQPtr5ﬁ§ g oH% Wik 'aﬂera% HE@ Puifie@'BNA isedu

' A48a Oéq‘h %E of itk
isir

dtSinld
El'é i L?er;are? %%%%gﬂﬁyi%é E@& %‘f\@é‘ ? {Eﬁfﬂg e%%ence or

p?ﬁ"’ ?q%sglﬁ&rq%%@%tpgfwogg&p@ﬁggﬁrgrﬁgleé |tnh$he form

of a |inear DNA uen s vector
PreferRbLeoas e oo Yadranes o sigps eii dgplied fi°sicp b).
i nt erchangeably, as the plasmd is the npst comon V
In ordgs taiselect e suscresiybiransiectaches!ishaganedhal snsedes asglectable
markerdej g Freristangero astiRigtics bisraeneralikipiredyses infe e hest cells along
with thegpoeliohintemst. Fog genaithaicencedesia selegiableomarkeas might be located
replication defective retrom$fuses adenovi ruses and
adeno- associ at ed viruses) ich serve equival ent
functions. 35
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g?lezn T el % Zg %‘P
, ATCCtﬁ % %"%‘t '¥?§t‘3§HE

The present invention further enconpasses a nethod for
transfecting a eukaryotic host <cell, said nethod
woaop@rdei’ng a) i ntroducing into said eukaryoti eCi@®004/011974
on theGRlrifiedtDNAaRuense Ropriskty BiNBastaue DINA sequpnces ohigteaest and/or
at Ieaét‘%ﬁ%tp&ﬂi%d% |§@§t@cﬂl‘DiNRfse n&RES sbnEISHPOf atMARaRiclentide
sequel é'o rc‘ﬂ]%lﬁ% QMRS eldMere GieRigRt 6PIIBHAIFIHROcRintroduced in
separ E LﬁﬁfﬁHe%ﬁoﬁé s%ié?ﬁéble?ﬁ‘éﬂk@?é indiUdCthbY¥é fieht confer
resistgrce '?B'H d‘lpf ¢hetABHekatd® Thaidtount of the
84 |htoré fo ihEras

, t Et‘ﬁfi‘t?rt one
drug Cﬁ‘ %% trans %gtl on s jjtrafigast one

uSua@Eéu%hE&q?@N%pfac&%iéﬁﬁ s Wlﬁf Mé ofttio marrs
used ipgchidisfingh faneiBpteR S magee sclipgne

transfeimedeelistbat apu endE-rrnsfgimes” RhESRELP eﬁmP erent
antibigficesriegtions) sel ecting sai d transfected eukaryotic host

cell. Preferably at least two up to four transfecting
Any eskagstiahestagiicapab lanof prgiein)prodgctiamang trokinga sell sl can be
used inlte snetheds bidhetimaasfient Exaroplesof usefid maminaliaotnsteell lines
include reehactalls fichresriemareembryoniekidaegtioe (293 or 293 cells subcloned
for grathiikisabp&ssion sulyeesGriahymi et algdu Gah Vinblo3é, e (1837)), human
cervicBEtaréinahneelisWHELA h&TgeneCaf2)| humaedung Thtis ¢genast ARCC CCL
75), heR@adrer ael@qD @b! ¢1BBOBSY: rod@hticdiie suehaisashblshalister kidney
cells (BPIS/ A3 B IPSDY, BPARR4L Bibhestdr ova r<L%II@/UIDHFIFEGCIJERNAUrlaub and

Chasﬁeﬁ#&“%tﬁ%ga@d:nw% TEM6QM 98 BeRGERIIRkIs (TM4 Mather,
He3t 238¢ 5‘%f198‘b mseom% rAVT $8b8B2daTCC
CCL5 %lec%l'lgq h‘g‘g su%h VE I BeRsformed

E Rfd'nﬁ
Fggf}%;u cC CCL 70 African
MDCK
8& A

geloma e.g. NSO)
/hyb “ in and nethotrexate. The am) nt o t he

Prefer [tj@e selapleddranstaeted - eukaryotis: st qe S A Qg%rotem pgoducer cells

with amr@du@ttqwraﬁegzotgtdeas 10 gePeyrCaliied dayt ect abl e nar ker s

Most prieferiecfor useeferein| gre mammaaliasceslls, margeetesred aredCiQ cells.
each distinct transfection steps are different. This

The DINA sesuareecaftinterest hef the puriiedfandniedlated DNA hequence is usually a

gene dfintdrest prafeshbly madodiyg agirotgir opembiyntimieed tooa grdrhetee as

describatlidboyki Thé plLfidd emsl isélayed DR yeduendeosdmprdihg at least one DNA

sequetrRBafIliftefst Piightaiomnpried welditionay tb tHRCB NPgseyice ofdmterest MAR

nucle§@it S&qudheabriothdrtshropidtRosodff mbelerﬁéﬁﬁ;l on. Exanpl es
of useft ul nannallan host cell |nes 15 i ncl ude human

PurifiéPhhd i @NA@ eﬁH@rclS rfélﬁtj QWR'HU&%&%%%E!H%QQ@ are for
exam e?ec? | n I@N%s 1 to 27 and/or
particula as fragment and
elem chrB H modifying
elem r eﬁ% ?rrol ee oS LCRs), and

unive Mag | qReN e e‘IF ady cited).
An 1 (Table 3).
Thee;:%??rﬂa ns%é:;ag) }segg prl[]ggp@;qnsfgg 1%6) l%_]l ggggswm&gvﬁgmrﬁ? o (,2 af interest

interegipanrda Iqouﬁgrs fAuanced seqahgl transfectmg
step (segarslary ANefeRkgn) rtﬁrﬁ?e!ﬂ@d wtwntaéher@ﬁn@wfknt@re%ﬁ (BV40EGFP)
alone| witle atMARsTunlentide Syq@me (MAR) alonaTravittrthe gang of interest and a
MAR mdket}deb(seh{mnceéM:%R(@VAOE@f@)OOLaIV@:)s,sMemoommafgyr@eﬁsultmg
from therkehtrdasfemipgestdd.s (VERO 76, ATCC CRL- 1587); cani ne

ki dney cells (MDCK, 25 ATCC CCL 34); buffalo rat |iver
Preferaply the(d3Rlargdiic SCCelRE trhdddctedpel oma (e. g. NSO

/ hybridoma cells. Preferably, the selected transfected

eukaryotic host cells are hl,%h protein producer cells

with a production rate of at 1east 10 pg per cell per

day. Most preferred for uses herein are mammal i an

cells, nore preferred are CHO cells. 30

~ (SVAQELPFR) Shﬂm; wite AR nBP'@P’“dﬁé Aganos(M ?rl‘yékb egene of
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The DNA sequence of interest of the purified and
i sol ated DNA sequence is usually a gene of interest
wonefseaedrly encodi ng a protein operably |inkedPCT/ER2004/011974

a) infod h& B ARified RN @&ﬂlei%@%ﬁ)mﬂhﬁn shefDeA s@'qdlence of interest and
aél&if? §@<9|‘é%ﬂ88 s% [iBAt&! NY a | east one

M tah e% Bflé’ﬂ@é’ﬂ delilt8 at least one
addlt @%f&& lﬁ h ltﬁl-{i r‘ﬁ%t ﬁ%ﬁ NA %ompnsmg one DNA
| Seque»m fereiA %Pg fidhe %a)

equ nce corrpr S n

o BB 8 RIS EoREE e S LA LR o
sequ%m:@/l@pe eh g 519 he cLysMA
- Kagueified ae@m@teaisDM sequenceiving p%ma'nmogpg‘il@wgreasmg
aactivitybi nati ons thereof as descri bed above. O her
- chponfied andistildtgEchbAR D aeguenas identifisklasiceorting tmihg method
eforidertifyifBEVAR segserentsiog thedeseribed igrmifornaatit tool, the
ubbmbinedimethodmat the mpthodnoprepesieg B IgasCoRs Yfiltes.ee
- ZglhwsctaleabteeBED IDMNoeady 20i t ed).  An exanpl e of
- MHldurifé® ahd aasatest LORMAR dlesientahdBr fragatentn in
- Exayninetid MAR @BbRieble comiftising BaturalanaResibiemt sihelfor fragments
( BEdmbI¥d bedlsd e Gihkengedferfeasl i ed out with the gene of
a sequBh&d E%pl‘&inér%{ HdrEor, @l &T@th%éﬂ@r%&tﬂéﬁém%dﬁlcleotldes in

t and
ot R A 2%‘332%82“ o %%%“%e% L

Surp Ls}ﬁgyaj e%} e:ﬂ@/ é{%@@ ecﬁlle%?%h? P'r?ascl?éer erved. A
particliia) g gg or both
of theovaqqﬁ@ y 'H?;{éaﬁ one or in
combyrnghl exmegwpn Ise”%'B qeég !pe%q ove have
beengerrfefdocmtt Iner ‘?’W@P'Q: rlakie & ShoMs @P % W'C W'th the
PMAR-SVAOE&RR plasstid ave the ft'@*&?ﬁéf%@f‘%—ﬁﬂi' of GfF w‘ the highest degree
of enbamntert 37 21l RoTHitorSo4: Dicld)7 n spnirasty Bansiesting twice the vector
withoptIMAR gaveDitle o meeenhkannements 2 fgfalthdnsimad gégra@ gyReged two-fold
increase. dhissprosas thaidbietpresands obMRelens rds et @ach drpnsiaséion step is of
partidojar sntbjest to achiewethae nsaxdekl pedeini symtlsssisl t r ansf ect ed

As a parftiaulgoexamplessf thel transfeeion mastiodyrsaid pddiied DINA sequence
compising St @sdst oRe PN seduencafsateredt wanfbeintiodbcee dufomreof multiple
unlin éétﬁld% c@rﬂ@rlm a gepefanefedtfopeRilsly §aked@fsla promoter, a

selec denedaMirorpieléRn pré@udipalurteasig slbrizrs such as MAR
sequélnc%% preferabl y, the MAR nucl eotide sequence of the of

the purified and isolated DNA sequence is selected

Ther g)f ST é’ﬁ‘tﬁsﬁBE@&uéﬂtr@\lA R B&ﬁbéé Ry abispledt & required for
the u eiq;%%ncceeﬁt ngncﬁ’ dsogaﬁfélﬂe;%@ ﬁﬁ?n@&%&i@eb%r&% Xkilled in

the ﬁdentlfl abl e accordl ng to the method for |dent|fy| ng

enc u3| n th descri b bi Qi nfo rmt
Th d i Is is
tlgﬁtlﬁgﬁen‘gﬁeﬂépn IJ ﬁ@ HE Rg& L?"vaﬁg 'ﬁ‘%§ %??E
correppENds; t@dl”tﬁﬁ@'sr EQJF’ 'éloé'rﬁé' €.and/ or fra

~ Therefogg thisrprReispJinNAG l@éb{@@rﬁ@%@%ﬁﬂ@% ¢ fartheg|us spemflc cell

typese Radrisnroutine eaperimaiationsto are erdinaty sxdtegdartheianker
Prefesaily thecdafinesl tiague dlee nemenidherhast gell just bas erdergdrinto the same
phase¢ béasetoshar afigrther telhdivisiaveyale) preférably the secendiiclea
This timé écudumly slituatechbetvezarofh aadcidhb, praférahlyt heiweeh 20hdand 24h
after thar pravibas tr2@sfBetingievemyl y, a synergy between the first

and second transfection has been observed. A
Also gatdmsadsat spthergesbasinbentionisse methodfimmraWsReetiren® eukaryotic
host @Il sHiteRshbddonPpesiay doctidnsfettingiatd saiddBeliystie Isdstpell at least
one Mt duriBLE ahbassARSd DNIS sédudit €sthbesing o lsd¥hidnal DNA seiquence of

in conbination with various E£xpression pl asm ds,
usi ng the net hod descri bed abbve have 25 been carri ed
out. For exanple, Table 3 shows that transfecting the
cells twice with the pMAR-SVA0EG-P plasm d gave the
hi ghest expression of GFP and the highest degree
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of enhancenent of all conditions (4.3 fold). In
contrast, transfecting tw ce the vector wthout MAR
wgaves/hox7t | e or no enhancenent, 2.8-fold, insteat/Eeoo4/011974

interesN8ng )éps%‘croEG ﬁu‘f‘ﬁ’ieﬁ%ﬂA dARPRARE at [EHsE cREMAR ridtiéotidieselected

ements at each transfection step is

frorr_ﬂ i%%aaéﬁ Uj AL d@&gr%}%lehge%%k}l ﬁrotté]ﬁ Hg@%f#&mﬁ increasing

- c%) RFJ%;%CE Q%Aﬁ@%i%ég%@?%? ?&? to the method

d fT}félﬁ] 8' the
cenphings ﬁ@etaoéeﬁéh%m ercegipr ﬁ%ﬁy" [%'H‘Ré'(ge'io a
- pﬁhgﬁﬂé?nc%ﬁ Qrdfker gene, and/or protein

- pa pdtided and us@éat@dsqhygwb‘%%@ﬁm@ntsmd{oaﬁasmn 35
- saquethetic MARgegaence epmptising hajural MAB riemgnt andorfragments
saspeamided bebyedrelinkkigesgieases.equi red for the use of

a seqe@esd ¢ompleaidntarypbereafnd past thetedfrehacingatileastt7@% ooclestides in
lengtp@emolkediaaciinsdial thededfna conebiaation therddfeartk vamardst i me
Said firet prtfiddtdrenigblate @ MNA segUEnss ca aldoecqrnprise gt least one MAR
nucledtficinad aes@mbeeeddssd.s tightly dependent on the cell
Also &adichetid PProckSs o thiel mradusiorndt ¥ ptdreird@hensd atéur@ryotic host
cell ISQPJHS%%H‘ Qécéralﬁgnﬁoeﬂh\é&i'ﬁéféétﬁﬁﬁﬁeﬂﬂad% géfihedlinvihgl grasent
invenfthid |s u‘?éd’ r19a td?)lt%ré’ﬁ%uﬁﬁ uridey BGnHﬁan%uﬁQ@l@tfﬁ )’(’éressmn of
the prE'c’éiH'éﬁ é’l‘émt Eﬁdéﬁ r@ o@é}éﬂ'afcbﬁrcﬁrgé ko aﬂ? cﬁféﬁnggﬂl cess known

[ xperlms tatiron to one di na
tothesﬁlllrealf lt rgferably the defined tine is the nonent the

GvenhOSt ceII il enterrgd 'qf '? n u I'?tbeaused
The evaﬁséryggegpa’f g? ragiﬂsg ? %"% A Efﬁ : ﬁ% g&tﬁ & present
invenien BdssddR geass jor pé}r@ ﬁmzl@ﬁc:lél ing,said cell under

- conditignsssuttapie for S¥PERESION gf]gmgd:trp @Q Frecovaying sal proteln Suitable

culture ;oBAHABS aEF ngsemeo ianally uﬁ;@lﬁqrd&h viteo gulivatiorgotrgyfkaryotic
cells ay desdribedieng in WOk BP(A9¥88. The droteén ran bgiisolatadiem the cell
culture bymoingenigonad separaficactechgiouas sushias egkEagiinnationssn
immuneaffindy of masexchangefdalgmnpuprietipitatiandreverseapkascDNRLC,
chronsstographg; choopriicioegsiny; SESSPAGTE dallfiltsxtoune Qree sifilledLiy the art will
appre¥iate Hafh pOfiSatiorRGBtR RO Sditdbld Sot4heipuliypegsitle afrintesest may require
modif@tiento aeddirit ésk cidhgawiprths ichgraiiter efivie poigodtide upon expression
in reCBHfbhﬁ\(Pﬁbélchﬁmr@Ct ed fromthe group conprising: - a

purified and isolated DNA sequence having protein
The pPéte %étoé‘re' BHﬁé‘éd %coﬁﬁﬁg W this inventién RHA I @dteder
functlbr?réﬁ AN GoriekamIé 'tﬂ@ pﬁeé@ﬁ&f & é‘rﬁkl ic epitopes

te |ﬁ8tligfa¥1le% ﬁ

and a §/ St assays,
fluore I‘FJe rei loj s%'fays and/or
W%,la%ts eP L};T\IN ! Q ea u s specific binding

comp
activ tVsoI at ed cLysMAR el enent and/or fragment -
nt het i c uenc riSi nat u
The pa%tsmrofftb AL Bl 2 idebe W@PM %ﬁ@ﬁ&%@ons
including; &yt eAk errent ary thereof, a part thereof

1. Imrghauza Mthn@%@pbm’t host pesteigantiggn qse@,gtrﬁllpaghogen antagonist.

- 2. Prqwm@rmpamemhrﬁee@rpteém%fqr diggnasitieiOf SCTeRNING @88aYS- and

3. Pramlctmmofsmesmrane|nr9telmforfhl@ﬁ1em|§al siurigsed DNA
4. Praskeigtiem obmeanbrahe grotaip forssirugturabalsidiese MAR 15
5. Antiger! modudiorafor geseratiztobantitmdies for imnwirm-bistethegniaal mapping,
includiigpmeppingast drbleam reckyibrsoand forecharoteds.n wherein a

eukaryotic host cell is transfected according to the
Also gro@iasd @gtthe presdriidngeritiordeld agdaryotid hestiwelitentsfected according to
any of héaitbE&ding itinsfectiont megtbdsh Peeferaiiiy therskiavyoticriesst cell is a

mamra8isH hbsttellgiMet abl e for expression of the protein.
Said protein is finally recoz\éered according to any

recovering process known
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20 to the skilled in the art. Gven as an exanple, the
follow ng process for protein production m ght be
wagerb/0403fhe eukaryotic host cell transfected wWeCI/EP®4/011974
As alrbb@naés&ibean e@hb@oﬂfse‘ﬂh‘l@n@ﬁﬁﬁﬁ!’ﬁn hbSV&It [ir3 ihsludeefiman cells
such &4 é\n@h%‘fﬁ@@oﬁ@kld RIe0@981d 1070 D Eeks QutS’éléhébl Ry growth in
suspens oh%fdltﬂge aﬁ?éﬂ aluﬂd@"enzsﬁrépﬁ@“ég g?ﬁz LARAE cbRfcal

carcin 851&' ﬁf@ 'hnrr?é‘ WY388A¥CC CCL 75),

huma@ IQIB g‘bg% ?)ﬁerﬁ\it? ﬂﬁ 5 b }F% ter kidney cells

(BHK ||n § §| E@% c%ll and Chasin,
%qfe§ @ 242 e ere % ig g 5ol

Proc
Repradomy FH%HSSH”?@EIﬁHWq B0r

and ceIJSafé@m&#B@r '@ﬁ”ﬁﬂalslsh'ﬁﬂﬁéé\"?” Y fidheyilon] J.J;a ﬁ rmed by SV40
(COSdho AT CR: 465 hi manke kidney exells (ShakATQS ECl30); African green
monkey kigney egfis At OcTh, AMES G GRlursi ), sosnekigneygalls (MDCK, ATCC
CCL 34)] buffalo oat livenecik({BRIledAI ATG GRIL 14#R); myglpmec(eag.dNSO)
/hybritibrat celis.i fi cati on nmet hods suitable for the pol ypeptide
Most pfefémédfarsisestereinque CHOmBllsSf | cation to account for

changes in the character of the pol ypeptide upon
The pReRing fivieBflon also HEGARS AGH céltlitanefddtivhamixBire TdreKit comprising at
least BOp it AhdisoMited PNIHEQGERSES BEEbrdthg © fhel ifvemisnt i on

can be tested for functionality by a variety of

Th H%hh&qﬁ:rtfé?r E@E%’tré [EBRMRs Al wiRdYehP §Dle@st some of its cells
havee' aab qnsﬁ i dp %?iﬂﬁ@e&h@h@é'&? to i nd 1T gands
§ %WA@E QingAofiA roduction mcreasmg

SCGI’]CG C SOI‘tI g assays I 'nmunopr eci pitat

-a?rpggnég grfa %ggxﬁgg R8st %%g% f%‘f%% L0818 to the method
Fiist10 aflegs

qq‘tl yl%g se&qu %e% ypg iQin tgol the
'{‘F rﬁ“% B %’?‘?é‘
- a BIQEHH?PB% ut not limted to: 1.

- mﬁum%ﬁn@ﬂﬁqmtﬁﬁ qLé%M eiamerﬁt@} /9 5e@MeNANt | gen as
- a2 sYnthrlip MAR gefuenteeunpriaing negural Bmmieahaaqi/or fragments
nagasihied pebresmiinkessequenpesst i c or screeni ng assays.
a seq@ender cauplenentafy therdof, sznpan theraf shaidng kit dedsd M08 hucleotides in
lengtrs audolesular 4hinkeradbertciofra odmbamdticanthepeaftanchvarmants.
Prefesdbiy)sboreadf the weile sf tHe. trafkrsgeg én opyartsrot inavefleen transfected
accordiag@h@hiathodd desdribeddiersinf or i muno- hi st ochemi cal
mappi ng, including nmappi ng of orphan receptors and
Also dri¥isigianinghe présenbifenBoR Y &athisgdnitCoRf@sii wherein its genome
has siaB ber%%rétédaat ‘f‘éﬁ@%ﬁibr\% Qééﬁje geloft T an?f ect ed
ané t%ﬁ olé@ DNA Eguéé}fjc%?)ygft?%cérﬁ?éiﬁ p%{llllé:tlbn increasing

nads. er a host

céqg %%‘l?’g Acc rdln to the method

JLin s Scféfsri F Qs . e
] g&ﬂ mﬂ'&t ?r'sl'r]gn% £983°77 293 cel s
s B(ﬁ us nsi op ¢ Iture Gr aham et
- @pun XSMQ@ 3 gnti cal
- C%Flfnt 6% I5§q'('¢4?9_eNOW %al msﬂbaE@PrEagme”’fS

heer SEaYRNRSS er cells
a seq@@rw comel@mﬁnt@mth@re@&cawp%tfb@v@}ﬁf ﬁaﬁ@ﬂ@rat aﬁgp"/@ éuplgotldes in

_ lengthy, BrHROlesTigCclimeradherechiseeabinationdhetsefranccwanats DHFR

(CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA,

77, 4216 (1980)), nouse sertoli cells (TM4, Mather,
TransBewit eukBaptio dr@anisrad 3vhadhl c4rl BR0Ngefubfou siee preasamt ynvemtion are for
examINEIfed fitm IWEQToGCcbiprisingnrhanemiis mousethuenan, monkey etc)
and inppartiadlar Bibohatesy avimaysudhoeyoddfitslin generanistecteydrdyophila,

SV40 10 (COs-7, ATCC CRL 1651); nonkey kidney cells

(CVl ATCC CCL 70); African gy een nonkey ki dney cells

(VERO 76, ATCC CRL-1587); cani ne kidney cells (MDCK,

ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC

CRL 1442); nyeloma (e.g. NSO [/hybridoma cells. Most

preferred for uses herein are CHO cells.



15 The present invention also provides for a cel
transfection m xture or Kit conprising at |east one
wounisfouext7and i sol at ed DNA sequence accordi ng POTER004/011974

etc), Eﬁ\é@ Jdif8 flsﬁh%;%g gg.géhé sﬁéé‘@rne‘&ﬁ@fd Sahddther sumpler

geRs ok east sofre of its cel
mgan ave stég porated at | east one DNA sequence

Yeta a‘wg 6f0th§§£ 1@’%8 Bﬂqs Wr é' %%M%F P@a%able medium
comptisifd ¢ fﬁ:rﬁ% | gentlfymg a
MA ﬁ%aw%g@%%%% dm hf‘e g b fdia

ﬂﬂR sequence u3|ng
t he descri bed blplnfornatlc tooI the 25 conbin

The feregnisg d@rscm@wﬂlrhﬁjrr@&ﬁ#'iysu%erﬁfoqde\elﬁh rSIREGY Eoeﬁhe following

Examplesh Susle fxamies, sire) hawewsy, exe@piary of methods of pradiising the

presensinivantiah amq/armm’emtamlnd tarimib the seapaat the-ingention.
syntheti ¢ MAR sequence conprising natural MAR el enent
and/ or fragnents assenbled between |inker sequences,
30 a sequence conplenmentary thereof, a part thereof
sharing at | east 70% nucleotides in length, a
nol ecul ar chinmera thereof, a conbination thereof and
vari ants. Preferably, sone of the cells of the
transgen i s organi sns have been transfected according
the nmet hods descri bed herein. 35 Also envisioned in
the present invention is a transgeni c organi sm wherein
its genonme has stably incorporated at | east one DNA
sequence of - a purified and isol ated DNA sequence
havi ng protein production increasing activity, - a
purified and isolated MAR DNA sequence identifiable
according to the nethod 40 for identifying a MAR
sequence using the described bioinformatic tool, the
conbi ned net hod or the nethod conprising at | east one
filter, - the sequences SEQID Nos | to 27, - a
purified and isol ated cLysMAR el enent and/or fragnent,
- a synthetic MAR sequence conprising natural MAR
el ement and/or fragnents 45 assenbl ed between |i nker
sequences, a sequence conpl enentary thereof, a part
t hereof sharing at | east 70% nucleotides in length, a
nol ecul ar chinmera thereof, a conbination thereof and
variants. 50 Transgeni c eukaryotic organi sns which can
be useful for the present invention are for exanple
selected formthe group conprising mammal s (nouse,
human, nonkey etc) and in particular |aboratory
animal s such as rodents in general, insects
(drosophila, 21 WD 2005/040377 PCT/ EP2004/ 011974
etc), fishes (zebra fish, etc.), anphibians (frogs,
newt, etc..) and other sinpler organisnms such as c.
el egans, yeast, etc.... Yet another object of the
present invention is to provide a conputer readable
medi um 5 conpri sing conput er-executabl e i nstructions
for performng the nethod for identifying a MR
sequence as described in the present invention. The
foregoi ng description will be nore fully understood
with reference to the followi ng Exanples. Such
Exanpl es, are, however, exenplary of nethods of
practising the 10 present invention and are not
intended to limt the scope of the invention. 22 WO
2005/ 040377 PCT/ EP2004/ 011974 EXAMPLES

22
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Exanple 1: SMAR Scan(r) and MAR sequences 5 A first
rough eval uation of SMAR Scan(r) was done by anal yzi ng
weoxpesrdoent al | y defi ned human MARsS and non- MARCT/EP2004/011974
sequences. As MAR sequences, the previous results from
the anal ysis of human MABaMALES: SMARt Db were used to
plot a density histogramfor each criterion as shown

Examé 1) rf_'SEMAh %ééﬁ@)'aﬁfd MAR‘QQQM%e%equences were al so
non- MAR sequences, all

A first E%‘lg% %\Pa;lllf%g): l@l?ﬁ@%%%ﬁ% a%%l i @xﬂ@r%’ental defined

huma seg ults from

the an ?9% létselpgeﬁ Iﬂé‘tro ram for

each crifer i Fig. alyzed
and pﬁﬁqﬁp IQ noq l%%ﬁ.a!que k§ % % %a ﬂ%nﬁnﬁﬁ gme 22
were Usgg, SORFERTNgihabEh '% t0 §onF3in gpgrt of
MAR seiqglﬁﬂce%{as)@adm@éhe PH@ of Hee eﬂqﬁd“qeénper ature, the

di stributions are |left-skewed which is natural
The dersityidistdbstionssshavgpivrdgnt areall skewedrwitte pilong tally %Pﬂ thgyhighest
bend, tHeehighestanajohgraaveriaptih hod MiRhighqss maipsr gqyeaxideh, the
distribufiicrts areuight skewed hFar the donestweelkin gdealperatuse dbewlistriputions are
left-sk@ppameith isArdurlaé biveanthdARemsedcorors piiRiererpueitbisscriterion regarding

" the thrébdthédUFbpihe MAROsayuenees, tsiphdsic idistebations withleeseaond weak

peak, BREACDAI apfSrBARD Adld bdtweBn MAR amelHendgaRussiences distributions,
acleaﬁM‘ﬁﬁ@Qglsgmlédbléhﬁ%cﬁ f6tof them have a value greater

han the 75th quantlle of human MARs di stri bution,
Amon la'll?‘mufrﬁ)efn I'\'/IlA § enc@ st@EleiWa déro'n?y alShi 7% lof them have a
value r%ra?{eﬁrt 5% o7 n}é RE cﬁ i uf%gggghsq'\f%n
differe en 'k
distriby § 8 g;% #]y (-?cﬂlgp \§e ' bfeh&%ﬁé}i%tlymg
value %c}: Eeh eﬁos I%%&L{I{’Z&r{f] Imented
MARsk$ {%msglﬁl trggsq rqmeprqs . 8 e“eron ocus
MAR, fa Betgrajghif Ips eéqma@m. axvl%sw a%ey o Rgrformance-
and safigty-enpRiced leniiiEal veslAt CORIANING. DA stiRaying Scaf
attachmewitregion abminei ghiokgn baia-HeMmiRsHIAET. fReesh 18&145%63?4 64093) or the
apolipgproigin AdhReNemaiyi SrblaskingeickB n @ ke b BEK, gHypian matrix
attachimendiregions jn-gllatsdiransyens Expression frm@gyxrom@sqmal position effects
in DrospuhilapoplaciogasteNARIg Naeft: iRio/l., 3. 8:28 8212399e19RE). Four ni er
AlwayRiHth thelsamre dattr humaatABRsegpencegivears dlse ssédtedetermine the
associatian w@m@n&ﬁw fess trworéticanstrbctorad propertipssedmpuiedfdrecthe AT-
conter’qtn fesleﬂtsfmbmﬁéqﬂ@trand thelcorfiedgondigtorrelation coefficient r

forev @&ia 1998). Always with the sane data, hunman

sequences were al so used to determne the 35

Examﬁﬁasﬂpb&tthﬁ[ltlgﬁtﬂﬂa@of RAR S8qudlieas By &ﬂjanﬁ,&hUCt ur al

propertres conputed and tne Al- content. Fl Q.

MAR ée tfr?m* gﬁ/l l%%rfB I% %éjmétp'nes wafd 5138 Ff“e@gg and analyzed
similag ﬂ%E Qi r%? t ?gé %%{ %%d@ﬂbft sérﬁ:; N5'f8r the
mOUS% k%e”a IR PR, s r? t&‘% @MR@P ? % ity in Fig. 3.

organl SE wer e aI so retrl eved and anal yzed simlarly

., , Re RQ enees density
d| stributions for the nouse, the chi cken, the sorghum
All RefBexptantigarfcbrh liee bhroamosaomes AR meredanajyzﬁd by SMAR B cad® using the
defauléeffingshie tidie. VAR rpselt iscthab8MAR Suwan@hplredlicted enodalad 803
MARs2 thefM dveragSrmgtobeings46r g vitieh nfsamoannreriyersf ene MAR
predlc%tﬂbé’rzﬂ_d Y b Wl?e&;tam(eh);twsﬂ th@ prédictse MARS corbEpogss to 1% of

the chtdh8sdmB®2 [Ehgth! TREIAT-tnfehbbf thhitediasd regiphe dasged fram
total of 803 MARs, their average | ength being 446 bp,

whi ch neans an average of one MAR 50 predicted per 42
777 bp. The total |ength ofy4 he predicted MARsS
corresponds to | %of the chronosone 22 | ength. The
AT-content of the predicted regions ranged from 23 WO
2005/ 040377 PCT/ EP2004/ 011974 65,1 %to 93.3% the
average AT-content of all these regions being 73.5%
Thus, pred| ct ed I\/ARS were AT-rich, whereas chronosone

s L, N oA N7 A==\
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SMARTest was al so used to anal yze the whol e chronosone
22 and obtained 1387 5 MAR candi dates, their average
woengtoooei ng 494 bp representing an average OPCOME2004/011974

65,10 PBeditae edeprie AT-cdhtenbpf alltheskoiagiionsibginy & 5%h& hus,

predud?é@ﬂﬂﬁ@@d/ewm’ BEH, v ePearichrbmosale D218 ot ATorars (B2 1% AT).

22. Between all MARs predi cted by the two softvvares
SMARl'{E’é'st\AFHseQ!sGh@Qd %A‘Bﬁal @tﬁeoméhe rQFHd%o ©9D 2Rl ol

MAR & fhe real%‘?é E g% é of one
MAR g@? k?%g e‘%ﬁét‘éw BBnds to
2% o m l% W %o gﬁ 1/ 54
predl EQGrapS. Wt e g 9% and
11% A %@né gat Qrﬁgls%tﬁﬁf 1% @ ﬁegfpr ARs mean
lengtheion SMAR preai® and eMARSRSh e '%’1%/%%‘53 Qi caange an
overlgpincobetueesSMARIBeANP andSMAR §§Tq9@ﬁii@§3rt§'fflst0n%027% per
predigtipnonmosone 22 (Fig. 4). Shuffled sequences were

generated using 4 different nmethods: by a segnentation
To eveluatehthecspeamifivity of SMAR @can@predistibap pSMARIStao®sandlyses were
perforbpechounl rdryd sely ahaffiddysesjoehtds obthehshromodosod 284Eig. @). Shuffled
sequetaed wira denwerdigd 'Usihgahdifferegit mhousma$@nw@1taﬁombf the
chronmfsofild 22 inte Inedbiesppiig Witrklodkr sfngs bpeinddyy sepenbteélpghuffling the
nucledtile&inER@ASWIAIE® B‘?Vﬁc?émblﬂwgﬂfwﬂlm s 3 pefMaedtRN of all
nucledticREEhE cAforkEsdte AR rablbiMd WRIEHS BRSENY 29egiehbftioh of the chro-
mosofrfed Wﬁgﬁerﬁé‘@fﬁb A 2 ?é/ndUn‘i’%%sénMih O tiedtl ng mtene and finally

b i) L3P AlrReeriteat8s b il B{LiFr

* dinucflbi sga& Fgﬁ‘é]ﬁoﬁ Rrbias 5&5&5 ﬁithi«lée S HE MR on the
chro é I_chd,s e were
gener, |y§e ing t |gthe

—f—lT\@

y
numbgg, g% % 299 ;%B %?q %ﬁJ % ermutated
Chro”%ﬂ?@ \{ﬂ‘ %g@VP?GPWPEé’V' Qs f 4%% % é)ﬂ%iﬁtsf%ij 2859,04)
for the pera %ﬁﬁﬂwceérﬁf&%’s%% Fvis\(pehil il HeproMer (e
chromgsramd2 end 2028 hity imavesager (ss: 834 dor m%bromo om%generated
accorging te order| Markeuchaieemogals ofthe ohromespre 23 which respectively
represegits 385 % (sd: 01556 ofi big maan); 9% (ssk dne %321 %n($d2 5292and 04% (sd:
15%) ohtheveuraber ¢fshits f@8nd Withftbe nakive chramosomes22) drmrthe edimber of
MARsggrediatied)gvhich thiugemebandvaoktmuock diits sofrftedgihsgrefteartihan 300, 1 997
MARsche enpedinte® #jthwhée shuffled ghmrdmesdrjie A2 withinewigdosys1&f5P0 bp (sd:
31.2),(adly 201 BARRS cdritidateanere filundsd sclarpMed dedadrees (8390.96) and
none fR¢hé rdbfled add forlth¥seqlichdr duhdiatedhckdrtthd ©UNErkEVidhains
model, bmlé‘rﬁiésﬁécﬁ\fél@ F&ﬁ@%t@%g%oénd ReshERe. 3% of th@ﬁ@mber of
predld?é& ﬂéF@ un ﬁ’rh hb?w@%?&n@g&hb@@u?haéé Ya®d ptRE [hdications
that S g Iflg?N % |EF1 %@?5@89 d}f fshlgéf‘\%hen the
DNA S5 bES oFE &gma@ W TR W NGO G

Rs candi dat es vver e found i n

V'ﬁﬂ%% ﬁﬁf’ﬂx Qttgéhm@?ﬁ: ree lé‘ﬁé‘?n ftﬁé Jh{éfferon locus
2 gto.

nodel , mhlch respectlvely represents
249% and Iess than 0.3% of the nunber of predicted

The réW\RndesMAAR redichien BRISMAR SUARISENYEstigHies$ By dafyzing the

recentlf QMH)I%eUrI\ﬁAR%Q%‘é of thehuabhteeeNoR eﬂ@tc%étér on the short arm

of chr§t91%§bﬁ1'e‘39 | 6aERESL W é&lﬁi 1@ % 8hel %n au‘Qﬂ@é‘ analysis
P18 ntBeeﬁ'n z@ th BURs (termed

ln ’[hISA % r’e§s‘? I[5 53 {i‘?n \/Fronbnﬁdlng to the

| t with th
27u\(/:n‘er r ﬁ 'il% ne\gcllon o?
th

e;(ntfargpg ILPéJy‘F By E %a pn ( Eﬁ tcerglgjir?d?nzjc;tses

reported an exhaustlve anal |s of the WP18A10A7

| ocus to analyze the suspec ed correl ati on between
BURs (terned in this case stress-induced dupl ex
destabilization or SIDD) and in vitro binding to the
50 nuclear matrix (Fig. 9, lower part). Three of the
SI DD peaks were in agreenment with the in vitro
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24 WO 2005/ 040377 PCT/ EP2004/ 011974 correl ated wel |l
with the active MARs. Therefore, we conclude that the
woceensrmesice of predi cted CUEs and bi ndi ng sit e6€T/E®R004/011974
correlhfe8Sfell WAR S AdhvieMNARSCTRERfbre, Welconefildd thbethé octineence of
predictdd VR Sy bﬂﬁbﬁg@te@ fS@!h%éé'tra‘h%@@&[dera@forQhé nWARsstricted to the
cLysMAR bat ottyldiafil MARs. PASE R&UNS also imply that the

S b R o .

ShkiGEbhawitR Vther

80 using SiI X
v sequences for mhlch 10 experlnentally

e ELRLT, RSl e e ;;tg%b% o BRgRShLSs Brwric

experigeeif gegm egamgpg\e norderda ,C\%(Eér 1 a comparison
with omemr@@lgwe {polsy ﬂ%%S ige A g "apets E a¢ sequences
PfeVlWﬁUs@Q&bﬁ@&ﬁW%@MtFé@deraﬁ@ PMALE! gfitahresgdenppiesequences
are thremplans sndignee humeabsesuences (Fableindotlizing 51 Ghpshke and 37
experiengrdaiyneefired MARst The desiRsfor BMAREest and MAR gntTable 1
come dirutin BRefFionsl eomiparidar (faisth18, Erecb K, riklingenpe#vA oUsrtharius K,
Liebichd rgray Veomer( Frln siico Mrefgictioh d{schfoldgaatmfattaA;hment regions in
large §andhiy dattiekces, LGeroméd Resaarthy\@Rr8#9-354,120041.).i co

MAR-Prtefl ek iveen alsed aafhf b diatailt paraatdtanernipted Goothe threshold

that hh@heen 3N & HRMef fHLanal(#ls offtheRpetanitts lodds 3 Ab4ichness
rule hd8Bbeh -extdekifrstebahe RRAMTFIEH MARB dshgagldbaelfor the protamine

bcusparaneters excepted for the threshold that has been
et to 0.4 and for the analysis of the protan ne

Iocus the AT-richness 20 rul e has been excluded (to
detect the non AT-rich MARs as was done for the
protam ne |ocus). 25 WO 2005/040377 PCT/ EP2004/ 011974
Sequence, description Length Experinent- S . est "A
Iner SAIR Sccin @:.1 reference ally defined
prediction prediction prediction |[VIARs positions
positions Positions positions (kb [kb, tklal [kbl 11
h~] C?I'YZca native p utative 30.034 0.0-1.2 - - -
ADP- gl ucose pyro- 5.4-7.4 6.55-7.6 - - phosphoryl ase
subunit 15.2-15.7 15.7-15.9 15.6-16 - - 5H2 and
putative 16.2--16.6 NADPH dependant 17.3-16.5
17.6-18..3 17.5-18.4 '17.61182 recluctaase Al genes
20.0-23.1 19.6-20.1 19,8-261.4 21. -22 (Ur054-11, [4]
20.7,21.3 21.3,21.5 _ 23..6-23.9 23.9-24.2 23.4-23.6
25,0 2"5.4 24.7-25.1 - 275-27.9 - - Sorghum bi col or
ADP- 42.446 0.0-1.5 glucose psrrophopho- 7.4.7.7
ryYlase subunit SH2, 21.3-21,9 - 21 -2te,
N, A. DPH dependant 22.4-24.7 22.9.24.0 232-24.2

22.9-23.2 reducatse Al-h genes - - 23.6-24.0
1A FO102%$33i, [4] 27.3-27.6 26.9-27.5 27.3-27.6
32,5-33.7 - - 33A-33.9

25



- 41.6-42.3 horgal ma bicol or
cl one 1101<5 CAF 124045),

BAC 7b. 195 9 -
['37] v15.0 15.11-15.8 -

wWa005/0403721. 9 21.7-22.0 - 214.2'1.9 23.3 - - PCRAEPH04/011974
TR S ST T acR ALeﬁgthE Rent- | SHARTest 3 GAAR-Aled | S Scan
andéfelendd. 5 | 146.5 f’nl[}s{ldf@nenﬂ) AFre@tidOA 4BxiAicn 4. Brecliction
48.8x-49.3 :|62.9 |63.MARB3. 7 qositians §7.phsitions : T3 ppsitions
74.3.74.7 - 74.31-74. @598 mgn al pha-|1-antitry- 30.461
2.6-6.3 5.5-6, 0 3 1-12.5,4-5.8 in and ortifcos oid
. 5.1 6.0 . hiodPlhg o ﬁ‘gf RO Hg CO% bk
“%4”792‘:2%@% g 6% igt@ej_r ¢, Legi dn 27:5. 2.9 -

I“ih 3Ph vl = :ﬁwunl H i 565455 ' [ ! | 152 qu%dégs 7875.%-16
an‘n » uman prlot ani ne oq@51§§ abr_ ., | .
NeEb hndze21. | [ 24] [3276-83. § 17 8%.9-3478494 371263024
mrfurt%’» ﬂa-gzﬁles% - Human zo0setia-| ofé-00.479. 998.20.8- ;| 3. 21622

(U2158H. 8. . | ocus 15./6-19. 0 1:|8207-i8i 4 ﬁ535i§6,0 -
15.3-15.6 L! 013171, [21] - |1820%438, 4238444 34294:23.5
44.7-52.7 50 6. 502 57 35.%¢ 5 =7ﬁé7’—26d) 0-70. 0
RQ 8 Rn '5152'10 1“ B 66.0-63-0-63- 5

ult :L‘ [ 15«9‘1040 FCTP§625 /011_974 67.6- 67 9 vazy
69 h.,ﬁ, 1%, 66266. 7 - 69A0 0551 0 Sum( 1 b; , i| 318.4451
PH rie@al&tnt 56.1 14. 5 1B.484Fotlapzmpper g3.2.287 ?8 225.22
rea&nvafeagmgem redi cted -11. 076 12.-406 (14. 097 NAR3Fridd

AFEOBEL [ es [ nurrber ¢[214a] ql 223-2raq[ eap-2ief | 27.3-276
experinental |y 5-33.7 - 334-33.9

41.6-42.3 - - -

Sarghum bicolor BAC 78.1495 0.4 - - -

chong T10Ks 5 8 - - -
tAF124045), [97] ~B.3 - - -
8.3 - - -
~ 1860 18.1-15.8 - -
«18.8 - - -
~21.8 24.7-22.8 21.4-219
~23.3 - -
258 - -
w281 - - 20.2-29.5
w345 - -
- - 39.0-40.0
w441 44,1448 -
48,5 47.9-49.5 47.9-40.4 48.F-48.6
- . 4B.8-40.3
57.9 - - -
«.62.9 63.1-63.7 - -
~BT.1 - -
~T3T 74.3-74.7 - 74.3-74.6

Human alpha-T-antitry- | 20481 2683 5.5-6.0 38-3.2 54-5.8

zin and corticosternaid - 5460 -
biricling globlin 22.0-304 25.7-26.2 24.9-25.3 25.8-26.4
intergenic region 27.5-27.8 25.5-28.8

(AR 156543, [35] - 26.2-26.4 -

- 27.5-28.2 -

Hurman protamine focus | 83,080 o.u-8.7 - 4.05-85 -

(U154927, [24] 32.6-338 33.0-34.8% -

72394 - 33.9-34.8° -
&51.8-530 - -

Human beta-glelin 5,055 T.5-3.0 - - 2320

locls 15.6-190 1404184 18.5-18,0 15.3-15.6

(U037, [21] - 18.0-18.4 -

34.4-34.9 - -
447627 - 50.6-50.8 -

566-57.1 | 865672 -
80.0-700 | 59.8-60.3 | 58.1-58.5 62.8-63.1

§5.6-66.0 63.0-83.6 -

26
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. Six differanélganemig smueéweérthﬁemp

defined MARfo ncl] False positives 9 55 False

negati ves 23 25 23 Speci ficity 19/ 28= 68% 20) 25= 80%
Wa24BAZ0377% Sensitivity '14!37= 38% 12137= 3R&A/EP2004/011974

14: #37= 38 0 Table 1. Eval uat 66.2.66.7

.S
accuracy 5 Six diffefent gen&I Odé}gﬁo%ti’u ncgg%ﬂ'%(r -

U A DAL NP 0 LD
TRIEL TR br, SMARTest and Sy SAan( s TriUe 4 o0
_f;j!“ ”’et“\/eer{‘:fét‘ches are| printed | E%ﬂ%ﬁd i rt]ﬁ.g%g_)l 14087
L, $se negptive matlc ore the | ongery
Uetgu Sq‘%gpt"&ﬂ defi npd MARs contelgpﬁted m)%g‘ t han oﬁg ]
(ppnmgrlrdm:{@fq,nmrecil ction, each of} themwasg counted fas true
mRRShdslive natch. 10 Therefore,| thegnunfjer of true ins
risk hg@tps edi ctii ons i s hi gher [t han23t he |nuni$ér of 23
sxpieiti ment al |y definpd MARs flolffitdi=68he C4W45C|8E?"3» | $7122=77%
ofiisthed as the ratiol of true ppds¥ridde | WERREH nhd37= 8%
whereas sensitivity is defined as the ratio of
experi ment al | defln * AT-rich rule
excl uded usil ﬁé'%Fg H%IVQ“ Ofl%Mg%A AFPEFE Yt ed 28
regi ons as MARs, (true positives) of these

&nt and dhrepdyimargequences, for Wthh
experirapetally defingd MadRe amhigrayes V@rﬁmyzédé/\"ifb%‘&t%& ingerpsMARTest
and SRR d=ai® & rpe piositive shatciaes senpringed imboldoAiegs (-) indicates false
negatbwepeatonest Sbine afethe longerexitnentally siefiseddiARs antained more
than ome B silicopredadionl each of thenl@as coentedsast frve positiveasatid
Therei6ie) @hd Huldeil 4f Bué fresidod peadivtionsenhigiky thaer theaurBas of
exper‘irﬁ@ﬁt%'lly defihed MIRE fourddRBpadifitity idQefihediastthd ratio lof giuensositive
predi@fori¥ihereds derRaRrit) i€ détinedtf¥hektib be egpsmentlyadefindd MARs
founoexgg';h&?mléle&&fluaéd'& MARSFipaef. esponding to 12

rent experinental y defined MARs (sensitivity:

SMARTA: pré&’i‘é‘fédsfsjméu nLET %%o ul% s‘ﬂﬂz%s) éﬁttw%%ert%rtéw% with

expe tfall 29 \ ted in non-
MARg%%FSﬁeK}OSé % ¥0és rhsg% 4 'etnhli/éntt ly, 8 ﬂeréi tH LBonc
MAR%G%W% Qein sgl d’ |, e] Si o SF Odner
e ggp%cftt e
experipeRialy def %’\% SC%st gio 14 '%%%1 Gilshid FI fined

MARS frensiivisy natfo stVAR @h@zpreshﬁtsdaﬁ PAIoDEe ubemg rHe posut'veso
(speciicityr 71%) ntagt:hmdé%tj @ient experRerp %Mﬁé%ﬁ(&qréltlvﬂy 38 b)
structural features conputed by SMAR Sc and t he

. As angtheremnme; t@ﬁaﬁa%ﬁnetystgs haﬁrt@%ﬁﬂpéleﬁtt eﬁ@fﬂ%%‘?mes 1

and Zerthleadrialthe datarminatianeofaMARSEaskenses @E NaNy 110 23). These
sequanassrajenistgskinahnex in Sh2dfareatt o get 35 sequences

vv|th the h| ghest vaI ues for the theoret| cal structural
) ole & 0 athed (SMAR

Scan@elbiswardfﬂl s was donevvlth the hope to obt ai n

predi cted MAR elenents with a very potential to
In ordendo ¢t ¢hé patesjaheores!ati@sketoreartte stractindlifeatitrepcompuied by
SMARISn@ aed) theTB MM ARtfahctionabadiRy, thenegleolbduvest gdnamreehas been
analylzed siith tAe@doyated methddeithiveryndtangatt esametqrecin veldrio get
sequéﬁb@t\hlﬂrﬂ’éﬁe high&sta/aredLlor #ike edraticabstriiotural Gedthess c@mputed,
which§eZédied GQ ¥ SAANRERREOW PAis Wak dénelwith MERpopeadiatitgia
pred@?eﬁwﬁ%l%éht@hﬁh vae‘ryhﬁotéﬂ Eiél%h#é@ﬂs@%ﬁ S ewprdssion and

reco I SRS Ltatird i Ared Rt B8R were first
il e oSl ey TSt o v

of NbdlClne (US), Qct. Chapter 17, The Reference
Sequence (RefSeq) Project, 2002 (Available from
http://wmv. nchi. ni h.gov/entrez/ query. fcgi ?db=Books)
contigs (release 5) were used and anal yzed with the
conbi ned net hod, using SMAR Scan(r) as filter in the
first |evel processing, enpl oyi ng default settings
except for the highest bend
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cutof f val ue, whereas a stringent threshold of 4.0
degrees (instead of 3.202 degrees) 10 has been used
woaoostaes7DNA bending criterion. In the second PevaP2004/011974

6.1 SIMARE prodiBted TR Sl 18096 RhoRMUMAEA gbRoicNd! Ng

have been sought in the sequences selected fromthe
previ ous step without doing any filtering on these

As wHEtsI Hefe@sgenbmd beguanzky all Bubtant RefSeqriblatiedan@ehted forf
B|oteéH?%lcY§]PI|n¢orH%ﬂ YRS NOBIGRIRIbBBK [intdinat]. BethakdaiMbySNational
L|bra ne UB?rOctSCMQBfErrﬁ'p‘Tﬁémfé%cé Sé&lﬁnc@f(RéfS&ﬁ Project,

2002 || B 1@0 5n{ o/f/WW\tN |tc% éﬁ |§d 2Bb6k Aclgrétlgs o
I h t n® as
é"ﬁtee??g ‘f s i u; p|LJ gélggﬂ rg ng& g eﬁ hecsat bend

e@%ﬁé HEfR

egrees)
has b@?'ﬂ/l’ﬂ@ed bPB nQHE erent chr onpsones
(st andard deV| atjon r nts mor e than 0/
lnther%&ﬁneﬂe\ﬁ%@m&wns Eﬁdo anseriptignyAR ? %fi
SOUQch%th)F%HL!ﬁmﬁéﬁél%{ed %@NQ@M\H@UW@H@N Fe”ng on

thesedeqsrngesf genes per SIMAR is 6,5). Table 2 aI so

shows that the kb per S/IMAR varies less that the -
The athalysistlyy thfe eremisised eretspdaRtteswholediuas genoingtdagne up with 2
total ofelF5@quratve?SUpef" $/MARe mpreserkingpetotdl/ dROGM 306 e (0.35% of
the wholechuthé geeome). Hatble 2 shotvs doheagtrechrambsonee: |itsvedze, lits number of
genedeats risiibér ofS/RIARSs predicted Sens/MARb density Serzgersd andits kb per
SIMARUTBRY tabfe haived that Ber&Rird 0&ry \GRIDES gefE dBMsitIRIBIS/MAR ‘

- prediceYhsthaiiesrenl MBmosBRRENERIMRIatdHElibBES réitbsftetheriedlan 50%

oftheorﬁéa|$o'm%&e Aof4 Hed e?%/l\ﬂA?&S’r@dlc?edlZﬁatﬁé‘ﬂoléﬂiﬁfel@néé
betwek? Bne pépgﬁleﬁplsJGl?i Faple 2 also
show th k

devia§

8@/@%?%1 e

the h'%érza’l% '9""55 5 131 78 16.3 1679 13

c 37 7(\ 7 ’) 1QQ'—'\ 14 1}68f QQ QR '2’) /I ’)/I/I/I 15 QQ UKb
rom e r V7 t ensi e
hro ‘3?%“ 5 230 °16 1147 8101 W7 1op5 b0 %engﬁ SR
38. 4 2162ch.;l:§:’o.,%96 78 51 i 70 | 19,162} 56 Dpaé,wﬁa- 02
155520 2460 28 2582142 21 355-34 18 197 1888
2 22 707 34 257225 2 1214 X3ﬂ68 154 1704%6. 8 905 123Y 251 1685
32530 8.3 88% Sum 26 955 % 050 1] 757 457 433 12  Nean’
Y1123 127 78319 1 804 sd G0 72.8 454D 462 1951
6 1247 170 94 13.2 1808
7 1383 160 179 7.7 1754
8 942 145 77 122 1883
9 1100 119 48 229 2479
10 1003 133 71 14.1 1873
11 1692 132 67 25.2 1970
12 1278 131 78 16.3 1679
13 306 97 70 72 1385
14 1168 88 36 324 2444
118 895 83 35 25.5 2371
16 1107 81 41 27 1975
17 1421 80 37 38.4 2162
18 396 75 51 7.7 1470
19 1621 56 36 45,02 1555
20 724 60 28 25.8 2142
21 355 34 18 19.7 1888
22 707 34 28 25.2 1214
X 1168 154 170 6.8 905
Y 251 25 30 8.3 833
Sum 26 955 3050 1757 457 43312
Mean 1123 127 73 19 1804
Sd 510 72.8 45 10 462

Table 2: Number of S/MARs predicted per chromosome. The number of genes per chromosome
: 28



30 Table 2: Nunber of S/ MARs predicted per chronosone.

The nunber of genes per chronosone 28 WO 2005/ 040377
WOCHSERR004/ 011974 corresponds to the NCBI huramwEP2004/011974
corresp@1Ig e tisd WUBS thuasn(ddnbind stetisiiey @uikd 3) Vieldddd 8 @Vational Center for
Blotecgﬁd% Inf&@matiBh, OLIRANOBI Baibbol OhfeBict]0Bethdddia (MEIBE National Library of
Medichi k)m[ |GHa feRqty] Th@@e‘f&é&% SdRnice fSéQEtPrdjb@r 2002 (Available
from g )%&)/ent cﬁf—B st 9§se £1G&Hank annotations.

5 Chro c} Z%S aﬁ&g ?Jtﬁ 10 al Center for
. Bi te ]y 1 nal Library of
Medwtqf;e( Btf gte&& ﬁr%c }_E%E ?JF ’ng & (Available
from htipH{fvaywghi-nipgey/ %@F‘Fﬁ cgiddlsT leap é) fqakig lengths
handbook [Internet]. Bet hesda (MD): National Li brary
of Medicine (US), Oct. Chapter 17, The Reference
10 6.2 Biséfomsmaties (@RefySin)r BLppe d\ﬂAR,So‘oztremnflab \factor bigwing sites
http://ww. ncbi . ni h. gov/ entrez/ query. f cgi 7db=Books)

The 10568 redieted)"sapat' iIYMARYsdrpiches obtdihed pfeviowsly bg SMAR Scan®
were &l dilyedffor pofeatial thddseribtion feic&@:fsdcnhdxhg gite$ artiohas been

S’éé‘ﬂéﬂ RMAER T PRofkdsidnar Rl & @ RSch hkin E,
5 '% “6 el bt ﬁ% g@:’; "
bindi q I@Ac s
matri s R,

Hehl e ﬁ% auW Schacherer F,

Thielg gy ac%l ’OEE}? aé‘ 15 %PB@?E‘F@&‘PF lqrbr@tgbx}atlon Nucleic

20 Acidsiitestiangh s29(852BA3 A0 Be e2.0 Ruefessionakchasberss used with
most SLHEDEFATT EHindd Miitch 2 anaiyel wagBhsbd baSRANSPACREfsssional,
releasds. Réb@fd@ ﬁQ%DHﬁ’srofl%ll thHe | |0|Ffdc@dﬁ@ bﬁ1d|%fpfr@il§ndﬁ on the

Hehl Li e
1757 SR %ﬂf‘?@ranﬁ ZEBL?SC’ 0 IH% %if Sf YnT E d table,.
ol e Erhec R a5 @Q\éﬁ* QUi R 173 Lﬁeaueaﬁes
25  analyggf Mere cots F @H 59%-1): 2813, 2001), Match

2.0 Professi onal has been used with nost of the
default setti ngs Mat ch anal ysis was based on TRANSFAC
Hereghiasfase spmeaf th eh@n@ahféarﬁczlpgmmgr@dhat afecthe inest@ftes) |
predicted it bingtarother Hetop wative 81M Rpvestiiesce® and theipMataty 57
descripdignede’ (callalivizion contiot piatejnt) avanserigienaln Tabl e 3.
30 reguldadegpressor,Hllex3fnblhomeardnyain peoteirareseiated by mndaegesy, s
POU1Fot glituitanygpedifit pasitive Grahsdriptiondactohd) MAkEh is epeeific és tHRS
pituitzAp ahy 2tichuwtee cetmpralitaratiod. oFhusy it Additionsd $2881, NMP4 and

MEF 2;etiesftispiscaptforsRittors fcahpairdipate ih v activitytof WMAReCt or s
that are the nost often predl cted to bind on the 1757

Ap] putatrivy DA' AR sequenceg; g rherT |vp B,z descr |1pt| on:

C/EB ch (?§3I ?g n coné §8Ppéﬁ§e| n &51%1)\]3

ransc a represspl A

CRE émeodé?’mé roteinr ; I by angg &?‘ F1
FOX (pi tui t{&r Pfic posfti V¥ Eanscripl Qﬁ{Pfg’act o’ 1)
FreacThi ch 372 [Sp&dili c to t he| GAEAR t ar y4ANEAT AUl Hdes
HFHlcel | s p2olHFdBati on. ThusHLFn addi 27onHINFISATEI37 NP4
HNF3apta MEF2, HNFhiRsta t ranser i ppilon fact oz $Laed par taxci pat e

MEF2 N thellqctgliwpgy of MARs7 | fRl. 1 AR 21Baghexia Brayd |1

: EBP 20 |G EBPgamma 5 1 COWP BPj o34
I;g’gfgé) 5 sgg ﬁg Evi | 1% X 78 F(%)% E 2 244
XP3 &k 272 Ai’g GATA% %%‘ A4 128 | HEHL
Pitl 1o prHdSY SR 275 HNFL HNF3a é 3EIANF3bef 71
TTF1HP1 2 LAX3VHMTAWRED 1144 MGBP 57 Myc5318 WRXSA 849
XFDINKx25 85 QcXFDA91 PBX B1POKFPB 483 PDUSF2 11 POUGFL 29
35 Pax3 3 Pax6 20 Piti 505 SRF 8 TEF 2852 TFITA 14 TTF1
1 VSMTATA 13 4 VBP 53 Vmw6e5 1 XFD 1 65 XFD2 418 XFD3

2 35 o
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29 WD 2005/ 040377 PCT/ EP2004/ 011974 Table 3 is a
sunmmary of all transcription factors binding

wonedioati’on (totalizing 20 hits or nore) on tRET/EP204/011974
sequences anal yzed. 5 6.3 Bioinfornatics analysis of

Table ¥ 894 SlififharySUPEI 't ahﬂ?t bR tacdd E‘%‘?ﬂ(ﬁﬁg faidibe C{tb%aﬁf’zhﬁgsZO hits or
mi)ree)zsh?}lﬁﬁégg%%gga;% Si'S wer e per f F i n order

er" S/ MAR sequences usi ng an

o SR SR e R o e e

erformsd on the 1757 super MARs, conputing 10 ea
Varlovﬁ@owumﬁewses W BP RO NAHEEIR & nylgentéﬁcwper S/MAR
sequenapsasiig ao explil erifgrionthat couldhrisent dw;wtbout>cqmputmg Among
thosegdardiaicientid@ apalysier wasg performehan thmaﬁaﬁUpaé\%Rszwnputmg
each pétheeth pbssibleddimgelbolide percentage faseash seagenaeheonsidering both

- strandts Bt thgriams3’ afireetioh. di nucl eoti de percentage over the

1757 S/ MAR sequences are respectively presented in
A sunyagre(min., Anax. mnwalanaﬁ%u%tmgrq@étlmwﬁa%rperaﬂw&@a gs well as
the hispgsems of each ilef peyaentage puanthegbHoh®/MAR sequences are
respectipely pesranted mahalolel 4 Assihdlar edalysia was pguforswmflen saxdomly
selecfashsetjuemcgs froho they/eumean eabmes cepre$ARig. rafidbiny Selected non-
S/IMARegscRemicks (whiehpaight Mewgver camtain spmef MAIRS) dT able| Sexpresents
respectinélg At surn@ays bftheadintitiestdes eotientcatalysiafdrehdse sequences.

Di nucl eoti de percentages over the 1757 S/ MAR seguences
20 AaHenEopinGricative peresntage00\@(he 13605/bAR6qUBIES
25th percentile 4.234 0.9372 0.1408 32.11
7.843 2.2408 0.4777 34.68 Mean 7.184 3.2117 1.0865
34.32 75th percentile 10.110 4.7718 1.5096 36.94

17- ')Of\ 129

Medi an

470 Q 1')’2('\ L'('\ ﬁﬂ f‘/\ O/f‘ L O Of

Nayvi aaBlaal CCsCG e
M_pimumlo 0000000000 n hQQ q. 090%? 02'—'\fh AT
Mmimh (9695 4. 000G850. 0000 0.,0408  Nedi ag sy 9776] 0. 004
Median 0. 0000 Q. 4777343 Mean| 2. 6924%30 14123 0472709 1| 0865346¢5t h
Mean percentijl e 378543 0] 09422!1D, 1256 1. %0096 Maxi nunfr‘;32
vmiad 04061 |4, 2483% 7. 4410 %791,230 GA% GREEY GT% Mg mum
0,700000 100080000000 Ccc9P00 125t h qger cent e O0cio8696
B 0000 000090;;0- 9372 Whihigan G- 32636000000 GRG0
| 25th per@nti@408 | Meano 963347 0. 24004 0. 141230802117 | 75t Ip.1408
m::g:f" percentill e 0! ;@333 D. 193900). 09422 409908  Maxi J
romernil 7889 |9. 87954, 24837 {4, 479 |TA% $6% TGV TT% |
MaximuMl Ni MUM|28. 68408 00000 048800 0.,000 7245(th per centdibse
33.48 0.{08696~A0. 9695 4. 284 Medi an 35’22 0.326166T*%
Minimul, 9776 7. 843.000Mean B5. 29.000 63347 2 6RET 7 184 7059ﬁ0h
s peis@lcent i | e 86164 0. 83333080 7543 % xj mum 582 00
Mean O /7889 |1 g 17. 290 oémmy derl ngo g results 3Q 17t he
75th perqatiedi Ct ed S/oM!!&R el ement s.and off t heowonS/ MAR se 47718
Maximum 577889 9.8795 424837 12,9479
TA % TC % TG % TT %
Minimum 28.63 0.00000 0.0000 0.000
25th percentile 3348 0.08696 0.9695 4234
Median 35.22 0.32616 1.9776 7.843
Mean 35.29 0.63347 2.6977 7.184
75th percentile 37.14 0.83333 3.7543 10.110
Maximum 50.00 5.77889 10.4061 17.200

Considering the results of the predicted S/MAR elements and of the nonS/MAR se-
qguences in the summary tables, noticeable differences can be noticed in the AT et TA

~ dinucleotide contents between these two groups of sequences. AT and TA represent

respectively at least 18,5 % and 28.6 % of the dinucleotide content of the predicted
S/MAR sequences, whereas the minimum percentages for the same dinucleotides in
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guences in the sumary tables,

can be noticed in the AT et TA 25 dinucleotide
woanisaabx7 bet ween t hese tvvo groups of sequenceBCTmfzumﬂlmm

noti ceabl e di fferences

nonS&\@AFe%qg Eé\? eeif% ELAVE @53&% ‘% E gf‘ u? CC and
GG 6, s the
pem‘é% sgo $ﬁ§§ wﬁ? 58% 8
The %ﬂ%‘*{g& 7|4an5‘ %I Ql%%ﬁ%e% nf%%%ﬁlﬂ%%eét
bend ted S/MA
sggu St w g; r(ﬁﬁérehpéiaetterplots of
thesc 1Pt & H‘Bﬁ?ﬁf‘ %& %0& gt Vﬂmﬁbeome@"%%q BVA bend
as Pr%%'ﬂﬁ@ew §°‘W\ di nucl eoti de percentages and the DNA

hi ghest 5 bend as conputed by SMAR Scan(r) is

depicted in Fig. 17 for the predicted S/ MAR sequences

and in Fig.

18 for the nonS/ MAR sequences.

The

Tatld 5 eDiniclextidetperggniagesbdvertthe 4& 57 inpmSel Adheev udiees shimmary

TA percentage correl ates wel |

wWith the predicted DNA

haond A adi et ad A and r\ 1N _Takhl .
u.cuu aS !JI et Myu Uy \.)Ivr\r\A oall\l). LU IA@JAC J. AT %
[p—D-pucleoti-de—percent-ages—over—the 1757 hanSHVAR R
25th per@@AUENCES | SUMBY AAY AC%.A6% AT% M ni gigm 0. 00D 5.1033
Median 1. 735 1. 512 0.3287 283th persentilje 7.0967%. 586 B. 4668695
Men B 1033  Median %6106 §.016 374279 6. 8695 "Kkan 8.976 2%
PmperEtiie s 7. 184 7. 0 U8 78th pergentille 10.938,5. 494 7. 965
8. 79135 Maximumrk/. 924 13. 8t 12. 2532 23. &7/68 CA o CCoT%
MinmieG 70 CT 9% M nizgam 3. 971 008278 0.0000 Lodd2 25fh 1512
2stperpeiecent i | @ 6. 76%54. 1017 0. 4727 6.4666 Medizan 7. 410 6466
Medim 5 5556 0. 8439 79879 Nean 7541 5.9088 133707 7.184 14
75th perdkidle N percentil g o@. 010 (7. 2468kscl. 5760 7. 963760 Maxi mum  7.969
Maximuh5, 714 20] 84151572, 6074 12, 2395 GA% |GC% CRYET% M ni mips
1.319 0.4967 098%78 1.735 %%t h pefcentif%’ 5. 495 oT%
Minmug. 2615 4. 1077 43886 Nedi aR®l 032 4. 40924885556 b. 016)7°
2meegiiin 6. 065 4. 7468 5.9088 5, 75t h pericBptile B. 60255,
Mo 5, 8824 7. D460 50494 Naxi mamed0. 423 16. G0BO 20. 8415 505
75thperk@le 816 TA| % TC69RTG % TT 95534 ni mum 0. 008463, 319 B. 57154%
Meimupy_000—25¢ h—petgntile3.-874% 768250006 Medi-aft
5625 6032 7_%U 9146 Mean 5 774 6. 05;527”’ A11 _9750002’
1nlmu1 . . . .
25thper:Z|5iIeh percenti | @,822. 464 |6. 6055,45. 010 10. 939676MXI mum 7.096
Median 24. 338 10{423 X%s5714 17.922.0our of the mowel super 9106
Mean NARs wer e|randddy pigked @84 anal yzed foft! AT and TA 397
| ZanpedE i nuc pot i ddKont ent,_anizponpal ed widiythe | 1202
pPr evioust Yy Knowt chi cKen 1 YSVAR, consi deri ng W Ndows

Four 8f thEAb RS G @MARs (AR Bn8dmly picked and analyzed for AT and TA

dinucleotide content, and compared with the previously known chicken lysMAR,
considering windows of 100 base pairs (Table 6).

Surprinsigly, Applicants have shown that all of the super MARs have AT dinucleotide
frequencies greater then 12%, and TA dinucleotides greater than 10% of the total
dinucleotides analysed in a window of 100base pairs of DNA. The most efficient MARs
display values around 34% of the two dinucleotide pairs.

Table 6. Summary of %AT and TA dinucleotide frequencies of experimentally verified

MARs

CLysMAR (average of CUESs) AT% :12.03 TA% : 10.29 ‘ SEQ ID No
P1 68 AT% :33.78 TA% : 33.93 |SEQID No
P16 AT% : 34.67 TA% :34.38 |SEQID No
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Surprinsigly, Applicants have shown that all of the
super MARs have AT di nucl eotide frequencies greater
wohers/0k&%y and TA di nucl eotides greater than 1eeamP200h®11974

[Pt 4botal  dinucl eoti des anal ysedT¥n; 3 86NdQWAGS : 36@2asESEQ ID No

MeanPAIGS fé&HalMnard FUpPIARS T 1 CATH - 34BS 20 TAIs PBEYRY

Mean \f},{hﬂg W@% AREE TWOATyIE GqOT T UeT Ryl Ty Tapl e

ana— A dirhucteotde IrTequencres 0

exper| mentally verified MARs 25 CL sMAR (average of

)G?%}ZOST% 10. 29 SE D No 8168A%.
6.4 A@ ay3i8 OlogRUS HNBEISV AGONTH! IBUIRFYANAZROESE GRS

34.38 SEQ ID No 31 WO 2005/ 040377 PCT/ EP2004/ 011974
In order ta gepanvinsiht©p SMAR egglution sprthologpes inferganigdpgiens Gf human
and nagusehgenomesshaee bapranalysed 3athRVAR/Scayd. Poe fataset used is
compeatd ef 86 pairs lof samptete enthpitROUATItergenic tegives from, the hsinaan and
mousArgengsias (Shabatie Ség Qgirisov &G dtordraghpwva, Kondrashov AS,
Selecting consisanyianot@egeriic regionslef htimagetndamoiiss gghomes, Trends
Gene®/ WHR): 8T38, 004N (avaradge lemgthus 12 006rigd nocated gnazshwhan and on 12
mousBWREm o8t e DI & yBEsTNGIthBSY Sedpdsiite’nghy setfirmicdbySdivise
sequer@Mlighmett@ndaionsrRlratitiesk the anfRmERFRbIGhe AZnkIAY Eén@é

(expeFiRBMSI® predibRigggous intergenic regions from the human
and nouse genoires (Shabalina SA, Ogurtsov AY,

Kondr ashov VA, Kondrashov AS, Sel ect ive constraint i n
Analyisigt @frt e’ durean and repuseeRiivlasRLSBiRTeeRisReaESNCes bavasbeen
analysed GHhe3MAR7S@N@ 8y itEoitefault sotinggeAnalygs of theehgmen

. sequénses| yielded a total 0P 18 HiA\Repredicta (repreasation adetal tangdh of 4 750

bp), lodeded pntledijferdnt intergersespauearessnas confirmed by

pai rwi se sequence alignnment and consideration of the
Amoraninet thtdecmsmah itteryeniasdquences pesdicieaxipesontedn adlsuper" S/IMAR
usmgFSMARCS sttimgnbsettings, Wnet dfeth8 Eolresponding nisuseeorthologous
intergehided (ﬁ%@é id Bls8lBedictedSBERfHAa SAMARIREMandMBY 380296050,
posxt.whtzfs o8 bihdl'égdlﬁs tbtrﬁo@éaé EMEL ﬁEtAG:@ﬁ?QS??BbNéM 59 884
to 89963} N&/LB '@Bcalsa? BR{eRS oF s dforindiddoufin uences is
LSS %Br{ g Hé}ﬂ o?tljié%'éq d 59 GioRE cBrréfond® the regions

perfofth&

predlg\[‘ § F} VAR gfegf‘?éHtCA é‘ gﬁc HPRY use

orthologs o li]iieeﬁ/v Hfﬁ%Ph.'u bgmé cg ain a "super"
4

t

e g

retrle s%rchlng the

oﬁho@ggug ﬁ‘\@ﬁ 9%@"92%%%%'Pt%§en'°
regioes gg4 to 89 963) When a |ocal ali gnerrent of these

e @ﬂ@%‘ ey s

Ilttle

gng §were
sllght yd' ‘R)NﬁeéT‘ |g Lpé: S/MAR
. (using 2Pl pdgéteaﬂ qu'l% rﬂ ws u iﬁ['?ng ’%ﬁc} esssdn@vﬁee%quences

predi pg(ﬁe(\f@ eam]g |gh§/@ BHRuieGelguctural
featur@§+ ﬁ@l&fﬁ@m%@ﬁﬁﬂ%‘é\%m Bﬂr@@gé\ﬂA&ﬂle@emseaf@emsemeg)across
specighe nouse orthol ogous intergeni c sequences of these

two human sequences were 30 retrieved using Ensenbl
Example 7ol Digsectiadifdhe mhickdmbshzymeigene 53 MAR

searching the orthol ogous nouse genes for the pairs
The 3000 sspageRadAR wak digetteddeto sthallgrdrigmente thativéere monitored
for efféet 8H3RANSHER: SevessibnlAT Htse hametrbvanh@RO) cells. To do so,
severPREYPRARSRMDCIHN GRA GBS Mied BY Bolynirabé thail reaction ﬁPCR)
These PORANIREd Wabhdied! 8 rd 6P Lo USHHHEERRS the EatidaliAR dequence
when® cf?-fd‘ en@idi8ad VﬁSlﬁ' coﬂié%ﬁéééhrcﬁ"tﬁé%j fra heht?wg}enlf 83 in a
head-$b-€4l &fleifé%(%d 34 QBN tlé g’jtﬂ c%‘?re% BAY g p??% half of that of

. Anal ysi

I nst ea
Scan(r) of these nouse sequ%chs pr edi ct ed several
S/ MARs having high values for the different conputed
structural
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features. This finding suggests that the human MAR
el ements are conserved across 40 species. Exanple 7 :
wOiesaati7on of the chicken | ysozynme gene 5' - MARI/ER2004/011974
the nAR0R0 MR eTipatetrdmeshtredssattebapdtarhm of thes8W#0 @romoter in
pGEGFREGRIAISa hitfified versiopnofithe @G LI ortel vedtbe (Rroarega). The plasmid
pGEGHPOSHFS) v X sttt Wekdhaﬂgid@;e@\@ \heirerhed geN@ oy pGLBCbntrol for the
EGFF'C erlnesfro 8FF’°N1 (ERVEELH r?ﬁ@%nmm ra H%Qt Bntéﬁi’ﬁﬁg plasmids

thus d f¥&%6l%§iﬁ\ E%e.sfa%g &l ne0| HEND-DG44
Rind: @g@f@m s agﬂghg e Gichert
Br s

prewo S lﬁrroductlon or
regul xpgesegeg%i% g? E}e?he ﬂchr{l Sgg)nﬁ eﬁ) ? ?&0'61 87(1)
29- 426)0 g5 3elRat oo tsle rﬁaﬁa fraRolgFonal oglh

populatiprsy wassanelped Ryboé: flugeessgheR.al MAR. The

tetramers were i nserted u stream of the SV40 pronote
Transggane sREGESPOINVAS BXPESHed a? thegpereentile ©f High gygoressor cells defined
as thepGelBauinich éluorag@eoce (evetnaigat.leasid pdasmptimagnitude higher than the
averagGiiGBRGurnce bf vells tarsfeetad ithethe(pigGhE Gondrol vestpewiibeut MAR.
Fig. 5gehoevsdthap@uiitosrizeol frdgmentsdB, Kear® Fgentencedransgene-eXpression,
despiteGheitsbohter sitb asTonfRetl ta gme otiginahARNserggricasim amtdast, other
fragmiehtssarergairiychotiee @r ¢alytinactbdeect ed with the resistance

pl asm d pSVneo in CHO D4 cells using Lipofect Am ne

xamgée'@ : (S%élflbﬁﬁ@fB,%ahH@ﬁégﬁéhswtlﬁ@mfconaékt
per orne preV| ousTy ahn- Zabal , et al

ITh ‘s§ o Be@tﬁé’hﬁrﬁ:ﬂe‘ 'én@% ?ﬁ r'{c])gg?te;%’éend (Fig.6

ower p C i in an

assays%%é ﬁ% gfieen‘gg%%[r}%g ?‘%ﬁ%& Vs@gi ng'quegslg wst E\tthte (Ijoss of
4t

ability g IR TRI50E e 5 BEpaI AL !

*In i iy sy Egegf@wérfap w§/§?c”q% ed g@m” %V@asm s of

trans'a@m IR oveylapitly s'Eféﬁ Nt dGEpact 5
deletlp%sqctwtsbwaémosiw |thleé9'|’ﬁ‘ie hEranddawere eemg etlons
that remoued heeh @adds eleganis had e @tqséarqmunceﬁ@ffects In contrast
flankipgFgieTO At PoE anst Gdhabhhavsoliitle imRro abfityiqstipulatp iignsgrie
expressnbmmneihelzrem/rf Fagirncerraspandingly éldem’tmomhwc@tm’g@MAR activity
in theebtparess 8t-emd delddiopistidied@tig. Bhorter size as conpared to

the original MAR sequence. In contrast, other
Exaniplé9n8fustieofthe® gleasdntve or fully i nactive. Exanple

8. Specificity of B, Kand F regions in the MAR
The 4@%@%@ %%nmﬁaﬁurtwemg@éctéanmtalényauéels@bﬂﬁbgfm&ﬁsbh234 243,
213 b arfb %5 ghd Y2PBp, Rapbetivly. ¢ ?r?ﬁen thEif8mSer group were
octa rasls é@% es) rES PEakighy oné_tli‘t%tl&f\ fetﬁ(afé'?ﬁ?tﬂé I‘éﬂ%ﬁ‘b p were
Slmlla '(tlé’ 6 |e%%t3%alﬁ%§?¥ hgfan?

sequ g }e'?n P—PC hHdl Ve ects
were e l 3 c’ 1?1 ﬁ)éB %ﬂ?kﬂpretamed
most Q%E &q%w%%f)%g&? u{lﬁ%nqts ﬁ contalns
the ri [ gene
xprogpip ol e a%@%mﬁ@#vm&gﬁs 2 and nt

- 221in W@IBfmra@mo@@nse&ntmfrww@,c:ﬁeeﬂ naamenmghand 1B, which

encompaggnibi ragiot dlisplaxadsimilapasiivity3FIA€ndts @wa has g activity.
Howevermhed added-todn®, resilitingintidllhihgnharcasdbe astivivoahibedormer.
Thereg¢reddiA appearsdatooatain ap@uiliank seqpansgitbalshas litte agtivfyoon its
own, Bittthat sthengthéms tHeeaddivity of tisl ininimat dorsaimtocated in FIB.

transgene expression on their owm (Fig. 5),
Analysisrof dise disdiinugion afiicdinidtiacrootifs withie the)lysbeyrfmaeaetﬁ MAR is
showm in Fige 8%, -alemglwih-sentt addiddonameiifs dhatwve Bdded &) the analysis.
Most Exihept en@ifSens fourel 1of bé Hisperseldehrnigho@bthEdARGEIebenE, and not

fragnent was further di ssec%gd into small er

sub-fragnents of 234, 243, 13 bp and 122, 125 and

121 bp, respectively. Fragnents of the fornmer group

were octanerized (8 copies) in a head-to-tail

orientation, while those of the latter group were

simlarly hexa-decanerized (16 copies), to maintain a
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40 sequence. These el enents were cloned in
pGEGFPControl vector and their effects were assayed
wono@@del | s as descri bed previously. |nteresPCngPY04/011974
specifi¢zAlgraabeibidd witletied aetive portidnufFdriestante, the pirafing bites of
transérhﬂtl nlfaeetdaid bikgmRdtifs Wi hees Hoeagiseatiated withNARs were not
prefeﬁe‘h‘ﬂbw !&%allié%?mrthg Rt rdisisd ¢ e Alsebebhasoptdedinat active MAR
seque stacﬁ" drﬁbfnétfbrﬁéf‘ dTb'ﬂnﬂit‘Pndtff@@ék%ﬁﬁl computer programs
(MARGP‘IH&&S ﬁhﬁ\&@oggp SID stra‘gihﬁ{) %g %Fbr‘f@d t@ﬁie?iﬂfy MARs
ded on

as re |

By
algori)m E%,y;%zemlp c?e'?lgﬁ g’;gg & é%' ec cgé have

t AR Finder,
gg?,:,"%tﬁb{ %\?T\Aﬁﬁz Iaaezgu cpfre qt well with the

. transriptiapalisaciive RRIIPYS 9 amﬁ%r%%%ﬁé)fﬁqu obtained

with MpRdznder did rehelaary mata@ﬁm'\r%w\%é *ermsf@rt Rstfopipstance the B
fragmieint s quitecagtivietiy viye hut §coweg§\uvemnt’mt MAR Eingendrig. $hecompare
the topardviniddiepanals).rBett MNA dbtelures, @sairedicted Y this soogram, did not
correlatemvel ietherf with ectivityt (Fido 88, comgpfare t topoand bafberfranels). Similar
resultsividre obtdired ydthAhewtiyerrayadablbiiRogmmss (datm nohsifown). 8 A,

along with sone additional notifs that we added to the
The rasék Yddriified Mysdvaithble AR prediciisn vormputerundthiodskae therefore
unlike §PBé SR ae@hviHantdef MBREIE GEfHa clas/ARto Bkr¥ése gene
expred9ion/ PAERIIrePEHUREEA A itk Top RBERIOId Wald testst Srptisifgly,
predu‘ﬂe&lmutclé%séﬁ{é MiRdP'delyBBRced Ahd h[lélb@é‘@l‘he disraveuril 88quences
were oe atrh fn' riﬁéf?ﬁ\/eflf‘ﬁéf‘séel%gg Qidisfs SWRrithe MARIwith the

nucle Ve Be KA F re ions. Nucl osome

td ond] NXStietHe rHsiat tdn BaSily wrap
& hﬁfg

S?cillrgf ﬁg%giae;segb%&;%éq ﬁ% 2 rs L%ﬁ)(/ g@é/?c:lated with

MAR prograrrs 5 (MAR Fi nder SMARTest SI DD dupl ex

Nuclgos St ab| ltavg;m%gglgej?cgggg ‘ ted (s,ﬁci Fﬁ?( Ty %Kggw 19f; Eﬂ\?A features

that Intr{@q/e (g neyea@gesfq@ﬁm% god iotharPhysice- nnlpale%arameters
that rpaeakaw chcymt@éwaémgmmam@i thedONAtquer fhe ewryed histone

. surfag@vdentification gf many«d thessgyg bt pr@pggiasonabei e mrerized, and up

to 38 aliffdrent suchazopgdies| have deehyusddRomiradist potential nunlewsame
positivdR Wereforbewve sepup tofletehmse ipspecificrsonipdnants of nucleosome
predictiom glogtamsvetighivédrielatbevit OMAR aetidtg) wiih itteen abjegtiee to eenstruct a
tool aflowirigathe iddntification phrel ahdrpassibiyamoes pptemk $1ARs from genomic
sequé@tddsyi ty obtained w th MAR Finder did not clearly

mat ch active MAR sub-portion, as for instance the B

To deftér%iﬁ@%hétﬁeroéw Esi SEDNA prin{& u%ﬁ@é%‘ﬁgﬁ@&@ﬁ sh the

activé'Bt R ﬁé frb e s%ﬁ*ouﬁeffﬁﬂ'/l R4 8 b8he 5'-
MAR RARIAR S lé‘é&ﬁnal t éflst rée were found
to co Qﬂer @ cg%n o ti%% b 4o . aﬁ%n of the
MAR : ? Ere&%ﬂg 5 % erag ‘% %) HSHN §ﬁ oaorve depth
d mi f the DNA
;neltl %%? ! zﬂﬁﬁa%ﬁ @%{ I t é)p li% pplng%g)ver tehe MAR
F fraggﬂ%lptép 'F@;GI? E ';g d(??g m(';‘:
m eeg|£:qriaspopd the, main (Fig.
ﬁlﬁtsr%?fs%ﬁ Qﬂlﬂﬁgﬁ may cg(rﬁgpoe nst BHdictor A8 curved DNA

reglomsaby this pegr @%} @.nﬁ?ve/w"lzr@fq;rt@ah%?zee@m @%QMEEBbpMﬁ nd CUE-
F in thetrxé beloy. MNrvenihelessswhether Siepeoigaiong exstpseand$o bent DNA
and biagerhin wvigedingrregiged is nnkrgyen,ias they goi nateogpspseed to bent DNA

- as predicteddnsMAaReYWir egBR, with the nucl eosone favouring

sites overl apping the active B, K and F regions.
Exaniple 1@aslatgrinigsosi éthen reguiatsryesieaenie il tive Ffeagahend

consi st of DNA stretches that can easily wap around
t he nucl eosomal histones, ang they had not been
previously associated wth 5 MAR sequences.

Nucl eosone- f avouri ng sequences may be nodel |l ed by a
coll ection of DNA features that include noderately
repeat ed sequences and ot her physico-cheni cal
paraneters that may allow the correct phasing and
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tool allowng the identification of novel and possibly
nmore potent MARs from genomic 35 sequences. To
wdet@ravate whet her any aspects of DNA prinmary BegEemna/ 011974

Nucle’@S‘sgme ﬁBsﬁtdee%mrbB%ayﬂsé iceAsiBerddl agené& of e wasy fspeoific
chrond i}fdﬁés IHQd ﬁcﬁﬁiéﬂDNAz AWRoadtthig partichrir 2ode Wi,

contrﬂ% fthe rdgith, #3s UHEk&10 30 BBlerMiHeaMIAR activity alone,

as thd 1‘ |o°‘n e é PEERit] Ve Rtk Ahnifrl R @bﬁ{a‘?n contained in

the F 9 spE BESdr ﬁ%@'s@ér Bi%or

trans OC 5 higHEL th Qbeﬁfﬁ 'drlﬁN %inding
sequq.ncggrfo otslns Inthes ?r (Flg 8B).
To deﬁ%rlrr@ae ?ﬁarﬂyrﬁi sq @ tio ??‘ioﬁ lq % lize close

to the 8 peAit Askvayy gtqmé VA é@HH@ %ﬁa' y&@ °ft gading by
NMP4/apd MEIF2 agﬁ@mtemmeeaﬁ@@ te hund tormingle legtganded

form obBURg. Anwnonbosm e hig! ésnaaial AJSHPM&WQ:BW%@&M@'QWQ@ toa
class pf PNArbirfdingiramrscriptian Taciat Hiah san eéhspectivate parepdesting
expresBiog.of reByhy genes. dbis stadywirligaied ithatspegificaseteinspeunh aSATB1,
NMP4 éauchesr mateistiproteth 4samdiMERR (Ohifogemigephandsy fattps2), have a

- specifit d@trisutioprzthawermia framefverk amundethe miagmalndARsd obhiing,of

cLysKHE (Kind) Qe odcurrericeeflsexeradbef thwseNeMPatdrel 8AFB1 binding sites

has D&BRLIAfirEE sRperRaE MRy BY tie EMBA ahalyaRtéfajurified reédibinant
proteﬁ,qugpasﬁdt%bwnynw nding regions is unknown, as they do

not' correspond’'to bent DNA 50 as predict ed by MAR W z
Exanipied 19'8@on§l)§apﬁ$§ gﬁgmﬁ&i’&i’i\ﬂfggé% %%gﬁ{gng CRYInduYehetic
elem51 l]l:‘lllb [ ! SYE
1 EP2004/ 011974 NucI eosone p03| t| oni ng features may
To fu af(ié)sr%&ﬁ& | e @?qq?r% n[{ﬂf C'gfg},pc C r?h LPSMAR was
delet "¢ LtaEegins (dgnt b ag} 1 pehiesylied inheyipes of part
of its pctivity wien semparegrpithaco goiepagsipiarly; gspembled from
all of s ga@poasnisHs %Coib‘%ﬁ@k(Ftﬁ 1t1htomoa iComsistentlyc ene Copy of each
CUE alstiev ot gneftopyef @ach qiaﬂhel\tmaj‘awﬁsmas@mmm beag-fo-tal, had little
activity iB the absence aithadlankingenusppes tidresprregultmstrengthen the
concl(§iendhatt optimal wens eaptinad attvity reqainss theptarobinétien of CUEs with of
flankihg sebngnasst dendstinglyciheesorplgteeM AR seq@erd2 gentratedrftbm each of
its coRdonehtid babcorsteinirgnales Efgblll BalneH NiviRér sadudiide? (AGATEC@sused to
assemBld é@:rﬁDNA&Té%rﬁénﬂ bphybtagre tranédrigion8Pactivity ¢6 fold activation)

as co a%ﬂ‘td‘ﬁlé/met a8y f hé'%ﬁi‘gﬁwﬂ VAR @IdrRémtdn this series of assays
(see ﬁggﬁr bi nding sites mght localize close to the B

active regl ons, the entire 5 -MAR sequence was

We n%Qﬁln\@setg;aft@d g{ LA Bk Péﬂt mal ?L%rv?a%;%ﬁ;?g i t-rr%d) ) ct\i,:,/: ér; t
S

repor
an eqv
up tos! E za(gg %{F ﬁ uences
uncha n R and
asse IL Sbg}?;?ﬁ@( RIS %gh ﬁi@? Wiraﬁaevﬁ@t@{q?b nd distance,
or withg & 4 these r%@ §u d fpppgir ability
to enpaneg Eamsquxmré?ﬁa PVe, tgfgs%ﬁe’“\@q'ﬁ @eqontext
and therefere there apdipn i netresyicted t%oawqub%ﬁt aglq 89188%?%068
IntererstingwiiekC HE G plement wasevien maskaghvathan GYE- Whemipserted
betwgar the GUE-F fiarking saauenass, and dhe éarmer sompesie CNWU%*@(hlblted
an acgwtiBas bighdisipabobesrved dor theaomuets natural BI49R (4.8aldaagtivation).
WhatigistingeisieSAha Gl 5- alentenp énoinf CEUE-F evon®URe is therppeeemee of
overldgiEihg birelingséitasrfpr tHOMEFa2@pind SEtB1 plotedts, ircadditionmto its CUE
featusy. tThiereford, flldiis CRIE-Bowtth CIUEFdedrkireddgaat resulieinearbigher
densifyof All thhgs bingkgssitesh@hichl iatikelg axplamtion td tiee mardases activity.
Thes&PE R THEIBER!tEat AdeneliesMIRVBS withaletjuetced cathiniy binding sites

CUE regions (Fig. 11, mddle part), which resulted in

the loss of part 25 of its activity when conpared to

the conplete MAR sequence sigilarly assenbled fromall

of its conponents as a control (Fig. 11, top part).

Consi stently, one copy of each CUE al one, or one copy

of each of the three CUEs assenbl ed head-to-tail, had

little activity in the absence of the flanking

sequences. These results strengthen the conclu3|on

1. i .

o "
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Its conmponents, but containing also Bglll-BanH |inker
sequences (AGATCC) used to assenble each DNA
wonegraea7; di spl ayed high transcriptional acti pCTEPE®4/011974

R élement int sefies of assays
poten Attt I\H{%% "next investigated whether the

t t| |1y curved DNA regions rray al so be actlve in

i’iﬂiﬁ&uﬁ&éﬁ#@ﬂ%ﬁ% fromthat fo in
Three, @UIPRIORAEE DBHFESar TGN ta¢ BreseriinveBion ale I<pTeasnior g Figure
12. CUE-F, CUE-B and CUE-K el enents, keepi ng the fl anki ng
PlasmishpBAGS is arkfflizre aUCHId eyivgitive, dégomtamska A860 ke cbigkep DNA
fragmeiné plened e Bemihband PMda/ sstigiRresigs4dha dsaibeanes om the border
of theb'saridetf thi ehicken dyroz@uEdpcieand hgs g ASTcgntedit.

orientation and di stance, or without a CUE. These
PlasAltDpGEGFRI (aldo Bakled\WSR#40EGEP) bemtralds a\detivative bhitierpGL 3-
contr@bﬁelctdr PrdrRegd)aRgficH transgiaase yeneseyasnes hadoeen réplaced by

the EGFPege JRIRed6in Yite pEGHR-N10Rte(Clontécl). TherstdeosfpGEGFP
plasrﬁlﬁ‘%%% on is not restricted to one given set of .

[ anki ng sequences Interestingly, the CUE-K el enent

s EHERGES B0 45 Wﬁfﬁ 1500 S b o

for pr?fél irf | YONMEY, MIBS- ZC‘S'HPB‘*i &shd/6r ;&@?ﬁol?(}frﬂbfélﬁ’és)&&%tltute

Plast co 8 g t ruct e>éh| I.VI t el h SGFP WIth
the Salg:fl\/,l ﬁt)"nent %@‘» a gi/
' prompﬁ%ﬁﬂaﬁzﬁ%ﬂtﬁ '? @sp overl appl ng

bi nding sites for the VEF- 2 and Sat Bl protel ns,
Exampldi13i :orffeet ofithe@ditional trae h PrMa ansfegtanicells on
transgenk eRpFessibhanki ng domai n resul ts in a higher 50

density of all three binding sites, which is likely
One ¢aypbefors iransfectidr) eelin veeaptaded it & 2htwell plates de gresthl hedium at a
densityéfl .86 & 107akeligmetiTof CRD-DIGAAESIsW 6 hosiapestdasculum, cells were
transfé@féoﬁwném% i RAEREd 301409 c3hfl¥hc)B8ihg49sdféct-AMINE 2000
(here%féﬁﬁ’?@@@d dSHAing t8th& oA rRirastu Fd#&NnatPy dWR4 . (INvitFogen). Twenty-
severy hte?é‘ é?arrufﬁol*r eg H@dY&RU%WEﬁ/I GRRFS ﬁ)td%ntaﬂﬁfn@nf4 | of
LF20§6 ré Hi 257‘3}9 ??M@ Uﬁiaﬁlﬂ% rcﬁqﬁ‘l'egf‘ﬁgsmld DNA.
The éﬁ?ﬂo‘i’iﬁ%e ofi ﬁ ?as%’ﬁﬂr( ¥hel ¥|%%hﬂ£f§i ‘\g\@ hifof Borter
plasrrtg g't t?éh H i 5 gﬂb Q‘ért?oorﬁ mperature for 20
min ) CTHS Bs chI ted with 300 pl

ﬁfO = %’?\%8 r }:u ﬁ @y ergp ee celﬁ%n PE \{ve % olowmg 3
ours ipgyibation ¢fhacplls wih the [0 & K adagtbgioh | of
DMEMbasedinadigaswas gdgdrd Ap ﬁaelam efg g ated for 24

hourg i81a56Cn drstpalm\al GECEP h@@ﬁ{l$ wer¢ then trrnisfeeter\asefondiime
accorgingdo the metbed deseidied ahexe gxpeptihahineHesistancedawnigsearried

~ anothgsnesisfenoe geee kpSVpwen Tweniydedr hgursafier Herseemnskiransfection,

cells werpupassaged raimdtewpapﬁﬁmqtma V& ftask(a@intainingrselection rsediam
supplemen@EERPh 500 aint G-4181 384 5pug/trB pRramsydinl AftdGEGFPweek selection
period cstablpltransfextatbceisavenreccudfuredhn @R plates aAlteinatvely the cell
populationwisriranskRciedragaipRAMY (HePsdrak smethadigsut pTKhygro (Clontech) and
pSVdphats- iBYkEdHdED lasmids. Theiexpresstorrdf GERGES ahalhsed Beth
Fluor8scdrys-ddfifatetesitortet gnte@sp and RethNCBluopsstamd | ust

upstream of the SV40 20 pronoter. The size of the

Fig. 19 EAGH teem® bReAd é%f?t?@%@e-tr%ﬁ@f&&i&j délis: (hEfder cafled

secorid¥fy #9ALek ﬁcft #/ %58 588n hat § Eloulb and
et WEId ot Bl d o rgqlzsméw rf O%IL @F ‘fo but also

f Foefif ié

conta r{e%inac‘ g %WE cﬁ‘ng ?qub érﬂ) as
comp; e ra 1 cence
correztinds ity spEdiic ¢ ﬁﬁ“'?h Bei %ng '25532 rﬁ‘&éﬁgéLgrﬁg%q”deed

Li pof ect - AM NE 2000 (here| ng ter LFZOOO) according to
the manufacturer's instructifons (lnvitrogen). Twenty-
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seven mcroliters of serumfree nmedium (Opti - VEM
Invitrogen) containing 1.4 pl of 30 LF2000 were m xed
wwzoda;/ozﬁsml of thl MEM cont ai ni ng 830 ng of | POEAP2004/011974

cells Q?:t@d |H%lr§°¥r‘aﬁ é)' A8t Aldasskpress the marker
prote % r&l’fé?rréeﬂansfectlon Bars

belo 83%% g%g? o"El /o fﬁ‘i ogram and less
thanvgcﬁﬁg%&ng ?Egesga gggrtﬁ%t détléﬂ%!t \AE 2en -

‘MEM and poured into

previ ously enptled ceII contalnlng wells. Foll 3
Strikingly HbaranaU G AHPESCENCE RENBERY bY Ip tinefestesaels &uegaested that

the subropulatipncdzells bavinodncorpamted DNA twinepxprrssgd fadeh more GFP
than theexpedied tt/v@-f@g:blmcv@qse Indeedc the resylds sheowptimdable 2 indicate that
the securdlaat transfectapts exfubited, ion aveCaye,imenebthaorthatwafad imerease of
GFP exmpaeceaviteo tseénot sequehees, erhenatssanbnslidcessive dransfatiting, would
have beeh etegrité thddpsadehibdambwitk sirelaregfficiehaiest Inderestingly, this was
not degsidandnn ehe besnbtércaguersk ddving they repesies geneasgmtk viral and
cellulgépSdmuten-contamimy/ véetors duver = siafilae GRMenhascerdent (compare lane 1
and 2)r oWk et trneffddl vl partivelary paEked fal the dARpsMSidingnteetor as
comprdd #hpibbmds WA MARD (156 85 vinste TRE WS coRSERItR@RFirRdections
resulfé’Utlﬁ‘ 2568 2pA/ 415 16hi4AG B8E irPeRHeStioR! LihQWdelﬁinc?\%B(Sémﬂents
two week sel ection per I od, stabl y transfected cel
*f‘gg)gofvgl H.Id’s;’ S W lrhar) AL FS. SRR ITEGF fm?escence
ot anst S"}ﬁ a3 Ol 1H5ncrB0Ee

ﬁﬁ%ﬁé&@ e P an ) odidconmb acl 223 o dort o s
pHACSHV; ﬁgeﬁﬁh a Fl 8&#%8scan! Fi 361§8shovv t hat 8-Be
phenot ype of the twi ce-transfected cells (hereafter

Tape efiplasmidndarly t Rrimsdrgct ant syecuwidaon! y B@EEPdtuoccesyence
col oured, such tlhatrasgfeclial bulttanafedttiohi ||t er Feldriecrease
pEECEGRP to visual i ze'452e green goi7ga frdmthe GER
pSQUEEGFPoUt al So 50 4u@nt al ned aqmgrerity of praodgcl ng
CRIARESVABEGEP T1/0NT-88N@ ST d¢ FAGRyisSTogram ay g

conpare o theparental—poputatTon—{central
histogram). This |evel of fluorescence corresponds to
ecific cellular productivities of at |least 10 pg per

Tablq;& Irffeet of (g%’yranpfﬁg:@gg prigrgnpngsapeiesianie gt 24 hours interval on GFP
expresgpnEPROGRdEnerTiEnt expeiinents aie showsd ThaIrgsistancei plasmid
pSVneprwameg-transiiestascwith veioushGl Paexpresgior xpeiess @neday post-
transiesti@ercellpvatre ire-tiansteciédwiib the sameyplaguist with the difference
that tberdsigtapcs plaisorid afasechanged fams$ éptrioo ellBaasyingdbaiv ragidtance
genesinietrs selectadhori 500 pgdnke@ek! Ssamoli gieh 3o mycinhend thetexgdression
of thehiepbaigr gema@nthrkeswas ghamtifieth hynFluboscaghThéifslddgereases
corredpors] BUtigeaticof flihdvesasittid distamleddrirh 3wbadnbeeutive transfections
as cohfptited estrrts AN &f FIU6AREEHEE bitamdd RomaHe Gohfespondin
indepehtibii fdsfectioh®. FABYOH ifdrehSAEIHRS GRS RURYED Qgﬁ.ﬂgar%w higher
are sﬁ@‘wﬁ 'in"‘B§IBe&ﬁ@@oﬁéébénét&ﬂﬁé@éérk@%lu é‘*ﬁa? HRPetistehM over

2-foldhigheH than Y BEIHOA RNAS AL inepichive ity Bctions:

ncr

an the expect ase. ee

 The ilGBALERESFAWEES of ?a%h% At Bl st

expe@%iﬁ%ﬁé”ﬁf\%ﬁ?@@%@% CpRERLTpriigreviousty

Taken ?ts oL etgcesiscante %\%tée g@&ﬂorf p tt tthe plasmid sequences
that R % pﬂpmgrwcéq gdegration of other
plasrjids B Sf@ﬁP%‘ ion yyth @Htm%ﬁm'l”ﬁeg PBH@
mo'e%%ﬁjéﬂ@%ﬂ EGPRpination evsais %‘FCLtﬁé\ﬂ Irag Thaimepa gitentig plasmid
DNA bas reached 5‘?‘% mecEUs sk the diesyener pbhemglpgous recainbiation

GFP enhancenent (conpare Iargzal 15 and 2). However,

the effect was particularly rked for the

MAR- cont ai ni ng vector as conpared to plasm ds w thout

MAR- (lane 3), where the two consecutive transfections

resulted in a 5.3 and 4.6 fold increase in expression,

in two d| stl nct exper| ments. Type of pI asm ds Pr| nmary

~ o P—peap—r— o o o - s o o .
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transfection transfection Fold increase pUbCEG-P
6' 452 15'794 2.5 PpSVAOEGFP 4'433 11'735 2.6
WQMO&MGEG:P 8' 116 37'475 4.6 20 Table 7. EPCe®EP208/011974

betw t'§8tp' B%H@Etﬂegﬁﬁeﬁﬁrtﬁ%%éﬁt é\Q%a% been shown to
bee r rﬁﬁl.[(ﬁg)%rer I 2 m Ca ecchi,
Nonr ro&g et jgc e(r:] into

mam gg,cg @lqg%ﬁ él ('Eéqpfegmmg,t@e integration of
multiplg. tsom ff@@t w&wef, raingjiom beyeen newly

introciyiced d)NA @é‘d 'tslﬁtromé‘ot’f@é h@'tné? ?Jmﬁlt%{t QPCHES VRN AR ata
frequepey plpul©: calisi regeivinaryNAJo g masé§iThomase K-BelfeB. Folger, and
M.R. Wapecshi| Highellequersgdarggting ofganes tmapagitic ﬁtteepmtrtbﬁmammallan
genoaned Celle 193644 3): pn4 1828t Ihdhugdbetresulieeméghtandieateibat the MAR

- elementesurpfisingly Ry tsHoynoasdasuch recdnadbidatior eearsts SMARs would not only

modifycthe esgaigation éfhenestin aivel aht possibhieaise atibivadMAdeplication in

conjunetior Kithasral DXA éecrptest butnbey Aayasis6 aapas OMA ecoltbination
signafddm of fluorescence obtained fromthe corresponding

i ndependent transfections. The fold increases that

Exanif5ie®14 UGS flediid! qj@q}tték[%c%kﬁg ;—]'ﬁﬁ Gieiﬂg"m‘ é%?r@é’ét@n in
multiply transfectsd 'cells” '

CONSTSt :Gﬁ-y—trver 2-fold higher than the addition of

t hose obtained fromthe independent transfections: 35

If MARn@rivarcreeasbinationtevents/ebreofo dgelr @xtireessitiphe transfections process,
we expdd thatyhe spmdrgy betivesy! the prasanycind seqoeciaey plasorid DNA would be
affectadrvyethie gresshsdgieMAReletrizings af drecbr batth ofcthe lhedsfection steps. We
examiisceihieposyilsility ysMitiply ik dtiopetdiehe ceiewitBtpMAR alone or in
combMiARANEH vARSES SResdion bRenideaisimpthd Metidpgidtibed previously.
Tables8@HEWS Rat thdifedtingRE ickls tvﬂb@Wtﬁttﬁg IMAR-$VEOFGFP plasmid gave
the hiZRBS{EX |9n foP@lFIF’ 53 the H étadé Qe eﬁﬁ?ﬁ erffént ofa condltlons

Sy f 8‘% b Sve it
(ent::’ahg rﬂl 9 ? %I%&EE ?%@% y &? o ZP@ g% r\\&gl co&tp e that the
ey

Pressi a?é’ﬁé%c’“f’ﬂes"%bﬁ %%&essﬁaf fppehievethe

maX"?‘PE%&&?t ByYBeRmol ogous e @%ibl nation 37 WO

2005/ 040377 PCT/ EP2004/ 8hm‘ ween co-| n| ected
pl a&minmarydlapsigiceni n cul t ured mamBecondarydransfectionbeen

TypeeMladrpid be exBGAR! y NiType oﬁﬁ[ﬂs@ﬁi@hl ng UrgGFP- Fold

(Fol'ger, K R flubresébdms, and M R Capec@fliorescence | increase
pM,gtgnrem procal— exXCRANgES [GfART OT Tt O~ bet weeg DA 0

upl exes coijnjected intd %ﬁi g@n cell nugd Vb
i p 2.3-2.5
Cel LHBLi-Ol 1985 |r5v1( |12 i nlp nl 3 %\E#al nl wbﬁgr 2'6-2‘7

pMﬁan%V%@%@Ep econﬂ 2% i on % ? i nt %%17 d prh3-5.3
and its _chramsonmal. _homlP ormal ly occurs 2819 1.0-1.1
PSYARRGBEP at 4 fredldncy |#8VAOESHD3 celll s ch%QQ/l ng| 2.8
DNA to the nmost [ ThomadPMAR . K R Fal ger!1! 46 R.8-2.3
Capecchi, Hi gh frequency targeti ng of genes to
specific sites in the mammalian genonme. Cell, 1986.
Interesdingly; when4elds p@ré firstirapsfectesl witls pMAR @i, anddhemtre
transidetdd witle pBVROEG KR enpMAR-GMAOESI AR the BB I¢velpweretere than
doubledcds ¢amparedtathese weahing. frdiiBse vingledtramifeotidryof tredatey
plasniti€ (26 gl Z AtfoldTeohe@RBRS insfead dftheaigeprsib1-pbIN). dhiPindicates
that thé bAY PAHsEeRin 6BtheMMARTanCABicHBE ithe Bx@dsBion dfdhe BM¥AmId used
in thesée&ﬁﬂct%sféaﬁbntmédedmé‘ Bé@éhs%Q‘MAR% n! l%@ 8 SREh@atin

‘ struct%t@ ﬁﬂi enéex nettiltéfimeg@thﬁF Fnt ale
integrak tﬁar% rcﬁﬁ@écﬁﬁél‘ 188ud."In CBH réétptrﬁngfe%ﬂ 9% @ P expression
vectoFse oll tH§ AR CRMRERGHRY SEX&% § Idy IﬂﬁtﬁH no
impro} E . G e\'}élgnﬁ]?ﬁtdl&ﬂés H{ rder ﬁ

ner secon asmd

DNA vvoul d be 20 af f ect ed by the presence of I\/AR

el ements at one or both of the transfection steps. W
exam ned this possibility by multiply transfections of
the cells with pMAR alone or in conbination with

vari ous expression plasmds, using the nethod

descri bed previ ously. Tabl e 3 shows that transf ectl ng

R AA N £\ 7 A 7\ ™ ==~
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t he hi ghest expression of GFP and the hi ghest degree
of enhancenent of all conditions 25 (4.3 fold). In
woamtsmacm7 transfecting twice the vector w t hoBCTMEREV04/011974

trans%‘l’@n hd ﬁ’ﬁﬁcﬁ‘taﬁft ad ﬂiﬁﬁﬂf@%ﬁﬂbns@cﬁoﬁ @{/é*nt éHMcPé‘&\tﬁfn a MAR
elemé& o%?ﬂBﬁFé@ m%ﬁ g/f rﬂ%]rlier‘ IB%I@%?% Siohhat the

resence 0) nts at eac rans eCtI on step IS

es%@* adieli i “@?ig%ﬁ%p;éﬁ’“&%‘?%%@?éﬂimxigﬁ
B
rans net affec _

on WP Seg(pe § f Iasmld

S. Vg m sznglcgtefchat it is
more mwrsbﬂ@demmiqctih% @R@W@E@?ﬁ st pathenthangn he ppond
trans lgnqun’o Thisisu pligwingamelsedleryeshanispyiuing the first

transfgafion praggiure ghe, MARabemﬁn‘@rrégv cApeatemaiian ansl integfgiee at least in
part, fri thetcellulan shewnesbrag t Thip iMiegesiech MARBINA hay indurn favour the
furtharrintegfativneaf MmotehplpSvitBEGEMN the sédorB\VdaisEEEtjon procelitre, at the
samd evatlssnemiby obsraosdvanl lodasibl ed as conpared to those
resulting fromthe single transfection of the later 35

" Exanmpidsty dgARS &s ?erkbnmwa@ﬁmorabnﬁhtbrsl nstead of
e expecte 'S 1 Ndl cates at the prlor

If int &%ﬁfl\ﬁ,&h‘s‘?ﬂe(ﬂgt h§ yﬁ%témebﬂﬁhﬁﬁﬁntﬂb‘?nﬁ%%‘?\yéeéﬁﬂoﬂ{bs%frnaI

strucluré t hig sﬁfg sdi ﬁ'%?/ llh%r% cond transfection

was pﬁ{r?cr I§n ?{'hseefl e 18 rh il ntroduced

episo{w i 6} é d% gl S |I'|t¥ ’r% Ig Tabtl/(\a/ 3,

selec icr nce for In e or twice

and . E& Ar@pq,%%rtag #é ép qe{g\ggglowt\\ll\é?{;{gals {qcﬁg %Hg%@ he tertiary, or
aBsige

i qupteiang %EVC 3 SIBPAT Q \wﬁh fgmbinations of
PMAR%PW4%GE*H@‘@:P”$¥%%¢ r G expragsion asbelom- ¢ he
order of plasm d 38 WO 2005/ 040377 PCT/ EP2004/ 011974
transfection is inportant, and that the first

transfection event shouldTadie& n a MAR elenent to

allow significantly higher levels of transgene

expr exgtigny: trarisféddnel ement s {avour edQiaRridyatR@Mtton

R e e

procedur ds, “¢'SPFEWE | B3 )Pr??\%q ' i ntegrat|i fino@scems | 10 oo

chromosonel- |l ocus.—omne woul-diexpect--that -the - order —of €

o oo ot oty TC—y Voot o9+t

_ PMARy| asmi d t|r ansiBeBBi on |wodt4 nal?mg* ect GFP |l evé|3§’1_85 S| 24

However, [the above findings {P¥ARate that fit 14008@re| 7.6
favourablle to transféct the MAYAREGHENt in the first

PMAR-SVHOEGHIan i165de secol@d trpMARecti on evient 91THI0s 5.5
suggests {the foll ow ng nol ecubd40BESERani sm during the

first 10 jtransfection procediysMAR he MAR el em3Bi&i4may | 2.0

concatenerize and rntegrate, at Teast 1n part, Tn the
cel lular chronpbsone. This int egirat ed MAR DNA may in

Table 8 MARs2riast fRellitater efHNA Infeg#i@N on of nore pl asmids,
duri ng t he second transfection procedure, at the sane

or nearb chronpsonal 1 ocus. 15 Exanple 15 : MARs .
The aM/% EGRRNMARSYROE GRE i9erpaday stransieatas resg used in a

third gyge @néfeef@oa g dhe iendegit theesaleaiionapriosaspel e sytigry transfection
was enegmpliahes witt pIARr of PMARWBUAREGkecandi ghKinkgrel as selection
plasmifl, oxgive ¢aitiary tarsfectantshdftardnbours anslfseweretransfested again with
eithep ptdsonidednd op§Vdlifr e resutiing iim stheogeateatarg transfectamits which were
selectasin gfovﬁhemtedmmlc@ntémrng NSO Gigaad G291 @ RingoSad/mPNAIrBas/cin, 300
ug/mlb&?? Yo Bt 8ed  SiMandicstfesldie S TRES S ddry  trdhi@ectants  initially
exhibf&d 15 GFFORLdRREENGE of B3DBCTRE RS ikAkad¥isOtdifespond to the ratio of
fluore%@éhéé BB&?néd”FroHN\ﬁc? cHRESStivAREShFEAIonEeH BImPafld to the sum of
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and selected for the incorporation of additional DNA
resi stance markers. The tertiary, or the tertiary and
wqueﬂs&mmvy transfection cycl es vvere per f or me#CWMEPR004/011974

fluor s aébt%%dofronpw EbEn éﬁﬂtéﬂgﬁ%\éﬁ&ﬁ’s The fold

d dt

%Tfé?% a@% g@%@&gﬁ%@%ﬁ&%ﬁ”@%@ glb Efeq from the
S

mdeqqu?gg cence increas” e pI\/AR 18368 2.2 pMAR
4 R-..140' 000 7.6 840

Thes%@%ﬁtszs%!? N)!&ife 02gHRHAPre Capies\pi § %};@Af—%é% gesulted in,
SImllayo’Z fp&%p@hgncqm@&tsﬁ{to akcelbflyqreseanse. bpagjm even more of the MAR
in the ay=tgrnary gansfertion fusthesenbrarsd thisartidlydnrapgther 2.4-fold. This is
consistant mdtarguriyaathestst that sewlyriatroduced MAR sediengesyaakiniggrate at
the chroamefamealitamsgene heusry idmolegose reaimbinapomwm apd sherghy further
incretss traasgena expséssiom.on was acconpl i shed with pMAR or

pMAR- SVA0EGFP, and pTKhygro as sel ection 35 plasmd,
Wheit thegesls weret trafsfedted msthird tamdtfourtAfiey with tihe pVAR-SB40EGFP
plasnifell GFF adthite elreibr agiaeasdd idhceiddieto RvaBMdt explcted from the
additREEHRE fubREBEHGBVER HIGiINaH FHdH r}ﬂfépehaénﬁfrgﬁéféaﬁcﬁws GFP
expr%ldﬁ"'re‘é%ﬁ@d Ie%% setﬁb‘?ﬁés'uﬂeﬂ'ir?léél e ﬁ!b@ﬁb‘ eBh19 daf fght

ne (BHOMLH flaksfection

(Fig. % Q % r dl@ HMHh%e el
h f
lesc t gIljh Popef fithi Bgt(ape E{é&ﬁ? c‘? ICE %ﬁmhe E%tlenrwal gene

expr f%l Qr Fﬁrf 0\(:%' 5 ?\A@g S period.
Sgg r\ﬁjn lncreasmg
s %ve %@kﬁe FPA;nO%qru é%‘#%’%\bf PHag closed

chro 'T‘? @h&E éﬂar@ﬁ‘tse #%?'é%??%tbf tio¥asui, D.,
etal. f%MEﬂ ‘tﬁEgeé%%r@rrtamtremd@ﬂlnadséaggla@wn%ﬁw rJoRg ﬁ;éances
Naturg, @08RoHO(PR0 Do P64 tfd - Aeinadiveldor eonganitanilyc potentially
relocgigl neasby bane%t%swm@leﬁrmwl@mttmm i@ bedtiriched imfrans-acting
factotshomiudibg aroteids fihaimanhearticipdtpieréeombinadioafeventsosicch &6
topoiddresmsesslhis caslresult imea Idcoadn mdiciothe MABR ssyuahcpd/BEh dracket
the pBVABESFD EHieBts, effidid¢rdly shieldipignthedrandgéntsl frenhetnoaratintraediated
silencifhg effeets. cel | fl uorescence. Loadi ng even nore of the

MAR in the quaternary transfection further enhanced

Exaniles! ACUL¥ iof MARs dehtiéd with SMAR SEAR® Il $o indHaake et

expresergnlra ﬁghrg'Pa‘[‘Fa‘t§ nne1Oyt Ihg Ezgrom)somal

Four ,ﬂiﬁ‘%&%‘ nt's 3 rQP(chnq&tg &?é'tgfrrg ﬁ{goé %S %ﬁgeu ﬁom the

RSl LS i
"gﬂwdp rgiths f'r:saww@rer

reprer?-ﬁ s d OrRRRAIME, arfth? 9@?9”%?9 ea@@&%aﬂ I speond

. humbes 'Saaraﬁq' %W Benr CiﬁdLMAgS%I@ﬁ@ his SREIBOSNG) ARG Xt Sefh a “super”

MARﬂfﬁﬁféw@ﬁmhr@mgﬁgm@ah e [EepictehMaRs were ingerted into the
PGEGEREPstrehrctaramsiream eithee3Y40 prasmefiey agH @nhagoesr driving the
expregaipn) 9fghe greem fuorascentipsatein ard theserfplasmiss wergi teanséected into
cultuneddeHOmelles 29 desatibpdgirevibusly(dakn-Zabal, tM.aet sledDéaiopment of
stablevagl!! tineshfonjpgitiictioh an redudateebepgre ssior usingtrhetrizfdifachmgnt regions.
J Biotechhble 2001 r87 (DN, 2OAR)f Exprestiodiafdhé rant§ate wasplesn analyzed in
the tdtalriopaidiiehves etaldly anfectddodilsi iy ddiudledcenpbélPédHdrifFACS)
mach@y, IASEdares Se@P frENPFigS 30 04l bNGesa vewPiRnEAYd R RYincreased the
expreRERhafitRe tr@H@% erfe $iJABBaNBEKSOREIhe A risiIe HHEMELY IR chicken
lysosIAB MARTBTRE Sup&¥ MAR S€ BPEIBENg it %s"i‘bbfght%‘f &l1'o? tHenewly
identifi®g WBRRE NY
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reconbi nati on frequency at their site of chronosonal
integration by relaxing closed chromatin structure,
waodsiveys7medi ate a | ocal increase of histone PCI/EP2004/011974
acetyl ation (Yasw, D., et al., SATBl targets
i |

uwwb Sﬁ M 'oc%p
68).

rlan

U nia

Exa
elect

S gi bl ﬁﬁ?ﬁwbﬁ%‘%ﬁ%@ef e

treatrpepk ofj anemigaf he SPE‘%?! paced updee

induciile Rrersoterdp @ ok Py systemdessrbed pigvioysly sallegtbelowthe
Netwal smtemélmlm MeQuehbateliaeh For aadk Mermore No SR GApegulatory
networsfeaeHicient tontralmfitsansaens dkprgssion. I r@asgaded. 2, Hii-116.). The
EPO ahdoegilatorygdinas ace thed isjectaddnripe efidsets of mibeanging aben vivo
electidperation\¥Bsed urerteirhée thertlebir&hds &g ap(that the gemes are transferred
to thd nedleiasfehé Ineuscix filvers sSWiencthe aloxgcyline rtibigticds added $bthe
drinking Wat®dPeT thleatizet tigvespoand axpettdErt induts the exmession of EPO,
whictbRANEEE BS tRbs IRl Aesh Bﬂﬁ@He"rWatoéﬂGIéVéll gud'to HeeinerRyERkah #ed blood
cell cBHH@%S&B%?WﬁEH foiild b &Mﬁ%t%@@) TAGs, lhﬁhe MAR improved
expr \%[?P\ dr 1VBRSF hfatb&itTRSLId bR exbeftad. 1

ere the flrst number represents the chronDsonE

In wvfﬁ SW}%E\PS i{%ﬁ&??@% Q)%I? RE@@ %ﬁ%@%ﬁ Gttigﬂgfzf%ﬁ&d(lffa Credo-

Charleg P livered by
trans-guit e GUORS, edi %@%SQ}% I§n YVErgC rrled out
undeg Kstarwaekﬁﬁ@aaékgb @955 10 madhe) gnesine if{s%l/ @%owﬁng tﬂ

ng
intrarysiArdpiegtien eh Ry an %I?‘FWP?#&_IQ'%@@S@P@“@@ 49 the Bruselge A voltage
of 20 rBr\@@m wasgaprlingeintd mesdqusas alridiz (ReftangWia Darted Radraillaud JM,

. SoubrieahsPelaesel P Btr@nelech Mahdowhid, dhwessgeraﬁl Selegymareld. 2000. “High-

level praeinaesrgtiqndatmbidat airculktion eftenelectrivguds@pmetiatedfgene transfer
into skektdlencsdid”. Moldher.d: 20detl)ct i on or regul at ed

expression using matrix attachnent regions. 45 J
16 mdeatsrehniebiedd®Pthe Ntwbrk syste@%expidssifr BPES fithBubthet 168 MAR
and 18 &ASLRIIE: Weke H&.ﬂe@%h)ﬁﬁ@Néhﬁorl(@}%térﬁﬁr%orﬁ@r@%hgtth@MAR in 5’ of
the pﬁm%ﬂ@hﬁaﬁé@%{;%hé’& @r‘i\hhétHéSéﬂﬁeésl h‘é@ﬂféé@tﬂiat&eé d EPO
gene§°l té%\rch hal b'?ﬁ’ce 1€ RUbRfSPRIb% %egm dkfhking water

from éﬁ%? ﬁ@%@:ﬁ gﬂti % 2y S‘Fél i Srt) and in the
Otherexplfes)%{ ri ve%u&y he é}@t ,&,ﬁ dﬁ%

Blooq1 engNe}?Arg A 529 be| !, the gent @f afro oPmtaﬁ punctlon at
differ aggr fllgf;ag OIE)Q |sgn v&rﬁre }eld memutes

at 50 rgg@r gawesturg a um@l r,g;C et 515 Is is assessed

in CO’N@?%Q']("% hertatal piqad \@Mﬂwaﬂﬂﬁcﬁa@rﬁﬁ?&rﬁmpe( !9 determining the

hemam“er'tt'%\@‘apeutl c gene encodes EPO (erythropoietin), an
hornone used for the treatnent of anem a. The EPO

As capehrededugsichiten figdéd Thagreumef slicainjesterbky dAR inggwork, induced

from thedeeginniog pf theexperimentadigplay asbettetindyciamofdbe heintatdcrit in

comparieoin ofiglige njeddted biyelriginal hetwaxls wiltolit BAR .effter 2rhnointhayl :

- haematocrith at WARrabntétningagrdup/ds stilll at Kaluéf BHer (85%) than normal

hemateyitllatels 45-68¥)or k for efficient control of transgene
expression. J. Gene. Med. 2, 107-116.). The 10 EPO and

More i@@ohan®y, Yateen@SctRihgdajen) Isrbc%%tlﬁéi ohly ihiregatrd & MAR but not
from FiCwHEIHhealetWdri Wifks ifjed WRRS R ithe VAR OFRMHHR: MAR likely

o PR Pt e e oo

doxycycline antibiotic is added to the drinking
wat er of the mce, this conpound is expected to induce
the expression of EPO, which will lead to the
el evation of the henatocr|t4level due to the increase
in red blood 15 cell counts ﬁedlated by the high
| evel s of circulating EPO Thus, if the MAR i nproved
expressi on of EPO higher | evel s of hematocrit woul d
be expected. In vivo experinments were carried out on 5
meek oId C57BL6 fenale n1ce (Iffa Credo Charles



i ntramuscul ar injection of DNA, an electrical field
was applied to the nuscle. A voltage of 200 V/cm was
wappisioeed77n 8 nms pul ses at 1 Hz (Bettan M Dar PeT/EPRI04/011974

OversfRithé m%meﬁ%%@fo Fﬁcréa%b%ﬁé % Fesgfoﬁr’(ﬁ* tA6 tlﬁérageutlc gene as
detecfvéﬁ'?r@HWts MordA86R Ssidib Q-%/(ocr Wi gh
C|rc ation after

evel protein secretlon |nto
el ectric pul se-nedi at ed gene transfer into skel etal
nmuscl e”. Mot Ther. 2: 204-10). 16 mice were injected
by the Network system expressing EPO without the 1 68
MAR and 16 other mce were injected with the Network
systemincorporating the MAR in 5 of 30 the
pronot er/ enhancer sequences driving the expression of
the activator and EPO genes. In each group, half of
the mce were submtted to doxycycline in drinking
water fromthe beginning of the experinent (day O -
the day of electrotransfer) and in the other half,
doxycycline was put in drinking water starting at day
21. 35 Bl ood sanples were col |l ected using heparinated
capillaries by retro-orbital punction at different
times after the injection of plasmds. Capillaries
were centrifugated 10 m nutes at 5000 rpm at room
tenperature and the volunetric fraction of blood cells
is assessed in conparison to the total bl ood vol une
and expressed as a percentile, determ ning the
hematocrit |level. 40 As can be deduced fromFig. 16
The group of mce injected by MAR-network, induced
fromthe begi nning of the experinent, display a better
i nduction of the hematocrit in conparison of mce
injected by original network w thout MAR After 2

nmont hs, haematocrits in "MAR-containing group” is
still at values higher (65% than normal 45 hematocrit
| evel s (45-55% . More inportantly, late induction (day
21) is possible only in presence of MAR but not from
m ce where the Network wwas injected w thout the MAR
Thus the MAR likely protects the transgenes from
silencing and all ows induction of its expression even
after 50" prolong period in non-inducing conditions.
41 WD 2005/ 040377 PCT/ EP2004/ 011974 Overall, the MAR
elenent is able to increase the expression of the
t herapeutic gene as detected fromits increased
physi ol ogi cal effect on the hematocrit. 42 WO
2005/ 040377 PCT/ EP2004/ 011974 CLAIMS 1. A purified
and isol ated DNA sequence havi ng protein production
increasing activity characterized in that said DNA
sequence conprises 5 a) at | east one bent DNA el enent,
b) and at |east one binding site for a DNA bi ndi ng
protein. 2. The purified and isol ated DNA sequence of
claim|l characterized in that the bent DNA el enent
contains at |east 10% of dinucleotide TA, and/or at

| east 12% of 10 di nucl eotide AT on a stretch of 100
conti guous base pairs. 3. The purified and isol ated
DNA sequence of claim 2 characterized in that the bent
DNA el enent contains at |east 33% of dinucleotide TA,
and/or at |east 33% of dinucleotide AT on a stretch
of 100 contiguous base pairs. 15 4. The purified and

i sol ated DNA sequence of clains 1 to 2, characterized
in that it conprises a MAR nucl eoti de sequence
sel ected fromthe group conprising the sequences SEQ
ID Nos 1 to 27, a sequence conpl enentary thereof, a
part thereof o
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sharing at |east 70% nucl eotides in length, a
nol ecul ar chinmera thereof, a conbination 20 thereof
wandswaeizants. 5. The purified and isol ated DNACT/EP2004/011974
sequence of clainms 1 to 2, characterized in that it
CLAIMS conprises a cLysMAR el enent and/or fragment, a
sequence conplenentary thereof, a part thereof
1. Ashaiflettamd idokaed DNYsoH0éecH hdﬂaglpmoﬂeﬁngtdducaon increasing
activity dHlraeteriaed Gtz aidt IDNAeﬁc}ueﬁhceﬂcfonﬁmﬁysnat i on t her eof
a ) af SyghéWDmefgmerﬂurl i ed and isol ated DNA
aﬁﬁergél?%qowe &hé‘ihp“s'ﬁefé 8TNA HindiRg prdtelhat said part

is a nucleotide sequence seI ected fromthe B,

DNA e%ﬁ%@ ﬁ;lﬂ% agfﬁteae’B séﬁaﬁe r‘ﬁ\sg %% d bbtgr]rag%g ;;i’;f]t(e%% %2}5 t%?tdthe bent

dinucle 84 & rooé‘ 8H8H% 388 P21 m 7,

characterlzedlnth t he tran r| ctor |s
3. Thensttied andisplaked ? b é%@ éé:?@@qi in that the bent
DNA elegephii gontains @t iast 33% of dinyeleg @nger atslga%tt o of .

_ dinucleotidguehos aastr@ﬂohuqﬁﬂﬁo mﬁgu@u%baﬁwalrﬁ that the

transcription factor is selected fromthe group
4, ThemurifiedrendSadBied DN sediEfite @R;lainid Ko 2FEEAGEEterBBNAN that it
compris€EABAVIARBhudédifle Sisquanice ddectedPtom GEBROUPCREBRYiSIngG @
sequencéd SFEACYNokHHb, 27 Fstr|ueihee ddwRementgHRerddf td part Thdreof

sharing 2fighst P8 FGERERIETR lengticl mEISKHar chinira theFsbf bgtdmbination
thereof M@ang@l POU6F1, SRF, V$|\/|TATA B, XFD2, Bach2 CDP

CR3, Cdx2, FOXJ2, HFL, HP1 Myc, PBX, Pax3 TEF, VBP,
5, f@ CLI 9%7@ équé:r@ép o clﬁﬁlw to QFHJraraHBh’ied in that it

rornpns %%5%@1@ rQ:'3= &rféj' §h|é?ﬁéﬁ ﬁg?érgi?,faa

part ther o F'ﬁ n %| a
Comb'naft' Qé ﬁg@l f ot e| n productl on i ncrea3| ng

ct|v1t a, se Iems t ereof .
- 'Ff;_%gedgﬁﬁ%aé Uepe r'FE et g=ic
parttherﬁa amp deSEqUeREs seiected %%Wﬁ
variants. 50 11. The cLysMAR el errent and/or fra rrent
7. The purdieghars 'é@ﬁé@dsWW'lﬂe eficlaigsst t%ﬁeChW@@t%@?F’d@ that said
DNA bingénguprideings ladeansgriptionfadter-B, K and F regi ons. 43 WO
2005/ 040377 PCT/ EP2004/ 011974' 12. A synthetic MAR
8. Thequeiiied arahipolatechsequenoeadt iR €] earacterizad/mthat the

. transcridtioagisetdrds salestEtbiad the tgnewn compkisingstbgueaty@solyPonTdin

proteinssynthetic MAR sequence of claim 12, characterized in

that the MAR 5 conprises a cLysMAR el enent and/ or
9. TheadFFRY. arRl E6RALANSSyRsHTR MBahaY YcHdIatRPized an tHiA ke
transcrlﬁtfé%rﬁeforfi§ §él‘e€fbdﬁ\‘?orhﬁtﬁétgr8@8/‘b8mb|n§%' SRTBH nNi\/ﬁl‘lﬂtl\hEFQ S8,
DLX1, A@é‘f‘ BR ¥R IO 1Ct'3/é§FEf@REB@ﬂ FOX,

Freac7 ﬁxfemi 9%? ’F H‘GKPBW RCC?EEP Lhma,
Cdcs. F HIE' § fRF nﬁ\fﬂg‘ﬁ %Foz
Bach2, E C Brn2,
COMP1, ﬁﬁ% § Iu ,S n{;ﬁHF
Vw65 by e e g a.wg% m&e *B%F&f'n

depth and ni nor wi dt h |als and m,altln
10. Féffﬁ@da%” isolafed %Emﬁ\/‘ﬁa%m 53% famwgﬂaéﬂwo ki
produch@w@ﬁaémg@qﬂg% @%Wr@c’me meatarytbered n@,paftéhereof
sharing et lgaat 716% nuciectidesrin erpthna tmelecdlar ahigieipiheieghta eombination
thereof angbvaanisai ns al gorithns, adapted to the use of

profiles or weight-matrices, to conpute values for one

11.  The doys®IAR elemehtRRNY/A0ragrernofclbieat Qroessisting ef pbledshgne
nucleotid® sBhhe hensélagtedfeyrarthg By &vand Epkhiomed m nor

43
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groove wdth potentials, and nelting tenperature. 17.
The method for identifying a MAR sequence using a
wei2eisiaa7mat i ¢ t ool according to claiml16, PCT/EP2004/011974

characterized in that said profiles or weight-matrices
12. ArynthediedVAR sEBiuginGa closrrisieg neﬁngMAPoﬁenmts @hd/or fragments
assemifet hedwéeen lindemsdduginegsa MAR sequence using a

Bi oi nformatic tool according to claim 17,
13. Thasgethetic MARIsequbate séictili 13, tharatérized ipchat MR
compri¥@s HesySIARElenfnt $idebr f%néﬁﬂ@%&@eﬁ@@b@hﬁﬂen%@nté‘@ thereof, a
part thekB6f %m%datf IBBst ZEAHUYE St iVIEhGROY ﬂmé’c&tﬁt BNinfera thereof, a

combln%'tteh“ﬂtﬁé’rbg?bhg vtaﬂQh according to claiml

characterized in t at said Bioinfornmatic tooI is SMAR

14. T Hﬁh@nc VAR sEBficAES BPEIAIAL (204873 lhbh %%h%the linker
sequenggg %%g @prg_cl ggt erl();gg in that ?ﬁgolrdeﬂt i fication

features fur

P‘ ?\@% ence ]t
Gﬂﬁ PQ Qf 'ﬁ'ef‘ N2 RGP H§N9A B GFmﬁ‘BPéOO' comprising
the compp \éq Ye3 0t g OIS Iy Beefeaiuresicoriegponding to DNA
bendingeAion orepve depthiang MmNyl MW%WBW@@'%@”Q melting
tempergiusenf or mati ¢ t ool according 40 to claim 20,

characterized in that said DNA binding protein is a
16. Thansthopforddentifyingra MAR sehuenes bisidgfeoBicinfermafiytand scording
to clainViR creyaetecized é tipt saldl Biawfifornmatic todl cohtairt algdrittans tadapted to
the usecdfairofil2$ orateiglatciatricesdto oompate Vdlaes fas Y biPinodd of said DNA

- sequentadéures coRegsirRiihd tODNABeddifgPmMafsgRodee B8pth and minor

roove WPJJW\ Edfalg04amd el RinfiSer@furkl anscri ption factors.
I ?mThe net hod foﬁrgl dentifying a MAR sequence using

'ﬂ‘t@h@ Héd?tm bt sdb08ncd Gsify 2 B
17. t it %F@ﬁg@ t08nc é& irfSrh&tictbol according

to clainf f ?%& ?E d lrﬂt said l%glorm“ e hit ,E?'ré% eﬂ%&ﬁsm

d'”UC'e C7, BRN2 GATA 1/3, TATA Brlght VBX,

Ei%%cg?q_g rﬁ?ylnpl F%%—?éﬁf}g? HFlF"gﬁ oI according
to clal %Bp&fgtm l cejppptesp or all of said
DNA Seﬁ#ﬁnc‘*?/ HiSS: B, XFD2 Bach2, CDP CR3, Cdx2, FOXJ2
HP1, Myc, PBX, Pax3, TEF, VBP, XFD3, Brn2, COWP1,

19. “ﬁm metlpqg}d.oy identifeing a MAR\seauemeusing # Bioinformatic tool according
to clalrrptﬁr/qttazw@n@qciwmat sieid Bioinfeanatigdeohis $IMOR Scan®gx6,

TFI1 A and Vmn65 or a conbi nation of two or nore of
20. hesethodfarddénifyiog o MA&R sequerce Tsing madibndofmoatic tool according
to claimisdtnt 8 ghargcterivb i thptdhe éderdificgtian Bf onerbomuaeiRNA@@quence
featuresafurtivetticopprisesma fdadinescdrbe spdndirttatoaarieeoi mede bindipsites for
DNA bingihg@soteiis.t he identification of DNA bending are

-conprised between 3 to 5 . 25. The nethod for

21, THEERktA 1 ideniing QONRIE SelSeit® asif @l BIbRdmhatic fo8Phccording

* to clalma@@ Uh@rActeritdd fl Wafsaith Dﬂﬂaﬁlﬁeﬁ@rbré% IS tr%ﬁ&c?(i;[?t drefactor.

he|dent|f|cat|ono DNA bending are 10 c rise

BbcPr c§tt’i@nt4’ f]ig éﬁcgéql%in grBtbﬁt?&Irﬁ #d 139 %ccordmg
to clalm an &Jﬁ‘la 2t “rggg t ht*g tof %&%@ rﬁghe group
COmP“%”b%R?P’ IR, g Bl et’?ﬁjo&”?‘d]ﬁ&% R are
n89t A and valuesforth

23, qcﬁt&r agiying e, tg@ftae forsiege et togkaccording
to clalmge%q,\t@egﬂ o r@q)tegz%d mt NqEY pretein depelecieddrom the
group camRrrisiguend B1ulMiA.MBFéi %@Mﬁ, EREAT7, RRYPAGATA {63, TATA,
Bright, MS&i, A 2 &/ESRAGRIEBPTZE@X. Freaed, NiaH 1.ddNFdelphiae Nkx25,
POUSF2dRit,i TThtXblR 1 oARnE)/loBPgaouva, Qdel,FQXB3, HEMS, iHNFB beta,
MRF2, QetWE$IUBE 0, SBFO VSV ARMY_BaKiB2, Bach? heDPdeR8| Cidz2t F @XJ2,
HFL, HRf, Myad?BYr Bax@, Ticldi VBP2XF3: Bro2pC OddRh  HetiWEOX B3, AGAT A4S,

5.7 A 28. The method for identifying a MAR sequence

using a Bioinformatic tool ,according to clains 15-27,

characterized in that the meltl ng tenperature is

conpri sed between 55
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to 75 C. 25 29. The nethod for identifying a MAR
sequence using a Bioinformatic tool according to
woheisrmu@87 characterized in that the nelting PCI/EP2004/011974
tenperature is conprised between 55 to 62 0 C. 30 30.
HFN1, The3,iKK34, POU1 ke Raxdy iThdlAcand\Ensebfi enaeanshingtian of two or
more oBiheseftramsetiption fadtost claims 15 to 29, characterized
in that it further conprises at |least one filter

24.  THeethod or¥ntiffingh MARIsbggehcd uEéiNg o BRiterrhatié &bl according
to clainfs2f8-95S charhctetRRANB A Qs fofl end id‘éfﬁlﬂ@at?or{\%m!déﬁ‘&ﬁg are

'-comprl B&mﬁée‘?ﬂﬂd‘ Eoermatic tool according 35 to claim3

aracterized in that the filter is applied before or

ﬁé file Iﬁ&? .SéHF i ben sing% BB ol accordin
t2°50'ama% 9'1‘%@%&2? Eﬁ gij*%%%? 53‘8 %gu 2 %hﬁg Z\ﬁa Waae

wei ght matri ces 40 33. The met hod

accordln to cl |m32 characterized in_that the
26.  khe mat %‘gffé"d@%m fega MAR SS@IU%”Q‘FS%‘%P% aﬁlomf%?%t%accmdmg

to claims; 1%85 characierizrchbythebyalugs her theiidentiicetion ©f due Arajor groove

depth agg gpawriser hetvean SHato P13 L e for theyglandifieatiemef minor

groove fiidtheare pormisedpaiveendr.2 toh.NA bi nding sites using
profiles or weightmatrices. 35. A purified and

27. Treonatleod fMARIENKYsgpbATR seqemdd usiby @ Bioadoanhalic towl according

to claimel 28, rehatéctbize B that shkbiesfSdtheS0edFicalibe ofmiajbr gebovediepth are

compnsle%l%@th%@n%t@lgﬂe Seanienglaes forcthaiiderdficatlonodiilhdggRiove width

are comptseld beiR¥enfs divgact Aoti de TA on a stretch of 100
conti guous base pairs. 45 WO 2005/ 040377

28. Wﬂr%&? |nlg3a7MA-ﬂ‘§ Add @an‘ﬁ%lbﬁﬂbﬁﬁﬁg ccording
to claim | nuc?e%}%a kat3R mq"téfg@ flre 15%81'@ P ¥tween 55

to 75 ° on a sStretc cont'i guou
pairs. 38 The purl f| ed and i sol ated MAR DNA sequence

f cI 35 t er 5 contain
29. o [ °"f A Sraderied) lfs'%a"%zaﬁﬁ foeﬁegcordmg
to clai 'r@a racigriz B MRaraiuLg ﬁvﬁ\‘?i“ PRIEOS to
62°C.of claim 38, furt her cont aining at |east 33% of

di nucl eotl de AT on a stretch of 100 contiguous base
30. Thg meth %Q{@den’cﬁyng@( MAR gequrnGesidsing aBininfompatic tool of claims
15 to 2% ehaearierieed knihabit fertheheorerises gdeastcanmpfilieripigdigting DNA
binding ségs éercleNdcrangasiption dastoree sequences SEQ ID Nos 1 to

27, a sequence conplenentary thereof, a part thereof
31. Tﬁxﬁalmieﬂg)chforlicmwiﬂg% MAR sequates using arB}jbimIomatic tool according
to claimndl, ehalractedpedrar that thex Bibdr, is applied befairé on aftee treoBicimfdrmatic
tool. variants. 15 41. The purified and isol ated DNA

sequence of claim 40, conprising a sequence selected

32. Theometitrl sesbiameed chkkkd 8D dog1 %dr@ct%?ze@ﬁﬂ%%ﬁlter detects

clustersC&MR'B?H&ﬂb)éltee%ﬁ@oﬁroﬂfespél*\helb hgn&atesharing at
| east 70% nucI eotides in length’ a nolecular chinera

33. errn%ﬂ{od Ld 9 5DeieR ct@ﬂ e%ﬂkh@ﬁl’?‘e sttt ddects
densitieg ?cﬂﬁs‘?er% éhﬁ | solate sequence
nprisi ng a rst 0] a ed rratrlx attachrrent reg| on

ﬁi ot L de se ﬁ1 e

erét){y gu ci?u aHB atite omprlses at
least onﬁﬁﬁ ds éwgq g?fﬁ% E? gcﬂ’ré’i qr \@/@lggtmatrlces

fpurlfl ed and i sol at ed MAR DNA of clainms 35 t

35.  Appurifi qchand iplrige dABHINASayenge idenifiable %\cqsmcamg.t@d:lalms 15 to
33 or claift34sol at ed cLysMAR el ement and/or fragnent, - a

syntheti c MAR sequence of clains 12 to 14, a sequence
36. Themurdiedrarad ipotdied AR RNApmeguehes cbtlash85i ngntainihgas teast
10% of didUckeatiHe oA das $tretch of 100 contiguous base pairs.

45
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| ength, a nol ecular chinera thereof, a conbination
thereof and variants for increasing 30 protein
wonoemwati7on activity in a eukaryotic host cell pc#@&P200h®@11974
use of the purified and isolated DNA sequence of claim
37. THwe punfaﬁ:daenénscﬂ@t@dul\ﬁARt RNA sequensarafidlaion 3.ocardainingeat least
33% of memmm dna stieichcf il ewdigsiops hasedraisper abl y
linked to a gene of interest. 35 44. The use of the
38. T phiifet and isciated MARDDNAss=nuEnce offclaiinsi 365tat37 durthar
containRpdtashst 1 2B bfidinudkedticesh® opLe sfre®h ¢nD0 G@ﬁtgﬂﬁﬂls DRe Or)airs.
sequence further conprises at |east a second isolate

39. blirifiet hAg héfﬁé'cbdrl\#ﬂRQDNNé%@uéh@é'o@%‘éﬁ%@%Hﬁ@?@ontamlng at
least 3 o“? inuclfotiddIRT 'EJ‘r‘lcé 80bicH eofsﬁfw&gﬂgugﬁ GE%% dfsom th
oup ed and 1sol ate

p conprising - apurlfl

@%g%@ﬁﬁg %F, %o?%t? )lAseq n% foln dof%”eﬂ
comprl sing enceg s asequence
comple ?egyt §partt ergo o gg qes oy Igpg@ a
moeculfgchgnqr@ & []BWE r%?iflﬁﬂ Y '§Her eof , a part

t her eof sharl at | east 70% nucl eot i des in | ength, a
41.  The ewiified a@%l' tgd iR ssnuence ofslainadb sontuising a gRguence
selecteq fomathessequenaesra=@ilRgN o?zeat@.a? prssguence cosmiementary
thereof,i mpartdb&eaof shadnthetieast V0% naclegtidealindenth memplecufar ebimera
thereof ,aan doinbin attoeckhBNOf sequariieatof cl ai m 44, characteri zed

in 50 that said first and at | east second MAR
42. Teijusyoka puriiet anatisolatdd DdiAsédeerite cormptising 3 firseisdiated
matrix s¥fachRferfiedgionqRARNM Wilebtit: sduancenmitieh i®adARen@hstide
sequen@é seRIcBSEfbm the 3l Q:@ﬁﬂ&i%@'?&7 PCT/ EP2004/ 011974  46.

- B@nﬁesoﬁaﬁa iddMeBUINAIseduaRee bf Blathsd 1Y) sequence of

- L?r'uﬁB t%etl\ﬁARZ@ A'cﬁ’clélﬁfét3§ﬁ$ gqfirst and or at

. ggghugﬁg are located on a sequgnfﬁe
er an

- S i%‘ﬁ*’%@ﬁg%%mﬁ%@%ﬁfn e anc

asequea;]:gr%? %g@ﬁ%ﬁ%qﬁégrl%ﬁ [Z?é-ﬁ/ pRlgotides in
length, @ ﬁgl@r Egm%rat hgr ;T OE %aa s for lncreasing
protelng ion 'VWMﬁH aqcy ichpshetlecting a eukaryot| c
cel I sai d met hod conprl sing 10 a} I ntroduci ng
43. Tf‘rﬂ 'éﬁ%af WHWG@“%'SI%%? ENA SSHU‘P@%%P glatm s charagterized in
that saidbrurifed gaddsolatashiBNAssefyencel feEber eprapirgs gdyoseier aferably
linked t¢ atganesef intedesl at | east one purified and isol ated
DNA sequence consisting of a MAR nucl eoti de sequence
44. Tore agehef thehpunifeed and isotitéq DA sbquemntes of tpirssidReartidng
charact@fizdd im that ehidmdifiedrendsiabkhted BINA sedeeh caufirtheoicomphisss at
least a $sddndtisolited aeasitix attachrhbniwddiidri (MAR) hualestide tsequestewhich is a
MAR nd&lé&nd@sé@@ke@@ﬁadﬁ@d iffon® theD¥d upespneiegng.onpr i si ng at
- S@fled ANE idIMicd TNRREGUEHCE bf ElRAS 1aBd or Wi th at
- teo%ﬁd Féléﬂétfebl MARTINASS s SAMd 4$equence
) ﬂq Qsks éhé& g%é Bsn]uﬁgeptl de sequence or ot her
fh Yl sM% %%&t?nd?&‘;ﬁ&%& sai d
gg a\éﬁ/ b\‘:c he nmet hod
aseque e reo rg% uﬁutﬁgotldes in
length, g%l e%lc'l) ? PO af %@{H'bcdreasmg
protein %’deé‘ICEPH@ P%é'ﬁ‘oa gykarypie hesk ‘?' ed in that t he

sel ected transfected 25 eukaryotic host cells are
45.  Tinegiseppbine purfledrnckisolaied HNG spadenieeleaine A4y sharagterized in

. that saicfirgt @@gitatigast@cggd MAR| sqspiengay ars pcatgrbahkethdhe §f and the 3’

ends of thesaguargsasoontainnatitecpioneter and iae gene ofirerast) eot i de
sequence
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is selected fromthe group conprising: 30 - a purified
and i sol ated DNA sequence of clains 1 to 9, - a
wpuoosﬁmmﬁand i sol ated MAR DNA of cl ains 35 t oPd1/EP2004/011974

he sequences SEQ I D Nos 1 purified and

46. Tlg%p%ﬁ ggthg_ggrﬁm @m@fﬁ%ﬁgtegmﬁrsqquggﬁ@@f claim 44, characterized in
that saigfisstind o AldresterronddVIAR sequisnsesare docated 99 asequence
distinct S tiecene saplaimoa thae prqméfeé@md thergane oftistesest. shar i ng

at least 70% nucleotides 'in length, a nolecul ar
47. T uss af theepeifigd and soktedtDNA s:etqeeeoé ofiady vhclamtsi2 to 46,
charactédzed imethaie shidch wffied andrisoltied MNA Bayashes iszindhé foinh af a linear
DNA sddfuendéBsweet@otide is a purified and isol ated

sequence according to clains 1 to 9, a sequence

A?%H%Wt%d‘sfeé‘t%gt AeURSFyotid H&'E Eeﬂ 'l%’&ﬂetﬁé‘@(: r@,r%

e

'”"ij’&;% %wg” ﬁfgﬁi éﬁ'ﬁ% St B
comprisi | nteresf'and o} urified and
B @%Pé s B! Dt

modlfyl
) sub % BB o o Bl e o
addltloqql] anﬁgglog 8p @meeng SERIEHRY coBMrising at least

~ one DN4 saaiense &f ¢mtsre sndforith ghlepst onemgf@@tamgs@ated DNA

sequen@@ ransisting ohaMARIUclecfigiedseritanse warihei ehramatie-medifying
elements ansfecting into said eukaryotic host cell at |east
c) selecting shid sangfacied eukanyetid Bostanedld DNA sequence
conprising at | east one DNA sequence of interest, and
49. Hhs ewathdd afidldisol Gtabadragiarizéd evthiNAaiddDNA sdqugnee of interest is
a gene beiatdresheodiifRfmng bestbindepsrabiclirkedf to enpiongoter.oup
conprising: 47 WO 2005/ 040377 PCT/ EP2004/ 011974 - a
50.  THE MEHRA dndlaintou8lapd 48\AhseaMensed 7 that e Beldcled thansfected

I
s;k;gﬁc@ié;‘;%%élﬁgggﬁlg[zg?bﬁrﬁliggd\é%ﬁtegﬂgl@fzv_ltﬁ éaa%l'ﬁlu?ﬁoﬁ ?atégff atleast 10

I sol ated cLysMAR el enment and/or fragment,

51. THETh ﬁ{ddcct)#%n? ggeﬁ)‘:%hQFac%r"i’i%‘%mJtﬂa#ﬁe%Aﬁn&cﬁ?Hf&éégg?quence

ereof sharin
Is selec " rr nplec Iar chi nera
: atmuer}eegfan Isoleis %qeﬁ Ugf. hnts, 56. A
- ‘?EZ@ & }SOEQ n wherein 10 a)
B ansf ect ed accordl ng to clains
- 34@%%? |S°@t§ ﬁ’-ﬁwpﬁ%e emgntansorn fragmedl t ure nedi um

- apdheticoMAR semidenss ofglaieng 3¢ teslfr ession of said
a sequepeatcenpleneatary thencef 7 pedithereof sbadng abipast B0%rnudeotides in

- length, 2 malesidai ehimsya theneof ta apbimtion thewsf dindyariantmy one

of clains 48 to 54 or claim55. 58. A cell
52. Tiheansthect oforiaimsd 8456, chakactenizatpinithanthedilARaastledtite is a
purified pudiigolatkdosetjucteiadedrdibhléo skimenc® Yot oeqidige complementary
thereof, & garithekebPsiariddat leadfl70%2nidledtiad in ¥éndth, 4 MoldBulaPehimera
thereof%\édlﬂﬂﬁ]@ﬁﬁh@h@i’e@@@hamaﬁbﬁfsa(ltefl zed in that at |east

some of its cells have stably incorporated at |east
53. m@%%dscﬁ%vﬁ%ewfw 6babiBrattdrRed in Hhtithe aéfméa tihfe 14
corresp@r‘id Rerdis rellled fﬁéj‘é@lg HsforPE@adll sSm charact eri zed

at |ts genorre as sta Iy |ncorporat ed 25 at | east

e

55. beegwtqr)ﬁ%pzrfa §fﬁcg S"a"é’ﬂlgér?gnc gogthceellngaﬁ e&fodcéo%pnsw?g co-
transfectlng into said eu aryotlc host cell at least one first purified and isolated DNA
sequence comprising at least one DNA sequence of interest, and a second and isolated
purified DNA comprising at least one MAR nucleotide selected from the group
comprising:
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30 62. A conputer readable nediumcharacterized in
that it conprises conputer executable instructions for
woeodspredrng t he method for identifying a MAR sequeEmRe®4/011974
- aQurifigh A PistRidd DA 8840 csbl Tt 148,
- a purified and isolated MAR DNA of claims 35 to 41,
- the sequences SEQ ID Nos 1 to 27,
- a purified and isolated cLysMAR element and/or fragment,
- a synthetic MAR sequence of claims 12 to 14,
a sequence complementary thereof, a part thereof sharing at least 70% nuclectides in
length, a molecular chimera thereof, a combination thereof and variants.

56. A process for the production of a protein wherein
a) a eukaryotic host cell transfected according to claims 48 to 54 or claim 55, is
cultured in a culture medium under conditions suitable for expression of said protein

and
b) said protein is recovered.

57. A eukaryotic host cell transfected according to any one of claims 48 to 54 or
claim 55.

58. A cell transfection mixture or kit comprising at least one purified and isolated
DNA sequence according to claims 110 9, 10 to 11, 12 to 14 or 35 to 41.

. 59. A transgenic organism characterized in that at least some of its cells have stably

incorporated at least one DNA sequence of claims 1t0 9, 10 to 11, 12 1o 14 or 35 to 41.

60. A transgenic organism characterized in that its genome has stably incorporated
at least one DNA sequence of claims 1to 9, 10 to 11, 12 to 14 or 35 to 41.

61. The transgenic organism of claims 59 and 60 characterized in that some of its
cells have been transfected according to the method of claims 48 to 54 or claim 55.

62. A computer readable medium characterized in that it comprises computer-

executable instructions for performing the method for identifying a MAR sequence of
claims 15 to 33 and/or claim 34.
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