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| NTERACTI ON The present invention relates to novel target

es

capabl e of forming structures of the triple helix type, and al S¥¥% a novel

process for mwid/ovy2dMA. Mre particularly, the puri bcagFrO?/P108aSS
according to the invention inplenents hybridizati on between a target DNA

sequence and an 10 oligonucl eotide. The process according
proves to be particularly useful since it nakes it possi bl
doubl e-stranded DNA of pharmaceutical quality with high yi
invention also relates to novel 15 nethods for detecting,

to the invention
e to purify

el ds. The present
for quantifying,

for isolating or PROCESSES HORDRNRFFYINEH @3VDc FiPRa DTG TIANG] THREFET i ¢ t ar get

sequences. The purification processes according to the invention are
essential |y based BOUBREDPERMEDER Q@Ai%E@EE%@E%DEE&I&EBBEﬁEEEE&icular
target DNA sequence and an oligonuc|eotide conposed of natural or nodified

bases. It has been shown that homopdATERYEREON| i gonucl eot i
of interacting 25 specifically in the major graoove of the

des are capabl e
DNA doubl e hel i x

so as to locally form (eSS Hddda@i@urglates to novel target

5 DNA sequences capable of forming structures of the

triple helix type, and alsoc to a novel process for

purifying DNA. More particularly, the purification

process according to the invention implements

hybridization between a target DNA sequence and an

10 oligonucleotide. The process according to the invention

proves to be particularly useful since it makes it

possible to purify double-stranded DNA of

pharmaceutical quality with high yields.

The present invention also relates to novel

15 methods for detecting, for quantifying, for isoclating

or for sorting DNA molecules containing said specific

target sequences.

The purification processes according to the

invention are essentially based on triple helix

20 interaction between a particular target DNA sequence

and an oligonucleotide composed of natural or

bases.

modified

It has been shown that homopyrimidine

oligonucleotides are capable of interacting

25 sgpecifically in the major groove of the DNA double

helix so as to locally form three-stranded structures
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2 nanmed triple helices (Mdsey et al., Science 238 (1987) 645; Povsiz et
al., J. Am Chem 111 (1989) 3059). These oligonucl eoti des selectively
recogni ze the DNA doubl e helix at oligopurine-oligopyrimdine sequences, 5
i.e. at regions having an oligopurine sequence on one strand and an

ol i gopyri m di ne sequence on the conplenentary strand, and forma triple
helix locally there. The bases of the hogopyri m dine oligonucleotide third
strand form hydrogen bonds (Hoogsteen-type bonds) 10 with the purines of
the Watson- Chjsedasa @l he1id8 | @fdser ¢ Uet Ur e ndd@dg i plggel i x type
can form between a honopurine oligonucl eotide and a

honopur i ne- hgpy rHgdsdinedeubl e-5t randethdaNA. 111 (1gsd )t yaus of. structure,

t he purine bases of the 15 oligonucl eotide formreverse Hoogsteen-type
bonds with tmheus i0l8 doased eaft itdees dalldaristglandest dPWA zelhidse DNA e- specifi c
triple helix interactions have in particular been used by Looney et al.
(Science 241 ddig88) MHGx fadr oddngtapaldiineg dlhegaypriesisiiore efe@emreyst,ai n
genes, and by Helene et al. (BBA 1049 (1990) 99; WD 95/18223) who descri be
the formats on .¢f. tat plegilels xhastimg tan exl dgsivesmen | Segnrandeaini dess and
target sequences present in pronoters or coding regions, and thus the

possi bility cftnasgulasnd @R (Hd Iopiasidme Fagusiqe 3f Ghfese genes,
probably via inhibitory action of RNA pol ynerase at the |level of initiation
and/ or el ong&qH ementamy SHRAR ofaRG {ATE KelG5ERYR dRdE dRCF Y puri fyi ng

pl asm d DNA from a lLex m xtur i ch contains the DNA ml ecul & m xed
with ot her c&?ﬁ%n?@l@%eﬁ &fﬁ&%ﬂﬁ%ﬁ?% it q%tlé%pl i cation
5 WO 96/ 18744 .f.or. pur.i.fyi | asmi.d _DNA., More rticul arl t hat
application erélcrr‘jll bgeq:sraéy dp;}%cxgmss y1"rHorr°gp@ﬁ1ri oﬁ({ﬁg @-g:uo[gsgc_ese[r}—a &d riﬁib&‘,s’

consi sti i n_.hri ngl 1 At i a support to
whi ch an ol i gvol%ﬂc&g{o{%d%ﬂga%gbme%ﬂwdgrﬁoﬁqg,d}tbl%lﬁgf%%hamrtz%ti on, atriple
helix with a specific sequenceof dhed@nasl JNAHS Govalentdyi.coupled. In
this specific interaction of the triple helix type for purification
purposes, thegReddr Gdom isetdifert G RRIMIAES )\l M dith dElogRN Hends of
the 15 Hoogsteen type between, firstly, thymne (T) bases of the third
strand consi & iHndfurtiiee-Hdgaitcineictirte dnhl secarided ANDase pai rs of

t he doubl e-stranded DNA, so as to form T*AT triads. Simlarly, protonated
cytosi nes | ocdtied tiypd hef tdtimubtsireandlimipumind M8 dmsef pigs of 20 the
doubl e-stranded DNA so as to form+C*GC triads (Sun et al., Curr. Qpin
Struc Bidls DYikBIBIcBAB)id4 tfdas mvdrge Femosstabttivyedatds witdse T*AT
and +C*GC triads (named canonical triads) ensure maxi numstability of the
triple helix.thowveme kasedtterthadomslerstrandedPNrvol ved in the
stabilization of the triple helix, such as for example the percentage of
cytosines, the pH the F5HiIYHSRIE i TrRre el BhIGHAGRIGRS t he

ripl . . .
tripie have in particular been used by Looney et al. (Science

241 (1988) 456) for controlling the expression of

20 certain genes, and by Hélene et al. (BBA 1049 (1990)
99; WO 95/18223) who describe the formation of triple
helix structures between oligonucleotides and target
sequences present in promoters or coding regions, and
thus the possibility of modulating the expression

25 profile of these genes, probably via inhibitory action
of RNA polymerase at the level of initiation and/or

elongation.



4 helix. It is also wdely described that the introduction of triads terned
noncanonical (i.e. different fromthe T*AT and +C*GC tri ads) causes a nore
or | ess considerable structural deformation in the 5 triple helix and
systematically leads to significant destabilization thereof. The

i ntroduction of various noncanonical triads has, noreover, been studied in
the context of conparative studies (Robegts et al., Proc. Natl. Acad. Sci.
USA 88, 9397; Fossella et al., (1993) 10 Nucl eic Acids Research 21, 4511,

Govers et al., Nucleic T@@gstﬁees%eg cg}i(ph%gmelzi_@, iH s S Ngesar i abl e

destabilization of the triple helix as a function of the nature of the
noncanoni cal ﬁdﬂi&?{iirﬁ HIHEEEE DV [frdiss Unaass ndildtanse raich and
efficient 15 purification of a target DNA of pharmaceutical quality, it
requires howaeertaa rufdHec iDNHE Imolaridle priefeat akilth tedladd edipormintae,
sequence to be present on one of the two strands of the DNA to be purified,
and to be comEserdramedro ddeetilbad iDNAararetiohdls sasarjlierecel R0 nmay be
naturally present in, or be inserted artificially into, the target

doubl e- st riandéd IBNA 8edu drmoe puthief ypurg o leemigh DNA wiMaxdte i s desired. The
appl i cant has now di scovered, surprisingly and unexpectedly, that a DNA
mol ecul e 25 mEmtivplagnyondhaty @anblicatirqyetdeiey idepuencramaseshuntial |y
conposed of purine bases i s al so capable of fornming a stable triple helix
structure w taafHing do@hq@%&arréfﬁﬂ DWopi d i ik deh &F 1819388 es whi ch

are not conplenentary to those of, the oligonucl.eqtide producing the
formation of THEHTEIATEMLTIHER. SN CHHRE S SR theBRGe ©0

doubl e- st randed DNA seguences. ne i dentifi t.he applicant conpri se,
on one strand&u?f oar%pourji e 1‘}scgLqeuc’g-'nl\(lzge‘:‘yicnafpé—"rrl)rlueptogéc?l %}/Wrég’gi en nunber of

pyrim di o b t yi%%tai%'i Bt %&%Qiﬁ%’e‘{ ﬁsqﬁée&la%i%se t%ﬁ{é Y

honmopuri ne- pa onopyri m di ne sequences ca

efficiently Q_yrg]iglye %d@%m el & L@ pi g dhem by triple helix

i nteraction. e ne I dentified sequences are also particularly useful

for detecting, quantifyifGhiisdRdd N OrirsUdd g IMNA malee w e, 1c0nt ai ni ng
them 15 A subject of the present invention is therefore novel target DNA

sequences COIHEIiSt Nped NE N e &t il ik t ifors asitigseedaving dpwes i fol d i ng
general formula: 5 -~Rn-~N)t-~-R)m3 20 in which: R and R represent
nucl eot i des conpbsedt®pai wingririmes bases hydrogen bonds of the
15 Hoogsteen type between, firstly, thymine (T) bases of
the third strand consisting of the oligonucleotide and,
secondly, AT base pairs of the double-stranded DNA, so
as to form T'AT triads. Similarly, protonated cytosines
located in the third strand pair with GC base pairs of
20 the double-stranded DNA so as to form *C'GC triads (Sun
et al., Curr. Opin Struc Biol. 3 (1993) 345). It has so
far been established that these T'AT and *C'GC triads
(named canonical triads) ensure maximum stability of
the triple helix. However, many other factors are also
25 involved in the stabilization of the triple helix, such

as for example the percentage of cytosines, the pH, the

salinity of the medium or the environment of the triple



n and mare integers less than 9, and the sumof n+mis greater than 5; 25
N'is a nucl eotide sequence conprising both purine bases and pyri m di ne
bases; t is an integer |less than 8; 6 sai d DNA sequence bei ng capabl e of
interacting with a third DNA strand and t hus of producing the formation of
atriple helix structure. The honopurine sequences Rand R located in 5
the 5° and 3' portions, respectively, of ,the target DNA sequence therefore
have a total length greater than or equal to 6. They conprise adenine and

guani ne baseshgfggblftoi sl s 5aflaﬁﬂY“ﬁéQcPiﬁgérghﬁgrEHQ in order to

produce the fornation of a tri i X structure consi sting of T*AT and
+C*GC Canon'Cﬁﬁt%é&é&@1oﬁ*@feE@Péds EQﬁmQ@ﬂH&H&éH&n§@QPeU£e§ R and R
conprise at |east 2 guanines in total and at | east adeni nes. Even nore
preferably, theseepaiit NEroROtIes CERTE GIAY i*séc@ E@iadspfcéﬂgeé%ci}loié’pe 15
The central sequence Nis less than 8 pairs of purine and pyrim di ne bases
in length t, ehdléesscapadl @eraloTorsthgectordbedéfwenitdon Oh théeracting
with a third DNA strand in order to produce the formati on of noncanoni cal
triads. Prefetabple hékbiROahéngystahatheatent tabdsegoescgnNfisagteat er than
or equal to 1, and less than 8. Even nore preferably, the Il ength of the
central sequetestabibizpborrthévecdhr Bomalntvo@ucahon| efsvahaous. The term
“canonical triad" is intended to 25 nmean the two nucleotide triads

resul ting froReReRNPRI@AhCErbaddfhane PArepvesC Heen| 2Eedbedt ke the

doubl estranded DNA, with the T and +C bases so as to give_the T*AT and
+C*GC tri ads, c?%%%%%t?@e??mPQﬁ%%év?mﬁt¥?+%ﬂs(%?%er%%nﬁb %%eflgréﬂrstlng

EHZ;&f .fi“?ﬁug%ﬂ%ﬁ“%%géewégﬁ HEALEE e %3%?%*3% ebi “°“¥§§§P' They
gffgné rgagt&gﬁ%gégr??%a§2R8£%%69§§%.b.?g%ggr ggeﬁss¥%h }lty ﬁf?ﬁlFespect
to the T*AT 2§? %?$§%§599H|@9é9§f| S. 3Bhi | cﬂ?gggs?orne% Ln particular

of 10 the T* noncanoni ca trlads respectively,

by '”teraCt'0@e§€éM@sz§t£§h°&fGEhQOHPlgk;Oﬁeiff é@rSeEuﬁégﬂéﬂcéfa”d

thymne (T) of the third strand, the G noncanoni cal triad resulting from

the interactigRebeivers af Cehdoubheindhithe t2{88tiseAYENEEd15 and a
guanine (G of the third strand, the C*AT and C*TA noncanonical triads

which result fromthe iwhelacthds, prespest AVedbys phpideard andidPedoubl ets
of the target sequence and of cytosines (C) located on the third strand,

t he G*CG hbncauoihftahtionadf whi chrgst f DKAedf byh2fmaodet acal ogualiay CG
doublet with a guanine (G of the third strand, or the T*TA triad which
results fromiberéameerast hovevér aa TRufibubient it hoagt hgneheréddlyof the

third strand. _
totally homopurine, sequence to be present on one of

the two strands of the DNA to be purified, and to be
complementary to the third DNA strand. This sequence

20 may be naturally present in, or be inserted
artificially into, the target double-stranded DNA
sequence, the purification of which is desired.

The applicant has now discovered,

surprisingly and unexpectedly, that a DNA molecule

25 bearing, on one strand, a target DNA sequence not
essentially composed of purine bases is also capable of

forming a stable triple helix structure with a third



It is clearly understood that, |ike the 25 purine ends in 5 and in 3, the
central sequence N can also form T*AT and +C*GC canonical triads resulting
fromthe respective interaction of AT and GC doublets with 8 thym ne (T)
and cytosine (C) bases located on the third DNA strand. Preferably, the
central sequence N conprises purine and pyrimdi ne bases which produce the
formation 5 of at nobst 6 noncanonical triads. More preferably, the
noncanoni cal triads resulting fromthe interaction of the central portion

with the ol i Qﬁ&“cédp?%ic%e MK oSk fEaRdhe BhBade S hanthde TA

noncanoni cal tria y way of exanples of preferred distributions of

these 10 tri adsmp Bl QB behdBdle oftidie I fdiitd b of a8 i pro@ieanpni cal
triads conprisi%b a C-AT,” a C"TA two T*CGs 5%% t wo T*Cis,:%%e formati on of

five noncanonixal fdhmaadisort WP Mdiddhdie 43 Ahsiang. three T*GCs, or the
formati on of three noncanonical triads conprising two T*GCs and 15 one

C*AT. Several T*TA nonaeanimedcidgelnds vy tedsgetbhadquislendtiutided n this
case, they are not positioned consecutively in the triple helix. The
central sefuaNke srefencdd yneonpridestiafiedy ttheamlorcantpyri m di ne bases
produci ng the 20 formati on of the T*CG and C*TA or G'TA noncanoni ca

triads. Prefereipyiseheon e gyrand diddrdesrerine sRIUedSecutive but are
separated by A or G purine bases, which can interact with the third DNA
strand so as IFEUIURESR WREL @l \CRATHRRAMRh R imdiae MrEF so the 25

T*AT and +C*GC canonjcal triads. According to_a particul ar enmbodi nent of
the inventi ontP® RPREGAE RADIZLR ﬁ\ﬂis@'gﬁén‘i}éesr% parflhe sequence

5' - AA GAA GCA TGC AGA GAA - 'ﬁng I D No. The third DNA.strand
ohi ch i 5 capdTEPRIE I Gt I HE- Bt VA TSR R Bedinces 5
coo0r 8 D140 1y I TLON BRI Y ENEUIbE etk S GO BB, O (e
o B P AR RESRFT s LVIAR(R, vhLh 5 capanl e of formi ng
The newly identified sequences are also
particularly useful for detecting, quantifying,
isolating or sorting DNA molecules containing them.
15 A subject of the present invention is
therefore novel target DNA sequences comprising, on one
strand, a sequence having the following general
formula:
5'=(R)n= (N) = (R’ ) =3’
20 in which:
R and R’ represent nucleotides composed only
of purine bases;
n and m are integers less than 9, and the sum
of n+m is greater than 5;
25 N is a nucleotide sequence comprising both
purine bases and pyrimidine bases;

t is an integer less than 8;



doubl e- stranded DNA sequence, and al so T*CG and T*GC noncanonical triads
with the CG and GC doubl ets, respectively, of the target DNA sequence

(Soyfer et al., in Triple Helical Nucleic Acids (1996) Springer, 15 New
York, pp. 151-193); - guanine (G, which is capable of formng GTA triads
with the TA doublets of the doubl e-stranded DNA (Soyfer et al., in Triple

Helical Nucleic Acids (1996) Springer, New York, pp. 151-193); 20 -
cytosine (C), which is capable of form ng +C*GC (protonated cytosine C+)

canoni cal or Ly m\'}\gf’ygdgfer[@%’éﬂ{& C@ACFAHI'@%SE Wt te: ey Wlerand TA

doubl ets, respecti the target doubl e-stranded DNA;” and - uracil,
which is capalll&-PfoN0rddxhd rddd alifuddh gy e Aohaseidrigs of the
target sequence (Bates et al., Nucleic Acids Research 23 (1995) 3627). 10
Preferably, ther#iprsl HNA Stk times. conpri ses a honmopyri m di ne sequence
rich in cytosines, which are present in the protonated state at acid pH and
stabilize the triple hethe. hdmumiriegarplantesdlds end R, Iaratexdnpl e,
conprise the (CCT)n sequence, the (CT)n sequence or the (CTT)n sequence, in
whi ch n i s5 arthet®egeandel Wwesortli coml, 2Cspettusraky, |¢f i theardarget DN
advant ageous to use sequences of the (CT)n or (CIT)n type, or sequences in
whi ch (CCT), ge&lenge (diERefnne fravid artottohbienath Wieeatemre than EIDNA
strand is present in the formof an oligonucleotide, the latter may be
natural, i.e.e@&osed of THRY IRIDT AFARAIH P RREJuanine k3R cal | vy
ticular,, the oligonuc| 15 can adyant ageously have

nodi fied. In par otid

certain chem’%ﬂa%i‘?ﬁ CR T ORE kg ﬁ’@“&f Ebo@'é-’flff? SRR H R §% s-°
resistance to or.its protection against nucleases,.or its affinity with
respect to tHEF QP ff esé?ﬁ%%’ec.’ A%]Ec]o? dtfrﬁlgpf%stf%]e”br ST S 1 Vention, the
term 20 "pli fide’ il ed+ chay f nucl eosi des
havi ng ungéélg%%gg%ggn%#f?fc;?fgnntao tﬁeé(gaé(;%gcgc;l?lfé‘g%\//\;1L t%%%gai muof malki ng it
nore resista a ' i £ iQ IIrqasr_]éion ma
be nmade of p%%%ﬁ%%%#'oﬁe o%%%}g%tl d s&mﬁ %?25515%?% c(g%g% e of g
form ng triplg hedd&esy Widdh I (X049 ©l1 3na AWC] &4 &t ASi dgeiBsesr ch, 22

(1994) 3322), as well as oligonucleotides having fornmacetal or nethyl 11
phosphonat e baedhahese (Mbdtersiy Sttidse JurPie SHQHRNEHE . coridBi ¢d 991)
7767). 1t is also possible to use oligonucleotides synthesized with
a- anoners of mateli£odf delse WhAGh abse. formtriple helices with DNA 5 (Le
Doan et al., Nucleic Acids Research, 15 (1987) 7749). Another nodification
of the batkbone is the Phospéntraonl deeguénekajels Neess othamy8 paimsle, for
exanpl e, of the phosphoram date N3'-P5' internucleotide |inkage described
by Gyaznov eof aburide gwd myveimidinsdeased 1t (19wayh3u4Pndwks ch gi ves
ol i gonucl eoti des which formparticularly stable triple helices w th DNA
Anpong t he ot heRPHRER f | RETPHHENY ot P hel® atkPRRmEl Oe R} ol FRY2GF 529 be nade of
t he use of of 2' -Ongcslgtlhglﬁrii bose, or_of a phosphodi ester
utt.

(Sun et al. “‘li)g&g)i%‘ ?gﬁg‘gs@% Phragd oF . CoOP¥qdess =93 .
formation of noncanonical triads. Preferably, the
20 length of the central sequence N is greater than or
equal to 1, and less than 8. Even more preferably, the
length of the central sequence N is greater than or
equal to 2, and less than 8.
The term “canonical triad” is intended to
25 mean the two nucleotide triads resulting from the

interaction of the AT and GC doublets of the double-

stranded DNA, with the T and 'C bases so as to give the



Finally, the phosphorous backbone can be replaced with a pol yam de backbone
as in PNAs (Peptide Nucleic Acids), which can also formtriple helices
(Nielsen et al., Science, 254 (1991), 1497; Kimet al., J. Am 20 Chem
Soc., 115 (1993) 6477-6481). The thym ne of the third strand can al so be
replaced with a 5-bronmouracil, which increases the affinity of the

ol i gonucl eotide for DNA (Povsic et al., 4. Am Chem Soc., 111 (1989)
3059). The third strand 25 can al so contain unnatural bases, anong which
mention may of " B - deRpeEnt Pn ld t ., Nucleic
Aci ds Res., %Aﬁggg) %%%i?ﬁil?a(%-'deoxy 12\%01%} “rHdhd It o

al pha- D-ri bof#aanesdng 3HE Y |exdr A Az e Indldly mdydlidigs 7- one
(Koh et al., J. Am Chem Soc., 114 (1992) 1470), 8-oxoadeni ne,

2- am nopur i ngyred t3tTRitaHidsiedieloi socytidine or any 5 other nodification
known to those skilled in the art (Sun et al., Curr. Opinion in Struct.
Biol., 3 (1993) 345) . THee tedyrecinwicaanotier] tiymieadf iwdirfteaiadrof the
third strand is nore particularly to inprove the 10 interaction and/or the
affinity Betwssm ttie tdet dStIdmthean nmiel epsicid | orisetperitey Irespart i cul ar,
an entirely advantageous nodification according to the invention consists

i n nethyl ati iramhehey tigeigrarctoifon i ¢ idpiia ehitanded ONfe veitgos tion. The
ol i gonucl eotide 15 thus nethyl ated has the notable property of formng a
stabl e tripl &HeId ONG t9+4 SPEtiT iNCTFRRARICE WaY plRhRgEsi Ritoser to
neutrality (>_ 5; Xoda et _al., Nucleic Acids Research,19 (1991&* 5625). It

t her ef or e” makERCH ARG FIARL YT W IERT SARAR st hshah Alhengp © GC

[ I i d f t.h ri Hs whi ch t.h i sk f

oL gonuel e | dese ol TGRS Ul Lot ndl SIS W Sl ks pl
dj ust ed j . LD+t he. , j f th
o st 4 5 0088 YgseskLLLBML L | Pesgil ontca LupckLanog! Lhe

strands accordlige 0 Jd1, | AP QLY £ e ﬁé’ﬁﬁé@?ige{g@ R A ddiafc

technique. In 13 particular, they can be prepared ans of nucleic

acid synthesizerse Al el JNOWhei AdI0BE) Sb¢ digdl dHiddie art can

of course be used. These third DNA strands or these 5 oligonucleotides are
capabl e of fogupdina dné b'echelontationi calsRediald &eduukliegs trrardetheDNA

sequence as descri bed above, conprising a m xed (pyrimdine-purine)
i nternal regiiitdtd®Esicon eetwednicd a3t i dmsoleong £ filan ket dyt tewqdemmopur i ne
regions Rand R. The latter may, for 10 exanple, conprise a notif of the
GAA type.1By avay afguwsainp: e(Gevf | tre netyihd stecendf the ¢ &Tgetnd C TA
doubl e-stranded DNA sequence corresponding to the sequence: 5'-AA GAA GCA
TGC AGA GAA @on@EngrsEal ENerdg )whigh creswl taljedm ethd Infremartientsipl e
helix with
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 results from the
interaction of a TA doublet with a thymine (T) of the
third strand.
It is clearly understood that, like the
25 purine ends in 5’ and in 3’, the central sequence N can

also form T'AT and *C'GC canonical triads resulting from

the respective interaction of AT and GC doublets with



15 an ol i gonucl eotide conprising a sequence chosen fromthe

fol |l ow ngsequences: 5 - TTCTTCTTCTTCTTCTTCTT- 3' ( SEQ DNo.

2),5 -TTCTTCTTGCTTCTCTTCTT- 3' ( SEQ DNo.

3),5 -TTCTTCTTGITTCTCTTCTT- 3' (SEQ DNo. 4), and20

5 -TTCTTCTTCCTTCTCTTCTT-3"' (SEQ DNo. 5). The formation of the triple helix
may be obtained in the presence of My2+ igons which may optionally pronote
the stabilization of this structure (Vasquez et al., Biochem stry 34 (1995)
7243; Beal ettﬁ§m§he1Cﬁékﬁﬁ&ecgéésiﬁ89lé)1§§Qés P6eqtdingnt ena enetgrred
enbodi nent, the target sequences according to the invention can be 14
natural ly pregsgatsepahfe doubl e-stranded DNA, and it is then particularly
advant ageous to use an oligonucl eotide capable of formng a triple helix

W th such a sequence presehérabdy, exnaPtenttalt Begeensennecdmptigeses of
interest, such as genes of therapeutic or experinmental interest, or marker
genes. I n thipurkspeahd ppeimppineabbsbaswhiahypeddtbe nhel Eormaeisrquences
of various genes of interest and has tested the stability of the triple
heli x i ntebacefoas mpsh annancahpgbnat| tviade. oflordepteEfayrablypethand it
has been able to show that certain regipns of these genes produce the
formati on of BoBEapPeiealpreipds|xegesping frempEbechBEeBRCRLARaRBNI ca
triads such as, T*CG T*GC, C:AT, C*TA and T*TA. 15 Anpbng the sequences

whi ch are nat BR&I F§pFa$eRPT BHOR HbEBIEbgthhﬂ%ﬂufﬁﬁPthaﬁt?Bﬂ fR9SeR nmde

of the 5 -AA T GA . - 3' gsequence (designated IDl) (SEQ ID
No. 1) presen?’?‘éﬂcﬁ% ’Ee%ﬁer%gégf %AﬁAE ﬂﬁaraﬁ %’fiorb‘?rﬂé”?lﬁ/]e Bt*afS. science
233 (1986) 20_.541), the 5'- GCA. CGA . & 3., sequence_( | D No. 6)
of “the huran BEnEREnRBAPRaTrREe oP | S PRGGF S8daLREEH BRER RS (REr BEFPCet o
Proc. Nat Ci . 9 6461 t L S@A§ AGG GAA
G 3 (SEQFPDAﬁgSa?€’dﬂah§§§€¥$;§¢é§dﬁ%@%ﬁéfcgge ?éfﬁ??@ﬁﬁb. 8 5 sequences
of the SeAP sgohebadnatkel hP?aBQOéBH%%ﬁéﬁn%eQec(MJ | Al alewo 4" c@50! -
Chem, 261 (1986) 3112), the 5 -AAG GAG AAG AAG AA-3" sequence (SEQ I D No.
9) of 15 thgnuens 2ida, feid- kR TbhadP gepe {ddddiforttcal -triads

Bi ochem stry 26 (1987) 1332), the 5 -AA GAT GAG GAA GAA G 3' sequence (SEQ
| D No. 10) of cbhprbsing 60X gBams f4id ciited | TiG0g, r 03t enesifsridaaiski et al .,
Mol. Cell. 5 Biol., 13 (1993) 3722) and, finally, the 5 -GGC AAC GGA GGA
A-3' sequenceof SERx€® hboncaBdnbéal herhadancviEGEBsi6F geoeT(Chofasdn et al .,
J. Biol. Chem, 271 (1986) 19310). The formation of a triple helix with a
sequence pbhesene CrAR. (Rerendl thRapemcanomictl éxpedsmmayalaliset deest i s
particul arly advant ageous since the target sequence is naturally present on

t he doubl e- st PaAEeRtDRAtolBCctRéSafd@sPt tBeHofrAeBessaP§itdonsdify the

target doubl e-stranded DNA or the Elasnid carrying this gene so as to
i ncor porat e i APEserufpvely in the triple helix.

The central sequence preferably comprises at

most three C or T pyrimidine bases producing the
20 formation of the T'CG and C'TA or G'TA noncanonical
triads. Preferably, the three pyrimidine bases are not
consecutive but are separated by A or G purine bases,
which can interact with the third DNA strand so as to
form the T'GC and C'AT noncanonical bases and also the
25 T'AT and *C'GC canonical triads.
According to a particular embodiment of the

invention, the target double-stranded DNA sequence is



15 artificial specific sequence. Alternatively, a target sequence may al so
be introduced artificially into the doubl e-stranded DNA. A second aspect of
the present invention is based on a process for purifying double-stranded
DNA, 20 according to which a solution containing a DNA, m xed with other
conponents, is brought into contact with a third DNA strand as descri bed
above, which is then preferably an oligaopucl eotide capable of formng, by
hybri di zation, a triple helix with a specific sequence 25 present on the

doubl e- strandegd Q@@%&e%ﬂ-ﬁe@;@bm Tceh@nakian dahe sdoulyrey sty anded DNA
C 16

is brought into contact in solution wth the oligonucleotide

i mobi |i zed g ajgupport. Even nore preferably, the oligonucleotide is
covalently or noncoval ently coupled to said support in a stable manner.
Thus, the step for brimgienghd rsolDNa @t reed aihiichy ia deilid-estafanded DNA 5
into contact can advantageously consist in passing the solution of DNA

m xed W th otikgferaenionentith aher ddublsyFarenden UNAC s eduwerngasgonucl eot i de
is coupled, in order to obtain the doubl e-stranded DNA, the purification of
whi ch i s desiaceshrdimaartcefthieciigwverdridn ardgips  nfareexag8udle . s@yports are
wel | known to those skilled in the art and conprise, for exanple,

consi sti ng ofolismisicdrecdiide erogde istirand afclrneshen dowdiai cl es, or of
any other support in suspension. The ol.igonucleotjde 15 can al so be grafted
onto a nol ec ftEagrdach®Ndol yiFerthey g G lyatnraingd SHatfet i Gag n.
Preferably, the palyner to %C_h the oligonucleotide is attached has a
property whi @PHaidhdhe ot pwidgsiiapeSiparated fromthe sol ution after

formati on of t triple helix w.th the 20 _dou - st r.and . Anong

nat ural pol yrer y“}‘}éfﬁ i %[H nﬁﬂy}“bcél mad & B2 plreotog ﬁfso,rnflinﬁ s?"PsNﬁ\gar s and

pol yol s. £y SYthet iG " R :H%M ryl am des,
pol yet hyl ener%nyco Js‘lﬁ ttcrl%%g@g"etﬁ vatl \#ggr&an o Bt t%ql@/

styrene eat-sensitive polyners such
as, for 25 e@g{ﬂlee-W%mI ddfudniRe Rely @Y. dseprepyhacygan de),
whi ch are soluble at | ow tenperat ue?gl and becone i nsol ubl e above their phase

transition ohdSRE@H UG iaRs Mpdh thaélce Bidigemalmetand
Bi oengi neering, 72 (2001) 261). The purification process according to the

present inverdddedSivant, Gl alley tisefed DNAGRdierfee NED et e
purification i) of DNA nol ecul es which do not contain a honopurine sequence
of sufficientdly. griaatT+ings IHéi @dl avwud el & Qxarads ol 956 )a Spalbigern ri pl e
hel i x structure with a honopyri m dine oligonucleotide, but also ii) the DNA
nol ecul esl% n New cfortkhe dronmoflr1183 )10 sequence is interrupted with several
pyrimdine bases. In addition to allown thgc&_puri ficatiqn of a greater
vari ety of DNA gHTedif e) t Wl @ deeseanadlg of rigymineh & PRodEdassyi el ds
and degrees of purity which are particularly high.
with the TA doublets of the double-stranded DNA (Soyfer
et al., in Triple Helical Nucleic Acids (1996)
Springer, New York, pp. 151-183);
20 - cytosine (C), which is capable of forming *C’GC
(protonated cytosine C*) canonical or C'AT and C'TA
noncanonical triads with the GC, AT and TA doublets,
respectively, of the target double-stranded DNA; and
- uracil, which is capable of forming triplets with the
25 AU or AT base pairs of the target sequence (Bates et

al., Nucleic Acids Research 23 (1995) 3627).



15 Moreover, it makes it possible to purify DNA nol ecul es from conpl ex

m xtures conprising other nucleic acids, proteins, endotoxins (such as

| i popol ysacchari des), nucleases, etc., and to obtain a purified DNA of
pharmaceutical quality. 20 In order to allowits covalent coupling to the
support, the oligonucleotide is generally functionalized. Thus, it may be
nmodified with a termnal thiol, amne orygarboxyl group, in the 5° or 3
position. In particular, the addition of a thiol, 25 am ne or carboxyl

group makes it possi bl I t O £P4PH A t i 99, | eotide to a
support bearing diSU|f$%%§P%%§%I dg?eaﬁ?ne, 6§¢b%§§$+aes$%§, epoxi de, 18

cyanogen bro@&ﬁ%P{séé d@"ﬂ&ﬁodﬁéWﬁH@{Ee J8886nEOUPL ENTSn Ak P s Q1 HEBE, t hrough

t he establishne of disulfi t hi oet her, "ester, am de or am ne
attachnment s bghieenatdeppbs 89N ULH eohé GSr3H6nd e SEEROE tat Alyi@tper nmethod 5
known to those skilled in the art can be used, such as difunctional
coupl i ng reagend ssf&tvi EXaaPtite fbipDy elieli®n. osdeh &DigomicoVeot hites
hybri di zati on with the coupl ed oligonucleotide, it nay be advantageous for
t he ol i gonbicl emhj dEot cexampbhe n e@omidisar piie afCCh) 1l spageericgequeace of
bases. The use of an armin fact nmakes it possible to attach the

ol i gonucl eot i @Thy seghesed df sthecéCTTbm seeuenpporin wakehoniispagsibl e
to inprove the conditions of interaction with the DNA. The arm

advant ageous| ¥nasgevnaetvecnf 1 sand nd@rinal wehveasttl ERaPArEdAPESiYig 1 to
18, and preferably 6 to 12, groups of CH2 type, and _an am ne_whjch all ows
the attachmen2dY3NEREELWF uRA. UIReSETRFRSCF | Akt o(@T PROSPhEEET LR t he

ol i gonucl eotide or of a "spacer", conppsed as whi ch not 1 pvol ved
20 in the hybFYBfza?t oRSTHRUSESSt HR QEb%Ee§8é€gn E%Fbr?ge(gtf?hgoBbE%s. By
way of ex le, the 's er" can conprise the sequence GAGG The

2001 g cotmpite i o

ol i gonucl i 3 O the purification support can, for exanple, have

the 25 sequence 5' - CACGIT 11 GH-EThuETIELlaCTT- 8ol GACG LCTLT: SEQ 1D

No. 11) in which the ses are not 1nvolve atriple helix

structure, bufopRKerihn o195PRSE1E6€:48, T ORE BaEPaLEMEPI MECAatRLal,
ol i gonucl eoti de and the coupling arm Various types of support can be used

for carrying ouk.thempbeegnbfi ANERLADN. udhedi Fa¥abBabeklingtipaal i zed

chr omat ogr aphy supports, |oose or prepackaged in colums, functionalized
pl astic surfagpemocalpchbanat édedrhapextbeallar, wesheholbgontchaythde be
magnetic. They are preferably gel perneation chromatography supports. By
way of exaspl eanl@dcanvageogsaphiasappertainhchamtaal brodsEilcatikongar ose,

making it possible to increase its resistance to or its
protection against nucleases, 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
nucleosides having undergone a modification of the
backbone with the aim of making it more resistant to
nucleases. Among the possible modifications, mention
may be made of phosphorothiocate oligonucleotides which
25 are capable of forming triple helices with DNA (Xodo et
al., Nucleic Acids Research, 22 (1994) 3322), as well

as oligonucleotides having formacetal or methyl



acrylam de or dextrans, and al so derivatives thereof (such as Sephadex,
Sephar ose, Superose, etc.), polyners such as pol y(styrenedivinyl benzene),
or grafted on nongrafted silica, for exanple. The 15 chromat ography col ums
can function in diffusion or perfusion node, or in a "fluidized bed" or
"expanded" system using a chromatography support with a density which is
suitable for this particul ar enbodi nent .,,The process according to the
present 20 invention can be used to purlﬁy any type of doubl estranded DNA.

This is, for dhatd A INA (MU a2 &8 LI T GF e Adar@nish, et al .
Gene Therapy 6 (1999) 209), a linear fragnent, or a plasnld carrying

general 'y onesgy. nores gerwsi of71der apautis s psudiasidmaiy alsd nt erest.
This plasm d may al’so carry an origin of replication, for exanple of the

condi tional typeydraitiieas dde HAFhdd asdd dsi shhictaredgexiesef | bed by 20
Soubrier et al., CGene Therapy 6 (1999) 1482), a nmarker gene, etc. The

process of theidlweitdes), cdnidie sy iRaniteigiley Hel icaelwidlysNze. In this
enbodi ment, the plasmd, anplified by transformation and then cell 5
culture, i% pire fDexth detr ext |y Mickricadidy sRasediwh prideeld &k)cordi ng to
the invention can also be applied to a clear |lysate, i.e. to the

super nat ant 174t aidnethgn arodiefkqatt i omta b ke dadthong Uty of the cell
| ysate. It can, of course, also be applied to a 10 solutlon which is
prepurified L@?Q@Oh@mﬂ@@%%o}@ alQ‘ﬁ’s My A% Pedrade i tfgjossibl e to

purify linear or cjrcul |n a, sequence_of Jnterest fro
m xture conpr&TRL %N@f h%&h %%N h@%rd% H@tothe

i nventi on can al.so be_used..f

f d h |1
| ysate can b ?ﬁ?&%tdee%?rlpl?egé(agwo FU%’I‘ 8?( Ejtr p e&ﬁgggr leng °
Ploraryotig ogies: TR ww&%m%@w %mlelgfg{% &bl das

subtilis yphlnurlu aur eus’ or ces Teria Regardlng

eukaryotic cef u‘f aﬁ&}m Mc@fawes@atbf@'m f@lﬂéhcy@@%ﬁhfﬁw etc.,

and nore partlc Kl'uyver onmyces or Saccharonyces yeasts, or COS, CHO

Cl 27, NIH3T3 m&@@,t@%tﬁéﬁ & £ Seatieh 166 eife WadiibondV &b O bn S
partlcularly 25 advantageous since it nakes it possible to obtain, rapidly

and sinply, phasnIsdONe Ghaderys tgh P idy. rivomadiéstd dss, ast i | | ust rat ed
in the exanples, this 21 process nakes it possible to efficiently

separ at e pl asim o BicHY i ook andnadf ny wlossgeinedit ss tsetc h( Ssn feagaent ed
chronosomal DNA, RNAs, endotoxins, proteins or nucleases. 5 The process of
t he i nveni$onCusr al Guimsen uinfstrpati fiag. andl EN99Thi P IDNA nol ecul es, and
particularly genes of therapeutic interest, such as the FG-1 gene, which
are produced Bimpplyi kel plrosphonels thackbere| ean el I¢Eﬂ¢ﬁ#$t@1%h whi ch

must be 10 conpatlble wi th pharmaceutijcal use,
polyamide backbone as in PNAs (Peptide Nucleic

Acids), which can also form triple helices (Nielsen et
al., Science, 254 (1991), 1497; Kim et al., J. Am.
20 Chem. Soc., 115 (1993) 6477-6481).

The thymine of the third strand can also be
replaced with a 5-bromouracil, which increases the
affinity of the oligonucleotide for DNA (Povsic et al.,
J. Am. Chem. Soc., 111 (1989) 3059). The third strand

25 can also contain unnatural bases, among which mention
may be made of 7-deaza-2'-deoxyxanthosine (Milligan et

al., Nucleic Acids Res., 21 (1993) 327), 1-(2-deoxy-



According to a third aspect, a subject of the present inventionis a
process for detecting, quantifying and sorting doubl e-stranded DNA

nol ecul es conprising at | east one target sequence as descri bed 15 above,
whi ch consists a) in bringing a solution suspected of containing said

nol ecul es into contact wwth a third DNA strand, for exanple a | abel ed

ol i gonucl eotide, so as to forma stableqtriple helix, and b) in detecting
t he conpl ex possibly forned between 20 the doubl e-stranded DNA and t he

third DNA strang s HiS gyRees vl )Useid e iyt parddigid-ar in the context of
t he anal ysis of genones, by allowng, for "'exanple, the detection of a

particul ar D"igllﬁﬁ&%@lﬂ% i 2 JPREIAidd1ey so1d | (kbiPfeSRELC] f i e, safluences.

25 The third strand or the oligonucl eotide, according to this aspect of
t he present igpeent igyt. candelsdml adty) | re@pdddrniig,a | abel which is
detect abl e 22 by spectroscopic, photochem cal, biochem cal,

i mmunochem cd-awirgdemiosd, Fa-mdtiry Ipsaguc scayadi diateeler @ty consi st of
radi oactive isotopes (32P 33P 3H~ 35S) or fluorescent 5 nol ecul es

(5- br onndenxyattiat mudiffl iertesoe iknovac dioy | tmswfdkidrlete, inditgexiageni n) . The

| abeling is preferably carried out by incorporating |abeled nolecules into
t he pol ynucl edurdest B pr iGurr eXAreinsiash, inorStiguetddifieto 10 PP or 3
ends. Exanpl es of nonradi oactive | abeling are described in particular in
French patent34.- FR 78 109 75, or in the articles by Udea et al. (1988,
Nucl ei ¢ Aci ds Research, 11: 4937-4%%7 or, 15 Sanch%?}Pe,%gdor,et al. (1988;
J. din. Mcrobiol., 26{tf)°PiReH.of 3‘}§59ther 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
oligonucleotide in the 5 position. The oligonucleotide
15 thus methylated has the notable property of forming a
stable triple helix with the specific seguence, in pH
ranges closer to neutrality (= 5; Xoda et al., Nucleic
Acids Research 19 (1991) 5625). It therefore makes it
possible to work at higher pHs than the
20 oligonucleotides of the prior art, i.e. at pHs at which
the risks of degradation of the plasmid DNA are
considerably less.
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.
The third DNA strands according to the

invention can be synthesized by any known technique. In



According to this particular aspect of the present invention, the third DNA
strand or the oligonucleotide can also be imobilized 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 mxture, said pack conprising 25
one or nore oligonucleotides as describgg above. The latter can be

i mobilized on a support and/or conprise a detectabl e |abel. 23 According

to this aspegiaQf; Wi Pr GSRIY J &Y i;ﬁrlafpéth‘d 4t efdd i dd tpeserd bed above,

such as kit wll conprise a“plurality of oligonucl eotides in accordance

with the inveptiPrsyMindsirHe A5 biHed iialmd kritiettsladd s stranded DNA
sequences of interest. Thus, the oligonucl eotides imobilized on a support

can be organiggd lidd nat rdiee e rdidarmsof e pse .adseh organi zed matri ces
have in particul ar been 10 described in US patent No. 5, 143,854, and in PCT
applications No. WO 90/Tiese tand-dBNKOE*rands or these
5 oligonucleotides are capable of forming a triple helix
with a specific double-stranded DNA sequence as
described above, comprising a mixed (pyrimidine-purine)
internal region N less than 8 nucleotides long, flanked
by two homopurine regions R and R’. The latter may, for
10 example, comprise a motif of the GAA type.

By way of example, mention may be made of the
target double-stranded DNA sequence corresponding to
the sequence: 5’'-AA GAA GCA TGC AGA GAA GAA-3’ (SEQ ID
No. 1), which is capable of forming a triple helix with

15 an oligonucleotide comprising a sequence chosen from
the following sequences:
5'-TT CTT CTT CTT CTT CTT CTT-3’ (SEQ ID No. 2),
5'-TT CTT CTT GCT TCT CTT CTT-3' (SEQ ID No. 3),
5/-TT CTT CTT GTT TCT CTT CTT-3’ (SEQ ID No.4), and
20 5’'-TT CTT CTT CCT TCT CTT CTT-3' (SEQ ID No. 5).

The formation of the triple helix may be
obtained in the presence of Mg?' ions which may
optionally promote the stabilization of this structure
(Vasquez et al., Biochemistry 34 (1995) 7243; Beal et

25 al., Science 251 (1991) 1360).
According to a preferred embodiment, the

target DNA sequences according to the invention can be



Support matrices on which the oligonucl eotides have been i mmobilized at a
hi gh density are, for exanple, described in US patent 15 No. 5,412,087 and
in PCT application No. WO 95/11995. The present application will be
described in greater detail using the exanples which follow, which should
be considered as illustrative and nonlimting. Legend of the figures: 20
Figure 1. Schematic representation of tq_ pl asm d pXL3179; Figure 2:
Schematic representation of the plasm d pXL 3296; Figure 3: Schenmatic

represent at i %tg{rgtlhqg, quzaeﬁgg @L%%m@%ﬁﬁded&ﬁsﬁﬂm&fd it is

representation asm 24 Figure 5. Schematic

represent ati ghef ddve Rhaseed, RER EgddBINg QiseSeiematic representation
of the plasm d pXL3207; 5 Figure 7: Schenmatic representation of the plasmd

pXL3388; Fi gk ghnuidhaidilds dapissedatiamialg taec plgisaie Pt Ivikth Figure
9: Schematic representations of the plasm ds 10 pXL3601 and pXL3977.
General cl onisfigland sehemdarpliisdmgy fechntansike, He tonvesthianss net hods

of nol ecul ar bi ol ogy, such as digestions with restriction enzynes, gel
el ectrophds essfs,gdids fofagimergrestgatsueh dd dermasfaf ndiemmpeutic @ol i,
precipitation of nucleic
experimental interest, or marker genes. In this
respect, the applicant has analyzed the nucleotide
sequences of various genes of interest and has tested
the stability of the triple helix interactions with an

10 oligonucleotide of the (CTT)n type, and it has been
able to show that certain regions of these genes
produce the formation of a stable triple helix despite
the presence of noncanonical triads such as T'CG, T'GC,
C'AT, C'TA and T TA.

15 Among the sequences which are naturally
present on a double-stranded DNA, mention may be made
of the 5'-AA GAA GCA TGC AGA GAA GAA-3' sequence
(designated ID1l) (SEQ ID No. 1) present in the sequence
of the human FGF1l gene (Jaye et al., Science 233 (1986)

20 541), the 5'-GAA GAA GCA CGA GAA G-3' sequence (SEQ ID
No. 6) of the human gene encoding factor IX involved in
clotting (Kurachi et al., Proc. Natl. Acad. Sci. U.S.A.
79 (1982) 6461), the 5'-AAA GAA AGC AGG GAA G-3' (SEQ
ID No. 7) and 5’'-GAA GAG GAA GAA G-3' (SEQ ID No. 8)

25 sequences of the SeAP secreted alkaline phosphatase

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

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



aci ds, sequencing, etc., are described in the literature (Maniatis et al.,
(1989) Mol ecul ar cloning: a | aboratory manual, second edition, Cold Spring
Har bor Laboratory, Cold Spring Harbor Laboratory Press, New 20 York;
Ausubel et al., (1987) Current protocols in nolecular biology, John WIley
and Sons, New York). The restriction enzynes were supplied by New Engl and
Bi ol abs, Beverly, MA (Biolabs). The oli qpucleotides are synt hesi zed using
25 the chem stry of phosphoram dites protected in the a position with a

t hyl i | 1.C.AcCi . 84) 4539;
& PooC| 1Y sy P it find o QA AL HEER R i dds Leo | o o nany
Appl i ed Biosys %ﬂé&ﬁi&é‘@r}% n@@éﬂcwﬁi S grecomEdaiionsac G caa

ol i gonucl eoti des use or synthesizing affinity gels are obtained fromthe

conpany Aner shaim Sdiasimei g ofrealb (Unpsal @, cxvadein @axd resaduragent ec

(Seraing, Belgiunm), and are used w thout nodification. The strains all ow ng

t he repli caticgntofo lhiend G tbrasdti sIs(Garsk d het candj twehs der1 growth and for
sel ection of these plasm ds, have already been 10 descri bed (Soubrier et

al ., Gene Fheriqy. 6 Y3 9aH9314U8&)22 Exand/ ef inaXdonstthets orc@E AAGLEAs 1.1
The plasm d pXL3179 (pCOR-FGF1l) The plasm d pXL3179, which is represented
in 15 Figure GGA ix-FH vesruenaker (SEQ ID d¥o ¢ hia3 plaSnilte pXi@iv4 (WO 97/ 10343;
Soubrier et al., CGene Therapy 6 (1999) 1482) into which the gene encoding a
f usi on bet weSfEAFR- B hregngeffRiafes3on Metredl {i bf ot . i¢hemferdhl and t he
FGF1 (Fi broblast G owth Factor 1) cDNA (sp-FGFl, 20 Jouanneau, et al., PNAS
88 (1991) 2898)9&fs %%E:P)int?%w)c@a“m ehe domtr R MLl he' it er

originating fromthe early regjon of the human t omegal ovirus (hCW I E
2 and of (ISR AIRAGHS O ot RIS G1F LR ITS J& | at o r 6gi on 25

o asm i p30 SO RHIL | O I B R AT S0t Y IR Setuence of
t - FGF1 4 h ' g

plasm o pUCoE (BEne et aroet GRE e (g% Tea) Y RSB &k (% 030 1<
represent ed i Ml & danded O i PSAL L P46 {PQITE Iddeddi plasm d

pXL3426 derives fromthe plasm d pXL3296 into which the sequence
S - GATCCAAGAA%T@&GP&%%@PJJQ&M@SSMMWA es lhdet vearid he Bgl | |

and Xhol sites. The plasmd pXL 3426 is represented in Figure 3.
carrying this gene so as to incorporate into it an
15 artificial specific sequence. Alternatively, a target
sequence may also be introduced artificially into the
double-stranded DNA.
A second aspect of the present invention is
based on a process for purifying double-stranded DNA,
20 according to which a solution containing a DNA, mixed
with other components, is brought into contact with a
third DNA strand as described above, which is then
preferably an oligonucleotide capable of forming, by
hybridization, a triple helix with a specific sequence
25 present on the double-stranded DNA as described above.

Preferably, the double-stranded DNA is brought into

contact in solution with the oligonucleotide



Exanpl e 2: Construction of other plasm ds carrying target sequences The

pl asm d pXL3675 derives fromthe plasm d 15 pXL3296 into which the sequence
5' - GAAGAAGGGAAAGAAGATCTG 3' has been the Hpal and Xbal sites; the plasmd
derives fromthe plasm d pXL3296, in 5 - GAAGAAAGGAGAGAAGATCTG 3' has been
20 Hpal and Xbal, and finally the plasminserted between pXL3676 al so which
the sequence inserted between id pXL371 ich contains the DNA sequence

5' - GAAGAAGTTTAAGAAGATCTG 3' inserted between the Hpal and Xbal sites of

PXL3296. The jplasi s, ddus, epiajtsinied mRne fuid ekl afd ori de

gr adi ent , the sequence of the Inserts was 25 confirnmed by sequencing.

These prepar &1 Qsnueréstused i di i) &sr RftddREkheneidiidria 27

Exanple 3: Identification of a 20-nmer sequence internal to the FG-1 gene,
formng a stald esdird phipdetd XiiThe st sarasm dshas, daserdigsl fdrthe 5
exanpl es which foll ow were chromat ographed by triple helix interaction
affinity chr @miragiraphy soldesi @i aswaralirriacty condbublonss tridredesd fDNAtY support
was synthesized in the follow ng way, using the chronat ography support
Sephacryl - LiG(h Sfor(tarer steam ddRheagemi sl Biadreciyt dm madsirgd thep, the
Sephacryl S-1000 gel dispersed in a 0.2 Msodiumacetate buffer was

activat ed wi t$ploddiamaifetNpemixikd ovit mihe0 ompanential tdway, the a second
step) the oligonucl eotide was coupled, through its 5 -NH2-ternjinal portion,
to the 15 al CEISRRE grisupdiah tHhe ftidenwaleptids 3§ FARRAUctiVe ani nation

reaction in the_presence of ascorbic acid (5 ,.followi ng a procedure
simlar to tt%d‘g%s’ﬁi%?¥rbrth%é1%1%‘gé%dr% A ndth%iornsey et al ., J.

| mmunol . Met hods, 93 (,1986) 83),.. For, all the experinments_.20. reported in the
present inverft} 11941%1 i%%ﬁ%mcetbﬁ%e e?/ﬂel?eeg’coltfblaéh %@flf%]re?rb‘% this
gener al cedure; all the oligonucleotides have an NHZ- ( CH2) 6-

functi ona zeaa%lrdm ‘GEhted at the 5 end of the ol i gonucl eoti de. The

AR L T e A e
toward measurifg-idienst aid i dompMeie, addr CfdhSre OWonior idditor 28
beads or of microparticles, such as latex particles, or
of any other support in suspension. The oligonucleotide
15 can also be grafted onto a molecule of the polymer type
of natural or synthetic origin. Preferably, the polymer
to which the oligonucleotide is attached has a property
which allows it to be easily separated from the
solution after formation of the triple helix with the
20 double-stranded DNA. Among natural polymers, mention
may be made of proteins, lipids, sugars and polyols.
Among synthetic polymers, mention may be made of
polyacrylamides, polyethylene glycols, styrene
derivatives and heat-sensitive polymers such as, for
25 example, compounds of the type poly(N-isopropyl-
acrylamide), which are soluble at low temperature and

become insoluble above their phase transition



follow ng conditions. In each experinment, 300 ug of purified plasmd
dissolved in 6 m of 50 mM sodi um acetate buffer (pH 4.5) containing 2 M
NaCl was injected, at a flowrate of 30 cmih, onto an HR 5/5 5 col um

(Amer sham Pharmaci a Biotech) containing 1 m of affinity gel functionalized
wi th an oligonucl eotide according to the invention. After washing the
colum with 5 mM of the sane buffer, th% plasmd was eluted with 3 m of
100 nmM Tri s/ HC1 col um buffer (pH 9.0) 6 containing 0.5 mM EDTA, and the

amount of pl agd gluted (By h@%ip%tg-aQ.l?u‘Hi%rtéé@ﬁoqg%? ldded, 1) by

measuring the absorbence at 260 nm of the solution i1) by anion

exchange chr lay- 191y, a7 | (bigpane 2@anPak- Fax col um (Marquet et al.
Bi oPharm 8 (1995% 15 26) . Using a colum functionalized with the

ol i gonucl eoti de 5' - NHz TheHpLe1FIcaELpe- Proc8e kRcedizd)y tiheéheesul ts of
the purification which are given in Table 1 bel ow denonstrate the formation
of a stabl e PResentl énvention tils phetjlcadeirdy aeeiulsisigcs tiker the entire
FGF1 gene (pXL3179), or an internal |1Dl1 sequence of the human FGF1l gene
(pXL3426) 5 i enabiEsashenpirid icattionl ipl a@smDNA( pklaze8)eswhihdlehc diopr i ses no
sequence of the human FGF1 gene and which is not retained on the 25 colum
i n question. not2¢oTghlia & Roxopuddseqremense oife sulfifgemenitdot vde84paci ty
(ug plasm dTarget sequence in_the plasm dattached per m ofgel)Tr CIT CT
CT CT OT &engrbpkes aidoppthr formptioncof @ Freptectriple &etizx0opXL3426
(pCl ~R- nl) AA GAA COCA ~C AGA GAATr CIT AT .CT CLT T CT< 1pXl a3296
(pCbR) - The §§ﬁH€ﬁ@€e0WlFﬁeapSQQWPHrBKE 1456 Rdd gogusliertddieny Patvel oni ng

Ul ernal | seqdante 10dsORartE PR TR AR VAT AL EBRNARE S (S0 1D
No. 1) of, {he F e her f a j | tructure
wth %he]b igﬁﬁﬁf_é%%ﬁ eaﬁgégﬁgﬁﬁﬁﬁgﬁgﬁﬁbS%E%?%@ k&&R%SdQ%g ?P%psé hel i x
oyr i i e pif paEd o A R e B e A DR DL 24 SFERERT, anoni cal
triads 6 unit$iRty0'ofSiDHR) mNdchled,t ]ft:h(lg procedsdqs 1:aRG x%?ﬁ@.r ated by an

internal region (T) of 7 triads, six of whicCh are noncanonica
and produces yields and degrees of purity which are
particularly high.

15 Moreover, it makes it possible to purify DNA
molecules from complex mixtures comprising other
nucleic acids, proteins, endotoxins (such as
lipopolysaccharides), nucleases, etc., and to obtain a
purified DNA of pharmaceutical quality.

20 In order to allow its covalent coupling to
the support, the oligonucleotide is generally
functionalized. 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,

25 amine or carboxyl group makes it possible, for example,

to couple the oligonucleotide to a support bearing

disulfide, maleimide, amine, carboxyl, ester, epoxide,



15 and conprise, nore precisely, two T*GC triads, two T*CG triads, one C*AT
triad and one C-TA triad. Exanple 4: ldentification of the bases required,
in the internal IDL 20-nmer sequence internal to the FG-1 gene, for the
stability of the triple helix structure 20 4 oligonucl eoti des were prepared
based on the internal 1Dl sequence. For two of them 7 or 13 nucl eotides
are absent fromthe 5 side of I1Dl, andgpr the other 2, 7 or 14

nucl eoti des are absent fromthe 3 30 S|de The plasm d pXL3426 was

chr omat ogr ap éht t WL | &51%171&% usi ng
the oli gonuclr%rgﬁge 5' Ht#(‘%#)e%f ?1%@%5%@%@ ithe ol i goniucl eoti des

FRB36, FRB38,5.RREA%-1@5d RRBAgHT end st dnmdic the drdwleide) i x structure
formed with the various truncated internal | Dl sequences was then tested by
measuri ng theclaiBatile®f @acdr Ofaritie MAsdhiise I ©ddetkots thecwednirm. 10
Tabl e 2 A igonucl eoti deSequence targeted in the plasm d pXL3426Capacity (ug
pl asm d att actiesl qergoriucfegel dd Grid e GHPHGRC ANy GileAGet s GAAL130_
A~ gyp, --< 1FRB38 AA GAA G - < 1FRB39AA GAP,
CaCA ' I nC AGknown t®Xhose skildled pin thp,arl33athéoe essdds sjiateras n Tabl e

2 above show t hat
difunctional coupling reagents for example.

Moreover, in order to improve the
hybridization with the coupled oligonucleotide, it may
be advantageous for the oligonucleotide to contain an

10 “arm” and a “spacer” sequence of bases. The use of an
arm in fact makes it possible to attach the
oligonucleotide at a chosen distance from the support,
making it possible to improve the conditions of
interaction with the DNA. The arm advantageously

15 consists of a linear carbon-based chain comprising 1 to
18, and preferably 6 to 12, groups of CH, type, and an
amine which allows the attachment to the column. The
arm is linked to a phosphate of the oligonucleotide or
of a “spacer” composed of bases which are not involved

20 1in the hybridization. Thus, the “spacer” can comprise
purine bases. By way of example, the “spacer” can
comprise the sequence GAGG.

The oligonucleotide coupled to the
purification support can, for example, have the

25 sequence 5’'-GAGG CTT CTT CTT CTT CTT CTT CTT-3' (GAGG
(CTT)7; SEQ ID No. 1l1) in which the GAGG bases are not

involved in a triple helix structure, but make it



all of the 1Dl sequence of pXL3426 (20-ner) is required for the formation
of a stable triple helix structure 15 with an oligonucl eotide of the type
5'-TT(CTT)6-3". In particular, the two Py*PuPy portions |ocated at the 5
and 3' ends, and also the central portion, contribute very greatly and
cooperatively to the stability of the final structure. 20 Exanple 5:

I nfl uence of the canonical triads and of gt he nunber of noncanonical triads
on the stability of the triple helix The sequence of the oligonucleotide

5' - TT(CTT) 6- 3o5FERe RNEor) aMapalBiiddibiberftd RA i gotthARAGIdey Of these

various oligonucl eotides (FRB15, "FRB16 and FRB17) to forma stable triple
helix with thed rtRr rjupgiPhpeauence (5 - AA GAA GCA TGC AGA GAA GAA-3'; SEQ
ID No. 1) of the plasm d pXL3426 was 5 tested. Table 3

A i gonucl eot i deSequenceraafi due Ny of support can be used for _
of Capaci tyol i gonucl eoti denoncanoni cal (ug plasm dTarget |1 Dl sequence in

t hetri adsat t asiregdmasmut pdre Mrexfegel )i dnbidly. @heyCmByClbE CIT CI T

Cl T6130AA GSA GCA '1 C3C AGA GAA GAAFRBLSTr CIT CIT GC. T '"I~T CT CTr3189AA
GAA C~CP~ 5-C fABA tGahaAARRB tSihor@tPatlabh@ Buprdrt@l, T 1CIoB&l BXAA GAA C~CP.

"I C~C ACS GAA CAAFRBL7Tr CIT CTT CST ZC, T C T CIT3183AA GAA GCA ' I C-C ACs.
GAA CAA The mespackagiederin eofawins .3 famerd osiedvi zata o 1@ tilc issiyfessisbl e to
increase the stability of the triple helix structure by nodifying the

sequence of e AINFFAIAERGH d afe>aPasis néhdsde Maye GFumssr reit PEAT and

magnetic. They are preferably gel permeation
chromatography supports. By way of example,

10 chromatography supports which can be used are agarose,
acrylamide or dextrans, and also derivatives thereof
(such as Sephadex®, Sepharose®, Superose®, etc.),
polymers such as poly(styrenedivinylbenzene), or
grafted on nongrafted silica, for example. The

15 chromatography columns can function in diffusion or
perfusion mode, or in a “fluidized bed” or “expanded”
system, using a chromatography support with a density
which is suitable for this particular embodiment.

The process according to the present

20 invention can be used to purify any type of double-
stranded DNA. This is, for example, circular DNA, such
as a minicircle (Darquet et al., Gene Therapy 6 (1999)
209), a linear fragment, or a plasmid carrying
generally one or more genes of therapeutic or

25 experimental interest. This plasmid may also carry an
origin of replication, for example of the conditional

type (such as the pCOR plasmids which are described by



+C*GC canonical triads, which, at the same tinme, decreases the nunber of
noncanonical triads in the 15 nedian internal region N of the triple helix
structure. Exanple 6: Influence of the noncanonical triads on the stability
of the triple helix structure The sequence of the plasm d pXL3426
conprising the internal 1Dl sequence (SEQ ID No. 1) of 20 the FGFl gene,
which is capable of formng a stable triyq e helix wth the oligonucleotide
-TT(CTT) 6- 3' 32 (SEQ ID No. 2), was nDdified in order to introduce into

the central region N tyo é;pns%égévr_@jé% rygﬂ)cal a tkd of t he
T*GC type, followed in 5 C* AT noncanoni caI triad (pXL367/5).

another 5 expad{deisc fi "M'ﬁe %&i“cﬁc@s&.’. &t @HY, inkidds ion Gan Cﬁé\%ﬁéﬂéﬁ GC

noncanoni cal triads were introduced (pXL3676). Finally the sequence of the
pl asm d pXL34f6-a@s yogh fd esb1So BEsdte | Nid athice dnidciinentedilan regi on two
consecuti ve noncanonical triads of the T*TA type, 10 followed in 5 by a
C*TA noncanomleedmiid, adndlpdd 330l 3)y thedrl =f chenfdl taison de e qplesnrc ecellf]l t he

ol i gonucl eoti deCapacity (ug plasm dTarget sequence in the plasm dattached
per m of PeldurtGid, CAT @i flad @ ifrad tTyl 2300684 26584 GAAS IGBCATHd C~i C AGA
C=AA GAAC 1'f CIT CZT CTT CZT CT99pXL3675C, AA GAA ~C-G AAA GAA C-CIT AT
ATATAT m%mr@ﬁ;%@}@ AV IrA @ACER adisp R am@iiiegue! ' CT<

1pXL3713GAA GAA G 'f TAA CAA GA The results of purification of the various
to a clear lysate, i.e. to the supernatant it obtained

after neutralization and centrifugation of the cell
lysate. It can, of course, also be applied to a

10 solution which is prepurified using known methods. This
process also makes it possible to purify linear or
circular DNA carrying a sequence of interest, from a
mixture comprising DNAs of various sequences. The
process according to the invention can also be used for

15 purifying double-stranded RNA.

The cell lysate can be a lysate of
prokaryotic or eukaryotic cells. Regarding prokaryotic
cells, mention may be made, for example, of E. coli,

B. subtilis, S. typhimurium, S. aureus or Streptomyces
20 bacteria. Regarding eukaryotic cells, mention may be

made of animal cells, yeasts, fungi, etc., and more

particularly Kluyveromyces or Saccharomyces yeasts, or

COS, CHO, CI27, NIH3T3, MRC5, 293, etc. cells.

The process of the invention is particularly

25 advantageous since it makes it possible to obtain,

rapidly and simply, plasmid DNA of very high purity. In

particular, as illustrated in the examples, this



15 plasm ds, which are given in Table 4 above, show that a stable triple
hel i x structure is formed when the noncanonical central region forns triads
of the T*CG T*GC, C*AT and C*TA type. As shown by the yield of attachnent
to affinity gel of the plasm ds pXL3675 and 20 pXL3676, a stable triple
helix is also formed when two consecutive noncanonical T*GC triads are
introduced, this being whatever the contgxt, i.e. whether the 33
surrounding triads are canonical or noncanonical in nature. On the other

nand, the | ntsoduetd guals 3 P3ids b ] WIS Sl lpdiidl” TA type and

of a contigudus C-TA tria np estabilization 5 of the

triple helix StH6ldimia BRI &ntanZeRstire td poriind asmsLonprising a
cassette encodi ng an SeAP, haFP, FI X and gene The genes used in these

experiments ifrQniteitdd doriEdmile oNe atlidy tehdrdtimLomanidigns of the
10 invention are, for exanple, the human gene encoding factor F | X (Kurach
et al., Proc.ofNatdcledassbs. Sci. U S. A 79 (1982) 6461), the human gene
encodi ng secreted al kali ne phosphatase SeAP (MIlan et al., J. Biol. Chem,
261 (1986)53112), the Ithemmpuyeresencdbdibhy ikbrexdtphm fist alFotwiafulaFP (G bbs
et al., Biochemstry 26 (1987) 1332), and the human gene encodi ng GAX
(Gorski et alfor WpirifGaing aBidlenrikhimoINA IxdBculfmsangkbnes were
amplified by PCR using plasmds or cDNA libraries (Clontech), and then

cl oned downstRadmhBilamy Mpnak a5 stherapantE /P isttarass, HHFLEs tddn of the
SV40 | ate pol yA signal sequence, in a pCOR plasm d derjved from pXL3296.
The gene encc%?rFrilg ING e BH St 1BHS RF QIESsh Anek @Y R 8™t r oduced into

a pCOR plasm d derived fro XL3296 .so as to generate the plasmd 25
pXL3402" ( Fi qUIEHHEE MPite. SRS eI AP AopToit MRS was

i nt roduc i'36%5%6%%%%Fuf¥ﬂﬁ§¥é¥ﬁéé§§Lf&£ﬁkﬂ§¥3296 SO as to generate the
pl asm d 4 )

According to a third aspect, a subject of the
present invention is a process for detecting,
quantifying and sorting double-stranded DNA molecules
comprising at least one target sequence as described

15 above, which consists a) in bringing a solution
suspected of containing said molecules into contact
with a third DNA strand, for example a labeled
oligonucleotide, so as to form a stable triple helix,
and b) in detecting the complex possibly formed between

20 the double-stranded DNA and the third DNA strand.

This process is useful in particular in the
context of the analysis of genomes, by allowing, for
example, the detection of a particular DNA sequence in
a genome or the sorting of specific sequences.

25 The third DNA strand or the oligonucleotide,
according to this aspect of the present invention, can

be labeled by incorporating a label which is detectable



pXL3678 (Figure 5). The gene encodi ng GAX was introduced into a pCOR

pl asm d derived from pXL3296 so as to generate the plasm d pXL3207 (Figure
6). The gene encoding factor FI X was introduced into a pCOR plasm d 5
derived from pXL3296 so as to generate the plasm d pXL3388 (Figure 7).
Exanpl e 8: Use of an oligonucleotide of the 5 -(CIT)7-3" type to generate
the formation of stable triple helix 10,structures with various genes of
interest The interaction of various sequences with the triple helix

interaction ggl JdMGidNAlHiz6d gMddd dHEei¥ld 190 BRIi¢8 15" - TT(CTT) 6-3" (SEQ
ID No.: 2) was studied by measdring the capacity obtained with 15 plasnids

carryi ng var i{gusrdRimRsni cEe genesentitdid ebamey e i) the human gene encodi ng
the factor I X, ii) the gene for secreted al kaline phosphatase SeAP, iii)

t he human gene for al plFod ehampld, eisudi. ldelanddny )cdid e GAX gene. 20
Tabl e 5 GenesTarget sequences) in the geneCapacity (ug plasmd attached per
m of gel) Fataelri daX@AAreGAA BCA A *EAA Bp1 SRAPARSGAArABTUABESGAALG GAA GAG
GAA GAA GLOOhaFPAAG GAG AAG AAG AA146~hGAX _~-~ ~T GAG GAA GAA G ~118 The
results giSvemdlechdisise & -dbhwmoddrowutiating, iSlysossidgiay, using an
ol i gonucl eotide of the (CTT)n
acetylaminofluorene, digoxigenin).
The labeling is preferably carried out by
incorporating labeled molecules into the
polynucleotides by primer extension, or by adding to
10 the 5’ or 3' ends.
Examples of nonradiocactive labeling are
described in particular in French patent
No. FR 78 109 75, or in the articles by Urdea et al.
(1988, Nucleic Acids Research, 11: 4937-4957) or
15 Sanchez-pescador et al. (1988; J. Clin. Microbiol.,
26(10): 1934-1938).
According to this particular aspect of the
present invention, the third DNA strand or the
oligonucleotide can also be immobilized on a support as
20 described above.
A fourth aspect of the present invention
relates to a pack or kit for purifying and/or detecting
the presence of a double-stranded DNA according to the
invention in a complex mixture, said pack comprising
25 one or more oligonucleotides as described above. The

latter can be immobilized on a support and/or comprise

a detectable label.



35 type, to formstable triple helix structures with a gene of interest,
even though this gene does not contain a target sequence of the

-(GAA) n-3' type conplenentary to the oligonucl eotide. The existence, in 5
the central portion of the target 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 presence of an isolated T*TA triad (GAX gene). 10
Exanple 9: Use of a column functionalized with an oligonucl eotide of the

-(CTT)7-3' type for m&a&ae 13 & acooltems, Ciaéi%'g@'cm Nhd Rgrddd:frnal 101
sequence (5'-AA GAA GCA TGC SEQ I D No. "1) The possibility

of purifying ﬂv@fﬂldﬁu,lir@rdé/dé?ﬁ:l%rﬁﬁl@%ﬁ;ﬁé?ﬁ a”bm{eR) sdd¥ tad R ) m 3’
type, as described above, using a chromatographi c support for affinity by
triple helixKind eriadt icvnpfigectd @laldazectywidh cn gddgaeed ietdd de of t he
'-(CTT)7-3" type was studi ed based on Exanple 8. 20 The plasm d pXL3179
(conpri si ng tdwedntmncdeHltigatiss whieriticar mieiscH heays dgpaneel Yo AA GAA CCA
TGC AGA GAA GAA-3') was chronmat ographed on a Sephacryl S-1000 interaction
col um furfet idetadtz ethngeth ddwb 1ot gommlesbtiNfe EqudHd«CieA) 6- (CTT) 7-3' . For
25 this, 9.40 ng of plasmd pXL3179 in 60 m of 50 nM sodi um acetate, 2 M
Nadl buffer(ﬂﬂ#erﬁﬁtmere injected, at a flowrate of 30 cmh, onto a 10 m
affinity colum 36 containing the oligonucleotide 5"NH2-(CH2)6-(CTT)7-3
coval ently coupl ed to S&pHacriite QUEPT potddas jipumehid iBadnyine 8. After
washi ng the colum with § vol unes of the sane buffer, the attached plasmd

was el uted 5 SHHRIPEE GHUME WALt Hb@aiiheS/SHER a8 5 W EDTA buffer
and quantifie JTe uri ng_ t he UV, absor.banc 260 n d n _exchange
chr omat ogr aph 1(%5 %Se ﬁﬁa@?%ﬁ%rﬂ?‘ﬁf%ﬁ i arat&I uq(ferng?ﬁ

content iyt qRar i f 0 ction was
nmeasur ed %ti/ Ig%% d&{scrl bed ‘?3#% g\%dl 5_4’5‘37@&% Ane%fljnplgacrsiﬂ‘l d pXL3179

wer e found ”laﬁﬂl%é%{ﬂ’n?cﬁps INRC P Al 37 Prund & fh1 GAP4. and the |evel of
contam nation wth E. coli genom c DNA was decreased from7.8 to 0.2%wi th

the affinity chromat ogr%ﬁ@ wasoiddedbn Sidrrdpe the level of

contam nation with RNAs was decreased from43%in the starting plasmd to
0.2%in the priddtIdasitds Have/ Bectlsin@idIRIL icAud s eunayly experiments
carried out on various plasmd pXL3179 preparations 20 chronat ographed on a
Sephacryl S- I¥Hkiadf iard )y font wraniplet | desd s wirt U3 s tadritgonucl eot i de

5 -NH2- (CH2) 6-(CTT) 7-3', the genom c DNA content was reduced fromO.2%to
0. 007% fX¥omNk.7% t4L2D,. CAPbdndm1V. KYB tapil i29% t iom INomWQ @B AI0LPB5.% 25

Exanpl e 10: Use of an ol igonucleotide of the 5 -CCT TTT CCT CCT T-3' type
(SEQID No.: 12) to The present application will be described in

greater detail using the examples which follow, which
should be considered as illustrative and nonlimiting.

Legend of the figures:

20 Figure 1l: Schematic representation of the plasmid
pPXL3179;
Figure 2: Schematic representation of the plasmid pXL
3296;
Figure 3: Schematic representation of the plasmid

25 pXL3426;
Figure 4: Schematic representation of the plasmid

pXL3402;



37 generate the formation of stable triple helix structures with a gene of
therapeutic interest, human cnmm~a ~ G-7 The interaction of a sequence
internal to a 5 gene of therapeutic interest, such as the human VEG-B- 167
gene, with a triple helix interaction support functionalized wth the

ol i gonucl eotide 5 -CCT TTT CCT CCT T-3'" (SEQ ID No.: 12) was studi ed by
measuring the capacity obtained with thegglasmd 10 pXL3579 carrying the
human VEGFB- 167 gene (Figure 8) (O ofsson et al., J. Biol. Chem, 271

(1986) 19310)F1Eqmee P AR5 A ME &t d 51 PRI £ SEHY §5h ddinifd gur e 8,
contains the VEG--B167 gene anplified by PCR froma hunman heart cDNA
l'ibrary (C ongsgdnzgand then cloned 15 downstream of the eukaryotic CW E/ P
pronoter (-522/+74) and upstream of the Sv40 | ate pol yA signal sequence,

bet ween t he Nsidurand Xsdhandttic AfegrsdAddt e of AdHa ISl df pXL3296. 20
Tabl e 6 A igonucl eoti deTarget sequence in the gene (VEG-B-167 or
control ) Capagxni3aam pl asm d attached per m of gel)CCT TTT CCT CCT TGEC
AAC GGA GGA A87none (control vector)< 0.5CCT CCT TGGA GGA A< 0. 5none
(control VectBirgurd. BT BEHENR tHhC 1EHYes otvR tAad @Xl Siene aomitd ol vector) <
0-5 -1 pXL3388;
Figure 8: Schematic representation of the plasmid
pXL3579.
Figure 9: Schematic representations of the plasmids
10 pXL3601 and pXL3977.
General cloning and molecular biology techniques.
The conventional methods of molecular
biology, such as digestions with restriction enzymes,
gel electrophoresis, DNA fragment ligation,
15 transformation in E. coli, precipitation of nucleic
acids, sequencing, etc., are described in the
literature (Maniatis et al., (1989) Molecular cloning:
a laboratory manual, second edition, Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, New
20 York; Ausubel et al., (1987) Current protocols in
molecular biology, John Willey and Sons, New York). The
restriction enzymes were supplied by New-England
Biolabs, Beverly, MA (Biolabs).
The oligonucleotides are synthesized using
25 the chemistry of phosphoramidites protected in the a

position with a cyanoethyl group (Sinha et al. Nucleic

Acids Research, 12 (1984) 4539; Giles (1985), with the



38 The results given in Table 6 above show that it is possible, using an
ol i gonucl eoti de, such as for exanple the oligonucleotide 5 -CCT TTT CCT CCT
T-3" (SEQ ID No. 12), which targets a sequence of the 5

-(Rn-(Nt-(R)m3" type, here the region 5 -G3C AAC GGA GGA A-3' (SEQ ID
No. 13) of the human VEGFB-167 gene, to forma stable triple helix
structure with a region of a gene of intgyest. Although, noreover, the
human VEGFB- 167 gene contains a 10 honopurine sequence 5' - AAA AAA AAG GA- 3
targeted by tdwy oli@amc @abNdesynerddi 4dd fddm The’ c&@%@&i

is

interaction obtained with the oligonucl eotide 5'-

very greatly rﬂm%fs@m tgs e tHY enpelf Lot 0hdad defe vbieridiet oi@pyr i m di ne

15 ol i gonucl eoti Simlarly, the internal honopurine sequence 5' - GGA GGA

A-3' is not sufficient|Bhe a5 gonwrbddiei dde dssdafooewmitkesiaiie triple

helix wth the oligonucleotide 5 -CCT CCT T-3'. This exanple therefore

clearly showsaftiniZfy aghvlbntage aftdireed effprmmcedse ofortpeny Amersham
-(Rn-(Nt-(R)m3" type for formng stable triple helix structures, even

in a context Phaxmacina tBico il EspsalaledSvilers) vl el ax W egsn i eover ,

at | east one honopurine structure of significant length. 25 Exanple 11: Use

of an ol i gonutberRine Felfium - rrECRIE aresd eBcheyp angGHG - | 4) for

separatlngthe non ... 1 ~Y~ ~7 TIT1/1T77 'I_DC D IIT T~~~ L.
YL .-. .G. W TheletraLns.allow1ng.the_qepllcaq}oq_Qf theyg triple

hel i x st ruct ur es arget _sequence_wi thin the nodified B- 186 cDNA
It was obser RdPR (ﬁ’i Cﬁ%’e %‘E%p@"q? or® rb‘?b‘ﬂ’tﬁ?% Vh I THRWEh VE%?Eg:ﬁSG gene in
a fernenter, t 5. sal d ne wa he et i £arrangenent s and

del etions, in° hg Cﬁ% | n o el?ave ?‘%] (?%tl ons were therefore
i nt roducegd, by gug%% a %\gj |n @9 10 (AAO), 513
(amn, go d g I%#S%@ ‘%‘é 9@5’%;13—}% tra)?]sl ation point

+1. The am nol49§2)d sequence of the VEGFB— 186 prot e| n |ncI uded between ami no
acid 170 and 174 renai ns unchanged. On the other hand, the VEGFB-186 gene

t hus nodi fi edefMESTE-186rdn &bt {Sn ot FFDLIm{IMA sequence according to the
present invention, 5 -A GGA 15 GCGC GEA G 3 (SEQ ID No. 15), which is

capabl e of fornm nthé sladhed tpxpd £7helpCORFBE@FRCti on Wi th an

ol i gonucl eoti de of sequence 5 -T CCT CIC CCT G3' (SEQID No.l14). This

stable triple helix intBraghlasmid pXiVihl2gedustly Usedepresampteadreit t he

process according 20 to the invention and to separate the nodified

VEGFB- 1861 gengigwiehl hats notvender gderl vedr Faergereat sl asmi dadBt2Ths af t er

it has been produced in a fernenter. In order toillustrate the process of
(WO 97/10343 Soubrier et al., Gene Therapy 6 (1999)

1482) into which the gene encoding a fusion between the
signal peptide of human fibroblast interferon and the
FGFl (Fibroblast Growth Factor 1) cDNA (sp-FGF1,

20 Jouanneau et al., PNAS 88 (1991) 2893) has been
introduced under the control of the promoter
originating from the early region of the human
Cytomegalovirus (hCMV IE E/P) and of the
polyadenylation signal of the SV40 virus late region

25 (SV40 late polyA; Genbank SC4CG).

1.2 The plasmid pXL 3296 (pCOR)




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 VEGFB- 186 gene was first of all anplified by PCR froma 40 hunman
heart cDNA |ibrary (C ontech), and then cloned downstream of the eukaryotic
CW E/ P (-522/+74) pronoter and upstream of the pol yadenyl ati on signal of
the SV40 virus | ate regi on between the il and Xbal 5 sites of the

mul tiple cloning site of the pXL3296 (Exanple 1.2), in order to generate

the plasmid pXL3601. Thed aiile:0esuipdidd etbil et itle Ahalagen 2i ng
PCR, in order to generate the plasmd pXL3977 in which the VEG-B-186 gene

i's nodified EXI.@Q.@@ 1@ QAidh Q@x%créé%%‘ér@@\éﬁf thee doureiracidedi: ofad he target
sequence 5 -A GGA GCG GGA G 3" (SEQ 1D No. 15) within the VEG-B-186m gene,

with a tripl edeel iveglRicRIAEHItN tHeP RNl iPIRCid1oMlnz ed vd I the

ol i gonucl eotide 5 -T CCT CTC 15 CCT C3' (SEQ ID No.l4), was studied by
measuri ng theleapdd UAR aiBeerswidth alhe @eammild pXI13PBF Addrny. mhe he
nodi fi ed hunman VEGFB- 186 gene (Figure 9). Since the sequence of VEG-B- 167
i s cont ai red dlasrhiel LeGuavce icd Np@EBeiB®d irhd ighasm2d pXL3579 as
described in Exanple 20 10, and which conprises the human VEG-B- 167 gene,
i s therefore lusedhss Qﬁﬂyﬁlpﬁiiﬁ%ﬁrkﬂCOR Pl )Tabl e 7

A i gonucl eot i depCOR- VEG-- PCOR- VEG-- E

pCORB186B167( pXL3296) @M@dﬁﬁwm@m idergvasnifaom ¢he dsadd g
pl asm dattached _per attacheg %Sattached perni of gel)m of gel)ni of gel)ID

Ng 142ﬁ432<9§qﬂ%9 ntfs the| spaUEnFerhe refults given in Tab}e 7
exampl o, the OE@@@%@@@%@&%%& B %%%&%% of *t he
5 -(R

No. |(5§ no1g N‘% he m)cfe’rn e&l%%r%lﬂ\e/@%%%gegge%sst (;P%f Gﬁﬁ %}S‘tdcﬁ%e tri p SESeII Px

structure w t;h, arépﬁ:@s%ht‘@d ngq;qegL&fe interest,

Example 2: Construction of other plasmids carrying

target sequences

The plasmid pXL3675 derives from the plasmid
15 pXL3296 into which the seguence
5’ -GAAGAAGGGAAAGAAGATCTG-3’ has been inserted between
the Hpal and Xbal sites; the plasmid pXL3676 also
derives from the plasmid pXL3296, in which the sequence
5’ -GAAGAAAGGAGAGAAGATCTG-3' has been inserted between
20 Hpal and Xbal, and finally the plasmid pXL3713 which
contains the DNA sequence 5'-GAAGAAGTTTAAGAAGATCTG-3'
inserted between the Hpal and Xbal sites of pXL3286.
The plasmids thus constructed were purified by CsCl
chloride gradient, and the sequence of the inserts was
25 confirmed by sequencing. These preparations were used

in the examples described hereinafter.



10 and thus to purify it efficiently. The oligonucleotide 5 -TTT CCT CTC
CCT CG3 (SEQID No. 16) can also be used to purify the nodified human
VEGFB- 186 gene. WO 02/ 077274 42 CLAI M5 PCT/ FRO2/ 01034 1. Process for
purifying a doubl e-stranded DNA nol ecul e, characterized in that said double
s stranded DNA nol ecule is brought into contact with a third DNA strand,
sai d doubl e-stranded DNA nol ecul e conprissi ng at | east one target sequence
of general formula: 5 - tR) n- ~N) t- ~R ) m3 10 in which: R and R
represent nucl eotide sefugRers TOMNSAd O Qn ¥ D dRasss; N and mare

integers less than 9; and the sumof n+¥mMis greater than 5, 15 Nis a

nucl eoti de sespigiEfes O didlg tDIThd WAHE Rases i 4 sh4181 dases; and
t is an integer Tess than 8; sald DNA sequence belng capable of Tnteracting
with a third foNAplsd negkliso as to forma triple helix structure. 20 2.
Process according to claim1, characterized in that the interaction between
the region N and the tHheal A @is grith pniotkices demcfidserhtionclod at nost 6
noncanoni cal triads. 3. Process according to claim?2, 25 characterized in
that the noncewrmples whichisfahiew werd farmh togradiosk by romple T CG

T*GC, C-AT and C*TA tri ads.
helix interaction affinity chromatography under

standardized conditions. The affinity support was
synthesized in the following way, using the
chromatography support Sephacryl® S-1000 SF (Amersham
10 Pharmacia Biotech). In a first step, the Sephacryl®
S-1000 gel dispersed in a 0.2 M sodium acetate buffer
was activated with sodium meta-periodate (3 mM, 20°C,
1 h) and then, in a second step, the oligonucleotide
was coupled, through its 5’'-NH;-terminal portion, to the
15 aldehyde groups of the activated matrix via a reductive
amination reaction in the presence of ascorbic acid
(5 mM), following a procedure similar to that described
for the coupling of proteins (Hornsey et al., J.
Immunol. Methods 93 (1986) 83). For all the experiments
20 reported in the present invention, the oligonucleotides
were coupled by following this general procedure; all
the oligonucleotides have an NH;- (CH,)¢- functionalized
arm located at the 5’ end of the oligonucleotide.
The experiments directed toward demonstrating
25 the formation of a triple helix structure between an
oligonucleotide and a double-stranded DNA, and toward

measuring the stability, were all carried out under the



4. Process according to any one of the preceding clainms, characterized in
that the regions R5 and R conprise at least two guanines (G in total. 5.
Process according to any one of the preceding clains, characterized in that
the regions Rand R conprise at |east 2 adenines. 6. Process according to
any one of the 10 preceding clains, characterized in that the regions R and
R form with the third DNA strand, cangii cal triads chosen from T*AT and
+C*GC . 7. Process according to any one of the preceding clains,

charact eri ze¢diq JAdly i PNARL 230 A drS iingt, NS d@PgItQPBHfi m di ne

type. 8. Process according to claim7, characterized in th the third DNA

strand conpr igs fa Pl =aGhk & B RARed 1 PP &AS D RGIP it Rbdiin@ny one of
the 20 preceding clains, characterized in that the third DNA strand is an

ol i gonucl eot izdetatd HafFeass(paraondi et igiiygore miNddie wisecedi ng cl ai ns,
characterized in that the target sequence present on said doubl e-stranded

DNA ol ecul e i2h exea,i $8s 4 A e quanc © SEQ Ida/My. chtoarth S8 & /5
ol i gonucl eotide is chosen fromthe oligonucl eotides of sequence SEQ | D No.
2 to 5. A4 chllunr o@erses: sdeo Rtiangpatad. eo B adfedtle qoraeadiimg Al ailnf
characterized in that the target

affinity gel functionalized with an oligonucleotide

according to the invention. After washing the column

with 5 ml of the same buffer, the plasmid was eluted

with 3 ml of 100 mM Tris/HCl column buffer (pH 9.0)

10 containing 0.5 mM EDTA, and the amount of plasmid
eluted by the pH 9.0 buffer was quantified, i) by
measuring the absorbence at 260 nm of the solution and
i1i) by anion exchange chromatography on a Millipore
GenPak-Fax column (Marquet et al., BioPharm, 8 (1995)

15 26).

Using a column functionalized with the
oligonucleotide 5'-NHy- (CH2)6¢-TT(CTT)e-3' (SEQ ID No. 2),
the results of the purification which are given in
Table 1 below demonstrate the formation of a stable

20 triple helix with the plasmids comprising either the
entire FGFl gene (pXL3179), or an internal ID1 sequence
of the human FGFl gene (pXL3426), in contrast with a
control plasmid (pXL3296) which comprises no sequence

of the human FGF1l gene and which is not retained on the

25 column in question.



sequence is naturally present on the doubl e-stranded DNA nol ecule, or is a
target sequence introduced 5 artificially into the doubl e-stranded DNA

nol ecul e. 12. Process according to one of the preceding clains,
characterized in that the target sequence naturally present on the DNA

nol ecule is present in the coding sequence of genes of therapeutic 10 or
experinental interest. 13. Process accoaﬁ ng to claim12, characterized in
that the target DNA sequence conprises all or part of the sequence SEQ I D
No. 1 includ {1, tshe human FGF1 gene. 15 14. Process according to claim
12, charact e% that the target DNA sequence conprises the sequence
SEQ ID No. 6_included in the human-gene encoding factor 1X 15 Praocess
accor di ng t o Besmids 12, 20 chEewencs ¢t gep phisemsleathide |t aamettyDE sleguidnfe
conprises the sequence SEQ | [Famget seaggnorign e plefpideld attatted deuminofyehe for
secreted al kial i ne phosphatase. 16. Process according to cl apahl12,
characterized in that the targer CONATBEIUENL ETLOMPrifjses 25 tlfie sequenge SEQ
| D No. 9 i nc|p@dsi wCOREGHIUMan gene for -al pha feto-protein (aFP). 46 17.
Process accofding to claim12, Telear aCr €1T e crncrhat| t he t arlget DNA
sequence conpXLIRS (EHER-IBIquUencRA SEQGHDTHD AGA G2A 8A uded I n the human GAX
gene. 5 18. |Process accordi ng tncrt armct? creioar acr erfi zed i n<hat the farget

DNA sequence|mmigysi @)t he gsequence SEQ-ID No. 13 included in the hunpn
VEG-B167 gene.

Ol

The sequence of the plasmid pXL3426 was

identified by subcloning various fragments of the FGF1l

5 gene, of increasingly small size. The internal sequence
designated ID1 5’-AA GAA GCA TGC AGA GAA GAA-3' (SEQ ID
No. 1) of the FGF1l gene therefore forms a stable triple
helix structure with the oligonucleotide used of
sequence SEQ ID No. 2. The triple helix structure

10 obtained contains two regions of the type
pyrimidine-purine-pyrimidine (Py'PuPy) which form T'AT
and *C'GC canonical triads 6 units (R, 5’ side) and 7
units (R’, 3’ side) long, separated by an internal
region (T) of 7 triads, six of which are noncanonical

15 and comprise, more precisely, two T'GC triads, two T CG
triads, one C'AT triad and one C'TA triad.

Example 4: Identification of the bases required, in the

internal ID1 20-mer sequence internal to the FGFl gene,

for the stability of the triple helix structure

20 4 oligonucleotides were prepared based on the
internal ID1 sequence. For two of them, 7 or 13
nucleotides are absent from the 5’ side of IDl, and for

the other 2, 7 or 14 nucleotides are absent from the 3’



19. Process according to any one of the 10 preceding clains, characterized
I'n that the double stranded DNA nolecule is a circular DNA, such as a
plasmid, a mnicircle or a |linear fragnent. 20. Purification process
according to any one of the preceding clains, characterized in that the 15
ol i gonucl eotide is covalently or noncovalently, stably coupled to a
support. 21. Process according to any ogﬁ)of the precedi ng clai ns,
characterized in that the oligonucleotide is grafted to a pol ynmer of

natural or 20;synthgld C%Péézﬂici‘-pﬁ%mfé %%%gﬁ&r% Ked! & m 20,

characterized 1 n that the support 1s chosen t ography supports,

pl astic surfaces, Anthd 1t 1:0natd Zefbd ASFuReaienc iorfalt i ZE@GESEngccor di ng

to claim 22, characterized in that the chronat ography support is a gel
permeati on supperdligorifc Pdot Ri®CRSSIRMEEr -39 (GSENYIONS .0f2)t ke precedi ng
clainms, characterized in that the solution containing said doubl e-stranded
DNA nol ecul e ¢Eigometledtysdée. FRBIH, FRERXESSFREIDISH MERB4L0 anpheone of the
precedi ng clains, characterized in that the cell lysate is a clear |ysate.
26. ProcesS axttaivill iy tof atrtye omeimie theel jox estediatguced af ommed het et Bie zed i n
t hat the doubl e

various truncated internal ID1 sequences was then

tested by measuring the amount of each of the plasmids

retained on the column.

10 Table 2

Oligamucleotide Sequence targeted in the Capacity (ug plasmid
plasmid pXL.3426 attached per ml of gel)

(CTT)7 AR GAA GCA TGC AGA GAA GAA 130

FRB36 ~= == -—— ——— —-A GPA GAA <1

FRB38 PA GAA G- ——= ——= ——m —— <1

FRB39 AR GAA GCA TGC AG- -—- -—- 22

FRB40 -- —~- --A TGC AGA GAA GAA 33

The results given in Table 2 above show that
all of the ID1 sequence of pXL3426 (20-mer) is required
for the formation of a stable triple helix structure

15 with an oligonucleotide of the type 5’'-TT(CTT)e-3’. In
particular, the two Py PuPy portions located at the 5’
and 3’ ends, and also the central portion, contribute
very greatly and cooperatively to the stability of the
final structure.

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

number of noncanonical triads on the stability of the

triple helix

The sequence of the oligonucleotide

5'-TT(CTT)¢~-3’' (SEQ ID No. 2) was modified, and the



10 stranded DNA nol ecule is prepurified. 27. Process according to one of
clains 20 to 26, characterized in that the oligonucl eotide has the sequence
GAGGCTTCTTCTTCTTCTTCTTCTT (SEQ ID No. 11). 28. Process according to one of
claims 20 to 15 27, characterized in that the oligonucleotide is coupled to
the support via disulfide, thioether, ester, am de or am ne attachnent. 29.
Process according to one of clainms 20 t@428, characterized in that the

ol i gonucl eotide is 20 attached to the support via an arm conposed of a

car bon- based Ghrid D RtHdE Ml Jud D1aydriiegt Retyegrkeh And 18
I nclusive, said armbeing Iinked to the ol1gonucl eotide via a phosphate and

to the suppordrBliG 318 FREIY JatdAcymita Ak HF QRS halGGo ki d1g die one of
the preceding clains, characterized in that the oligonucl eotide has at

| east one chdamteamalbdidl caduence 45 WA IGATRIGER TGO eGastGHR to or
protected agai nst nucl eases, or which increases its affinity for the

speci fi c seq@dice’ ;3BEQPrIr ks ddcariditite tpd seamyi b X4 2thevels precedi ng
claims, characterized in that the oligonucl eotide conprises a sequence in
which at |eadteshiesi.of the cytosines is nmethylated in the 5 position. 32.
Purification process according to any one of the preceding clains,
characterized in that it

Table 3
Oligonucleotide Sequence of the Number of Capacity
oligonucleotide noncananical | (ug plasmid
Target ID1 seguence in the triads attached
plasmid per ml of
gel)
(CT)7 TT CIT CIT CIT CIT CIT CIT 6 130
AA GAA GCA TGC AGA GAA GRA
FRB15 TT CIT CIT GCT TCT CIT CIT 3 189
AA GAA GCA TGC AGA GAA (RA
FRB16 TT CIT CIT GIT TCT CIT CIT 4 171
AA GAA GCA TGC AGA GAA (A
FRB17 TT CIT CIT CCT TCT CIT CTT 3 183
AA GAA GCA TGC AGA GAA GAA

The results given in Table 3 above show that
10 it is possible to increase the stability of the triple
helix structure by modifying the sequence of the
oligonucleotide so as to increase the number of T'AT and
*C'GC canonical triads, which, at the same time,
decreases the number of noncanonical triads in the
15 median internal region N of the triple helix structure.

Example 6: Influence of the noncanonical triads on the

stability of the triple helix structure

The sequence of the plasmid pXL3426
comprising the internal ID1 sequence (SEQ ID No. 1) of
20 the FGFl gene, which is capable of forming a stable

triple helix with the oligonucleotide 5'-TT(CTT)g-3'



10 conprises at |east one step in which a solution containing said
doubl e- stranded DNA, m xed with other conponents, is brought into contact
with the support to which said oligonucleotide is covalently coupled. 33.
Purification process according to any 15 one of the preceding clains,
characterized in that a solution containing said doubl e-stranded DNA, m xed
W th other conponents, is passed over tRg chromatography support to which
said oligonucleotide is covalently coupled. 20 34. Process according to any

one of the pr@fa%girwx\rd.aizrﬁ, wehahRfdiatird d Rt 1Al i ddddut PN rand or

said oligonucleotide i1s |abeled. 35. Purified doubl e-stranded DNA whi ch can

be obtained YsiNGdrte=Ar ¢EREDAGE Wl RbrseABL veng intdxdihe preceding
clainms. 36. Process for detecting a doubl e-stranded DNA, characterized in

that a sol ut imhcsREdAd fiadsAdfcadaiTicogtsped dolubbeedt tandedbpHNA

nmol ecul e is brought into contact with a | abeled third DNA strand capabl e of
form ng, by hylr'Ati nahtenpnacaii piréalel(pXLB67E)a Tar gebthequence of said
doubl e-stranded DNA, said target 5 sequence having the follow ng general
fornul a: B - <RperiMantsR Himed' suaqregsicte (RATand €, rBfibséhATnasleot i de
sequences conposed only of purine bases; 10 n and m.are integers |ess than
9; and the sUh6f nAmAANSNgFaadt Eripdgnwere introduced (pXL3676).

Finally the sequence of the plasmid pXL3426 was
modified so as to introduce into the median region two
consecutive noncanonical triads of the T'TA type,

10 followed in 5’ by a C'TA noncanonical triad (pXL3713).

Table 4
Plasmids Sequence of the oligonucleotide Capacity (ug plasmid
Target sequence in the plasmid attached per ml of gel)
TT CIT CIT CTIT CIT CIT CIT 112
PXL3426 AA GAA GCA TGC AGA GAA GAA
CIT CIT CIT CIT CIT CT 99
PXL.3675 GRA GRA GGG AAA GAA A
CIT CIT CIT CIT CIT CT 78
PXL3676 GAA GAA AGG AGA GAA A
CIT CIT CIT CIT CIT CT <1
pXL3713 GAA GAA GIT TAA GAA GA

The results of purification of the wvarious
15 plasmids, which are given in Table 4 above, show that a
stable triple helix structure is formed when the
noncanonical central region forms triads of the T'CG,
T'GC, C'AT and C'TA type. As shown by the yield of
attachment to affinity gel of the plasmids pXL3675 and
20 pXL3676, a stable triple helix is also formed when two
consecutive noncanonical T'GC triads are introduced,

this being whatever the context, i.e. whether the



N is a nucl eotide sequence conprising both purine bases and pyrim di ne
bases; and t is an integer less than 8. 15 . Afe. As. A A A A Au. A
S.A Aus. AAAAAAAAAAS. AAAA Asr.Ar.AN Ae. Ar. A AaL. As. As. As. Aa. As. A
JACACA A Auf LAl s. As. A As. As. AL Kt ' M E{
T] { vpkf a\ W] ca] ca] ca] ca] caV] ca] ca] ca] cLa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] cakly D
Do* 2KQ }~_+% Fnl } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca] ca
}f] fg&cgg;g] @Jﬁ%hﬁﬁﬁ@;\/ltqu]aqﬂ A At LalialitGaiddfoal in

" y'
,,,,,, O./: //r{%rtlz}ﬁésnfm:A e |aleaa e ¢ ajien]icalrerdualica] & ealgealeal caj cajc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! =1P1nmlpln2[ 345a6~66666
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pXL3678 (Figure 5). The gene encoding GAX was

introduced into a pCOR plasmid derived from pXL3296 so

as to generate the plasmid pXL3207 (Figure 6). The gene

encoding factor FIX was introduced into a pCOR plasmid
5 derived from pXL3296 so as to generate the plasmid

pXL3388 (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 sequences with the
triple helix interaction gel functionalized with the
oligonucleotide 5'-TT(CTT)¢-3' (SEQ ID No.: 2) was
studied by measuring the capacity obtained with

15 plasmids carrying various genes. The genes studied were
i) the human gene encoding the factor IX, ii) the gene
for secreted alkaline phosphatase SeAP, iii) the human

gene for alpha feto-protein (aFP) and iv) the human GAX

gene.
20

Table 5

Genes Target sequence(s) in the gene Capacity (pg plasmid
attached per ml of gel)

Factor IX GAA GAA GCA CGA GAA G 71

SEAP AA GAA AGC AGG GAA G 100

GAA GAG GAA GAA G
hoFP AAG GAG AAG AAG AA 146
hGAX AA GAT GAG GAA GAA G 118

The results given in Table 5 above show that

it is possible, using an oligonucleotide of the (CTT),
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complementary to the oligonucleotide. The existence, in
5 the central portion of the target 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

presence of an isolated T'TA triad (GAX gene).

10 Example 9: Use of a column functionalized with an

oligonucleotide of the 5’'-(CTT);-3’ type for purifying a

plasmid containing the internal ID1 sequence

(5’'-AA GAA GCA TGC AGA GAA GAA-3’'; SEQ ID No. 1)

The possibility of purifying plasmids

15 carrying a sequence of the 5'-(R)y- (N)¢—- (R’ )pn-3’ type,
as described above, using a chromatographic support for
affinity by triple helix interaction, functionalized
with an oligonucleotide of the 5’'-(CTT),-3’' type was
studied based on Example 8.

20 The plasmid pXL3179 (comprising the human
FGF1l gene, which carries the sequence
5’'-AA GAA GCA TGC AGA GAA GAA-3') was chromatographed
on a Sephacryl $-1000 interaction column functionalized
with the oligonucleotide 5’-NH,- (CH2)g-(CTT)5-3’. For

25 this, 9.40 mg of plasmid pXL3179 in 60 ml of 50 mM
sodium acetate, 2 M NaCl buffer (pH 4.5) were injected,

at a flow rate of 30 cm/h, onto a 10 ml affinity column
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buffer and quantified by measuring the UV absorbance
(260 nm) and by ion exchange chromatography on a
GenPak-Fax column (Waters). The E. coli genomic DNA
content in the initial preparation and in the purified
10 fraction was measured by PCR as described in
WO 96/18744. 7.94 mg of plasmid pXL3179 were found in
the eluted fraction (elution yield, 84%) and the level
of contamination with E. coli genomic DNA was decreased
from 7.8 to 0.2% with the affinity chromatography
15 described. Similarly, the level of contamination with
RNAs was decreased from 43% in the starting plasmid to
0.2% in the purified plasmid.
In various other chromatography experiments
carried out on various plasmid pXL3179 preparations
20 chromatographed on a Sephacryl $-1000 affinity column
functionalized with the oligonucleotide
5/ -NH,~- (CH2)6- (CTT)7-3’, the genomic DNA content was
reduced from 0.2% to 0.007%, from 0.7% to 0.01%, from
7.1% to 0.2%, or from 7.8% to 0.1%.
25

Example 10: Use of an oligonucleotide of the

5'-CCT TTT CCT CCT T-3’ type (SEQ ID No.: 12) to
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sequence, beétween the Ns nd XbaI sites of th

multiple cloning site of pXL3296.

20 Table 6
Oligonucleotide Target sequence in the gene Capacity (ug
(VEGFB-167 or control) plasmid attached
per ml of gel)
ccr T CCT CCT T GGC AAC GGA GGA A 87
none (control vector) < 0.5
ccrccr T GGA GGA A < 0.5
none (control wvector) < 0.5
TTT TTT TTC CT AAA AAA AAG GA 15
none (control vector) < 0.5
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the oligonucleotide 5'-TTT TTT TTC CT-3’ (Table 6), the
interaction obtained with the oligonucleotide
5'-CCT TTT CCT CCT T-3' is very greatly superior to the
interaction obtained with the homopyrimidine

15 oligonucleotide. Similarly, the internal homopurine
sequence 5'-GGA GGA A-3' is not sufficiently long to
enable the formation of a stable triple helix with the
oligonucleotide 5’'-CCT CCT T-3'.

This example therefore clearly shows the

20 advantage of the sequences of the 5 - (R)y-(N)¢= (R )pn-3"
type for forming stable triple helix structures, even
in a context in which the double-stranded DNA studied
exhibits, moreover, at least one homopurine structure
of significant length.

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

CTCCCT C-3’ type (SEQ ID No.l4) for separating the non-

deleted VEGFB-186 ¢DNA via the formation of stable
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the modlfled VEGFB-186 cDNA

It was observed, during the steps for
producing the human VEGFB-186 gene in a fermenter, that
sald gene was the site of genetic rearrangements and
deletions, in particular in exon 6A. Silent point
mutations were therefore introduced by sequential and
mutagenizing PCR at nucleotides 510 (A/C), 513 (C/T),
516 (A/T), 519 (C/T) and 522 (C/T), relative to
translation point +1. The amino acid sequence of the
VEGFB-186 protein included between amino acid 170 and
174 remains unchanged. On the other hand, the VEGFB-186
gene thus modified (VEGFB-186m) exhibits a target DNA
sequence according to the present invention, 5’'-A GGA
GCG GGA G-3' (SEQ ID No. 15), which is capable of
forming a stable triple helix interaction with an
oligonucleotide of sequence 5’'-T CCT CTC CCT C-3' (SEQ
ID No.l4). This stable triple helix interaction is
advantageously used to implement the process according
to the invention and to separate the modified VEGFB-186
gene which has not undergone rearrangements and
deletions after it has been produced in a fermenter.

In order to illustrate the process of
purification by triple helix interaction of the
modified VEGFB-186 gene, two plasmids, pXL3601 and
pXL3977, as represented in Figure 9, were used. The

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

10%

tﬁlﬁﬁlg, heljlqz/"sgéz@ctqlzje%‘y%ﬁt(ﬂ A% Qetrkd BMMNLP41 , 10%
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10% & ()-0'v, z#[|[:04 , 10% & ()-0 L1QY& ()- 110%& ()- 108 & ()- Fz
109 & ()- :109% & ()-"X|[:04 F+ 10% & ()~ 0 )10% & ()- ' 10% & ()-

W10% & () - ﬁ&ﬁ%H&HQart cDNA library (Clontech), and then cloned
downstream of the eukaryotic CMV E/P (-522/+74)
promoter and upstream of the polyadenylation signal of
the SV40 virus late region between the Nsil and Xbal

5 sites of the multiple cloning site of the pXL3296
(Example 1.2), in order to generate the plasmid
pXL3601. The latter was modified by sequential and
mutagenizing PCR, in order to generate the plasmid
pXL3977 in which the VEGFB-186 gene is modified in exon

10 6A as described above.

The interaction of the target sequence 5'-A

GGA GCG GGA G-3' (SEQ ID No. 15) within the VEGFB-186m
gene, with a triple helix interaction support
functionalized with the oligonucleotide 5’'-T CCT CTC

15 CCT C-3’ (SEQ ID No.l4), was studied by measuring the
capacity obtained with the plasmid pXL3977 carrying the
modified human VEGFB-186 gene (Figure 9). Since the
sequence of VEGFB-167 is contained in the sequence of
VEGFB-186m, the plasmid pXL3579 as described in Example

20 10, and which comprises the human VEGFB-167 gene, is

therefore used as a negative control.
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10

The results given in Table 7 above show that

it is possible,

example,

a sequence of the 5'-(R)p- (N)¢- (R’ )p-3'

region 5’'~-A GGA

modified human VEGFB-186 gene,

using an oligonucleotide,

the oligonucleotide

GCG GGA G-3'

(SEQ ID No.14)

(SEQ ID No.15)

such as,

type,

for
, targeting
here the

of the

to form a stable triple

helix structure with a region of a gene of interest,

and thus to purify it efficiently. The oligonucleotide

5'-TTT CCT CTC CCT C-3'

(SEQ ID No.

16)

can also be

used to purify the modified human VEGFB-186 gene.

& () -
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CLAIMS
1. Process for purifying a double-stranded

DNA molecule, characterized in that said double-

5 stranded DNA molecule 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)n-(N) = (R" ) =3
10 in which:
R’ and R’ represent nucleotide sequences
composed only of purine bases;
n and m are integers less than 9; and the sum
of n+m is greater than 5;
15 N is a nucleotide sequence comprising both
purine bases and pyrimidine bases; and
t is an integer less than 8;
said DNA sequence being capable of interacting with a
third DNA strand so as to form a triple helix structure.
20 2. Process according to claim 1,
characterized in that the interaction between the
region N and the third DNA strand produces the
formation of at most 6 noncanonical triads.
3. Process according to claim 2,

25 characterized in that the noncanonical triads thus
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4. Process according to any one of the

preceding claims, characterized in that the regions R

5 and R’ comprise at least two guanines (G) in total.

5. Process according to any

preceding claims, characterized in that

and R’ comprise at least 2 adenines.

6. Process according to any

10 preceding claims, characterized in that

and R’ form, with the third DNA strand,

triads chosen from T'AT and

*¢'Ge.

7. Process according to any

preceding claims, characterized in that

15 strand is of the homopyrimidine type.

one of the

the regions R

one of the
the regions R

canonical

one of the

the third DNA

8. Process according to claim 7,

characterized in that the third DNA strand comprises a

poly-CTT sequence.

9. Process according to any one of the

20 preceding claims, characterized in that the third DNA

strand is an oligonucleotide.

10. Process according to any one of the

preceding claims, characterized in that the target

sequence present on said double-stranded DNA molecule

25 comprises the sequence SEQ I

D No. 1,

and said

oligonucleotide is chosen from the oligonucleotides of

sequence SEQ ID No. 2 to 5.
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()-% preceding claims, characterized in that the target
sequence naturally present on the DNA molecule is
present in the coding sequence of genes of therapeutic
10 or experimental interest.
13. Process according to claim 12,
characterized in that the target DNA sequence comprises
all or part of the sequence SEQ ID No. 1 included in
the human FGFl gene.
15 14. Process according to claim 12,
characterized in that the target DNA sequence comprises
the sequence SEQ ID No. 6 included in the human gene
encoding factor IX.
15. Process according to claim 12,
20 characterized in that the target DNA sequence comprises
the sequence SEQ ID No. 7 or No. 8 included in the
human gene for secreted alkaline phosphatase.
16. Process according to claim 12,
characterized in that the target DNA sequence comprises

25 the sequence SEQ ID No. 9 included in the human gene

for alpha feto-protein (aFP).
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characterized in that the support is chosen from
chromatography supports, plastic surfaces and
functionalized latex beads.

25 23. Process according to claim 22,

characterized in that the chromatography support is a

gel permeation support.
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sequence GAGGCTTCTTCTTCTTCTTCTTCTT (SEQ ID No. 11).
28. Process according to one of claims 20 to
15 27, characterized in that the oligonucleotide is
coupled to the support via disulfide, thioether, ester,
amide or amine attachment.
29. Process according to one of claims 20 to
28, characterized in that the oligonucleotide is
20 attached to the support via an arm composed of a
carbon-based chain (CH;), in which n is an integer
between 1 and 18 inclusive, said arm being linked to
the oligonucleotide via a phosphate and to the support
via an amine attachment.
25 30. Process according to one of the

preceding claims, characterized in that the

oligonucleotide has at least one chemical modification
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which makes it resistant to or protected against
nucleases, or which increases its affinity for the
specific sequence.

31. Process according to any one of the
preceding claims, characterized in that the
oligonucleotide comprises a sequence in which at least
one of the cytosines is methylated in the 5’ position.

32. Purification process according to any
one of the preceding claims, characterized in that it
comprises at least one step in which a solution
containing said double-stranded DNA, mixed with other
components, 1s brought into contact with the support to
which said oligonucleotide is covalently coupled.

33. Purification process according to any
one of the preceding claims, characterized in that a
solution containing said double-stranded DNA, mixed
with other components, is passed over the
chromatography support to which saild oligonucleotide is
covalently coupled.

34. Process according to any one of the
preceding claims, characterized in that said third DNA
strand or said oligonucleotide is labeled.

35. Purified double-stranded DNA which can
be obtained using the process according to any one of
the preceding claims.

36. Process for detecting a double-stranded

DNA, characterized in that a solution suspected of
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containing said double-stranded DNA molecule is brought
into contact with a labeled third DNA strand capable of
forming, by hybridization, a triple helix with a target
sequence of said double-stranded DNA, said target
sequence having the following general formula:
5"-(R)n-(N) ¢~ (R ) p—3"

in which:

R’ and R’ represent nucleotide sequences

composed only of purine bases;

n and m are integers less than 9; and the sum

of n+m is greater than 5;

N is a nucleotide sequence comprising both

purine bases and pyrimidine bases; and

t is an integer less than 8.



