| F, S E P 2005 WO 02/ 077274 PCT/ FRO2/ 01034 1 PROCESSES FOR PURI FYI NG AND
FOR DETECTI NG TARGET DOUBLE- STRANDED DNA SEQUENCES- BY TRI PLE HELI X

| NTERACTI ON  The present invention relates to novel target 5 ENQ §$35e2566
capable of formng structures of the triple helix type, and a
novel process for purifying DNA. Mre particularly, the purification
process-acWor @eAg7v87#¢he i nvention inplenments hybri deeayFao2petosen a
target DNA sequence and an 10 ol igonucl eotide_ The process according
the invention .proves to be particulardy useful since it nakes it
possi ble. to purify.doubl e-stranded DNA of pharnmaceutical quality with high
yields. The present invention also relates to navel 15 nethods for
detecting, for uantlfging for. isolating. or for sortlngRDNA nol ecul es
cont ai ni ng sai BREpEeFY 12 HHRIEX?%NGnAHQ FeReDERECTINGt TARGETocesses.
according to th |?ye i e sent
interaction bet . e

"oligonucleotide conposed of natur.al 0 i ed bases It has been shown
~that honopyrim di ne oIigonucleogﬁgggéﬁﬂggEgpable of interacting. 25
specifically in the @H&O rgégﬂtelﬂgeﬁggogNéeggﬂg tohggrélsgargeto Iocalry

formthree--stranded str%ctur
5 DNA sequénces capable of forming structures of the

to

-triple helix type, and also to a novel process for
pdrifying DNA.. More particularly, the purifioation
prooess-according to the invention-implements
hybridization between a target DNA sequence and an
'10"olig0nuc1eotide- The process according to the ipvention
_proves to be particularly uSeful sihce it makes it_
;_p0881ble to purlfy double stranded DNA of |
?pharmaceutlcal quallty with high ylelds |
The present invention also relates to novel -
15 methods.for-detectlng, for quantlfylng(.for,lsolatlng
' or for_sorting DNA moleeules containing said speoifio
targettseQuences, |
| rThe purificatioo processes;ecoording to the
'inveotion‘ere essentially based-oo'triple heiix-
20_,ioteraotioo'betWeen a particularetargetnpNA sequenoe
'ehd°ao oligonﬁoleotide oomposed of'naturaidor ﬁodified
"bases:~ l o
It. has been shown that homoPYrimidine
oligonuoieotides are capable of interecting
25' spe01f1cally in the major groove of the DNA double

) hellx SO as to 1ocally form three stranded structures



6 . SE P 2005 2 nanmed triple helices (Mdser et al., Science, 238 (1987)
545; Povsiz et al., J. Arm Chem 111 (1989) 3059). These oligonuc[eotides
sel ectively recognize the DNA double helix at oIigopurine— ﬁgﬁﬁﬂb 2$G§ne
sequences, 5 i.e. at regions having an oligopurine sequence 0

and an ol i gopyri m di ne sequence on the conplenentary strand, and form a
triple helix locally there. The bases of the honmopyri m dine

ol i gonucl eotide third strand forn1hydgpgen boi zds (Hoogst een-type bonds)
10 with the purines of the Watson-Crick base pairs. Simlarly, structures

of the tripheRel ioriiegaardormobetwesn a homppuwne ald gargelyeoti de and
a honnpurlne honmopyri m di ne doubl e-stranded DNA  Tnthis type of structure,

the purine lases sk stihe kb aal.i, gonuekeottinde: .f anm r@werge Fdzegst een-type
bonds.with the purine bases of the doubl e-stranded DNA. These’

site- SpECIf@heEEI@ﬁ&gb&bb&ebﬁh@k@cEbQ@&tﬁ&é&yl&e@w@hﬂﬁé athebesn used by
Looney et al.. (Science. 241 (1988) 456) for controlling the expression of
20 certain @@m@ie ard iby aldelo@nigoptizane-EBBACDO4AA i HINE) s<@en®s95/ 18223)
who describe. the formation of triple helix structures between _
oIigonucﬁboﬂi@esaﬁndegapgéthageqaeﬁ@eglpgepamunﬁnSpﬁmwmmerpnopneoding
regions,'and thus the possibility of nodulating the expression 25 profile
of these gefé&gandppaisafiny oigoPnKilELcang &@QP@@CGOPRRNNEpoIynerase at the

| evel of initiation and/ or el ongatian.
_ complementary strand, and form a triple helix locally

there. The bases of_ﬁhe_homqpyr;mldlne ollgonucleotlde'
thirad strand.form hydrogén-bdhds (Hoogsteen type bonds)
10 with the purlnes of the Watson-Crick base pairs.
Similarly, structurES,Qf the trip1e heliX
type can form betweeh a homopﬁrine oiigohucleétide\and;
a homopurine—homopyrimidiﬁe doublé-stranded DNA. in S
tﬁis type of Structﬁfe,‘the'purine 5aséé of the |
15 oligonucleotide form reverse Hoogsteen-type bondS'with_
the purine bases of the doublemstfandéd.DNA.. o
‘These site-specific tripie helix ihteractions- 
-haﬁe iﬁ_particular.beeh.used'by,ﬁboney ef al. (Scienéé_'
2;1 {1988} 456) for'cbntroliing the'expression of _
20 cerﬁain genes; and by Héléné-et'al. (BBA 1049 (1999) ;
99; WO 95/18223) who describe the formation of triple  ]
‘helix struCﬁures between oligonucleoti&es and targét
Sequenées present in promotérs oxr cdding regions, and
thus the p0831b111ty of modulatlng the expre551on
25 profile of these genes, probably via inhibitory action
of RNA polymeraéé,at'the levél of.initiation'aﬁd/Or_

‘elongation.



16 SE P 2005 This type of triple helix interaction, for purifying plasmd

DNA froma conplex m xture which contains the DNA nol ecul e m xed with
ot her conponents, has al so been described in internation f éﬁE&b@ﬁ]

WO 96/ 18744 for purifying plasmd DNA. More particularly, that application
describes a process for purifying doubl e-stranded DNA . consisting in
bringing the conplex m xture into contact with a support ‘to which an

ol i gonucl eoti de capabl e."of formn ng, byz 10 hybridization, a triple hel i x
with a specific sequence of the target DNA is covalently coupled. In this
specific interaction aghisheyie plfecriielliex hiejpe: fiertgpuidtfiiogat if@m pur poses,
‘the specificity is due to pairings involving hydrogen bonds of the 15
Hoogst een t ppeiligtingep.lasids D, ftbwnanEO@iﬂebasmmxumre twhe cthhi rd strand
consisting of. the oligonucleotide-and, secondly; AT base pairs of the
doubl e- st r andBdaDNA, the DN2 moleruim TARed: widd Q§hﬁﬂampﬂpon§maﬁonated

cytosines.- located in the third strand pair with. GC base pairs of." 20 the

doubl e- strahéédaem §§e§sdﬁécﬁébﬁﬁ+€ﬂ6@ﬂﬁﬁr@@§l@.@ﬁ agplalcatiomr. Opin
Struc Bial. é1993%é345) 1t 'has so _far been established that these T*AT

and +C G2 t FPa §/1§

triple helix. othe factors are also 25 involved in the

Stabi || 78t | BAFGE CLNELL¥r pRBohoPPR L EAEH OHa TFOr PTo e BERE SRer S8Rt age. of
tc?’/;[ gﬂanei 6tpﬂgégy§618hgou%§| i g't%t‘)c{ingfedt BRAW%Io%gl%rtltn%e l%n\élrrl%nrrent -Of the B
the complex mlxture into contact with a support to
which an ollgonucleotlde capable.of formlng, by
10 hyb;idizet%en,”a triple helix with a speeific sequence'
of the target DNA is'covalently‘coupled.
rin this specific intefaction of ;he triple
'heliX“£Ype for.purification'purposes,'the epeeificity
is due to pairings invelving hydiogen boﬁds‘oé tﬁe_
:15. Hoegsteenltype'between,.firstly, thymine;(T) bases of
'.the third'sﬁrend-consistinblefjthe-oligonqcleotide and,
secondly; AT bese_peire of the_double—stranded DNA, so.
és teefornfTﬁAT t:}ads. similarly, protoneﬁed cytosinese
‘locatedfin the thira strand pair with GC bese paire.ofi' -
'éOI‘the‘deuble—stranded DNA SO as te_form *C'GC triads:(Sun
1 et al ' Cufr Opin Struc'Bioi 3 (1993) 3@5) It has so
far been establlshed that these T AT and CIGC trlads |
(named ‘canonical trlads)r ensure maximum stability of
the trlple_hellx. Eowever, many otherefecto:s are‘also
'_25 iﬁvolved in the stabilizetion of the“triple-heiix;'such
as for example-the'percehtage of cytbsines, thé pH;.the_

- salinity of the medium or the environment of the triple

ﬁeéOEaﬁ’b‘ﬁ"lééanﬂr Pddsmiendlife M@TeUm stability of the



4 helix.. It is also widely described that the introduction of triads
termed noncanonical (i..e. different fron the T*AT and }C*GC triads) causes
a nore or less considerable structural deformation in the gt.rigl§ hgbbé
and systematically'leads to significant destabilization th rgd : ?hé
i ntroduction of various noncanonical triads has, noreover, been studied in
the context of conparative studies (Roberts et al., Proc. Nate:. Acad.
Sci. USA 88, -9397; Fossella et al., (1993) 10 Nucleic Acids Research 21,
4511; Govers et al., Nucleic Acids Research (1997) 25, 3787) show ng .
vari abl e deslaki| rzattsonleb whéelyi gkechebexd ataa& thaction of the nature:
of the noncanonical triad introduced. Wiile this process allows rapid and
efficient Adibtpodittcati of dotiadsargemeBNAcobapbainateytieal quality,
requi res however -a sufficiently |ong, quferably totally honopurine, -
sequence t odbéfpresenfren she GfAT taredt \WoGEt tanddsof ceheeBNA morbe
purified, and to be "conplenentary to. the third DNA strand. This sequence
.20 may be n@¥ut8FFycpresdprabhe skrvetingér dedoametipei anl fhento, the
t arget doubl e-stranded DNA_ sequence, the purification of which is desired.
‘The appl Pcahf+RAS RBh di 8EGvEYEHSTREF FRid¥ngrFdandouRéapetieany, that . a
DNA nnleculg. Zgugearin , OH one-st% nd, a tgr et DNA_sequence not
essenti al | y°€8hpBs ﬂzﬁFlgBrF %?%8§es' § 4Pr&5° HgﬁBPB Bf TornPHY a stable
trlple he"éénégﬁggggg? @%Egdg ﬁggrdmgggover, been studied in the
context of compar@tivé-studies (Roberts et al., Proc.
Natl. Acad. Sci. USA 88, 9397; Fossella et al., (1993)
10_ Nuéleic Acids Research 21, 4511; Goveré et al., Nucleic
Acids Research (1997) 25, 3787) showing variable
destébilizatioﬁ_of the triple hgiix'as a function of
thé_natufé-of.the noncanonical triad introduced.
‘While this process allows rapid and efficient
15 purificétion,of a target DNA of pharmaceutical quality,
it réquires.however a,suffiéiently long,'preferably
totally homopurine,_seQuence to;be present_oniéne o%
the two strands of the DNA ‘to be purified, and to be.
complementary to the third DNA strénd, This sequence
20 may be natirally present in, or be inserted “
- artificiaily,iﬁto,'the_target double~stranded DNA
sequence, -the purification of which is desired.
The_applicant has now dngovered,,
sﬁrprisingly'and unéxpectedly;'that.a DNA molecule
25 bearing, on one-strandkfa target DNA,séquénce not
'éssentially'composed of_purihéubases is also capable of

forming a stable triple helix structure with a third .



20 16 SEP 5 DNA strand, despite the presence of bases which are not
conpl enentary to those of the oligonucl eotide producing the fornmation of

noncanoni cal triads. More precisely; the target double- str3ng g i£JI:))NA
sequences newy. identified by the applicant conprise, &i qﬂdn}a
honopuri ne sequence interrupted with a given nunber of pyrimdine bases.
The applicant has al so discovered that these partly honopurine-partly
honmopyri m di ne DNA sequences can be 10 gused to efficiently purify the DNA-
- mol ecul es containing them. by triple helix interaction. The newy
identified ssguencesdar eeabsee phaet peukanky wFebdkekowhdeheatbngdot
quantifying, isolating or sorting DNA nol ecul es containing them 15 A
subj ect of theppeesentriyntenthonei sft harebatgonavekotatigebrbiiAcsaguences
coimprising, on one strand, a sequence having the follow ng general
formul a: 20the dbrohtiRnand. Roncepresenfl nudkédst.i des ‘conposed only of
purine_ bases; n and mare integers |less than 9, and the sum of n+mis.
greater than 5; 25 N Merg nuereselde §QQU§ﬁGeeco#pubéengtbenﬁedpur|ne bases

-and. pyrlnldlne bases; t is an integer |ess than 8;
5 DNA sequences newly identified by the applicant

comprise, on one strand, a homopurine sequence
interrupted with a given number of pyrimidine bases.
The applicant has also discovered that these partlf

' homopurihe—partlf.hombpyrimidine DﬁA sequences caﬁ be

10 wused to effiéiently purify the DNA molecules containing
them, by triple helix interadtion._ |
The newly identified sequences are also

| partlcularly useful for detectlng, Quantifying;
isoclating or sortlng DNA molecules contalnlng them.

- 15 ' , A subject of the present invention is
theréfore novel target DNA Sequences comprlslng, on one
strand, a seqnence hav1ng the follow1ng general
foimuia;

5~ (E)a- (N) - (R7 )37
20 - in which: | |
.V R and‘R}.;epresént nucleotides composed only
. of'purine bases; )
'ﬁ andrm‘are-integers leSs.than 9,.and the sum
of n+ﬁ_isﬁgreater than 5;
25 8 N ié’a ﬁucleotidé sequénce cbmprising both
puriné baées and.pyfimidine,basesf

Tt is an integer less than 8;



1 6 SEP2 005 6 said DNA sequence. being capable of interacting with a
third DNA strand and thus of producing the formation of a triple helix
structure. The honopurine sequences R and R - located in 5 the 5 and 3

portions, respectively, of the target DNA sequence therefofe, hav t
length greater than or equal to 6_ They conprise adenine ahdﬁdﬁﬁ%?%@gﬁgses

capabl e of interacting with a third strand in order to produce the
formation of atriple helix structure 10 consisting of T*AT and {C*CGC
canoni cal triads. Pre.ferably, the h nnpurine sequences R and R conprise

at | east n total and at t 2. adeni nes Even
‘preferabl§5q¥ﬂg) 5ﬁ¥¥ﬁﬂuée&ﬁ%H¥% ?s%f lnﬁ%t??tb?grﬂet?ﬁewa type.. 15

The. Ce“”%quﬁ%ﬁ“%% (P digpsathan B palas., of puc! pe. and,pyr g dine

bases in Iengt I's capab acc e invention

|nteract|@gg@l égtgg é%# And in order to produce the formation , of
~"~noncanonilcal tria refer y, the 20- length of. the central sequenhce

Nis greater than omnhe eiRlpiOide f41d0SSs a8 rEVES-ADEE Preferably,
the Ilength of the central sequence Nis greater-.than or equal to 2, and

| ess. t an Be ACCOR@H NG tora fdds! Aspestc Dielhe F eseat thryenthen, there is
provi ded a process for purifying a double-stranded DNA inoleciile, '

-,charactermeaieﬂmdluﬁeﬁeﬁdieﬂhﬁﬁéaetﬁeﬁmﬁxﬁémﬁkmnﬁfeeierlsh@mought into
contact wth a
equal to 6. They comprise adenine and guanine bases
: capable of interacting with a third strand in order to
produce the7formatioﬁeof a triple helix structﬁre
10 consisting of I”AT ana “C'GC canonical triade;
VPreferably;'the hoﬁopurine sequeﬁces R and R’ comprise
-at leastg2 Quaninesrin-total and,at 1east 2 adenines.
Even'more,preferebly,‘these berine sequeﬁces'compriee a
‘motif of the (AAG)*tyﬁe..
fiS ' _ -.V'The_centralrseqeenceAN is less than 8 pairs.
qf”puriﬁe:andfpyrimréine baees‘in length t, and isr'
'eapable,taecording_to_the'iﬁvention,,ef interacting
wifh a:tﬁird'bNA etrand in erder to‘produce the
formatlon of noncanonleal trlads Preferablf, the
1 20- 1ength of the central sequence N is greater than or .
equal to 1, and 1ess than 8. Even-mere preferably, the

‘_1ength of the central sequence N is greater than or

_equal to 2 and less than 8-

Accordlng to a first aspect of the present 1nvent10n, there is i
provided a process for purlfylng a double- stranded

DNA molecule, characterlzed in that said. double~
stranded DNA molecule 1is brought lnto contact with a

third DNA strand, said double-stranded DNA molecule



third DNA strand, said doubl e-stranded DNA nol ecul e
----------------------------- EP UuJ 6a conprising at |easts g%éﬁ' get
sequence of general fornula: 5 -(Rn-(N)t-(R in which: R ah “epresent
nucl eoti de sequences conposed only of purine bases; n and mare Integers

|l ess than 9; and the sum of n-i-mis. greater than 5; Nis a nucleotide
sequence conprising..both purine bassaes and pyrimdi ne bases; and t.is an
integer less than 8; Said target sequence being capable of interacting with
athird "DNA strand so as to forma triple helix. structure.: . 6 SEP 2005
7 T*AT and }C ri.a r.e ty hass, rd ~a@re,- anong the 16
exi sting C%%%%%%ggeq%ﬁsgh%ﬁggﬁ\%e% gSr eat es%g\gﬁabt%;%??y. The term _
“noncanoiGal,itr.i ad® is intended to nean the set of 14 other nucl eotide
triads. They result fromthe interaction of .a double-stranded DNA with a
third DNA strand, in a nonspeqifi,c (way- (Rnd.-&xhi bit decreased stability
wth respect to the T*AT and +C*GC canonical triads. Mention may be nade
~in partidwl ahiefh:10 the T*CG and T*GC noncanoni cal ‘triads which are forned,

R and R' represent nucleotide ééqueﬁces
Composéd only oﬁ_puriﬂeidegs;

n and m are integers less than 9: and theusuﬁ
_6f n+m is greaterlthan 5;7 -

N is a nucleotide'séqueﬁce.comprising;both

- purine bases aﬁd-pyrimidipe baSeéi,and 1
,t';s.an integer less bhéﬁ'Bj |

Saidrtarget sequeﬁce being cg‘;lpab.le‘ of interlart-:ti‘ng with a

_third DNA strand so as to form a_triple_helix_structhe;'



respectively, by interaction between'a CG or GC doublet of the target
sequence and thymne (T) of the third strand, the GCG nical triad
regul ting fromthe interaction between a CG doubl et of kf&&ﬁﬁgééﬁgequence
15 and a guanine (G of the third strand, the C:AT and. C*TA noncanoni cal -
triads which result fromthe interaction,. respectively, of the. AT and TA
doublets of the target sequence and of cytosines (C) located on the third.
strand, the G'CG noncanonical triad which is formed by 20 interaction of a

. CG doublet with a guanine (G of the third strand, or the T TA triad which

resul ts from hheanint@@RCt AR RS, FEARYRLEl, WriRsa thyTing %) of the
third strand. It is clearly understood that, |ike the 25 purine ends in 5

and in 3', the cemom IRIUENeiNtGay talisasl ormMoELATnaRt hGSCrganoni cal
triads resulting from the respective interaction of AT and GC doubl ets

wi th 63EP20@Qfr B tetshynitadi(lE)yvand cytosine (C) bases l-ocated on the third
DNA strand. Preferably, the central sequence N conprises purine and B
pyri m di ne bases whi cither adute “tivechaomitadn triadf” dts dmstendédnaencanoni cal
triads. Mre preferably, the noncanonical triads resulting fromthe

i nteractifonmsian tthe et cdl lfoother wioch ephé del itgordsc| Gbelydeeandétchosen
fromthe T*CG T*GC, C*AT and C*TA noncanonical triads. By way of exanples

‘of preferredr@rsthiepdnitergcsfiophefea double-stranded DNA with a -

third DNA strand, in a nonspecific way, and exhibit -
decreased stability with respect to the T'AT and KfGC'
;anpniéal triads. Mention may be méde in particular of
10 the T'CG and T GC noncanonical triads which are formed,
réspectively, by interaction between a CG or GC_doubiet
of the _t:arget isequence and thymine -('T)_ of.. the ‘third
strand, the G'CG nonCanoﬁical.triad resuiting from the
..interacfion between aréd doublet of thé target sé@uénce '
15 and a guanine (G) of the thifd strand, the C'AT and C'Ta
noncanonical triads Which result from the interaction;-
respectively, of the AT and TA doublets of_tﬁe'targét
séqﬁenéé'and of cytosines (C) located on the thixrd
 ‘Strénd, the G'CG. noncanonical triad whichris'formed by
20 interaction-of a CGrdoubleE with a guanine {G) oflthe'
third-stfand,'or the.iﬁTA'triad which results from'the |
interaction of a TA doublet with a thymine (T} of the
third strand. | |
| It is clearly ﬁnderstood that, iiké the
25 purine ends in 5° aﬁd in 3', the centrai.seéuence'N can
-: also form T'AT and "C'GC cénonical‘triads.resulting.ffony

the respective interaction of AT and GC doﬁblets with



10 triads, nention may be made of the formation of six noncanonical triads
conprising a CHAT, a.C*TA two T CG and two T*CCs,: t he fpr t @hve :
noncanoni cal triads conprising two C*ATs and t hr ee T* GCs, r%gﬁezﬁ 5m&1ti on
of three noncanonical triads conmprising two T_GCs and 15 one -C-AT. Sever al
T*TA noncanonical triads may al so be present but, in:this case, they.are
not positioned consecutively in the triple helix. The central sequence
-preferably conprises.at nost three C org T pyrim dine bases producing the
20 formation of the T~CG and C*TA or G*TA noncanonical triads. Preferably,.

the three pyhifiidengThases aneoRehe GONSBAWEISYE Joult <@ @rsepar aeddy A or. G
purine bases, - which can interact with the third DNA strand so as to form

the T*GC andn&* Atraedcanoni cal bases and also the 25 T*AT and {C*GC

canoni cal triads. According to a particul ar enbodi ment of the ".invention,

t he target _doubl e- st r ZndgerBMAys eghencenitsal6 segu20@® N hempeqeesce 5' - AA
GAA GCA-TGC AGA GAA GAA-3' (SEQ ID No. 1) . ‘The third DNA strand which is
capabl e of pumiseaencngywirtdine YesbbewbticinpeddNa $dgudneaetsoaccor di ng
to the invention perhaps, for exanple, an oligonucleotide or the strand of
anot her doubfeatsmoghdéd TORSaNOR1ERS Fadallsy Mass paefsrabdy avdecan |
contain the follow ng bases: - thymne (T), which i,s capabl e of form ng

' TEAT 10 canaﬁrleapoeeﬁéés e FﬁéuA’Flaauﬁreﬁs%s tl%etr%éton of

‘the central portlon with the ollgonucleotlde are chosen
from the T‘CG T‘GC C'AT and C'TA noncanonlcal triads.
By way of examples of preferred distributions of these-
.10 triads, mention may be made of the formetion“of six .
nencanonicel_triads comprising a'CiAT” a C'TA Two - T CGs
and two TfGCs, the formation of five noncanonlcal trlads
comprising two C’ATs and three T‘GCs,ror.the formation
of three noncanohical triads comprising tﬁe T”Gés and
15 one C'AT. Several-TfTA noncanonical triadshmay.also-he‘
present but .in this case, they. are not p051t10ned
consecutlvely in the trlple hellx
_The central sequenee,preferabiy cemprises-at
most three C or T pYrimidine'bases'prodﬁcing the o
'20f formatlon of the T‘CG and C'TA or G‘EA noncanonlcal
trlads Preferably, the three pyrlmldlne bases are not
.consecutlve but are separated by Aor G purine bases,
'whlch can lnteract w1th the third DNA strand 'so as to
form the T‘GC and.C:AT noncanonlcal basessand also the
125' T‘AT and CZGC canonical trlads |
According to a partlcular embodlment of the

_invention, the‘target double-stranded DNA sequenee is



- doubl e- stranded. DNA sequence, and also T*CG and T*GC noncanoni cal ' tri ads
with the CG and GC doublets, respectively, of the target gNsézgq?ﬁgse
(Soyfer et al., in Triple Helical Nucleic Acids (1996,) ép New

York, pp. 151-193); - guanine (G, which is capable of formng GTA triads
with the TA doubl ets of the double-stranded DNA (Soyfer .et al., in.Triple
Helical Nucleic. Acids (1996) Springer, New York pp. 151-193); 20 -
cytosine (C), which is. capable of forming +CGC (protonated cytosine C)
canoni cal or CkAT and C*TA noncanonical triads-with the GC, AT and TA '
doubl ets, thspeeti:eaty, so0fan Ghr Gangetcdachl east canded DNAD apd - uracil,
which i-s capable of-formng triplets wth. the 25 AU or AT base pairs of
the target Bequéhce (Bates et al., Nucleic Acids Research 23 (1995) 3627)..
.16 SEP 200 10 Preferably, the third DNA strand used. conprises a
hormopyri m di ne sequen€ker EbhrfnDE}t esirand, whiwkhhchsareppbésent in the
protonated stateat acid pH and stabilize the triple helix. Such

_ oI|gonucleo%ﬂ§@§ac§l@§nWlﬁbrté%aﬁﬁﬂblecﬁﬁﬁﬁnéédtHEA(éemyﬁn§QQUence t he
(CT)n’ seguence or the (CTT)n sequence, in which nis an _integer between 1
‘and 20 i cIﬁ"s‘F%lelE Fe paPt LEUFRELYD aavaﬁtvﬁgeée§ esamkéesedbences of, the
(CT)n or uences in (CT).or (CTT). nDtlfs 10
are conblnea ﬁgiﬁEt%ﬁFr rEﬁﬁ?sFFﬁﬁ Qf %@QE%F i Hophee- _ '

stranded DNA, in the locally unpaired state,. and can
contain the'following_bases;
- thymine (f), whieh'is capable of forming T AT
10 canonical‘triads with the AT doublets of the target
|  .doublefstranded_DNA'Sequence, and also T'CG and T'GC
“_noncanonical'triads witn.the CG and GC doublets,
‘respectinely,'Of,thertafget_DNA'seQuence (30yfer et
‘al., in Triple Helical Nucleic Acids (1996) Springer,
‘_3157 New York, pp.4151;1931; o o
- guanine (G), which is capable'of forming G'TA triads
t,w1th the TA doublets of the double stranded DNA (Soyfer
et al., in Trlple Hellcal Nuclelc Ac1ds (1996) ‘
. Springer, New York pp 151 193) |
. Zﬁ '—'cytosine cy, whlch is. capable of formlng Kelle’e
:t._(protonated cyt051ne C ) canonlcal or C<AT and C'TA
noncanonical ttiads-w;thrthe GC,‘AT and TA donblets,
.. respective1y,-ofrthejtarget double—sttanded DNA;-and:'
e'é uracil -whichnis‘cabable of-forminé-triplets'with the -
- 25-_AU or AT base palrs of the target sequence {Bates et

;ral., NUclelc Acids Research 23 (1995) 3627),




:formof an oligonucleotide, the latter may be natural, 'i..e.'conposed of
natural,. unnodified bases, or be chemcally nodified. In ga%itcular, t he
ol i gonucl eotide 15 can advantageously have certain chéni?d} (m1ﬁw¥§ions
~making it possible to increase its resistance. to or its 'protection

agai nst nucl eases, or its affinity with. respect to the.specific sequence.
. According to the present invention, the. term 20 "oligonucleotide" is
‘intended to mean any chain of nucl eosidgs having undergone a nodification
of the backbone with the aimof nmaking it nore resistant to nucl eases.
Anong the possi bl e nodirfdfeatibans, sentdrardraybevrasel efsgghosphor ot hi oat e
ol i gonucl eoti des which 25 are capable of formng triple helices w th. DNA
( Xodo et al.comdudbeisc aAtictt®pRededriime 220 3322)in asyowalinesas

ol i gonucl eoti des having fornacetal ..or nethyl 16 S2005 11 phosphonate B
backbones: ( Mititduegie greslent Jn Ame Chermona$ed stht® @OGLL T TE7). It.is
al so possible to.use oligonucl eotides synthesized with a-anoners of T
nucl eot i des anghisgiabdlldasf ¢he triipile helliices Snicbh cdNABUCleoDdgieset al .,
Nucl ei ¢ Aci ds Research,. 15 (1987) .7749). Another nodification of the
backbone A s SEfe Heds FHGFERHSdaCeMPrHesydLaVERGTom meusaceadéhef or exanpl e,
of the phosphoram date -N3'-P5' _internucl eotide l.inkage_ descrihbed by '
G yaznov et &L)TY FEWFEnEM tPFo (83C) 1 PESUCESS4) 1314 chn dF §fves -

ol i . gonucl eati des h forql%%%FE%uLaraﬁsstabI%-tniple heliﬁgs with DNA.

integer 2 ween inc ive. is particularly
_‘advantageous‘to use sequences of the {CT)n orL(CTT}n'
:,_typé, or Seduences in whiéh (cerm, (CT) of (CTT)'motifs
10 are combined. | |
| .'When the third DNA s_trand- 1s .-p,r’esentr in the
Wfdrm df an oligonucleotide, the iattéf.may_be‘natﬁral,
- ‘ige."éomposéd of ﬁatUral, unmddified'baéeé,,orrbe‘ -
}f“chémically ﬁp&ified.-ln ﬁarticuigr;:the oligonﬁclectide
 15;'éan adﬁantageoﬁély have cértain cﬁemiéal modifications
making it poésible to ihcrease_its resistance_to.o;.its'
=fpr6tection aéainst nuéleases;_of-its.affinity with.
) B : ieépeét £6 théjspecific segqueance.
. According td the present inventi§n, the,térm
20 “6ligoﬁu¢leotidéf is intended to ﬁean'any chain of
'.nucléosides_ﬂaving ﬁndergéne a.mddificatidn ofrthé ,
.backbohe with the aim of making it more fesistaﬁt t@
nucleases. Among the possible mbdifiéatiéhs, mention
may be made of phosphorothioate o;igcnﬁéleotiqeé which
25 'are_capable of formingﬁtriple_helices with.DNA {(Xodo et
*_al.,]Nﬁciéic_AéidS Reéearéh, 22 (1994)-3322), as well |

‘as oligonucleotides having.formacetal-ér ﬁethyl



. Anmong the. other nodifications to the backbone,. mention rmay -al so be made
of the use of ribonucleotides, of 2'-0-nmethylribose, or of a

phosphodi'ester (Sun at al., 15. Curr. Qpinion in Struct. Bjd SEB) Q@@@S)
3143) .. Finally, the phosphorous. backbone can be replaced . w't

pol yam de backbone'as in PNAs (Peptide. Nucl eic Acids), which can also f orm
triple helices (Nelsen at al., Science, 254 (1991), 1497, Kimat al., J.
Am 20 Chem Soc., 115 (1993) 6477-6481).'. The thymine of,the third strand
can al so be replaced with a 5-bronouracil, which increases the affinity
of the ol i gphueheehiade bekaNAequmeteeeedm et al..,Aq. Ghemcges:., 111
(1989) 3059). The third strand 25 can al so contain unnatural bases,
anong. whi ch sment,i an3 raypshe- mAGE ) of IZ- deazds2 pdeexypranthosisee (M 1igan et
al., Nucleic Acids Res.,.21 (1993) 327), 1-(2-deoxy | 6 . E P 2005 12

al pha- D-ri boflaganosyleptidest byhtbheznzed- wikhpyr-anohefr4, 8£d] pyri m di ne- 7- one
(Koh et al., J. Am Chem Soc., 114 (1992) 1470), 8-oxoadeni ne, .

- 2- anlnopurlﬁ@01@0téﬂ#§tthp§§uééﬁ§oé?ﬁﬁd¢ﬁepdﬁ @ﬁ}l@eetWeﬁhn@HRflcatlon
known to those skilled in the art (Sun et al., Curr. Opinion in Struct.
Biol ., 33(1998) Dogaspet e s objusdeist A&ﬁé?tshéﬁeﬂefgeh@f 1fodiPBati on of the
third strand_is nore particularly tq' inprove the 10 interaction and/or the

affinity bet'iéen tﬁEOFH?deOéﬁFéﬁ&t&ﬁ& Phe togeLPFIPOEEqdENEBS | n

rticular,
particular, Al horamidate linkage. Mention may be made, for

example; of the phosphoramidaterNB'—PS’ intefnﬁcleotide
linkage desCribed.by'Gryaznov et al. (J. Am. Chem.
10 Soc . 116 (1994} 3143), which gives ollgonucleotldes
Wthh form partlcularly stable trlple hellces w1th DNA.
-Among the.other'modlflcatlons to_the backbone, mentlon'
- may aleo,be-ﬁede oﬁ'the use’oﬁ riﬁonucleoti&és, of
_2’4O;methyiribose,rer of a phesphodiester (Sun et al.,
15  Cu£r. Qpinien in Struct. Biol., 3 (1993) 3143) i
- iFinally;Vthe phosphorous backbone can be replaced w1th
 a‘polyam;de backbone "‘as in PNAs (Peptlde Nucleic
 Acids), which caﬁ also form triple hellces_(Nlelseq ee,‘
- ai., Science, 254 (1991); 1497;:Kim et al., J. Am.
20 Chem. Soc., 115 (1993) 6477-6481).
1 The thYmine of,the-third streﬁd.cen elso be
replaced with a-S—bfemouracil,lwhich'inereaées the
eaffiﬂity of the‘eligenucleotiae for DNA (Povsic_et al., .
J.. Am. Chem.. soc-.,_' 111 (1989) '305'9) . The third strand |
25 ‘eaﬁ aleo COntain uﬁnatural baees;_emoﬁg-which mention
- may be?mede of 7—deaza—2”;aeexyxanthosine (ﬂilligan et.

. al., Nucleic;Acids Res., 21 (l993)[327);'1—(24deoxy— o



entirely advantageous nodification according to the invention consists
in_methylating the cytosines of the oligonucleotide in the 5 position. The
ol i gonucl eotide 15 thus nethyl ated has the notable property?qﬁjﬁé@hﬁﬁﬁﬁi
stable triple helix with the specific sequence, in pH ranges.-closer to
neutrality (>_ 5; Xoda et al., Nucleic Acids Research 19.(1991) 5625).
|.t.therefore nakes it possible to work at-higher pHs than the .20
oligonucleotides of the prior art, i.ei2at pHs at which the ri sks of
degradation of the plasm d DNA are considerably |less. The length may be -
adj ust ed casépp-Caseébofurthose 13 ki3-ned hivil -Shamanb- as a function of the

desired 25 selectivity and stability of the interaction.

The third DNA

~strands accdrttiongazelohd  Bnvidpiramidameb8-syat H8shzed by .any.kdomn

. technique. 15 S E P 2005 13 particular, they can be prepared by neans of

nucleic aciGesyntIessi-zald. (AF920t BE Onet Bodxkadenine.t hose skilled in the

art can of course be used., These third DNA strands or these

.oI|gonucleo¥|é€§n§P§ré§ﬁabpe ~-r MESILRg SR CiSprEtREN® O BAYa specific

doubl e- strand quence as described above, _conprising a nm xed
ﬁ&%@f@l ¢

(pyri ni difne®

ERRAPTY EGPHR NOI§§§Sﬁh§ﬁlélﬁ§cFBOFP&e§rFongL

fl anked. byﬁ%PFsg url?%5Iegk§péﬂﬂn?3%e§trugge %g%&er qaylggg 10

“exanpl e,
‘ 345) .

"The object of ancther type of modification of

the third strand is more particularly to improve the

10 interaction and/or the affinity between the third -

strand and the specific sequence. In particular, an

entirely advantageous modification according to the

invention consists in methylating the cytosines of the

bligohﬁcleotide in the 5 position. The oligonucleotide

15 thusfmethylated has the notable property of forming a

~stable triple helix with the specific'sequence,

ranges. closer to neutrality (= 5; Xoda et al.,

in pH

NUcleic_

W _ _ Acids Researeh 19 (1991) 5625}. It therefore makes it

p0351b1e to work at hlgher pHS than the

_2077011gonucleot1des of the prior art i.e. at pHs at Whlch

.the risks of degradatlon of the plasmld DNA are -

'con51derably-lessq

The length may be,adjusted case by case by

those skilled in the art, as a function of the desired’

25 selectivity and stability'of the interaction.

Phe third DNA strands according to the

invention can_be-synthesized_by any known technique. In



- By way of exaine, menti on nay-bé made of the target doubl e-.stranded DNA

sequence corresponding t the sequence: 5'-AA GAA GCA TGC A
"(SEQ 1D No..1), which is capable of formng a triple helgilﬁﬁéﬁpééﬂgh

ol igonucl eotide conprising a sequence chosen from the follow ng sequences:
5'-TT CIT CIT CIT CIT CTT CIT-31 (SEQ ID No. 2), 5 -TT CIT CIT GCT TCT CIT
CTT-3'" (SEQID No. 3), 5 -TT CIT CIT GIT TCT CTT CTT-3' (SEQ ID No.4), and
20 51-TT CIT CIT CCT TCT CIT CTT-- 3 '16SEQ ID No. 5) .. . The formation of
the triple helix nay be obtained in the presence of Mt' ions which nay,
optional |y peematcelthe shabi bhnabeoprebatrbisbst muateref (Masguez et al.
Bi ochem stry 34 (1995) 7243; Beal et 25.-.al., Science 251 (1991) 1360).
Accordi ng t ecadpsgheheedzerbodingnbrhelenkahgdt kRbdnsequehoes accordi ng to
the invention can be 16 S E P 2005 14 naturally present on the
doubl e- st r asled IBNAinakbei arics caphefi pantiseuber hgeddvant ageous to use an
ol i gonucl eotide capable of forming a triple helix with such a sequence _
present, for exanpl e, TheRseh&hdzgubNdessrendgensstbesent erest, such as genes
~of therapeutic or experinental interest; —or marker. genes. In this ' _
‘respect, t helagpricaRPtREESaREry F8B2PRE RficFesting aségueAcesedf*vari ous

genes of interest and has. tes the stability of the triple helix
i nteracti on¥Nit R §HSEH lSIﬁ@B%§€F§5FFHQEQTDNﬁeSFE???ﬁet?ﬁe and it has

beeh. . described above, compri51ng a mlxedr(pyrlmldlne—purine)
'intérnal region N 1ess'théﬁ 8 nucleotides long, flanked_
by two homOpurine.regiQnsrR and Rf. The-iatter mag, fdr.
10 example, comprise a motif of the GAA type.
| By way of exampie, mention méy be”made of the
target doubleestranded'DNA saquence correspénding to
' the sequence: 5’-AA GAA GCA TGO AGA“GAA'GAA43? (SEQ TD
'Nq.'l), which is capable of formiﬁé a‘triple hélix ﬁith;
15 an oligonucleotide comprising a sequence chosen from -
the‘foliowing sequences: |
5/-TT CTT CTT CTT CTT CTT CTT-3* (SEQ ID No. 2),
5'—TT-CTT CTT GCT TCT CTT CTTej' (SEQ-ID No. 37,
'5/-TT CTT CTT GTT TCT CTT CTT-3 (SEQ ID NQ;4), and-
| 20 .5 TT CTT CTT CCT T CTT CTT~ 3" (SEQ ID Neo. 5-) .

The formation of the trlple helix may be
obtained in the presencerqf Mg?* ions whlch_may
optionally proﬁote the stabiiiéétion of this-structute
{Vaéquez et al., Bioéﬁemist;y 34 (1995) 7243;rBeal et

25 al., Science 251 (1991) 1360).
“ ':According.to.a breferred embodimeﬁt; the

target DNA seQuences.according to the invention can be-f



able to show that certain regions of "these genes prdduCe'the formati on of a
stable triple helix despite the presence of noncanonical triads suc%
T*CG T*GC, C*AT, C*TA and T*TA. 15 Ampong. the sequences. whi ¢ty &yl U?JSB

naturally

5' - AA GAA CCA TGC AGA GAA GAA- 3’
present in the sequence of the human, FGF1 gene (Jaye et al.,

present on a doubl e-stranded DNA, nention nay be made of the

sequence . (designated 1D1) (SEQ ID No. 1)
Sci ence 233

(1986) 20 541), the 5 -GAA GAA GCA CGAL GAA G 3' sequence (SEQ I D No. 6) of
the human gene encoding factor ix involved in clotting (Kurachi et al.,
Pron. Natl.nAeafal1B6iprés&nt. of9c0d983hb6463) rantibg BiaAANGAI A 1ACC AGG

GAA G 3

(SEQ ID No. 7) and 5'-GAA GAG GAA GAA G -3

(SEQ ID No. 8) 25

sequences oththepSehPcsear e eddahkahyoeuphesphatase gene (Mllan et al., J.

Biol. Chem., 261 .(1986).3112),.

the 5 - AAG GAG AAG AAG AA--3 . sequence

(SEQ I D No. o9iyonfic16oSi &e Pc2p8bla50ft hierhimanaatphakbéehelpxotrétnh haFP gene

(G bbs et al _,

Bi ocheni stry 26+ (1987) 1332), the 5 -AA GAT GAG GAA GAA
G 31 sequensecii SEG¢@Didoce 10¥esént hefbunenai@Xegenr t£be seatentki ng

restencsis (CGorski et al_, Mi_ Cell 5 Biol_, 13 (1993) 3722) and, finally;
the 5' - GBC AAQUEEAS GLALACgreskquence ASERREsNef tBerepevhéchanan S
VEGFB- 167 gene (O ofsson et al., J. Biol_ Chem',-27.1 .(1986) 19310). The
formation. BTPa-iFeprel hBRFRTAFEh ar BeHteRcespreseht FRia gene of

therapeutic_or 10 exgerinen{al interestis_particularly adv?ggageous

10-

15

20

25

respect, Lthe applicant has analyzed the nucCleot

' sequences of various genes of interest and has. tested |

the stability of the triple helik.interactions.With an
oiigonucleotide‘bf the (CTT)n:type, and'it,has 5eéﬁ
able.to show that certain regions of these genes |
produce the formatignqof a stable'tiiple helix desPite
the presence of'noncandnical triads Such aé T#CG; T'GC,
C’AT; C"TA and T'TA.. |

| Among.tﬁe éequehces,which'are naturally

présent on a double—stranded DNA, mention may be made.

‘of the 5’'-AA GAA GCA TGC AGA GAA GAA-3' sequence

(designated_IDl) {SEQ ID No- 1) present in the Sequence

of the human FGFl gene (Jaye et al.; Sciencer233:(1986)

541), the 5';GAA GaAA GCA CGA GAA'G—Bj.seqﬁence (SEQ ID
-No. 6) of the human gene encoding factor IX inveolved in

clotting (Kurachi et al., Proc. Natl. Acad. Sci. U.S.A.-

79 (1982) 6461), the‘S'fAAA GAA AGC AGG GAA G-3' (SEQ

ID No. 7) and 5'-GAA GAG GAA GARA G-3’ (SEQ ID No. 8)

‘seqﬁenCes of the SeAP secreted alkaiine_phos@hatase

gene (Millan et al., J. Biol. Chem., 261 (1986) 3112),.

the 5/-AAG GAG BAG ARG AA-3’ sequence (SEQ ID No. 9) of



since the target sequence is naturally present ~on the, .double-stranded DNA
nol ecule and it is not neces' sary.to. nodify the target doubl e- st ng DNA
B S 2805

“or the-plasmid carrying this gene so.as..to incorporate intio

artificial specific sequence- Alternatively, a target -sequence may.al so be
introduced artificially-into the doubl e-stranded DNA. According to a second
aspect of the present invention, there is provided purification process as
defined above, <characterized in tha& the oligonucleotide is covalently or

~noncoval ently, stably coupled to a suSport. 16 15a Anot her enbodi ment nmay

relate 10cRcPhARSRS 8L DUYLNG AUl RSl ANde I, aecpr ding Lo which

a sol ution contarning onents, 1S ‘brought into

contact weiBcAckikd DM Shioang §sadgscrihed @M%A%@hﬁ%-g?gg“ on

preferably an. ol 1 gonucleotide capable o orrning,

~triple, helix WeblleAcePQEEh GrSRBUENTS JiT ASRN @Rk [ty desble-hf anded DNA

as descri bed above. . -Preferably, the double-stranded DNA i1s. brought into
contact iacgekutitengWirtlthesiel i(geruiiedtd dgr S BR 20Q% 116 i mobi li zed on

-a support. Even nore preferably, the oligonucleotide is covalently or

noncoval estiby .coupl €d9980 SaRd)sup@or i ina ld st altlee SvaimmEr Asthus:a the step
for ‘bringing a solution containing a double-stranded DNA
GGA-AfB'_sequence (SEQ-ID‘NO. 13) of the human
VEGFB—}S? géne (Olofssbﬁ et él., J. Bidl- Chem., 271
-(1986) 19310) . ‘The'fqrmation. of a triple helix with a
sequence présent in a Qene df therapeutic or
10 experimentalkintérest-is particularly advantageous
';since the target Seéuencé is naturally preSent'on.the:
.aoubleust%anded DNA-molecule ahd it is-nQFinecésséry:to_,
modify the=targe£_a§ublé—sﬁrahded'DNA'orfthe-plésmid |
_ Cdf:&ing thié'ééne_So:as_Eo indorpo;éte into it an |
7115 aftifiéial,specifi¢'ééqﬁeﬁceQ'Alﬁernatively, a-targét_i
W'C;séquencé mayialso ge iﬁtréducéd.artifiéially:inﬁd the
doﬁble;strandgd:DNA.
According to a second, aspect of the present invention,
there is provided purification process as defined above,
characterized in that the oligonucleotide is covalently

or noncovalently, stably coupled to a support.



- above theiir pr
- Bi ot echnq| o0y

5 into contact can advantageously consist in passing the solution of DNA,
m xed with ot her conponents, over the support to which the oligonucleotide
is coupled, in order to obtain the double-stranded DNA, thg 5Q§EﬁHZ§H$on
of which is desired, in an efficient and 10 rapid manner- _ Such supports
are well known to those skilled in the art.and conprise, for exanple,
consisting of beads or of mcropartichkes, such.as latex particles, or .of
any other. support in suspension. The oligonucleotide 15 can al so be
grafted onto-a nol ecul e of the polynmer type . of natural or synthetic

origin. Erra;@f@plamb@@fm@@tymgg rka i oh, the,pbigonueleotids £ at tached
has a prgﬁggty which allows it to be easily separated fromthe. sol ution

. after fordrhlomvfrathded rBYAe helix with the 20 doubl e-stranded DNA. Anpng
Jnatural;iyol rs, nmention my pe nade of'groteins, | i pi ds,” sugars and
" pol yol s. %% Yt h et ot Rt e L AR nEPBh Ry Be® ndder JFEH yacryl ani des,

sensitive. pol yners-

| yet hyl Lycol s - deriyati heat - .
ok as. i B eoB SNk BOLHES  SREo poryraET SBbbg i L

acryl ari dg);, H e sol ubl .t erat ur e and_bgcone i nsol uble.
e A Sl el Rt O B O r ot 1 et al

ot eck ih v %lrﬁ?ec?ﬂidftﬁﬂ;éi@ati@e'(&%?&%l%%%-fJﬂﬁJ‘frﬁ)dfr',”ﬁ cation process

according to the present invention-is particularly useful’ since |t:-- :

'hybridizationg a triple helix with a specific sequence

. present on the double-stranded DNA as described above.
' Preferably, the double-stranded DNA is brought into

‘cdontact in solﬁtion.witﬁ‘the‘oligonuclebtidé



5 enables: the,purification i) of DNA nol ecul es which do not contain a
honmopuri ne sequence of sufficiently great length to allom/the formati on of
a stable triple helix structure with a honopyrim dine olwgoﬁu %ﬁ@t?@@g but
also ii) the. DNA nol ecules in which the honopurine 1'0 sequence is
interrupted with several pyrimdine bases. in addition to allow ng the _
purification of a greater variety of DNA nolecules, this process is also
rapid .and produces yields and degreesqgf purity which are particularly

hi gh. 15 Moreover, it nakes it possible to purify DNA nol ecul es from
conpl ex m Xttne®icerpei shng etibebriNugkenc meledprefreteins, taadot oxi ns
(such as- |ipopol ysacchari des), nucleases, etc., and to obtain a purified
" DNA of phar pAdevhiucakogtadki fy. caeauenﬁﬂgebxtQoﬁbb@ﬂﬂéb&lgomab@mEdcoupI|ng
to the support, the oligonucleotide is generally functionalized. Thus, it
may be nnditbedaWﬂthuap0ter¢hnalsthbdb,mamhee.omhaaubohylsgepumprin the 5"
or 3 position. In particular; the addition of a.thiol.,. -25 amine or

car boxyl gr bupngakgsai sopusspbl epntednéxanpl doubdecstphadedeDNA
.ollgonucleotlde to a support, bearing disulfide; naleinde, anne,

car boxyl P edpép, ceﬁéﬁpaeca@aaévanpazeessls C@F&ﬁégeﬁnbpéﬁﬁéégothaldehyde

’functlons These coupli g are fornmed through the establishnent of
“disul fide, SPhP6éPRePL B8ferMixRdWisR SKPRE SPFRERRBAEs BEEReERS t he

OlIgOHUC|eOtId%o%@dtgh%higgpgke oéz%oghg ecgghg gs coupled in

order to obtain the double—stranded DNA, the
- purification of which is desired, in an efficient and
10 rapid manner. ) |
| .Such supports are well known to those skilled
- in the art and COmprise,-for example, consisting of -
.beads or of microparticles, such. as- latex partlcles or
-of any’ other support in suspen51on The ollgonucleotide_
15 can also be grafted ontO‘a molecule_of the,polymer type
-. “of netural or 3yntheticporigin. Preferably[ the polymer
te which the oligonucleotide‘is.attached has a property
- which allows it to be easily separated from_the
solution after fqrmation_oflthe triple helix with tpe
B 20-'double—5tranded DNA: Among ﬁatural;polymere,-mentien‘
o may be made of proteiﬁs,rlipids,lsuga:s end-polyols;
among synttetic pelymers,-ﬁéntion'may be made of
poljacrylemides,'polyethylene Qi?&ols, styrene |
derivatives and heat-sensitive polymers'sﬁch as, for
25 example, cempounds ef the type poiy(N—isopropyl~' |
'acrylamide), which are soluble at low temperature and

become insoluble above théirﬂphase'trahsition_



5 known to those skilled in the art can .be used, such as di f uncti onal
“coupling reagents for exanple. Moreover, in order to |nprd&§ §teP 2005

hybri di zati on with the coupl ed ol i gonucl eoti de,
the oligontucleotide to contain an

bases. The use of an armin fact makes it possible to' attach the

ol igonucleotide at a.chosen distance fromthe support,

to inprove the conditions of interactimn with the DNA. The arm

advant ageously 15.

it may be advantageous. for
10 "arn and a "spacer" sequence of

maki ng it possible

consists of a linear-carbon-based chain conprising 1 to

18, and pretem@bkatﬁrEO(Tz Mgroups aff. CHElbypehnamdgﬁnananlne whi ch al | ows

the attachnent to the colum. The

ol i gonuc- | estbdegdneetiag, spacéeotonpéied. of bases which are not
20 in the hybridization. Thus, the "spacer"™ can conprise purine bases. By

-way of exanple, the "%ShacerntifanattonpprseesthacsegdeéngetGAGE The
- oligonucleotide coupled to the purification support can.,, for exanple,

armis linked to a phosphate of the

i nvol ved

have the 25P§@qaéﬁcén5§DEAeG CFTeIFLErrlerfy Cryery GIWC@'lFGAGG (ctm,;
11) in which the GAGG bases are not - involved in a triple helix
structur &, BoePhBRethE . 2BTEERPC2003019) pESBIRI BOLBCRSRM WREBACEO bet ween t he
ol i gonucl eotide and the coupling arm. Various t% pes, of support can be

SEQ I D No.

fused for

10

15

20

- 25

Yy great

BaFr §PRG200t 2t RBTPPBELRE FREBARFENCE THEY HayehE

length to allow the formation of a stable triple helix

- structure with a homopyrimidine oligonucleotide, but

also ii)} the DNA molecules in which the homopurine

seguence is interrupted with several pyrimidine bases.

_In_addition to allowing the purifiéation of a greater

variety of DNA molecules, this process is also rapid

and produoes yields end degrees of purity which are

rpartlcularly high.

Moreover, it makes it possible to purify DNA

molecules fromroomplex mixtures comprising other

- nuclelc acids, proteins, endotoxinsr(such as
lipopolysaccharides), nucleases, etc., and to obtain a -

“purified'DNA of‘pharmaceutioal.quelity.,

~In order to allow its covalent coupllng to
the support the-ollgonucleotlde is generally

functlonallzed}'Thus, it may be modified with a

‘terminal thiol, amine or carboxyl group, in the 5¢ or

3 position. In particular; the addition of a thiol,

amine'or'carboxyl group makes it possible,-for’example,

' to coupile the ollgonucleotlde to a support bearlng

disulfide, malelmlde,ramlne, carboxyl, ester,.epox1de



5 functionalized chromatography supports,. |oose or prepackaged in
colums, functionalized plastic surfaces -or functionalized | atex beads,
whi ch may or nay not be magnetic. They a.re..preferably gq; E@m@@@ﬁpn
chromat ogr aphy supports. By way of exanple, 10 chromat ograp jP upports
whi ch can be used.are agarose, acrylamde or dextrans', and al so
derivatives thereof (such as Sephadex(r),.Sepharose(r), Superose(r),
etc.), polymers such as pol y(styrenediginyl benzene), or grafted on
nongrafted silica, for exanple. The 15 chromat ography col umms can function
~in diffusiosy8fioggerbushifie ndtesl QehiAeafifitvidhZedTheds esupexpgnded”
system using a chromatography support wth .a density which is suitable
for this paatécfibaneénbtiodonght the Thstabbiskseaccof dibhgul bifie present 20
i nvention can be used to purify any type of double stranded DNA. This-is,
for exanpl ethtpethbnr &MPersuehids ami-anthe. gtea¢Paeguet betwaen, Cene
Therapy 6 (1999) 209),a linear fragment, or a plasm'd carrying generally
one or noretgenesigfnenbeapbdei @ndrtRg. serpert reiwdl orthesresthodhi s plasnid
may al so carry an origin of replication, for exanple of the conditional
type (suéh }égo‘b’%et%@%?%?a§ﬁ%l§e%%’éht%?eaﬁ’és%@ﬁlb]éﬁ Byede SECP 2905 20
Soubrier et _al., Gene Thera X 6 (1999) 1482), a marker gene, etc. The
~ process- of @hgu?ﬁQEﬂ??hnC%%ﬁ b%gaﬁﬁ?gﬁﬂtsdF?Ec???m?Bea cel | Iysate In this

enbOd!nEnt the Moreover, in order to improve the

hybridizatlon with the coupled oligonucleotide, it may

'be advantageous for the OIigonuoleotide‘to contain an

10 _farm” and a “Spacer” sequencerof'basesd The use‘of-an
arﬁ in fact makes it possible to‘attach the
ollgonucleotlde at a chosen dlstance from the support

: maklng 1t p0551b1e to 1mprove the conditions of
. interaction Wlth'the DNA . The arm advantageously
15- cohsiStS'of a linear'carbonebased‘chain comhrising 1 to
_ 18,.and prefefably.érto lé, gfoupe of CHz‘tyﬁe, and an.
amine which allows the attachment to the column, The
arm is linked to'a_phosphate'of the oligonucleotide or
of:a “spaoerﬁ'oomposed‘of bases which are not ihvolved
.20 'in the hybridization. Thus{ the “spacer” can comprise
pﬁrine basee.'By.waf of example, the “spaoer".can
cOmpriee.the_seqﬁenoe GAGG. |
-The_oligonuoieotide ooﬁpled to-the
"pufification support can,  for example;Thave'the'_
25 sequence 5'§GAGG CTT CTT CTT.CTT CTT CTT CTT-3' (GAGG
| ‘(CTT)7; SEQ IDeNo. li) in which the GAGG‘bases are not

involved in a triplerhelix structure, but make it



"plasnfd; anplified by fransfornation and then cell 5 culture, is purified

directly after-cell lysis.  The process according to the invention can al so
be applied to a clear Iysate,'i.e. to the supernatant it ofjt@i J€P Ziiker
neutralization and centrifugation of the cell Ilysate. It can,,of course,

al so be applied to a 10 solution which is prepurified using known nethods.
This process also nmakes it possible to purify linear or circular DNA
~carrying a sequence of interest, fromfag mxture conprising DNAs of various
‘sequences. The process according to the invention can also be used for 15
purifying dgybkenstrendedriNA. spheeCBEEwbYSatReCaN1 BN ¥SRL g OF
prokaryotic or eukaryotic cells. Regarding prokaryotic cells, nention may -
be nade, foanexanyl €ouplikg &oki, B. subtilis_., S. typhinmurium S.- aureus
. or Streptomyces 20 bacteria. Regarding eukaryotic cells,., nention may be
~made of -ani mal cells,vaytassstybangof etfporandaniobe -upadtfeul arly

Kl uyver omyces or Saccharonyces yeasts, or COS; CHO Cl127, N H3T3, MRC5,
-293, etc. cetigindheuprbbesprefenheinverntonn Thepambicokarly 25

advant ageous since it nakes. it possible to obtain, rapidly and- :
“sinply, . pl aSwidt DNt bl zgdr ghhpgatporaply papperusar loaseidtrustrated in the

o exanpl-es, this 16 SEP 2005 21 process nakes it possible to efficiently

separat e pl BERPYCDNACE r 6P €ORLERT naf gt Eonpbhend sPiaehiassuriagment ed

chronbsonmal DNA; RNAs, endotoxins.,. proteins :
_ or functlonalfzed latex bgads, which may or may not be

magnetic. They éreypreferably gel permeatioo
ohromatography supports. By“way.of example,

10 chromatography supports which can be uéed are-agarooo,
aorylamide‘or dextrans,; and also derivatives thereof'-
{such as Séphade?@,.Sepharose®, Superosé@, etcf),.

polymers.such as;polyfstyreﬁédiviﬁylbenzene), or
grafted-on.nongraffed Silioa, for eXamplo. ihe

15 'ch:omatography columns can function io diffooionoor
'perfosioh'mode, Ofiin a ffluidized bed” or “ekpanded”
‘system, using a chromatography sopﬁort_Withza'density
Which'isfsuitable'for'tﬁis'particolar émbodiﬁént; :

" The prooeosoaccording to the-preéentf.

20 invention oanvﬁe.used;tofpurify_any type of double—-‘
stranded'bNA.'Thisﬁis% for example,_cifculaf DNA, éﬁch :
és a-ﬁi@icirole.(bérquét ét‘ai.;‘Gene Iherapyl6f(199§)‘

. 209), a linear fragﬁeﬁt; or a plasmid oarinng

" generally oﬁe or more genes of ﬁherapeutic’or
25‘.experimental interost; This plasmid may'also carry.én_
origin of réplioation; for exémple‘of the,coﬁdioionai

- type (such as,thé.pCOR plasmidskwhioh are described by’



-or nucl eases. The process of the |nvent|on is al so useful for purifying
and enriching DNA nol ecul es, and particularly genes of th %fgt)éﬁ
interest, such as the FGFI gene, mhlch are produced and p { f (in
~industrial scale, and the purity of 'which- nust be 10 conpatlble with
~pharmaceutical use. In yet another aspect of the present invention, there
is provided a process for detecting a doubl e-stranded .DNA, characterized
in that a 'solution suspected of contayni ng sai d doubl e-stranded DNA

mol ecul e is brought into contact with a | abeled third DNA strand capabl e of

form ng, bysoliybikdi zat kon, achel pherhpli s Wibboa tagget asggupase of said
doubl e--stranded. DNA, said target sequence having the fol-1ow ng genera-1.
formula: (&ene; (dke- (Rhpmp3ocesvhbehthandnReneepnesant bauapbpodti de
sequences conposed only.of .purl-ne' bases;'n and mare integers |ess than
~9; and the éunecblyn&q1ascgléaﬁgsathanIﬁ thhssembnd¢mentLdehsequence
conprising both purine bases and pyrim di ne bases; and t' ‘

an-i nt eger . pégsmiflanadplifigdsby PrQQSSOQmatlﬁurahérthﬂbodehént nay be a

process for detecting,
7 .5 culture, is purlfled dlrectly after cell ly81s The

process according to the invention can also be applied‘
T to elclear lysate, i.e. to the supernatant it obtained
afcer neutralisacion and cehtrifugation of the cell
lysate. It Can,,cf course, also be‘appiied to a
. _iO solution whichjis prepurified using known methods. This
process also makes it possible to purify linear of
'circular DNA carrying a seﬁuence of intefest. from a
:mlxture compr;smng DNAs of varlous sequences The
.process accordlng to the invention can also ‘be used for
15',purlfylng,double—stracded RNA.
Thencell'lysete can'be'e'lysate_of
--prokaryotic'or eukaryotic cells. Regarding prokaryotic
ee:cells, mentioh mey be maae,-for'example, of E. coli,
”B, subtilis,_S.‘typhimurium, S. aureus or'Streptcﬁyces
' f20 bactefia Regardlng eukaryotlc cells, mention may be |
"made of anlmal cells, yeasts, fungi, etc., and more
fpartlcularly Kluyveromyces or Saccharomyces yeasts, or
- cos, cmo, €127, NIH3T3, MRCS, 293, stc. cells.
| The process of the 1nventlon is partlcularly
25 ,advantageous since it makes lt pos31ble to obtaln,
_rapldly and 51mp1y, plasmid DNA of very hlgh purlty In

particular, as lllustrated in the ‘examples, this



quantifying and sorting doubl e-stranded DNA nol ecul es.. conprising at

| east one target sequence; as- described 15 above, which consists. a) in
"bringing a -solution suspected of containing said nolecul & ShPo?88ht act
with a third DNA strand, for exanple a | abel ed: oligonucleotide, so as to

forma. stable- triple' .helix, - .and b)._in..detecting the conpl ex
possi bly fornmed between 20 the doubl e-stranded DNA and the third DNA
strand. This process is usefu-l.in.pakticular in the.. context of

the' arialysis of genones, by allowi ng,. for exanple, the detection of a
parti cul APNS s stplerfeel fa Repohelorte hef 56FLPRLET Sepe&iftiec sequences in 25
The third DNA s-trand or. the. .oligonucleotide, according to this aspect
of the- PrEsERE iAA i rECREN AT 1IN 4BeFBANEY SPnEBFHor&t i ng a- | abel

whi ch. is detectabl e 6SEP2005 22 by spectroscopi ¢, photochem cal, :

bi ocheni dH2IShAthSTHEMEH v Wieni TS neaﬂéf’e?&r’fnéxa%l%,el?ﬁt:h | abel s

can consi st of . radioactive isotopes (32p, 33p, .3H, 359 or quorescent

- : oY, cleases. A . ) .
nol ecul es (gybréﬁ%d%oxyurldln.er_fluoresceln, acet yl am nof | uor ene,

di goxisgenin) . The |aheling. i RS eabl ¥ EALELAT; QUBIRY sagghporating
| abel ed nol ecules into the | , : _ _
for purifving and enriching DNA molecules, and
”pa;ticUlarly;genés of therapeutic interest, such as the
'EGFl geﬁe, which are-prodﬁcéd and‘pufified'on.an | |
industrial scale, and the purity of 'which must be
10 compatible with pharmaceutical use.
In yet another aspect of the present inventioh, there 1is
‘ prpvided a'prqgess"fbr détgcting a doubie—stran&ed | .
_DNA, characterized in that a ééluﬁibn suspeéted of
éontaiﬁihg.said double-stranded DNA molecule is Erought‘
into contact with a labeléd third DNA strand capable of
forming; by hybridization, a triple helix with a target
<$equence of said double-stranded DNA, said target
sequence having the  follewing general. formula:
S - (Rlam (W) - (R )3
_in which:
R’ and R’ represent nucleotide sequences
combosed only of purine bases:
n and m are in;egers less than 9; and the éum
" of n+m is gréaﬁer thén 5;
N is a nucleotide Sequéncétcoﬁp:ising'bOth
purineAbases-anQ'p?rimidine béses} aﬁd

t is an-integériless than 8.




pol ynucl eoti des by prinmer extension, or by adding to 10 the 51 or 3' -ends.
Exanpl es of nonradi oactive | abeling are described in particular in French
patent No. FR 78 109 75, or in the.ar.ticl.es. by Urdea et aI é1988
Nucl ei ¢ Acids Research, 11: 4937-4957) or 15 Sanchez- pescado Bt

J. din.-Mcrobiol., .26(10) 1934-1938), According to this partlcular
aspect.of the present invention, the third DNA strand or the

ol i gonucl eotide can al so be. inmmobiEized on a support as 20 descri bed
above. A fourth aspect of the present invention relates to a pack or kit
for purifying and/or detecting' the presence of a-doubl e-stranded DNA
according to the .invention in a conplex m xture, said pack conprising .25
one or nore oligonucl eotides as descri bed above. The |l atter can be

i mmobi i zed on a support and/or conprise a detectable label. 1 6 S E P 2005
23 According to this aspect of the present invention, the detection kit
descri bed above, such as kit will conprise a plurality of oligonucleotides
in accordance with the invention which nay be used to detect target
doubl e- stranded DNA sequences of interest. Thus, the oligonucleotides

i mmobi i zed on a support can be organized in matrices such as-"DNA

Further embodlment may be a process for detectlng,
o quantlfylng and sortlng double stranded DNA molecules
”comprlslngrat least one target sequence as descrlbed
15 .eEo§e Which consists'a)'in'bfinging”a~solstien‘

suspected of contalnlng sald molecules into contact

- w1th a thlrd DNA ‘strand, for example a- labeled

- 'A.*:::3ollgonucleot1de 50 as to form a. stable trlple hellx,p

':end b) in. detectlng the complex p0531bly formed between-
 f.i2ﬁ the deuble—stranded DNA andvthe,thgrd DNA strand._ |
- This process is usefﬁi_inﬁpa:tieﬁief.in the,
Ticostext'of'theiaﬁalysis.efzgenomes, by allow1ng,Aferr
;‘texaﬁple, the detectlon of a partlcular'DNA sequence ln N
a. genome or . the sortlng of speC1f1c sequences-
:tZS”,.' ‘ 7;7; The thlrd DNA strand or the ollgonucleotlde,;
_eccoralng‘to thlS aspect of the present 1nventlon,,can ;f

'-..be 1abeled by 1ncorporat1ng a- label whlch is detectable;atlf



"chips". Such organi zed matrices have in'particular been 10 described in US
patent. No. 5,143,854, and in PCT applications No. WO 90/ 158 &9632% ’UD
92/ 10092.. Support matrices on which the oligonucl eotides hab
‘immobi lized. at a high density are, for exanple descri bed in-US patent
.15 No. 5,412,087 and in PCT application No. WO 95/11995. = The present
appllcatlon mAII be described in greater detail using the exanples which
foll ow, which should be considered as pblustrative and nonlimting..
Legend of the figures: 20 Figure 1: Schematic representation of the plasmd
- pXL3179; Fi gy ep2ctHobenptiicG Heptesdrinathon biothempkasni d pXL 3296;
_Figure 3: Schematic representation of the plasmd 25 pXL3.426; Figure 4:
"Schenmat i ¢ r éprmesernhatiionlobrt hkepliasil deanpXt3402; 16 S E P 2005 24 Figure
5. Schematic representation of the plasmd pXL3678; Figure,6:" Schematic .
representation of thefFpkasemaoplpXL320%; 1Ebglisec@n Schenwti cfr epresentati on
~of the plasmd pXL3388; Figure 8% Sc@enatlc representation of the plasmd
. pXL3579. .. radiocactive isotopes ( p, H, S) or fluorescent
5 . molecules {5-bromodeoxyuridine, fluorescein, 7
acetylaminofluorene, digoxigenin}
‘The labellng is preferably carrled out by
1ncorporat1ng labeled molecules 1nto the
.leynucleotldes by prlme; extension, or by adding to-
10 the 5’ or 3’ ends.
Examples of nonradioactive lebeling are
described in particular'in French patent
- Ne.‘FR 78 109 75, or in the. artlcles by Urdea et al.
f(1988 NUclelc Ac1ds Research 11: 4937 4957) or
15 Senchez%pescador-et al. (1988;‘J. Clin.:ﬂicrobioi.,
e~2s(1o) 1934-1938) .
Accordlng to thlS partlcular aspect of the
_present.inventlon, the third DNA strand or the
'i'oliQonuCleotide can also be immobilized on a support as
‘20”'des¢ribed above.
A fourth aspect.dethe present invention
relateS-to a pack or kit'for purifying'and/or detecting
ethe presence of a double- stranded DNA accordlng to the
-ulnventlon in a complex mlxture, sald‘pack comprlslng_
25 ‘one or more oligonucleotides as described above. The
latter.ean.be immobilized‘on a support aﬁ&/er comprise

" a detéctable label.



Figure 9: Schematic representations of the.plasnids General cloning and

mol ecul ar bi ol ogy techni ques. The conventional nethods of %$%¥t$;2005
~biology, such as digestions with restriction,. enzynes, gel:

el ectrophoresis, DNA fragnment ligation, 15 transformation in E.- coi.i
precipitation of nucleic acids, sequencing, etc., are.described. in the
literature (Maniatis et al.., (-1989). Ml ecular cloning: a | aboratory.
manual ;. second edition, Cold Spring Han Laboratory, Cold Spring Harbor
Laboratory Press, hbmr 20 York; Ausubel et al., (1987) Current protocols in

mol ecul ar.. biol ogy,. é &Y% aﬁmlqs&a%edﬁe\gfwgh!@ oreHg it estriction ,
enzynes mere supplied by New- Engl and . Bi ol abs, Beverly, MA (Biol abs). he

ol i gonucl eotiind@s talch 5 WH e t2ed s &gt25kéiﬁtﬂ5@aﬂaﬁdvb Ofsuch as
phosphorami dites. protected in the a position. with a cyanoethyl gr oup

(Sinha et alkitNudlld codtirdsdResedriality AN A%l Gdiges( 1985), With
the 16 S E P 2005 25 394 automatic DNA synthesizer fromthe conpany
Applied Bi esystrefanes ng. dhhehraninfaattioer Wik arye bea tisesds .toThe

ol i gonucl eoti des used for synthesizing affinity gels are obtained fromthe
conpany- Anecstiamts tRivgratacicaitBicotsécianfegep $alra seqiweders) odr from Eur ogent ec
~(Seraing, Belgium, and are used w thout nodification. The-strains allow ng
t he repllcaﬂméﬁréﬁtthe pPCOR pl asnmids, and the conditions for growh-and for

~selection. of'these plasnmds., have already been
o o " Thus, the ollgonucleotldes lmmoblllzed on a

.support can be organized in matrlces-such_as-“DNA
ichips”f Such organized matrices have in particular been
;iO described iﬁ_US patent. No. 5,143,854, and ie“PCT
'epplications No. WO 90/15070 andr9é/100§2.
L - Bupport matrices on Wthh the
 . 011gonucleot1des have been 1mmoblllzed at a hlgh
-den81ty are, for example, descrlbed in US patent
eis No. 5,412,087 and in PCT application No. WO 95/11995 .
| The present applleatlon w1l}_be dééc&iﬁed'in :
“, greater detail usiﬁgrthe'exampies‘which follow,gwhich
should Ee eonsidered as illﬁstratiﬁe and nonlimiting.-

_ Legend'of the figures:

20 Figure 1: Schematic representation of. the plasmid
' DXL3179; -

Figure 2: Schematic representation of theeplaSmid pXL

32967
7 _Eigure.ji SchematiefrepreSentation ef'tﬁe plaemid
..25'-pr3426; | o
| }Figure 4:'Schematie representaticn-bf theeplesmid

pXL3402;



10 described (Soubrier at al.,. Gene Therapy 6 (1999)

1482). Exanple 1:

Construction of' plasmids 1.1 The plasmid pXL3179 (pCOR—FGFl%éSr The plasm d. -

pXL3179, which is represented in 15 Figure 1, is a vector

iOeP 700l the

plasm d pXL2.77.4 (WD 97/10343;. Soubrier et al., Gene The?apy 6 (1999).

1482) into which the gene encoding a fusion between the

si gnal peptide of

human. fibroblast interferon and the FG-1' (Fi broblast G owh Factor 1)
cDNA (sp-FGF1, 20 Jouanneau et al., PNA% 88 (1991) 2893) has been

i ntroduced under- the control of the pronoter originating fromthe early
region of theghuens: Syhenmgatbovepueseh€iibh GEPkhanglebmtbe

- pol yadenyl ati on signal of the SV40 virus late region 25 (SV40 | ate pol yA;

Genbank SCAG®L3678.:;2. The plasnmid pXL 3296. (pCOR) |. SEP 2005 26 The
plasm d pXL3296. derives fromthe plasm d pXL3179 in which the sequence of
t he sp- FGF1Fgensehés Sboematépl aepdewenhathennulft tpeepdhenidg site. of the.

- plasm d-pUC28 (Benes et al., Gene 130 (1993) 151). The 5 plasmd pXL2396 is
. represent edPER3Eldure 2. .1.3 The plasnid pXL3426 (pCOR-1D1) The pl asmid
: pXL3426 derives fromthe Iasnld pXL3296 into which the sequence

GATCCAAGEA@@A‘PG&AGEGM@I&W@SPIﬁé@nﬁééﬁonn§§r tbg pipsHéfween the Bgl ||

'and Xhol S|tes gge plasnld pXL 3426

Figure 8:_Schemat;c representation of the plaSmid

pXL3579.

':Figure 9: Schemacic-representatioﬂs of-ﬁhe plasmids

© 10 pXL3601 and pXL3977

General clonlng and molecular biology technlques.

The conventlonal methods of molecular

biology, such as dlgestlons with restrlctlon enzymes

gel. electrophore31s "DNA fragmentrllgatlon,

15' transformatLon in Ec coli, precipitation of nucleicf

acids,. sequencing, etc., are described in the

3literature7(ManiatiS-et al., (198%) Molecular cloning;

a laboratory manuel, eeCOnd'edition, Cold Sprihg_Harbor

_Laboratory} Colngpring Harbor'LabOratory*Press, New.

20- York; Ausubel et”al., (1987) Current protocols in-

. molecular‘biologyl John Wllley and Sons,-New York) . The

restriction enzymes were supplied-by NewaEngland

Biolabs, Beverly, MA (Biolabé).

The ollgonucleotldes are synthesrzed using

.25 ‘the chemistry of phosphoramidites,protected_in the

positioh:with a cyanoethyl group (Sinha et al. Nucleic

Acids Research, 12 (1984) 4539;1Giles_(1985)A‘with the



is represented in Figure‘3. Exanmple 2: Construction of other plasmds

carrying target sequences The plasmid pXL3675 derives fromthe plas§68515

pXL3296 into which the sequence .5 GAAGAAGGGAAAGAAGATCTG 3] haf thie
inserted between the Hpal and Xbal sites; the plasm d pXL3676 -al so

derives fromthe plasm d pXL3296, in which the sequence _

5' - GAAGAAAGGAGAGAAGATCTG 3' ‘has been inserted between 20 Hpal.and Xbal, and
finally the plasm d pXL3713. which contgi ns the DNA-sequence -

51- GAAGAAGTTTAAGAAGATCT. G 3, inserted between the Hpal and Xbal sites of
pXL3296. TRhespkaswindsithosacepsthest ed Wererpihiel cedpbyyCagb1iell ori de
gradient, and the sequence-of the inserts was .25 confirned by sequencing.

-These prepaBabisgesencneingedhel mahhéaexanehres desemneadakéopaisnafter. .

16SEP2005 27 Exanple 3: ldentification of a 20-mer sequence internal to
the FGF1 gene, form nfhe sflabbeucteioplicesehisedThervaynabsesplzasg ds as
described in the exanpl es which foll ow were chromat ographed by triple
hel i x i nt er a¢tioa taf east prehpbiratogdaghprunder cogpansaldieretagondi ti ons.
The affinity support was synthesized in the following way, using the
chronatoéraéﬁ?rﬁéﬁﬁérﬁ18§ﬁﬁ KPPpeRls. 160@dsr ) ( Ae fERENELOOPRACRECI a

- Biotech). In a first step,.the Sephacryl (r)

(Seraing, Belgium), and are used without modification.
The-éﬁrains allowing the replication of thé
_pCOR,plésmids;land thé donditioﬁs for grbwth-and-for
‘selection of these plasmids, have already been
10 described (éoubrier et al., Gene Therapy 6 (1999)

1482) .

‘Example 1: Construction of plasmids

1.1 The plasmid pXL3179 (pCOR-FGF1)

The plasmid pXL3179, which is represented in
| " 15 Fiéure i; is é_vector derived from thé plasmid pXL2774
'-(WO'97/10343;'Sopbriez et al., Gene Therapy 6 (1999)
1482) into which thelgene encoding a-fusion bgtwéen-ﬁhg
_s;gnal peptide of'human_fibroblast interféron and the
| FGFl‘(Fibroblast Growth Factor 1) cDNA (sp4FGF1; |
'2p Jouanneau et al., PNAS,88.(1991) 2893) has been
| intrqduced uﬁdér'the control of the.promoﬁer
‘Qriginatiﬁg from §hé early'reéion.of the human -
Cy;omegalovirué.(hCMV IE'E/P) anafof the |
.polyédenylaﬁion signa1 §f the SV4O virus laté_tegién‘

25 (sv40 laté polya; Genbank SCACG).

1.2 The plasmid pXL 3296 {pCOR)



S-100,0 gel dispersed in a 0.2 Msodium acetate buffer was activated with-
sodi um net a- periodate (3 mM 20C, 1 h) and then, in-a second step, the

ol i gonucl eoti de was coupled, through its 5 7NH2--term nal pord :505%9028%
15 al dehyde groups of the activated matrix via a reductive amnatioh *
reaction in the presence of ascorbic acid .(5 mM, follow ng a procedure
simlar to that described for the coupling of. proteins- (Hornsey et al.,
J. Inmnunol. Methods 93 (.1986) 83) . Egr all the experinents 20 -reported. -
in the present invention, the oligonucl eotides were coupled by follow ng
this .general procedur ehealdlasiiiel @RKIgossckeetivdes have tar NHid=HEH2) 6- -
functionalized armlocated. at the 5 end of the oligonucleotide. The
~experi nent spdilBecednt emErcth dérD Esuahiceg o £2 5 hshe'f-eordt igemeohaa tripl e

hel i'x structure between an oligonucleo.tide and a doubl e-stranded DNA, and
toward measbeieng repdasedbidiithy theemeldlipleacilioad nguts iwedert tthe-1 6 S EP
2005 28 following conditions. In each experiment, 300 ,g of purified

pl asmi d di spdpeadd pUC2HL (Br5E @W $ddi uFensc dB4t d 15981 el 5¢pH Zhs) -
containing 2 MNaC was_ injected, at a flowrate of 30 cmh, onto an HR
5/5 5 colPunkleAREFAs REFEPRAT - éﬁ@rBiS@Pé@ﬁi) igoftammeng-1 m of affinity gel
functionalized vm th an oI i_gonucl %Otl de accordl ng to the invention. After
washi ng t hetcal b, er, the plasmd was el uted
with 3'm of 100 nM Tris/HCL col u ffer (pH 9.0) 10.containing 0..5 mMM
EDTA -and the amount %%epp&gﬁgﬂg p%EBHEE er&%es fr%m %he plasmi ' ‘

pXL3296 into which the sequence
5’—GATCCAAGAAGCATGCAGAGAAGAATTC~3' has -been inserted
10 betWeen the BglII énd XhoI sites. The plesmid pXL 3426

is'repreSented in Figure 3.

i_Example'2- Constructlon of other plasmlds carrying -

'target sequences

7 The plasmld pXL3675 derlves from the plasmld
15 -pXL3296 into which the Sequence _-
| ‘5’—GAAGAAGGGAAAGAAGATCTG—B’ haS'been insertedfbetween‘
the Hpal and Xbal sitesf the plasmié ﬁXL3676_also
derives from the plasmid pXL3296, in which the sequence
"5’}éAAGAAAGGAGAGAAGATCTG—3’-has'been inserted between h
20 Hpal. and'XbaI and flnally the plasmid pXL3713 which
7 :contalns the DNA sequence 5 GAAGAAGTTTAAGAAGATCTG—S"
.  1nserted between the Hpal and Xbei_éites;of-pXL3296,
-"The plasmids_thus constfucted wererpurifiearby.dscl
chloride gradient? end.the sequence of the iﬁsertskwas
 25 .coﬁfirmed:by sequencing. These preparationé'were'used

_in the examples described hereinafter. -



eluted by the pH 9.0 buffer was-quantified, i) by neasuring the absorbence
at.260 nm of the solution and ii) by anion exchange chromat ography on a.

M1 1ipore GenPak-Fax colum (Marquet et al., BioPharm 8 (ﬂﬁ@%&@g{)ﬁz
.Using a.columm functionalized.with the ol'i gonucl eotide 5'

~(CTT) 5-3" (SEQID No. 2), .the results of the purification whieh.are given
in Table | bel ow dem)nstrat.e the formation of a stable 20 triple helix
with the plasm ds.conprising either they entire FGF1 gene (pXL3179), or an
internal 1Dl sequence of the human FG:F1 gene (pXL34Z6), in contrast with a
control plasmd (pXL329Gpiki Gh CarRpLisesand cse@ferce 0-afext he human FGF1
gene and which is not retained on the 25 colum in question. 16 SEEP 2DCb
29 Table 1 BkaudaSequeneensfl tthe thli FORUC|geold deCapdeaict ¥ cpabpleasnm d Tar get
sequence in the plas adattached per ml .of gel) Tr CATCI TCI TC TC I TCI T175
pX13179 (pOPRiEMe- hELi@Q T CIT CT T CT Cl T130 pXL3426 (pCDR-m )AA CAA GM
MAGA GMAGTTCTCTCTCTCT C'T < 1 pXL3296 (pCOR)- The sequence of
the plasnmid pXL3426 wahe Ve @dalsyllsi@belsolﬁ%g:m@ﬂdoug fthagnent s' of t he
FGFl

5 examples which follow were chromatographed by trlple
helix interaction afflnlty chromatography under
:standerdized conditions The afflnlty support was
synth651zed in the follow1ng way, using the
chromatography support Sephacryl® S-1000 SF (Amersham

‘10 Pharmacia Biotechf in a. first step, the Sephacryl®
.S 1000 gel dlspersed in a 0 2 M sodium acetate buffer
was actlvated Wlth sodlum meta-periodate . (3 mM, 20°C,.
o 1 h) and then in a second step, the ollgonucleotide
Qas_coopled, through its 5'-NH;~terminal portioh, to the
;15- aldehyde groupshof the'activeted matrix via a feducti&e
amination reaction ih the'preSence of aScorbic'ecid
L(5 mM); folloﬁing a.procedure similar to'that described
for the coupling.of‘proteins,(Horﬁsey et al.; J.
Immunol. Me_th_-ods-- 79'._3 :(_179_86:) "83); For all the '.ggpefiments
20 ‘reported‘in the present inﬁentiOn,‘the oligonucleotides
IWere-coupled by following this.generel procedure;_all
the ollgonucleotldes have.an'NHQ-(CHﬂg- functionalized
harm located at the 5' enddof the oligonucieotide.
The experlments.directed toward demonstratihg
.25 the'formation of a triple‘heliX‘structuredbetween an
oligonucleotide and a—doﬁhlefsttanded DNA,.and.toward

fjmeasurihg-the étability,.were.all carried_oﬁt_uﬁder the



5 gene, of -increasingly small size. The internal sequence esignated 1D1 -
5'- AA GAA GCA TGC AGA GAA GAA-3' (SEQ ID No. 1) of.the F éﬁé @gﬂ@fore
forms a stable triple helix .structure with the ollgonucleotlde use
sequence SEQ ID-No- 2: The triple helix structure. 10 obtained contains
two regions of the type pyrimdine-purine-pyrimdine (Py*PuPy) which form
T*AT and +C*CGC canonical triads 6 units (R, 5 side) and 7 units-(R, 3
side) l-ong, separated by an internal rggion (T) of 7 triads, six of which
are. noncanoni cal 15 and conprise, nore precisely, two T*GC triads, two

T*CG tri ads £anewChiT cohiad 13Rd .08 GalA thirad-irxanphe oty dentification
-of the bases required, in the internal I|Dl.20- ner Sequence internal to the

FGF1 gene,  ghefiftika ptabiliid viekdiked rnplee rieldex s9t it vl 4
ol i gonucl éoti des. were prepared based on.the, internal |IDl sequence. For

two of themacEartk3buickeot(pted .gne cahsennifiom M ka3’ weisde of 1D1, and
for the other 2, 7 or 14 nucleotides are.absent fromthe 3' 16 SEP 2005 30
side. The phasendeﬂXL3426 Wéswcham@abng@phﬁdhonomtotemphﬂ.Beﬁlx_'

i nteraction colum functionalized using the oligonucleotide 5 -TT(CTT)6-3'
(SEQ I D, SNocodymor (RRersbhingBhacivestind &g ofRB36, cERB33n1REB39 mdr oERB40. The
stablllty of the triple helix structure' formed with the various truncated
i nternal IDﬁf§é@&éﬁc§§1wé§nﬁﬁéﬁnaﬂé§ﬁ@dWbyhnéés@ﬂﬂ@@npﬁée@#e@@t of each of

the plasmds retained 'on the colum.
according to the invention. After washlng the column

with 5 ml of the same buffer, the plasmid was eluted
“with 3'ml of 100 mM Tris/HCl "c.olumn buffer 7(pH 9.0)
10 containing 0.5 mM_EDTAr ehd the amount of plasmid
heluted by the pH 9.Q'buffer was'quantified,-i).by
o measuring the'absorbehee at 260 nm of-the Solutionuand
.iif'hy eniqu exchange_chromatogtaphy on a Mi;lipore
GehPakéFex colummn (Marquet'etfa;., BioPharm, 8 (1995)
15 26) . | |
| Usingra columnm funetienaliZed with the
f oiigohucleotidel5/hNHzﬁ(CHg)s—TT(CTT)g—3f (SEQ ID No. 2),
'the'resuitshof‘the'purificatiOn which are;giVen in
x-_Table 1 below demonstrate the formatlon of a stable -
20 _trlple hellx with the plasmlds comprlslng either the
| entlre FGFl-gene (pXL3l79), or an’ internal ID1 sequenee
- of the human FGFl gene (pXL3426) in'cehtrast with.a
'control plasmld (pXL3296) whlch comprlses no sequence '
\of the human FGF1l gene and whlch is not retalned on the

~,25'hcolumn.ln'questlon.



10 Table 2 digonucl eoti deSequence -t.argeted in the-Capacity (fig plasmd
pl asm d pXG3426attached per ml of gel) (Crr) 7AA GAA GC A '| GC AGA GAA
'GAA130 FRB36-- --- --- --- --A GAA GAA< 1 FRB38AA GAA G -Jjgiésgﬁa:}a -<
FRB39AA GAA CCA 'ICC AG --- ---22 FRB40-- --- --A TG C AGA é% 5he
results given in Table 2 above show that all of the IDl1 sequence of
pXL3426 (20-mer) is required .for the formation of a stable triple helix
structure 15 with an ollgonucleotlde o% gthe type 5 -TT(CTT)6-3".
"Particular, the two .Py*PuPy portions [ocated.at the.5 and 3 ends, and.
al so the cegggﬁg portion, contribute very greatly and cooperatively to the
stability o I nal structure. 20 Exanple 5: Influence of the canoni cal
triads and of the nunmber of “noncanonical triads on the stability of the

triple helilRlasmife sequencel Sshuanke oélﬁb@miel@crre@kep@eeisaﬁc(@mswmefQ I D

|_\

No. 2) was|nodified, and th@ﬂEBtSE@EEGBSB3@eEeﬁ§e% t ytdchehpeemy afi Qus

ol i gonucl egti des (FRB15,. | "RB16 and FRB17) to forma stabdsd) triplelhelix
with the internal 1Dl sequermreCITo ITANTGRA GCATIGC| AGA GAAL7TIGAA-3'; |SEQ I D
No. 1) of tha3pisassticR-FERL3426 was 5 tested. :

-TT CIT CTT CTT CIT CTT CIT 130
DXL3426 (pCOR-ID1) | ° AA GRA GCA TGC AGA GAA GAA- :
: ' TT CTT CTT CIT CIT CIT CIT . <1

|mas20e woomy | S -
| The sequence of the plasmid pXL3426 was
identified bypsubcloning yaricus fragments‘ofrthe FGF1
5 gene, of increasingly small size' The internal sequence
deS1gnated IDl 5’mAA GAA GCA TGC AGA GAA GAA-3' (SEQ IDr
No. 1) of the FGF1 gene therefore forms a stable triple
ilhelix structure w1th the oligonucleotide used of
fsequence SEQ ID-NO-‘Z- The triple helix structure
10 cbtained ccntains two regions:of the type
pyrimidine—purine—pyrimidine'(PyEPuPy)'which form T'AT
and *C'GC: canonical triads & units (R, 57 side) and 7-
units . (R ,'3’151de) long, separated by.an,internai -
;&region kT} of'? triads, six of which'are_noncanonicai
15 and cOmprise{‘mere precisely, tnofiﬁéc triads;.two-T”CG

triads, one C AT triad and one C'TA triad.

-‘_Example 4: Tdentification of the bases required,'in-the

' internal ID1 20-mer sSequence internal to the FGF1l gene,

for the stability of the triple helix structure

20 '_ : 4 oligonucleotides were prepared based on the,
'1nternal IDl sequence For two of themr-7,or=13 ‘
hucleotides are absent from the 5’ side of ID1, and for

the other 2, 7 or 14 nucleotides are‘absent_from the 3



Tabl e 3 A igonucleotide. Sequence of theNunber of Capacity

ol i gonucl eoti denoncanoni cal (pg pl asmd target nml sequence thetriadsattached
pl asm dper nil of gel) (CT) 7TT AT CATCCTCAT-CT CT. -.% QS gﬁﬁgng
"1GC A GAA GAA FRB15TI T CT GCT B2l CT CIT.3189 AA GAA CCA T

GAA FRB16TI' AT CIT AT '"ICI" CT CT4171 AA GAA GCA '|I OC AGA GAA GAA .
FRBL7TI CITCTCCP'IC' CIT ClT3183 AA GAA GCA MC AGA GAA GAA . The
results given in Tabl e-3 above show th 10 it is possible to increase the
stability of the triple helix structure by nodi fying the sequence of the

ollgonucleog%gg SRE, Spigshﬁﬁrﬁgﬁ%42%“%a9“€ﬁ§6m8%o£xé§%%$@ CLGC canoni ca

triads, whic at "the sane decreases the nu noncanonlca

triads in tﬁ%m%@e”ﬁ@l%& ipteraak i bagEeN NLOFLHBe 1bhiaRkie iehisX ngt ruct ure.
Exanpl e 6: InfTuence of.the noncanonical triads on the stability of the

triple helixnstpuctunacIbgrsaausnceTqbrrhe Pl asskd PHLE4262) copPELsi ng the
internal I Dl sequence (SEQ ID No. 1) of 20. the FGFI gene, which is

capabl e of. B!Dﬁ.@‘bﬂgc@-es'tabbe FRBBEP! erRBEB, XFWBBB bhe Falsdganuelkeot i de
-TT(CTT)6-3", E 2005 32
. g s;ablllty of the triple hellx structure "formed with the
. various truncated internal IDl sequences was then |

tested by-measuring the amount of each of the plasmids .

retained on the column.

10 Table 2

' | Oligonucleotide - - Sequence targeted in the . Capacity (ug plasmid
‘ S - plasmid pXL3426 | attached per ml of gel)
(ctm7 . AA GAA GCA TGC ACA GAA GAA . 130
FRB36 |- — — —— ——A GAA GAA . <1
-{FRB38 - AA GAA G— -—— ——— ——m ——— <1
FRB39 AA GAA GCA TCC AG- ——— ——- 22
+ FRBA0 . - —— —-A TGC AGA GBA GAZ- .| : 33 -

_:The resultsﬁgiVen in Table 2 above’shoﬁ'phat
.all of the IDI sequence of pXL3426 (20-mer) ‘is required
for the formatlon of a stable trlple hellx structure
15 w1th an ollgonucleotlde of the type 5’—TT(CTT)5~3’. In
| fparticular, the two nyPuPy pOrtidﬁs located-at'the_S’
and 3’ ends, aed_aISO the centfal portioﬁ, eoﬁtfibute
very Qreatly\aﬁd cpoperatiVeiy.to the etability of the
_ final strucfﬁre}". -

20 Example 5: . Influence of the canonical triads and of the

number of noncanonlcal trlads on the stablllty of the

.trlple helix ~
| ‘The sequence of the ollgonucleotlde

5’—TT(CTT)5—3"{SEQ ID No.'2) was modlfled, and the



"(SEQ ID No. 2), was nodified in order to introduce into the central region
"N two consecutive identical noncanonical triads of the T*%C g eéﬁﬁaomed
in'5 by a C*AT noncanonical triad (pXL3675). In another 6 @j%

five successive CHAT, T*GC, T*GC, C*AT and T*GC noncanoni cal triads were
introduced (pXL3676). Finally the sequence of the plasm d pXL3426 was

nodi fied so as to 'introduce-into the nedian region two consecutive
noncanoni cal triads of the T*TA type,: q followed in 5 by a C-TA
noncanonical triad (pXL3713) Tabl e 4 asnldsSequence of . the

8: :'ig%ngglt N S%Lg%cﬁeac 1 tgh% 5 )%%1110&3?% Osa%%#%deﬁ dr}%fzf’ pXL3426AA Gan
GCA ' 1 GO A cLT
aT ot E Efgﬁ U5, ER %ﬁﬁglfo FEERE “‘!%%‘% Tat

OT G< 1 i aTiIehA A G FAh GA G The, f@sblhie ofabwiad i cation of the

various 15 plasmds, which are glven in Table 4 above, show that a “stable
triple helixzastruct uwe i ey .md W&H@%lmg@%m%c%g al region forns
triads of, the T'CG T*GC, C*AT and C*T shown by. the "yield of

attachnem; tresfdd.nity gel of the plasmds pXL3675 and .20 pXL3676, a -
stable triple helix is also forned mhen two consecutive noncanonical T*GC
trlads are |ntroduced : : '

Table 3
“{Oligonuciectide |- - Sequence of the - Number of Capacity
o ' _ oligonucleotide nencanenical (lg ialasmid
Target m1 sequence in the triads . attached
. plasmid " | per ml of
: ' - gel)
(crnm 7 | TT CIT-CI'T CIT CIT-CIT CIT -6 130
_ A2 GAA GCA TGC AGA GAA GAA : : ' _
| FRB15 . |TT CIT CIT GCT TCT CIT CIT 3 189
- g AA GAA GCA TGC ACGA GAA GRA e :
[FrRB16 . TT CTT CIT GIT TCT CTT CTT . |. . 4 R
[ FRBLT TT CTT CTT OCF ICT CTT CIT 3 183

The results glven in Table 3 above: show that
10  it is p0551b1e_to 1ncrease_the stablllty of the tr;ple
helix strﬁetu:e by modi fying -the eequenceref the
‘oligonucleotide 50- as to.increese'the,ﬁeﬁber ef_T*AT and
+C*GC canonical triads, whicﬁ, at the same time,
decreases the number ef noncanonical_ﬁfiads in‘the

15 median internal redion N of the triple helix structure.

Example. 6: Influence of. the noncanoﬁical triads on-thee_-

stablllty of the trlple helix structure

_ The sequence of the plasmld pXL3426A
comprising the internal IDl sequence (SEQ ID No. iIeOf
20 the FGFl gene, which is capable of forming a stable.

triple helix with the,oligonucleotide 5;—TT(CTT)5—3ﬁ



this being whatever the context,i.e. whether the 1, 6 SEP 2005 5 33
surroundi ng triads are canoni cal or noncanonical in nature. ﬂ%@ b gg '
hand, the introducti.on of a pair -of contiguous triads of the T*TA typé~and
of a contiguous C-*TA triad |leads to conplete destabilization he triple
hel i x structure. Exanple 7: Constructions of plasmds conprising a

- cassette encoding an SeAP, haFP, FI X and GAX gene - The genes used in.

t hese experinments in order.. to denDnsg?ate_the activity of the
conpositions of the 10 invention are, for exanple, the human gene encoding

factor F I X(Clter aghiveet 28, - waBr ReaiMally 1A qeSCho U3k 161282)

6461)., the human gene encodi ng secreted al kal1 ne phosphat ase SeAP (M 1 an

et al., J. tBiOken€ham redbdn(4986) 3bhdecurlibe AU ggne encoding 15
al pha feto protein. haFP (G bbs -et al., Biochemstry 26 (1987) 1332), and

the human gepeceneadicBy EAXa@EobsKitheetr'at . cypbl . &l bweBi 0h. 5 18y (1993)
3722). These genes were anplified by PCR-using plasmds or cDNA Tibraries
.(doritechp Cantd tteracdoiedl donhsdr caxLdé75he 2O enkangetic CW E/ P
pronDter and upstream of the Sv40 late polyA signal sequence; in a pCOR
pl asmi d Gerewperifeom pRL8e96uccTheigene BNcoTiaw sEccet edaal kalti ne’
phosphat ase (SeAP) was introduced into a pCOR plasnmid derived from pXL3296
so as to. geﬁEGQI@p@¢qun%gﬁﬁ(ﬁrlads were 1ntroduced (pXL3676)-

Finally the sequence of the plasmld pXL3426 was
modified so as to 1ntroduce-;ntorthe-med;an region two
- consecutive noncanonical tfiads df.the T TA type,

10 followed in 5‘ by a C'TA noncanonical triad_(pXL3713).

Table 4
Plasmids Sequence of. -the oligomucleotide . Capacity (g plasmid
Target sequence in the plasmid attached per wl of gel)
' o TT CIT CIT CTT CIT CIT CIT - 112
pXI3426 | .  AA GAA GCA TCC AGA GAA GAR -
. CTT CIT CTT CIT CIT CT - 99
pXL3675 . GhA GPA GOG APA GBRA GA
- CIT CIT CTT CIT CIT CT 78
PXL3676 ' GBA GAA AGG AGA GRA GA . '
‘ - CTT CIT CIT CIT CTT CT ' <1l
DXL3713 | : @mmymchumAcmAGA :

The results of purlflcatloﬁ of the various
15 plasmids ~wh1ch are glven in Table 4 above, show that a
- stable triple hellx structure is formed when the
noncanonical centralrreglon forms trlads of the EKCG
ﬁ”GC .CiAT and c'Ta type. As shown by the yleld of .
- attachment’ to affinity gel of the plasmids pXL3675 and
_20_ pXL3676, a stable trlple helix is also formed when two .-
cénsecutive noncénonical T”GC triadé qre‘introducéd,f

this being whatever the'coﬁtext,”i;e. whethér'the,



25 pXL3402 (Figure 4). The gene encoding al pha feto protein %haFP) was
introduced into a pCOR plasrnid derived from pXL3296 so as t Erfat e
plasmd 16 EP 20 34 pXL3678 (Figure 5). The gene encodi ng GAng? FaZ@GH]
introduced into a pCOR plasm d derived frompXL3296 so ~as to generate the
pl asm d pXL3207 (Figure 6). The gene encoding factor FI X was introduced
into a pCOR plasmd -5 derived from pXL329-6 so as to generate the plasmd
. pXL3388 (Figure 7). Exanple 8. Use of 33N ol i gonucl eoti de of the

5 -(CIT)7-3" type to generate-the' fornatlon of stable triple helix 10
structures %A%Qo%ﬁahﬁgst?%%ﬁi bl %gﬁﬁﬁigalh%r'%F%E% GlaRgf syari ous

sequences Wi the el i x. interaction ge nctionalited with the

ol -i gonucl egkirde 5 o;Tcth)o@h%r GSEQ, TR 1 2bats 1 o5 W d day Jreasur i ng

the capacity obtained with 15 plasm ds carrying vari ous genes.. The genes
studi ed weref ishntheubuBrrgere ercediena thec{aet opal &£ Li) the gene for
secreted al kali ne phosphatase SeAP, iii) the human gene for al pha

f et o- pr ot ei Rop@EBLcardci v theaduUIBAGEAXo gestp 120 Tabkeabi Cenasianget
sequence(s).in the geneCapacity (g plasm d attached per n1 of - gel) Factor
| XGAA GAA GoA €A Gﬁﬂp@%lh&&ARAAt@ﬁétA@@ AGG GAA G

Example 7: Constructions of plasmids comprising a

cassette encoding an SeAP, hoFP, FIX and GAX gene

The genes used in- these experiments in order. .
- to demonstraté the activity of the compositioﬁé of'thé
10 invention are, for example, the human'gené éncoding.
factor F.IX.(Kurachi et al., Proc;‘Natl.-Acad; Sci.
U.S.A. 797(1982).6461), thé human Qene encoding"
secreted alkéiine_phosphataée SeAP (ﬁillan'et al., J.-
' Biol. Chem., 261 (1986) 3112),_the human ‘gehe encoding.

' 15 alpha feto-protein haFP (Gibbs et al., Biochemistry 26
(1987) 1332), aﬁd the human gene encoding GAX (Gorski .
et al., Mol. Cell. Biol., 13 (1993) 3722). These genes

" were amplified by PCR usiﬁg plasmids or cDNA libraries
',(Cidntegh), and then clbned downstfeam of the -

.  20‘ eukéryotic CM& E/P promotef:and upstream of tﬂe'SVQO
léte polyA sidgnal seduenée, in a pCOR plasmid derived
from pXL3296. The gene encoding éecreted alkgline
phosphatase_(SeAP) was introduced into a pCORlpléSmid ;

" derived froh pXL3296 so'asrto‘deneraterthe plasmid '.

25 pXL3402 (Figure 4). The.géne'encbding alpﬂa,fetq-  '

. protein (haFP) was introduced into é_pCOR plasmid

.‘derived from pXL3296 so as to generate the plasmid



100 GAA GAG GAA GAA G hc. FPAAG GAG AAG AAG AA146 hGAXAA GAT GAG GAA GAA
GL18 The results given in Table 5 above show that 05 is possible, using an
ol i gonucl eoti'de of the (CTT).n 6 16 S E P 2005 conpl ement arj §o§ %QGS
oli gonucl eotide. The existence, in the-central portion of the farge
sequence; of bases involved in triads of the T*CG C*CG T*GC and C-AT
type is tolerated by the triple helix structure, as is the contain a

target sequence of the 5 -- (GAA) - -3, 35 type, to formstable triple
hel i x structures with a gene of inter est even though this gene does not
presence of ah il atped, LA, trl-_[@i% e QeReliingl @abxappl e 9: Use of a

col um functlonallzed wth an oli1gonucl eotide of the 5' (CTT)7-3" type for
purifying ajhasmcdeamd B @s@:ohh%lla%&ﬁﬁin@'eﬁ@%é%qlb%ﬂ%ﬁm(z@6‘% GAA GCA
TGC AGA GAA GAA-3'; SEQ -TD No. 1) The passibility of -purifying plasmds 15
carrying a %i%qlt%n%r@frattl’ée-tie- EREBmGN) bxfR20M IFilge 6)as TdeSegnked above,
~using a chromat ographic support.for affinity by tripl e‘hel i x interaction, -
functional i zedodaind fan told FUXUGEeOtnde odhcdie 12/to GTHCOR3 plalsypd was
studi ed based on Exanple 8. 20 The plasm-d pXL3179 (conprising the human

5 derived from pXL3296 so as to generate the plasmid

PpXL3388 (Figure 7).

Example 8: Use of an oligonucleotide of the 5'-{CTT)7-3"

type to generate the formation of stable triple helix

10 structures with various genes of interest

The interaction of-various sequettes'with the
'trlple hellx interaction gel functlonallzed w1th the
ollgonucleotlde 5’—TT(CTT)5 3"(SEQ ID No 25 was t
_ studied by measurlng the capac1ty Obtalned with :

15 plasmids carrying varlous-genes. The-geqes stgd;ed were
i} the human gene encédiﬁg the factor IX, ii) the gene;‘
for secreted alkaline phosphatase SeAP, iii) the human
geﬁe for alpha feto—prptein (aFP).and iv) the huméh éAX:

gene.

.20
Table 5
Genes ‘Targét sequence (s) in the gene :Capacityf(ug plasmid
: - attached per ml of gel)
Factor IX GAA GRA GCA CGA GAA G - ' 71
| SEAP ~ AR GAA AGC AGG GAA G S 100
R GAA GAG GRA GRAA G o
haFP _ AAG GAG AAG ARG AA - i46
‘hGAX _ . AA GAT GAG GAA GRA G : 118

“The results glven in Table 5 above show that

it is possible, us;ngran ollgonucleot;de'of the (CTT)n‘



FGFl gene, which carries the sequence 5' -AA GAA GCA TGC AGA GAA GAA-3') was
chromat ogr aphed on a Sephacryl S-1000 interaction columm fu‘n%ti onalized
...with.the oligonucleotide 5 --NH2-(CH2)6-(CTT)7-3". For 25 it Si gE@g@@ﬁg
of plasmd pXL3179 in 60 mM of 50 mM sodium acetate,.2 M NaC ‘buffer (pH
4.5) were injected, at a flowrate of 30 cmih, onto-a 10 m affinity
colum . 16 SEA 2005 36 containing the oligonucleoti-de 51

-NH2- (CH2) 6_(CTT) 7-3' coval ently coupkgd to Sephacryl 5-100 SF as
described in Exanple 3. After washing the colum with 5 volunes of the

sane buffer . the alfgehedphasa d 183 Lhuhed wWith 2, yeQl Wirnval umes of 10-0
mM Tris/HC1, "0.5 mM EDTA buffer and quantified by nmeasuring the U/

absorbance G26Q BF iaRdrRYti 0BvEXCRARYGHC ML RYLABRK OB R CenPak- Fax
colum (Waters). The E. colt genomic DNA content in the initial preparation
and in the puhithieda t@rbeackeaienes srashiced by cRER as’ deggeibed in. WO
96/ 18744- 7.94 ng of plasm d pXL3179 were found in the eluted fraction

(el ution yi eothpl@dthtang tbethevell i gohuelribarideat The Wikt tenceql ingenom c
DNA was decreased from7.8 to 0.2%wth the affinity chromatography 15
descri bed. Shmiicanltyalt perktével o6f thentamioedt iseqguwnte,; BRAbawes decr eased:
from43%in the starting plasmd to. 0.2%in the purified plasmd. In '
vari ous ot hépveRvedatlogitaphyserpethgeft €Gcaf réd DHEEC endvaraBusypeasni- d

pXL3179 preparations 20 chromatographed on a Sephacryl 5--1000 affinity
col um is tolerated by the triple helix structure, as is the :

presence of an isclated T TA triad (GAX gene).

10 Examplé 9: Use of a colunn functionalized with an

oligonucleotide of the 5’-(CTT),-3‘ type for purifying a.

plasmid containing the internal D1 sequence

. (57-AA GBAA GCA TGC AGA GAA GAA-3/; SEQ ID No. 1)

The'possibility of purifyiﬁg @lasmids
15 carrying a sequence of the 5’—(Rjn—(N)t-(R’im—3f type,
as deséribéd abové, using a.éhromatogréphic:suppoft‘for
affinity by triple‘hélii-interaction, fﬁnctioﬁalized
Qith‘an éliggnuCleotide of tﬁe.5;—(CTT)7—3’ tyPe'was
studied based oﬁ Eﬁémple38.

‘20 The plasmid pXL3179 (compriéihg_therhumanr
EGFl_géne, which carries the-sequencg | .
5¢-AA GAA GCK TGC AGA GAA GAA-3') was ch:omatbgréphed
“on a Séphacryl S-1000 interaction column functionalized

- with the oligonucleotide 5'~NH2—(CH2)5—(CTTfa—3f. For

25 this, 9.40 mg of plasmid pXL3179 in 60 ml of 50 mM

'sodium.acetate;_Z M NaCl buﬁféff(pH 4l5)ﬂwefe'injeéted,.

at a flow rate of 3O cm/h, onto a 10 ml affinity coiumn_.



functionalized with the oligonucleotide 5'-NH2-(CH2)6-(CTT)7-3' the
~genonic DNA content: was reduced fromO0.2%to 0.007% from .O. 7 %' '
0.01% .from 7.1%to 0.2% or from7.8%to b.1% 25 Exanpl eél%os Usie @Uﬂ‘én

ol i gonucl eotide of the 5'-CCT TTT CCT CCT T-3' type (SEQ I 12) to
- 16SEP2005 37 generate the formation of stable triple helix. structures
Wi th a gene of therapeutic interest, human VEGFB- 167 The interaction of a
sequence internal to a 5 gene of - therapeutic- interest, such as the
human VEGFB- 167 gene, with a triple hefix interaction support

functional i zed, wi a&“g&“@hQ'bS?QBﬁLSE hggdé'57§§§ (§3|ned T 2 ?he(SEQ | D

No.: 12)'was stu neasuri ng the capac plasnld
10 pXL3579 h n guE ) on-et al.
3 B e SRR kg o ealea SRR 0e §s%n5%p§L35§9de&h9f§i’éa

i s.representgdgkin ?&QUEG ﬁfte?oﬁéghﬂﬁgtEEeVggfmﬁé6@1gﬁn§ 9B8RLintked by PCR

froma human hear library (Contech), and then cloned 15 downst r eam
of - the eukakyothe &MHeELREpeenOtBe Lrb22had4p1asdigpshkeamekdathe SV40 |ate

pol yA; si gnal sequence, between the Nsil and Xbal sites of the nmultiple .-
clonlng Sltﬁlﬁﬁ pXt3286n 201Embkect Tangelr SEQEPACE,iD. BhﬁMgEDEA
| buffer and quantlf;ed by measurlng the UV absorbance -
(260 nm) "and by ion e#change chroﬁatography oﬁ a
GenPak-Fax column (Waters) . The E. coli genomié‘DNA-'
.content in the initial preparation and in the purified
10 fractiqn was measured by PCR as described in
WO 96/18744. 7.94 mg of plasmid pXL3179 were found.in |
the eluted'fractién {elution vield, 84%)iend the,level
of contaminatien with E. coli genemic DNAiwas decreased
from 7.8 to 0.2% with the affinity chrematogrephy e" |
15 described. Similarly, ihe.level.df cOntamiﬁatiéniwith |
RNAas was.decreaeed.frqm 43%'in.the etar;iﬁg plesmid-to
0.2% in the purified plasmid. | | -
In_various other-chromatqgrephy'eﬁperimeﬁts
- carried out en'various plasmid pXL3179_preparations
,20 chfomatpgraphed on a Sephacryl 5-1000 affinity‘column
functionalized with the oligonucieotiaé"
5’—NH;—(CH2)5—(CTT}7-3’, the genomlc DNA content was
reduced from 0.2% to 0.007%, frosz.7%<to O<Olp, from
7.1% to 0.2%, or from 7.8% to 0.1%. I

25

Example -10: Use of an oligonucleotide of ﬁhe,

5/_CCT TTT CCT CCT T-3' type (SEQ ID No.: 12)*to_,



Capa0|ty (j.1g - digonucl eotide(VEG-B- 167 or control)plasn1|d attached per
m of gel) CCT TTT CCT CCT TGGC AAC GGA GGA A 87_ none (cont%%;;¥g§%2ﬂﬁﬁ
0.5 CCT CCT TGGA GGA A< 0.5 none (control vector)< 0.5 TTT.T
AAA AAG GAL15 none (control vector)< 0.5 16. SEP 2005 38 The results given
in Table 6 above show that it is possible, using an oligonucleotide, such
~as for exanple the oligonucleotide 5'- CCT TTT CCT CCT T-3' (SEQ ID No. .
12), -which targets a sequence of the ?7 -R)n-- (N t- (R )Ym3" type,
here the region 5 -G3C AAC GGA GGA A- (SEQ I D No. 13) of the human

I

'VEGFB- 167 gene, St 2 SEIgg re. Wth aregion of a
gene of i nteFesEe: ; ; B over—t-he—hRtfer 67 gene contains a
10 homopuri. Y gefﬁgePgstthﬁuman

ol i gonucl eottde 5k ‘ o~ obt ai ned
with the olvggpgci tide 5 -CCT TTT CCT CCT' T-3' is.very greatly superior
to'the terattron—obtalned wi th the honopyrimdine 15 oligonucl eoti de.

Si ml,arly, the inter nghe NORDPHALPEon SEAURNEEqRen & &y A B’ £b Sa nOT
- sufficiently long to enable the formation of a stable triple helix with
the. 0|'90n@éﬁ@Oéfdﬁnéraﬁgﬁtﬁéﬂiﬂiéfest such as the human ' '
VEGFB-167 gene, with a triple helix interaction support“
© functionalized with the oligonucleotide |
5¢-CCT TTT CCT CCT T-3' (SEQ ID No.: 12) was studied by
measuring the capacity obtained with the plasmid
10 pXL3579 Carryiﬁg the hﬁman VEGFB—lGﬁjgéne (Figure 8)
{Olofsson et al., J. Biol. Chem., 271 (1986) l§310)r
' The plasmid pXL3579, which is represented in Figure'8,
contains the VEGF-B167 gene ampllfled by PCR from a
human heart cDNA 1lbrary (Clontech), and then cloned .
- 15 downstream of ﬁhe eukaryotic CMV E/P promoter' |
(—522/+74) and upstream bf‘thé;SV4O late_poiyA_sigﬁalf
sequence, between the ggil and §§§I sites.oftthe.

multiple cloning site of pXL3296.

20 Table 6
Oligonucleotide | Target sequence in the gene Capacity (ug -
' ' ~ {VEGFB-167 or control) = | plasmid attached
- S ' ' "per ml of gel).
1CCT 1T CCT CCT T 'GGC BRAC GGA GGA A - 87
n none (control wvector) . < 0.5
cc-cct T ‘ GGA GGA A < 0.5
none (control vector) ° < 0.5
TTT TTT TTC CT - ABLA - AAB AAG GA 15
none {control wvector) _ < 0.5




This exanple therefore clearly shows the 20 advant age of the sequences of
the 5'-(Rn-(Nt-(Rm3 type for fornmng stable triple held»x .crn
structures, even in a context in which the doubl e-stranded 5&2;;%@5%2§05
exhibits, noreover, at |east one honopurine structure of’ S|gn|f|cant

| engt h. . 25 Exanpl e -11: Use of an oligonucleotide of the 5 -T CCT ' CTCCCT
C-3 type (SEQ ID No.14). for separating the non- del eted VEG-B-186 cDNA
via the formation of stable 6 S E P 2005 39 triple helix structures with a
‘target sequence within the nodified B- 186 cDNA It was observed, during

the steps for producbg% guﬁgnan VE B 1§6b9%n% EB %efgégenFE that 5
said -gei e- wa-s -tire site o AeCTC rearrangenen s "an He ?lo

“particular iin exo o@élb%bleﬂgbg%'gﬁ oggpgﬁh?g @g?g g§%§fgé §b?troduced by

sequenti al and tageni zi'ng at- nucfeot am 516
(AT), 519 %Eé%bl@“@héz%l&Ekﬁhc1é§k§HbV§ L@c%OT%&aﬂéba&tﬁnTDQh“t +1. The

am no aci d sequence of the 86 protein included between am no acid

170 and .. 174mbefi 09 . qumangsgichOea&astgt hecchasdcet Be VEGFB- 186 gene thus
nndlfled (VEGFB—186n) exhibits a target DNA sequence according to the

present isnventi@n,- &y A @G3H 18 COEpEAhErd’ th8EQebPoNo. 15), which is
capable of formng a stable triple helix interaction with an

oI|gonucleoBvdeGafAsquGAceGE'AT3CCTSE@C1ECN00—33)(SECtheIEumbn14). This
stable trlple helix interaction is
- VEGFB-167 gene, to form a stable triple helix structure‘
with a region of a gepe of interest. Although,
‘moreover, the.human:VEGFB—167 gene conteins a
10 homopurine sequence 5‘-AAA AAA AAG GA-3’/ targeted by
the oligonucleotide 5’-TTT TTT TTC CT-3° (Table 6), the
interaction'obteined with the oligonucleotide_
5¢-CCT TTT CCT CCT T-3* is very greaoly superioretofthe
interaction obtained with the homopy:imidine | .

- 715 - oligonucleotide. Similarly, the internal homopurine‘
sequence 5'-GGA GGA A-3' is not‘sufficiently long to
eoable the formation of a stable'triple_helix with the, _

.;ollgonucleotlde 5’ CCT CCT T-37. -
7 This example therefore clearly shows the ;f

l,20' aovantage of the sequences of the Sf—( );-( )t—(R-)m~3ﬁ

| type for-forming stable triple'helix'Structures{seven
in a context in whioh the doubleFStranded DNA studieo '
exhibits, mbreover,‘at least.one homopurine structure
~eof significant length. |

25 Exemple 11: Use of an'oligonucleotide of the 5'-T CCT

- 'CTCCCT C-37 ty@ee(SEQ ID,No.14f for separaﬁing the'non~_

deleted VEGFB-186 cDNA via the formation of stable



_advant ageously used to inplement the process according 20 to the invention
and to separate the nodified VEGFB-186 gene.which has not ugﬁg %ﬁgﬁ
rearrangenents and deletions after it has been produced in e tB@Uﬁln
order to illustrate the process of purification by triple helix
interaction of the 25 nodified VEG-B-186 gene, two plasm ds, pXL3601 and
pXL3977, as represented. in Figure 9, were used. The VEG-B-186 gene was
first of all anplified byPCR froma L 40 human heart cDNA library
(Contech), and then cloned domnstrea of the eukaryotic CW E P
(-522/ +74) ! ad n Iatlon SIO al of the

SV40 virus : e6oh a§ Re—N -nultipLe
cl oni ng S|teggf 5Q$E9§E3ggQFBLE§gnpg§¥1.2), in order to generate t he
plasmd pX i ed by sequential and nut ageni zi ng
PCR, in order to gene&@teaghgbgg§§gad dg§§§87zhénsggbghfége VEG-B- 186 gene
is nodified in exon 6A as descri bed above. The interaction of the. :

target sequgpe8ueind t@h@%l%eﬁs%sésg&éqma AedmdhEBEN EhEE

VEGFB- 186m gene;. with a triple helix interaction support r functionalized
with th650|E§Q&U§éﬂ@fWQ§ bheTs O € CgendbicClabrdngéE s uhe. 14), was

studi ed by nmeasuring the capacity obtained with the plasm'd pXL3977
carryi ng théelandoficedihupant VEEESB: 186 geoaes ¢EL g8ite®) .pSimee t he
| ﬁutations were therefore introduced by sequential and
mqtagenizing PCR at nuelegtides 510 (A/C), 513 {(c/Ty,
516 (a/T), 519 {(C/T} and 522'(C/T), relative to
10 .tran31ation point +1. The amino acid sequence of the
VEGFB~186 protein included between amino‘acid'170_éﬁde
174 remains unchanged. On the other hand, the VEGFB-186
gene thus_modified (VEGFB—IBGm)‘exhibits a ﬁarget DNA
sequence according ﬁo the present invention; 5’—A GGA
15 GCG-GGA G-3‘ (SEQ ID No. 15’), whlch is capable of
forming a etabie triple.héllx interaction W;th an
oliéonudleotide ef sequence S’LT CCT CTC CCTICﬂ3"(SEQ'
ID No.14). This stable triple helix interaction 1s .
advantageously used te implement the process accordihé
20 to the invention and to separate the modified VEGFB-186
| gene,which hes not undergone rearrangements and-
&eletions after it has been produced in e fermenter.
In order to illustrete the process:of
. purlflcatlon by trlple helix interaction of the_
_ 25 modified VEGFB-186 gene, two.plasmlds, pXL3601 and
| pXL§977, as represented‘iniFigure 9, were usedf The

VEGFB-186 gene was first of all amplified by PCR from a



sequence of VEGFB-167 is contained in the sequence of'VEGFB-186n1 ‘the -
plasm d pXL3579 as described in ; Exanple 20 10, and which c ises: t he

- human VEGFB- 167 gene, is therefore used as a negative contr& f§;§°guﬁ3
2005 41 Table 7 digonucl eoti depCOR- VEGF- PCOR- VEGF-' Enpty pCOR -

B186nmB167( pXL3296) . (-pXL3977) (pXL3579)(g plasmd (g plasm d(Ag

pl asm dattached per attached perattached perml of gel) m of gel)m of gel)
.1 D No. 1423432< 1.0 ID No. 162240.5 -- 1.0< 1.0 The results given in Table
7 above show t hat it i s possible, usiﬂa an oI gonucl eoti'de, such as, for

5 exanpl e, the oI cI tar f th
> (R 2l .- 2RY) © %»9e-§>ésgr haP1oDREh) oofbil EhB] Baif ”%%A"Gg-e
SEQ I D- No- 15 f th fi V| B-.186 f t ab

BE TGRSR ke R oo

P 1L SERRELER e MRS S0 e o r T OEL TG gETE 2 (520
16. S P 2093 V0402L070274.42 %\Wﬁ between the Nsil and Xbal
5 sites of themultiple cloning site of the pXL3296
ﬁ_(Example 1.2), in order to generate the plasmid
pXL3601l. The latter was modified by sequential and
mutagenizing PCR, in order to generate the plesmid
PXL3977 in which the VEGFB-186 geﬁe’"isrmodif-ie'd in exon
10 6 as-described above.
| _ The interaction of the target sequence 5 -A
- GGA GCG GGA G-37 (SEQ ID No. 15) W:L_thlrl the VEGEB—lSGm'
::gene;rwith artrlple helix interectien support o
efunceiOnalized withethe cligonucleotide 5'—T7CCT CTC
.- 15 -ccT C—3f‘(SEQ ID'Nd.l4), was studied by measuriﬁg the
| 'Ceﬁecity obtained with the plasmid pXL3977 cafrying'the
. modified human VEGFB-186 gene (Figure 9). Since the .
:‘sequeﬁce of VEGFB-i67 is contained in the segquence of
VEGFB-186m, the. 'plasmid pXL3579 as "described in Example |
- 20 710, and Wthh comprlses the human VEGFB 167 gene, ie-

‘ therefore used as a negative control.



1. Process for purifying a doubl e-stranded DNA nol ecul e, characterized in
that said. double stranded DNA nolecule is brought into contact with a _
third DNA strand, said doubl e-stranded DNA nol ecul e conpri sH@%\?\%E@a@[}{]S |
one target sequence of general formula: 5 -(Rn-(Nt-(R 10 in I ch:

PCT/ FR02/ 01034 and R represent nucl eoti de sequences conposed only of

purine bases; n. and mare integers less .han 9; and the sum of n-+mis.
greater than 5; 15 Nis a nucleotide sgquence conprising. both purine
bases and pyrim di ne bases; and tis an integer |less than 8; said target
sequence being capabl e of interacting with a third DNA strand so as to form
a.triple heliX structure. 20 2. Process according to claim1, ,
characterized in that the-interaction between the region N and the thir

DNA st rand pproduces—the—formatiomof—at ‘ i T 3.
Process acqeydifigh i <ehaig® 2, n@8r CHREACt er itk kitgrLhal 88t poor
noncanoni cal . triads thus. 1 % S E P 200% 43 formed are chosen from.the
T*CG T*GC| C*AT and G} TA ftriag3geh Processgaggordi ng t@xanyogne of the

(PXL3977) (PXL3579) (ng plasmid
(Hg plasmid {pg plasmid | attached per
attached per | attached per | ml of gel)

mil of gel) ﬁl of gel)

1D No. 14 ‘ 234 32 < 1.0

ID No. 16 224 : 0.5 - 1.0 < 1.0

The results given in Table 7 above show that

ituis_bossible, using an oligonucléotide, such as, for

5. example, Ehg ﬁligonucléoﬁide_(SEQ ID Neo.14), targeting
.é sequenéé of the 5'—(RJ§~(N0t—fR’)m—3’ type; hererthe

region 5'-A GGA GCG GGA G-3 (SEQ Iﬁ‘No.ls) of the

-modified human VEGFB-186 gene, to fdrm a‘sﬁable triple
heiixrstructure with a region of a gene of interest?

10 and thus to pu:iff it efficiently; The oligonucleotidé-

§‘-TTT CCT CTC CCT C-3‘ (SEQ ID No. 16) can also be

'used to'purify the modified hﬁman VEGFB-186 gene.



preceding clains, characterized in that the regions R5 and R conprise at
l-e-a-st two guanines (G in'total. - 5. Process according to any one of the

precedi ng clains, characterized in that the regions R and ﬁFgﬂgPPQQDEt
| east 2 adenines. 6. Process according to -any one of the 10 ecedl ng

clains, characterized in that the regions R and R form with the third

DNA st rand,ysafwiyLalya triads chosen from T*AT and +@HgyFrb2 /01Q88SS
according to any one of the preceding. clains, characterized in that the

third DNA 15 strand is of the honopyri g dine type. 8. Process according to
claimcharacterized in that the third strand conprises a poly-CIT
sequence. 9. Process according to any one of the 20 preceding cl ai s,
characterized in that the third DNA .strand is an oligonucl eotide. 10.
Process according to any one of thecpmeedi ng clains, characterized in
that the.target sequence present on said doubl e-stranded DNA nol ecul e 25
conprises the sequence SEQ ID No. 1, and said oligonuclebtide is chosen
fromthe oligonucl eotides of sequence SEQID-No. 2 to 5. 16 3 E 2005 44

11. Process according o dfecwdss heoprreedivigic|aideibhagaanetided in that

the target sequence is naturally present on the doubl e-stranded
' DNA molecule, characterized in that said double-

5 strapdéd DNA moiecule_is brought into contact with a
third DNA strand, said double-stranded DNA molecule.
comprising at least one target sequence of general
formula:

5 - {R)p—{N) o= (R’ ) =3
10 in which: | | 7 |
~2 R. and R’ represent nucléotidé sé@uences
jcémpéséd only.ofrpﬁriﬁe bdsgs; '
n and m are integers less than 9; and thehsum
‘rdf.n+m'is greater than 5; | |
15 _ | N is a,nucleotidé'sequeﬁce.cbmprising_both
-pufihe bésés ana pyrimidine bases;_and
. t7is-an integer less than 8€-
Saidrtarget sequeﬁce being capable of interaéfing.with a
thifd.DNA'strand SO_aSVtO formra_triplé'hélik,sﬁructure.
20 _.: 2. PrécesS-acéording'to ciaim-l;
“charaéte:iZed in'thatlthe'interaction between the
'régi§ﬁ N_and the third DNA strand produce$ the
formation of at-mbst-G noncanonical triads.
'3.. Process éccording to claim..2,

25 characterized in that the noncanonical triads thus



"DNA nol ecule, or.is a target sequence introduced 5 artificially into

t he- doubl e- stranded DNA nol ecule. 12. Process according to one of the’
preceding clains, characterized in that the target sequence k
- i i | P e 205D

- present on the DNA nolecule is present in the coding sequenc

therapeutic 10 or experinmental interest. 13. Process according to claim
12, characterized in that the target DNA sequence conprises all or part
of the. sequence SEQ ID No. 1 included,in the human FGF1 gene. 15 14.
Process according to claim12, charactérized in that the target DNA
sequence coppl | %ﬁxar%h%hgggﬂe@ESmsﬁﬁ% &5&£b Tﬁ%ﬂl“é gegnan tf}¢ human gene
encodi ng factor. 5 rocess accordlng alm aracterized
in that the.target DNA sequence conprises the sequence SEQ ID No. 7 or No.
8 included in the human gene for secreted al kali ne phosphat ase. 16.

Process according to @'a'”P%%cessCB@EQQthbZ%Q kRyt Bak bhRecharget DNA
sequence conprises 25 the sequence SEQ ID No. 9 included in the human gene

for alpha fgtecpuehel @16akE) . chaER-2005-48 ih7thReoenssrageonding to claim
12, characterized in that the target DNA sequence conprises the sequence

. SEQ | D NQ 4604 pel vdegriiget he hueemA GAX guanines (G) in total.

5. Process according to’any one of the
preceding claims, charagterizéd in that the.regions_R
and R’ comprise at least 2 adenines .

- 6. Process according to any one 6f the
10 preceding claims, characterized in that the regions R
‘and R’ form, with the third DNA strand, canonical
triads ¢hoseh from T AT and *C'GC.
| - 7. Process acCording_to‘any one of the
preéeding.claims, chafacterized in that the third DNA
15 strand is of the homopyrimidine type. |
8; Process aécording to claiﬁ 7..
7 characterized in that the third-DNA strand comprises a
.poiy—CTT'séqﬁence.
9. _ Erocess‘according to ahy one bf"the
20 preceding claims, characterized in that the third'DNA
:strand is an oligonucleotide.

10; Process according to any one of the
preceding ciaims, characterizgd‘in that.ﬁhe‘ﬁafget
éequence.present on said éduble4strandéd.DNA molécule

25 comprises the sequenée SEQVID No.rl{ and said
oligonucléOtide is chosen from the oligonudleotides‘of

o sequence SEQ ID No. 2 to 5.



-noncoval ently, stably coupled to a su

. chromat ogra

gene. 5 18. -Process according- -to -claim12, characterized in that the
target DNA sequence conprises the sequence SEQ ID No. 13 included in the-
human VEGFB167 gene. 19. Process according to any one of the Sg;prgggging
claims, characterized in that the doubl e stranded DNA nnlecdl@. a

~circular DNA, such as a plasnmid, a nmnicircle or a linear fragnent. 20.

Purification process according to any -one of the preceding clains,
characterized in that the 15 oligonucleqtide is covalently or
ggort.'21. Process according to any

one of the preceding %hgin%&b character%éggyin t hat th ol i gonucl eot i de

is. grafted to a pol ymer of fat ural -6 ﬁfhé?F%qgrg n. 22.. Process

accordi ng t%ﬁ%éﬁﬁ%) w18 nag&ggag% Jitdat, t %“§QE£9%%F%§50hosen from 25

h rts, plastic-surfaces an unctiona | at ex- beads."

23. Process Qeeiling %a@@a@l&zpre%@%rta%tnertil'ée%oiu%ltfh%tt§%lggsd2005 16 o4

chromat ogr aphy support is a gell perneation support.
Process accoi@i Rp1lRARy, e if o Rerfefcedip ANk roehakact eri zed in that

t he solution .
5 artificially into the double—stranded DNA molecule.

12. Process according to one of the
preceding claims, characterized in that the target
Séquenc¢ naturally ﬁresent ont the DNA molecule is
present in the coding sequence of genes of theiapeutic

10 or experiméntal interest.

13. Prodess according to claim 12,
characterized iﬁ that the target DNA segquence comprises
all or part of thé_sequence SEQ ID No. 1 included in

" the human FGF1 gene. | W |
iS . 14.  Process according to cléim 12,
charécterized in that the target DNA seqﬁence comérises
N the sequence SEQ ID No. 6 included in the huﬁan gene
encoding factor'IXf
15. Procéss according to claim-12,r
20 characterized in that theitarget DNA séquence_compriées
| ,the,sequence,SEQ ID No. 7 or No. 8 included in the
human gene for secreted alkaliné phosphatase.‘.'
16. rProcéss accordiﬁg'tb claim 12,
.'characterized in';hat'thertarget DNA Seqﬁeﬁce’cbmprises‘
.25 the sequence SEQ ID Nb. 9 included in the human gene

for alpha feto-protein (aFP).



cont ai ni ng sai d doubl e-stranded DNA nolecule is a cell |ysate. 5 25.
Process according to any one of the preceding claims, characterized in

“that the cell lysate is a clear |ysate. 26. Process accordlﬁgat@[jﬁéz@gg
ed

of the preceding clains, characterized in that the double- 10 stran

mol ecule is prepurified_ 27. Process according to one of clainms 20 to
characterized in that the oligonucl eotide has the sequence
GAGGCTTCTTCTTCTTCTTCTTCTT. (SEQ I D No. %% 28. Process according to one of
claims 20.to 15 27, characterized in at the oligonucleotide is coupled
to the support via di syl fi ether, -ester nlde r amne attachnent.
29. Procegg accordlngiﬁo oggog?gglé ﬁgrgéng tES %cﬁaracterlzed in that the

ol i gonucl eoghgﬁg:cgef%geda%ae hed LAet bercaUPRRA! XA ANcarmgapRased of ' a

car bon- base nin an i nt eger et weén

inclusive, . c5ai deatiBhbel Beol rBkRY . t185mB%uabag@HuehsOﬁﬁﬂ&nV&;ﬁxa phosphate
and to the support via an.am ne attachnent .. Process according to one.
of the pregeding clains, characterized in that t he ol i gonucl eotide has at

| east one chemical nodification. 6 SEP 2005 47 which nakes it resistant to

or prpteeted agai nst 18. -Process according to -claim 12,
characterized in that thé target DNA sequence comprises
the sequence SEQ ID No. 13 included in the human
VEGFB167 gene.

"19. Process according to anf one of the
10 preceding claims, characterized in that the double-
stranded DNA molecule is a dircular DNA, such as a
‘plasmid, a minicircleIOr a iinear fragment. |
20. Purification précess according to any’
one of the preceding claims, éharacterized in that the
 15 'oligonucleotide'is covalently or noncovalently, stably
coupled to a-support.
. 21. Process adcérding to.any one‘of'the
'_'pr¢Cedihg claims}-éhaﬁacéerized in that the
‘oligonucleotide is graftedrtg a polymer of natural or
20 synthetic origiﬁ; |
| 22. _Précgss acéordingrto claim 20,
characterized in that:the_support is_choéen from
chromatography supports; plaéticvsurfaces and
functionalized‘latexfbeads.'
25 - : | 23. Process aécording to élaim 22,
.¢haracterized.in that the chromatography support is a °

'gelrpermegtion support .



nucl eases, or which increases its affinity for the specific sequence. 3.1.
Process according to any one of the 5 preceding clains, cga, terized in

t hat the oligonucl eotide conprises a seguence in which aé éiﬁJ of the
cytosines is nethylated inthe 5 position. 32. Purification. -process
according to any one of the preceding clains, characterized in that it 10
conprises at |east one,step in which a solution containing said

doubl e-stranded DNA, m xed with other onponents, is brought into contact
wi'th the support to which said oligonﬁgleotide is covaleritly coupled. 33.

Purification process gﬁcorgkggegg g%%OIQl%netgf é Ogreged Lng cl ai s,

characterized in that ution containi Ie stranded DNA

mxed W th GlheliGoMPAnERLS. cha Batsed \ae gghgg@mjgagﬁeex support to
eot |

whi ch said gllgonuc e is covalently coup e rocess.

~accordi ng tQos%lsasgofsatleedomb@se@lt%nslea' PR, sa%éstlsr ized imighat said
third DNA. strand or said oligonucleotide is |abeled. 35. Purified

doubl e- strangedt@NA whi ch can be obtained using the process according to
any one of 25 the preceding clains. 36. Process for detecting a
doubl e-stranded  DNA, 2ghar aebeekzedcichridial @osahyt bas sfispheted of 16 S E

P 2005 48 containing said doubl e-stranded DNA nol ecul e i s brought
preceding claims, characterized in that the cell lysate
is a clear lysate. | |

26. Process according to any one of the
- preceding Cleims} characterized in that the double-
10 stranded DNA molecule is prepurified.
27. Process aedordiﬁg to one of claims 20 to
326, characterlzed in that the ollgonucleotlde has the
| _ Sequence GAGGCTTCTTCTTCTTCTTCTTCTT (SEQ ID NO C11y .
'28. Process accordlng to one of claims 20 to
15  27, characterized in that the oligonucleotide is
coupled te the support via_disulfide, thioether, ester,
-amide‘or amine attachﬁeﬁt. | |
29. Process acCording‘to.one.of claims 20 to
28, chétacterized in that the oligomucleotide is
'A20',attached to the support via an-arﬁ composed of a
rcarbon;besed chain (CH;), in which n is an integer
;between 1 and 18 inclusive, said arm being linked to
-the oligonucleotide via a phosbhate'and to.the support
_'viaran amine attaehment;.
25i | 30.. Process according to one of the-

preCeding claims, characterlzed 1n that the

ollgonucleotlde has at least one chemlcal modlflcatlon_



into contact with a | abeled third DNA strand capable of  forning, by
hybridi zation, a triple helixfwith a target sequence of said

doubl e- stranded DNA, said target sequence having the foll ow = 08
formula: 5(Rn-(N)t-(R )m3 in which: and R represent ﬁ%gféggﬁg;ﬁdﬁ _
sequences 10 conposed only.of purine bases; n and mare integers |ess than
9; and the sum of ntmis greater than 5 N is a nucleotide sequence
conprising both purine bases and pyrig%dine bases; and t is an integer

| ess than 8. 15 -

which makes it reéistapt to or protected against
nucleases, or which increases its affinity for ther
specifiq sequenée.
3l. Process accbrding to any one of the
5 preceding claims,}éhafacterized in that the
oligonucleotide comprises a sequence in which at least -
one of the cytogines isrmethylated in the 5’ pesition.
32. Purifiéation.process according to any
one -of the pfeceding ¢claims, characterized in that it
10 comprises at least one step in which a soliution
containing said double-stranded DNA, ﬁiied with other
éomponentsﬁ is broughﬁ iﬁto’coﬁtact with the support to
which said oiigoﬁucledtidé is covaleritly coupled.
33. Purification process accordiﬁg tolany
‘15 oﬁe of the precéding claims;:charactérized in that a
soiutionrcontaining said doublemstfande& DNA, mixed
with othér'gbmponents; is passed ovér_the
'.chrométography support to which said_oligonucleotide is
covalehtiy coﬁpled; | |
20 - 34. Process aécordiﬁg té ahy‘one of the
érecédiné claims, characteﬁized in that said third DNA
strandlor said oligonucleotide is labeied.t
35. Ppurified double-stranded DNA which can
'bé_obtained using the process -according ﬁo_any_one of
':25.'the preceding claims. | |
36. Process for detecting a double-stranded

:DNA,'characterized iﬂ_that a'Solution suspected of



16 SEF 2005

48
containing said double—stranded‘DNA molecule is bfought
into contact with a labeled third BNA strand capable of
‘ forming;'by hybridization, a triple helix with a target
- sequence of said double-stranded DNA, said target
5 sequence having—the-foLlewing generalt. formula-:

S’ {R)ar (M) e (R’ ) =3 *

in which:
R and R’ represent nuclectide sequences
composed only . of purine bases;
16 - n and m are integers less than $; and the sum

 of n+m is greater than 5;

7 N is a nucleotide SequenceAcomprising'both
purine'bases and'p?rimiaine bases; and
t is an-integéf?iess;than 8.-

15



