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COMPUTER READABLE FORM AND SEQUENCE LISTING

Applicants state that the content of the sequence listing information recorded in
computer readable form (CRF) as filed with this utility patent application is identical to
the written paper sequence listing as filed with this utility patent application and contains

no new matter as required by 37 CFR 1.821 (e-g) and 1.825 (b) and (d).

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a novel triplex comprising a polypyrimidine sequence, a
linker, and a polypurine sequence that is complementary to and parallel to the
polypyrimidine sequence, and wherein the polypurine sequence comprises at least one 8-
aminopurine, and a polypyrimidine target sequence that is complementary to and
antiparallel to the polypurine sequence. Methods for preparing and using the triplex are
also provided.

2. Description of the Background Art

DNA can form a large range of helical structures including duplexes, triplexes,
and tetraplexes. The right-handed B-type duplex is the most common structure of DNA,
but even now, decades after the discovery of the B-DNA, new double helical
conformations of DNA are being described. Thus, those skilled in the art appreciate that



WO 03/ 100099 PCT/ US03/16520 DNA has great flexibility and exhibits a | arge
pol ynor phi sm dependi ng on sequence, chem cal nodifications, or alterations
i n the DNWoemxpeoomnent . Most DNA dupl exes, including the welledososmo B and A
forms, are antiparallel (i.e., one strand runs 5° - 3" and the other 3'-
5'), but parallel arrangenents have been found in both hairpins and |inear
DNAs. Sequences with propensity to formparallel DNAs have been found in
speci fic chronosone regions, and could have an evol utionary role.
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intercal ated by proflavine. Low resolution data of parallel- stranded
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the reverSe s Tk "Nt TPREHFTF rre | ow and

hi gh r esalntiger(tR QR oTRBicic Dmbplaquﬂﬁicmmonigo%&ledmdémammﬂemes. The
paral | el -stranded dupl ex nodel early descrlbed by agLS%giranan and furt her
refined HATRRIRS flawg%m/sgseagaéﬁ‘éwageﬁ@&wag%fle? feE®he canoni cal

antiparal | el &arélwgmaﬁﬁexel%re@@ﬁ@uﬁmth&IyLaa PRERENHaCEALhHO the hel i x
axi S, there are two equl val ent grooves, sugar uni ts pr esent puckerl ngs in

t he Sout hmisagiched DA seauencatershlpted §s peaflavinee Lewgesoptiosdataafipatellelri gure 1) .
Thi t I - - th
s Str %IaHJie%r %h& Wak ?tlu%ng fmr 18 Féééoth%%éeﬁ ?ncgé}ﬁ?)r[dgﬁﬂb]%har&% €

nost sta e conformtion trande |
pai rs, asthe@sposisibn af adbnbis ﬂzas/mndlﬁadibpbﬂrhnen ofShulicy growssr iTat firostrodi@eahodynam ¢

ond SPeCheReoRlEtse il e, Tos YL e, AOLLE hE s sLable han
l'i near DNAS balessanaetic@l ildlRIons designed a model for the parallel pairing of
poly[d(A-T)] duplexes based on the reverse Watson-Crick motif. This model has been
confirmed by low and high resolution experimental techniques on d(A-T) rich sequences.
The parallel-stranded duplex model early described by Pattabiraman and further
refined by NMR data shows a general structure not far from the canonical antiparallel B-
type helix. The bases are mostly perpendicular to the helix axis, there are two equivalent
grooves, sugar units present puckerings in the South region, and the A-T pairings are
reverse Watson-Crick (Figure 1). This structure--the parallel reverse Watson-Crick
(rWC) duplex --is the most stable conformation for parallel-stranded helices rich in
d(A-T) pairs, as demonstrated by Jovin and others using a variety of thermodynamic and
spectroscopic techniques. The rWC double helix is less stable than comparable
antiparallel helices, but it can be found in hairpins and linear DNAs designed to hinder
the formation of the antiparallel d(A-T) helix. The presence of a few d(G-C) steps in the
rWC double helix might be tolerated, but it destabilizes the duplex.
An alternative structure for parallel-stranded duplexes based on the Hoogsteen

(H) recognition mode is also possible (Figure 1). This would lead to a double helix (not



the formation of the antiparallel d(AT) helix. The presence of a few d(GC
steps in the rW double helix mght be tolerated, but it destabilizes the
dupl ex. Awoalstieomat i ve structure for parallel -stranded duplcaaes®3beced on

t he Hoogsteen (H) recognition node is also possible (Figure 1). This would
| ead to a double helix (not 2 WD 03/100099 PCT/ US03/ 16520 yet descri bed
froma structural point of view) which mght act as a tenplate for triplex
formation. Parall el -stranded DNA dupl exes based on the H pairing occur in
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Finally, as shown by Lavelle and Fresco and others, H based parall el
dupl exes tuplexsecaroPest atngyfral PH.fahthenarecaprsiily sfabls- attw\épldr‘i’f"il?ﬁatf’é\’q el dupl ex

under cer {2, Rkl oo BldeARRIGHERLIES). DIRAALNIR oP RRUERRS caPET T C

manner to honopurine- honopyrini di ne séquences of duplex a
si ngl e- st #lsnehbandoAy ANIA RIplingdrigs such oy bpizeasloindalsl derigataves.diinaliyphexes have

w de appl éh%a“?l Ayl ea%ld%ges%g ?d erseffl QsaeldySIa?lefEua)lextep Endimord tngfﬁy the
extraction and’purriication of speci esequences, trol of

gene expr«hsmh@manmpBrtgp@zinngenanémdmpBNAndermdlmahlc@mthmfnsrrut ations in genomc
DNA, detection of nutations in honmopurine DNA sequences, site-directed
nmut agenesi s, triplex- nediated inhibition of viral DNA integration,

non-enzymati ¢ diighauéenids bglﬁliﬁ)h‘f?eiﬂl@ﬁde%bmﬁ%nﬁ&% AsAGrfnecat i on of
pol ymerase chain reactions t he mai n drawbacks of these applications

i's the | ohnapapimiding segnences pf duplexean siagleessigdaddPN anf RiFyta farm condi t i ons,
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detection of mutations in homopurine DNA sequences, site-directed mutagenesis, triplex-

mediated inhibition of viral DNA integration, non-enzymatic ligation of double-helical

DNA and quantification of polymerase chain reactions.

One of the main drawbacks of these applications is the low stability of triple
helices especially in neutral conditions, and when the homopurine-homopyrimidine
tracks have interruptions. A large effort has been made to design modified
oligonucleotides and thus enhance triple helix stability in homopolymers and triplexes
with interruptions in the homopurine-homopyrimidine tracks. Successful modifications
of the nucleobases include molecules such as 5-methylcytidine, 5-methyl-2,6(1H,3H)-
pyrimidinedione, and 2'-O-methylpseudoisocytidine.

Triplexes are typically formed by adding a triplex-forming oligonucleotide (TFO)
to a duplex DNA. However, an alternative approach is based on the use of parallel-
stranded duplexes. Accordingly, purine residues are linked to a pyrimidine chain of
inverted polarity by 3'-3' or 5'-5' internucleotide junctions. Such parallel-stranded DNA
hairpins have been synthesized and bind single-stranded DNA and RNA-targets by



of the nucl eobases include nol ecul es such as 5-nethyl cyti di ne,

5-net hyl -2, 6(1H, 3H) - pyri m di nedi one, and 2'-O net hyl pseudoi socyti di ne.

Tri pl exeswaros/ivgoe9 cal |y formed by adding a tripl ex-fornm ngcalispsmesed eot i de
(TFO to a duplex DNA. However, an alternative approach is based on the
use of parallel- stranded dupl exes. Accordingly, purine residues are |inked
to a pyrimdine chain of inverted polarity by 3 -3 or 5 -5

i nternucl eotide junctions. Such parallel-stranded DNA hairpins have been

synt hesi z ggl.”m b IWH'Q‘B% Igj}lﬁgtn /100099
PCT/ US03/ ?gge% tii%g’l SZ‘X ?‘jot?rtrg% {Ogdri:)qaga ar tg 1 ? EPF?%IE&(EXwF{P yrQ?m di ne
hai r pi ns ¢kilded iatle dchown by those skilled in the art. It will be
appreciated by those skilled in the art that the structure of parallel-
stranded DNAs ite flex omHto tifs
dependi ng on fggé]lgg%acpeo rec"ﬁl 2 a%glof%sqql?er%esen%gtqg?t t{ﬁe Srgucmr?_(’t\r/?ar “and hi gh
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favored in d(AT) rich sequences. and at or basi SUMVARY OF THE
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cal cul ati ons and spectroscoplc techni ques were analyzed. This invention
provi des BugplaydagiepHvati ves to stabilize parallel duplexes that can be
then used as tenplates for the formation of triple helices of DNA or

DNA- RNA- DNA, that have a large inpact in biotechnol ogi cal and

phar maceuti cal research. | SU@MAMOHiTﬂﬁ:hH\I‘éENTI@N invention, a triplex is
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wher ei n aad@)as%qu@@@s @ﬁngme@ﬂtmwmé&et&ﬁnmmlohgancp@erak B8yt ary to and
parallel to the first g'ogi/p rimdi ne sequence,. and .t he poI?/ urine sequence
conpri si n§caiques ¥ste g in BRI ORPrOvAdRs Saming derivadives 9 f@ﬁyﬁ ni di ne

target parallel duplexes that can be then used as templates for the formation of triple helices of

DNA or DNA-RNA-DNA, that have a large impact in biotechnological and

pharmaceutical research.

In one embodiment of this invention, a triplex is provided comprising
a hairpin comprising at least one first polypyrimidine sequence, at least one linker, and at
least one polypurine sequence, wherein at least one of the polypurine sequence is
complementary to and parallel to the first polypyrimidine sequence, and the polypurine
sequence comprising at least one 8-aminopurine; and at least one polypyrimidine target
sequence, wherein at least one of the polypyrimidine target sequence is complementary to
and antiparallel to the polypurine sequence, wherein the polypyrimidine target sequence
and the hairpin are bound to each other. In a preferred embodiment of this invention, the
triplex includes wherein the polypyrimidine target sequence comprises at least one purine
interruption. In another embodiment of this invention, the triplex includes wherein the
polypurine sequence of the hairpin comprises at least one pyrimidine interruption. In yet

another embodiment of this invention, the triplex includes wherein the first



sequence, wherein at |east one of the polypyrimdine target sequence is
conplenentary to and antiparallel to the pol ypurine sequence, wherein the
pol ypyr i nwdiazaoemy get sequence and the hairpin are bound paa/esashesao her. | n
a preferred enbodi nent of this invention, the triplex includes wherein the
pol ypyri m di ne target sequence conprises at |east one purine interruption.
I n anot her enbodi nent of this invention, the triplex includes wherein the
pol ypurine sequence of the hairpin conprises at |east one pyrimdine

i nterrupt t i j i pl ex
includeg @ﬂg?ﬁﬁﬂd¥§§3 ﬁ%&Jﬁﬁ%ﬁgg O%SQ%E%?Uéﬁgﬁﬁgﬂg% 8F€g§%{nfdlne

sequence ci)fas;[c r1]r1e[ haltlroglor ag%%{cl rﬁ&ﬁel (o8] ou%é mt%ﬁﬁ)&g}‘l‘r lrﬂgtr! i el’aé’ (l].le%t Lo an

abasi c |n?errup n or asli C no |nterr |on ‘ﬁ]etrlplex

as descriped h e fi e I|nk t Ieas

nexaet hyl Bango g el IR ok e one shiistaytefe Ao FilaMFiRe, red
enbodi nent_of this invention, the triplex includes wherein the 8-
anlnopurlﬁg EgnﬁFﬁ§@§“§-am noguani ne. | n another preferred enbodi ment of
this invention, the triplex includes wherein the 8-am nopurine conprises
8- ani noadeni neln aprefamiest erebodimentaf thiglingeriioni the Hiplef inehides whareintheoh, the
triplex includes where the 8-am nopurine conprises 8-am nohypoxant hi ne.
Anot her esiodpuretcomprisdsi8saminggraninen provi des a net hod for preparing a
hai rpin containing at |east one 8-am nopurine conprising preparing a
pyri m di ne st rlandoth& prefierigd edbddimksiroftids tnkrentidn, dadrigéx inemdpywhereidi ne
strand; preparing a purine strand conprising at |east one 8-am nopurine;

and prepambﬂgnhﬂgmhﬁéE@h@uﬁ&Sbbﬁﬂ&ﬁguﬁ&e 3' end of the purine strand to
the linker. In another embodiment of this invention, a nmethod for preparing

a hairpin conhghhthfiréferrbEafboRMEntSraAm HR&Hfo‘n”@ne'n%pIQ;( R¥iudedwrREME! Si Ng
preparing a purine strand conprising at |east one 8-am nopurine; binding a

li nker tog ﬁﬁg d; preparing a pyrimdine strand,
and prepar%ﬁgl?ﬁn p?%hﬁmg °h@§ﬁ§&%ﬁ§'5- end of the

Another embodiment of this invention provides a method for preparing a hairpin
containing at least one 8-aminopurine comprising preparing a pyrimidine strand; binding
a linker to the 3' end of the pyrimidine strand; preparing a purine strand comprising at
least one 8-aminopurine; and preparing the hairpin by binding the 3' end of the purine
strand to the linker.

In another embodiment of this invention, a method for preparing a hairpin
containing at least one 8-aminopurine is provided comprising preparing a purine strand
comprising at least one 8-aminopurine; binding a linker to the 5' end of the purine strand;
preparing a pyrimidine strand; and preparing the hairpin by binding the 5' end of the
pyrimidine strand to the linker.

Another embodiment of this invention includes a hairpin comprising at least one
first polypyrimidine sequence, at least one linker, and at least one polypurine sequence,

wherein at least one of the polypurine sequence comprises at least one 8-aminopurine and



pyrimdine strand to the |inker. Another enbodi ment of this invention

i ncludes a hairpin conprising at | east one first polypyrimdine sequence,
at | east woeslipovker, and at | east one pol ypuri ne sequence PCTYWE0B/@6520 at

| east one of the polypurine sequence conprises at | east one 8-am nopurine
and 5 WD 03/100099 PCT/ US03/ 16520 wherein the pol ypuri ne sequence is
conplenentary to and parallel to the first polypyrimdine sequence. The
present invention also provides a nmethod for stabilizing a triplex

compri si ngye gRtAl @l%egédugh%s 9%@%@% 8 aRPbArRid 1o WRGH:G! N the hairpin

conprises at Ieas rst’ polyp sequence, at | east one |inker,
and at Ieaﬁt one .pol ypuri ne sequence, wherein the pol ypurine sequence
conpri sesp°a¥p>if¥é’8§19‘68% “Bani nopurine, and contacting the triplex with a
sodi um chl ori solution or a, solutjion containi .rragnesi um or . derivatives
thereof .. In alREFEREGHPREND PEIVId A G RALAL TOAIAE £ FRIPRO TR vi ded
conprising a hairpin conprising at | east one first polypyrimdine
sequence, Ot§3ining a4¥iplgn eomprisiieg a hagrn, yeherqin the haigpia Cplinpgéiesﬁg{eﬁmﬁrﬁe sequence
wherein the pol ypurine sequence is conplenmentary to and antiparallel to

t he fir stpqivmyipydinasejunecesaideashems linkad andhat 1¢dst gie nedypypne semersgquence
conprising at |east one 8-am nopurine, and a target sequence wherein the

t ar get segh@eicehe pdymrimasgmendercohipogstat Bast@ni ranahopoming and coms@mgt t o t he
hai rpin. In another enbodi nent of this invention, an oligonucl eotide duplex
I S provi ded triglenPith & sedurh\whlogidapdletidandrarsylutibh gomaiaingahdgdesishibands arr anged
in an anti-parallel Hoogsteen configuration. The present invention also
provi des @&riveitQehd:&yr. St abi |l i zi ng Hoogst een dupl exes conpri sing procuring
a Hoogst een dupl ex conprising at | east one purine and stabilizing the

Hoogst een dupl @, B¥erSdtiillddth bPGiShvdntdsta tﬁ?ﬁ:x & GOlRePhARily at |east
one of the purine. In yet another enbodinent of this invention. a nethod
for tar ge}’iaiirla% @onﬁjrﬂgllg%f least one first polypyrimidine sequence, at least one linker, and at
least one first polypurine sequence wherein the polypurine sequence is complementary to
and antiparallel to the first polypyrimidine sequence, and the first polypurine sequence
comprising at least one 8-aminopurine, and a target sequence wherein the target sequence
is arranged in Hoogsteen orientation with respect to the hairpin.
In another embodiment of this invention, an oligonucleotide duplex is provided
comprising two complementary oligonucleotide strands arranged in an anti-parallel
Hoogsteen configuration.
The present invention also provides a method for stabilizing Hoogsteen duplexes
comprising procuring a Hoogsteen duplex comprising at least one purine and
stabilizing the Hoogsteen duplex by substituting at least one 8-aminopurine for at least
one of the purine.

In yet another embodiment of this invention. a method for targeting a single-

stranded oligonucleotide is provided comprising selecting a region on a single-stranded



stranded ol i gonucl eotide is provided conprising selecting a region on a
single-stranded 6 WD 03/100099 PCT/ US03/ 16520 oligonucl eotide, the region
havi ng eiwbas/1e00p9 r st pol ypuri ne sequence target or a fir®CT/Uyss/y330 i m di ne
sequence target, preparing a hairpin wherein the hairpin conprises a

second pol ypyri m di ne sequence and a second pol ypurine sequence, wherein
the second pol ypurine sequence conprises at |east one 8-am nopurine and is
conplementary to the second pol ypyrim di ne sequence, and targeting the
regi on on_ ' Qi ' j hai r pi n
with the ?1?4}) ?%l a;l?)éc}) 5;‘3??5 e secqihn %&ﬂggrfd;ﬁlg{e}?&%&rﬁ?ﬁ%u% ?{&tstt%%%% yprIr?tle m di ne
sequence target...In a preferred enbodi pent his i.hcl udes wherein
the i ngl e S RhGFE BreP R AP TR el BB IRt R onel ot ng
of  CDNA, w t RNA,. and r RNA ﬁ\not her ep‘oodi ment of the present invention
provi des SECAMt BRIPYHEHAING SERGFFnd BNRCODE REPPLTHFCRISE T HgeIR Hesgs B on DNA,
the region having either a first polypurine sequence target or a first

pol ypyr i nPUYRIEING SeHEPRECOmprigestat 1595tqrs Sraminepusar 2pd 1§ SRpwlcansatarnto theyaj r pi n
conprises a second pol ypyri m di ne sequence and a second pol ypurine
sequence, secoibpaypyrinhding eesuarrepaid tpigeiingthe eepirrethe sinplerstiandedt | east one
8-am nopurine and is conplenentary to the second pol ypyri m di ne sequence,
and t ar getligogutlbeidedyicomactmgtthehaiipiAwish thedinstgpol ypngne begubiaiertpiget onitlteh t he
first polypurine sequence target or the first polypyrimdine sequence
target. BRsEholEtuRIREkéNehde tdiget. DRA\BFNETe FdntBdRImdnt) thisanakdEireiude
representation of the Watson-Crick, reverse Watson-Crick, and Hoogsteen AT
pai rings. whiidRe dngboiended 81iEIREIRBEIC TR BIEctEYRdA tisebup CoreRiPLSE the
stabilization of parallel- stranded dupl exes induced by the introduction of
8-am no dghiiXatR¥ES RNAVRLRNLLD0099 PCT/ US03/ 16520 FI GURE 3 shows the

MD- aver aged structures of the Hoogsteen dupl exes obtained in the

Another embodiment of the present invention provides a method for targeting
DNA comprising selecting a region on DNA, the region having either a first polypurine
sequence target or a first polypyrimidine sequence target, preparing a hairpin wherein the
hairpin comprises a second polypyrimidine sequence and a second polypurine sequence,
wherein the second polypurine sequence comprises at least one 8-aminopurine and is
complementary to the second polypyrimidine sequence, and targeting the region on the
DNA by contacting the hairpin with the first polypurine sequence target or the first
polypyrimidine sequence target.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic representation of the Watson-Crick, reverse Watson-Crick, and

Hoogsteen AT pairings.

FIGURE 2 shows the thermodynamic cycle used to compute the stabilization of parallel-

stranded duplexes induced by the introduction of 8-amino derivatives.



A and B trajectories. The conformation of the Hoogsteen duplex in a B-type
triplex is displayed for conparison. FIGURE 4 shows the final structures
obt ai ned wo W3heoobhree trajectories of the reverse WatsonPOTiEdes/despd ex. The
structure generated fromthe experinental NVR structure (reference fin
Table 1) is displayed for conparison. FIGURE 5 sets forth a cl assi cal

nol ecul ar interaction potentials (cMP; top) and solvation naps (bottom
for the canonical antiparallel duplex (left) and Hoogsteen

paral | el -stranded duplex (right). cMP contours correspond to interaction
energy of -5 to 5 kcal/nol (Ot was used as a probe). Solvation contours

corres ponﬁ%ﬁ%}?B gﬁ&gg thy Mﬁ-agera dr&ructﬁfe% 8?%%2‘#}01&)%%6%%?8&%& olﬁMngoa 1r1]1d[he':S ol vation

maps were m ned averagi ng°over ajectories

simul tanegusly. FIGJRE & is representati on of otonat ed and wobbl e
Hoogst ee §55é}%éraéﬁcme§'. ?hﬁ@ﬁ@agogtgfg‘e PEHe @&E%ﬁé%gﬁaﬁypﬁg{}pg% 8| - stranded
hai rpi ns carrying 8-am . nopurines of this invention: AN, 8-am noadeni ne;

GN, 8- ami HRINEAIMCOMPYISB. ani nohypoxant hi ne; and a (EG 6 hexaet hyl ene

gl ycol linker. Two anti-parallel duplexes used as control are also

di spl ayed. 8 WD 03/100099 PCT/US03/ 16520 FIGURE 8 shows the dependence of
Tmwith pHfor R22 (SEQID NG 1, SEQID NGO 2), B-22 (SEQID NO 1, SEQ
| D NO 2)EIGARE # wlovesthé final atrhethired oplamee & E tHr8EQ ¢dridNof the reBEQ | D NO  2)
and D2 (SEQID NO1, SEQID NO 9). FIGURE 9 shows: (A) CD spectra of

hai r pi ns WaanEediyeNCrhelstrubingg gdnefdf@dAyom Bre e2 @A nTn@ I INMRIGr3ctuSEQ | D

NO 2), B-22G (SEQ ID NO 4, SEQ ID NG 2), B-AT (SEQ ID NG 6, SEQ ID NG 7),
and an ankémrné ftieTaBlen) exdifphdyee dorynigadsdh. control (SEQ ID NO3, SEQ ID
NO 8) (B-22 hairpin where the sequence of the pyrimdine strand is randon
and a suitable single-stranded oligonucleotide (SIITW) (SEQ ID NGO 16), and
(B) CD spectra of B22A control (SEQ ID NO 3, SEQ ID NG 8) alone and after

addi U1 on FIgfykih sagki i Mk ROURLETRORBHh PE Tl dbite sband (01 M sodium

solvation maps (bottom) for the canonical antiparallel duplex (left) and Hoogsteen
parallel-stranded duplex (right). ¢cMIP contours correspond to interaction energy of -5 to
5 kecal/mol (O" was used as a probe). Solvation contours correspond to a density of 2
g/mL. For parallel duplexes cMIPand solvation maps were determined averaging over

the A and B trajectories simultaneously.
FIGURE 6 is a representation of protonated and wobble Hoogsteen 8AG-C dimers.

FIGURE 7 sets forth sequences of parallel-stranded hairpins carrying 8-aminopurines of
this invention: AN, 8-aminoadenine; GN, 8-aminoguanine; o 8-aminohypoxanthine; and
a (EG)s hexaethylene glycol linker. Two anti-parallel duplexes used as control are also

displayed.



mM NaCl, 10 nM MgC12). FI GURE 10 shows the exchangeabl e proton region of
the NVR spectra of: d(3'- AGANGGANGGAAG 5' - (EG 6-5' - CTTCCTCCTCT-3"') at T =
50 C. Fl Que3liodIshows t he base pairing scheme of G 8am Po®EUSaMEs20
T:8-am noA: T. FIGURE 12 shows gel -shift analysis performed with sl11-GA
(SEQID NGO 14) and s, GI (SEQ ID NO 15), h26 (SEQ ID NO 11), h26-3AG
(SEQ ID NGO 12) and h26-3AA (SEQ ID NGO 13). 9 WO 03/100099 PCT/ US03/ 16520
FI GURE 13 shows gel -shift analysis performed with hairpin RE-2AG (SEQ I D

NO. 4, 11 QD NO
16). FI cﬁﬁE@ Ut é%%‘gsﬁge géégg&rirée&e Bp*f?“ﬂ”‘?“n%“ 3""@% 233??‘??%’& s ?’%%ﬁgt r anded

I fi
pase- pai 1 o SR BN TSt B SRk e S d S PR 15 shows

nvent | o0 ps"’%?hhﬁ%éé Faihi S@:%Q%ﬁ%@ﬂﬁnﬁﬁé%- "N 8- am nohypoxant b ne:
and (EG 6 : hexaet hyl engl ycol |inker, and GITTC, GGAGG and TTTT |i nkers.

Also shown is a hairpin of this invention containing an abasic nodel
compound. FIGURE 16 sets forth root nean square deviations (RVSd in A)

bet ween tHEUREY sleqver (Al Chhipegtrreoidmirains & 2HOFG 2 NP |19 HhN Ok Bpar al | el

Wat son-Crick (WC) duplexes and their respective MD averaged structures
(top), arPA{SEQIPINOReSEQHP NOZ)d2L2Gi(BEQAPNOHeSRDIDN@RAGEATISEQCt ur es of
bot h duplexes in the antiparallel triplex (bottom. Bases at both ends
wer e r enoieNOt 6y SHVB NEaly; ahdhdn amiparaHeél@uRiex ¥ormsiddwB-D2Adomepl GSEQHD | D NO
1, SEQID NO 2) R22A (SEQID NGO 3, SEQID NO 2) and R 22G (SEQ ID

NO 4, SEQIODB, BE) ID)NO®) €22 haitpin wHeRQht Beqi¥ehce of@he ygintiding sdrasphat e buf fer
pH 6 of 100 mM Na+ ionic strength). Radiol abelled DNA target (10 nnol) was

i ncubat eckaﬁ&onﬂmmatsﬁm ﬁﬁ%é-@trﬂﬂdfeﬁ' oRpfille6GH [\%@iwr@) gs@(f) D@ 16)h ghd pins R-22
(SEQ I D NO SEQ ID , R-22A %SEQ

(B) CD spectra of B22A control (SEQ ID NO:3, SEQ ID NO:8) alone and after addition

of the antiparallel complementary pyrimidine strand (0.1 M sodium phosphate pH 6.0, 50

mM NaCl, 10 mM MgCl).

FIGURE 10 shows the exchangeable proton region of the NMR spectra of: d(3'-

AGANGGANGGAAG-5'-(EG)s-5'-CTTCCTCCTCT-3" at T = 50 °C.
FIGURE 11 shows the base pairing scheme of G: 8aminoG:C and T:8-aminoA:T.
FIGURE 12 shows gel-shift analysis performed with s1;-GA (SEQ ID NO: 14) and s;;-

GT (SEQ ID NO: 15), hys (SEQ ID NO: 11), hye-3AG (SEQ ID NO: 12) and hys-3AA

(SEQ ID NO: 13).



2)and R-22G (SEQ ID NO 4, SEQ ID NO 2)and the m xtures were anal yzed by
15% native pol yacrylam de gel el ectrophoresis at roomtenperature. FlIGURE
18 shows wiondiingeof hairpin R 22G (SEQ I D NO 4, SEQ | D N®CTA)S08/06520 Ngl e-
stranded target T31 (SEQ ID NO 32) at pH 5.0. Left Side: The 32P-1abelled
ol i gonucl eotide was the target T31 (SEQ ID NO 32) and increasing (2x, 20x,
200x) amounts of cold B-22G were added. Right side: The 32P-| abell ed

ol i gonucl eoti de was 10 WD 03/ 100099 PCT/ US03/ 16520 the hairpin R 22G ( SEQ

ID NO 4, profeik P w20 il NS S8 Bshmed fvitdRrpindOEB NG ¢ @ﬁqlmﬁooa cold T31

(SEQIDNO 32) were added. |ncubation tine 1 hr at room tenperature.

) b oSO BFPEH e TS SREENE I 5 “s 1o ha

2) al one and together with their pyrimdine target WC-11ner (SEQ I D NO
16) (50 MM naC, 10 mM MygCl2, 0. 1M sodi um phosphate pH 6). FI GURE 20 shows

t he exchapgrabk @4 B sasch&fé @fblﬁéﬂm%B MWiisngeed sigel@btrdnde@heoleif asiged by
B22A: d(3' - AGANGGANGGAAG 5' - (EQ) 6-5' - CITCCTCCTCT-3') (SEQ ID NO 3, SEQID

NO  2) andVichaipipngef thepresentineentonT Epwsr pary: shpyermpinyg schayespf trirdsc. Fi gure

21 shows EB%:LW Leimsahiy es of triplexes formed by hairpins B-22A (SEQ I D
NG 3, SEQ ID g) and B-22G (SEQ ID NO 4, SEQ ID NG 2) at various salt

concentrations. Fl gure 22 shows the binding of hairpin R 22G (SEQ I D NGO 4,

SEQ I D and d a d.targets b el -shift

oxper | ment U §F bERs ool T RGPt RubAS HETng KPS Phes oS ¢ or e

Ey B- 22G tQ]SEQ/dnBONhOAN.‘l,S anﬁﬁ@db@né\ﬂ@“?)s arﬂﬁlowd, . 8 lﬁ;&@loh@dﬁﬁhtgﬁg; f ol | owed
y CD. Figur 4 0 ogst ase n aralle randed DNA.
DETAI LED @éé%ﬁsﬁf’me epgipcql ﬁWEﬂT %ﬁjé F@‘é‘ﬁi and JdA ! B\tlfeﬁﬁr MNi%des a

triplex cORWhiis$h Agrfin BAINAhenGORBEdtShing aﬁtabzlsﬁaﬁg)del compound.

FIGURE 16 sets forth root mean square deviations (RMSd in A) between the trajectories
of the parallel Hoogsteen (Ho) and antiparallel Watson-Crick (WC) duplexes and their
respective MD-averaged structures (top), and between the same trajectories and the MD-
averaged structures of both duplexes in the antiparallel triplex (bottom). Bases at both

ends were removed for RMSd calculations.

FIGURE 17 shows binding of SEQ ID NO: 1, SEQ ID NO: 2) R-22A (SEQ ID NO: 3,
SEQ ID NO: 2) and R-22G (SEQ ID NO:4, SEQ ID NO: 2) to WC-11 mer (SEQ ID NO:
16) (citric-phosphate buffer pH 6 of 100 mM Na" ionic strength). Radiolabelled DNA
target (10 nmol) was incubated at room temperature with 2-200 equivalents of cold
hairpins R-22 (SEQ ID NO: 1, SEQ ID NO: 2), R-22A (SEQ ID NO: 3, SEQ ID NO:
2)and R-22G (SEQ ID NO: 4, SEQ ID NO: 2)and the mixtures were analyzed by 15%

native polyacrylamide gel electrophoresis at room temperature.

FIGURE 18 shows binding of hairpin R-22G (SEQ ID NO: 4, SEQ ID NO: 2) to single-
stranded target T3, (SEQ ID NO: 32) at pH 5.0. Left Side: The **P-labelled
oligonucleotide was the target T3; (SEQ ID NO: 32) and increasing (2x, 20x, 200x)
amounts of cold B-22G were added. Right side: The **P-labelled oligonucleotide was

10



one pol ypyri m di ne sequence, at |east one linker, and at |east one

pol ypuri ne sequence, Wwherein the polypurine sequence is conplenentary to
and par al welo3tiecoobde pol ypyri m di ne sequence, and wher ei n PdTauoahiggur i ne
sequence conprises at | east one 8-am nopurine, and a polypyrimdine target
sequence conplenentary to and antiparallel to the polypurine sequence. The
pol ypyri m di ne target sequence and the hairpin are bound to 11 WO 03/ 100099
PCT/ US03/ 16520 each other. The triplex includes wherein the polypyrimdine
target s I.e p n anot her
embodi men e R B O R e P 2200 pol ypur  ne
sequence afounteeoflvald ol (SEQMINGESR) aereladdet. loeubatipy timgildirmeroomt er r upti on. I n
anot her enbodi the triplex as described herein includes wherein the
first poI@ﬁV?lﬂgﬁlne sequence of the hairpin conprises at |east one purine
interruption or an abasic interruption or an abasic nodel conpound
|nterrupt|on A net hod faor preparing a halrgln containing at |east one

8- ami nopulf ﬂ%i9 §l}ﬂ“§‘ the GRepestEPibaiRips B2 (BFLIR Ny LB IR Muizhd-st r and,
bi ndi ng aJd giﬁ@o 1 R0: ResBo Imdooj) h88- zwswlﬂm@ §t§1ﬁ§'ﬁaN@f opaLhag @

purine stran nprising at | east’ one 8-am nopurine, and preparing the
hai r pi n bqubogmhemg/ltﬂlhbelepyremdlmftargﬁé?‘/ﬁulrlm(%EQélﬁdNQ 0 6) b mMmieéil, 10 n

anot her N/Pﬁd rferbtlhﬁsodlum 89 L{%r e eparing a hairpin containing at | east
one 8-am nopu |n€ p?rep I n)g a purine strand conprising at | east

one 8-am nopuri ne, b| nd| ng a | i nker to the 5 end of the puri ne strand,

preparin di ne, str arln hai r pi ing the 5
end of tﬁ%lww ghome the ¢ erlaﬂaﬁﬁa@ fiR8R 09%@8 e Ewﬁi%f @Q t he
hai rpi n as, gescr iBedGheRIANCOARG- §1(EG?(,&$' dmm@?crfsr)r(stzqnglmpyj i m dine
sequence, at |east one |inker, and east one g@ puri ne sequence,

wher ei n aEQ EANO: @ﬁ@doWCtHempt@y‘&ITqﬂéf%“éﬁdés ﬁéﬂ@e@)aﬂ:f%ﬁzst one

8-am nopurine and wherein the polypurine sequence is conplenentary to and
parallel to the first polypyrimdine sequence. Another enbodi nent of this
i nvent i onFipure2il deswsamtiting kempecamps ofstriplgxes fhanedbynhaiponi-22A (REQ@ID| east one

First polygy KA oSS 9ue RS Rlsd f5Rb: 216b 1B 2) Al hf2St one

concentrations.

Figure 22 shows the binding of hairpin R-22G (SEQ ID NO: 4, SEQ ID NO:2) to single
and double-stranded targets by gel-shift experiments.

Figure 23 shows the melting experiment on the triplex formed by B-22G (SEQ ID NO: 4,
SEQ ID NO:2) and WC-11mer (SEQ ID NO:16) followed by CD.

Figure 24 shows Hoogsteen base pairs and parallel-stranded DNA.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a triplex comprising a hairpin comprising at least
one polypyrimidine sequence, at least one linker, and at least one polypurine sequence,
wherein the polypurine sequence is complementary to and parallel to the polypyrimidine
sequence, and wherein the polypurine sequence comprises at least one §-aminopurine,
and a polypyrimidine target sequence complementary to and antiparallel to the

polypurine sequence. The polypyrimidine target sequence and the hairpin are bound to

11



first polypurine sequence wherein the pol ypurine sequence is conplenentary
to and antiparallel to the first polypyrimdine sequence, and the first
pol ypuri neossgo@age conprising at | east one 8-am nopuri neCTard3/acear get
sequence wherein the target sequence is arranged in Hoogsteen orientation
with respect to the hairpin. In a preferred 12 WD 03/100099 PCT/ US03/ 16520
enbodi nent of this invention the triplex includes wherein the target
sequence conprises G and T bases or G and A bases. In a preferred

enbodi rrenéacp&hter'ﬁhe tﬁmsanm&aes @/htexrehptlh@ﬁol'[yﬁyr%fa\’dqurg G n'céwgpr%es fiai rpin

conprising a polypyrimdine sequence, nker ypurine sequence,
wher ei n tlhast pod ylp‘uwnmerrsmmericenother@m’mpdmmﬁhgs lmcenawd ticatriglekel to the
pol ypyri ni di ne conpri ses at

| east one” u%?ﬁw%eﬁ egoqﬁ’ﬁagégqugﬁcﬁﬁfﬁer% in Cof“é’?‘éet 8 ffefL?élﬁce wherein the

pol ypyri nfbydinﬂ&mtaaﬂtﬁelﬁptﬁ»ﬁqmemﬁﬁlet anbdaqna{tanempawastcﬁsc&md aereinfadladdsel to the
pol ypurine sequence. In the present invention, oligonucleotides containing
8- am noputheied theolisbRlymatmiAme seavengeed thehampingoapaises afficast g PRERRIct i on of

an am no e 1&1%0&%%5&9%&@50@9% AMasid R IGURRIPRIENd PErRPESS T he
stability of the triple helix owmng to the conbined effect of the gain in

one Hoogst een Ap@thqdefowppmn@laﬁ@lrpmmntamermg leagygnegraminopuring ofiiid ity of the
am no group to be integrated into the "spine of hydration"” |ocated in the
m nor - Maj iovengioo ov@podes phapating ppwxmeinesotnd, dindinpelinkeepahasicod ofithd bi ndi ng
properties of oligonucleotides containing 8-am nopurines are known by

t hose skKipyrigdding striiel, preparitdovyirie stritall dohiplrisidk lagRBst ©he @-arfidsputide] aidni ng 8-
am nopurines cannot be directly used for the specific binding of

doubl e- strgneiagd HNRirpSESIHAAGAS theS' o fttREpuiRdistrhRTio RS Bifkedl B aBbihbnes t hat
are in the target sequence and not in the Hoogsteen strand used for

speci 11 ¢ Al b BhodlRh Blsastd At DikiRs YSIUAL ond S hRlRKuSY at edi es.

We descri be the binding propertles of halrplns carrying 8 nopuri nes,
sueh o P BBl LA AP RERIS P S aouen e on
strand ( F%n?ter to the 5' end of the purine strand, preparing a pyrimidine strand, and preparing the
hairpin by binding the 5' end of the pyrimidine strand to the linker.
This invention includes the hairpin as described herein comprising at least one
first polypyrimidine sequence, at least one linker, and at least one polypurine sequence,
wherein at least one of the polypurine sequence comprises at least one 8-aminopurine and
wherein the polypurine sequence is complementary to and parallel to the first
polypyrimidine sequence.
Another embodiment of this invention provides a triplex comprising a hairpin
comprising at least one first polypyrimidine sequence, at least one linker, and at least one
first polypurine sequence wherein the polypurine sequence is complementary to and
antiparallel to the first polypyrimidine sequence, and the first polypurine sequence
comprising at least one 8-aminopurine, and a target sequence wherein the target sequence

is arranged in Hoogsteen orientation with respect to the hairpin. In a preferred

12



14) . Hairpins carrying 8-am nopurines form stabl e Hoogst een

paral |l el -stranded structures. W show that these nodified hairpins of this
i nvent i onwioi i3do@0e9 t he Wat son- Crick pyrimdine strand vi a pPETiUSophi&2hel i x
with greater affinity than hairpins containing only natural bases,
especially in neutral conditions. The effect of pH, salt concentration and
| oop structure on triplex stability are al so anal yzed herein. Moreover,
paral |l el - stranded hairpins of this invention are shown to formtri pI exes

with a baggyddith o‘f'ﬁ'ﬁé Wertlon thdi &Qha{aweg Whg}eﬂ‘?thte@a[rgétse AUERGrisdd1e
| i

I ncreased st abi tyo the triple helix at neutral “conditions and the

possi bil ity nterruptions in the polypyrimdine target 13
WO 03/ 100@@835%?%%6%%@5%@? I'gequences create new applications based on
triple helix fornat h,.as st.r.uct ur al based .di agnosti c
tools, antigend? g PR Rop R P e op? RS %qgg@ﬂwawpw%ﬁ] cs (MD)
Simul at i ommld/&mlrﬁgmlwnﬁa@bgéqmweoi11ﬂ<e13andra%1ypﬁaﬂaééqeéncDNA dupl ex
with generally the sane content, of d(GC) and d( AT) palrs --d(5

GAAGGAGGA@QYSH‘)U(‘.F( WSWW‘B“B lemgrtayy| tpangpargllel grthe lpglymmziyna - in
vat er §eﬂ$§ﬂc£a ‘?&ﬁ 1 fifle § %e&@% PAkdslaMBa Gk ﬁ%ﬁgﬁt&%nhé’ aH(‘P%jh r'WC and

H m)tlfs artin m)de vvere consi dere H an
dupl exes, pqlmpmdmvarget Schliab¢eewlle)remThea>011mnsnfane tanget soplehe i or H dupI ex

A e R
Si mul at i omlgBhﬁm&)tildsmbnftmmwaAnatmnss x@ﬁlacd%m&lal }ﬁlrmsi rnaﬂplledesm}hlaexesa
pairing schepe starting structure | en of simuln (ns) Hoo steen nodel ed
from B-t yi&odyctigh gian %“‘%@&g’ﬂ’é‘éﬁo%%’eé FERiBRANL BUPBRICHRGTERASES(Be 5 ey

Wat son- Q’ét%ht%‘flﬁlqu femenx %gqgftlﬁfco%lgmeﬂ %ﬁ‘eé%tf%lr\%) inGle mgg‘slté%q from
t heoretical nddels % rev Watson-Cricke from an nodel ' 5
purine-pyrimidine H-bond (Fig. 14) and to the ability of the amino group to be integrated

into the "spine of hydration" located in the minor-Major groove of the triplex structure.
The preparation and binding properties of oligonucleotides containing 8-aminopurines
are known by those skilled in the art. However, natural oligonucleotides containing 8-
aminopurines cannot be directly used for the specific binding of double-stranded DNA
sequences, since the modified bases are purines that are in the target sequence and not in
the Hoogsteen strand used for specific recognition of double-stranded DNA in usual
triplex strategies.

We describe the binding properties of hairpins carrying 8-aminopurines, such as
for example but not limited to, 8-aminoadenine, §-aminoguanine and 8-
aminohypoxanthine connected head-to-head to the Hoogsteen pyrimidine strand (Fig.
14). Hairpins carrying 8-aminopurines form stable Hoogsteen parallel-stranded
structures. We show that these modified hairpins of this invention bind to the Watson-
Crick pyrimidine strand via a triple helix with greater affinity than hairpins containing
only natural bases, especially in neutral conditions. The effect of pH, salt concentration
and loop structure on triplex stability are also analyzed herein. Moreover, parallel-
stranded hairpins of this invention are shown to form triplexes with a base interruption in
the polypyrimidine target sequence. The increased stability of the triple helix at neutral

conditions and the possibility to cope with the interruptions in the polypyrimidine target

13



Wat son-Crick d from canonical nodel” 5 aln all cases structures were
nodel ed by substitution of the original sequence by the studied one prior
to the opwiom3saatowon and equilibration process. In the casecafusosspairs
the structures were nodel ed to show a doubl e hydrogen-bond schene.
bSi nul ati on was stopped at that time because the structure of the helix
was severely distorted. "The original r\WC d(AT) Pattabiraman structure was
equilibrated for 1 ns using MD, the sequence was then nodified to that of
I nterest, g U&Reg (99 Lh&W 3 icat Ha?é?i%'tk*l@rh@ﬁ)@?omag&mdcﬂgg ?tHc a]dUpI ex.
' Shi el ds, aug ton, 0zCoO Chem Soc. é 117,
7463; Sol stufdages RNA- bmgldtatgnost@tmw, amigpne,and:anll.ssn@thﬁzmc;s M J Am Chem Soc.
1998, 120, 11226; Shields, G ; Laughton, C A ; Oozco, M J. Am Chem
Soc. 1998, 120, 5895. (Yang, X L.; Sugiyama, H.; lkeda, S.; Saito, I.;
Wwang, A HMeBoaphys. J. 1998, 75, 1163. 'Pattabiraman, N Bi opol yners 1986,
25, 1603. "Amott, S.; Hukl ns D W L. Biochem _ Bi OR hys.. Res. Conmun. 1972,
47, 1504. Al layns, (12}Simylations; Wagnalyzgddhe pakilipipspdt emepy
r ef er encephare A &fplé&%ﬁ}% é{e@a@@%@g;yeu%%m@@ Opaand il Tie L hr ee
starting nodels for rWC dup Iex correspond t (i) the
canoni cal Gm&mAG@ﬁ@rAéﬂ dbS/-QTé"tC’c -ebCCAfm WQID Np: énSIéQlllDINCbr?éted MD r\WC
d(AT) dUpl ater a{tsgoe Tabple?aui]i)e -gn?l'%eba%]%”]ﬁ n&x?etsé(%%g W &otn rﬁ’%dandq{ l ations
ird W resp ec & pur poses an an |paraIIeI
B— t ype dUDWeXn@n‘hreetsmnmﬁBdaeqmmeﬂsmﬁsd @em&mﬂtr&\cb dﬁplébg:s LQaspeciehl
structura r ters. In all case h dupl ex. i mersed in a box
cont ai ni ng g dgng%b"‘\/%*ir@?g Wﬁfiéé&r&a'ﬁﬁﬂ‘ ‘§8'gi E}?quai?y TeRIRYRE Bfded to
neutral i Z@rrinh@m%Wét%Cﬁﬁ@ﬁﬁn@BfM\e)iﬁcPESt%ﬁeetﬁidieR%sﬁl‘aﬁ%ﬁseen cytosines were
protonate The hydrat ed dupl exes were then optim zed, thermalized, and
equilibrated for 130 ps. the systens were then subjected to 1-5 ns
(nanosecopgd). pf atm
and tenper ateu?'eS %gl%'td{ef@rt%glgg %?Rﬁéki%ﬂd%g}ggpg |cﬁg %gif‘)’/ﬂ{’:‘g’r@m. oﬁlosjf and the

particl e-PmasltelEmaidddmphmb known by those skilled in the art to account
for long-range electrostatic effects. SHAKE (J. Conput.

—

pairing scheme starting structure length of simuln (ns)
Hoogsteen modeled from B-type triplex® 5

Hoogsteen modeled from A-type trlplex 5

rev Watson-Crick modeled from NMR data’ 2b

rev Watson-Crick  modeled from theoretical model® 1°

rev Watson-Crick®  from an MD model® 5
Watson-Crick® from canonical model” 5

°In all cases structures were modeled by substitution of the original sequence by the
studied one prior to the optimization and equilibration process. In the case of rtWC pairs
the structures were modeled to show a double hydrogen-bond scheme. °Simulation was
stopped at that time because the structure of the helix was severely distorted. “The
original rtWC d(A-T) Pattabiraman structure was equilibrated for 1 ns using MD; the
sequence was then modified to that of interest, then reoptimized, and reequilibrated.
dAntiparallel duplex. °Shields, G,; Laughton, C.A.; Orozco, M. J. Am. Chem. Soc. 1997,
117,7463; Soliva, R.; Laughton, C.A.; Luque, F.J.; Orozco, M. J. Am. Chem. Soc. 1998,
120, 11226; Shields, G.; Laughton, C.A.; Orozco, M. J. Am. Chem. Soc. 1998, 120, 5895.
fYang, X.L.; Sugiyama, H.; Ikeda, S.; Saito, I.; Wang, A.H. Biophys. J. 1998, 75, 1163.
Pattabiraman, N. Biopolymers 1986, 25, 1603. hArnott, S.; Hukins, D.W.L. Biochem.
Biophys. Res. Commun. 1972, 47, 1504. All publications cited in this table are
incorporated by reference herein.
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Phys. 1977, Vol. 23, pg. 327) was used to maintain all the bonds at their
equi librium distances, which allowed us the use of a 2 fs tine step for

i nt egr at i wO.03AMBER- 98/ TI P3P (J. Am Chem Soc., 1995, VolpCTaKA3/15age 5179)
and previously devel oped paraneters for protonated cytosines and

8-am nopurines were used. Ceonetrical analysis of the trajectories was
performed using exclusively the central 9-ner duplex. The two trajectories
of the H based dupl exes were averaged to obtain a better (10 ns)

representgf LArHE THendd RhRhg fRIMS! Sweldupes %&%Jﬁ?oﬁrp keGP NMR N er acti ons
of DNA was carried out using the CM P program ( P conputer program nade

avai | abl embgeli(figtheernamical mpdelfreRated bl PauabiBean end (id) arsppiltbrateiND st r uct ur al
anal ysi s t.rajectori.es f or . Fre r . | at i,ons.
ol o ML RR TSR RS e SR AP SRS AP

Ther nodynani’c oh i qué” coup

si mul at i ofv8C{, Wbl TW{; vespedtBel). tRor asraparizen pinposes heaintipptallebBlged diglex' of
deoxyadenosi ne, 2'-deoxyguanosine, and 2'-deoxyi nosi ne b){ their 8-am no
deri vat i ViBE SHPE sedpgce W&ngqeg%;eq)?sqg{émomcal structural parameters. ‘In all cases the

d( 5" - CAAGEIEARR iR mefiea in £ Ekelifrd 2800-2 109ER 14 ndietulds and I6&uMBoMNC. 2)
paral | el -stranded duplex. In this enbodi nent of the present invention,
mut at i onswevepddedde hertrabide Bstsyiiem. Basadiongreviousgesuia dlonssieanecytosies were

2' - deoxy i - ] . i " yguanosi ne
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dupl ex anfdr $30gH. exlsthe apdeads weleithorsubjeeted ita bS.ns Tiemosdtand)ef unrestraidd | zat i on
free ener due to the 8AX- X nmutation is 15 100099, PCT/ US03/ 16520
det or i e DS H S SQERtP PG DA, HERES ByBRETs LU RITORY) HBBe ski |Ted i n
the art. peibhigWoendaty cditibins Bhd bk BhrtieRSm¥BIRyAORRIGAREG UL bY Hsonl y the H
dupl ex due to the instability of the rW duplex. The starting systemin

these cal%illedtin artipgcepsnt fpelpngganasslecapiatiordtsctsaSHeE thCpaPianosecond of
dupl ox. - ToE g a e Hr i e va SRt Rk e W R MELEEY gt 120G ane
8Al) or dstaigaf)whth dlloeveg ws itheaiss of ad d tirae step For imtegration. yMEIERIct ur es were
further e%fpbpl’(f%%({l hem. Soc., 1995, Vol. 117, page 5179) and previously developed

parameters for protonated cytosines and 8-aminopurines were used.

Geometrical analysis of the trajectories was performed using exclusively the

central 9-mer duplex. The two trajectories of the H-based duplexes were averaged to

obtain a better (10 ns) representation of the duplex. Analysis of possible molecular

interactions of DNA was carried out using the CMIP program (CMIP computer program,

made available by the University of Barcelona, Barcelona, Spain), and structural analysis

of the trajectories performed.

Free Energy Calculations. Thermodynamic integration technique coupled to

molecular dynamics simulations (MD/TI) was used to analyze the effect of replacing 2'-
deoxyadenosine, 2'-deoxyguanosine, and 2'-deoxyinosine by their 8-amino derivatives on
the stability of the d(5'-GAAGGAGGAGA-3")-d(5-CTTCCTCCTCT-3") (SEQ ID NO: 1,
SEQ ID NO: 2) parallel-stranded duplex. In this embodiment of the present invention,
mutations were performed between 8-amino-2'-deoxyadenosine and 2'-deoxyadenosine
(8AA— A), 8 amino-2'-deoxguanosine and 2'-deoxyguanosine (§AG— G), and 8-amino-
2'-deoxyinosine and 2'-deoxyinosine (§8AI~ I) in both duplex and single-stranded

oligonucleotides. The change in stabilization free energy due to the 8AX— X mutation is
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0.5 ns to avoid any bias in the cal culations. Two additional simulations
were performed considering the d(GC)/d(1C) pair at position 5 shows a
wobbl e newbDroalio@ad ri ng, d(GC)Wd(ICOW instead of the normalr/ysosiceat ed
pair, d(G)+d(1C+. In this case one extra sodiumion was added to the
nodel ed system which was then further equilibrated for ins. The single
strands were nodel ed as 5-ner oligonucl eoti des of sequences 5' - AGGAG 3',
5'-Ad AG 3", and 5 -GGAGG 3'. Mutations were perfornmed using 21 doubl e-w de

W Ndows  Ofiehthiadis @ sPRdSathbrmod RRAMHIOS,AQ ab &ﬁ&@fﬁ?fﬂo@ésl&ﬁeﬂg%ﬁn.820 psS.

Free energy estinmates were obtained using the iTst and second hal ves of
each wi nd@vwgureBl.ch al |l ows two i ndependent estinmates of the free energy

change for ev i mul ation. The val ues.present e r.es d.then to
t he average 01‘?1{/I péﬁfrsnimﬁlagel%nesnw en Oneesctoln?}ggnelp, 0"? {r%egg?&?réaxt ‘?‘%35{ eelgs(s%%bé{nlyst i cal
uncer t ai néfith©f WChiapleay #hageasing Aldterdintese @idutbtiond wekededinkd awthat\dbtalhed

simul ations, are . identical .to_.those of cal cul ati.ons. . Si nmul.ati ons
pr esent ecPtis third 5??(@5%& gt ths Wﬁ@elh%ﬁvh@@lwowspamh@w the Rolgpieqtpsy of

si nul at i ofe Hoduplek: Mk sHNHP hERREvEsWMB RN mdeled MDp&MEbnMYSAG SidBAGL i ons
were carried out using the AMBER-5.1 conputer program All sinmnulations

wer e doneoti(8Aie of thsarusiperpitandr andghe reqeltite piryceurgewers figéies earplibratsid dorde

Cat al uny : ral () . i Ni 8- A ipes.

G gonus ol Hebid Ay SRRA e B, ANPGRS G lath & R AABHALN 2

st andar d ansidednpeths é(G-2)/dfldd) eiraypositpindsyhoos amabbleesuaaigairing, cor r espondi ng

phosphoramdites. af the 8-am nopurines. The. 0 amdite of protected
B ot no- ACHbET (s niEadaC Rt bR areadey. ACCHT BILAE: FRE S Hike a 0. 1
M sol ut i odktra EB&umash waé addee tgthe sjderea ’V i 86hite Wes theh Hisdlel &filitiated Y
acetonitrile (0.1 Msolution). The phosphoram dite of the hexaethyl ene

glycol |ifkie- TaSsBBIeaiT#da Wervimpedemis Tinar oltsnrdesidenalisarmcent- art. The
oo\ o AL RGBRGIONIN GEICREDY 10920 2 2, 11 e ha e (R 22
| D NO 4, SEQ Mtahighs wre pertbrRed 2@ng SEQoutile-NGle BindSE( A 19 and 20 ps each,

leading to trajectories of 420 or 820 ps. Free energy estimates were obtained using the

first and second halves of each window, which allows two independent estimates of the

free energy change for every simulation. The values presented here correspond then to

the average of four independent estimates, for estimating the statistical uncertainty of the

averages. All other technical details of MD/TI simulations are identical to those of MD

calculations. Simulations presented here correspond to more than 30 ns of unrestrained

MD simulations of 11-mer H duplexes in water.

All MD and MD/TT simulations were carried out using the AMBER-5.1 computer
program. All simulations were done in the supercomputers of the Centre de

Supercomputacio de Catalunya (CESCA).

Preparation of Oligomers Containing 8-Aminopurines. Oligonucleotides were

prepared on an automatic DNA synthesizer using standard and reversed 2-cyanoethyl
phosphoramidites and the corresponding phosphoramidites of the 8-aminopurines. The
phosphoramidite of protected 8-amino-2'-deoxyinosine was dissolved in dry
dichloromethane to make a 0.1 M solution. The rest of the phosphoramidites were
dissolved in dry acetonitrile (0.1 M solution). The phosphoramidite of the hexaethylene

glycol linker was obtained from commercial sources known in the art. The preparation of
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NGO 2) was performed in three parts: First was the preparation of the
pyrimdine part, wusing reversed C and T phosphoram dites and reversed C
support (Wiorisadoowo t he support through the 5 end). Next pcafuses/i¢she
assenbly of the pyrimdine part, a hexaethylene glycol |inker was added
using a comercially avail abl e phosphoram dite known by those skilled in
the art. Finally, the purine part carrying the nodified 8-am nopurines was
assenbl ed usi ng standard phosphoram dites for the natural bases and the

8- '
o rom g NSO et bhe RO R SEoTD Lalsd

2) B-22G IDSEQ: PDRRNEG BEQSENODA, S\mnz)NCB azn@R(Bmsm NS 5, SEQ)IDD NO. 2)
B AT (SEQUP L 0:5E0 LRNOL 0 PO R 2R0,B0BN e SRR O 2, SER 1D

NO 8) a SI roac wastuse par’t was
assenbl edusﬁngrxetrerse‘dc(t hidVE ghdxpholamidiex ard fybsaeCglyood (hhkemlqenhe stbporpyr i m di ne
part was tﬁnhe | ast_part _to bg aﬁsenbl ed OESI ng reg}ersed glosph ram dites.

n rd

Conpl erre ugh g H6plc Nt ¢ enieEblyioh herrandne pabadsirty et o prepar ed

usi ng %ﬁérlvvasau@édl Bl &)ﬂﬁﬁ@r&ﬁhfa%ﬁbl@%bb@%ﬁ&x@ﬁeﬂ%%@ yRh&tocol s
known by ose skilled in the art er the assenbly of the Sequences,

ol i gonucl| €dtadde theiasip dinadlyvidie puring peat cagrywigt the 8Rdifigd §eonsopwmienyvas at 55 C for
16 h (h this

case s 0 PGS Bind Sindiid HRGHOLARYOR: sIYLEA pEERERIRL SRS Rt [0
and t he tphegphveahiditess Fox tlerpdgadrdtion 24 5k S{ldad halqtmﬁB -2 (SEENID Nade) .

our 11 o B0 1P APEAE B ERIER 88 & shOIBNGE AR SPE B)PHEFAB o 2 0.2

nol scal eNeng) B2bAG (SkE 1DARO: BME@IIDND 2 BLAg (SEQEDANGRVEEQIIPKOE 9ol ) to
hel p reverse-phase purificatio i fied products presented a major

peak, whi¥H BédA contrad (3@ IDW%%E@@ ﬁ@“ k2 gimilangproagh e uye Hrbttbls
puri fi catien ’thegptgl ?Fllt)wawgs bk g Yoflopas C'\?;I-Qle @xae%ﬁe g gl?lh'hﬁepns HPLC

solutions are vent A, 5% Al anmoni um
acet at e (Pt Brididina part seé therast gart mm@mmm ljstl}(g mMrsetdmhesp’nptaarrdml um
acetate

m e ACDRRRE sTR RR St Bty Clstesised PR S0 i n
| i near  gdoadh&tially hailable cherbioMs Bnd fONGwaof standard protocols known by those

skilled in the art. After the assembly of the sequences, oligonucleotide supports were
treated with 32% aqueous ammonia at 55 °C for 16 h (hour) except for oligonucleotides
having 8-aminoguanine. In this case a 0.1 M 2-mercaptoethanol solution in 32% aqueous
ammonia was used and the treatment was extended to 24 h (hour) at 55 °C (Centigrade).
Ammonia solutions were concentrated to dryness and the products were purified by
reverse-phase HPLC. Oligonucleotides were synthesized on a 0.2 umol scale and with
the last DMT group at the 5' end (DMT on protocol) to help reverse-phase purification.
All purified products presented a major peak, which was collected. Yields (OD units at
260 nm after HPLC purification, 0.2 pmol) were between 6 and 10 OD. HPLC
conditions: HPLC solutions are as follows. Solvent A, 5% ACN in 100 mM
triethylammonium acetate (pH 6.5); and solvent B, 70% ACN in 100 mM
triethylammonium acetate pH 6.5. Columns: PRP-1 (Hamilton), 250 x 10 mm. Flow
rate 3 mL/min. A 30 min linear gradient from 10 to 80% B (DMT on), or a 30 min linear
gradient from 0 to 50% B (DMT off).
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17 WO 03/100099 PCT/ US03/16520 Melting Experinents. Melting experinents
were perfornmed as follows: Solutions of the hairpins and dupl exes were

di ssol vedwiornsfiodbNaCl , 100 nM phosphate/citric acid buffecT/iaieed uti ons
were heated to 90 C, and then allowed to cool slowy to roomtenperature,
and then sanples were kept in the refrigerator overnight. UV absorption
spectra and nelting experinents (absorbance vs tenperature) were recorded
in 1l cmpath Iength cells using a spectrophotoneter, which has a
tenperature CopthakEgbethids. maﬁggemntse\o&}%arf&%d'ayﬁ%a@e of 0.5 C/min.
Melts were run on dupl'ex concentration of 3-4 gMat 260 nm GCircul ar

Di chr oi sn¥ql@mBns oahed@m;mb et dupdexepwers di$89b/@ﬂwrele Na@bdopmMhosphat e  buf fer
pH 6.0, 5 um ¢ ch T e equi nol ar
concentra‘fqmggr’\fIl a§e’(r')meac J‘fu(r%{aeﬁg?hv\?am?ugmgs K\/'lere"llh gg% u(?fadnscli\g\}er%ﬁ EHt8d at 90C,

al | oned teol slowsy tﬁlrwﬂlyﬂﬁ}&rﬁm@mrﬁeﬂmﬂd’a&tpw%@verﬁhd}tSimé edrigératdr C unti|l CD
measur enent was ifrformed The CD, spectra were recorded on a Jascq J-720

spect r opo&Figkt &V alisprpliqe gpecirs and Nemngﬁxmmei%aéﬁolr@af%ﬁ SEPHAtEs) bath i n

1 cm pat hwér@'?@ohie‘aqﬁﬁtcﬁi&ayﬂfeﬂgﬁ'cgllscﬁs S spectRitiblote¥e WhibieR&Yaded at room
tenperature using a 10 nnm m n scan speed, a spectral bandwidth of 1 nm

and a ti nempensrasntioflerwith a ppgraimedigmpenatres ingrsese of O Cmin. Aelz80  nm

using a i speed of 100 nm min. Al the
spectra \Ahg(?r%mqgoé)@} ’{)Jeoélgw rtgﬁ&%ﬁfg’d Slfl\?gtaﬁbl ank, normalized to facilitate

conpari sons, abidcuhailehroBo(CEQ. Qlﬁgomldkihdemah d@kc’»lgéd*inﬂ 00 nﬂ‘dbhmhete NVR

Spectros of .the_ oligonucleotide d(3

(EG) 6. 5 %@%&aﬁé@gﬁ@)w%lwh g R e bR ORI S 1 ReID) 1 or
NMR exper doRBéHusitiv@sf Ak Piddn@dvdsa-2pK1. plthecsfﬂuﬁoﬂs WO at2 O MiIsREd thm
phosphate buffer, and 100 nM NaC 1. The pH was adj ust ed by addi ng smal |

anount s oqommlé‘ﬁ? Fopnetgmperature, iR storedat 4 oF ivgblul InesssurerBent gt ent r at i on was
around 1 C’fﬁeaCD‘égécf?ra_@x{é e{:(ﬁ'Qed &h @J@E&'#(%O Mr S QBlEghgPer ati ng

at 600 rocess e UXNWR sof tware. er Suppressi on was
per f or medo la;N ngﬂbd{;? 80Q wirpplainglwaer bath in 1 cm path length quartz cylindric cells.

Spectra were recorded at room temperature using a 10 nm/min scan speed, a spectral

bandwidth of 1 nm, and a time constant of 4 s. CD melting curves were recorded at 280
nm using a heating rate of 20 °C/h and a scan speed of 100 nm/ min. All the spectra were
subtracted with the buffer blank, normalized to facilitate comparisons, and noise-reduced
using Microcal Origin 5.0 software.”

NMR Spectroscopy. A sample of the oligonucleotide d(3'-AGNGGNGGAAG-5'-
(EG)6-5"-CTTCCTCCTCT-3") (N = 8-amino-A) (SEQ ID NO: 3, SEQ ID NO. 2) for
NMR experiments was prepared in 250 pL of 9:1 H,0/D,0, 25 mM sodium phosphate

buffer, and 100 mM NaCl. The pH was adjusted by adding small amounts of
concentrated HC1. The final oligonucleotide concentration was around 1 mM. Spectra
were acquired in a Bruker AMX spectrometer operating at 600 MHz, and processed with
the UXNMR software. Water suppression was performed by using a jump-and-return
pulse sequence with a null excitation in the water signal. All experiments were
performed at 5 °C.

Molecular Dynamics Simulations. MD simulations of H duplexes show stable

trajectories along the 5 ns simulation time (Figure 3), as noted in the average root-mean-

square deviation (rmsd) between the trajectories and the respective MD-averaged
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pul se sequence with a null excitation in the water signal. Al experinents
were perforned at 5 C Ml ecul ar Dynam cs Sinulations. MD sinmulations of H
dupl exes wioaaisaawl e trajectories along the 5 ns sinul at ipeT/uSosesseé-i gur e
3), as noted in the average root-nmean- square deviation (rnsd) between the
trajectories and the respective MD-averaged 18 WO 03/ 100099 PCT/ US03/ 16520
conformations (1.4 and 1.5 A for sinulations HA and HB, respectively). The
only noticeable distortions are a slight bend at the d(GC) end and the

exi st encec i RAfbiAN 4 A AdoSRRESRL Rt B ARpeRRA)STRL by feat ur es

occured in the control antiparallel 17X, is also Wworth noting that the
exi st encenaﬁfceethb@dlst@nms atei ngtrlmld) atthe d((r&) ICBd aldi(tﬁ)'zymstdmcw afpartieht r oduce

| arge structural ra at .l on whi ch
started fgwgdfvfefl i% d}(bg[g%%n% Pea urcfeqcc?re%}ngﬁe %éﬁ%t af/ashc(:ﬂonver ged and

sanpl e simdlixant 1@egbmhmbtxﬁ@&aaﬁaémtﬁmdamab copatfive phitenate pafiot ed in t he
rnmsd between each trajectory and the NMD- averaged conformation of the

ot her: 1.4GC) diq ?%j"é‘&db‘P?laWetsﬂu?té’é‘bé]éf’cratl%'st“h eq6lf-age structure in

si mul at ' on HA) riand oZirulatibrs AvhiEREEGELfYm Wi filleft SR BACH dﬁﬂeﬁ hedayarage
structure in sinulation HB). Both trajectories sanple conformational

regi ons cicaweahly coeegsdiapgsarale simildogeme efithstcoafodyationalsspeed. plhésds  DNA
(Figure 330te4 T o Msdt%%wé‘é%RreS@htgagec?cﬁané &%%Dpa%%g&f%o%ﬂ%}aﬁ bfjpkhe art that

the MD sinulations suggest ructure een strands of
a tripl exotha: not Al(Brg@ciory dith rapéa do ﬂiaanerbgnestpnyrwmnckumﬁiatvm Horan@2ick strand

IS renpve Thus two.trajectorie nd the . startin
el T A g VB T PE A M RrURe] PRt BUBGEREY Bl BueARES: s 1 g

and 1.8 Aahfplesddidrafationds rddond 0bsd 10, théﬁﬁﬁﬁ%llo‘fﬂbbfgstégh%trﬁrmédn hipl& i ghtly
larger with respect to the Hoogsteen strands of the starting nodel in

si mul at i oANAHKiguan3)a-Tt ykbaarpseiased:bythepe Rersppy skilied in the axg tbﬂBl}e M contrast
hi gh- g0l (L AR HEE S TpTH HlARS offhe I RLPARR T aRRE ROl B Vo)

di ver ge vﬁstyrted:]wh@kﬂhy pydinidinehWatsdr-Orick strandrie ranfoyed eThusethe quid bdtwedni on of
the syst o ?wo trajectoges andnlge starting model in simulation Hp (taken directly from a B-type
triplex DNA) is 1.4 and 1.8 A in simulations Hg and Ha, respectively. The rmsd is
slightly larger with respect to the Hoogsteen strands of the starting model in simulation
Ha (an A-type triplex): 2.0 A (Ha) and 2.1 A (Hp).

In contrast to these results, the simulations of rWC duplexes starting from the
high-resolution NMR or the canonical model (simulations rWC; and rWC;) diverge very
quickly. All the efforts to reinforce the equilibration of the system and the pairing
between bases fail to provide stable structures (rmsd from canonical structure 3.4-3.9 A
at the end of the simulations). Beside the fact that many interstrand hydrogen bonds and
stacking interactions are preserved along the simulation, the geometries are heavily
distorted in less than 1 ns (see Figure 4), and the helical nature of the structures is then
completely lost. The third simulation (rWCs3), which started from a model derived from a
previously 1 ns equilibrated trajectory of a d(A-T) rWC duplex, was stable for a longer
period, but the helix was also largely distorted (rmsd 3.2 A) after the 5 ns simulation time
(Figure 4). While not wishing to be bound by a particular theory, analysis of the

trajectories suggests that the amino repulsion between G and C is the main factor that
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bet ween bases fail to provide stable structures (rnsd from canoni cal
structure 3.4-3.9 A at the end of the sinulations). Beside the fact that
many i nt ewsxa3aneomydr ogen bonds and stacking interacti onecaresopnerer ved
along the sinulation, the geonetries are heavily distorted in less than 1
ns (see Figure 4), and the helical nature of the structures is then
conpletely lost. The third sinmulation (r\WC3), which started from a nodel
derived froma previously 1 ns equilibrated trajectory of a d(AT) rWC

dupl ex, t o ; ElcaniBeli] ] | argel y
i St or e r e Ty Ryl AL onC Il R o fRRR ) O e

not wi shiprgmpbnhe wobblad(G ) paipagt i cul ar t heory, analysis of the

factor hat 1ot BeiDarTbB00y sseunded BBbRbRR OR FRR. Ruffpfeciutal, e TN

dest abi | i thatH-Bd3ed c@Biniation wenfstabld during allebbi@ulation e NThéreford, $heOn by
pronoting a wobble d(GC) pairin i mul ations squest. that the r\WC

. The MD s
dupl ex i StEFHts SURREK &S e@%te?%é)fébﬁasré%w}lfs fopparpllelsaansed gHpIBrsTaR PO \Sseens

stabl e dugimgindlal péfitaridh Beb@d-TPihd d(GRE) phtS! SHWR thel NEC hEIBSKH b BststipPOr t the
exi stence of Hbased notifs for parallel-stranded duplexes in DNAS wth

sim|ar peh thereana bighdemmmt dddtG-6) BG)s- pairs, and that the rWC helix is not
stabl e when LHErgfis, B el RoRL ARt Bhy MR RRL e lIfuLAR LY Of the

H based sinul ations af l'ows anal'ysis o structure o d
par al | el -tskedpadttl-dupided duplsx.ndt astedilimwe, the helixhie simdlar & the sirdcaure bd t he

structure of Hoogsteen ands in.a DNA triplex, The average gtw.st is 31,
ond-the. rHSeesien rapaR s A Bakas To aveecraftio Al SR o A olhe hel 1
axis. Thena6i0a¢ §en%¥a¢lyip@1iﬁeh@ic§@%hh@1ﬂﬂix aRBUTe Easks 468 MBSouMani ng an
average phase angle of 124, as found experinentally for rWC

par al | el -Spufhafas desions) kaveng anraeregs phasangle Thid4s as oundieaparngnépllydoe (denot ed
o nor ™ iy a0l NG RAL! SRRANEGAD mereﬁ%ﬂgnmawgme% efiied e, M OF
groove in triplexes, and a w de groove (denoted her maj or")

cor r espontmingr tiothedolfowihg) aurmspondigg twthe nanaok fakteof e roajop@povesih DN naj or

0 00ve, ol BSR4 A A e T ol B oree
groove and the major part of the major groove of a DNA triplex (Figure 3). The shortest
P-P average distance along the two grooves is around 9 (£0.6) and 25 (+2) A for the
"minor" and "major" grooves. There are then major differences with rWC duplexes,
where two equivalent grooves were found.

The classical molecular interaction potential maps (CMIP; Figure 5) allowed us to
trace the regions where the DNA has a strong propensity to interact with small cationic
probes. As expected from our previous studies on DNA triplexes, the "minor" groove is
the most active region for interactions. The ability of the H duplex to interact the cationic
probes is not different from that of a B-type antiparallel duplex with the same sequence,
despite the fact that all Hoogsteen cytosines are protonated in the H duplex. It is clear
that the short P--P distance in H duplexes creates a strong negative potential in the
vicinities of the Hoogsteen cytosines, thus screening their positive charge.

The H duplex is very well hydrated, as shown in the solvation contours
represented in Figure 5. The largest apparent density of water is found in the minor
groove, which is wide enough to allow the insertion of a chain of ordered waters. There

are also regions of large (more than 2 g/mL) water density in the vicinities of the
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"mnor" and "major" grooves. There are then major differences with r\WC
dupl exes, where two equi val ent grooves were found. The classical nol ecul ar
i nteractiwoq@ab@ati al maps (CM P; Figure 5) allowed us toPpdiviEog1éhe

regi ons where the DNA has a strong propensity to interact with snmall
cationic probes. As expected fromour previous studies on DNA tripl exes,
the "mnor" groove is the nost active region for interactions. The ability
of the H dupl ex to interact the cationic probes is not different fromthat
of a B-ty t e fact
that all ﬂgoo te n cylltn glléel ﬂg‘m gggwpr%%eg%g?ggr@?ﬁ%ﬁ%ﬁm dglﬁ‘zéﬂcd%gEn%luégcl ear
that the ththdunkxaﬁddh@mémcr@e|ant1pardl¢bh@weas°e werg atnaitar sthet coofigning gt i ve

pot enti al i(r th flo #ﬁ@l E Hoogst een cytosi nes, thus screening
their posfPiyes ot aé? o GRIEBIPYS s very wel i hydrated, as shown in the

sol vation contnwmlpmemlesemﬁled;slarhe{?vlsgufter&whla}halalre%rm@tcha@aaﬁ@iaﬁ density
of water is found in the m nar roove, which is w de enough to allow the
i nserti onVHh &“’eﬁéﬂl‘ﬁ‘e&fbubfhab%l%e l’érasge“qsﬁéfr”é‘quﬁf@leél“?()reﬁ%‘?‘% of large

(nore t hagyag @hidtds dRLE mIRRSHN tdexidicy bEiwd \;érf"élfféf'ent BRo¢Q. WO 03/ 100099
PCT/ US03/ 16520 phosphate groups in the major groove. Interestingly, the

appar ent wat erFrdeBné¢rgy Ealcnlatiomsd Theldesigh, duphesss, andicvahatiped s seniceof 8- .
ant | par al ) gho BEkl Bl & ERYLELOL 0 BT, SO0 ILITNR. Lerndl AOLAGR, oDt af ned

fromCM P calc I oNns € an i'S @ new Structure which
shar es rrammglyatﬂ;cltzenhesDN(AsmpMI\hhlE]NAak feﬂepédsxasng bilier fabtats, &l sexexhi bits a
series of i ecul ar recagnition, charact er erived mainly from

uni sti
The oxi st BHERESBPORRBEyErY the Brardie Brov Ph G urine 4 Kb sy BBl at t ons. The

desi gn, sMBéRRSH SytodRek R\IRInbiALd. OWe Bfso Poun@Itha? Shetd- a@mo%&@dﬁ%rgﬂéﬂey@-t ives of
purine bases are known by those skilled in the art ese nol ecul es

strongly ¥toaidpstahilizaen phhetWatpmeGrickpairne, ablsast Er(€d.) apddiCiaaier factors,
0 o AN O G BRIl 1 508 B, o0
8- am no grwd ;dupllem,rmttrewng the Stalm'h'gf afelst Hbubkxattus:)womlﬁ noting tkiwtttbamab@itwc Kk
pairing, gft the ﬁad%plex?sr crgél%-fc 2 the Use of(paraq'i)el ?tranded duplexes as templates for triplex

formation. MD/TI calculations were performed only in the H duplex because the

instability of the rWC duplex precludes any TI calculation. As found in previous

simulations for related systems, the mutation profiles are smooth, without any apparent

discontinuity, which could signal the existence of hysteresis. The standard errors in free

energy estimates are 0.2-0.3 kcal/mol, thus indicating a good convergence in the results

(Table 2).

The H duplex is stabilized by around 2.7 kcal/mol by the A-> 8 AA mutation
(Table 2), a value similar to that found previously using less rigorous simulation

protocols for poly d(A-T-T) triplex. The mutation G 8AG in a d(G-C)" motif increases
the stability of the H duplex by around 1 kcal/mol.
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Accordi ngly, we could expect that the presence of 8-am no groups should
destabilize the rWC duplex, increasing the stability of the H duplex. It
is worth wotasngoobhat the stability of the H duplex is crwecralSos/oss2e he use
of parallel-stranded dupl exes as tenplates for triplex formation. MY TI
cal cul ations were perfornmed only in the H dupl ex because the instability
of the rWC dupl ex precludes any Tl cal culation. As found in previous
sinmulations for related systens, the nutation profiles are snooth, wthout
any apparent discontinuity, which could signal the existence of
hysteresis. The standard errors in free energy estimates are 0.2-0.3

kcal / nol , Tahheiz MMTEBstinmgeseofeahilizat o @¥Afesncend Ytandaed Emenglin keal/(ibhlsife 2) . The
H dupl ex Pasalid-Sbhdeddhphorestrolurdl B, SZAkdad Demvativgs’t he A-- 8AA nut ati on
(Tabl e 2)7—a—vattbe—stmtar—to—that—tound—previousty—ustng—tess—++gor ous
sinul ation prgitagel s f @ompRiendtypykindilliner i pl ex. AABg, kasl/alol on G 8AG in a
d(G O+ notif increases the stability of the H duplex by around I

kcal / mol .g2R A 037100099 PCH+US03/ 16520 Table 2.4 MphTI Estimates of

St abi | i zagLap ¢ AAGst ab and Siandard Errors in kcaljipd) of

Paral | el -1 g anded Dupl exes | gduced by 8- Ami no Degigygfi vesa mutation

conpl errerkt_;a%)( pyrimdine AAGgtab kcal/mol G 8Ag,(¢Hh31.40.2 G 8AGC -3.1
0.3 I-- ﬁésli%'- -0.90.3 I-8A C-3.20.3 A /gé 3-2.7 0.3 a For d(GC)
and d(1C notifs the sinulation was perforned con'sm?éring two ionization

states of the Hoogsteen cytosine. Calculations were carried out always
using the sedurnaes df GAPIBKRETEAGTS the SEQIdtion M@s pd@yrmedebasidering thbe base
whi ch i s jofuitaingthtes(ofal BoddsteehVbytb@nd. NEaldulatiohd wart @lkiicbut Bivwajeudid - C) +
motif i ncheas@sndeMEGARINAGEMAY(SEQ ID NO: 10) where X is the base which is

mutated.

(Table 2), while the I-> 8A1 mutation in the d(I-C)* motif increases the stability by

around 1.4 kcal/mol (Table 2). These two latter values also agree with previous estimates

in DNA triplexes.

Results noted herein clearly point out a strong stabilization of the H duplex upon

introduction of 8-aminopurines and suggest that these molecules can help stabilize

hairpins based on the parallel H duplex. We were, however, concerned by the fact that

the G—= 8AG mutation stabilizes the H duplex less than the A— 8 AA mutation, since this

finding, which agrees with previous calculations in triplexes, does not agree with melting

experiments on H hairpins (see below). While not wishing to be bound by a particular

theory, this suggests that when 8 AG (or 8Al) is present, the Hoogsteen recognition might

not necessarily be the d(8AG-C)" motif, but can be a wobble pair d(8AG-C),, (see Figure

6). Because the d(G/I-C)" - d(8AG/8AI-C),, mutation is technically very difficult owing

to the annihilation of a net charge, we investigated by means of indirect evidence the

potential role of d(8AG-C),, motifs by doing the mutations G-> 8 AG and - 8Al in the

presence of a neutral cytosine in the complementary Hoogsteen position (the rest of the

Hoogsteen cytosines were protonated). The results (see Table 2) suggest that the

presence of 8-amino derivatives strongly stabilizes (3.1 and 3.2 kcal/mol for I and G,

respectively) the wobble pairing. Note that this free energy difference is 0.5 kcal/mol

larger than that found in the A~ 8 AA mutation and more that 2 kcal/mol larger than the
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around 1.4 kcal/nol (Table 2). These two latter values also agree with
previous estimates in DNA triplexes. Results noted herein clearly point

out a strwog3gb@b|izati on of the H dupl ex upon i ntroductPCcarusos/16520

8- am nopurines and suggest that these nolecules can help stabilize

hai r pi ns based on the parallel H duplex. W were, however, concerned by the
fact that the G 8AG nutation stabilizes the H duplex |less than the A- 8AA
mut ation, since this finding, which agrees with previous calculations in
tripl exes : ' ' eli{%l}{ ; LELPi NS (see

bel ow) . t?lf’gﬁﬁlgﬁgéﬁ %ﬁpﬁ%#@oﬁ@g@oﬁhﬂ%fl@ﬁ srattérati cuol'glaltl(reqS &ﬁg%?%@ this

suggest s Abatrdingenth&eaGutarit 8Aklevied thpt eamntesendeled 860wt dfavasthgni t i on

i ght t . ily..b he d(8A if, b b i
3 Smc o UBERERE G o R PR 4 Pl SRR P gD B o, 1
t echni cal ¢danlded Juedd tHel fadtltiiat @vd 318minbGs 4 hpdrageni fund @bherwidéh mtdisds Ed@r ge, we

i nvestigated by neans of jndirect evidence the potential role of d(8AGCW
noti fs byVHbpRgutiahmolasleithan kit catiogaG and |- 8Al in the presence of a

neutral cyt osigigchile bithe OATBLRTBRREADY I TRAES I EEEhBR M hAIMI/R&RRH Oof the
Hoogsteen cytosines were protonated). The results (see Table 2) suggest

t hat t he hypothssincsevasil pgradlnt-stranded DAt haipmsseamping Byamineddening EAAAD, and 3. 2

kcal / nol .1 a espect i I LNi t this
free energg'g&a}oig %S%en 8eA (?’Eé,g.’ %i%%ﬁ%?‘%ﬁ@ﬁ%f {g%gﬁpr %F Iygéjaﬁ%f}' ?ﬁlet he A-
8AA nut at dequienzeoflithy dligohatledideés ade/shdin InafFigee 7t han t he 22 WO 03/ 100099

PCT/ US03/ 16520, st abilization due to t sa tation when the Hoogsteen
cytosine is prOtedHsEsepp ‘%IR EOTEIS AL Raaal[]ﬁﬁ-é% rge‘ég%]lm‘%s, anf’e‘it%‘{]%@ug]é%ﬂ t hat

t he presenegdsolitiBAhaxBsthPle §19001i8kdNEGEK I T EMeRinef areubstinlied PGt €EN
nmotifs instead of the protonated ones %isee below). This could be due to

the fact $-A@mopdeings iy is thesoligonydeaside R-HonPEEOHONCiR; SRQIIRNP aDtthe bet t er

with a ne ] .e6U ' ageati . . .

0 i gonucr e Pl FRUERMR LIRS NG £ SERURYD: A Fratifesdbe b s b i

sever al p!avrofsﬁ—ﬁrainoguanamsiéﬁlN DA iha]he_rqdigoaucdamdyiR@ZI&SEQiIBd‘ﬂdBﬁiSIEQ ICBAA=AN) ,

'8|'th nOguﬁBI: El)etwgsg%%:irge\sb are g‘u%gtit%fe%rqugg%pa%%&%yglogagltkll\llnéss(%‘).: lII}\1I2: were prepared.
oligonucleotide (R-22) (SEQ ID NO: 1, SEQ ID NO: 2) contains only the natural bases

without modification.

Table 3. Melting Temperatures * (°C) for the Parallel-Stranded Hairpins Having 3'-
3' Linkages

hairpin pH 4.6 pHS.5 pH6.0 pH6.5 pH7.0
R-22*1 46 34 25
R-22A*2 64 50 43 28
R-22G*3 68 55 50 40 39
R-221*4 52 42 34 25 23

*Inl M NaC1, 100 mM sodium phosphate/citric acid buffer.
*1 (SEQ ID NO: 1, SEQ ID NO: 2)
*2 (SEQ ID NO: 3, SEQ ID NO: 2)
*3 (SEQ ID NO: 4, SEQ ID NO: 2)
*4 (SEQ ID NO: 5, SEQ ID NO: 2)
The second group of oligomers B-22 (SEQ ID NO: 1, SEQ ID NO: 2) B-22A
(SEQ ID NO: 3, SEQ ID NO: 2) B-22G (SEQ ID NO: 4, SEQ ID NO: 2) is similar in

composition to those in the previous oligomers, but the polypurine and the
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sequences of the oligonucleotides are shown in Figure 7. The first group of
s are parallel-stranded hairpins connected through their 3' ends

hwoastimpbene gl ycol |inker [(EG 6]. Two adeni nes a&ca/sobsdsee ut ed by
two 8-am noadenines (AN) in the oligonucleotide R 22A (SEQ I D NO

ol i goner
with an

ID NO 2
guani nes

3, SEQ

) the oligonucleotide R 22G (SEQ ID NO 4, SEQID NGO 2) two

are substituted by two 8-am noguanines (G\), and in the

ol i gonucleotide R 221 (SEQID NO 5, SEQID NO 2) two guanines are

substitu
(SEQ I D

"[\@jy@ intidRe ?al‘?snar-g Q&MQ%@%&@Q%]( kNhds J8 an Qéﬂag@l@%é E%blde

contains only the natural bases "wtho

modi f i cat linker [(E@bd]elr&ddwmnt amefligharep bavinges8-am{nogudropestang twaBal | el -

RO des s T m bl EGF RN YANS o SRR BNERY 5 U

thabﬂabllan@@ﬁ)pkmeiﬁﬂbcﬁMSS@ﬁih ripbosap hddigvei A pamllalcstdn&ndtf Haérpin *1 ( SEQ

SEQ | D NAHZRs only AUsARps i (8 XSGR RPN B ERD S0 Shepeety
ol i goner SFlﬁal%z a Cofdl BWXBQZA%%ME&@ Iﬁ)NcB 2 BAQ 105K 8 PRvNhe3amsEQ | D

Halrplns
R-22*1 4
34 25 23

NO 2) B-22G(SEQ ID

is simlar in conpositio

(R-22)
ut
St randed

D NO 4,

nto

t hose in RpuimesequgnesLas Hil%g{@ﬁr@rl@ N B, I Ibtbi@x@o:bvtr?erwﬁ@vnpmeg@rm 03/ 100099

PCT/ USO3
with an
havi ng t

/é§§% r s are connected through their 5
xae?ﬁ;e/fgée)%wéél‘g&{cpoal ofhffep%%_fe(% [(EQ6]. In addition, an oligomer

wo 8- abiigvagelestidessquencestcantaBring 8-aminopurines were prepared using
phosphoramidite chemistry on an automatic DNA synthesizer. The parallel-stranded
oligomers were prepared using protocols known by those skilled in the art. The
phosphoramidites of 8-aminoadenine, 8-aminoguanine, and 8-aminohypoxanthine were
prepared using protocols known by those skilled in the art.

Melting Experiments. The relative stability of parallel-stranded hairpins was

measured spectrophotometrically at different pHs (pH 4.6-7.0). In most cases one single
transition was observed with an hyperchromicity around 15% at acidic pH and 10% at
neutral pH that was assigned to the denaturation of the parallel-stranded hairpin. In Table
3, melting temperatures of the hairpins having 3'<3' linkages are shown.

When the hairpin is formed by natural bases (R-22) (SEQ ID NO: 1, SEQ ID NO:
2), a clear transition is observed at pH 4.6 and pH 6.0 but no transition was observed at
pH higher than 6.0. Melting temperatures are pH-dependent, and at lower pH melting
temperatures are higher than at pH 7.0. These results are consistent with a Hoogsteen
base pairing in which C has to be protonated (i.e., an H-type duplex is supported). This
profile of pH dependence cannot be explained for a reverse Watson-Crick parallel
duplex, and it is also inconsistent with the existence of short antiparallel duplexes (like a
7-mer duplex d(-AGGAGGA-)-d(-TCCTCCT-), which could be formed with the central
part of sequence. To verify the latter point we synthesized and measured the melting
temperatures at pH 4.5, 6.0, and 7.0 of two antiparallel duplexes of sequences
d(GAAGGAGGAGA)-d(TCTCCTCCTTC) (SEQ ID NO: 1, SEQ ID NO: 2) (D1) and
d(GAAGGAGGAGA)+d(TCCTCCT) (SEQ ID NO:1, SEQ ID NO: 9) (D2). The profiles

of pH dependence with the temperature found for both antiparallel duplexes are

24

ends



am noadeni nes was prepared (B-22AG (SEQ ID NO 34, SEQID NO 2) to test
whet her the stabilizing properties of both 8-am nopurines are additive. A
par al | el -worendedo hai rpin that has only d(AT) base pairs PCBARN3/IGEQ | D NO
6, SEQID NO 7) was prepared. Finally, a control hairpin (B-22A control)
(SEQID NGO 3, SEQID NG 8) wth the same purine sequence as B22A (SEQ I D
NGO 3, SEQID NO 2) but a nonconplenentary pyrimdine sequence was al so
prepared. O igonucl eotide sequences containing 8-ami nopurines were prepared

using  phgsahes (jﬁmig&@s GRABMHE T ToPAR- z@t{sequ' ODNAERY IS Rep b &ifa %The

paral |l el -stran omers were prepared using protocols knovvn y those
skill ed i22 (Sh& HY NO: Th%EQ @BMh’br &b dienrgbatahe Brofiles nivenidnsupport that the

8- am noguani ne,, a nt hi jvere  prepar ed using protocols
known by ?"ﬁB%r@"gld?’ dsnor%sigﬁépcg ? Pﬂ?l hg Experiments. The relative

stability of pHicubgltutidnroAmneied'stai twdi 8¥sAASDili 188 afepaedicl-stranded structure
spectrophotonetrically at different nost. cases one

single t3aA¥1 bY bR Nghs BeLias (epefatis aw*ﬁgéépéﬁPdﬁ.TmléyI%a%ﬂHdhqs% at

aci di ¢ pHREddOvBm! ranSiEbh hEPH BIS. tmkum&tﬁﬁ%'f%k?@ sb9 thB8ALRNALLRE | on Of
the parallel -stranded hairpin. In 3, nelting fenperatures of the

hai r pi ns melNing ter@eeagures ®ﬁ1kab@mlm@eshtghﬁr Weahiferprceh i mpltingi s f or ned by

nat ural t%ﬁ'x%grﬁ{ Res%%lh %?’p%% Jg%ﬁ%ﬁé@ 5NO: lIDSFQ 1D Iﬁgsz)gab%&%e 5 Sh%f “ on s

observed a o transi serve hi gher
than 6. 0. 25Mﬂ tlit rsgalioqjmhslatturobser@dﬂrmﬂﬂdmpxeaidmpﬂ Janghdad.5.| Okeer pH rrel ting

terrperatur s.are res s _are consi.sstent with a
Hoopst oertuoniaiomh FE T i Sebifizes e PratgGruiERETS B ian 1t type
dupl ex i SstsyiRRebA Df.smillirensity @ATI 6 9wofC d@:aﬂde@ermem@m@mm?@émmt%pl ai ned
for a reverse Watson-Crick parall and it is also inconsistent

wi th t he ehliabpiapbavieg 8AGend SAAﬁqegmt é?qr@lsmégnéwb@amw@la Zhiger dupl ex

d( - AGGAGGA, ‘;%H; art of
sequence. ZP)S veri %ghlgwgﬁg%m%gnm%ﬁ%%ﬁ?ﬂgﬂl zecﬁ] i I%gdsi%{l@d()ft(ﬁe
mel ting prebgbdy dulemoelse extra b gén béhdbetvased the &amfnotgnm.lpacvﬁthq)&f al | el dupl exes

of sequences d(GAA d( TCT, CCTTC) (SEQ ID NO 1, SEQID NO 2)
(D1) and a%PW&&@%@@E Y(SEQ ID NO'1, SEQID NO 9) (D2). The

profiles As noted herein, in addition to the hairpins linked by 3'<3' bonds (R-22 (SEQ ID
NO: 1, SEQ ID NO: 2) derivatives) we prepared hairpins linked by 5'<5' bonds (B-22
(SEQ ID NO: 1, SEQ ID NO: 2) derivatives). Table 4 shows the melting temperatures of
these hairpins at different pHs.

Table 4. Melting Temperatures® (°C) for the Parallel-Stranded Hairpins Having 5'-5'

Linkages

hairpin pH 4.6 pH 5.5 pH 6.0 pH 6.5 pH 70
B-22*1 57 35 25

B-22A%*2 61 47 38 23

B-22G*3 65 54 44 30 21
B-22AG*4 72 62 52 43 39

In 1 M NaCl1, 100 mM sodium phosphate/citric acid buffer.
*1 SEQ ID NO: 1, SEQ ID NO: 2

*2 SEQ ID NO: 3, SEQ ID NO: 2

*3 SEQ ID NO: 4, SEQ ID NO: 2

*4 SEQ ID NO: 34, SEQ ID NO: 2
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of pH dependence with the tenperature found for both antiparallel duplexes
are 24 WD 03/ 100099 PCT/ US03/ 16520 conpared in Figure 8 with those found
for R 22 WBHQ1b@INO 1, SEQ ID NO 2) and B- 22 (SEQ | D N@CTijSoSE320 D NO
2). It is clear that the profiles strongly support that the antiparallel
duplex is not significantly popul ated. The substitution of two A's by two
8AAs stabilizes the parallel-stranded structure as seen by the higher
melting tenperatures at pH 4.6 and 6.0 (ATm 16-18C) and the observation of

a_transition akesdit fe3miHRe MHORLLINGHORIPL IS MFhalinge BfGE ai ses the

melting tenperatures o al rpins even higher. The differences in

mel ting Subspetian af r @i ththe egpesponding Badhop S deDivaidye indu@EDstrangNO. 2) are
bet ween 2 d. 25.C .1t .is also ssibl e to ohserve ransi ti on at about
prt 70 artenatof Rt e b Sedh R AR rmalisde B RN RAH AR Zea < he

par al | el -gdnsniddest elifral pHUhE: ar®tbt fobdible 16 blsbivie vz th Ha@rPins avhg 8ABInaturd1t ensi ty
(ATm 6-9 C at pH 4.6-6.0). The nelting tenperatures aof hairpins having 8AG
and 8AI dtasesndt Isd@peas [optise algpthak thy additine ot both 8AA a M HE 549t es t hat

these hai61@09§c1@6tﬁe'@1§122§@)@§ﬁ@iﬁ@m:3%3,SEQQMU@?I)hE@AJdHN&%ﬂfe&s.IOF&I onation of
C probably due to the extra hydrogen bond between the 8-am no group of the

8- am nopuwrinpls ateptli6-O0hte pragetce ofj ouPA B ges winarsesecdniibe Enef 13 rC.dwdi tion to
e, 1o OACS o DY 7, BONROnR 7 SRS A 350 RS, 2,
1, SEQ | Dndiehse2)f 2deCi Tht lowedgpendeabé ef Melshgwmnpeheuraewith fig ritbfoped &trur es  of
s ol 0 ] YRR g B0 S o ML LSES FEBER SRS, L1 (e
6.0 pH 6. dBAT(R-226- BZQUIPNO3S, S0 B 3A23 iSdbsbrieBfor AdirpiBB2ZEXG (§15Q 54 44 30
21 ID NO: 34, SEQ ID NO: 2) but not for hairpin B-22G (SEQ ID NO: 4, SEQ ID NO: 2).

Parallel hairpins containing only A-T pairs (B-AT (SEQ ID NO: 6, SEQ ID NO: 7)) had

the same melting temperature (7,,=42 °C) from about pH=5.5 to 7.0. Control hairpin (B-

22A control (SEQ ID NO: 3, SEQ ID NO: 8)) had no transition at any pH.

All the melting experiments described in Tables 3 and 4 were performed at about

1 M NacCl, as described under the methods set forth herein. In addition, we have

performed melting experiments from about 0 to 1 M NaCl. Melting temperatures remain

unchanged within 1 degree error, in agreement with previous results regarding salt effects

in Hoogsteen pairing.

There is excellent agreement between MD/TI calculations derived from the

assumption of an H-type parallel duplex and experimental measures. The large

stabilization found theoretically for the amino groups is also detected experimentally in

increases in Ty, of almost 10 °C per substitution. Interestingly, the greater stability

obtained for the G- 8AG mutation compared with that obtained by the A — §8AA

mutation and the smaller dependence on pH of the stability of duplexes containing 8AG

suggest that neutral wobble pairing might play a key role in parallel duplexes containing

d(8AG*C) pairs. Finally, the small stabilization obtained for the G= 8AI mutation is the

result of the balance between the stabilization of the H-duplex induced by the I-= 8 Al

mutation and the destabilization induced by the G— I change.
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B-22AG*4 72 62 52 43 39 aln 1 MNaC 1, 100 nM sodi um phosphate/citric acid
buffer. *1 SEQIDNO 1, SEQIDNO 2 *2 SEQID NO 3, SEQID NO 2 *3
SEQ I D NOwod3ngw@® | D NO 2 *4 SEQ ID NGO 34, SEQ ID NO 2Causeé1&x3d 100099
PCT/ USO03/ 16520 Results are simlar to that described herein wi th hairpins
having 3'-3" |inkages. Substitution of A or G by the corresponding

8-am nopurine derivative induces a strong stabilization of the hairpin
seen as a higher Tmat acidic pH and the observation of transitions at
neutral pHth t g only

nat ur al base?h@g %Pglglgr(g%s aﬁt&%&c&%?@?@%&%\%&é&%@'f? gr&?‘ég?‘ﬁ%n of both
8AA and SA@ectad thve tcséermblltxlelﬂgaanw#ee%tsd&qukzZlA@g Ase@dinplyN®e 34, SEQ I D
NO dditive ffe esence of two
Bas b veu il o s GO s £GP TR im By ek p ol T ease of "0 c
and the agtdisiden Ght th@hhdlﬂ%t%h@ﬂﬂa%\m{&%%eﬂaﬁtﬁﬁotalﬁevetsI&CWﬁﬁcﬁﬁ of 27 C
The | ow dependence of nelting nperatures wth t ,ptH found, for val ues

cl ose to pHekrsegondsFy saictuss- nlgotﬁawﬁlgatmhewﬂ@)ab'é hexdwglsx ipduasd by p NO,

2) and 84l d—RBKé%r@E@AAQu%Qtu&nsgﬁgakéaeNQOH@%' aginP ARGk MRS & hairpin
B-22AG (SEQ ID NO 34, SE but not hai rpin B-22G (SEQ I D NO

4, SEQ | Dripidficany amoms of 4 bmlenamtmaraﬂlgl dlmlﬁxalTrhun,gh@dlangO'ftwaiG’Ss (B- AT (SEQ

about phiBoa Tl A o Elhy PG S AW IR T A KRR Bt 0TS e T

NO 8)) héaplexes tigedns contts HGAAFGABGAGA) dEFCTEIGTIRT EYEBEQIBING: Hescri bed

ot hods. sshe gk HargafiAnfcRiin fhaT Mborked BERuMeiThgie Affiae 1

exper i meng)shile GPRRDIIED 1D NG: 1VsRBEDINOMB dntiH23 AR NG @SSEQ DI N

unchanged within 1 degree error, in agreement wth previous results
r egar di ngN©aP} the paraeehanggsrindysedan werpasrfrmarg than 21 °C'in Tr.

Circular Dichroism. To obtain information on the structure of the hairpins,

circular dichroism (CD) spectra were measured. Figure 9A shows the CD spectra of
hairpins B-22, (SEQ ID NO: 1, SEQ ID NO: 2), B-22A (SEQ ID NO: 3, SEQ ID NO: 2)
and B-22G (SEQ ID NO:4, SEQ ID NO: 2) and the parallel-stranded hairpin with d(A-T)
base pairs (B-AT (SEQ ID NO: 6, SEQ ID NO: 7)). As an additional control, we
introduced a modified B22 hairpin (B-22A control(SEQ ID NO: 3, SEQ ID NO: 8),
where the sequence of the pyrimidine strand is random, to guarantee that no parallel
duplex can be formed. This later oligonucleotide was paired with the corresponding 11-
mer oligonucleotide complementary to the WC purine strand (S11WC) (SEQ ID NO:16)
. As noted in Figure 9B, B-22A control (SEQ ID NO: 3, SEQ ID NO: 8) does not have
structure, but it generates an antiparallel duplex if a suitable single-stranded
oligonucleotidic strand (S11WC) (SEQ ID NO: 16) is added (B-22A control + S11WC)
(SEQ ID NO: 3, SEQ ID NO: 8, SEQ ID NO: 16).

The shapes of the CD spectra (see Figure 9A) of hairpins B-22, (SEQ ID NO: 1,
SEQ ID NO: 2) B-22A (SEQ ID NO: 3, SEQ ID NO: 2) and B-22G (SEQ ID NO: 4,
SEQ ID NO: 2) are similar, and clearly differ from B-AT (SEQ ID NO: 6, SEQ ID NO:
7) and from the antiparallel duplex (B-22A control + S11WC (SEQ ID NO: 3, SEQ ID
NO: 8, SEQ ID NO: 16); see also Figure 9B). The CD spectra of the hairpin B-AT (SEQ
ID NO: 6, SEQ ID NO: 7) has a strong minimum at 248 nm, a smaller minimum at 206
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There is excell ent agreenent between MY Tl cal cul ati ons derived fromthe
assunption of an Htype parallel duplex and experinental neasures. The

| arge stwioidsita@v® on found theoretically for the am no gr ®eaEaS0%/16&L60
detected experinentally in increases in Tmof alnbst 10 C per

substitution. Interestingly, the greater stability obtained for the G 8AG
mut ati on conpared with that obtained by the A - 8AA nutation and the

smal | er dependence on pH of the stabili ty of dupl exes contai ni ng 8AG
suggest tmtana%wxm%bil% aR@hBo A, Angh eah@ylsw@h? Blafialddonaid | el

dupl exes containing d(8AGC) pairs. Fina he small stabilization

obt ai ned drofor ARé riGh'pa@iel- mn@adi RNAI tbattm@nsxde@dlatmczﬂel foln ecvissse Vassonbet ween t he

deotabi | GHE R ateeeD st of B2 B QD 26 o Byt s RS AaBS 16520
The 8- amNO: grSE@ IDeRd:@) ahd B2 (€YD NOM, SECID Nai: 2) RgyefaGlrofg and | and is

expected then to destabilize the reverse V\atson Crick pajring. Accordingly,
the stadPPHoRm RRIWESH 1/Qenddpy B 20d tyie Miniga; Sumat #¥ g6 Prréemsea?w MOE be

under st 0038 Minim@ABrdEHd 1@ dnhathd HfifGhRuNa 235 Uil 8 n&SRuf aMRind
Hoogst een and not a reverse Watson- Crick secondary structure. Note al so

that the %&Omgelormm@mmnltm haigpinstcuatathing Eaminegureeed (B322At(SEQGD BAG.0or A- 8AA
substi t ut gRli i ficant
amount s orEa D NG SRS RUGPOHDABIE SR Mo 3 ThiIGE: K epetlell’ 5 C

(posi t i onshabactenidtiByf IbNAttmpleﬁdeSn blﬁﬂnﬂa]tyQCE sﬂe@faeﬁsﬁmafat@thﬁl tha hdifpafis éthe t wo
ant i par al u used as cont r.o| CCTCCTTC) ( SEQ
ID NO 1, I'“%’EG“P%" ‘CS‘ESOT%H &Wnaéﬁé FAO 1, SEQ

I D NO %I@%&n-ftﬁfe sRugtare(agﬁQel 8t Mersé Wavkeha- G KaralR) ooWdtsBn-&#ick SEQ | D NO

1, SEQID the sane changes induced an increase of nore than 21 Cin
T,n. G rcflﬂtlaﬁratlﬁlcﬁﬂpl%%srn To obtain information on the structure of the

hairpins, cir i 9A shows
he €D shect r A arsnslef T FIM S B e o B R ke 95 20 (s
| D NO 3,DSBQalirpinN{3’' R(j}A G B2 B )6 D' MT@CTSEIGZD3NCSEQ)DM t he
parallel itsﬁs?j‘ﬂfﬁoh % atFleee \éqfl'eren?f)ﬁs s shown in Figure 10. Unfortunately, the broad

signals observed (due probably to the formation of Hoogsteen parallel inter-molecular

duplexes at the concentration of NMR experiment) prevented the acquisition of high-
quality two-dimensional spectra, and, therefore, the sequential assignments could not be
done. However, the presence of imino signals between 14.5 and 16.0 ppm clearly
indicates that some cytosines are protonated. Also, the signals around 10 ppm
correspond to amino protons of cytosines forming Hoogsteen base pairs. Most probably,
the resonances around 13 ppm are due to imino protons of Hoogsteen thymines. Since
the chemical shifts of the exchangeable protons in reversed Watson-Crick base pairs are
very similar to those observed in canonical antiparallel duplexes, this kind of base pairing
can be ruled out. Finally, it is worth noting that most of the features of the exchangeable
proton spectra can be still observed at neutral pH, suggesting a notable stability of the
parallel duplex at neutral pH.

Overall, NMR experiments confirm MD, MD/TIL, and CD results, and they
demonstrate that the parallel-stranded duplexes studied here are stable and show a

Hoogsteen-type hydrogen-bonding pattern similar to that of DNA triplexes. The reverse
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base pairs (B-AT (SEQID NO 6, SEQID NO 7)). As an additional control,
we introduced a nodified B22 hairpin (B-22A control (SEQ ID NO 3, SEQ ID
NO 8), Wwoandaotlae sequence of the pyrimdine strand i s r @edorgo3ti€s20
guarantee that no parallel duplex can be forned. This |later

ol i gonucl eotide was paired with the corresponding 11- ner oligonucleotide
conplenentary to the WC purine strand (S 11 WO) (SEQ ID NO 16) . As noted
in Figure 9B, B-22A control (SEQ ID NO 3, SEQID NGO 8) does not have
structur g‘%

si ngl e- ste‘rN agg;, éj ek o{ggﬁé%fr?%?ghé@gggﬁﬂsqu%dhlfd a%n?é%hl‘iél‘%&% i s added
(B- 22A contrwled out. S 11 W) (SEQID NG 3, SEQID NO 8, SEQID NO 16). The
shapes of the ec ee Figure 9A) . of h ins EQID NOC 1,
SR TD N 2y PSRRI BT b G st P R S8 §BEE 1 D o 4
SEQ | D NQitrudjuré!fer seigiidrlcad contiting b iailay neinbdreif d{A Q"DT'BIBHP(G CHFRs hbpaiad 6, SEQ
IDNO 7) and fromthe antiparallel duplex (B-22A control + S 11 WC ( SEQ
ID NO 3, ingpagepesse Natsop; CrskirpesurgoOnths Corg@év,éiaék? ey ggtnries am)yfoundida cp
spectra Oﬁoézégﬁeﬁ'ﬁ!nfﬁgfkﬁsﬂed( %@strﬁ@uﬂé@bt@neﬂ%%é@ ctofies AifRvad 13k ONg
mnimumat 248 nm a smaller mninumat 206 27 WO 037 100099 PCT/ USOS/ 16520
rim and deseribedh¢ strucaire ofi@n Hrispeageallel dnplelmwélom@tallmwfomsmn ibglos¢ 0 t hat

known in e red a
nodel fort%?%}gr éla&%lff\hl— ﬁo@% %%%HSI (Jnf aﬁﬁg}%qg@%(s ecﬁ’?ceahtao#’ S@Qgtg% a?@EQ I D
NO 1, SEQslaBol\d@eeQ)mtB-p?éIﬁm(]S&@MR)exb&amél,ts SEQ | D NO 2) and B-22G (SEQ I D
NG 4, SEQ ID have, a stron Xi mum bet ween 270. and nm and two
i e One. att8mBORIH i RS Bl LAY HEHEE S PIEY ST Round 212 11 m
The m ni NyERpRTs QUMEintnkZal ABS th Qni¥axiberdal A qgfindagﬁlc@HﬁprB%Hstlhnﬂﬁ gRse in the
hai r pi ns cont ai ni ng 8-am nopur| nes (B-22A D NG 2) and

B- 22G( SE@lesineadic heve spaalleh agangement. T glcmyifeln@fabﬂ@é@taﬁalrat@ly characteristic

of DNA tr| PJe?éﬁ‘?éi Ms@%éHf‘?H@%M’M@néﬂlﬁf/trf @alﬁﬁﬁ%@ﬁh@%ﬁgﬁggﬁe@ﬁ%é‘a' rpins of

this inven ontain a mxture 8Al ) - C steps
have a Heogsheestrutipeissssuoet dorshamdmparse not reverse Watson-Crick parall el
or Vétson-Cri Clléwill be appreciated by those skilled in the art that the present invention provides
a new method for the stabilization of parallel-stranded H-type duplexes. The introduction
of at least one 8-aminopurine derivative makes stable H duplexes under pH or
temperature conditions where the helices will be otherwise unstable. These structures act
as templates for the formation of DNA-DNA-DNA and DNA-RNA-DNA triplexes in
physiological conditions, which is helpful for biotechnological purposes, as well as for
antigene and antisense therapies.

EXAMPLES

ALL-PURINE HAIRPINS

In addition to triplexes having purine : pyrimidine : pyrimidine (type I) triads, it
is possible to observe Purine : Pyrimidine : Purine (type II) triads. By observation of the
structure of the type Il triads, it is possible to draw an extra hydrogen bond between 8-
aminoguanine (Watson-Crick) and 6-keto of guanine (Hoogsteen) (Figure 11). Also in
the so-called G-T motif it is.possible to draw an extra hydrogen bond between 8-
aminoadenine and 2-keto of thymine (Hoogsteen). In this way, 8-aminoguanine shall

stabilize Purine : Pyrimidine : Purine (type II) triplex if Hoogsteen strand is formed by
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antiparall el duplexes. NVR Spectra. The im no region of one-dinensional 1H
NVR spectra of the DNA hairpin

d(3' - AGANBGAISGIMWE> 5' - (EG) 6-5' - CTTCCTCCTCT- 3" ) (SEQ | D NOPCTAjS0SHE320 D NO.

2) at three different pHs is shown in Figure 10. Unfortunately, the broad
signal s observed (due probably to the formati on of Hoogsteen parall el

i nter-nol ecul ar duplexes at the concentration of NMR experinent) prevented
the acquisition of high- quality two-di nensional spectra, and, therefore,

the Sequeata'rgL\baaﬁ%amr%ﬁ&gﬁmedadagtarpﬁoac%m%rnmi\f%gﬁfe@mu &sgnce of

i mno signa etween 14.57and 16.0 ppmclearly” indicates that sone
cyt osi nesHawgstepn strandas &nmedby & andhle Isibgtiadasesdi-ammdpdrinespatl oopy 8epond t o

he T obontARRs CaFbAHATLA s Pk BLLY RenLCrstond GpeABa e

t hym nes. Fédithee reabbi thdiedre gaderdlyi dstdfod triglbeapplicdiivng eadtysiopeRhIOfIs. | N
reversed Watson-Crick base pairs_are very simlar to those observed in
canoni cal ant i pirfallpwing@ligpicleotidgsiyyese RiER}¥eSGf base pairing can be rul ed
out. Finally, it is worth noting that nost of the features of the

exchangeabl e proton spectra can be still observed at neutral pH,
suggest i nipsd' GOACEFACEABMTHERT-BETCRECCTALAY (FEQ dN@ X 14t neutral pH.

Overall, N ( .1’&7811\1({(?1}?1«_ : ahd they
denonst ralfzggfs‘h@;?%{ e g;aria e éﬁmewd%g%?ggcg?&%ﬁﬁﬁ ﬁg)r'e@gre stabl e and
show a HogganeshcARNEGN ELBBAOIU-TGTOATCITTGS (EE@IDINOL 133t of DNA
triplexes. e rever 2 / CT/ US03/ 16520 Wat son-Crick nodel

of the pa?‘kiiglllb'l -5ﬁgéﬁm{ié\g(ﬁi,(éggqﬁﬁ\gﬁs]téndard antiparallel duplex, is
rul ed outg, derysexirndedcTaiEeyseg IW@nisgs sinulations fail to provide
stable helical structures for sequences containing a simlar nunber of

d(AT) and d(G C) pairs arranged in the reverse Watson-Crick structure. On
the cont r%&a«é?é‘@&é@l«%‘é@é@-ﬁié&f ERURhGEARG W@@étlp%b:ﬂﬁ'sﬁd‘g IS

assumned. e structures obtaine n ese trajectories-allowed uUs to
descri be IhNOst4ucture of an Htype parallel duplex, whose overall

conformatyan h$h&! 83T reereeTTC 3 (SEQ ID NO: 16)

Oligonucleotides s1;-GA (SEQ ID NO: 14) and s1,-GT (SEQ ID NO: 15)were
mixed with hys derivatives (has, (SEQ ID NO: 11), hy6-3AG (SEQ ID NO: 12) and hye-
3AA (SEQ ID NO: 13) in 10 mM sodium cacodilate, 50 mM magnesium chloride and 0.1
mM EDTA pH 7.3. The resulting mixtures were annealed and analyzed on (15%)
polyacrylamide gel electrophoresis under native conditions (30 mM Tris-Borate, 50 mM
MgC1,, pH 8.0). The presence of triplex was monitored by the appearance of a slower
band (Figure 12). Unmodified hairpin (SEQ ID NO: 11) and hairpin carrying 8-
aminoguanines (SEQ ID NO: 12) gave triplex with both GA- and GT- Hoogsteen
oligonucleotides (s1;-GA (SEQ ID NO: 14) and s,;-GT (SEQ ID NO: 15)). Hairpin
carrying 8-aminoadenines (SEQ ID NO: 13) gave only triplex with s;,-GT (SEQ ID NO:
15). No triplex was observed with s;;-GA (SEQ ID NO: 14) as expected. Melting
experiments were also performed in 10 mM sodium cacodilate, 50 mM magnesium
chloride and 0.1 mM EDTA. Two transitions were observed: one at 80-85 °C (hairpin to
random coil transition) and the other at around 25-30 °C (triplex dissociation). The

triplex to duplex transition had a low hyperchromicity and it was difficult to measure
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to that displayed by the Hoogsteen strands of a DNA triplex. CD spectra
support this and this also agrees with prelimnary NVR experinents.

8- anm nopuwiorg/10@p9 vati ves are able to largely increase thecateos/hésey of DNA
hai rpi ns contai ning al nost the sane nunber of d(AT) and d(G C) dupl exes,
whi ch are designed to have a parallel arrangenent. This increase in
stability is accurately represented by state of the art MD and MY TI

cal cul ati ons when a Hoogsteen-type secondary structure is assunmed for the
hai rpi ns. g i R?%ls onb?t@%v@r?lrpthggrtlﬁ)éth'ﬁ) %f%}l&iellk RctSmbdAfedalith ltlth@% the
present invehtion provid a new nethod for the stabilization o

par al | el - st ¢hangksdn #bsoypacdupl exes. The introduction of at |east one

8- am nopuri ne ivativ t.abl e ex nder t enperature
condi ti ons \/\hé‘%’é&?%"rﬁeﬁe g}‘gh a\ﬂflPlfls pés %lf%%errgﬁnsnggﬁtnts?%me ‘ponﬁiﬁlon% structures
act as tdﬁmﬁlﬁﬂabmfe@f/ltﬂ RO REEZAG (SED) IDNG: RINSEQNA 106 14)MNAd RNA- DNA

triplexes in SIO ical conditions, mhlch is. I ful for

bi ot echnolPth?Yé‘&‘ B &Z -dmepeihQ Ha NGy 16). AP i A W&¥ense

t her api eSopsEBEY S apﬁéaLaerawaow%P@@nwF@qu 1t3')0n to triplexes having
purine : pyrim o pyrimdine (ty triads, it is possible to

observe Puri neMeltipy experidients ofhmpmrlkE %A@;ﬁ‘éEQIIP NOi AdEQ ByNObdéralertei on of

t he strugtyl f r asr':bc(2 L ﬁfﬁ'fﬁ’ tra

hydr ogen % E%Bgth]éeg%GégEgnﬁjnlgbugm n quﬂgééﬁgéﬂb?k%%{?ﬁ% eto18 guani ne
(Hoogst eemre@Ebgwf@rnﬂeﬂ)at OAIM@oahnm ;ﬂmbq:hsm-pcbm D eth Besk avaditibng 4 cle® possi ble to
draw an extra h¥ r en b nd b oad nine and 2-keto Q,f t hym ne

twe
(Hoogat echi PRI Wapdom.cafl HoyH HO R A< SBPPRuEe P Hec.

Pyri m di ngaij IIPMBh@@ld(nt)V%vd dny t%dhklﬁbﬁxAbﬁc&'Qﬂﬂl% et upiék WﬁhJu@f.hQEd by 29
WO 03/ 100095p PCT/ US03/ 16520, G and A and both 8-am noguanl ne and

8- am noadﬁmgﬁ@eW@tQM(ﬁQeAGQpéGﬂyt?‘?}BTGQTp}CT%%b NO¥ 4n¥EQs f or med
by G and ]')an %Ifﬂ’e%adsfﬁ nf} %g#gb ﬁ] aII occupy the Watson-Crick
% ype 11

purine position. e sta ‘triplexes is independent of pH.
Moreover, the triplex stablhzatlon properties of 8-aminoguanine were analyzed

using the model system described by Pilch et al. (Pilch, D.S., Levenson, C., Schafer, R.H.
(1991) Biochemistry, Vol. 30, pages 6081-6087), incorporated by reference herein.
Triplexes formed by d(C3T4C3).2[d(G3A4G3)] (SEQ ID NO: 17, SEQ ID NO: 18) and
d(C3T4Cs).2[d(GGNGNALGNGNG)] (SEQ ID NO: 17, SEQ ID NO: 19) were analyzed by
melting experiments. Results are shown in Table 5. The substitution of four guanines for
8-aminoguanines changes AG of duplex to random coil transition from -12.6 kcal/mol to
-10 kcal/mol (a decrease of 2.6 Kcal/mol). On the contrary, the same substitution
changes AG of triplex to random coil transition from -26.3 kcal/mol to -28.4 kcal/mol (an
increase of 2.1 Kcal/mol). We conclude that 8-aminoguanine destabilizes duplex but

stabilizes type II triplex.

Table 5: Thermodynamic parameters of the triplex and the duplex. Data obtained in
10mM sodium cacodylate, 50 mM MgCl1; and 0.1 mM EDTA at pH 7.3.

Structure AH (Kcal/Mol) AS (cal/mol.’K) AG;s (Kcal/mol)
natural duplex’ -71.6 -198 -12.6
8-aminoG duplex” -28 -63 -10.0
natural triplex’ -151.5 -424 -26.0
8-aminoG triplex” -133 -350 -28.4

31



For these reasons they are generally used for triplex applications at

physi ol ogi cal pH The follow ng ol igonucl eotides were prepared:. h26: 5
GAAGGAGGARA-0B/GNT CTCCTCCTTC 3' (SEQ I D NO 11) h26- 3AG PCT/US03/16520

5' GAAGGNAGGNAGNA- TTTT- TCTCCTCCTTC 3' (SEQ ID NO 12) h26-3AA 5
GAANGGANGGANGA- TTTT- TCTCCTCCTTC 3' (SEQ ID NO 13) s11-GA : 5 AGAGGAGGAAG
3" (SEQID NO 14) sl11-Gr : 5 TGIGGIGGITG 3" (SEQ ID NGO 15) RE-2AG : 5
GAAGGNAGENAGA- ( EG) 6- AGAGGAGGAAG 3' (SEQ ID NO 4, SEQ ID NO 14) V\C-I I

Tzal; aﬁdTg}; %(1:@[%& %(CB(@%’Q%%@%) %%N}gﬁﬁg%g %Dgg?lléat@eé%ﬁ% (SEQ
lsgleﬁ)m (1:12 Cé(f" gﬁg% eS| or| dgh and (§E%§0N J%?Q?t .1'(I)'hemvI

resul ti n )r a)l %ﬁ 0 poI yacryl am de gel
el ectroph ﬁﬁﬁ%ﬁw g ( ris- ate 50 MM MyC12,
pH 8.0). HFEde arfirffeﬁleé?{g “ﬁﬁﬁ'l ed by the appear ance of a

sl ower band (Figure 12). Unnodified hairpin (SEQ ID NO 11) and hai r pi n
carrying 8- anypeguaRicngs 8(a$1§g)é@nm@stagg&e Yide! RineMulinbipfexGA- and
GI- Hoogsteen oligonucleotides sll GA % Q | D 14) and sl GT (SEQ I D
NO  15)) .Thas¢ friplaxes @rarfmyrmdgttghyam pgiead pHi e@m(rszdym@ sabilizegyypgde only
triplex e [ved With st 1-GA
(SEQ I D %ﬂf%lfﬁo Stée%l;?a%gs%d? Dﬁ&f%%%et Fﬁg%téalﬁﬁs 9319,I§,§3 %erfor med in 10
mM sodi umntiacgdhinag land pOlypidimiigeasigetnby ciplex fotimawwrdand. tlipleiésBRdabld wo
transitions, were .o ved: one at 80-85 C (hairpin to random coil

transiti chPPEHogif b “her at around 25-30 C (triplex dissociation). The
triplex to duplex transition had a | ow hyperchromcity and it was difficult
to measure 30 V\D 03/ 100099 PCT/ Uso3/ 16520 wWith precision. It is known in
the art tlHgparatigng tadning SragnigQuuAResani ed wWith little or

Oligonucleotides were prepared on an automatic Applied Biosystems 392 DNA
synthesizer. The parallel-stranded hairpins were prepared using methods known by those
skilled in the art. 5'-5' Hairpins (R-22 derivatives) were prepared in three steps. First,
the pyrimidine part was prepared using reversed C and T phosphoramidites and reversed
C-support (linked to the support through the 5' end). Second, a linker, such as for
example but not limited to, a hexaethyleneglycol linker, was added using a commercially
available phosphoramidite. Third, the purine part carrying the modified 8-aminopurines
was assembled using standard phosphoramidites for the natural bases and the 8-
aminopurine phosphoramidites. The phosphoramidites of 8-aminoadenine, 8-
aminoguanine and 8-aminohypoxanthine were prepared using methods known by those
skilled in the art. For the preparation of 3'-3' hairpins (B-22 derivatives), a similar
approach was used. In this case, the purine part was assembled first, followed by the
hexaethyleneglycol. The pyrimidine part was the last to be assembled using reversed
phosphoramidites. The phosphoramidite of protected 8-amino-2'-deoxyinosine was
dissolved in dry dichloromethane to yield a 0.1 M solution. The remaining
phosphoramidites were dissolved in dry acetonitrile (0.1 M solution). Oligonucleotides
containing natural bases were prepared using commercially available chemicals and
following standard protocols. After the assembly of the sequences, oligonucleotide-

supports were treated with 32% aqueous ammonia at 55 °C for 16 h (hour) except for
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no changes in absorbance. Furthernore, gel-shift analysis was al so
performed at the sane conditions described above with hairpin RE-2AG ( SEQ
I D NO 4, wBHQ1b@INO. 14) and its polypyrimdine target WeAT/uSoee6EQ | D
NO 16). Also triplex formati on was observed by the appearance of a slow
novi ng band (Figure 13). Melting experinments of hairpin RE-2AG (SEQ I D NO
4, SEQ ID NO 14) alone and hairpin RE-2AG (SEQ ID NO 4, SEQID NO 14) +
WC- 1 Iiner (SEQID NG 16) were also perforned at 0.1 M sodi um phosphate
pH 7. 2. r (e dom coi l)
was obser véﬁnl?a‘%ggma lhg 8 ofhn rf%lglr%g% uiﬁnet ??gé—ggé Mz‘lﬂk&épt?%\}hglﬁgne di d not
show any dolwaiosiit B2 aqwe:)uaamm@hraoi/asemprbandrthﬂtrezdmplhteo(aS\/ﬂxtelndm tot2éh ati60gst een

5' : SE D NO
D) Shoued o AT SOy e P BT Sdrnehs T PRARES pefegmsped by

st abi | i zatel @SedSHAREAPLES OigoRucidbtil&oMEs!| hﬂﬁhél;\&re@ oRBA. YAl scHl%laﬂ&J withe nodel
system descri bed by Pilch et al. (Pilch .. Levenson ., Schafer, R H

(1991) Bithe herP¥Irgrounay|the Fend g sorﬂnetfc@mwfjaClllfaﬁerWffé?daP@de by reference

h 4 SEQ ID
G L e e
wer e anal (@Deulmtwlt 26fehmiafigr HRb@IpIUHﬁCEHS’D, (R2guiol)svae betsdmvxﬁrm@l]' aHPEC5. The

substitutio ani nes for 1, NO ni han of duplex to
random co(iolnH]tUP%sha ﬂ%%& Ponr%wefia%folg %V%% ﬂ%%‘ cal ]/%%Srfl@?a decr ease of
2. 6 Kcal /tifthylani¥onidhe acei pHI6YS sdlvdt BAme%SAIONth 1 00 hﬂMDtﬁE’]ﬂ@ﬂ@ﬁﬁloﬂﬁnOf triplex
to random coil _transj hmn from-26. 36[§callm)l to -28.4

i ncr ease 3FaE PH feaCrhwims: FRE- L dFremilion), ¢k [@ma ﬂB‘dd&tﬁl ,%gﬂ GB%t‘Aa%?I i zes

dupl ex buin lﬁ{eﬁbgrlidléﬁ%otny p@-Sd)% B (DM'T%% orl@B ﬁll@flnengfaﬂﬁgﬁ/ﬂ?@tﬂ"o%da/@ﬁamat ers
of the triplex and the duplex. Data obtained in 10nM sodi um cacodyl ate, 50

mM MyC12 @M offl. nM EDTA at pH 7.3. Structure AH (Kcal/Ml) AS cal/nol.K
AR5 (Kcal/rmol) natural duplex' -71.6 -198 -12.6 8-anm noG du |lex -28 -63

-10.0 Binding of hairpins to target sequences by melting experiments.

Melting experiments with triple helices were performed as follows. Solutions of
equimolar amounts of hairpins and the target Watson-Crick pyrimidine strand (11-mer)
were mixed in 0.1 M sodium phosphate/citric acid buffer of pH ranging from 5.5 to 7.0
with or without NaC1 or MgC1,. The DNA concentration was determined by UV
absorbance measurements (260 nm) at 90 °C, using for the DNA coil state the following
extinction coefficients: 7500, 8500, 12500, 12500, 15000 and, 15000 M™' e¢m™ for C, T,
G, 8-amino-G, A and, 8-amino-A, respectively. The solutions were heated to about 90
°C, allowed to cool slowly to room temperature, and stored at about 4°C until UV was
measured. UV absorption spectra and melting experiments (absorbance vs temperature)
were recorded in 1 cm path-length cells using a spectrophotometer, with a temperature
controller and a programmed temperature increase rate of 0.5 °C /min. Melts were run on
duplex concentration of 4uM at 260 nm. The samples used for the thermodynamic
studies were prepared in a similar way, but melting experiments were recorded at 260 nm

and using 0.1, 0.5 and 1 cm path-length cells.

Thermodynamic data were analyzed using methods known by those skilled in the

art. Melting curves were obtained at concentrations ranging from 0.5 to 25 pM of triplex.

33



natural triplex' -151.5 -424 -26.0 8-amnoGtriplex' -133 -350 -28.4 31 WO
03/100099 PCT/ US03/ 16520 natural duplex: d(C3T4C3).d(GA4E3) (SEQ I D NO
17, SEQ IWONG10m8); natural triplex d(C3T4C3). 2[d( GBAAE@BPTSES 14520 NO 17,
SEQ I D NO 18) 28-am noG dupl ex: d(C3T4C3). d(GGONGNAAGNG G (SEQ ID NGO 17,
SEQID NG 19); 8-aminoGtriplex d(C3T4C3). 2[ d( GGNGNAMAGNGNG ] (SEQ I D NG
17, SEQID NO 19) AR5 refers to the standard free energy change at 25 T.
W concl ude that 8-am noguani ne stabilizes purine: pyrimdine: purine
triplex deni ne

St abi |1 2oL e B B o B b RGP ana T
bases. Hathe pichtsigoarveyilihg pB}t oﬁﬂr/iTm)guam ln@svabhnchrpbirgeplyneglmsimmd thadget s by

triplex formati on and tri exe re ph oic H.

Pr epar atl%aﬁ’ngtfesﬁ eraﬂgﬁée% TSP | %%ﬁﬂaﬁe‘@r 'gﬂ'c%eoﬁfedes wer e

pr epar ed @ﬁr%@ﬁbﬁmlfﬁorﬁﬂﬁ|st@daxﬂleq53{ﬁ)hem3%EH)Q[S synt hesi zer. The
paral |l el -stranded hairpins were prepared using nethods known by those
skilled |nthe rt Halrplns (R— ,erlvatlves) were prepared in
three stef SIS R8O, SEA &P Pered using reversed C and
T phosphoram di tes and reversed C—support (l'inked to the support through
the 5 end). Spewitdingof HaeRis to ﬂﬁﬁ@o%yﬁﬁhidm@%ﬁg&’ﬁ'@sﬁuﬁl p&itbyldeli ted to, a
hexaet hyl e | ycol linker, was added using a conmerci als avallable
phosphor a‘i"rfaﬁ‘?at“@n asAys: dlh etfﬁléo\mgr%etwete stugligdy i W ltlh‘éerrma%le

8-am ”Opufthgsﬁa Wﬁ@%%ﬁ%ﬁﬁ -PERNY Cﬁﬁ@ﬁ@ﬁh@'@ﬁ?@@m(@ﬁﬁ%é‘?r the
natural bases and the 8- am nopurine phosphoramdites. The phosphoram dites
of 8- ani NCAd&HAE 3'SSEMNNGuAM. ne and 8- ami nohypoxant hi ne were prepared
usi ng nmet hods known by those skilled in the art. For the preparation of
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case, the purine part irst
5' end by T4 polynucleotide kinase and ['y-3zP]-ATP with 35-50 umol of the

Sivada < =
A

oligonucleotide dissolved in 20 ul of kinase buffer. After incubation at 37 °C for 45 min
(minutes), the solution was heated to 70 C for 10 min to denature the enzyme and the
solution was cooled to room temperature. 60 pl of 50 mM potassium acetate in ethanol
was added to the solution and the mixture was left at -20 °C for at least 3 h. The mixture
was centrifuged at 4 °C for 45 min (14000 rpm) and the supernatant was removed. The
pellet was washed with 60 ul of 80% ethanol and centrifuged for 20 min at 4 °C. The
supernatant was removed and the pellet was dissolved in 0.2 ml of water.

The radiolabelled target was incubated with the hairpins in 0.1 M sodium
phosphate/citric acid buffer of pH ranging from 5.5 to 7.0 at room temperature for 30-60
min. The hairpins were added in increasing amounts from 2 to 200 molar equivalents.
After incubation, the mixtures were analysed by 15% polyacrylamide gel electrophoresis
at room temperature using the same buffer as for the incubation: 0.1 M sodium

phosphate/citric acid buffer of pH ranging from 5.5 to 7.0. The formation of the triplex
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hexaet hyl enegl ycol . The pyrim dine part was the |ast to be assenbl ed using
reversed phosphoram dites. The phosphoram dite of protected

8- am no- 2wodsaxgmmosi ne was di ssol ved in dry dichl oronet rameudosrigieel d a
0.1 Msolution. The remaining phosphoram dites were dissolved in dry
acetonitrile (0.1 Msolution). Aigonucleotides containing natural bases
were prepared using comrercially available chemcals and follow ng
standard protocols. After the assenbly of the sequences, oligonucleotide-

supports %OAJ,% g%vgg : our)
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8- am noguani ne a 0.1 M 2-nercaptoethanol solution in 32%

corres ondI 1l tﬁuesta %
aqueous AR RELC USSR EE P he treat ment was extended to 24 h at 55 T.
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a maj or peak, which was collected. Yields (ODunits at 260 nmafter HPLC
purifi catqltgnnuC@e(’Zldnme)eWﬁ@tm@‘h@m‘mS 10 OD. HPLC conditions: HPLC
solutions were as follows. Solvent A- 5% ACN in 100 nM triethyl amoni um

acet at e pHr@ld Bichrosnt B: 70% ACN in 100 nM tri et hyl anmoni um acetate pH
6.5. Columms: PRP-1 (Ham | ton), 250x10mﬂ Fl ow rate: 3rr1/m'n A30 mn

| i near gradle fro Iny:! ne dient from
0-50% B %1 uwé&ldggnﬁregq‘ és | nosO O R hog%hn%enbsué‘feﬁ nces gy l\rﬁ}el ting
exper i rrerﬁomurri\ﬁilcbmdegme)qpemMnmghssmmtchlohﬂe pTke dstﬁaim@lestmeérEraﬁai b0¢aord as

fol |l ows. SoI on qui.nol ar anpunt.s of haijrpi tar et
Wt son- Crﬁréﬂ ?4%mngﬁgfqlﬁtﬁﬂ‘smeﬁff’fltoﬁEQ%gh%(EéEoW%nt@ cgolpy! %’géi'

phosphat %smttémgrermeohna@f&&rat%o&Izﬂ tanﬁmmmsqma'éuédt (PhJC@ sp&wtﬁahvae W t hout
NaCl or MyCl2 he DNA concentration was determ ned absor bance

measur enehtsdearr hsjo b 2Qpecronglringter gftachhd tonNedd! Rgdﬂﬁpécwlﬁ@gf ol | owi ng
extincti O\)Oatgroo%ft}f fnclI c%[;'i)éth 1Zr%99qua§t§g9hnd]ri%§loc%ﬂs 1§}§egga onré&fjat rg.o\"'hQOO M* cm

for C, T,
temperature using a 10 nm/min scan speed, a spectral band width of 1 nm and a time

constant of 4 s. CD melting curves were recorded at 280 nm using a heating rate of
20°C/h and a scan speed of 100 nm/min. Al the spectra were subtracted with the buffer
blank, normalized to facilitate comparisons and noise-reduced using Microcal Origin 5.0

software.

NMR spectroscopy

An equimolar mixture of hairpin d(3“AG AN GG AN GGA AG-5'-(EG)s-5'-CTT
CCT CCT CT-3') (AN=8-amino-A) (SEQ ID NO: 3, SEQ ID NO: 2) and WC-11mer:
STCT CCT CCT TC* (SEQ ID NO: 16) was prepared in 250 p1 of 9:1 H,0/D,0, 25mM
sodium phosphate buffer and 100 mM NaCl. The pH was adjusted by adding small
amounts of concentrated HC1. The final oligonucleotide concentration was around 1
mM. Spectra were acquired in a Bruker AMX spectrometer operating at 600 MHz and
processed with the UXNMR software. Water suppression was performed using a jump-
and-return pulse sequence with null excitation in the water signal. All experiments were

carried out at 5 °C.
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G 8-amno-G A and, 8-am no-A, respectively. The solutions were heated to
about 90 C, allowed to cool slowy to roomtenperature, and stored at
about 4C wota3l10009¥ was neasured. UV absorption spectra an®Cmals/mes20
experinments (absorbance vs tenperature) were recorded in 1 cm path-length
cells using a spectrophotoneter, with a tenperature controller and a
programmed tenperature increase rate of 0.5 C/mn. Mlts were run on

dupl ex concentration of 4Mat 260 nm The sanples used for the

t her mdy%‘iﬁe%ula?%%l@ were prepared in a simlar way, but nelting
experinments were recorded at 260 run and using 0.1, 0.5 and 1 cm

pat h-1ength cells. Therm)d?/nan‘i c data were anal yzed usi ng net hods known by

t hose ski || ed Two tipes ofgatculagipns werg meade vetesiyeheshas peralleletrapdeddenpiant r at i ons

rangi ng fyroem 0,5 f.traplex. .3 03/ / 16520 The
e 11 ng, tnes s bRer: & Bl SR, e e dR i L <,
deri vat i weoleéulat dy@ammidst i ng curve. The plot of 1/ Tm versus 1nC was |inear.
Li near regression of the data gave the slope and the y-intercept, from

whi ch AH, AS bt ai.ned. f bt ai f t h
St andar o QubngR Tk Bt Tor et &b HfPptie P PR iitcnces by

gel - shi f tadexipe (éreathfhoadehfePariich fginef ardaiuafing fort8antiéduanipe) sHAyytd¥indi ne
targets was anal yzed by gel retardation assays. The follow ng targets were

st udi ed: Wis-cPmpisd:at hieB3E YB3 Hafrd) lepet for Seasqlasedeynnegyand for s 1- PYR' 5' CGA
GIC ATT %';Qfo% ﬁ&g‘gs]gggdﬁgl; a Qﬁ%—e %Tag’lil%adeﬁi%%mn@gr ggé},)jne (E-} gher the

d
target oligonucleotides or the hairpins were radioacti v%l y |l abeled at the
5' end byanfigogwhinalicytesind’ dBigkl HaJbe gaemétrigs of 3MomATH AWA h B%3 50, §nol  of t he
ol i gonucl gqti-de.. di ssol,ved, in,®Q. | (-nase~buyf fer . After jncubation at 37
C for 45 a?n'gnd g’(d%'g?ﬁfsg(s‘%?’ %‘EgAso’tﬁ%nd( \Alclg?ﬁgdtgég i %G?(g’t )Ca ?dotp ™MPWin to
denat ur e AMeTeAZYNE"-aNC ahth €"-G0oC 1w ere fulivasptintiedde theB3IOOMG 3¢ Gidnetelir e. 60 |
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mi xt ur e vegféhf_toa (W0 S50 S pats oimeied 3T  Sohdlosesieci s eSS ent r fuged at
4 C for 4aditatBd Gt QQMAsH)P Obtiafad lBEmSHREWBRARECMRR FRIBNSEnall i€

Basis-set superposition errors (BSSE) were corrected following Boys & Bernardi.

Molecular dynamics. Trajectrories for poly d(T-A.T), poly d(T-A) and poly(A.T) were

obtained by classical molecular dynamics. Starting structures for our simulations were
surrounded by cations to achieve neutrality, hydrated (around 2-3 thousand molecules),
optimized, thermalized and equilibrated following standard multistage protocol as known
by those skilled in the art. Simulations were carried out for 1.5 ns at constant pressure
and temperature (P=1 atm., T=298°K) in periodic boundary conditions using the particle
mesh Ewald technique (PBC-PME). Only the last 1 ns of the trajectories were
considered for the analysis. SHAKE was used to constrain all the bonds at optimum
lengths, which allowed us to use a 2 fs. time step for integration of Newton's laws.

TIP3P and AMBER-98 force-field, supplemented with specific parameters for protonated
cytosine and 8-aminopurines were used to describe molecular interactions. Quantum
mechanical calculations were made using the Gaussian-94 computer program. Molecular

dynamic simulations were performed using the AMBER-95 suite of programs.
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pell et was washed with 60 | of 80% et hanol and centrifuged for 20 mn at 4
C. The supernatant was renoved and the pellet was dissolved in 0.2 m of
wat er. Theormdoababel | ed target was i ncubated with the haipquivs3ies20. 1 M
sodi um phosphate/citric acid buffer of pHranging from5.5 to 7.0 at room
tenperature for 30-60 mn. The hairpins were added in increasing anounts
from2 to 200 nol ar equivalents. After incubation, the m xtures were

anal ysed by 15% pol yacryl am de gel el ectrophoresis at roomtenperature

using th bation: 0.1 Msodium phosphate/citric
aci d buf feStm CB%E%B &ﬁmfe {ldé&%v ey 7.0. The formation of the triplex 34
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arget ol o Ry ISR Rl et gl Rhal SePRiel s vere

perforne I'ncreasing anounts from2 to 200
mol ar equilyadsesih ﬁyxﬁﬁm:dﬁ:&rsgeﬁd w@ﬂelsgmlﬁ‘ﬁdlc|1&1@Tseqienmroétmdﬂi@dnlic¢bohh® dn@li r pi n.
Circul ar I}Dll chroism | nucl eotlges wer e di ssolved in_ 100 nM phosphat e

buf fer pHDEWH N EGUFAV Y- Wi RSN O SPHENSHPMRIISEM HRYFF&EPAREEFIY de. The

equi mol arx&RNGent Htd, %ﬁ%iypgﬁﬁi’uméHBé‘g&%eH@ﬁarﬂr@asMnkI@ﬁ)tﬁ@Whttdogf@ndker €
heated to about 90C, all to cool Wy to roomtenperature and stored

at about pelpugineptrandD was neasured. The CD spectra were recorded on a
Jasco J-720 spectropolarinmeter attached to a Neslab RP-100 circul ating

water bath in ﬁemt xg;rét%ﬂ%ﬁls 135 T(§E(§¥Ib'l\!‘(9rl' SRl 19PDS2) I@Eéﬁt (SBQUere

recorded at room ature u ing a nmmn scan speed, a spectral band
wi dt h of ID N arﬁﬁ@lmm 2) Be2ii RQ B NO: 4, SED IDeN @i HR- -22Ur($EQ WeNe: r ecor ded

220,18 S RS LATlessRTSH AR B Rnd0, N A
facil it atlexsanflaidgheolslirkedl[(BG)$ eTheoarth 25bazgs ddawo atindregaded byO
sof tware. hcla\l 'é/g'ress,g()encdtirggOSS gr(rjlpn%purmes In hairpin R-22A (SEQ ID NO: 3, SEQ ID NO: 2)

two adenines are replaced by two 8-aminoadenines (AM; in hairpin R-22G (SEQ ID NO:

4, SEQ ID NO: 2)two guanines are replaced by two 8-aminoguanines (G") and in hairpin

R-22I (SEQ ID NO: 5, SEQ ID NO: 2), two guanines are substituted by two 8-

aminohypoxanthines (IN). Hairpin R-22 (SEQ ID NO: 1, SEQ ID NO: 2) is a control

sequence that contains only the natural bases without modification. The number of

modified bases in each hairpin was selected to optimize stability with a minimum number

of modified bases, as described elsewhere.

The second group of hairpins B-22 (SEQ ID NO: 1, SEQ ID NO: 2) B-22A (SEQ
ID NO: 3, SEQ ID NO: 2) B-22G (SEQ ID NO: 4, SEQ ID NO: 2) have a similar
composition but the polypurine and the polypyrimidine parts are connected through their
5' ends with a hexaethyleneglycol linker [(EG)s¢]. In addition, a hairpin bearing two 8-
aminoguanines and two 8-aminoadenines was prepared (B-22AG (SEQ ID NO: 34, SEQ
ID NO: 2) to test whether the stabilizing properties of the two 8-aminopurines are
additive. A control oligonucleotide (B-22A control (SEQ ID NO: 3, SEQ ID NO: 8))
with the same sequence in the polypurine part as B-22A (SEQ ID NO: 3, SEQ ID NO: 2)
but a random polypyrimidine sequence was prepared. Finally, the oligomers B-
22AMMT (SEQ ID NO: 21, SEQ ID NO: 22), B-22AMMC (SEQ ID NO: 21, SEQ ID
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An equi nolar m xture of hairpin d(3 -AG AN GG AN GGA AG 5 -(EG 6-5 -CTT

CCT CCT CT-3") (AN=8-amino-A) (SEQID NGO 3, SEQID NG 2) and W&1 Iner: 5
TCT CCT OXO 6BAYOISEQ | D NO 16) was prepared in 250 111 ofPCarusosizé32©20,
25mMM  sodi um phosphat e buffer and 100 nM NaCl. The pH was adj usted by

addi ng smal | amounts of concentrated HCl. The final oligonucleotide
concentration was around 1 nM Spectra were acquired in a Bruker AWM
spectroneter operating at 600 Mz and processed with the UXNVR software.
Water su e HRE: Y§| j}w I uence
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of the Watson-Crick hydrogen_ bondi ng adeni ne_(or 8-am noadeni ne) and

t hym ne, WMM (ﬁ'E BN a%%@a%?rﬁéfo Hudy the edest gban ipkgrupEroR B¢ at t he
B3LYP/ 6- 351%(, h I §&5n t reef or med
Hoogst een ﬁr% feq}%h%rﬁltb%rgnlhﬁltéggsewgg)-t heﬁgh&%g{)lgéedgdt}?gpri (or 8-

am noguamnmewadcymosnﬁ@i‘rlmﬁlge (CenT) iy Ioeatgémﬂaf:mlécﬁe pésitmondithe purnd, AN , G
G\, C T Tap AT spraseye. and GN
O and P beu of Rt Kefegan Rl st ol oo ol 7 2o
at the B3YRichted i thelctiredpedihg p(ﬁsitldnmme)l{ddééﬁe&oﬂra@ij ck base pair is
indicated with a dot Hoogst een base pair is indicated with a dash).

Super posi 1 on B SoUEREUEO e Ab T SACHE! F e By §0s 2BE oy o
Mol ecul ar220MNENiSEs) IDTN@J wtsmg[r 118350 ol X BJQiA(LG(UZSBQ'ﬁDN(DOi&/ SeEQIANoand
pol y(A. T) were obtained g%/)o assi cal nol ecul ar mcs. Starting

st ruct ur 9> BERASJIC SERQIRNC RS B B NQi2p é%aé’&NB aY?atf‘? eAvae puslentids eve
neutral i ts)équemfg haB 89 A(1Rf %qgogbe?w&iﬁq}'féﬁaprMe%ﬁﬁlbgl%yrlmldme parts is

made out of nucleotides (-TTTT-, -GGAGG-, -CTTTG-) instead of the

hexaethyleneglycol bridge.

Thermal stability of the triplex formed by hairpins linked by 3'-3' bonds.

The relative stability of triple helices formed by R-22 hairpin derivatives and the
polypyrimidine target sequence (WC-11mer (SEQ ID NO: 16)) was measured
spectrophotometrically at various pHs (pH 4.5-7.0). In almost all cases, one single
transition was observed with a hyperchromicity around 25% at acidic pH and 20% at
neutral pH. The melting curve was assigned to the transition from triple helix to random
coil. Exceptionally, the melting curve of the triplex R-22I: WC-11mer (SEQ ID NO: 5,
SEQ ID NO: 2, SEQ ID NO: 16) at about pH 5.5 and 6 showed two pH-dependent
transitions. When A and G were replaced by 8-aminoadenine (AM) and 8-aminoguanine
(G™) in the triple helix, this was greatly stabilized (10-18°C in the range from about pH
4.5 to pH 7.0, Table 6). When guanine was replaced by 8-aminohypoxanthine (IN) triple
helix stability increased only slightly at acidic pH, but the triplex containing I
maintained its stability at neutral pH while the unmodified triplex stability rapidly

decreased.
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optim zed, thermalized and equilibrated follow ng standard nulti stage
protocol as known by those skilled in the art. Sinulations were carried
out for 1wb mao@s constant pressure and tenperature (P=1Ppratvose3/165208K) in
peri odi ¢ boundary conditions using the particle nesh Ewald techni que
(PBCG-PME). Only the last 1 ns of the trajectories were considered for the
anal ysis. SHAKE was used to constrain all the bonds at optinum | engths,
which allowed us to use a 2 fs. time step for integration of Newon's |aws.
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8- am nohy%bXhi ft n“em(lglm)trae%%w%wr@ﬁmts@)bwweé tqwrat%@gwetér@
pyrim di ﬂ@yéﬁch&%cﬁﬂr&l&i 1l 94, indi 'Bﬁngemé{fiﬁ'&@&sﬁfontohg‘er@éd WWH’E'V@@“ des are

shown in Figure 15.” The tar get uence conprises a triplex
char act erilzed (B5Q IO kﬁt) (talble hehle)rctfferls Henpthhtghseived witheutiaoWyst- Eenerst r and

was | i nke t urine strand. The firs roup of

o i e CROID NP oS R e Ssih S60e SEBMF o 5 P s 1
NO 2) R-pa2fBe( &2A O ridonfcoilSEQsKiBI.NO 2) R-221 (SEQ ID NO 5, SEQ ID NO
2) are parallel-stranded and connected through their 3" ends with a

hexaet hyl neql col .linker EG 6]S .The ont Lo 22 bases and two purines
repl aced M%M%%M—ﬁﬁal rpin R-22A (SEQ I D NO
3, SEQID NO 2) tw adenines are replaced by two 8-am noadenines (AN); in
hai rpi n R 22G 1f S84ibitdNGE haidhinsIaRed By BIQ' bapdsvR- Mﬂivﬁt@s&sﬁﬂlarﬁlﬂ@hxﬂ&ed by two
8- am nog ani, nes h pi N |D NG 2),

t wo guanl a‘i"%‘dg&%|dFﬂYaé‘de§9”eEWeBare<£H%ﬁ?ﬁ&%%‘ﬁ‘?lhiyrféénlelia Rglicefia r pi n

R-22 ( SEQOH%M thd B-5ERidoBu A3 tidé Meti vati@eLARAthObolypyrimidine target sequence
(WC-11mer) (SEQ ID NO: 16) was measured. As described herein, one single transition

was observed with a hyperchromicity around 25%, which was assigned to the melting of
the triple helix. Replacement of A by 8-aminoadenine (A") and guanine by 8-
aminoguanine (G") in triple helix greatly stabilized the triple helix (Table 7). Moreover,
when the melting curves of the hairpins were analyzed without the target WC-11mer
(SEQ ID NO: 16), the parallel structure was stabilized by the presence of 8-
aminopurines. At acidic pH triplexes formed by both types of hairpins have similar
stability. At neutral pH hairpins linked by 3'-3' bonds (R-22 derivatives) form more
stable triplexes than hairpins linked by 5'-5' bonds (B-22 derivatives). Nevertheless, the

increase in stability due to 8-aminopurines was similar in both systems.

~ Next, we examined whether the stabilization properties of 8-aminoadenine and 8-
aminoguanine are additive. A hairpin with two 8-aminoadenines and two 8-
aminoguanines substitutions was prepared (B22AG) (SEQ ID NO: 34, SEQ ID NO: 2).
Melting curves were obtained with the appropriate hairpin and the target WC-11mer at
pHs between 4.5-7.0, 0.1 M sodium phosphate, citric acid, 1 M NaCl. We found that the

stabilization properties of the 8-aminopurines are additive (Table 7). For example, at pH
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sequence that contains only the natural bases w thout nodification. The
nunber of nodified bases in each hairpin was selected to optim ze

stabi | it ywgiBho@9oe ni num nunber of nodified bases, as de®cmiusesiiekeewher e.
The second group of hairpins B-22 (SEQID NO 1, SEQID NGO 2) B-22A (SEQ
IDNO 3, SEQID NO 2) B-22G (SEQ ID NO 4, SEQID NO 2) have a simlar
conposition but the polypurine and the pol ypyrimdine parts are connected
through their 5 ends with a hexaethyl eneglycol linker [(EG6]. In

addi tion,¢ r ni nes
was. pr epis ﬁ%’fﬁ&%&%ﬂ?éf&% Bl RO P NP ogf e Py ARIREET e

st abi | i zi mppprEPebY 2@, ofhetdae twad-aBuraailerdmesnndves amingreasaiofi & 16/ end vacont r ol

ol i gonucl otide - 22A cO p¢ (SEQIDNO 3, SEQID NG 8)) wth the sanme
sequence ?F’F‘Hé“ 6’?‘3?66‘??85 ‘E) t as B-22A (SEQ ID NO 3, SEQ ID NO 2) but
a random pol ypyri m di ne sequence was prepared. Finally, the oligomers B-
22AMMI ( e bDxhdiBloo2dteenSiGhd bh MO trig2y forlBaf@MdMiEipHEQ | D NO. 21, SEQ I D 37
WO 03/ 100099 PCT/ US03/ 16520 NG 2), B—22AMVG (SEQ ID NGO 21, SEQ ID NO

23), B-22AMMA (SEQ | 21 SE IDNO 21
B-)22ANNCA (SEGHe 3%@?@%00@&%% %Bg as gj?the[%‘ E%Wi%é parpn SEQ) I D

NO 22), HBobldihMAanieFnt equbkee, B, w1ﬁaEth| @axhl@oac?eﬂ)ne sBbsti NI Sk8a-1 D NO.
25, SEQ ID NO 24) and B- 22AMvpdA (SEQ | 25) were prepared to study

the ef f ectomplemgntaryPEPigHg %ﬁ%ﬂ%nﬂﬂlﬁehg%wa!quldet(yaraﬁd Bt?éAtqqngple(Sﬁ&IM In
these haiygi 1%Ed YWN@'%F}' AR SnfY (Breh SPh AR WinichRyiGhs 3 ORAEAT NS

pyrim dine (C or ocated in the mddle position of the purine part
and each asﬂuemhe(W&Unmr(fBﬁ@éEI‘émleéh abasic site nodel conpound
(propanediol, pd) are located in the corresponding position at the

R0 26) B BT bR e LB i et SRS M T o

28, SEQ |dbubiGre ofzme; pdsaIMAhﬂI@ {536 ds Bevidded BQ;heSEQpbarm oﬂ)heanadmﬁeﬁzZN) have
t he sanme nucl e the

and pol yp F?rﬁ?cﬁ‘vhgp tBsme yqeggc%?vea}g obtamedA\ w1thlout the targe? R’(,b ? mer (BEH}B T5)8| ypurine
16) (Table 8).

The transitions observed with the duplexes formed by B22-A control: WC-11mer
(SEQ ID NO: 3, SEQ ID NO: 8, SEQ ID NO: 16) showed lower Tm and
hyperchromicity. The hyperchromicity associated with the transition of the duplex
formed by B-22A control: WC-11mer (SEQ ID NO: 3, SEQ ID NO: 8, SEQ ID NO: 16)

was 11%, which is indicative of a duplex-to-single-strand transition.

The transitions observed with the complex formed by B-22A: WC-11mer (SEQ
ID NO: 3, SEQ ID NO: 2, SEQ ID NO: 16) showed a 22% hyperchromicity, indicating a
triplex-to-single-strand transition. The difference between the Tm of the B-22A control
duplex and B-22A triplex is the gain obtained by the addition of the Hoogsteen strand.
At about pH 6.0, this difference is of 11 °C (1.0 °C per base) and at pH 5.5, it is of 16°C
(1.4 °C per base).

Salts effects on triplex stability.

Next, we studied the effect of NaC1 Mg CI2 and spermine on the stability of
triplexes at pH 6.0. (Figure 21). We used the triplex formed by the hairpin B-22A (SEQ
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made out of nucleotides (-TTTT-, -GGAGG, -CTTTG ) instead of the

hexaet hyl enegl ycol bridge. Thermal stability of the triplex fornmed by

hai r pi ns wiorisadooby 3' -3' bonds. The relative stability of pomiydo®1ésed i ces
formed by R 22 hairpin derivatives and the polypyrimdine target sequence
(WC-1 Imer (SEQID NO 16)) was neasured spectrophotonetrically at various
pHs (pH 4.5-7.0). In alnost all cases, one single transition was observed
with a hyperchrom' city around 25% at acidic pH and 20% at neutral pH The

I t t ' j X d
ot || ExchniiB; SO TS NI ah ok 10 IAE (@I NG T R B Wi | For (se0
ID NO 5, forB&byt ﬂDeNﬁrplﬁ,B EEQ(SHZQ NONCL6) SEE RSOt 2md5w5 dmekr SEDENed t wo
Hd £t i d.b
(AN and B0 HndgnSAFhane ped Shad Vet P i aRRehiat ot B E0efg ™ "
st abi | i zeNigC1DanlGperniiné, it m&gasédrmoabmﬁodmm pibsphdt©pHld.0. 0, Tabl e 6).

When guani ne was repl aced by -am nohypoxanthine (IN) triple helix
ex containing

tabilit d | t di
TN it af ned g A hads dehtiudt Bone T e hei gRRb MG ¢ 11 pi ex
stabi || Eyviephy «C (ERTRECRE. 130 HRAHUAAIOPHLITLLEN H6530cr Ta. hes!

whet her transition was Otl’l hel i x formati on, rretlng curves were

obt ai ned Weiing wmnemtws of Ripkexeg BE@G DNKIolnler (SEQ PR, QR DNOA2( SEQ | D NO
3, SEQ Q ) NO 5,
SEQ I D I\%@%]\@ g@cﬁ%&?ﬁ Wgsf;f%eé‘l%{é%% M]j F% erglfrr%%ollgﬁglgiczf geltODsequence
(WC-11 nmemM MSEQ. H‘rDmNCOmM&) 50 AN Mgl le, the ameaa‘se mmelasg ahmeraoine;’fsnMeﬂ but at
| ower tenperature and wi hyper chr.om ci around 10-15% di cati ng
et t ho BRERLP P KGEe 1 8 AT SRSATEEnt ot HnhyaRe 1S HGeher (¢ i pl o

hel i x) di hh@iesium!i9Binbad ﬂ)b%ﬂia‘y’leﬁlg\fheish‘dwit ohehe\Wipldd, inEding &E@eintﬁlé\lo 16) .

The transition observed in the halrpéfns a one corresponds to the parallel
dupl ex t cCONEHUBHPE B agnesivgis MeFe P riPgEnipg daes gt 246y ver sus

hai rpi ns yd-hime staélht}l 6%3&?&.

Presence of Interruptions in the polypyrimidine target sequence.

We also assessed the effect of an interruption on the polypyrimidine track of the
target. To this end, two polypyrimidine targets with a purine in the middle of the
sequence were prepared (s;;-MMG: >TCT CCT GCT TC* (SEQ ID NO: 30) and s;,-
MMA: *TCT CCT ACT TC?) (SEQ ID NO: 31). Next, hairpins carrying the four
natural bases and an abasic model compound, such as for example but not limited to pd
(propanediol), at the Hoogsteen position were prepared (Fig. 15). Moreover, two 8-
aminoadenines were introduced in the purine part. These oligomers have the
complementary base at the Watson-Crick position opposite to the interruption and a T, C,
G, A or pd on the Hoogsteen strand opposite to the interruption. Melting curves were

obtained at pH 6.0, 0.1 M sodium phosphate, 1 M NaCl.

The melting temperatures of triplexes carrying a guanine on the polypyrimidine
target instead of a cytosine are shown in Table 9. The hairpin with a cytosine in the
Hoogsteen pyrimidine part gave the best binding. Hairpin B-22AMMC (SEQ ID NO: 21,
SEQ ID NO: 2) bound to its target (s;;-MMG) (SEQ ID NO: 30), although the Tm
decreased by 4 °C (47 °C B-22AMMC: 5,;-MMG (SEQ ID NO: 21, SEQ ID NO: 2, SEQ
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In addition to the hairpins |inked by 3'-3 bonds (R-22 derivatives),
hairpins |inked by 5 -5 bonds (B-22 derivatives) were prepared. The

rel ati ve woaiihaovy of triple helices formed by the B-22 @drgmosicéseot i de
derivatives and the polypyrimdine target sequence (WC-1 Iner) (SEQ ID NO
16) was neasured. As described herein, one single transition was observed
wth a hyperchromcity around 25% which was assigned to the nelting of

the triple helix. Replacenent of A by 8-am noadeni ne (AN) and guani ne by 8-
am noguany . i i RXo Q- ] N t i .hel i x

(Tabl e 7)nj.[j1 Oﬁ'éﬁ?fgﬁak\rﬂh\ggﬁ%ﬂgﬁ ﬁéﬁ%ﬁgﬁcﬁr@%g@?@ I?ﬁgb‘hgfsr pi lr?s)kﬂ%é?’e anal yzed
wi t hout t$EEQTRMNRt16\\CThe binding of BE@evbahipin td 8 pew terggias wdry etlediveast ur e was

stabilized b he, presence of 8- ami nopurines,  ©li i.pL exes
Formed. by “Boa BB ERBROHer PR R oTB SC T BERARMG GERD (00 Far o

hai r pi ns $EQHBN®)2) Fithdhe Bangge( (B3 2C BleTAMMG:vB&)-11 @ENSEY ¥ N6t 20| e
triplexes than hairpins linked by 5 -5 bonds (B-22 derivatives).

Never t hel ¥Q IDIHE 2, SEQIPNE: {6 tsup T ¢ B-ZReMME: suiaMVHe (REQ MR 8'Qidd- si ni | ar
in both syshepo.NexEQ ieneXaf). ned whet her the stabilization properties of
8- ami noadeni ne and’ 8- “am noguani ne are additive. A hairpin with two

8- am noadeni nes and two 8- am noguani nes substitutions was prepared (B22AG
(SEQ | D NO 34A sigglar resultimas ohtained/mhen pryadening svasgrasuedsk igithieed wi th t he

appropri i IR r -WC- H-7.0, 0.1 M
sodi um pﬁ%og atng{i}lhglmt?éh? é—F%g? %I ’ %?F\W%Efl’ }h;{%@%%%%aﬂﬁg?%%%%%g% 3§?| i zation
properti egaxof. ThepBfeaericaopGrtd basl tareT adelntptives {rflab¢ preferenceof Caxhimgl e, at pH
39 WO 03/ 099 PCT/ US03/.16520 . 6,0 th ddi.tion . of the two 8-am noguani nes
and two 8 SriHEHBERIS RS PILREEE PALORLIAGT tiaip AP Uy RSB uRioriar oas
two 8- am ineask@el fapins AFHKREIcAd dVRROER DEcAke 6f the p@itd WiQon-Briekpar0gmaRi nes a
rise of 14 C. Role of the Hogogsteen strand on the trjplex formation of

hai r pi ns PrEalel Baipinss epRealinbRiinseaying Srnierurngs. cadbe redeugied dabed. v

pr epar ed Pl Bol R&aiR & Lo ghce, but with two

8-am noad%ﬁ?%%t )Is)[t)g)gty??ﬁt ?dcl)néstagér%%% %ﬁ-l%corrplte ntary pyrim di ne strand.

Thi s oligonucl eotide (nanmed B-22A control (SEQ ID
Role of the loop on triplex stability.

Finally, the role of the loop on the stability of the triplex was analysed by
preparing derivatives of B-22A with various loops. In addition to the hexaethyleneglycol
linker, the nucleotide loops -TTTT-, -GGAGG-, and -CTTTG- were studied. Two
tetrathymine loops were prepared: one oppositely oriented to the purine strand (B-
22ALT10 (SEQ ID NO: 3, SEQ ID NO: 26) and the second in the same orientation as the
purine strand (B-22ALT2 (SEQ ID NO: 27, SEQ ID NO: 2)). The GGAGG and CTTTG
loops were in the same orientation as the purine strand (B-22ALGA (SEQ ID NO: 28,
SEQ ID NO: 2) and B-22ALTG (SEQ ID NO: 29, SEQ ID NO: 2). The mélting curves
of triplexes formed by hairpins and target WC-11mer (SEQ ID NO: 16) were obtained at
pH 6.0, 0.1 M sodium phosphate, 1 M NaC1l. Melting temperatures are set forth below.

B-22A YAGAYN GGAN GGAAG® -(EG)s.>"CTTCCTCCTCT?®  Tm=51"°C
(SEQ ID NO: 3, SEQ ID NO: 2)

B-22ALT1  *AGAN GGAN GGAAG® > TTTT-CTTCCTCCTCT* Tm=57°C
(SEQ ID NO: 3, SEQ ID NO: 26)

42



NO 3, SEQID NO 8)) can only formWatson-Crick interactions with the
target sequence (WC-1 Iner (SEQ ID NGO 16)). Wen the Hoogsteen strand is
repl aced we @/1n@n9 conpl enent ary sequence, the structure @cCTiUse3/peseal | el
duplex is lost, as reveal ed by the di sappearance of the transition
observed when the nelting curve is obtained w thout the target WC-1 | ner
(SEQID NO 16) (Table 8). The transitions observed with the dupl exes
formed by B22-A control: WC-1 Inmer (SEQID NO 3, SEQID NGO 8, SEQ ID NO
16) showeg shayan TishAMSGANSBAAATTEICT TR EMEEY chr onfgidsycassoci at ed
with the transition of the duplex fornmed by B-22A control: WC-1 Iner (SEQ
| D NO 3, (S8eJD BONG, SBQ IBEOI B) NO 16) was 11% which is indicative of a
dupl ex-to-single-strand transition. The transi ti ons observed with the

conpl ex f@r B- GIATRE dcﬁf&]s s | D ~ SEQ I D NO
16) shom%zggg‘%hyﬁgfhr%g%l tAy, indicati ng a tri %[El@x toﬁ%ng e-strand
transi ti ofsEQTHENG: 28, SEhbeNoet2)ween t he Tm of the B- 22A control duplex and
B-22A triplex is the gain obtained by the addition of the Hoogsteen st rand.

't Toor BRI | e A eR PG TICC O CTPT o GBIty Nt

we st udi e@$EQD BOEZGSEQFIDNGC: 3) My Cl2 and spermine on the stabil | ty of
triplexes at pH 6.0. (Figure 21). W used the triplex formed by the hai r pi n

B- 22A (SEQ 40 WD 03/ 1000 9 PCT/ US03/ and the
WC- 1 i mer (se%ﬁeﬂfwle%‘f SRS RUBPTE TREIER | thﬁftg%w%f}tﬁa@%v A rpin

B- 22G ( SEQsife wie olﬂam&z—ﬁth BeMeVerged BN Mficed (HaftBin E-SEQJTD(SE@IDW 3,For NaC
1, the buffer used was 1 M sodium phos_ghat e-citric acid ._For

MyC12 andSEQEP MQ}e’ﬁ)’tW BUEY dollqyesdbitbe THT Y linkes Sbnitin Br?@é*r}ﬁa?t@E@I-ﬁ% 0.
Sodi um chigr s fep %ﬂ) RoS b% Mim $5@PAHd FAEEAGE ’foéﬁf?iiHax@?ﬁ’d’i{p 8. C (w thout
NaCl) to 51 C (1 . Low concentrati ons abi'i ze the
triplex, 2AJ.GAKSEQID NO 28, SEQ ID NO: 2), B-22ALTG (SEQ ID NO: 29, SEQ ID NO:

2), ATm 3°C). While not wishing to be bound by a particular theory, we suggest that the

enhanced stability found with hairpins having nucleotide loops is due to the high salt

concentrations used in the melting experiments. When melting experiments were

performed at lower salt concentrations, it was found that the differences between hairpins

with the hexaethyleneglycol linker and nucleotide linkers were less pronounced.

Molecular modeling

The formation of a triple helix by the binding of a Hoogsteen parallel-stranded
duplex to a single-stranded oligonucleotide is guided by the formation of Watson-Crick-
like H-bonds. The presence of the complementary Hoogsteen base may alter the
magnitude of the Watson-Crick interaction. Results demonstrate that no dramatic
changes can be expected in the Watson-Crick interaction by the presence of the
Hoogsteen base. Thus, the binding of T to the Hoogsteen A-T (or AN-T) dimer is less
than 1 kcal/mol worse than the binding to A and the binding of C to the protonated
Hoogsteen dimer G-C (or GN-C) is 2-3 kcal/mol better than the binding to an isolated G.
The presence of 8-aminoi)urines might slightly decrease in the intensity of Watson-Crick
interactions, but without affecting the formation of triplexes from Hoogsteen duplexes, as

reported elsewhere.
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melting tenperature of triplexes B-22G WC-1 iner (SEQ ID NO 4, SEQ ID NG
2, SEQID NO 16) and B-22A: WC-11 ner increased by 5 degrees fromno MC
12 to 10 woMshMy@?2. From 10mMto 50 mM MgCl2, the i ncreasedrusmwiiéseng
tenperature is nil or [|ower than one degree. In a preferred enbodi nent of
this invention the presence of nagnesiumis enployed for enhancing the
stability of the triplex, including wherein the concentration of magnesi um
is nore preferably 10mM Sperm ne does not generally affect the stability
of tripl exes. (Flaﬁa%gs&g eétqﬁﬁrrﬁﬂabfg@ﬂéed DoddieeRQlMBY bived ngne attﬂﬁg)@t
sequence. so assessed the ef an interruption on

pol ypyri rﬁidwq@r,tthatsklatwﬂ Hdoegste¢radypdax majondat fye sufdingntly ps- %@Wr iTht: di ne

targets with ine in the mdd of. th n repared

(s11- M MastdpaRph g e Grganifaubhy Wonk ph beggfimaltd By G R ToG Qo bty 1)
(SEQ | D Nfaviadibh (RN} betvradn thi Bisuctdes sunf]ﬂeddiﬁ‘m@@}w trajétft(hﬂalof brdegatend an
abasi ¢ nodel co ound such as for xanp %ebut not limted to pd
(propaned‘i‘%’l 9% angthg aysrage sigqtge QT Hl?éji“ﬂeéh“ (Pl SRISHUEE ]%lg}"ﬁ 16f§5playﬁ/breover,

two 8- anpeMENhdIRSentRE RajbObRABIGRE WatsbAe il Eh@ﬁo@@sﬁéen dRPIER& Rk iOTer S
have the conpl enentar base at the Watson-Crick position opposite to the

i nt er r upt dveragangueiures ofthoth @plexes whee lf@ﬂrpprﬂéedm@é%théél‘np@t faypdgopposite to

the intery n‘ﬁ?&kﬁoﬂaaﬁb(%d Mrsﬁﬂl ysitiof fire {52 eec?&%%kﬁl%‘?n@[at()p"hﬁ@l&n sPbetw Q’é SOd' o

phosphat e melting ures exes carry
guani ne othe lﬁ’reerOgsyq&yiranm}dItﬂﬁlex-tp@ﬂ’og@mizied%Ioegsieemfduﬁle&yi agy auad eAs hown in

Table 9. The_h W a cytosine int st ee di ne part gave
Che best BEREFALFTRLISL 18 SHURRES csroetBf R Mo gt tghe RS Rbfash bouna o
its targehe (rﬁ}ectbnég\@)the(n@@@eh@u%@(es:‘tﬁbo @éehhb@lv@i‘s&@'lc ndl@er eased by 4 C
(47 C B-22AMMC:. sl11 21, SE%I D NO SE% 41 WD 03/ 100099

PCT/ US03/ eressrending M@avsrege%%wﬁmr@ds s 0§ cIn@DQQaﬁt 't SdrhsPVEBEQ 1 D NO
3, SEQ I QpNRee %atioﬁ@jclklauggx ai@the tﬁé@ %&&5@% ﬂ&e@f\"{(att%')% {ekRl fholuP 11S new
S decr ea

target is very selective revea ein the Tin of
the tripl2A. BIR2AMNTIchSEP gy N@gesk that thSEQe pEraNKh Hadpesteent dupldras bettbrt ar get (33
CB ZZAM\/ppre o\r/g\%mlzed to {orn(x S%%lex than" thez\:JV'atson Crick antiparallel duplex. This finding
agrees with the CD data, which show that the spectra changes more in the transition from
a Watson-Crick duplex to triplex than in the transition from a Hoogsteen duplex to the
corresponding triplex. Therefore, it will be appreciated by those skilled in the art that the
Hoogsteen parallel hairpins of this invention are very efficient templates for the

formation of triple helices.

Thermodynamic studies

The dependence of the triplex to random coil transition on DNA concentration
was studied on several triplexes (Table 12). In all cases, the melting temperatures of the
triplex to random coil transitions decrease with the concentration, as expected for a
bimolecular transition. The plot of 1/Tm versus In concentration was linear, giving a
slope and a y-intercept from which AH, AS and AG were obtained (Table 12).

The AG for the triplex dissociation was -58 kJ/mol for the unmodified triplex, - 76

kJ/mol for the triplexes carrying two A" and -88 kJ/mol for the triplex carrying two G™.

44



SEQ ID NO 2, SEQ ID NO 16) versus 47 C B-22AWMMC. s11-MMG (SEQ | D NO 21,
SEQID NGO 2, SEQID NO 30). Asimlar result was obtai ned when an adeni ne
was i ntrodwosdosmot he polypyrimdine target (Table 10). IreTiUN0S/1€a6€e, t he
best base at the Hoogsteen position was G The preference of Gto bind to
A T interruptions and the preference of Cto bind G Cinterruptions are
well known by those skilled in the art. However, the interruptions in
par al | eI hai rpins are easier to overcone because of the purine Watson-Cri ck

part. aq{s@'tll {)gtbve%ﬂhg@ \Bfl.%es gﬁ@?g 'df#elréﬁcpg" [\@io@§ #%Fxhbél&gglﬁkﬁx%ﬂopur I nes,

can be re es gned to |ently to pol ypyri argets carry| ng a

short int Vi,J(P}\LO N tl%.lt on f {cj/ ﬁﬂé I)rr%ll f)%(r Shafiddn é‘yFor then% . the

1 .
rol e of tRe100p on°® ex was anal ySed BY “prepari ng

derivatives of 2 th var ti ntothe

hexaet hy| €ReYi& ol Aﬂl}‘ RicBse 38&%8‘5@‘5(’83%3 I%?lf"f‘(’lper Edxigtion) g
-CTTTG were studied. Two tetrathym ne | oops were ared;  one oppositely
ori ent ed ¢ompaied yith pHer kase anploguss t%‘?ﬂﬁ‘ﬂ@“{“ﬁlﬁ@ high %%ﬂp% sebehizaiyINO. 26) and
the second in the sane orientation as the purine strand (B—22ALT2 (SEQ I D
NO 27, SEQartiesvepory)for amhediBahbsear thoaaTwemepynpkthaetpbilibhofifuosstaere

ori entatl on as the purine strand (B-22ALGA (SEQ ID NO 28, SEQID NG 2)
and B- 22 AndGV4tSeQCHEX biGe paigs joBlH® | D NO 2). The nelting curves of
triplexes formed by hairpins and target Wo- | 1 mer (SEQ ID NO 16) were
obt ai ned @¢l-shifthssayd, 0.1 M sodi um phosphate, 1 M NaC 1. Melting
tenperatures are set forth below. B-22A "AGAN GGAN GGAAG'

- (EQ 65" CTTCCT(He Hirkdng JHaadinSto hSERrkdds Wek also anaERed hd) B-22ALT1 "AGAN
GGAN GGAAG' -"TTTT- C'I%'CCT%%ZI'FC}I? Tm=5rgC (SaEQaIlDEQNeO %QQSSEQ I D NO 26) 42 WO

03/ 100099, w 1243 i CT3
ThessC gggrlfl%ﬁ%aof%?é%%% 81284k l%dx% ARRNGAMNGEAATP hld paaykatidetdcCT

kinase and increasing amounts of the halrpms were added. After incubation at room

temperature from about 30 min-1 hr in a citric-phosphate buffer pH 6 of 100 mM Na™*
ionic strength, the mixtures were analyzed by polyacrylamide gel electrophoresis. The
formation of the triplex was monitored by the appearance of a radioactive band with less
mobility than the band corresponding to the target alone (Fig. 17).

Figure 17 shows the binding of hairpins (SEQ ID NO: 1, SEQ ID NO: 2) R-22A
(SEQ ID NO: 3, SEQ ID NO: 2) and R-22G (SEQ ID NO: 4, SEQ ID NO: 2) to the
single-stranded target WC-11 mer (S'TCTCCTCCTTCy) (SEQ ID NO: 16). In all cases, a
new radioactive band with lower mobility appeared. The relative intensity of this new
band is consistent with the melting experiments. For example, the hairpins carrying the
modified purines (AN and G™) completed the formation of the new band at a lower
concentration (0.02-0.1uM, Fig. 17) than the unmodified hairpin (0.5 pM, Fig. 17). The
hairpin carrying G" also showed better binding properties‘ than the hairpin carrying A", in

agreement with melting experiments. Moreover, binding is more efficient at pH 5.0 than
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B- 22ALGA 31AGANGGANGGAAG GGAGEh' - " CTTCCTCCTCT" Tne54C (SEQ ID NO 28, SEQ
I D NO 2) B-22ALTG YAGANGGANGGAAG CTTTGh' - sCTTCCTCCTCT" Tme54C (SEQ I D
NO 29, SE®O d3/1biw9 2) Use of nucl eotide | oops is nore prefecanisesfienot he
stability of the triplex. Best results were obtained with the reversed
TTTT linker (hairpin B-22ALT1 (SEQID NO 3, SEQID NO 26), ATm6 O,
followed by the TTTT linker (hairpin B-22ALT2 (SEQ ID NGO 27, SEQ ID NO
2), ATm4 C and the GGAGG and CTTTG linkers (hairpin B- 22ALGA (SEQ ID

NO 28, SEQRHY NOweZso Busd bt ﬁe(bﬁﬁﬁléaﬁdﬁgﬂlﬁdzzﬁﬁ%&@ Ir?No Qrm 3C) .

VWi | e not \;\)n shing to be bound by a ar theory, uggest that the

enhanced gl ghhlid e (Aiichatis afiahiR 'nmﬁ*;ogztea?%tpauslm LRI PQRS 1| B e to

the high sa concentratl ons use experiments & mel ting

f d at It trat f d that
e o L P T B e B SRR LA b ™
nucl eotide.linkers were ess pronounced | ecul ar The formation
of a tri pladPHEBIZZAYYERHD WPhei FRR §? NY: %o@gﬁ@éﬁdﬁéﬂlﬁl‘qa@ thétttg%m&’éﬁ dupl ex

to a single-stranded oligonucleotide is gU|ded by the formation of

Wat son- Cringhality bajds detestasgith Ireinsreemesnoad &f the réplesonpl ement ary Hoogst een
base may alter the magnitude of the Watson-Crick interaction. Results
denonst rat e t hite indiog efifwipm R-CAGHEEQ IDAO e SEXPHEENE 2) 1o thtienghét son- Cri ck
interaction by the presence of the Hoogsteen base. Thus, the binding of T
to the Homgsdeiaargdt WA dImaANSHQ [DiN®@r 16) and @ deublé-baanddd kegek formed Wo ke t han
the binding to A and the binding of Cto the protonated Hoogsteen diner

G C (or OGNCQ1hé (2rSTRcaCCTIC b@tEKfID Noane) 1Bkl & 4diiRGompleditniagpl at ed G

The presence of 8-am nopurines mght slightly decrease in the intensity of

i ol ex e ﬁqﬁ% ACAQEAG pC:p Meég\? (s §E’E FFhbilsd DRl RETREROR 20, 100095
PCT/ USO3/ dfiad fhe labeled oligonucleotide is the target pyrimidine strand (WC-11 mer) (SEQ ID
NO: 16) a new radioactive band with lower mobility appear in both single and double-
stranded targets, revealing the formation of the triplex. In contrast, when the labeled
oligonucleotide is the purine strand, no new band is observed, indicating that hairpins
only bind to the target pyrimidine strand.
In addition, the binding of hairpins to a second set of single- and double-stranded
DNA targets longer than about 11 bases were studied. The double-stranded DNA target
had 31 base pairs containing an 11 base pyrimidine track complementary to the hairpins
described in this study at the middle of the molecule:
T3 5' CGAGTCATTGTCTCCTCCTTCAGTCATCGAG 3'(SEQ ID
NO: 32)
T31 compl. 3' GCTCAGTAACAGAGGAGGAAGTCAGTAGCTC 5'(SEQ ID

NO: 33)
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Cal cul ati ons suggest that a pre-organi zed Hoogsteen duplex gives rise to a
triplex. However, the isol ated Hoogsteen duplex may not be sufficiently
pr e- or ganwpad/100be rmagni t ude of the pre-organi zati on wor k pPearuda1&2¢6 i mat ed
by the nean root nean square deviation (RVSd) between the structures
sanpled during the trajectories of the isolated duplex and the average
structure of the duplex in the triplex structure. Figure 16 displays the
RMSd between the trajectories of both Watson-Crick and Hoogsteen dupl exes
and the averagg widikEstBpikio SRSIE-sHR@XSsM B (SEEADPOAsBdydsnsi de t he
triplex (average structure obtained by analysis of the MD trajectory of
the tripl t he . free;. :

&t d-gna%teggﬁ%bg%. \f‘ﬁg&ltrgﬁtbﬁael&)rlr?s dlk'ﬂﬁtgoﬁﬁc%rhogﬂﬁé As}r@r?ded DNA

tripl ex-preorgani ze st een i's only aroun near the thernal

noi se of si mul at i as,reveal e the fact that t.he RVS tween the
(o ect or et Bt ik Eposfl 5V & EERisEles Hepit B Bt b BERE P FeBF-ana  ne
correspondi n veraged structures i s abo 0.8 A. In contrast, the RVEd
et veon THBYY NAVGEE P e e iABF daet ﬁﬁasmﬂﬁdqp??ﬁsﬁ B3I GHgan 2 ed

Wat son-Crick duplex is about 2 A MDD sinulations strongly suggest that the
free par atapslatippehynglestrangdst aelqeylep it qauilibriyrewigh gﬁrﬁoz@a-swqeégm triplex
than the Watson-Crick antiparallel duplex. This finding agrees with the CD
dat a, whi Bie kakroin prokeblyt bindsthe single-sthadeddermmhus displacing the demdle-standéd om  a
Wat son-Crick duplex to triplex than in the transition froma Hoogsteen

dupl ex t ofotthéo the aripless ploridigeg doplexes esingldFbteamdéd foarms ate searce, abé sathpr eci at ed by
those skilled in the art that the Hoogsteen parallel hairpins of this

i nvent i orhawdbh hee tybiall khd bmtthd eupdxatoissplaoe tHelemptsieatarpsiradll. Foit ake hel i ces.
Ther nodynam ¢ studi es The dependence of the triplex to random coi

transiti opiphs BRr6ENESEh! Mis PABnond@on SiayHeSdrydlow 8Y BfipthctichBlBl exes (Tabl e
12). In all cases, the nelting tenperatures of the triplex to random coi

transitions degrgoane pilatdy &BEiAARSA0pEASHRE byATIRERBELEE::/REo tarBliml ecul ar

transition. The plot of Tmversus I'n concentration was |inear, “giving a
] 0P TS OB S KEmUINEDy S (0070 0% £3%8 ReRclTEDL e 12)
L1 PLex. ol D el S bR RS R AP BT o ! For

NO: 4, SEQ ID NO: 2) alone showed two bands in native gels. The fast running band

showed the mobility expected for an oligonucleotide of 22 bases. The slow running band

had the mobility of a dimer. It is believed that this second band corresponds to the

parallel dimer. Thus parallel hairpins are in equilibrium between the intramolecular

hairpin and the intermolecular dimer. When the polypyrimidine target was added, the

mobility of the dimer varied enough to show complete formation of the band

corresponding to the triplex. Formation of the triplex of the parallel dimer was not

observed.

Circular Dichroism

To confirm triplex formation and gain more information on the structure of the

hairpins, circular dichroism (CD) spectra were obtained. This technique measures the
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44 WO 03/ 100099 PCT/ US03/ 16520 Conpari son between these val ues gives a
difference in AG of approximately 17 kJ/nol for two A- AN substitutions
(7.5 kJ/ nwio,03a0@9Kcal / nol per substitution). For the triplret/voamesgé ng G\,
the difference in AGis 30 kJ/nol (15 kJ/nol, 3.6 Kcal/nol per
substitution). Conpared with other base anal ogues, these are anong the

hi ghest triplex stabilization properties reported for a nodified base,

al t hough we neasured the stability of Hoogsteen and Watson-Crick base

pai rs | oi fidincdsth ﬂl%rl.'ogérp@(ﬁ?(?f%la-ﬁggd ﬁ’é}ﬁd 'chQngQ& EME E&ifg§n§tf3ntolh

ﬁ{%&l jtargets
was al so anal yzed by gel-shift experinents.” The target was | a e?ed

radi oactivel y. W - R I | I | ncreasi ng
amount s ot pal b leed By CDARd ARG R KPR R Ak 3Ry BE o ot L e
fromabout 30 min-1 hr.in a citric-phosphate buff pH 6 of 0 mM Na+

oni ¢ ot rUHEERE DRersTis R BnSt et APty SR By e Jhe PR G

el ectrophoresis. The forma}i on of the triplex was nonitored by the

appear anciategse ueeptivs hatttrarslepgind? 339 nrakkand ik GLY spectiaindichtes Bignd
corresponding to the target alone (Fig. 17). Figure 17 shows the binding of
hai r pi ns fosEtionpf reyiple-straried cpmpiex. The RDxpactry Gty ripleydprmsed bsivgepd NO. 2)
and R-22G (SEQ ID NO 4, SEQID NO 2) to the single-stranded target WC 11
mer (5' TCRCEHGORTEP (SHRADINDNOSEQSD NOn 2pB12284SES, IDaNOne WEQAS Nect i ve band
with lower nobility appeared. The relative intensity of this new band is
consi st ert) and BR22ZGESH@EID INGY 4 KBOrIDMND1 2). anH dicietigrplae wetl e tHeaiD ppacga car r yi ng
the nodified purines (AN and GN) conpleted the formati on of the new band

at a | owedf theClpdip@aiatal dheia@dlshoWnQr Fpude M. 1frial caskd)wd Htaxervetien intemeeli fi ed hairpin
(0.5 M Fig. 17). The hairpin carrying GN al so showed better binding

properti egghhRbahfenddfd 1P GRNYAIRE dthe hdirpiROVGEHE %w&hcm tinag

experinents. Moreover, binding is nore efficient at pH 5.0 than 45 WO

gg{ }g?ﬂgépgg%\(% %ﬁ%?g?est ch%#e'\léep%vft%easln%ggtfl Qe ihbAttiods BEcRLNGENg Of
negative band is more intense with the triplex formed by modified hairpins (B22-A (SEQ
ID NO:3, SEQ ID NO: 2) and B-22G (SEQ ID NO: 4, SEQ ID NO: 2)) which are more
stable by melting experiments.
The melting curves of triplexes formed by hairpins B-22A (SEQ ID NO: 3, SEQ
ID NO: 2) and B-22G with their polypyrimidine target (WC-11 mer (SEQ ID NO: 16))
were also analyzed by CD spectrometry. Melting temperatures obtained by CD
experiments were similar to temperatures observed by UV absorption (53.0 °C for triplex
B-22A: WC-11mer (SEQ ID NO: 3, SEQ ID NO: 2, SEQ ID NO: 16), 56.5°C for triplex

B-22G: WC-11mer (SEQ ID NO:4, SEQ ID NO: 2, SEQ ID NO: 16) in 50 mM NaCl,

10mM MgCl,, 0.1 M sodium phosphate pH 6.0). (See Figure 23).

NMR Spectra
The imino region of one-dimensional '"H-NMR spectra of the triplex formed by

hairpin B-22A (SEQ ID NO:3, SEQ ID NO: 2) and polypyrimidine target WC-11mer
(SEQ ID NO: 16) at two pHs is shown in Figure 20. Most of the expected imino protons
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SEQ I D NO 8) which had a non-functional Hoogsteen strand, with its target
WC-1 Imer (SEQID NO 16) gave a low nobility band, but at concentrations
100 fol d wiogizanooeian hairpin B-22A (SEQ I D NO 3, SEQ | Dre@USa)/1658 | t hese
data indicate that the lower nobility bands detected with hairpins
correspond to the triplex. The binding of hairpin R-22G (SEQ ID NO 4, SEQ
ID NO 2) to the single- stranded target WC-I Inmer (SEQ ID NO 16) and a
doubl e-stranded target fornmed by the WC1 Inmer (5 TCTCCTCCTTC3) (SEQ ID

NO: 16) '&@glseg aiRgky S5 FRABLGRBRT 250 1 PP NBhShle@ide (MBFEGHREGES) (SEQ
ID NO 1) s also examned. (Figure 22). When the | abeled ol 1 gonucl eotide
i s the t abegetenpyprandildiOmpns tleartindip@es| thanet)sineSE® nrojonNed. TiB) spactniewis

radi oacti ve .band wth. | ower bi | appear..in _both si.ngle and doubl e-

G anded Srgane it AerHaG. RO pLiE RBEA e R BRGNSt wnen
t he | abel ederved atgOOWPIL 66| FRich poinkao thirHigtestabiliangd thewviplee\wt hewnd] pI$. obser ved,
indicating that hairpins onply bind Lolége target pyrimdine strand. In
addi ti on, TheBepphthe fgchanpemalansoings indhis lehira mih ngfroweribtein thihd

doubl e- st zande -2 ANk B5iE b NS SHG Y NeP oYt Th1iRSSRdNRIe8n Bcudi €d. The

doubl e-stranded DNA target had 31 base pairS containing an 11 base
pyri m di nearaliehbrogstaep hewpintmeayybetdye thacendernpitinnal og eeluerit sechange. thhiis st udy at

e T B ISR T O OAGTO COG  (5
33) 46 WO 03/ 10008 i(delsuisddfy b2 Persdseskileddi iy aof thitahe presest indention _
To) | cURTS B8t HEAFPIAR HGThE B OO BPAAPTCI LA ST ST P RIVBVERARE Whi | oot
Wi shing t@rde@ui '%mqowdoh.c ThabinteoF thesd RBrpitishié FRREEOShdthé ddliang ON
doubl e- stranded. targets may be due to the fact that snmall dupl exes
cont ai n ad-pAMgBUTiESp §t/dningauapineshoyedths sirenagestabdizanaatiest, folloggdibyi8or i um
with the goyblenatr g—%%ﬂoﬂﬁfo%nthine is more efficient than unmodified hairpin only at

neutral pH. The stability of the triplex of this invention formed by héirpins carrying 8-

aminopurines is pH-dependent but the interaction of the modified hairpins with their

target is so strong that triplexes are observed even at neutral pH on a short model

sequence such as for example having about 11 bases. Both 8-aminoadenine and 8-

aminoguanine have an additive effect on the stability of the triplex. The loop that

connects the homopurine sequence with the homopyrimidine sequence may also have an

additional stabilizing effect if it is made of nucleotides.

The modified hairpins may be redesigned to cope with small interruptions in the

polypyrimidine target sequence. This offers great potential for applications in the triplex

field, especially for single-stranded targets, e.g. in antisense field and RNA detection.

The use of 8-aminopurines is also compatible with most of the developments described in

the triplex field so we believe that 8-aminopurines will improve any existing

methodology based on triplex formation.
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The hairpin probably binds the single-stranded form thus displacing the

doubl e- st r anded

f or s ar ewsasric@®e9 and so t he

di spl ace the conpl enentary strand. For the

formto the triplex

I n | onger dupl exes,

si ngl e- st randed

hai rpin has to bind and operdinesosiugkex to

phenomenon may be very slow or inpracticable.

was per f or nbeblep: Mrlting tempofatussst €63 farfthe wiplex: forged

When the bindin

hai r pi ns descri bed herein,

this

experi nment

radi o- | abel llFrﬁe algtfh o (F22G) (SEQ ID NO 4, SEQ ID NG 2), triplex
formati on was al'so observed (Fig. 5).
NO 4, SEQID NO 2) alone showed two bands in native gels. The fast

runni ng ban
The

bases.

Y4 e

that this sEERIDYnd c

hai r pi ns ar e Hdj
i nt er nol ecul ar

u

i mer.

I (b

Q&&%@%@%@@

n-t

expect
tRe no

by Rs32 desprefiyes andpWE2) t o

Radi ol abel l ed hairpin (R22G) (SEQ ID

Boei

1740k

r

was " a

hai
SEQ

| i gonucl eoti de of 22
di mERPNPtSEQIPHE) 1 eved
tg, t he RapA: a-Ad|, gdGneg bRbussepenal 4 el

e SR

dorecketypyrim

in and the

h
Batctoprg -

mobility of the dinmer varied enough to siRMR:corplgtle f msomthpomseodnohe band

corresponding to the triplex.

di mer was n
and gai n ng
di chroi sm (

03/ 100099

Changes in
conpari son
t he presend
negative s

formation

f ormed bet
NG 3, SEQ ID
targets as wedehma®.: 1.5 ufld. spectra of the hairpins a
we observed an intense

Fi gure 19.

Formation of the triplex of the parallel

In all ca
*3SEQ ID NO: 3,

*4SEQ [ID NO: 4,

*5SEQ ID NO: 5,

ses,
SEQ ID NO: 2

SEQ ID NO: 2

SEQ ID NO: 2

*6 SEQ ID NO: 16
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ot aobserved, Circular DichroismTqg confirmitriplex formatign

r dHainpiar npt | @arget | hpH 415 ubt pHS. S |t I 68ai | ppH$,S c| rp 7 ‘

CD\e oot Y A vnr o t 21 nod Thi c todkbol o TN Lo Y 2

o) A ™ v TS e ™11t QA IREN]] C TITEAOWYlL.COo LILA~3 =1

CT/R3337 1EWE-1mes o 68ces|i n Fne ebso#‘gti op of%pol ri 2%d 1ilght .
5 AR 4§wd Mt eT§ jUS [Cangpe deteged by &g an

ofggﬁgggp C ran?g t spéctra of knoéﬁi siructures suggest]s

e PR2EGPaMTWOL Bmeg ONMgr NaYi ong7 The appB@ar apce 53f ap iS1t ensle

= ' : =220 n nd it he-Ch-$pect+ra—indi-cates t he

R22AL VG2 cdifpl e}. 385 cO sEbASr aof 4hhe fri p&x
r-teharrpi-ns—R 22 SEe B NO— 3 #«T—QT—é?22ﬂ—tSEQ | D
I\MN“%' 00 s Wﬁ@°§ﬁ1¢§g§:ﬁ® NO 2) and their



negative band (near 215 nm upon binding of the hairpins with the target
nol ecul e. The intensity of the negative band correlates with the strength
of the i nwermaveoomns because the negative band is nore intrETIEsoBMés0t he

triplex f LPb ) and
B 250 ( SERTE N iR et U i e e Rimen S aoyiier sl
exper i nenfldmerh&En®Na iihg curves of triplexes forned by hairpins B-22A (SEQ
IDNO 3, SEQ IDNO 2) and B-22G with their polypyrimdine target (WC 11
mer (SEQ ID NO 16)) were also analyzed by CD spectronetry. Melting

t enper at uWWE-bhhe ned byTESr@XPRY inent %y@r Aég,gd ar tQEd.gn@ars@@,ug@sz
observed bgﬁimoagsorptl on (53.0 C for tr Iex WC-1 I mer (SEQ I D NO

3, SEQ ID SER) | EGAGad@IAG S6. 5C B At#"rfbl B- SSRIDNUGSRR PR ( SEQ
IDNO. 4, S NO 2, SEQ ID NO 16) |32§©§¢A,I‘ga@ Js@mrwwwgswmﬂzl M

sodi um phosphat e pH36. BFTCCTEETECGure 2 VR R The imino region of
one-di nensi onal 'H NVWVR spectra of the té%ﬂs‘gx T‘gr b)f’EQl L\ rsple?l'DéogZA ( SEQ

ID NO 3, SEQID NO 2) and polypyrimdine target Wo-1 Imer (SEQ ID NO 16)
at two pHs 1's shown in Figure 20. Mdst of the expected imno protons 48 WO
03/ 100099 PCT/ US0Q3/ 16520 signals are clearly observed between 12 and 16

ppm The |Haspince ofTdrgey | pHA.6! g§ $5bet WEEH.015 ctpptslgi 0 pE7.Gleal |y
1S

i ndi cat egt-hat—eyt-obi-nes—arc The cnnrfrnr sistent Wth a
triple hdB%2 p‘zVCt?-ﬂénteqé ures ¢54the ex [ 45angeabl &pr otod ZQpectra are

observed ﬁg{%ﬁ%% ST I,I?‘II Dot ﬁzn‘cu LTIETITQ‘I]_bL 31',;1 H-ty—af—the—t{ i pl ex

at neutrdl 46 es he exd geabl rotong ‘tn thig|*Cripl ex|are

much nar ri@weG+han m nef@5at ed BegZA hai fgg n (SEQsHD NGO 3 4SEQ TD| NO
2). The I} rLII’l tihe pardllel Hoofsteen hdirpin be duelto a

l-e-bi oade
conf or mat[BREAGY sa%itl Qﬂange This dyp@nic effl66t is n@3 obseryed

upon tri B £ *.ucrst" Gy —these—persens—skitH-ed in
the art thaN?ﬁdd ; (ﬂ ?‘WB@PP%# d eEpe apihutferc 1ai rpins of this
i nventi on*issmdnsp&mnium.sl ngl e- st randed poI ypyri m di ne

*3SEQ ID NO: 3, SEQ ID NO: 2

*4SEQ ID NO: 4, SEQ ID NO: 2

*5SEQ ID NO: 5, SEQ ID NO: 2

*6 SEQ ID NO: 16
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targets via triplex formati on. The binding of these hairpins is stronger
when they contain 8-am nopurines. 8-Am noguani ne showed t he strongest
stabiliziwgshbi@et, foll owed by 8- am noadeni ne. 8- Am nohyoadasoséne is
nore efficient than unnodified hairpin only at neutral pH The stability
of the triplex of this invention forned by hairpins carrying 8-
am nopurines is pH dependent but the interaction of the nodified hairpins
with their at triplexes are observed even at neutral
pH on %br\ﬁtﬁﬁg‘g&f a‘&s B &?ﬁ‘ﬂ as for exanple having about 11 bases.
Bot h 8-am noadeni ne and 8- am noguani ne have an additive effect on the
stabili} of the tri EI ex. The | oop that ~connects fhe hoggﬁg Se sequence
ti

with th A8y r Bivi dCHe CE8GGERTE yv%ﬁ:‘sld“}?é%@ ‘arfCTa t abi |'i zi ng
ef f ect |Sf-QiDtN°1 18 de, Qf des dfie iN y be
redesi gngd4 0 @@%&o\?}ﬁi‘%ﬁéﬁﬁ% rruptions i tﬁpééﬁdd% @y)rs.;ﬂ%] di ne target

sequence. This offerg &fiﬂt i alBREACIRER, %Sth@n’sSEPFPPtOhe ripl ex
field, especiall y for si ngl e- stranded targets% ‘f)lg'lalgﬁt se field and
RNA det ection. The use of 8-am nopurines is dlso corrp e wth nost of

t he devel opnents described in the triplex field so we believe that

8-am nopurines will inprove any existing nethodol ogy based on triplex
formatign. 49 WO 03/ 100099 PCT/US03/ 16520 Table 6- NMeliing tenperatyres*

(C) for[the triplex][forned by R;Q?HﬂérlMNa@s arld WeH 6.011 MNaCEEQ ID NO
16 WC- 1) neHagpinTcTgCTEMBRC 34 a=A—g—=~0C-SHO+BNO—1—SEO4B-}0 2
SEQ ID NO 16 AGagGdgGAaG 5 |Fem@e) h=Hu -MMSEJS“‘FB  Hyperchfomiiqity o 2
Hai r pi nfRZZG a=A« d- - OGN O NO [F, SE 4P NO 2 T LLICL,uI@ 5 21:
a=A, g=]N BERAchirdNO| WC-Hinfer |D MO 2P Hai r in Target 4H 4. mg&—i H16.0 pH
6.5 pH 1.0 R 22 *2 |6WC 11 M 49 56 47 36 @R 204 3 gWC| U185 56 48 45
B-22Acontrol *2 none No transition No transxtton ,
*3 *5 +22% 51 +20 %
B-22A | wetimer | 57 @os) | (i to )
“'4 +12% 38 +11%
B-22A none 4 (duto ss) (du to s5)

*1SEQ ID NO: 3, SEQ ID NO: 8
*2SEQ ID NO: 3, SEQ IDNO: 8
*3SEQ ID NO: 3, SEQ ID NO: 2

*4SEQ ID NO: 3,SEQIDNO: 2
*5SEQ IDNO: 16
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R 224 WC-11ne 76 67 59 .53 51 R-221'5 6WC-11ne 65 34955 20,46 40 38 *1 M
NaCl , 100 nM sodi um phosphate/ citric acid buffer. *2SEQ ID NO 1, SEQ ID
NO 2 *38B@3odd 3, SEQID NO 2 4SEQ ID NO 4, SEQ | PAS021686EQ | D
NO 5 SEQIDNO 2 6 SEQ ED NO 16 50 WD 03/100099 PCT/US03/16520 i aale
7! Lvielung tenperatures” (C) for the tr[plex fornmed by 13-ZZ aenvatl ves

and WC- Ver i @iﬁi@ﬁ@ﬁa&ca@dqe uﬁne-/A g
SEQ I D N&é-)at’[% Qsléiéﬁﬁg h@d@gﬁwﬁg aﬂ%’%&%mgrz’ a- AN, 9=G SE Houdk 3, SEO
I D NO. 2polypyritnidiGe g@eky (A4H 610l disodiam m@sg@@mmﬁm 4 Naﬁl)No 4, SEQ
IDNO 2 '’ CCTTC B22AG a=AN, g=GN SEQ ID NO. 5, SEQ ID NO 2 Hairpin
Target pH 4.6 pH 5.5 pH 6.0 pH 6.5 pH 7.0 B-22 2 WC-11m 63 54 45 33 20

13- 22A * 300t thép 78" STCBlcdB @drrB22GH 5f iigMam 85 ﬁmwcﬁmmc B+22AG 45
WC-11i 80se8lo@h 166 53 . *1 M Nadl 100 m\)l

D%%'\%mpho citric acid
buf fer 2SEQ | D NO 31, AGEE¢AYxNAAG 3' 8E c‘s@ IAAG ~ISEQ | D
NO 4,. SE BRI, 2 SSEQIDNOS EQI blagpin 2 —j
3¢ TCT CCT YCTTC 3¢ TCT CCT YCTTC
B-22A: X=G, Y=C B-22AMMC: X=C, Y=C SEQIDNO: 2(,SEQID NO: 2
SEQID NO: 3,SEQID NO: 2 B-22AMMT: X=C, Y=T SEQDNO: 21,SEQIDNO: 22

B-22AMMG: X=C, Y=G sEQIDNO: 21, SEQ D NO: 23
B-22AMMA: X=C, Y=A sEQiDNO: 21, SEQID NO: 24
B-22AMMpd: X=C, Y=pd seq D No0: 21

Tar%%& }15&(:0131 Imer Target2 Su-MMG
hairpin Triad I* |[Tm(°’C) |Tviad 2‘ Tm(‘C)
B-22A "1 C.GC 51 G.G-C 43
B-22AMMC+| C.C-C 33 G.C-C 47
B-22AMMTI?| C.C-T 30 GCT 45
B-22AMMG"| C.C-G 34 G.CG 43
B-22AMMA*| C.C-A 28 G.C-A 41
B- fpdd C.Cpd | 29 | GCpd | 44

*Watson-Crick base pair is indicated with a dot, Hoogsteen pair is indicated with dash

*]1 SEQ ID NO: 3, SEQ IDNO: 2

2 SEQ ID NO: 21, SEQIDNO: 2
*3 SEQ ID NO: 21, SEQ ID NO: 22
*4 SEQ ID NO: 21, SEQ ID NO: 23
*5 SEQ ID NO: 21, SEQ ID NO: 24
*6 SEQ ID NO: 21

53



06SEQ DNO. 16 51 WD 03/100099 PCT/ US03/ 16520 Table 8; Effect of the
Hoogsteen strand. WC-1lnmer 5' TCT CCT CCTTC 3' WC-1llner 5° TCT CCT CCTTC 3

SEQ | D NOwoldn&mwgy | D NO 16 3 ' AGANGGANGGAAG 3

AGANGGARGEANG3/163202A SEQ

122 i AR e SEPSE T 8 i T

(O Hypolyplyrintidins tryckl(at pIE)6.0M0PERCIYdAL Phd

WC-I I mer 41 40 (du to ss) (du to ss)

transition. .3 5 +22% +20% B-22A WC-||lmer 57 51 (tri
+12% +11% B-22A .4 none 47 38 (du to ss) (du to ss)

Tin
hafétand b wdiliyd MBNdhHcont r ol

-22Acontrol 02 none No transition No

to ss) (tri to ss)
1SEQ IDNO 3, SEQ

IDNO 8 2SEQID NO 3, SEQIDNO 8 3SEQID NO 3, SEQIDNO 2 4SEQID
NG 3, WERLIerNG * ZICB GEQJdr™O3'16 53-MMA S TCT CCT -ACTTC 3

SEQ IDNO: 16 .
. 3t acaNeeaMxGanG SEQIDNO: 31 3 ¢ AGANGGAMXGAAG
Hairpin Hairpin —>
3' TCT CCT YCTTC 3" TCT CCT Y .
B-22A: X=G, Y=C B-22AMMTC: X=T, Y=C SBEQIDNOS: 25,2
SEQID NO: 3, SEQ IDNO: 2 B-22AMMTT: X=T, Y=T SEQIDNOS: 25,22
B-22AMMTG: X=T, Y=G sEQIDNos: 25,23
B-22AMMTA: X=T, Y=A 55q pnos: 25,24
B-22AMMTpd: X=T, Y=pdseo b no: 25
S G TR
Hairpin Triad 1* |{Tm (°C) Triad2* |Tm(°C)
B-22A C.G-C4 51 GG-C 43
B-22AMMTC | C.T-Ce2. 28 AT-C 39
B-22AMMTIT | C.T-T*3 31 AT-T 40
B-22AMMIG | C.T-G*% 33 AT-G 46
B-22AMMTA | C.T-A*s 31 AT-A 40
B-22AMMTp | C.T-pd*s 30 ATpd 42

*Watson-Crick base pair is indicated with & dot, Hoogsteen pair is indicated with a dash

*1 SEQ ID NO: 3, SEQ ID NO: 2,
¢2 SEQID NO: 25, SEQ ID NO: 2
*3 SEQID NO: 25, SEQ ID NO: 22
*4 SEQ ID NO: 25, SEQ ID NO: 23

*5 SEQ ID NO: 25, SEQ ID NO: 24
*6 SEQ ID NO: 25
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WO 03/100099 PCT/ US03/16520 Table 9; Melting tenperatures of triplex
containing one interruption at the polypurine / polypyrimdine track (at
pH 6.0, OwO aslis@d$ um phosphate and citric acid, I M NaCl) PCT\WGodiesee 5 TCT
CCT CCTTC 3' sl1li1-MMG 5 TCT CCT GCTTC 3' SEQID NO 16 SEQID NO 30 NN 3
' AGANGGANXGAAG 3 ' AGA GGA XGAAG Hairpin ) Hairpin 3 TCT CCT YCTTC 3'
TCT CCT YCTTC B-22A: X=G Y=C B-22AWMMC. X=C, Y C SEQ ID NO 21, SEQ ID NG
2 SEQID NG 3, SEQID NGO 2 B-22AMMI: X=C, Y T SEQ ID NO 21. SEQ ID NO
22 B- 22ARRke 1ie=Foldindpropeysespandonssodiatedreqetgiesntin kzal/moly-computed AinIEOFRN a:
21. SEQ . XC Y=pd s | D No: 21 Target 1. -.11lmer

Tar get Zﬂ) IBSS%I% %BW lcfg of %gq% . °§E¢Iﬁ% base Ha*f'?“f H@lcf‘cyj\t &)
Triad 2adatVHEGEstedn bade pair i ifdicatéd With BdasiC 43 B 22AMMC2 C.C-C 33 G C C 47
B-22AMF3 C CT 30 GCT 45 B 22AMMG4 ' CCG 34 GCG43 B 22AMMA'S
CCA28 GCA41 1B- CCpd 29 GCpd 44 Watson-Crick base pair is

indicated with a dot., Hoogsteen pair is indicated with a dash *I SEQID
NO 3, PEQID NGO 2 2 SEQID NO 21, BEQID NO 2 *3 SEQ I D NO SEQ I D
NG 22 |*4 SEQ | DFbRin@prockQ | D NO. P35 SEQRRiARneddy SEQ ID No 24

A+T=>AT ' -12.1

A“+T->A“T. -11.9

G+C-GC 4 ' 225.1

GN+CGNe | , 24.8

(T-A) +T = T-AT -10.8

(T-AM +T > T- ANy -11.6

(C-G)+C = C'-GC -28.i

(c-gNH+Cc- cta6c 27.0
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6 SEQ ID NO 21 53 WO 03/100099 PCT/ US03/16520 Table 10: Melting
tenperatures of triplex containing one interruption at the polypurine |

pol ypyri m’vdi(]aﬂodopsack (at pH 6.0, 0.1 M sodium phosphate amdTaisvs/ies2@ci d, 1
M NaCl ). WC I mer 51 TCT CCT CCTTC 31 s 11-MVA 51 TCT CCT ACTTC 31 SEQ
| D Nq.abjl6 §2E LD 31 3 ' AGANGGANXGAAG 3.' AGANGGANXGAAG - Hai rpin

Hai r p ?&?‘%ﬁwﬁl@rmﬁw&mlm@n@oa@m trangjtiovs (h ®ARGMMdte C. X

b E;sfw&?“é‘é‘*’%%m Ry 10,08 VRO B op o g i it v-n
SEQ rD"WNes: 25,24 B22AM VITpd: X=T, Y=pdSEO ID NO 25 Targest . WC-1 Iner

Target s st - NO M NO Hairpin Triad 1" Tm(C Triad 22 TM (O B-22A
CGC151 GGC43 B-22AMMIC C.T-C2 28 AT-C39 B-22AMIT C. T T'3 31

ATT 22 AMVP —\|v A 40 B
22 AMMT gepéeg pd6 SOQTEJpI)db4L2‘ %tsor@%tgy@%gs g‘a@m 1§¢fréﬁ¢9@é@°wth a dot,

Hoogsﬁreen pair is indicateg xh la dash 1 SEQ ID NO 3| SEQ ID NG| 2, 02

SEQ | I SEG+BNO-R "3 |SEQID NO D5 SFQID MO 22 t4 SEQ ID
NG 24BN Co st s 345 731 22258 58

B-22A+WC-11mer = 52.5 -498 -1416 [

B-22G+WC-11mer * 573 -554 -1562 -88

YAH, AS, and AG, are given as round number, AG; is calculated at 25°C, with the
assumption that AH, and AS, do not depend on temperature; analysis has been carried out

using melting temperatures obtained from denaturation curves; error on Tm is 0.7°C Yat4
pM triplex concentration

*1 SEQID NO: 1, SEQID NO: 2, SEQ ID NO: 16
*2 SEQID NO: 3, SEQID NO: 2, SEQ ID NO: 16

*3 SEQID NO: 4, SEQ ID NO: 2, SEQID NO: 16

56



5 SEQID NO 25, SEQIDNO 24 *6 SEQID NGO 25 54 WO 03/100099

PCT/ US03/ 16520 Table 11; Fol di ng processes and associ ated energies (in
kcal / mol )woaspodoedl i n t he gas phase at the B3LYP/ 6- 31 d)pdrawsed/1€spo t heory.
Wat son-Crick base pair is indicated wwth a dot, Hoogsteen base pair is
indicated wwth a dash Fol ding process Folding energy A+T4AT -12.1 AN+ T
4 ANT -11.9 G+ C4 GC -25.1 GHC>GNC -24.8 (TA + T4 T-AT -10.8 (T
AN) + T - T- ANT -11.6 (C'-G + C4 C-GC-28.1 (CG-@GY + C-> C+QGA\C
-27.0 55 WO 03/100099 PCT/ US03/ 16520 Table 12: Thernodynam c paraneters
for triplex to randomcoil transitions in sodium acetate 100 nM (pH 6.0),
50 mM Nad , 1(WhMe&@Q‘clrz'crIilammhddénmtmhisﬁn\tehéomhme bg¢Tdasympedifer I n CO.

i plex TLE SRR o) ol ORlen (O A 3k By (OB BRI | or 1

*3 57. 3 -wbitionsafZhe dethils oflttie, prdstntdivebn&bh m&&@e@iaﬂ&ﬁnt&&utﬂépﬂdn@ﬁﬁﬁ&he AG is
cal cul ated at, 25C,, with the assunption that dH and 6St do not depend on
t enper at UP¥ENtigRAp Jefined i the gaesndediclpmsging FEQUENCE LISTING.
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using nelting tenperatures obtained fromdenaturation curves; error on Tm
is 0.7Cb) at 4 pMtriplex concentration *1 SEQ D NO 1,SEQ D NO 2, SEQ
D NO 16w0238@99 D NO. 3, SEQID NO 2, SEQID NO 16 3preE@sobidsey 4, SEQ
IDNO 2, SEQID NO 16 56 WO 03/100099 PCT/US03/ 16520 Whereas, particul ar
enbodi nents of this invention have been described for purposes of
illustration, it will be evident to those persons skilled in the art that
nunerous variations of the details of the present invention nmay be nade

w t hout dgpaisi,ng fromthe invention as defined in the appended clains and
SEQUENCE LI STING 57 WD 03/100099 PCT/US03/16520 W claim 1. A triplex
conprising: a hahtgilex comprdisg:ng at | east one first polypyrimdine
sequence, at least one linker, and at |east one pol ypurine seguence,
wherein at | east onchadpinsaimgprisinglayleustione fise poigpyremidmeceqehedenicaty to and
parallel to said first polypyrimdine sequence, and said pol ypurine
sequence CconprdngilinBerdind £ &skt dHRPoBpaThdRUEHcBBVheddin hElRS opdler ARl ypyri m di ne
target sequence, wherein at |east one of said polypyrimdine target

sequence i s CONRRROLRLIncES &shiantdiRgidhndEpardiR] &Adath fiROpIIRAinAGins EQUENCE,
wherein said polypyrimdine target sequence and said hairpin are bound to

each other. 2. ri i N Sal m di pe target
sequence conpf?iggcag%gkﬁggﬁggﬁééﬁhl%ﬁépgﬁﬁgEE%%¥?gﬁghégxﬁhg&?¥ﬁ%1ex gf

Claim1 wherein sai | ur.i ne. seguence, of sai d .hai.r pi,n 0 i ses at
Coast onel ol et Gr LIRS ot DR RS GE: BBl SRR B st ST
sai

; N e ex o arm 1 wherein said
first polypyr Ip%y%'yg%i uelgtlzji?g%(t:geq%];nce 1S g]omplementary to and antiparallel to said

polypurine sequence, wherein said polypyrimidine target sequence and said
hairpin are bound to each other.

2. The triplex of Claim 1 wherein said polypyrimidine target sequence comprises
at least one purine interruption.

3. The triplex of Claim 1 wherein said polypurine sequence of said hairpin
comprises at least one pyrimidine interruption.

4. The triplex of Claim 1 wherein said first polypyrimidine sequence of said
hairpin comprises at least one purine interruption or an abasic interruption or an
abasic model compound interruption.

5. The triplex of Claim 1 wherein said linker is at least one of a hexaethylene
glycol, tetrathymine, CTTTG, or GGAGG.

6. The triplex of Claim 1 wherein said 8-aminopurine comprises 8-aminoguanine.
7. The triplex of Claim 1 wherein said 8-aminopurine comprises 8-aminoadenine.

8. The triplex of Claim 1 wherein said 8-aminopurine comprises 8-

aminohypoxanthine.
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hai rpin conprises at |east one purine interruption or an abasic
interruption or an abasic nodel conpound interruption. 5. The triplex of
Claim1 wwerositnoosai d |inker is at | east one of a hexaet hylpemassosigseol ,
tetrathym ne, CTTTG or GGAGG 6. The triplex of Caim1l wherein said

8- am nopurine conprises 8-am noguanine. 7. The triplex of Caim1l wherein
sai d 8-am nopurine conprises 8-am noadenine. 8. The triplex of Caiml
wherein said 8-am nopurine conprises 8- am nohypoxant hi ne. 58 WD 03/ 100099

PCT/ US03/ 16520y 8 methdiEbPOpdrif dHaBBRY doifnd 'R 16431 &m%%@;m_ at | east one
8-am nopurine conprising: preparing a pyrimdine strand; binding a |inker

to the 3' end QL1§§& .pyrimdine strand; preparing a purine strand

conpri si ng at Teast Gne 8-am nopurine; and preparing said hairpin by
binding the 3' end of said &ﬁrhge SLT nd to said I|inker. 10. A nethod for
preparing a hairpi P"ESRMaP AVHE AP T"8ESt one 8- ani nopurine conprising:

preparing a purine strand conprisipg at |east ope 8-aminopurine, binding a
linker to the 5' eﬂHW%?g%BPHgBUWFHé“@ﬁWéﬂ pyym %ﬁ?ﬁ@gg pyri m di ne strand;

and preparing said hairpin by binding the 5 end of said pyrimdine strand
to said |inker. 1PreparingpPpiive EeHeompiignsat leashene Sueiggpusee; gad ypyri mi di ne
sequence, at |east one |inker, and at |east one polypurine sequence,
wherein at |east oreepafing sdid hpiodiy pnbindmng thedwed osadppirestrandito shidast one
8- am nopurine and wherein said pol ypurine sequence is conplenentary to and
paral l el to said filinker.pol ypyri m di ne sequence.
10. A method for preparing a hairpin containing at least one 8-aminopurine
comprising:
preparing a purine strand comprising at least one 8-aminopurine;
binding a linker to the 5' end of said purine strand;
preparing a pyrimidine strand; and
preparing said hairpin by binding the 5' end of said pyrimidine strand to
said linker.
11. A hairpin comprising at least one first polypyrimidine sequence, at least one
linker, and at least one polypurine sequence, wherein at least one of said polypurine
sequence comprises at least one 8-aminopurine and wherein said polypurine sequence is
complementary to and parallel to said first polypyrimidine sequence.
12. A method for stabilizing a triplex comprising:
obtaining a triplex comprising a hairpin comprising at least a first
polypyrimidine sequence, at least one linker, and at least one polypurine

sequence, wherein said polypurine sequence comprises at least one 8-

aminopurine; and
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12. A method for stabilizing a triplex conprising: obtaining a triplex
conprising a hairpin conprising at least a first polypyrimdine sequence,
at | east woashboker, and at | east one pol ypurine sequence@®CTVses/eésno sai d
pol ypuri ne sequence conpri ses at | east one 8- am nopurine; and 59 WO

03/ 100099 PCT/ US03/ 16520 contacting said triplex with a sodium chloride
solution. 13. The method of C aim 12 wherein said sodiumchloride solution
has a concentration of about I M 14. A nmethod for stabilizing a triplex

conpri sing: obtai nifguaidd daRl @K1z WTR] d Sdfeh BrbREd RiioRONPri sing at |east a
first polypyrimdine sequence, at |east one |inker, and at |east one

pol ypur i ne_seqtienig mIfSI@iclaBf| SWRELIRY AR SFONFIRS RRMRGLSPS at | east

one 8- am nopurine; contact | sal ex W a magnesi um cont ai ni ng
solution. 15. ;I;heofr%tohgp f Caim 14 including wherein the concentration
of said FEGHEGIONCT LY Ngr eater than about 10 mM 16. A triplex
conprising: a hairpin conprising at. least one first polypyrimdine
sequence, at |Ehast meﬁ%’@ fqr’T;ip%tﬂl’éli'Z,‘“%‘hH‘pé‘?X QOBWEP8ne first pol ypurine sequence
wherein said pol ypurine sequence is conplementary to and antiparallel to
said first polypyridhtadpinga e empaisingfhaimingomprising gblepy arfirste sequence
conprising at |east one 8- amnopurine; and a target sequence wherein said
target sequencelypyriaridinespadenas, #deagsened mken pndeattleasi ene palyplirinesggeetcet o sai d
hai rpin. 17. The triplex of Claim16 wherein said target sequence conprises
G and T baseswhet@n sdil@olypugxecsequincEtanpnistHat ledseo Sramaiogutize; gt sequence
conprises G and A
contacting said triplex with a magnesium containing solution.
15. The method of Claim 14 including wherein the concentration of said
magnesium is not greater than about 10 mM.
16. A triplex comprising:
a hairpin comprising at least one first polypyrimidine sequence, at least
one linker, and at least one first polypurine sequence wherein said polypurine
sequence is complementary to and antiparallel to said first polypyrimidine
sequence, and said first polypurine sequence comprising at least one 8-
aminopurine; and
a target sequence wherein said target sequence is arranged in Hoogsteen
orientation with respect to said hairpin.
17. The triplex of Claim 16 wherein said target sequence comprises G and T
bases.

18. The triplex of Claim 16, wherein said target sequence comprises G and A

bases.
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bases. 60 WD 03/ 100099 PCT/US03/16520 19. An oligonucl eotide dupl ex
conprising two conpl enentary oligonucleotide strands arranged in an

ant i - par awoal3/ibimogst een configuration. 20. A nethod for strativiuSoz/iesgo

Hoogst een dupl exes conpri sing: procuring a Hoogsteen dupl ex conprising at

| east one purine; and stabilizing said Hoogsteen duplex by substituting at
| east one 8- am nopurine for at | east one of said purine. 21. A nethod for
targeting a single-stranded ol i gonucl eotide conprising: selecting a region

on a singl e-st -0 I i i d. reqi i el . first
g fRnled Qb aenie! &pkk rqgrpplg%i‘\gtw@&rﬂgern&\fér %Bg&luﬂé@ﬁd@

pol ypurine sequence target or a fi pyrimdine s nce target;

preparing a haifpin WHELennofl SaNALN AL EOIRLIEGR. gy Second polypyri m di ne
sequence and a decond %o ypurineé sequence, erein said second polypurine
-am nopyri.ne and i.s conplenentary to said

sequence conprjses at | east one
second pol ypy r#om‘%f“ﬁg‘oggﬁrféw&éz,mga W%SEFEBP‘?IH’&S%WB"?‘%i on on said
singl e-stranded ol igonucl eotide by contacting said hairpin with said first
pol ypuri ne sequencdrearigee Hpoggssiruplexcomparig gt feast apsiuingetifence t ar get .
22. The method of claim 21, wherein said single-stranded ol igonucleotide is
sel ected from the gtabilgingvii Beegsigen fuploney sq%smm,mg alpest iecP-r RNA. 23, A
nmet hod for targeting DNA conprising: selecting a region on DNA said region
havi ng eit her anihdopusine ol ay prastione of smadjpeee t arget or a first pol ypyrim di ne
sequence target; preparing a hairpin wherein said hairpin conprises a
second pol ypyzli. M giethed Sequeace: asingla-seacied dligalugeutida@npeiqingnce, wherein
said second 61 WO 03/100099 PCT/ US03/ 16520
selecting a region on a single-stranded oligonucleotide, said region having
either a first polypurine sequence target or a first polypyrimidine sequence target;
preparing a hairpin wherein said hairpin comprises a second
polypyrimidine sequence and a second polypurine sequence, wherein said second
polypurine sequence comprises at least one 8-aminopurine and is complementary
to said second polypyrimidine sequence; and
targeting said region on said single-stranded oligonucleotide by contacting
said hairpin with said first polypurine sequence target or said first polypyrimidine
sequence target.
22. The method of claim 21, wherein said single-stranded oligonucleotide is
selected from the group consisting of cDNA, mRNA, tRNA, and rRNA.
23. A method for targeting DNA comprising:
selecting a region on DNA, said region having either a first polypurine
sequence target or a first polypyrimidine sequence target;

preparing a hairpin wherein said hairpin comprises a second

polypyrimidine sequence and a second polypurine sequence, wherein said second
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pol ypuri ne sequence conprises at | east one 8-am nopurine and is
conplenentary to said second pol ypyrimdine sequence; and targeting the
regi on onwseisdod by contacting said hairpin with said fipcarusopassgeuri ne
sequence target or said first polypyrimdine sequence target. 62

polypurine sequence comprises at least one 8-aminopurine and is complementary
to said second polypyrimidine sequence; and
targeting the region on said DNA by contacting said hairpin with said first

polypurine sequence target or said first polypyrimidine sequence target.
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