WD 03/010326 PCT/1B02/02791 PARALLEL OR ANTI PARALLEL, HOMOLOGOUS OR
COVPLEMENTARY BI NDI NG OF NUCLEI C ACI DS OR ANALOGUES THEREOF TO FORM
DUPLEX, TWDRBEX3GR QUADRUPLEX COVPLEXES SPECI FI CATI ON 5 PBARGBGRAUND OF THE
| NVENTI ON 1. FIELD OF I NVENTI ON The invention relates to nucl eobase bi ndi ng
in conpl exes, such as duplexes, triplexes and quadrupl exes, and nore
particularly to nethods wherein such conplexes are fornmed by 10 specific

bi ndi ng bet ween PARAFJLEL sSOR FARIFPARALYEL b| EOMALQENHSI ORNJOHRGEMENTARINt ai ni ng
probes and si ngPENBENGNQRNUFLEI0AGLES SR ANPGRS EHBRECF CTNFORM ng t ar get
sequences. 2. DESCRI PTPURLEY, HIRTERLER ARTQUARRURLEXOGOBPLEXESIDdel of nucleic
aci ds has been the 15 accepted st i ﬂﬁ* ecul ar biology for nearly
fifty years. As recounted by Janegeg\ﬁglo%&;n is book entitled "A Personal
Accoun? of the Discovery of BAGKGBOUNDt OF €THE INNAENTIONO68), the

Wat son- Cri ck nodel , [ n S$Pgnd Crick the Nobel  Prize, arose from
t he ashes of thg]fe'r a\tl)ggr%%ngg tI'I\\fz%ry tl\ﬂat 20 bases bind to |i ke bases on
opposi ng st randsTHandtnsemtapn pell2fys tMnsiodedbsse | sdlimgwihe cabphalored hi s
"briefly cgpgjdered Like it h-Li LLing” . nmodel n._he realized the
advant ages o? a rr%%elé%é;%e 6n klrﬁgé%gé% (fg%?n nagd.r%g.e x tho%%% more

ant i par al | epanuttwiarlatith dugiledes whierstin 28chuggesl edehyaiat SmmeshdyCr i ck
are t nos ' i f | tipLe:st d _nucl] eic_acid

struc?ﬁr es,gﬂ% aisé/bg)gﬁghg?s%@g?% tsgglgaﬁu% ]é?%&egé(;i (S 3"3‘83%?%5 I%c?ep ex
struct ures andlecpral-unéristingct uesbender et t ai ainghel dtiremsledUnt idr
recently, bi;nding three.-nucleic acid strands .30 to forma triplex
was w dely %‘g |i;%e ag%t?g %3%?‘?%%%5? oco\?%raﬁnlfl?m@%lé%ﬁtsﬁee "88°6F " nucl ei ¢
acids (e.g., pol¥puriDESARIPTPONyQy rRBHAdIEDeAB®qUeNces). See, e.g., Floris et

al., "Effect of._cat]i on, puri ne- ine-pyrim.dine triple helix faormation
in m xed-val enceT]%eaI l{ﬂgg% Iﬁtclhglncs}f " m%@%;f El(.l)l’%. .C]ﬁlgch%cn%é%olj@§og°e§§ ( 9).
Mor eover, canospioad dtranplaed bhnmdohecuwrarhyivildggatoomearly fifty years.

As recounted by James Watson in his book entitled “A Personal

Account of the Discovery of the Structure of DNA,” (1968), the
Watson-Crick model, which won Watson and Crick the Nobel
Prize, arose from the ashes of their abandoned theory that
20 bases bind to like bases on opposing strands (Watson at
p.125). Watson described how he abandoned his “briefly
congidered like-with-like pairing” model when he realized the
advantages of a model based on A:T and G:C binding. Id.
Although antiparallel nucleic acid duplexes first
25 suggested by Watson and Crick are the most widely studied type
of multiple-strand nucleic acid structures, it has been
discovered that nucleic acids also form triplex structures and
quadruplex structures under certain conditions.

Until recently, binding among three nucleic acid strands

30 to form a triplex was widely believed to be confined to very
limited species of nucleic acids (e.g., polypurine or
polypyrimidine sequences). See, e.g., Floris et al., "“Effect

of cations on purine-purine-pyrimidine triple helix formation
in mixed-valence salt solutions,” 260 Eur. J. Biochem. 801-809

35 (1999) . Moreover, canonical triplex binding or hybridization



1 WD 03/010326 PCT/1B02/02791 was thought to be based on Hoogsteen bindi ng
between limted varieties of adjacent nucl eobases, rather than

WAt son- Crwolo3/obsse pairing. See, e.g., Floris et al. and BC®IB@aent No.
5,874,555 to Dervan et al. However, the inventors have 5 recently disclosed
in several patent applications that specifically bound m xed base sequence
triplex nucleic acids based on Watson-Crick base pairing can be created
and used awast ibobabistbobeabhbghl ynaBeogsitecrmrklistng teraegnsdymiped

speci fic bindi ee U _S. _Paten |{ L on 9/ 6

09/ 468, 6795’%%%%%3%% o8 yaﬁjial%gg\] ﬁ‘@q%é??g%%t) §3§§§Becj:°gﬁger@%f’aigﬁg&g

Zhur Ik: nI et bake, p239idg. MoiSeeBi 6l-9- 18F101094%8t dhrdcl 688sU. BhePpbsnri bidi ty of

parall e i Xes; r,..these trgi S saj e ted b

Phe third 5P aRe s ndtna TErtn (e Bhi or BPASTACor e UOTL, fpgated BY
presefce ofreceetbnbi Aascbpsed ot B nssewrictl aspRegi pragpdiicatAsndasthaien t he

case with tripl | e i cony. i onal_.w-.sdom r di
qguadr upl ex S_ﬁﬁg#gﬁgggfg d%&ﬁ%g Ig%gaeénq?%sa %%@%Eﬁgcgc:ril rlégt ?&gﬁg?ésggg?i exi st
under rel abgellyof20Weksorriricindiasicopsifbng acamarbowrdadssl eiidnuee@i @saci ds.

In particular,, Sen e | ._(Nature 334, - 36 1 el clﬁgg t
guani ne-ri gheol?%%hsuc}fg%ti%egﬁ g‘%(%spgo% li}%‘goeus r)}é z%%gggénb e ant %Bﬁa
four-strandeachéliccebindiugtro. See etU.&.. HBiemthedirsiligaBloBs- 700€1992))

di sclgsed t h 25 .f - d . i [
e e e T
(Bi ochem stamy@ B8cé&fB48-A10,7/24h9°1994), and Nucleic Acids Research 23:696-700

(1995)) disclos that spnme. guagi,ne-ri olJ.agqnuclgeot c
assenble in an g?‘?”é t 58 Sar al ?QP grl'i glvﬁ)ﬁént]%l%ﬁdr%sﬁg qlg)%)" @vﬂ%lrlégﬁ.s These
hi gher - or d#&e sposcihilesyar of strahyiallizéd INA Gegiptéets; t hawvevensi sheeeé four

Dase pai i 1980 IRESS: F A ROUSER BE BFomC{Ei BENEN SEiyf B r 0 L1909y at
| eastist hr edncomheguRti$or groove of the duplex in the presence of
recombination proteins, such as RecA protein.

As has been the case with triplex nucleic acids, the
conventional wisdom regarding gquadruplex nucleic acids has
been that such peculiar structures only exist under relatively

20 extreme conditions for a narrow class of nucleic acids. In
particular, Sen et al. (Nature 334:364-366 (1988)) disclosed
that guanine-rich oligonucleotides can gpontaneously
self-assemble into four-stranded helices in vitro. Sen et al.
(Biochemistry 31:65-70 (1992)) disclosed that these

25 four-gstranded complexes can further associate into
superstructures composed of 8, 12, or 16 oligomers.

Marsh et al. (Biochemistry 33:10718-10724 (1994), and
Nucleic Acids Research 23:696-700 (1995)) disclosed that some
guanine-rich oligonucleotides can also assemble in an offset,

30 parallel alignment, forming long “G-wires”. These higher-
order structures are stabilized by G-quartets that consist of
four guanosine residues arranged in a plane and held together
through Hoogsteen base pairings. According to Sen et al.

(Biochemistry 31:65-70 (1992)), at least three contiguous



2 WO 03/010326 PCT/1B02/02791 guanines within the oligonmer are critical
for the formation of these higher order structures. It has been suggested
t hat fourwetwsanded DNAs play a role in a variety of biol egirarb2/@racesses,
such as inhibition of 5 H V-1 integrase (Mazunder et al., Biochem stry
35:13762- 13771 (1996)), formation of synapsis during neiosis (Sen et al.,
Nat ure 334:364-366 (1988)), and telonere maintenance (WIIlianson et al.,
Cel | 59: 875883 CcE98OYhin Brhepldigoner, ardluct giicalcifds Res eftowtatdon267- 303

(1997)). Itethas Q@gﬂegoo;&gf @r@gggggg ed that controlling the production

of guani ne- rich quadrupl exes mght be the key to controlling such
bi ol ogi cal procésskas Feen esuggsistedUrBat Pidentsthionded0DNAT Qflayt @ Haildi n et

al . suggests, that ff‘éé@ﬂﬁ Se. Lvi Ly i ght ontral |l ed.t.hrough drugs
that inhibit the _?or mati((g)% g%gg%%ln(%a&e ﬂl%lﬁﬁgrgt’et%g?hu.aé. Jlgéjtlgﬁgl .0%
5, 888,5739 tHFWilt Hategraad. (Mizwhdsesst kelt., Gigehenéstbases: (pmd-uplzexes can

be enpl oyed i3 assay, ectl .nucl ei.c _aci ds. .Upon, hybrjdization to
a conpl ema(nt ar 39& i gon&fgﬁégt i%gete,%%q‘;é%qua%l@tg St Ut ar e Un o?%sa 0’or
| i neari zes Nattheeeby33hc?@hsiqfy t Ha98B5t ancearbet weehodener mnchtaneapeor

noi eti es waiilfl&s&seﬁ %@rté:,l‘qf &%ﬁa%gg e%:féa%‘ﬁ Z%%%ng et eésul ti n%li n a

decrease in their iInteraction an d ina i%a (é.g.,
f 1 uor escencdticledct t keiidd r Rasehecht r2E1A07e3025 UL 7)Pat ent Ido.has 9b2eRd32 to

Agrawgl et Al .S 0 r.the purificatign of nt heti c
ol i g\gﬁucl eof?_llrggg?: gkﬁgrg%tf%dt%%ggy‘%f tgft()llt%lgﬁi Efdﬁu’éf%% c|9C g r?;s;f\l;ﬁuﬁlinﬁge'

speci fi cal Isichwi ghadrdebexesl, nfighk- | bagtthel ikggnutbeotodieralid ngoneaght ant | y
forma mul ti.nmr e h uadr upl ex .o Jhe 3Q rmul tier

aggr egat e g&@&???% gﬁ%g%'?lg%%nugblsoergtelx err o’ btejpyg\u???ei}%td%os‘ tééﬂ%i'%? at ed
usi ng si ze-texHaslign atecdhi geresgestiBesygidte tdienfeonegoiang idével apgrnt be a

Speci 1o i nEn g shecBEr i e bR R U8 paerial fon oF GuafeRd|e A

15 quartets.

U.S. Patent No. 5,888,739 to Pitner et al. discloges that
G-quartet based quadruplexes can be employed in an assay for
detecting nucleic acids. Upon hybridization to a
complementary oligonucleotide, the G-quartet structure unfolds

20 or linearizes, thereby increasing the distance between donor
and acceptor moieties on different parts of the G-quartet
structure, resulting in a decrease in their interaction and a
detectable change in a signal (e.g., fluorescence) emitted
from the structure.

25 U.S. Patent No. 5,912,332 to Agrawal et al. discloses a
method for the purification of synthetic oligonucleotides,
wherein the synthetic oligonucleotides hybridize specifically
with a desired, full-length oligonucleotide and concomitantly
form a multimer aggregate, such as quadruplex DNA. The

30 multimer aggregate containing the oligonucleotide to be
purified is then isolated using size-exclusion techniques.

Despite the foregoing developments, a need has continued
to exist to systematically investigate and catalogue all

specific interactions between mixed base sequence nucleic



3 WO 03/010326 PCT/1B02/02791 acids and to create new, effective and rapid
nmet hods for producing and anal yzi ng specific interaction between nucleic
aci ds andworosfpouwskei ¢ aci d anal ogues. Al references citedPaanBixo2asie
incorporated herein by 5 reference in their entireties. BRI EF SUWARY OF
THE | NVENTI ON The i nvention provides a conplex conprising: (1) a probe
contai ning a heteropol yneric probe sequence of nucleic acids or nucleic
aci d anal opfds's aﬁ“ﬁﬁ(?)’ acxehtget newnt &ifrﬁ'qui‘ae 1@nkdetermigh| yeehods t doget
sequence ofyyiclehg agkds anyDYaG S GUES WIS “&%1 gL | east
one of the probe a%d t he & ?’ J‘er %Ere)ﬁ?ﬁ glqg‘lr‘losyn etr%“%end

het er opol yrstiide apdépe @@ql@m:@cnsl boabtegli¢n t he heteropol ymeric target
sequence by Wt gen- QgL a e_inter by 15. hopol ogous
base interaction, pr ovrg‘ gggﬁa Ieln&% ggféor‘t‘%?egn.%%%g@a Xeﬁ%hntﬁl)

het er &pol yﬁf@rfreéfepﬁebens@qﬁtm@eltrlgetlaﬂsr parallel to the het er opol yneric
target sequence, the heteg e%% s bonded to the
het er opol yneri c target sequence g@hh% ‘?%g@b@ as%%hr nteracti on, and
provided that wiba theegbipl exrdwsidest ri oerlext bempormingx |s)fae@robe

reconbi nati ILNs. dex me d far sayl,ng a_target,

the netho g%??‘@? %; H%‘f)%%?g%r ndC zﬁr&)e s oerrrl}:():(rgr sr%?tg “%IC% tar 8?

cont ai ni ng @ hetelopol predi (artaélogeesse@wncebe anucdegar 2boacadsimy aucl ei c
acid gnal o ; d p ont ai ni.n heteropolynerrc r obe
sequeﬁce o%}é ﬁb%?{f’%.g%‘/‘g%?h% ‘:Qgg%ﬂc%g&ge%%f dggnn ogﬁgcs afﬁ?spr oviTdin C1 §

hybri di zat iagrid nnﬂttqgee@omﬂ‘rammg tthe dariptst tolme pfob]ee wweber ,anaindha

buffer; (4), g%%utl%t q,ltf%dh ngn%ﬁg on mxéure f et': ncg)beLtr Qn, 30 time
St

effective to ndth eteropo re arge‘fl Se uen T
het er opol yrpeobe prsetzeesequeme bcquadovrt@be aheonpkerropwlymdS)e debegetng a

si gnal corrg I th ndi affr nit bet ween t he pr.obe and the arget
to assay th:eqt%ter%ggtlvb er%?rrlt Jh Het &r Srpngfly?r% i aSp‘:‘ro T ?Ieﬁge °Fs Honded
to this homologous base interaction, provided that when the complex is

a duplex and the heteropolymeric probe sequence is

antiparallel to the heteropolymeric target sequence, the

heteropolymeric probe sequence is bonded to the
heteropolymeric target sequence by homologous base
20 interaction, and provided that when the complex is a triplex,

the complex is free of recombination proteins.

Also provided is a method for assaying a target, the
method comprising: (1) providing a sample comprising the
target containing a heteropolymeric target sequence of nucleic

25 acids or nucleic acid analogues; (2) providing a probe
containing a heteropolymeric probe sequence of nucleic acids
or nucleic acid analogues; (3) providing a hybridization
mixture comprising the target, the probe, water, and a buffer;
(4) incubating the hybridization mixture for an incubation

30 time effective to bind the heteropolymeric target sequence to
the heteropolymeric probe sequence to provide a complex; and
(5) detecting a signal correlated with binding affinity
between the probe and the target to assay the target, wherein

the heteropolymeric probe sequence 1s bonded to the



4 WD 03/010326 PCT/1B02/ 02791 heteropol yneric target sequence by

Wat son-Crick conplenentary base interaction or by honol ogous base

i nt eract iwn,03/p1326 ded that when the conplex is a dupl ex ®au/1B#02791
het er opol yneric probe sequence is antiparallel to the heteropolyneric
target 5 sequence, the heteropolyneric probe sequence is bonded tc the
het eropol yneric target sequence by honol ogous base interaction, and
provi ded t HRtaxePelyneréonphget ssequariqsl dy, WatseneGmptlx cospieemieicy

reconbi nat igygeorﬂ{tgﬁ%giggggg %ﬁ%{%@%}gb EVERAL ?ﬁé %ona,fzog%%%i%w NGS

10 The invention wll be scr unction w oW ng
drawi ngs i rEha chen kgheefaampdes nismeaaldsipdesi gmat ethd | ketetrepehis@nd

o e

f | uor éscentsqanemesi t Fhpl betedopslaneuing pirobeokegyasetenig Hoorfded eachheanpl e
anal yzed; q,fg{e@ S . .14B 4C osi graphs, of _flugrescent
intensity p otté% ellggnéf}%nct F%ﬁg%% ti%ﬁ%oréggachg}?san%?néélaoﬁéﬂufzed%afﬁ
DETAI LED DESCRIrRFEONnOFaTEc+ONENT AYaTherhieny éhei onmplewsid rommiplex,

el uci dat i on.,of ecLf] di . i es Qf .heteropolynmeric nucleic
aci d st ran:its. C{?E‘%%g\%e%rfeé\:/?%gisq"%eglgrsﬂgﬁ‘%%g#é ?Perog:ﬁégjlgfi c binding of a
het er opol yneri ¢ SRIEAIDESCRILRTEON ©Fc SEVERAL | WLEWR] AFh@HEpBRAWINGDS5 bi ndi ng

of dupl ex nucl eig aci .0t het - dupl e | .el id. .\ now di.scl gse t hat
het er opol ymer i c&%&cﬁggghgé%s%%%nd?%rée?ﬁ%ffr%%na ogﬁ%%gncctalr?nsﬁvé%?’f i%glael ly
bi nd t o eacirldiohwémgb@rawonogs oo ushbals el Hendiafprasceehtimasaby dddisprat@r i ck

base inter i t e.honding is not limted to strands 30
rAGLd %ﬁgp%ggs %@@(ﬁgﬁ% 180

havi ng antipara Ire ety relative to each other. Thus,
het er opol yneri c Figel.eild, atBdslCami or2R,haw, aBal eguBs) 5Bare specid,i cal |y

the bases BRI B> hil 64oas Ase 1BBAdIHG SR/ P VACSSRTEPTEic EY Bondi ng

15 of fluorescent intensity plotted as a function of wavelength

for each sample analyzed; and
Figs. 14A, 14B and 14C are composite graphs of

fluorescent intensity plotted as a function of time for each
sample analyzed.

20 DETAILED DESCRIPTION OF THE INVENTION

The invention flows from our elucidation of the specific

binding properties of heteropolymeric nucleic acid strands.
We have previously disclosed the sgpecific binding of a
heteropolymeric strand to duplex nucleic acid and the specific

25 binding of duplex nucleic acid to other duplex nucleic acid.
We now disclose that heteropolymeric nucleic acids (and/or
their analogues) can specifically bind to each other by
homologous base bonding as well as by Watson-Crick base
interaction, and that base bonding is not limited to strands

30 having antiparallel directionality relative to each other.
Thus, heteropolymeric nucleic acids (and/or their analogues)
can specifically bind to each other with parallel or
antiparallel directionality, wherein the bases Dbond by

homologous base bonding and/or Watson-Crick base bonding



5 WO 03/010326 PCT/1B02/02791 rules. The invention is nore than nmerely the
di scl osure of unorthodox binding properties of nucleic acids. The

i nvent i orwOaaoospasses novel conpounds, as well as net hod®CTaBo2/ 428915

anal ysis of nucleic acids, diagnostic nethods, therapeutic nethods,

prophyl actic methods, gene therapy and genetic engineering. The invention
enconpasses novel duplex, triplex and quadruplex conpl exes of nucleic

aci ds (and/®tlemal ogues 10 thereof). Nucleic acid strands have inherent

directionality. e onal do holds t fla osite
directionality, T;Bg lﬁgﬁ%‘eﬁgﬂar ggan I|cs)ar arfer 9% I¥e|€ ﬁqéﬁgﬁ??g% % one
anot her, ce#ﬂqnﬁhﬂQQdepnéxngfpxngﬁrtlésw&tSDUCIEiaﬂedm@mplemﬁetﬂmweﬂnﬂam ng of

their resp i S. Xes_ acco to the.inventiaon,
t he ot her é%),a%%%%ri%% mo%%ﬁlg gs bf nucl?ﬁg dnfgﬁﬁﬁ %EI&F@ aC|d

anal odues) aﬂ,ﬁﬂryiSdisze‘dfi mugderat| ecidel, at diagtastdree mémm(haer , it ic
specific bi IS ough no. ogous 20 airing or ,
: i s, Eg§l%b el §§8ﬁ1h238§a %ata cHEH1*Exes do

Wat son-Cri c ase 'pai r| Avent 1 'ona
not exist, Ygigtedréagt mould be extrenely unst abl e due to, e g , backbone

|rregular|t|es Q%%esihggﬁggogy the conformatio al6g%ﬁ§|re of p%{allel

base bondi ng. Even nbre surpr|sf“C°%R€SSUP 25
approprlatemhyhnﬂdezatcomp&emdstl@ms numMﬂmiogmﬁﬁsbomdnﬂgademM£mdﬁ&ﬁs

speci § C|ty ability rivaling that of Watson-Crick conplenentary
antlparalle Iex The invention al so enconpasses dupl exes cont ai ni ng
two 30 strandsxmklauclabddaetdaﬁaadhaVenmnhefen@catkéﬁuﬂdmauesy hmmkidized
in antlpaqu% rel ation ne ano ereln |f|c bi ndi

t hrough hondiogous “bade pglr Y. §ed ?%ln ﬁ ernﬁ "Wt %5% ck
base pa|r|m@:ectionapheyentary bas&hﬁahrl anduh@%xbukelar&nlnuﬂﬁﬁﬁd to

orientation to one another, can form a duplex through
15 Watson-Crick complementary binding of their respective bases.
Certain duplexes according to the invention, on the other
hand, comprise two strands of nucleic acid (and/or nucleic
acid analogues) hybridized in parallel relation to one
another, wherein specific binding is either through homologous
20 base pairing or Watson-Crick base pairing. Conventional
wisdom holds that such duplexes do not exist, or at least
would  Dbe extremely unstable due to, e.g., backbone
irregularities necessitated by the conformational regquirements
of parallel base bonding. Even more surprising is our
25 discovery that wunder appropriate hybridization conditions,
homologous bonding demonstrates specificity and stability
rivaling that of Watson-Crick complementary antiparallel
duplex.
The invention also encompasses duplexes containing two
30 gtrands of nucleic acid (and/or nucleic acid analogues)
hybridized in antiparallel relation to one another, wherein
specific binding is through homologous base pairing.
As used herein, the terms “Watson-Crick base pairing”,

“complementary base pairing” and the like are intended to



6 WO 03/010326 PCT/1B02/02791 define specific association between opposing
or adjacent pairs of nucleic acid and/or nucleic acid anal ogue strands via
mat ched baoas/n(®s2g., AT, G C and/or A:U). In the context Pofi/IBex27¢ianoni cal
conpl exes described herein, including parallel 5 duplexes, parallel and
antiparallel triplexes, and par aI | el and anti paral | el quadrupl exes, ternms
i ke "V\atsog %\jﬁCk bas& bondi ng" .and_"conpl enentary base bondi ng" are

i ntended t o SR IhAFnGSBREIRGPIAPERHETD PPRERENY QFdPEH 2eshdPaE rhut

not necessasi | ylulcuehbe Seigewase/op! anregenf it bagl bdust s%QaH§§Cr\}1téed by

Wat son and Crl .n addi t| on to the conventl onal bi ndi ng motif first
proposed by™ (Eiéeéin basgseircR -/ (RhE "SVE Yo R:Uand EBnERR ne@R el of

variants t hespafandgiicanpassgdch¥st BesteiBei Re-deh ] NihéOna By W Son--Gr i ck
base bond|<E t he present nventl on enconpasses corrpl exes formed by 15

honol dyous H56hdi PR lr‘F Ihothet ofBEsPER'd Honlth iRf, X883 esndhgpriral lel

speci fical | ynavi & istentiieal qu&pnakegr tbans ¢oRP! ew’gaé&wcﬁ%‘ke%asﬂws
in the "honpl ogous, notif" honol ogous base pairs include AA GG CC

T:T and U POFHE®| nalfg t5Pmphemsasesy oPasfc | Randiaei’d 3¢ apasended ogo

affected oraemivli tbaBGPBbAWREADEI 20l FaChOlha RAMddG¥ad Yand ke Ripadi ng
potential of the strands pursuant to either the W C notif or honol ogous

notif, and Pni BeEBRERTHBhsiPe tde LgaviscondRiAnGat | SRPRERI@RGLoRy fa)rst Salty
condi tg ons genskired ayoackbe i Matian of VW son-digkohondi fig ovel,e

honol ogous bondi ng. 25 Hompl ogous notif quadrupl exes are favored over WC
not i f quad??}b‘feéslﬂé@neﬁdéﬁniia%ﬂtwa}f biFfsr REoReEEroRE Prboeb|3nd yadsaise t he
local i zed epmid oWt Cabe HEOONE 48] atdMBlhmak@Vhad! tvabased onctdieor
presence of the charged backbones of the two dupl ex nucleic acids. 30 Each
strand i n aCRHASESS hdhnvanraainganieédnpEice ohinjasaeueiicickofbase

hucl eobasesy, iy, %@I gebassr aﬂﬁ}é?ﬁ:li%% enBERYA SEd: IRGHIUGLEOPASES: 812

related to the. nucleobases to which they are to specifically bind by
ei t hef5 t he WP IAgaUs drase HeetEmsl-ogolidz hereiogahthags pendiaiaaikpses

teachings ofoddle gpecifically with identical bases rather than

complementary Dbases. Thus, in the “homologous motif”,
homologous base pairs include A:A, G:G, C:C, T:T and U:U.
The binding by the bases of nucleic acid strands is

20 affected or conditioned by a number of factofs, particularly
the binding potential of the strands pursuant to either the W-
C motif or homologous motif, and ionic conditions (e.g., salt
concentration and/or type). Salty conditions tend to favor
the formation of Watson-Crick bonding over homologous bonding.

25 Homologous motif quadruplexes are favored over W-C motif
quadruplexes under identical buffer conditions probably
because the localized environment can become relatively
low-salt, based on the presence of the charged backbones of
the two duplex nucleic acids.

30 Each strand in a complex of the invention can comprise
any sequence of nucleobases and/or nucleobase analogues,
provided the nucleobases are related to the. nucleobases to
which they are to specifically bind by either the W-C motif ox

the homologous motif. Contrary to certain teachings of the



7 WD 03/010326 PCT/1B02/02791 prior art, the target and probe need not be
honmopol yneric to achieve binding, even in the case of triplex or

guadr upl ewo oBorasaé i on. Thus, in certain enbodi nents, the mpcahBoz/rael eobases
are arranged in a heteropolyneric probe sequence 5 of interspersed purines
and pyrimdines, and the target nucl eobases are arranged in a target
sequence at |east partially conplenentary or partially honpl ogous to the
probe seqBERee.2For Ei@nfrEet D IBIRPes ageendetcRf CORPRPAYDSYAT oF° 75%
purine basgspafk 7BYE020% Py i FhdiRe Rases in apypousdes,y LlaGenpléexes of
the invention can formfTom heteropol yneric sequences, which as defined
herein, neéfsmakfiences E&Fai nildy @Ertaigst eRROHHETFE nuctiobaBECke
purine analQgugordibatstLasta R P N diie - JPialaebase,ebpY sLFhdhae

anal ogue in at least their hybridizing segnents. Heteropol yneric sequences
15 préferabfy izksrInanssd yperiees r aifentyranédieest has BFasestarsng.
Qther nucl 6gbasas i als0 aukhable fOr Userhbghble sdquaid OB Suehsas.
e.g., synthetic analogues of naturally occurring bases which have specific
Wat son- Cr i pRrobefl iy cormpisinsgdas ybiordinagtapl i hpuslegowt he? BagSeBrOR® |n
addition tgg Q$§§?S’Féf"guéﬁ§¥édOEhEhgrbﬂgeQééﬁghd@ $Rn BokYdE bE4 pLexes
and quadrupl éxes, wherel n opposing heteropolyneric strands are |inked by
Wat son- Cri k% peorplemanesr pndadbs o B4 momsmogons hresss imaaayt REdeE) ati ve
di r eqhi onalbih fed NRQDOURD SEANERIRS | SaParAlhe! cobn ARANLEBALALLEL (O
one anot her. probe strand can specifically bind in the major or mnor
groove of aedouebtes stylbmdedst defened hgndiay,, MeRBs hag@seNGsfs gontaining

si ngl e-stragnd 0 i nt ificall i 0n ;-0 bot h

strands of A Gely oy FAEHEY BLBELoBRSEldy B e o R ea e ot rand
of a doubl enst pynieildprebeucberbase earaqysipdcinecanhyogine hibagesleasbne or

both strandaedl 394818354 2Mdefehebget | HAAYIALAE-E0MPIRYREnALs t NE

i nvention.
15 preferably lack homopolymeric fragments greater than 5 bases

long. Other nucleobases are also suitable for use in the
invention, such as, e.g., synthetic analogues of naturally
occurring bases which have specific Watson-Crick and/oxr

homologous binding affinities to other bases.

20 In addition to duplexes, complexes of the invention also
include triplexes and quadruplexes, wherein opposing
heteropolymeric strands are linked by Watson-Crick

complementary bases or by homologous bases, and the relative
directionality of the bound sequences is parallel or

25 antiparallel to one another. |
A probe strand can specifically bind in the major or
minor groove of a double-stranded target. Further, the bases
of a single-stranded probe can interact specifically with
bases on one or both strands of a double-stranded target.
30 Similarly, the bases of each strand of a double-stranded probe
can interact specifically with bases on one or both strands of
a double-stranded target in gquadruplex complexes of the

invention.



WO 03/010326 PCT/1B02/02791 1In certain triplex and quadrupl ex enbodi nents,
each nucl eobase binds to one or two other nucl eobases. Thus, in addition
to the trwaoiosioonsad dupl ex Watson-Crick base pairs and thecaupoze79l

honol ogous base pairs descri bed above, such 5 enbodi ments include the
followi ng Watson-Crick base binding triplets: ATA TAT UAT, T AU
AUA UAU GCG and/or CGC (including G':GC, and/or any other

i oni zed speci e&® ofceFESAR, 5ﬁHPb?xttﬁ?q(ﬂqu@%Fﬁalﬁ%nrﬁ%ﬁﬁﬂk@e@5§e ERFBI et s:
AAT, T Toferdbbdd Tidde tdt dud) ol Twd oBaG Cad18nsH s C Giiid j b udi ng
C G- G, and/or any other ionized species of base). Thus, in certain

quadr upl exaégbobrheint $hehérafhtioeabrdmd e @aﬁéPFn%%PQﬁ;b?ﬁ@uﬁﬁé%soﬁn%.flrst
and a secopfe sty }en%antaﬁogto%rsgetoagé defined assA-iidel expelea thisd and a
fourth strand, it is beliéved that the bases of the first and third

st rangls a?@bo@imﬁﬁttso tachudr hehe ifelagwing oWaﬁéon(%lq]ﬁebwfr‘—tdbh@dl]b@t ween
opposi ng bases; of st he it apdy secandy str apds;y (bd. vide Hiadinggbetween
opposi ng basgg 0 the t'hird angkfourth strands:” and (c) the blndlng

bet ween oppod/ Py Bhses of(inpeudiey s &l ofdC andId@rt haBYr Afher | ACBEFER n
embodi ment g,0b;40e 4 | Abe)aNd GOLLUPLEX  ELTHGHHES indibgoliBveBkEeon, no
bi ndi ng seq ence of bases I's contiguous w th another bindi ng sequence of
bases. ThatrigletshePerafe d?fﬂéestUt%r%e FepPahat & ::Pandd: T At hBaghCf ol ded
25 cqpf or e £ng: o RALEPT LAY RS, aRYC-derd:e 1Whihea the
scop geof ?%éhfﬁﬁeﬁ??%ﬁb (1F§§Hépd$tﬁ%ns OP a é#%g ea gtrand dolnot make t he
strand coumpembee dhdrassice toward the nininumof three separate strands.
Conpl exes of thf?ﬁé‘veﬂ{ | Q- LRl ef %?&L%ppé%{ ’Hﬂ%botﬂlnxn% wﬁ&éiqp%teef,@oﬁ@nd' ng
or GG quartets mal Nt enance "0 conpl ex structure, although

Hoogst een Bendefgneddiora Guplauatt et Simay bwedpresegrnd 'H’Fétanlds angofiptexes

of e LIVERLLOD 187 & PIALETADLY SURSLAL! al Lis F4 %6 o' FRAGRECRR-AAR]I N0,

and subst aAt P free
' 15 it is believed that the bases of the first and third strands
also bind to each other, in addition to: (a) the binding

between opposing bases of the first and second strands; (b)

the binding between opposing bases of the third and fourth

strands; and (c¢) the binding between opposing bases of the
20 second and fourth strands.

In certain embodiments of the triplex and quadruplex
structures of the invention, no binding sequence of bases is
contiguous with another binding sequence of bases. That is,
there are at least three separate strands. Although folded

25 conformations and the like (e.g., hairpin turns, etec.) are
within the scope of the invention, folded portions of a single
strand do not make the strand count more than once toward the
minimum of three separate strands.

Complexes of the invention preferably do not rely on

30 Hoogsteen bonding or G-G gquartets for maintenance of the
complex structure, although Hoogsteen bonding and/or G-G
quartets may be present. That is, complexes of the invention
are preferably substantially free of Hoogsteen bonding, and

substantially free of G-G quartets.



WO 03/ 010326 PCT/I1B02/ 02791 Each strand of the conpl ex i ndependently
conprises a nucleic acid having a deoxyri bose phosphate or ribose

phosphat ewbaskbsae (e.g., DNA, RNA, nRNA, hnRNA, rRNA t RREATAGB02/@DBNA) or a
nucl ei ¢ acid anal ogue. Preferred nucleic acid 5 anal ogues contain an
uncharged or partially charged backbone (i.e., a backbone having a charge
that is not as negative as a native DNA backbone), and include, e.g., PNA
and LNA. Cert ai Bac rﬂﬁﬁﬁaﬁént@iaaﬁéefrQﬁﬂRﬁexthPdﬁneﬂd9§§ﬂya poMYigiesof 2t he

conpl ex 'thé@!e%edaci)&'“fié@gm 19 agbifi lcirgé phgtkc. okn euBgdiments,
a portion of the conplex iIs a.%’ anpl |¥|e product. The conpl exes of the

i nventi on ®hasbealpe dergitbdne (Sobuti B, dWPa SGNAd bﬁ%%%rtrRNmn FRNAOOT| n
vivo Oran e?Nhkc%ge)éf’n@&@e%Q' 'a% 13U PR TodfRN beP?E?&Hi&""hhMl phdygtjve

(e.0., or non-conductive. I'n addi t1on e conpl exes can be
opticélly ﬁ&pé@ﬂu@? geqt@mwlaﬂn@hamdwgmelmgmaédy athanggdgveckhowe S

Patents Nogj_ @, 144, ﬂa?&&ﬂgﬂeb%a?z%ﬂ 9%8 dﬁ&rges@h‘%{%r 4% n 9 Lol enag okt he

i nvention can be provi conpri si ng: a) providing a
hybri di zat m@ﬁlﬁﬁxlﬁmeb%@?hﬂneéhngné inglya, cont-ai ANAgaRA Hatfer ofSIEyARRI C

t ar get Seq%ﬁBBE18£nE%“%f%‘%ré$3bqsgﬁﬁ nucl ei ¢ aci d anal ogues, a probe

containing a eteropolyneric probe sequence of nucleic acids or nucleic 25
aci d anal ogues, Atalerst andrertbidd arf, thed copplencibal $otpised d puniiedi zat i on

m xtupe for r@gf&gggyaéfcgy&eﬂg%l%ffect|ve to hybridize said heteropolyneric
target sequence to said -heteropol yneric probe sequence to provide the

conpl ex. The hyBni demdendigrentisxt ure rartiorc| afle @y compérki okml a 38CRedi um

known to b Iy eserving nucleotldes See, e.g., Sanbrook et
al ., "Nble%ﬁ%E?E§§% E&guégLab Manual , Vol . 2 (1989). For exanple, the

medi um can conpfhse cqnmlexﬁsdeﬂi wamerlnbahtees agrh steendarmgssakt in
concent rat l.on%e: oM eBn AhVELEN SRS AP Heed, exl Yy Ry 4P 9t

triplex
15 The solid support can be electrically conductive (e.g., an

electrode) or non-conductive. In addition, the complexes can
be optically mapped or sequenced after being elongated, as
taught din U.S. Patents Nos. 6,147,198 and 5,720,928 to
Schwartz.

20 ‘ Complexes of the invention can be provided by a method
comprising: (a) providing a hybridization mixture comprising a
target containing a heteropolymeric target sequence of nucleic
acids or nucleic acid analogues, a probe containing a
heteropolymeric probe sequence of nucleic acids or nucleic

25 acid analogues, water, and a buffer; and (b) incubating said
hybridization mixture for an incubation time effective to
hybridize said heteropolymeric target sequence to said
heteropolymeric probe sequence to provide the complex.

The hybridization mixture can include any conventional

30 medium known to be suitable for preserving nucleotides. See,
e.g., Sambrook et al., "Molecular Cloning: A Lab Manual,”
Vol. 2 (1989). For example, the medium can comprise
nucleotides, water, buffers and standard salt concentrations.

When divalent cations are used exclusively to promote triplex

10



WO 03/010326 PCT/1B02/02791 or quadruplex formation, chelators such as
EDTA or EGTA should not be included in the reaction m xtures. Specific
bi ndi ng b&0waem3eonpl enment ary bases occurs under a w de PamiIBO202091
conditions having variations in tenperature, 5 salt concentration,

el ectrostatic strength, and buffer conposition. Exanples of these
conditions and nethods for applying themare known in the art. Qur
copendi ng BrSIuEgfEmtex Aspmagarnoncihelatyysggscidas EPTAdr) FEeEA20hoebd ],

di scl oses nggngétiﬂggh&ggt&§ghgr£¥a§ghhpqu @, Use in this invention. 10
Unl i ke many Hoogsteen-type conpl exes, whi are unstable or non-existent
at pH | evel s ab®®ecHbigutbindgngt h@t@@m)l%eﬁrﬁnt@hﬁ baremtdasiirar endenbl e
over a wdg {28ge,0f; A 1Y @losiai £ Po&L %ﬁﬁaqxg %9%@?91&@ At el %r@@ﬁk‘é pH 9.
Conpl exes of the i1 nvention can be provi ded for analytic, i agnosti c,

t her apeut i 62dhRd/ ongsgiatiPng pelpotesstatic compERXEs ca"ﬂncbe bvélero
anal yze, dic3apgse: A Or ihiah oaCAdi idls asaaglAked Md hmépﬂ&g'%rby an
organi smor Vvirus The organi smor virus can e quantitated desired
Conpl exes ebpilkéng rvieen iagie dapwbelfhobledumdePur20opendit itbiFal Patent
hybr i di zat 'p.%g%geg@iéﬁ ORS,, st b Bl Ok 5 10UD I gl? 84 ON2geRd t41aRs osuder
quadr upl ex ridization itions' or conditions of in sit

hybri di zat iconditionsg qujcrteufcelrllaerdyt battedrsexes bo ﬂ@xﬁneidlwtaotlenperat ure

t 2Ct f '
enbod?ﬁgnts tﬁgﬁ?%%%baéé%nﬁﬁ?éﬁy%gg %?g?e &%éig%ﬁIC%Pa%%vggﬁkﬁh?%s
even at.ro@WInenpexaﬁmﬂmt aQJW@Eﬁevehﬁtahnve ﬁmwss arélnbmerQQmmlﬁééS ofit
| ncubat | O“QF% ettn‘% :!Jés kgblgD%R/e%asaeswg &S rQB%? ‘éerﬁﬁ Yy BLEgCt the

e t t n

conpl exes EENKe e conp exes vent i on’
contrast wptkefdfabhe ﬁmmmEﬂmm@eprBnd®rquHUna§ Aecessary for Hoogsteen

bound _corpl exeSonThe. o oPt L, 1 OXDELT 83C b0, IRA WD sagLecabl y an

intercalating a a cation, |sclosed In i cation
No. 0%/ 613d268nostied hhqrap@ptzcomnm ¢fdgineering purposes. The

complexes can be used to analyze, diagnose and/or treat
conditions associated with infection by an organism or virus.
The organism or virus can be gquantitated, if desired.

Complexes of the invention can be formed under

20 conventional hybridization conditions, under triplex
hybridization conditions, under quadruplex hybridization
conditions or under conditions of in situ hybridization. It

is preferred that complexes be formed at a temperature of

about 2°C to about 55°C for about two hours or less. In

25 certain embodiments, the incubation time is preferably less

than five minutes, even at room temperature. Longer reaction

times are not required, but incubation for up to 24 hours in

most cases does not adversely affect the complexes. The fast

binding times of the complexes of the invention contrast with

30 the much longer binding times necessary for Hoogsteen bound
complexes.

The promoter in the hybridization medium is preferably an

intercalating agent or a cation, as disclosed in U.S. Patent

Application No. 09/613,263, filed July 10, 2000. The

11



WO 03/ 010326 PCT/I1B02/ 02791 intercalators are optionally fluorescent. The
intercalating agent can be, e.g., a fluorophore, such as a nenber sel ected
from t he wyomapiwensi sting of YOYO- 1, TOTO i, YOYO 3, TOTOP8I/IBRERDI1L,

BOBO- |, POPO-3, BOBO 3, LOLOI, JAIO 1, cyanine 5 dimers, YO PRO I,

TO- PRO-1, YO PRO 3, TO-PRO3, TOPRO5, PO PRO 1, BO PRO 1, PO PRO 3,
BO-PRO-3, LOPRO-1, JO-PRO-1, cyanine nononers, ethidiumbrom de, ethidium
homodi mer - intesealalers heorddPRetQmRlln Hildoneseent vat iThes, intercalaging

acridine grapgecafChidi pegderivaii¥asnaidi dijin agr 'ad'rd’é%b*é?ct %'Ea?@bg@& 10
et hi di um nonoazi de, propi d| um i odi de, SYTO'dyes, SYBR Green i, SYBR d

Pi co GreenerIVTGXedﬁé‘SPuanGOIFSaﬁ?mc@f nEP¥RT I [FOTOsyi t AIVO-Bat TORS-? ncl ude,

e.g., nonoyabghi cagbgds:, SWdbRAS NagogBLS! erpbly- At ardgrngent E:g’éh@ﬂe()f 40
mMto 200 mV), k+(preferabl'y at "a conceniration of 40 mMto , and

15 ot Rer aldkBEES meY@rPRONS; ¥R-FROeAtr &8t PBAS3 ., sTRHPRE 3al Ki-iPRE- éar PA- et al
ions (e.g. prRMt2 apg- %2% angh cin\éaI3ent sbL ﬁﬂé'ﬁ' onp oAl i 0% _6ReY%s, M+2,

Ni +2, Cd+2, Co+2 and Zn+2)' : and cafi ons aving a positi ve charge of at
| east t hr e€yasieh ABOITH(IYR) 6-eZhidiviy Hranideper aEHidbuRndhanedinestént

sper m ne. %@ﬁ%dhﬁmzﬂoﬁéﬂnﬁ{xﬂ@ eEEQ&i&FQﬂ&Hv@t‘i%Ee”&éﬂdﬂ{é of c:}:QHMqéO

45mMM Mg +2 I's preferably pI’OVI ded at a concentration of 1dn1\/| to
Ni +2 i s prefenad)y agrddided deriyassneent ﬁ’ahi@hur@fa%&wezdmmemﬁﬁmer,

enbodi,ment r 0 t at t
o S ean e St b, b0 Sariine: Lots ol gy e on

The anpunt S¥BRcévesn Bifte®resn: hEYHOW dirng nghi’c Ami heaceiomuvsinf 8r s
depends on a nughef, eft?:%élocfr% iualudi ng phe patu £ rQ:L dacnat %cht he

concentration of probe concentration-of target, e presence o
addi ti onal asatNaindp8efensbiheabase aomeeshrabion hefpﬂ@benNan@Ot aPgemM) The

preferted (CALLORSONGenLLayl ong, AN LKL G cBg GRUIEOCLYob(ll saer of

experi nent al | exes is preferred to cat|on to the
medi u® i n totdefroldlinailig Ir@rhaﬂntmm( a)divednt3@aMinns2; stbh BeMWXEANINRY+2;

(c) ZOWNINEE%thO%eggi hgkgBQE“@Of M&Q and Ca*?) and divalent transition
metal ions (e.g., Mn*?, Ni*?, cd*?, Co™ and Zn'?); and cations
having a positive charge of at least three, such as Co (NHs) ™3,
trivalent spermidine and tetravalent spermine. Mn*?  is

20 preferably provided at a concentration of 10mM to 45mM. Mg*?
is preferably provided at a concentration of 10mM to 45mM.
Ni*? is preferably provided at a concentration of about 20mM.
In embodiments, Mg** and Mn'? are provided in combination at a
concentration of 1mM each, 2mM each, 3mM each ... 40mM each

25 (i.e., 1-40 mM each).

The amount of cation added to the medium in which the
complex forms depends on a number of factors, including the
nature of the cation, the concentration of probe, the
concentration of target, the presence of additional cations

30 and the base content of the probe and target. The preferred

cation concentrations and mixtures can routinely be discovered
experimentally. For triplexes, it 1is preferred to add
cation(s) to the medium in the following amounts: (a) 10mM-

30mM Mn*?; (b) 10mM-20mM Mg*?; (c) 20mM Ni*?; or (d) 1mM-30mM of

12



WO 03/ 010326 PCT/I1B02/ 02791 each of M1" and Mg+2. For quadruplexes, it is
preferred to add cation(s) to the nediumin the foll ow ng anounts: (a)
10mvt 45mWwvitesAd103¢d) 10mvt 45mM Mg+2; or (c) 10mvk 40mM of e&ch/Bé2/02M1+2 and
My+2. 5 Al though not required, other pronoters include, e.g., single
stranded binding proteins such as Rec A protein, T4 gene 32 protein, E.

coli single stranded+pindinﬁ protein, major or mnor nucleic acid %roove
bi ndi ng pr &2&EPNSE Wi 0gBA Mdnd ad%??i%ﬁﬁérqﬂ%ﬁ§ﬁéaléFiﬁ@ Ansdeanees touch as

actinonyci ndd cH¥iRsQE3 ab Wl As@ald Cif. cBUchkhaskihgabhbant£agents may
prove useful in_extremye ogeratlng conditjons, for exanple, under abnormal
pH | evel s dP"¥xEP@ely hi gR) t b r4rdt 8977 icamt dich 1ABYhSHM 1 gscdvPdi ng
conpl exes @i+t hga htion are conducted in the absence of protein
pronoters, such_as Rec A and/or 15 other reconbination proteins. The
i nventsi on provi 8e8haUgBPINPL sEREAiSFe, ORRRA r BHRBAEATT y IAClEAEl y ©-gnd safe
met hod for Asgaki G rakided Mndihe iJARBLLYE AP LaebenUsRSrbdn, €1d. |
identify accessible regions in folded nucleotide sequences, to 20
det er ni ne 1¥&@SnuhbePr8fF Sifsnat-chedl bagénphe r Stranded hywnddngatRrsteddnpl ex,
and to map 3gRemes mikeri AMENEIYea@afayrdifle YhKidEt BEbE1NE RFRIGREE Of
speci fic probe-target binding, but also provides qualitative and
quanti t at i V&4 AFEH rAPPRh IRGFHHLIG 1PHSWASEARCSH SP5h ABRaRIIMY B Reen a
probegand taig8ienThisa dh&edient i elichepabl e ddiggPiastbht OnRly hove
di stingui sh anong a perfect match, a one base pair m siatch, a two base
pai r m smatiteiuad tH e€XCHEBR FRPFAAIBIMCORIIBIONS hASE [FEAFPdEl etdi®r a two
base pair Aglehhon ANt & ik 65 base il A8l fl | QnRld-hRgshet weah 4,30
sequence in the doubl e-stranded probe or “single-stranded probe and in a
sequence i metheddolibrepsey i comPdERGE eoBt kmdawentapgesre BssliaRest s of
the inventiQon GOIPLLSENEE! LB Yididi1hhGrdiRReYEed Ricnals (Re8: n QUd/RR!
fluorescence, 13

15 other recombination proteins.

The invention provides a rapid, gsensitive,

environmentally friendly, and safe method for assaying

binding. The inventive assay can be used to, e.g., identify
accessible regions in folded nucleotide sequences, to
20 determine the number of mismatched base pairs in a

hybridization complex, and to map genomes.

The inventive assay not only detects the presence of
specific probe-target binding, but also provides qualitative
and quantitative information regarding the nature of

25 interaction between a probe and target. Thus, the invention
enables the practitioner to distinguish among a perfect match,
a one base pair mismatch, a two base pair mismatch, a three
base pair mismatch, a one base pair deletion, a two base pair
deletion and a three base pair deletion arising between a

30 sequence in the double-stranded probe or single-stranded probe
and in a sequence in the double-stranded or single-stranded
target.

Embodiments of the invention comprise calibrating the

measured signal (e.g., optical, fluorescence,

13



WO 03/ 010326 PCT/I1B02/ 02791 chem | um nescence, el ectrochem | um nescence,
el ectrical or electronechanical properties) for a first probe-target

m xture WQaBns32¢ he sane type of signal exhibited by ot heCcTaB@e3I1
conbined with the same target, wherein each of the other 5 probes differs
fromthe first probe by at |east one base. A calibration curve can be
generated, wherein the magnitude of the neasured signal (e.g., fluorescent
i nt ensi ty) chegi JURiRREFHIFDf I HEBILRGPAYL ARRIRRISEISEr we &l eChE 1€t gePTand

probe. Teﬁ%cék@ﬂé@ﬁa@{éallmﬁﬂbﬁg%i\@@ﬁ fcﬁ? 4 Higgk ﬁ?gbé—é@rg%lﬂlﬁrﬁi&'thl‘eo‘c

different probes varies with e nunber of m smatched bases, the nature of
the ni smat GHREEFE (&L | =30 type AREC signap exiibifted B c Othart REohee

motif), th%ohﬁ&ﬁéaomltﬂf the @aﬁ@at&ﬂ(g%?t) Whdldk of heaERMYEXe h et ©enelhe
assay of the invention can be used to sequence the target. In

enbodPrent ®TOoPRE i GRS MUl EaRSHEOAIRE byl @br dseehtonntemsity of a

fluorophore inchudedsiBrdheod esturi@Mmhg. LA Sg@;ﬂefg@&ﬂ' MefeteihneRndi ng
affinity between the probe and target can be directly or inversely

corr el at ed "@oPhtudfeof ntkm giqapurgdpehgnay oh drhefBupreseent JerepRary)

signal s 20 jhybrigizatican otfhrt:%g'%lﬁli%&' aBEHENCHR) N Qfect] ¥R ta g@k' Ehgation.
Under selected conditions, the fluoreScent intensity generate

i nt er cal at PFgPggent ascdihenebimding | effEptte| Rebveon t Fher dgesr g%}d bfndi ng
af finjgty, %‘ic‘éi‘%t eof' @1%'%%%}{t0fpfl§k@ser '{r‘églégb%t@”kﬁeerml@@xngoé 25

non-intercal ati ng | uor ophore covalently bound to the probe can be
i nversel y cgemetghed haﬁhspr@lbé ratyee ifndihey migmateht(ps) THe -8 uoPeScent

intensity decrgasegsf o gnop; ipler calating dlugr ePRgE £5) ascitdhe fxkeph of
matching (e.'g., the andunt of matches vs. m smatches and/or the types 30

of m s_rratcwefs):hbetﬂme@ﬂt@]héeq)\r oli¢hdndtheargenpigter @&ses, therasealsify theer a
range incl Lﬁllv\é%t(_%%n c% 2 MBS M Lhe: Z’Sggﬁg?ﬁcedﬁ}eﬂdﬁ%t nore preferably over a

range inclusive 0 m smat ch etions. 14 WD 03/010326
PCT/ 1B02/ 02791 In embodiments, the signal wmeasured can be the
fluorescent intensity of a fluorophore included in the test
sample. In such embodiments, the binding affinity between the
probe and target can be directly or inversely correlated with
the intensity, depending on whether the fluorophore signals
20 hybridization through signal quenching or signal
amplification. Under selected conditions, the fluorescent
intensity generated by intercalating agents can be directly
correlated with probe-target binding affinity, whereas the
intensity of preferred embodiments employing a
25 non-intercalating fluorophore covalently bound to the probe
can be inversely correlated with probe-target binding
affinity. The fluorescent intensity decreases for
non-intercalating fluorophores as the extent of matching
(e.g., the amount of matches vs. mismatches and/or the types
30 of mismatches) between the probe and target increases,
preferably over a range inclusive of 0-2 mismatches and/or
deletions, more preferably over a range inclusive of 0-3

mismatches and/or deletions.

14



The invention enables quantifying the binding affinity between probe and
target. Such information can be valuable for a variety of uses, including
desi gni ngwenBiossace drugs wth optim zed bi ndi ng charact @ciraBix®7915 The
assay of the invention is preferably honbgeneous. The assay can be
conducted w thout separating free probe and free target fromthe

hybri di zation conplex prior to detecting the magnitude of the neasured
signal . The ass&yedéayerbionr egabtes ayantsépinct tba $ieginghafépypiby| owi ng
a great 10pLRGEEASErbPet 884! 'Eg.r%QE oughpih. 1Q4aRkEEALL VEaANBLY $83udh e
sinple and accurate..Conseguent y the binding assay saves a |lot of tine
and expenséOCTarid ¥aRiele eali Ugefut dipstleding FOesheankBd e ANELSeR®| E5UuGH ndi ng
vari abl es gyeh g%tgﬁl_{géﬁ biliding! ORLFa&ONCERLLALI ON, tenperature, incubation
time, relative 15 concentrations of probe and target sequences,

interéal ator cEhcemssayi f tefgihventier gds sumpferebdy |han@ornepPupr obe
sequences, +3adaRa851 bhe £Qf REhAhckld Sl cIOAMIEII-JaaYl KRERNbRobL0RE
rapi dly determ ned. The assay can be conducted’in, e.g., a solution within
a 20 wel | fyeentersehabnen, tham hbnidiceatean| eompldnowionr ¢e dethicoéhdp. In
certain e iq%rgrg e r j § d i th el i ium
before thgig%rgobe, ar’l;'(lzllhtghe&%rg%%a ?ga%lfo%cg/i gg%ﬁ%]ln deﬁﬁ%ée%y?gé%&%rﬁgg to
rehydr at i ofFeapitentactgelni shpaket infbr isterat | Brenad uml1o®ing @er oapat
enbodj,ment Lnvent i i éﬁﬁﬁl@ucte 1 r Qui a.siLgnal
quengllﬁi ng 385%?23% ﬁﬁle %%%tg%t&]sggh%iu the pr o%géﬂtr%%‘(/egntg?%gyo Vi g?és t he
need to demsample eBhd Barygeatepri Genseausrddy die Ihinddnguepekgi Agvehad t he
i nventors e 0 e i fi | y..ass h ol%ﬁ_@ L

tripl exes fal?% qagdrtgjgﬁﬁxg%l,&v\%g %lﬂggf heaﬁl?dnt é:raglct igén %%t%\%gn t ennﬁrgggés and
targets is Myatbdroor&\at SoneGrhlele drinlddmgl vgouabbes esudtaer astfifem. (RH, | east

0 ne sensgel et A ] (Qhpllst o L1976 B e Babk08S Co
15 concentrations of probe and target sequences, intercalator

concentration, length of target sequences, length of probe
sequences, and possible cofactor (i.e., promoter) requirements
to be rapidly determined.

The assay can be conducted in, e.g., a solution within a

20 well or microchannel, on an impermeable surface or on a
biochip. In certain embodiments, the target is provided in
the hybridizationymedium before the probe, and the probe is
provided in dehydrated form prior to rehydratidn by cortact
with the hybridization medium.

25 In certain embodiments, the inventive assay is conducted
without providing a signal quenching agent on the target or on
the probe.

The invention obviates the need to denature the target
prior to assaying. It is surprising that the inventors have

30 been able to specifically assay heteropolymeric triplexes and
quadruplexes, wherein the interaction between the probes and
targets is ©based on Watson-Crick or homologous base
interaction (at least in the sense that A binds to T (or U, in

the case of RNA) and G binds to C), rather than the very
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limted Hoogsteen nodel of conplex hybridization of, e.g., Pitner et al.,
supra. Suitable targets are preferably 8 to 3.3 X 109 base pairs 1|ong, and
can be siwglog/oon2eloubl e-stranded. 5 Probes of the inventi ecTaBe/aref erably
2 to 75 bases long (nore preferably 5 to 30 bases |long), and can be single
or doubl e-stranded. Thus, suitable probes for use in the inventive assay
include, e.qg., SSDNA, RNA, ssPNA,_ LNA, dsDNA, dsRNA, DNA: RNA hybrids,
dsPNA, PNA:IBRACRGHHIRISESERotMRsIe 11 00| FgMelend habubiézat femded. nigcbei

aci ds and nuyehei-cegchd. , anigd.Qgues having uncharged, partially-charged,

sugar phosphate and/ or’ pepti de backbones. The | ength of the probe can be
sel ected to mat ER1EARLE ckRJIIRIS asePrafgeablTHe tndt-ank LAV&mScopadess not
require thagwse ghg éénr@@l&e@tlleverpae@else WiGhiear e hazardous, tedious and
time-consunmng to use, and neéd to be constantly regenerated. Probes of

t he i Bvention aPéobﬁef%f auls igaeatienuate onkisrably 2f bp Jedrases long
Accor di ngl y y1mo|%re01iﬁ%f%§‘9.b@g BRde, Ofg OEQ@ésedlbﬁb) | agge gaa@nf)let l5¢f520d o3t or ed.
20 The conplex _is preferably detected by a change In at east one | abel .
The at | eastoubde-rabendedn be Tusacheditable heonsbese &ad/ olllset helrft arthet ,
and/or can ibedhtefel Bsbhp tgstuadiedl un [Renal kRASI-0AG | anel, cwponmprise
at least two noieties 5 The | abel preferably t east one menber

sel ect ed f rdRNAy heDFR RFA célﬁfbifsﬂﬁng CtﬁPI\E\,spPNAt@ﬂiel hYéPrfildaor@p’-horO@heet

chr onPhor 6y ehemd UBLABSEeBl-A0RN  n8018 €CLOasCNaM L Bescenl sagent
a radioi sotop€, an enzyne, a hapten, an anti bo y and a ed ant i body.
Pref er abl y aneHeggeaphexiszn 4@@@19@@1'& edabyiaztly-wdergede émesmiwsmh@rtnet he

| abel or b | a L@ni ¢ r steC t Xy .The

| abel ed anﬁ%‘f% E%?tggle rbaeé.k%%gl %abe g @a%tglkg%cfoefl cthe ?F? nuc gellgcbaem d
ant i body, \ﬂﬂl@lt?teéntbemamltéw wiength ofletleettasigetnoi ety sel ected fromthe

group ConSiStithgf ?nsééhéNDf%yéﬁ%qgaG 55%@' %&%!0%%%ﬁire the use of

15 radioactive probes, which are hazardous, tedious and
time-consuming to use, and need to be constantly regenerated.
Probes of the invention are preferably safe to use and stable
for years. Accordingly, probes can be made or ordered in
large quantities and stored.

20 The complex is preferably detected by a change in at
least one label. The at least one label can be attached to

the probe and/or the target, and/or can be free in the test

medium. The at least one label can comprise at least two
moieties.
25 The label is preferably at least one member selected from

the group consisting of a spin 1label, a fluorophore, a

chromophore, a chemiluminescent agent, an electro-

chemiluminescent agent, a radieisotope, an enzyme, a hapten,

an antibody and a labeled antibody. Preferably, the complex

30 is detected by at least one emission from the label or by
monitoring an electronic characteristic of the complex.

Tﬁe labeled antibody can be, e.g., a labeled anti-nucleic

acid/nucleic acid antibody, which can be labeled with a

detectable moiety selected from the group consisting of a
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fl uorophore, a chronophore, a spin |abel, a radioisotope, an enzyne, a
hapten, a chem | um nescent agent and an el ectro-chem | um nescent agent.
The conplwp odam3be detected under at | east one varied 5 ®cmdBerw@m1 such as
disclosed in U S. Patent Application No. 09/490,273, filed January 24,
2000. Suitable varied conditions include, e.g., (a) a change in nonaqueous
conponents of the test nedium (b) a change in a_pH of the, K test medi um

(c) a chan§UPFrRhRER+ T oPREMIRNGLEn & FHE tledel10 anddHURLSPEPS cHange of
an organi Cea@luent contepbeeh, the tegheni®dhiBsdk a hange ianga fopmam de
content of the test nmedium (f) a change in a tenperature of the test

medi um an@lefgyochedgEingsepabt 2ette- salt concentration in the test

medi um In addi $hONcohPeeyabhd peonfliddRRaCahds the loasPpbheatheneaf a
stinmulus, such as, e.g., electric current (DC and/or AC), photon radiation
(e.g.5 | asepndighey, 8uchepaciisragnedi &nf orSe. PREENSt PRBILES2EHPR bECappl i ed
constantlygopnopub$£d. PEI&E!T 98n6RR, DexaCcCOBBbh Shed iguieUghlet hGauseqof a
single varied condition, or through a conpbination of 20 conditions varied
serial ly. Thediebpemselnflidehar@cteri s{akt of t KE2BERp| éR | AOPREUCPBSt

medi um to_1.Be ¥AL,ed SPnghEiQ@s@rgéﬁﬁngu§b§aﬁ R& andRniitoredod Oofletget the
a

conpl ex. The tharacteristic can be, g., electrical conductance or

resonant strabtuedivn, a(Qb a rahmndes$NoR ISPAE BPREPRFRAIS.OM ofhibe sest
anpl ipude ig 1ORALALE 0k ot hien £d AIFLSST @Bt di chiecLest
nedidh). |ﬁ£gﬁﬁﬁai§§*ﬁ§3¥t1§ dgﬁeg?igﬁgﬁgf%%gacoﬁgrises: (a) tdetgcting a
signal fromedibabel (e)nhar ethandse i gral fermarisie eFaRBRNt 004 bilifli RSt
affinity b%&ﬁﬁ@,%ﬁ PTARGANA Y dADLALUEL | of Dind Hadntheicandbhion of
a test nediunm (c) detecting a subsequent signal; and (d) conparing the
signal andgd hea sabsegeenn sihprilropihe sadityi poneantnafdodetistt Hag €8RE be

repeat ed alLegst ONCe, of, RATIGLTE AD! v, o0Ge LEnMO 034010326 pe  tne

PCT/ 1 B02/ 0 The |abel 1S prefer y a uor ophore. Bot
15 application of a stimulus, such as, e.g., electric current (DC
and/or AC), photon radiation (e.g., laser 1light), or

electromagnetic force. The stimulus can be applied constantly

or pulsed. Detection can be accomplished through the use of a

single varied condition, or through a combination of
20 conditions varied serially.

The response of a characteristic of the complex in the
test medium to the varied condition or stimulus can be
monitored to detect the complex. The characteristic can be,
e.g., electrical conductance or Q (a resonant structure of a

25 transmission line or changes in phase or amplitude of a signal
propagated in the transmission line in the test medium) .

In embodiments, the detection method comprises: (a)
detecting a signal from a label, wherein the signal is
correlated to a binding affinity between said probe and said

30 target; (b) varying a condition of a test medium; (c)
detecting a subsequent signal; and (d) comparing the signal
and the subsequent signal. The varying and the detecting can

be repeated at least once or performed only once.

17



intercalating and non-intercal ating fluorophores are suitable for use in
the invention. The fluorophore can be free in solution, covalently bound
to the prwbasanmdtor covalently 5 bound to the target. WhemrcCrhBoX¥d2oar ophor e
is covalently bound to the probe, it is preferably bound to the probe at
either end. Preferred fluorescent markers include biotin, rhodam ne,
acridine and fl uorescel n,. and other markers that fluoresce when irradiated
with exciting ehBfgy.laR8k abl& noRFefPLaRidr cat at ifHOFPRBPEPhor es BREPuUde,

e.g., alexandyesal JfYan@YE§n PQtida 1600hy Il 8Srof ki Als rRACtIHMeaBlabES,
fluorescein and its derivatives (including the "caged probes"), Oregon

G een, Rhod&F PG Henthfd wnayeg (Wit FRHORIPRORE  FamudResEEPR e 1Bf

visible |i gifhuexshi eddRn@RhOrESInd 16o ThaveXpi-bisd | QRayBY-el fRgliknt 3y
sel ect ed (by routi ne experinentation and/ or conventional know edge) to

cor r e$pond POBIt RPstexchakdston WarRPnEhe f bruquephorgoi spReYal tiliygbeyed, and

is preferahley 20 3.pE000 Mg Fﬂf@&%‘%@&e%oﬁhﬁ Rbef@Lablbpesaheetiedeto have
an em ssion wavel ength of 200 to 1000 nm In 20 preferred enbodi nents, an

argon ion |e&Ser PsegsEEeqd of fuargsicans m@h}éelfﬂ u@cdplﬁ@r Bigkim |4hgierAaei ng a

wavel engt h Jd31@1hangeof £1 4041540 MR 8pdef | HxQEﬁéQQ”tth%m $ShRRekde
detected in_a range of 500 to 750 nm The assay of the invention can be

performed 6WeR a Wrgeliapgsdyamishy GXCiEABEr acBLEYY - such Sagitablg. | nPpom

about o2 tOﬁQ‘é%alQQ&go%iEékgp%féy Ald1RRsSaxs J eqWil&aelfuat e%ompy
tenperatures, adding Cost and delay to the assay. On the ot her hand, the

i nventi on @¥esbe h:ldﬁd@ct@,@lmgqt@@m tt'ékwér arpEigie HereRes(e. @uore@Fean
tenperat ur e, bel v 236} v30; Je « ”ﬂl&ﬁ%ir}]& VeR t“fa%ggavwouo%@ffss ipdgpgndent

of guanine and cytosine content I1n elt e probe or the ar get’. In t he
tradi ti onalGngeg. noRhpdaninee @I@Ibas?éldpalgsg fligeen t hvkkchy diisgeh béhd

while AT BaSR.8EEACL 00PN 61NG L RYLOORIL P PGS okALASE) and probe
sequences Wt I gﬁer or 18 WD 03/ 010326 PCT/1B02/ 02791 C content are

nore ®tabl e, poSbessieagibpgher nwhvéhength is selected (by routine
experimentation and/or conventional knowledge) to correspond
to this excitation maximum for the fluorophore being used, and
is preferably 200 to 1000 nm. Fluorophores are preferably
selected to have an emission wavelength of 200 to 1000 nm. In

20 preferred embodiments, an argon ion laser is used to irradiate
the fluorophore with light having a wavelength in a range of
400 to 540 nm, and fluorescent emission is detected in a range
of 500 to 750 nm.

The assay of the invention can be performed over a wide

25 variety of temperatures, such as, e.g., from about 2 to ebout
60°C. Certain prior art assays require elevated temperatures,
adding cost and delay to the assay. On the other hand, the
invention can be conducted at room temperature or below (e.g.,
at a temperature below 25°C).

30 The reliability of the invention is independent of
guanine and cytosine content in either the probe or the
target. In the traditional W-C motif, since G:C base pairs
forﬁ three hydrogen bonds, while A:T base pairs form only two

hydrogen bonds, target and probe sequences with a higher G or
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tenperatures. Consequently, base pair m smatches that increase the GC
content of the hybridized probe and target region above that present in
perfect | ywoasohsds hybri ds may 5 of fset the bindi ng weakneesTaBsxiat ed wit h
a m smatched probe. The inventive assay is extrenely sensitive, thereby
obviating the need to conduct PCR anplification of the target. For
exanple, it is possible to assay a test sanple having a 10 vol ume of about
20 m crol i tler sSORMMTh FR ai ARYAboBEal e, f cpefRASEgdof Mighgat aedtdbsut 10
fent ool es QimpRi-aB8res EMbodicoBBE§u Okt Qhe 'Eﬁ%‘t'ﬁh@r em%%{é'ft'ch'e!e gRgugh to
assay targets at a concentration of pr ef erablg at

concent r at i ‘GIFrEPSRottheor@C t BARESXREL0CA0the Eﬁ@é‘élﬂh’éﬁ@spéﬁ @hén% tiaggent i on
are sensitiNgi@ROUHLIO EHY OYrPsaDES i Al LRr£Eap nhé@EhQ@ %Pb?’f%@ fai
preferably at a concentration of not nore than 5x10-10 t shou 8'

wi t hodt saydffgethathe hdindinggoverknetuessapeinped | mlélhdeél tf@%f@ggé@ti that
the nmet hod ,caanot detect higher concentrations. 20 The ratio of probe to
target is preferably about 1:1 to about 1000: 1. Unlike certain prior art
assays, the inv@hei olvigRt it y asgevecis temtyamesoncecnbinivei ditheriedy
(i.e., bindingheihyt cpal &@e@r&wc%augeabd;&a %bﬂQQtQHﬂnéft@L

information 25 regarding the nature of etween a probe ang target.
Thus, the iFprer¥eg®lenatiites st Ressribde ttpo@@ﬁau/oa (t@)std@tae@tle thwipgesence
of the targridhd tBE tASTTedu; dR) detect witl &l 'c% gL hSt eLzNgoys
variance in the target; (c) quantitate the target detect an extent of
conpl enent dembpmELgst hef 30tawsss ofngi nelboigt i nt& héemt@mnimf yofor probe.

honol ogous e o] t t

t he prgbe an g d(lhlgnicgr g:(])eftcaégendi?p%ﬂ%ie%}gcépia%%tg%&é)g%gﬁﬁek%ﬁggeget hat
dupl exes wHissigesenphex parcancehtratiemdofof Snueleild, aciréfevabay niatg a

conpl ement %&ﬁc%gi??gﬁnv@foﬁéglﬁgggi n%ﬁ'é@?d-ﬁmn?.l SRMENEEE PLRd @ form

trlpl exes at a rent rate an
15 invention are sensitive enough to employ probes at a

concentration of 5x10™° M, preferably at a concentration of
not more than 5x107*°® M. It should go without saying that the
foregocing values are not intended to suggest that the method
cannot detect higher concentrations.

20 The ratio of probe to target is preferably about 1:1 to
about 1000:1.

Unlike certain prior art assays, the invention not only
detects the presence of hybridization (i.e., binding), but
also provides qualitative and quantitative information

25 regarding the nature of binding between a probe and target.
Thus, the invention enables the practitioner to: (a) detect
the presence of the target in the test medium; (b) detect
allelic or heterozygous variance in the target; (c) quantitate
the target; (d) detect an extent of complementarity (in the

30 case of binding in the W-C motif) or homologousness (in the
case of binding in the homologous motif) between the probe and
the target; and (e) detect haplotypes.

We have noticed that duplexes which complex parallel

strands of nucleic acid containing complementary base
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as a culmnation of a very different process than do bases in a double
hel i x fornmed by nucleic acid strands of opposite directionality. Strands
of opposiweodiorsedi onality (i.e., 5 antiparallel strands) pceasodoz7qar esent
regul arly spaced bases in a planar orientation to the bases opposite with
m ni mal backbone distortion. The various conpl exes of the invention

conprise a probe containing a heteropolymeri cn(gir obe sequence of
nucl eobase§STUERERRI/ i@ oA EraRAPBDBeat and B amanetraéontainPigda

het er opol ygBr hCch fh 981 £ SEAUSNGE @ry“%l%k@@?éﬁ@s%ﬁcﬂ%éy tHAClBoBasss in

anal ogues. The conplex is synthetic¢ or purified in that at |east one of
ei ther the2prdp®ler kekix af geped sbysymdetice atidhusifandts JThe oPRERBBAe of

the probe {3 8cdbofeoxy | bosa phesrhat e bapkbppe Syeheasnht BNA (0L, a
peptide- |ike backbone 'such as in PNA, or is of sonme other uncharged or

parti &l |y erhipeeriirlgasivandslorrerssilyl Repenfpitagudsrlyn spaFedi Rases
embodi ment §, the,pphe P ddGeh & & Shd9b8zest bppdedeangitheGamphex is a

dupl ex. WWen said probe and 20 target are a duplex they have parallel
di r ect i onabreybope AiIFOREd®pl-enent ary or honol ogous bi ndi ng, or have

antiparall el  dpgectLonghd tyoihidk 1oy agaus; Binding. et Ber segbggLments,
either the probe or the target I s single-stranded and tﬁe ot her "of said
probe or taegeaining 2% doetbircostlyaedéd @wPhchese@aends ngfcaomsllerebpses

triplgx. T'aha/oforrﬂhﬁfe&@ggéoe 4188506 PNARY N Seri aideenhodicngatag the
triplex contains a heteropol yneri g probe sequence parallel to a

het er opol yletecopebyuriiseqienget waamiencehe dfet enupdboheses probéor
sequence i het p i ; ogous
Base. bi ndi B 0r HRe oA e T omp Srerary s S B Rar B, o ok e ot her
enmbodi ment $hatheathetlerspolgorer P pridliersegbenaxobes @mt ithar atdrdet oifhe

bonded o (RE-3LEGD 1537 BL032EepET | 503/ JEFIE et 2 ey MBrTe t arger
sequeiice byebapoibgse sphasphdtiendianklone such as in DNA, or a peptide-
like backbone such as in PNA, or is of some other uncharged or
partially charged (negatively or positively) moieties.

In certain embodiments, the probe and target are single-
stranded and the complex is a duplex. When said probe and

20 target are a duplex they have parallel directionality with W-C
complementary or homologous binding, or have antiparallel
directionality with homologous binding.

In other embodiments, either the probe or the target is
single-stranded and the other of said probe or target is

25 double-stranded and the resulting complex is a triplex. This
complex can be free of PNA.

In certain embodiments, the triplex contains a
heteropolymeric probe sequence parallel to a heteropolymeric
target sequence, wherein the heteropolymeric probe sequence is

30 bonded to the heteropolymeric target sequence by homologous
base binding or Watson-Crick complementary base binding. In
certain other embodiments, the heteropolymeric probe sequence
is antiparallel to the heteropolymeric target sequence and the

heteropolymeric probe sequence is bonded to the

20



Wat son- Crick conpl enentary base binding. In certain enbodi nents of the
triplex conplex, the target includes a first strand containing a

het er opol womsioo3t@r get 5 sequence and a second ' strand ecmiBémi2ng a
second heteropol yneric target sequence that is Watson-Crick conplenentary
and antiparallel to the first heteropolyneric target sequence. The

het er opol yneri c probe sequence is bonded to the first heteropolyneric
target seqi&HEECBYLYBRHI B geRITEtD IPBENEENAYNGOBRAHCIRUS| kAP D SHACd NP0 Othe

second het giz@Rehy Bl &R c&@gm&en%%qyeﬂsgebylﬁ@ﬁr&on Crick conplementary base
bonding. In certain other "'enbodi ments of the triplex conplex, the target

i ncl udes a fi rs@nsﬁﬁﬁﬁﬁl%cﬁﬂl?ﬂ%“ﬁ@ta REt Bhe JoT ke compAeyetthed@ewes and a

second strangigaakaiNi %A SeCANth 1eoMelBI0RO! ¥ MREL &9l B8AURACR Lt hat
is Watson-Cri ck conplenentary and antiparallel to the first

het er §pol y&AUENCEar gekd secuenEECOTHe hetBrwhol EPRLRENERBbe Sequ@sead s
bonded tOHe*&%rEbﬁ%rSQPi@roﬂfélﬁé!&“ Csbahdtle SEquRRCe by VVgsans (d.Gltk

conpl enment ary base nding and 1 s al so "bonded to the second 20
het er opol yEoMPeé engngety s @gde it IpprRdael oFoussirasbivsindhageropelomerdicn

enbodi ment %ar‘g'%% EE&Q@né‘é‘d AR th%ﬁ:%’i‘*_lb_ﬁ@iﬁmeﬁf&'@x%b%t %éagéﬂcé‘”ijs tﬂlw“r‘lded N

resulting conplex i S a quadrup Is” conpl ex can bé free of
certain ensedi st §irghe lxm@ampllmetm]t &Rngeh szauﬁé@@r@ﬁolmfmhqgoaﬁobe

sequefce Pl %bnﬁ&n@”éh&a.{é'é ;’E tl?or?de@ei}oert‘?:%o's%%hh%é@%ﬂ@éol%&%%ce

wherein the heteropol yneric e sequence i s bonded to
heteropolyﬁ@ﬂﬂ@ttaﬁgéﬁnc%émﬂéﬁéécmycﬁéﬁbl@@mnkﬁﬂﬁm§@rﬁlh@$ﬁgbqndﬁmnsy3n Crick

compl ement afy Dage oiiRdi R0or L SURILAMAULTBR! Enel Bes 30 AUAMIIRLEX SATPI X

contains a first probe strand containing said t eropol yneri'c probe
sequence arfdrgeteciorwd ydiesber sfiegid stomdi AP niger ohdhabereRPoimardc ¢

pr obe Seq“‘?%h&?etthaée{gél nC{u Lment atyeApd apthRar aédgﬁJalh‘lnE;he f'sre%IonBrObe

sequence. tar ge es a first tar get strand cont arni ng a
03/ 016326 PCFerepRLloRF9ic hetasraspol yseaiencar gethadequéace ﬁ@@swm@ﬁd

target Stra(:rbqnplementary and antiparallel to the first heteropolymeric
target sequence. The heteropolymeric probe sequence is bonded
to the first heteropolymeric target sequence by Watson-Crick
complementary base bonding and is also bonded to the second

20 heteropolymeric target sequence by homologous base bonding.
In certain embodiments, the probe and the target are
double-stranded and the resulting complex is a quadruplex.

This complex can be free of PNA.

In certain embodiments, the quadruplex contains a
25 heteropolymeric probe sequence parallel or antiparallel to a
heteropolymeric target sequence, wherein the heteropolymeric
probe sequence is bonded to the heteropolymeric terget
sequence by  homologous base binding or Watson-Crick
complementary base binding. In such embodiments, the
30 quadruplex complex contains a first probe strand containing
said heteropolymeric probe sequence and a second probe strand
containing a second heteropolymeric probe sequence that is
complementary and antiparallel to the first probe sequence.

The target includes a first target strand containing a

21



containing a second heteropolyneric target sequence that is conplenentary
and antiparallel to the first. In such quadrupl ex enbodi nents, the

het er opol womBiooo3ps obe 5 sequence can bond to the heter op®CyrmBedtiar get
sequence by Watson-Crick conpl enentary or honol ogous base binding and the
het er opol yneri c probe sequence can optionally and additionally bond to the
second heteropol yneric target sequence by honol ogous or Watson-Crick

conpl enent &efepaRel gt hgta1det espaEeRGR| pndTRusSeGPih EREIRet EE6RBRyMeri c

probe sequeBgeai RORYSat GddadnelRiORBbY JREL Lo t 8L HELL SEANERES DyndiompLogous
base bondi ng, the heteropol yneric probe sequence Optionally- bonds to the

second het EPBROFYRRFIEY tayentipgtiehtel b \Waes6ATsEri ck conpl ementary base
bondi ng, and whep the, k@lﬂﬁ@@%&”@&b&d%&eﬁsob%héeﬂla'&@f@p@ﬁﬂ&%%itcgpﬁcgﬁe

het eropol yrmeri ¢ target Sequence by WAtson- Cri ck conpl enentary base
bondi Aig, t IFeaHERee ogehymendc tpridie kelkpkoRed YBprienaRrrgeboREIUERCE hBYsecond

het er opol v fiBLGn_ £21 98! SRINEREE abY BAMRLAGPUS AL D0 Ml ng ThRal ByENt i on

will be illustrated in nore detail "with 20 reference to the follow ng
Exanpl es, Beteirrrehyig i heorapedeeguende t¢rn aotdoppés¥nand mdsitiionalsynot

deemed to Rengl i gt eqHenerRlan sEXANPL ESyo 2and NPl &1L ORI GBAL SN Vigense

and antisense 50-mer ssDNA target sequences, derived fromexon 10 of the
human cyst ihompbilpgeess ogendlgiNmmnCarig8R0, 2UPLlengnslyy wekassynii@dirgd on a

DNA synt hesi di t 6,8909 . Per Sept i.ue. B a8 Ane3Q uELELed by
HPLC.ﬁSsm%\%g?;égg%% Cot i Qggwe?”gggi gggl %Se?%ﬁé%‘%‘hzo akd di | %tegg o a
concent r at bondsf tlo phbéeMeteEqubhvheric aheuges §Paeenpt ebEnthamplogous

aradual Ty PRt SFUBCIo e AhpeRipailerts, ByRpR b IS, A 165 hu
NaCl , as t fend22tP0-hie/ 9dO3Rs HeCELPBO2YORTO] targebesatuerce dof ditison21C
%ﬁgeﬁi fa[‘%%gf Q%%mé’ﬁé&%}‘%%‘s%%h%%n&?r&&jidh‘éhe‘éhienhggéi?o%o%tym%ric
15 probe sequence bonds to the heteropolymeric target sequence by
Watson-Crick complementary base bonding, the heteropolymeric
probe sequence optionally bonds to the second heteropolymeric
target sequence by homologous base bonding.
The invention will be illustrated in more detail with
20 reference to the following Examples, but it should be

understood that the present invention is not deemed to be

limited thereto.

EXAMPLES
25 Example 1
Complementary sense and antisense 50-mer ssDNA target
sequences, derived from exon 10 of the human cystic fibrosis
gene (Nature 380, 207 (1996)) were synthesized on a DNA
synthesizer (Expedite 8909, PerSeptive Biosystems) and
30 purified by HPLC. SsDNA oligonucleotides were dissolved in

ddH,0 and diluted to a concentration of 1 pmole/pl. Equimolar

amounts of complementary oligonucleotides were heated at 95°C
for 10 min and allowed to anneal gradually in the presence of

10 mM Tris, pH 7.5, 1 mM EDTA and 100 mwM NaCl, as the
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prnol e/l . The sequence for the sense strand of the wld-type target 5 DNA
(SEQ ID NGO 1) was: 51 -TGG CAC CAT TAA AGA AAA TAT CAT CIT TGG TGT TTC
CTA TGA MR 0BADA3TIA-3' . The sequence for the antisense straau/1B62/@2ne
wild-type target DNA (SEQ ID NO 1) was: 5'-TAT ATT CAT CAT AGG AAA. CAC
CAA AGA TGA TAT TTT CTT TAA TGG TGC CA-3'. 10 SEQ ID NO 2 was a 50-mer

nmut ant dsDNA target sequence identical to wild-type target DNA (SEQ ID
NO 1) excepEMPBFaEITYne chRIBIpaitic mR A ono(&idel| P nedPud® - ani noPaBNY

posi 11 0n_ 591 i ghudfl G ddie wi:kdal YREs ot Gl band seaunGa ;G asg changed
to CGI. 15 The sequence for the sense strand of SEQ ID NO 2 was: 5'-TGG
CAC CAT TAAmAGA/WIA TAT CGT CTT TGG TGT TTC CTA TGA TGA ATA TA-3'. The

sequence for thg antisense strand of SEQ I D NQ 2 : ' - TAT ATT CAT CAT
AGG AMA CAC CAATAGHE SRIHRT ngﬁosifﬁe TAK O?gﬁﬂwgl@"%@é FBYRRF 3 was
a 50- ger miNant(sagDiA Naf Detwsequencarcd demai calaTt o Tanl dacgpeahar gehT DNA

St anino i pos tTohs B and Sorar™Sihi dfs nBhi | B hpe sense strand
25 sequence CATTmaslsehaege@I ForAChe Bheisefisenserind bbe thensdlstegpd of
0102 20881 o 198 0T, T A MATALACTETT ISP I, 1T, ST
was: 30 5'CACATCAAT AW GAR AGLTAARCTTACQTGAATAGA Cdd TAJc TICR-3CTT TAA TGG
TGC CA-3'. SEQ LD NO 4 was a 50-ner. nutant dsDNA target sequence identical
to wild-type target BNAYVSEFID RoOPLy "8kcEBPE2Pbr 9§PN oﬁ?&@gﬁ VEXRPEE base
pai r nut at ii@entctegder toned) datyen frget3 DR 03EQLAB2KOPET/ LBR2HO278% aaci d
posi t1 ans 506 809,507, &t It e WA LyRe 3o138,3t LaNY | Sausog AT was
changed t o “REG P p
at which the wild-type sense strand sequence CAT was changed
to CGT.
15 The sequence for the sense strand of SEQ ID NO:2 was:
5'-TGG CAC CAT TAA AGA AAA TAT CGT CTT TGG TGT TTC
CTA TGA TGA ATA TA-3'.
The sequence for the antisense strand of SEQ ID NO:2 was:
5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA CGA TAT TTT
20 CIT TAA TGG TGC CA-3'.
SEQ ID NO:3 was a 50-mer mutant dsDNA target seguence
identical to wild-type target DNA (SEQ ID NO:1) except for a
consecutive two base pair mutation (underlined) at amino acid
positions 506 and 507 at which the wild-type sense strand
25 sequence CAT was changed to ACT. .
The sequence for the sense strand of SEQ ID NO:3 was:
5'-TGG CAC CAT TAA AGA AAA TAT ACT CTT TGG TGT TTC
CTA TGA TGA ATA TA-3'.
The sequence for the antisense strand of SEQ ID NO:3 was:
30 5'-TAT ATT CAT CAT AGGE AAA CAC CAA AGA GTA TAT TIT
CTT TAA TGG TGC CA-3'.
SEQ ID NO:4 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a

consecutive three base pair mutation (underlined) at amino
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The sequence for the sense strand of SEQ ID NO 4 was: 5'-TGG CAC CAT TAA
AGA AAA TAT ACG CTT TGG TGT TTC 5 CTA TGA TGA ATA TA-3'. The sequence for
t he anti swogg/osBe@nd of SEQ I D NO 4 was: 51-TAT ATT CAT E&T/IBOG22AA CAC
CAA ACGC GTA TAT TTT CTIT TAA TGG TGC CA-3'. SEQ ID NO 5 was a 50-nmer dsDNA
target sequence nodified 10 fromSEQ ID NO |, wherein the percent GC
content was changed from 30%to 52% The sequence_ for the sense strand of
the wild-t§pedtRegidiionsNROESERA| PP RGTE Sihigds ths viEkG e GaPsEAEEAERd CAC
TGT  CAT CiEql&ed GatClasCiAatila T LekC TG 3" . 15 The sequence for t he
antisense strand of the wild-type target DNA ( SEQID NO: 5 - CAG AGT

CAT CGT AGG ACATheagse@pengeAf FoAtbpGSPaveCREreed PEG SEEC fr*% KO d SE@fr D NO 6

was a 50- nBr _fiyE antads WY t afget aggquanse Thfieidgalodo SEQ | BoNO srcexcept
for a one base Egl r mutation 20 (underlined), @t which the sense strand

sequebce CATAwa Acﬁ%?ged*Tﬁo &&73" The sequence for the sense strand of

mutant SEQ I D Ng, %m‘é f@%%ﬁé%&%e%@ é@%a%coif @rGhb whCa THE TGT
GIC CTA CGA TGA CTC he sequence for the antisense strand of

mut ant SEQSI' BIANO BT hasCAT! C@&G AGF CAFACGIAAGEHREA ASAC &B AGATCGATT CAG

TGT CTG TCATFGGAAX e 3'racSEQA LB NO 7 was a 50-nmer nutant dsDNA target
sequence identical to SEQID NO S, except for a one base pair nutation 30

(under i ned), $EQ\/nﬁéhN@h@ wense 50rmay daliife neRr EIC S/mlen@ﬁaﬁﬁéélfﬁédCTT

The guen SQRSEe S f CAC
CAT B Ak e ReT EARCR WA B PR T R R TS D

03/ 010326 Iﬁmlm/m@l’ The sequence for the antisense strand of nut ant
SEQ ID NG 7 Was"fhélé%rﬁgr fART BT AER %a%co%é‘%ir@%ype target
DNA (SEQ ID NO:5) was: 5'-GAG CAC CAT GAC AGA CAC TGT
CAT CTC TGG TGT GIC CTA CGA TGA CTC TG-3'.
15 The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:5) was: 5'-CAG AGT CAT CGT AGG ACA
CAC CAG AGA TGA CAG TGT CTG TCA TGG TGC TC-3’'.
SEQ ID NO:6 was a 50-mer mutant dJdsDNA target sequence
identical to SEQ ID NO:5, except for a one base pair mutation
20 (underlined), at which the sense strand sequence CAT was
changed to CGT.
The sequence for the sense strand of mutant SEQ ID NO:6
was: 5'-GAG CAC CAT GAC AGA CAC TGT CGT CTC TGG TGT
GTC CTA CGA TGA CTC TG-3'.
25 The sequence for the antisense strand of mutant SEQ 1ID
NO:6 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA CGA
CAG TGT CTG TCA TGG TGC TC-3'.
SEQ ID NO:7 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a one base palr mutation
30 (underlined), at which the sense strand sequence CTC was
changed to CTT.
The sequence for the sense strand of mutant SEQ ID NO:7
was: G5'-GAG CAC CAT GAC AGA CAC TGT CAT CTT TGG TGT
GTC CTA CGA TGA CTC TG-3'.
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CAG TGT CTG TCA TGG TGC TC-3'. SEQ I D NO 8 was a 50-nmer nutant dsDNA target
sequence 5 identical to SEQ ID NO 5, except for a consecutive two base

pai r nut awoaea/o(asaeler | i ned), at which the sense strand seq®emdBo2/@a was
changed to ACT. The sequence for the sense strand of nutant SEQ I D NO 8
was: 5'-GAG CAC CAT GAC AGA CAC TGT ACT CTC TGG TGI 10 GIC CTA CGA TGA CTC
TG 3'. The sequepnce for the antisense strand of nmutant SEQ ID NO 8 was:

5' - CAG AGT CAT REGURPAS CACT CABEAGRIEGTFRNSEASEYEI CPE YEARTEGSTFRCIPC 3' .
SEQ 1 D NO: %osas was47- geLcaat air deA @t 9eiadegianceaclScigdentdcalraho

w | d-type tqa%{?get DNA NO 1) except for a consecutive three base
pair del eti%F (i*fdi c& %dQB‘fﬁt & d6€s)TCat’ anmi no acid positions 507 and
508 at which thery b typs w&8se Sstor-alagl %ﬁﬁ%@ceds%ﬁ 'tgal‘%@tet uehde
sequence for_ the sense strand of SEQ ID NGO 9 was: CAT TAA
AGA ARA TARYERFical toTEEQTGP NOrG .CEACPOA THOX NTAGOFJﬁe?UtlYﬁe tyeqdesece for
the antisensarSknaadioh %@éﬁﬂﬂ@d‘? nag: wh:'t'_’ch AR ALhsEAL: LAg AR A8.CAC CA
. . . ATGA.TAT TTT CIT.TAATGG T . 25 SEQ I D NO 10 was 50~ mer
nut ant dsDI$ATt #P§ePhaRgréni __quentl cal to SEQ I D NO 5, except for a one
base pair nutatirgs s@#‘ﬂgﬁéé'P@Q)th@-tsM&%E%cﬁ%%@aﬁﬁn%@eq‘ﬁe%e8CAT

was changed to CTT he sequence for the sense strand of nutant SEQ ID
NO 10 30 W&$: 55'@@@@%16@0@,&@ BME T CFEICTACTGETGT TASTCTETA CGA

TGA GiC TGgdc Tthe sednengsn f gt hggapti sense strand of nmutant SEQ I D
NO 10 was: 5'-CAG AGT CAT CGI AGG ACA CAC CAG AGA AGA CAG TGT CTG TCA TGG

TGC TC-3'. 25 WEhe3/eEuspeePEPE| Bhe/ errdsenseQskpand ¢f wasant 56EReADnut ant
dSDNA t ar gejo . 8equ8RCes | dedt | GRiT t @aSEQEP NP, AR%CePhcl OFa@ GRG PRSR Pair

nmut ati on
CAG TGT CTG TCA TGE TGC TC-3’.
SEQ ID NO:9 was a 47-mer mutant dsDNA target sequence
15 identical to wild-type target DNA (SEQ ID NO:1) except for a

consecutive three base pair deletion (indicated by three dots)
at amino acid positions 507 and 508 at which the wild-type
sense strand sequence CTT is deleted.

The sequence for the sense strand of SEQ ID NO:9 was:

20 5'-TGG CAC CAT TAA AGA AAA TAT CAT e e . TGG TGT
TTC CTA TGA TGA ATA TA-3’.

The sequence for the antisense strand of SEQ ID NO:9 was:
5'-TAT ATT CAT CAT AGG AAA CAC CA . . . A TGA TAT
TTT CIT TAA TGG TGC CA-3'.

25 SEQ ID NO:10 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a one base pair mutation
(underlined), at which the sense strand sequence CAT was
changed to CIT.

The sequence for the sense strand of mutant SEQ ID NO:10

30 was: b5'-GAG CAC CAT GAC AGA CAC TGT CIT CTC TGG TGT
GTC CTA CGA TGA CCTC TG-3'.

The sequence for the antisense strand of mutant SEQ ID
NO:10 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG RAGA
AGA CAG TGT CTG TCA TGG TGC TC-3'.
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(underlined), at which the sense strand sequence CIC was changed to CCC. 5
The sequence for the sense strand of mutant SEQ ID NO 11 was: 5'-GAG CAC
CAT GAC AEH 0eAM336GT CAT CCC TGG TG GTC CTA CGA TGA CTC PGIEB02/0EhEt
sequence for the antisense strand of nutant SEQ ID NO 11 was: 5'-CAG AGT
CAT CGI' AGG ACA CAC CAG GGA 10 TGA CAG TGT CTG TCA TGG TGC TC-3'. The PNA
probes were synthesi zed, HPLC purified and confirnmed by mass spectroscopy

by Commonweal t hSE@i dPedRridlodrss 2 3R MRS ISVRE BSAPSt PREIBFBBRS wer e

first di ssqheaditan Ocd %EGAd thdfd, Ukeapet E6ragi e tivade IR iGORGEAL 8L Oon Of
10 ng/ M, and then diluted to 1 ng/m by the addition of ddH2O Final PNA

stock sol utiBAsThEReIr efhr ctRiFh  GHFRG oSS EbReRMt PEAUSRACBf LHnBRE/ | .

Probe No. Lhaaged d5-#@F. PNA probe designed to be conpletely conplenentary
to a 15 nucl eoti de segnent of the 20 sense strand of the 50-ner wld-type

targe® DNA (SEQTR® RESUSLC®\ETY 49§ S§RERI AbraRd dohJdaitaninSEQ0SD: §Os1h

(Nature 38Qxs2075: (3R96)dac ThaTdi g6t i a8l idat OfrgithecRf obevagcappegtrt e or
antiparallel to that of the sense strand in the target. The sequence for

Probe No. FTCSEEIRD §§R 175CA&TCs TEE325 CAC CAA AGA TGA TAT -Lys - CONH2 -

3" . Probe No. %héé"a%e%uéﬁc@‘?'fof"\'éhgr%%lbgﬂé’é'Qé‘faﬁcﬁ‘ SPAHEPSS:. &RAg Prgbe No.
1, but was of the sameé directionality, or parallel to that of the sense

strand in t9eldsPRA:t ardeCACThéEeqiéiice 0r Fr%be Mgt 2CRSEGRD NEFA3)
was: ' -H 3@ TAIGAG}'G@GACT@ACT%C-@&é G2 -3 _3,The 15-mer ssDNA probes

were synthesized and purified by HPLC as above. SsDNA probes were
di ssol ved i n ddER® aPNR rusthasnt Werfonsyitiesimside/ | HPPE obauNg ied wagda

15-mer ssDNA g4 ?mgddemgped tRade  26,)00.936040326 Pg?’/IBO@(gnQ[%L%alth

conpletely conplenentary” to a 15 nucl eotide segmnent the sense strand of
t he 50- ner BAidtgchppéogieget IMNA (BEChngnANO B, USA) .  PNA probes were

first dissolved in 0.1% TFA (trifluoroacetic acid) to a
15 concentration of 10 mg/ml, and then diluted to 1 mg/ml by the

addition of ddH,0. Final PNA stock solutions were prepared in

ddH,0 at a concentration of 1 pmole/pl.
Probe No. 1 was a 15-mer PNA probe designed to be
completely complementary to a 15 nucleotide segment of the
20 sense strand of the 50-mer wild-type target DNA (SEQ ID NO:1),
overlapping amino acid positions 505 to 510 (Nature 380, 207
(1996)) . The directionality of the probe was opposite oxr
antiparallel to that of the sense strand in the target.
The sequence for Probe No. 1 (SEQ ID NO:12) was: 5'-H-
25 CAC CAA AGA TGA TAT-Lys~-CONH,-3'.

Probe No. 2 was a 15-mer PNA probe identical in sequence
to Probe No. 1, but was of the same directionality, or
parallel to that of the sense strand in the dsDNA target.

The sequence for Probe No. 2 (SEQ ID NO:13) was: 5'-H-

30 TAT AGT AGA AAC CAC-Lys-CONH,-3'.

The 15-mer ssDNA probes were synthesized and purified by

HPLC as above. SsDNA probes were dissolved in ddH0 at a

concentration of 1 pmole/pl.

Probe No. 3 was a 15-mer ssDNA probe designed to be
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The directionality of the probe was opposite or antiparallel to that of
the sense strand in the target. 5 The sequence for Probe No. 3 (SEQ ID

NO 14) wawoO 08/0132% CAG AGA TGA CAG 3'. Probe No. 4 was aPCIARer023%IDNA
probe identical in sequence to Probe No. 3, but was of the sane
directionality, or parallel to that of the sense strand in the dsDNA
target. 10 The_sequence for Probe No. 4 (SEQ I D NGO 15) was: 5'-GAC 2 AGI AGA
GAC CAC- 3' coPpbpee Nb. COMpERMentREYIetO aft ilfaraidaotssonegawspé dideRrbfcal to

Probe No. éen@éCMaﬂci drdpansgthaehed g- ftly%%r %é‘é%é@ me(tsbﬁeatmt ke 5 .
position. 15 The sequence for Probe No. 5 was: 51-Flu- CAC

CAG AGA TGRheAGigect pprakiiy .o the Rrd®: s m&qeléle %Dmtepeﬁelit%ntl cal

to Probe Ng, @pa@exSentnd tschad Qeréﬂéaﬁb%@lef kyorescein noiety at the 5
position. 20 The sequence for Probe No. (SEQID NO 17) was: 5 -Flu- GAC

AGT ABA GAC CACTIze . seupnceNdor7 BxgbeaNes- heKS%%Ei\Mliﬁdﬁé wgst h &h-8R€ached

fl uorescei pafDi g&X afad h@ne;_3p0sition, designed to be conpletely
conplenentary to a 15 nucleotide segnent of the 25 sense strand of the

50-mer wi | d- t ypBreke géfo .DNA (SED 1D NOrmgr sHIAA]| psebeonkdenticef ' ihe
probe was %ngéhéé? 96 8pLh P2 é" '?' b&@ Mgatopftﬁ@es),é%:&ﬁédﬁ%ﬁawtgéhe

target. The uence for Pro
AGA TGA TAvrspar@Dl@ldbe et vaveee asqrsam@rtl’@@QNﬁ\np?%ei% §aedeto be

complt el combkaIPaLassnde dlt auel gt de ;ﬁ@nﬁmwflst gssense_gheand of

t he mer wld-type ar get The directionality of the
probe was &G paGal I%AthCHChét’ of the sense strand in the target. 27 WO

03/ 010326 PCT/ | BO202783, e, 380ugnoEs filly Phohgph0a: fef SEQDR NG:3fh was:

identical to Probe No. 3, except it had an attached
fluorescein moiety at the 5’ position.

15 The sequence for Probe No. 5 (SEQ ID NO:16) was: 5'-Flu-
CAC CAG AGA TGA CAG-3'.

Probe No. 6 was a 15-mer parallel ssDNA probe identical
to Probe No. 4, except it had an attached fluorescein moiety
at the 5’ position.

20 The sequence for Probe No. 6 (SEQ ID NO:17) was: 5'-Flu-
GAC AGT AGA GAC CacC-3'.

Probe No. 7 was a l1l5-mer ssDNA probe, with an attached
fluorescein moiety at the 5’ ©position, designed to be
completely complementary to a 15 nucleotide segment of the

25 sense strand of the 50-mer wild-type target DNA (SEQ ID NO:1).
The directionality of ‘the probe was opposite or antiparallel
to that of the sense strand in the target.

The sequence for Probe No. 7 (SEQ ID NO:18) was: 5'-Flu-
CAC CAA AGA TGA TAT-3'.

30 Probe No. 8 was a 15-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the
sense strand of the 50-mer wild-type target DNA (SEQ ID NO:1).
The directionality of the probe was antiparallel to that of

the sense strand in the target.
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Probe No. 9 and Probe No. 10 were 15-ner nutant ssDNA probes identical in
sequence to wild-type Probe No. 8, except 5 for a one base nutation
(under | i r®@)03/0Ti3e6 sequence for Probe No. 9 (SEQ | D NO 20) paagBo2i27GAC GAA
AGA TGA TAT-3'. The sequence for Probe No. 10 (SEQ ID NG 21) was: 5 -CAC
CAA ACA TGA TAT-3'. 10 It is well known that ssDNA strands of m xed base
sequence readi I¥ form ssPNA: ssDNA dupl exes on a Watson-Crick pairing basis
when react ed wi theefemernentiqraraiobel Nor 8pdFER| P NQnkNediaped S<PRAC
strands at ch@omE&gnpeiAat uixg..3VW have previously shown that such

SssPNA: ssDNA conpl exes 15 containing perfectly matched sequences can
reliably be di 8¥PPguNehed fa¥n : M DNRO c wRpEetEsmesnfdtAaRhg S§PYAbp

m smat ch whepnagsayed:idt hg, Rpgace eb WhealPVhd b Risahi] 0, XOXP:1
(Mol ecul ar “Probes, Eugene, OR, A), and that the order of assenbly of the

PNA sfrand fREs2a08¢ gerds cervatiear iiwgdemlined)20 ability to specifically bind
a ssDNA target. phXagpléerdce CUPHLP! RS €T '(§E§n§1¥ 166 : SO NI 0N 5oL s DNA
dupl exes when wld-type or nmutant ssDNA target sequences are reacted with
Wat son- Cr i ERAcoPBhentEr arBRTadt i-paral | el ssDNA probes or with honol ogous,

that s to say iflenki6ilnRATl Skops SR £ 0SSy @5uTher Nyt i zati on

reaction mxtures giving rise to the data illustrated in Fig. 1A each
cont ai ned BHeCREI | 6 NgACAni XCGAr e TAZ-phol es of ssDNA target, 2 pnol es of

SsDNAgprobe, — O0:p x; JBE,ARd igggﬁMtq{atYoggbﬁAi @ drdial o¥Ol k. of padgl . The
reaction mxtures were incubated at roomtenperature (21C) 30 for 5
m nut es, plsegeantcat geadylar Eorvusebik; sshN adiunlekes tdn aniarspor Gragkl aser

beam havi ng.a,4ayel g0oLl fnd88 Amand okl oLefalor Lhugresaquy egtssion.

The intensity \3? fl'uorescence was plotted as a tunction wavel ength for
each sanplperanabyzesntRgs\ed33RIUS 26 1ROl BO2/10PM9 Lempgrifgse. 1B #rd 1C,

:)Prgl ggbg} disré%ko%fe%%his?{} Mthes A ) SaGh conhdl Nedbnane dpld1QWerg: 2

15 containing perfectly matched sequences can reliably be
distinguished from ssPNA:ssDNA complexes containing a 1 bp
mismatch when assayed in the presence of the DNA intercalator,
YOYO-1 (Molecular Probes, Eugene, OR, USA), and that the order
of assembly of the PNA strand has a significant bearing on its

20 ability to specifically bind a ssDNA target. Example 1
compares the efficiency of formation of dsDNA duplexes when
wild-type or mutant ssDNA target sequences are reacted with
Watson—Crick complementary antiparallel ssDNA probes or with
homologous, that is to say identical parallel, ssDNA probes.

25 The hybridization reaction mixtures giving rise to the

data illustrated in Fig. 1A, each contained the following

mixture: 2 pmoles of ssDNA target, 2 pmoles of ssDNA probe,
0.5 x TBE and 500 nM of YOYO-1 in a final volume of 40pl. The

reaction mixtures were incubated at room temperature (21°C)
30 for 5 minutes, placed into a quartz cuvette, irradiated with
an argon ion laser beam having a wavelength of 488 nm and
monitored for fluorescent emission. The intensity of
fluorescence was plotted as a function of wavelength for each

sample analyzed.
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target, 2 pnoles of 5 -fluorescein |abeled ssDNA probe, 10 mM Tris-HC1, pH
7.5, and 1 nmM EDTA. The reaction m xtures were 5 incubated at room

t enper at Wwe 0321036 f or 30 minutes or 90 m nutes. Fol | ow n@cCirnBeareion, each
sanple was placed into a quartz cuvette, irradiated with an argon ion

| aser beam having a wavel ength of 488 nm and nonitored for fluorescent

em ssion. The maxinum fl uorescent intensities occurred at a wavel ength 10

of 525 nm the &Hj 9965n wavétehdth e iReTEd EaF HOT THeC T it ity r6F
f1uorescent gi19si O0cNaRALhLEd A, %UTE%%%%P]C yavel anat hoﬁ% h
be No. Wel the 50- irer

sanpl e anal yzed. Wen the ssDNA Probe react W th
Wil d-type s@rgetst apmodesSED bD NOGresceaiint RabhéedOspRNA prdheut 40t mdlense

strand of SEQJ RB-NG 7 n,_gheaﬂgegLe?@iegEa&%YOY%?%,ergg%%g@gg{éingl}r%%nme nentary

ssDNA: ssDNA dupl exés “wer € " f or ned A . ntensity
emtted by drwmbhtep TatC robsnnaletbedagtid parabd)el reonmpoeneitwdas doepl @
(sense strand cy; SES TL'LE NO 7 + Probe No. 3) was 56% | ower_than that

obt ai ned by 23 tHe pdPfet¥iyY mbR A TR FAFR FEIPLR e RiRcEy 1M &x
(sense strandtefl cGZEtO, NG Fadi deab@ibh. ad)arddienicnheassPNAedi aberiNg. 3
was reacted vvithlthe O-Per wild-tdé e antis(inse strand of SEQID NO5 in
the presence "GV 198710 t HE8 1% iFe ROYL BPTPArRT diH RS REFBYb IR ITHR ssDNA

25 dupl ex frHeTBid-ARMUMASE 0tnes3%nt OwaE ehBani dd eoddidenay HfvavditdRamnal | el
conpl ement a{% ssDNA: ssDI\f\ duplex formatigon (Fig. 1A). This result was
conpl Bt el y Unant? cif¥at el THELESHRR A BVEHERHELcHEF pat WPTICHED! oS

dupl ex fornettemeByt be BOudREscdnt! @l sabh SRS IYttaad a8l a SERIDAMNOE was
reacted with the 30 ssDNA Probe Ngo. 3 in the presence of YOYO 1, produced a

f1 uor escent"RH'SEP5R FRT ePRTR SARAE 788188981 ower than that enmitted by the

perfectly paral genhamel egoma dupbeX NoFi & W . reddHd Qlit3AMNL S @B i Si ng
each 50-ner ssDNA target plus 500 nM YOYO- 1l exhibited | evel s of

f1 uor escencB-WHiteRSr &TRRRF f FBRRNS 900 Y 018356 :PCoY BU2FB2F8E Prossto 92%
| over1g han diiaintoRsekeedtvhhl bhesperfeaid.yy et ehedprdyphexess (Fow-11A) .

The | evel of fluorescence emtted by the
antiparallel complementary ssDNA:ssDNA duplexes were formed
(Fig. 1A). The fluorescent intensity emitted by the 1 bp T-G
mismatched antiparallel complementary duplex (sense strand of
SEQ ID NO:7 + Probe No. 3) was 56% lower than that obtained by
20 the perfectly matched antiparallel complementary duplex (sense
strand of SEQ ID NO:5 + Probe No. 3}.

When the ssDNA Probe No. 3 was reacted with the 50-mer
wild-type antisense strand of SEQ ID NO:5 in the presence of
YOYO-1, the efficiency of parallel homologous ssDNA:ssDNA

25 duplex formation was only 3% lower than the efficiency of
antiparallel complementary ssDNA:ssDNA duplex formation (Fig.
1A) . This result was completely unanticipated. The 1 bp A-G
mismatched parallel homologous duplex formed when the 50-mer
mutant antisense strand of SEQ ID NO:7 was reacted with the
30 ssDNA Probe No. 3 in the presence of YOYO-1, produced a
fluorescent emission intensity that was 56% lower than that
emitted by the perfectly parallel homologous duplex (Fig. 1A).
Control samples comprising each 50-mer ssDNA target plus 500

nM YOYO-1 exhibited levels of fluorescence which ranged from
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15-mer ssDNA Probe No. 3 plus 500 nM YOYO-1 was slightly greater than that
produced by YOYO- 1 alone. The shift in 5 fluorescent em ssion wavel ength

obser ved wDtob/01d3e6 SSDNA targets and probe is typical of YOY@BA/®7&EN Ssion
profile in the presence of ssDNA. YOYO 1l facilitated DNA conplex formation
between a ssDNA probe and a conpl enentary base sequence in an antiparallel
10 ssDNA target, or between a ssDNA probe and an identical base sequence in

a paral | el 938D’A 2%F g]éiwe:‘?v\ntlhﬁnsiﬂﬁﬂ e iech e tht bhe Reheclilet BRERRRAL I on

bet ween peaﬁg%kas rf@ﬁ@edugorrplﬁféeqe%@@ okh@%oi;@éﬁéﬁd’é réqu%tédbeyrrtﬁgatch
In the paral honol ogous = conpl exes, the 1 bp m smatch was a

non- honol o@éu%‘%aﬁ%’& rProfs THe- cdnpakust i 580 e TR ofaansipahalyel

conpl enent gry,cand cRahaldiele NoERRAQUS,HS N dupL exnd O MBfonsyeas: fupt her
exam ned using ssDNA targets and ssDNA-F probes in the absence of conplex

promofi ng &4EArSsaeieth aeMMHMON Heveadenehl. oRsTVache WEbNALEePr 68BNNo. 5

was incubatedotpr 30gMppPYbESikn: iéa]?ooﬁuiéﬁ 1ats re?rﬂ@s&%ﬁp%&éﬂ'ié yhth the
50-ner wild-type sense” strand o D NGO 5, the Watson-Cr

conpl enent &hg pPaasepes O SIsDVADNA: ssDNA F dupl exes were for rred very

efficient]y, reshbblnOedisds xfdar SRUCLLAM &R FEHAIAEL Mo ELSSl QEpRRNPar ed
to that emtted by Probe No. 5 alone (Fi Q. 1B). By contrast,

ant i par al | ®robsn@rshent gPYP ST assDNrage @@m@@smha@ covizpmedlal 1 bp
T- G njysmat %@Di\ﬁe?_é?gé{:r apd Bfry&ER 4 D?%\ERB +r£:re0té§1d|\l%n Saiereahepscat abl e,

resulting in onl 40% decrease i n rescent em ssion corrpared to that
emtted by sm@bece\lolnSaa?acmélﬁﬂt eesDHA Jrragiut eithcabatlan TG caryy. LeB) .

Par al | el l.og I
R N R
ID NO 5 or t}hOBh t!hetét)nm% ant dmt mizmeitsbnse It Fhadrafalde) IIDITN@OQOHS
t
generating L£_E e ?} b}?omggéﬁﬁgﬁ%agg/ﬂoﬁoa %Z?%}ouserﬂa%%'

intensiti es t at wef ower , respective than t at emtted
by ssBNA Probe Rbe Bombanetive efficiency of antiparallel complementary

and parallel homologous dsDNA duplex formation was further
examined using ssDNA targets and ssDNA-F probes in the absence
of complex promoting agents such as YOYO-1 or cations. When
the ssDNA-F Probe No. 5 was incubated for 30 minutes in Tris
20 buffer at room temperature with the 50-mer wild-type sense
strand of SEQ ID ©NO:5, the Watson-Crick complementary
antiparallel ssDNA : ssDNA-F duplexes were formed very
efficiently, resulting in a 53% reduction in fluorescent
emission compared to that emitted by Probe No. 5 alone (Fig.
25 iB) . By contrast, antiparallel complementary ssDNA:ssDNA-F
complexes that contained a 1 bp T-G mismatch (sense strand of
SEQ ID NO:7 + Probe No. 5) were less stable, resulting in only
a 40% decrease in fluorescent emission compared to that
emitted by Probe No. 5 alone after a 30 minute incubation

30 (Fig. 1B).
Parallel homologous ssDNA:ssDNA-F complexes were formed
when the ssDNA Probe No. 5 was reacted with the 50-mer wild-
type antisense strand of SEQ ID NO:5 or with the 50-mer mutant

antisense strand of SEQ ID NO:7, generating fluorescent
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after a 30 mnute incubation (Fig. 1B). The avid formation of parallel
honol ogous ssDNA: ssDNA- F conpl exes in the absence of 5 a pronpting agent
was conplwoaBgiwsm@nt i ci pated. The discrimnation betweenPsTgred/®7amn tted
fromperfectly matched duplexes and 1 bp m snatched dupl exes in the
absence of conplex pronoting agents, was not as dramatic as that observed
when YOYO-1 was present and served as the pronoter and 10 signaling agent
(conpare FPgESSiR andniBpsithes wddathe vase 4d® boeRdant3i’Far alPEET and

paral | el dyeéﬁé@@weiy ghéﬂa&lleﬁét dihseridi ot i.eRnRetpresr BRY.fest Lyonat ched
and 1 bp m snat ched DNA conpl exes was observed when a paral |l el honol ogous

ssDNA t ar géEehied %é‘&f{uﬁ&nlﬂﬁéha‘awfanﬁl@aréppel Elepmp elrfe ficappt4eoNRf 15
target waspysgthdD SRR NS <SREBINAG SFANNN- gor@ﬁrggée%xqa eﬁbgabséﬁae Sfter a

90 mnute 1 ncubatl on, Wat'son-Crick antiparallel dsDNA ssDNA-F c | exes
consi 8t i ngaof Pﬁ@mpéé{lgy @IRBE enAtar FomRdghehy es Upsehiel R raghd of | D

NG 5 + Pr Og§séplmﬁ)atﬂronl k#giw%gn PgHh s FBL R NEd S eARN GRS RN mat FRBE Of
SEQ ID NO 7 + Probe No. 5) producéd a 39% and 30% decrease, "respectively,

in fluoreSephexesi sgidonli Mensispacengdhr @@Pﬂ@xﬁﬁatlr’eﬁb?eoﬁhﬂﬁncﬁ oP& No. 5
al one (F'gco$£aexF§¥EH3%¥ﬁgya QﬁE§|lﬁgsrﬂﬂgﬂa%gﬁEﬁma§§g»%§E%HQNAOBSQQGP&exeS

exhi bited the sane | evel of stabl [ity 25 after 90 m nutes of incubation as
di d the Wawben- FO¥k 1 awespapae$<iit sSDRA: 88DR F aGonphexastonrie@rf | @Bfescent

intengitie I I 0 o upl ( i S rand
1SR AR el shqlormloghe S o e
honol ogous fguploth( aant ipared st santl opaBEL S0 fEphexss + PEB%‘:NO lsyswere

40% and 250 LapER1nd EROPoiNEldn pAlRRCLDAbaeRhLhedRY 1 oSDNA RrBbEN . S

al one afte m nut e e msc ani sm of recognition
and bi ndi ngNaf conmplehespiwegowbsieayed iwhenhe marallel dwDRAcdopseREBNRs

unknown al «,34e V03! 0408 200 Il 02D S6 ol Bl Bol | KBy NEKAFLOG! B3PNA

recognitio di ng of para gous ssDNA 'sequence$ occurred in
a conbi gur &ergat wibshused to produce the ssDNA:ssDNA-F complexes (Fig.

1B) .

After a 90 minute incubation, Watson-Crick antiparallel
dsDNA:ssDNA-F complexes consisting of perfectly complementary
sequences (sense strand of SEQ ID NO:5 + Probe No. 5) or 1 bp

20 T-G mismatched sequences (sense strand of SEQ ID NO:7 + Probe
No. 5) produced a 39% and 30% decrease, respectively, in
fluorescent emission intensity compared to that emitted by
Probe No. 5 alone (Fig. 1C). Remarkably, parallel homologous
ssDNA:ssDNA-F complexes exhibited the same level of stability

25 after 90 minutes of incubation as did the Watson-Crick
antiparallel ssDNA:ssDNA-F complexes. The fluorescent
intensities for a perfectly parallel homologous duplex
(antisense strand of SEQ ID NO:5 + Probe No. 5) and a 1 bp A-G
mismatched parallel homologous duplex (antisense strand of SEQ

30 ID NO:7 + Probe No. 5) were 40% and 25% lower, respectively,
than that emitted by ssDNA Probe No. 5 alone after a 90 minute
incubation (Fig. 1C).

The mechanism of recognition and binding of the

homologous bases in the parallel dsDNA duplexes is unknown at
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al l owed the discrimnation between perfectly matched ssDNA: ssDNA conpl exes
and those containing a 1 bp or 2 bp 5 msmatch. In these parall el

honol ogouwomanpisexes, the 1 bp msmatch was a non- honol ogerdaBiRAReIpai r .
Exanple 2 In Exanple 1, the remarkable efficiency of parallel 10

honol ogous ssDNA: ssDNA dupl ex formation was denonstrated both in the
presence of g conplex pronoting agent such as YOYO-1l and in the absence of
any conpl efhdtsoﬁgg‘?ng g@@ﬁf‘?h?%&r ST SR" aRBd PRI IRP Af tRAFadd®el ogous
bases in themopagehkeksdRDNAcHUShEXLSodAS 8L M 18Sa t BoRF 1 QW RASHM WBiich

di scrim nation between perfectly honpl ogous base sequences_and parall el

honol ogous deqUEfAcestifat HoifteMiegtaonr pposivaait chPerfretly paraicéed

honol ogous skpi@ : BEENA! ¢bap1VRES 3hs0 tHRRr | Yond862981 ZAb) e L3S J¥ sgatphes
based on Watson-Crick conmpl enentary _ recognition and binding rules. anpl e
2 exaRi nes WEE256Er ec dghi thesie RREDILTd Aprelreerencpmptenar al Fee kol ogous

dsDNA dupl exematBAt we®Nd aldh-AchQbgbul base Raid i ngs, to determ ne whet her
t hese Watson-Crick conplenmentary pairings appear as msmatches in a

paral | el honol ogous binding reaction. 25 Each hybridization reaction

m xture (4Qgdaptenpained the followi ng: 2 pnoles of ssDNA target, 2 pnoles
of ssDNA probe, ~ 0.5 x TBE and 500 nM of YOYO-l. The reaction m xtures were
i ncubat ed at rodfm tBRPERER ule (Phe) YerkaklfuteRtigienceyd of ntkpwRld@drt z

cuvet{oe, | R abdsWsbbNANs AU IDRA E28aRe8H) Whs NBYhOEs ratde gt h of
488 nm and nonitored for fluorescent. enission. The intensity of

f | uor escendé@ vig® RERIBF L 2 f GPERITh DIoWRbieKe PSRt GlucBadlf sSAHS-é

anal yzed. hen jhe 3sDNApELobe Ne. dhyf WobRp@er 3] oEQH%e{%en\ﬁ’Qs gact ed
with the 50-mer wild-type antisense strand of SEQID 3 03/010326
PCT/ | BO2/ 0ZPFPInNEESRor 2R t BP¥IHETS0- Rér  Flle arfto geefisebaseandof TSEQ | D

NO 10 in the.phesencedinaYOv&hidiRa al [;gk hegehogaus s55DNAISSINA Lupl exes
were formed (Fig. 2A). The fluorescent

15 discrimination between perfectly homologous base sequences and
parallel homologous sequences that contained a 1 bp mismatch.
These parallel homologous 1 bp mismatches were also clearly
recognizable as mismatches based on Watson-Crick complementary
recognition and binding rules. Example 2 examines the

20 recognition and binding efficiency of parallel homologous
dsDNA duplexes that contain A-T or G-C base pairings, to
determine whether these Watson-Crick complementary pairings
appear as mismatches in a parallel homologous binding
reaction.

25 Each hybridization reaction mixture (40pl) contained the
following: 2 pmoles of ssDNA target, 2 pmoles of ssDNA probe,

0.5 x TBE and 500 nM of YOYO-1. The reaction mixtures were

incubated at room temperature (21°C) for 5 minutes, placed

into a quartz cuvette, irradiated with an argon ion laser beam

30 having a wavelength of 488 nm and monitored for fluorescent

emission. The intensity of fluorescence was plotted as a
function of wavelength for each sample analyzed.

When the ssDNA Probe No. 3 (with a 53% GC content) was

reacted with the 50-mer wild-type antisense strand of SEQ ID
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intensity emtted by the 1 bp A-T m smatched parallel 5 honol ogous dupl ex
(antisense strand of SEQ ID NGO 10 + Probe No. 3) was 72% | ower than that
obt ai ned w9 Ble3perfectly parallel honol ogous dupl ex (antPCsapex23er and of
SEQID NO5 + Probe No. 3) (Fig. 2A). This dramatic decrease in
fluorescent emi ssion by the parallel honol ogous duplex 10 containing a 1 bp
A-T, stron% y suggested that the Watson- Crick A-T binding was hi ndered by
the spatiaMNCaRd/Fr Chih gEhecGirmgar AUteRt| vdegnsn heandard SHaseB when
part of papahbel jhomlipgous sidrrrds &t t eppid NG t GAachiiRie saRhegodyp! ex.
Control sanples conprising each 50-nmer ssDNA target 15 plus 500 n%l YOYO 1
exhi bi t ed F6PEPssePNR | Fap £2Eesh ceeithi karmadanJdd@ -f rédrh-96% 1 Trries®ertt han
that observedewsipyt hémup@ééeoawtrmtcfiedbguphe%esmigm&cr?e%) ptheiheyel of
fluorescence emtted by the 15-mer ssDNA Probe No. plus 500" nM YOYO 1
was sPBi ght hprgleaees GHRASY hdenpEerfkseds BP0 1812@ &P oNe: 10 The P¥RPet in
fl uorescengem $si QQsWa?\é@J eNgfidl- ORBEH Y @G a WM dibt i@ oS SENAL har Q]!%txsfe%@ypr obe

is typical of YOYO em ssion profile in the presence of SsDNA. Parall el
honol ogous %@Me%swp g el ipdere (ansbsereerest raffe Pl W@%GD@P @i trd-t ype

anti sense shigad g5, S D%AI D1 25 (With a,33% @Lakoifentde RS skeaghed
with the wild-type ss Probe No. 8 or with the mutant ssDNA Probes No. 9

and 10, influpzepresencemdssi@yoy (Frhe 2Bpraligl f | henaeasie | SU@ASKti es

em ttgd by G,C ched u pl sense
strand of SCIICE%%F%H%l + 1Pr%%ak o SQQE%gh?hgn?gggQQ& El:lgGymtgrératv%%gbh

paral | el hémsicsgéud dumddng( afas é’@ﬁ@@@ﬂr &yd tore %E@llaﬂ) RO o PheBgeNo.
10) vere 67 é’ng@?; th/%&qmqr os%ﬁsﬁlﬂft)i%}{% Yo LHAN + hak ot th%%d rft he s

perfectly par onol ogous d e anti sense strand of I'D NO 1 +
Probe No. m)ra(llleé reypolqrus ostirgudat | abtfoting | ﬁPer aeltlieﬁga bafeblen 33
WD 03/ 0103 B a QQ%D AENAVAS rget
unfavorabl e tg%!r]{&%él gl?lin greng) gne%tggsry ndl ng, resul ti né |en a

decr etgse i mlufSI uDt @sont Y@ slsi exhibidiesat 1 oeelf afl Hporesraned. whdetbr ol
ranged from 96% to 97% lower than that observed with the

perfectly matched duplexes (Fig. 2A). The level of

fluorescence emitted by the 15-mer ssDNA Probe No. 3 plus 500

nM YOYO-1 was slightly greater than that produced by YOYO-1

20 alone.. The shift in fluorescent emission wavelength observed

with the ssDNA targets and probe is typical of YOYO-1's
emission profile in the presence of ssDNA.

Parallel homologous ssDNA:ssDNA duplexes were also formed

when the 650-mer wild-type antisense strand of SEQ ID NO:1

25 (with a 33% GC content) was reacted with the wild-type ssDNA

Probe No. 8 or with the mutant ssDNA Probes No. 9 and 10, in

the presence of YOYO-1 (Fig. 2B). The fluorescent intensities

emitted by the 1 bp G-C mismatched parallel homologous duplex

(antisense strand of SEQ ID NO:1 + Probe No. 9) and the 1 bp

30 C-G mismatched parallel homologous duplex (antisense strand of

SEQ ID NO:1 + Probe No. 10) were 67% and 66% lower,

respectively, than that obtained by the perfectly parallel

homologous duplex (antisense strand of SEQ ID NO:1 + Probe No.

8) (Fig. 2B). The configuration of the interacting bases in
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sanpl es consisting of the 50-mer ssDNA target plus 500 nM5 YOYO-1 or each
of the 15-nmer ssDNA probes plus 500 nMYOYO-1 resulted in |evels of

fl uor escewoashaee were slightly greater than that producedThBo2@v@ 1 al one
(Fig. 2B). Therefore, the interacting base pairs in parallel honol ogous
dsDNA dupl exes, fornmed in the presence of YOYO-1, 10 adopt a configuration
that is unfavorable for binding between Watson-Crick conpl enentary base

pairs, restbei RgrrhlslchomglpIdicesdupres st ondeeaprkhle BprndhEiPRhes. W

are |ed tocenvkSagmphanent SRt §hespi Raliddi Ags,SEGeNGESs WheEheLe OggUrring
as part of a hairpin or 15 nmultistrand conplex can cause energetic and

repeat ed néireReaG R heehbdtl edicicasiveyof oaadhbey @irRatsbabi FPeyret the
i deal bi ndipgconfdgurating Wrdelnei Eh&fePi Bdbig MRbLEr HiusS sdxpast ed
that binding strength of baSe pairs upstreamor downStream of nucl eation
sites? net ¥P¥Pohsorng@ashhef thet bpsmessiiNA Drphesa PBugr PA§ 8M ¥RECattenpts

to achi eve . pgpdtng. i FXadpL s 3o @ﬁo@é%@@hee SXRIR NRSrd meli%)‘ﬁth? g@extgi
anti parall el honol ogous ssDNA: ssDNA dupl ex formation facili ed by YOYO 1

25 or by nihevareat rredwiesl bYh&OKODY ialionst i(@AdredBlions, giving rise to

the data illusgpategid, Fighe 3AnGACRG08t aiagd thgifal | QW ngpbxidie: 2
pnol es of ssDNA target, 2 pnoles of ssDNA probe, 0.5 x TBE and 500 nM of
YOYO 1 in &ofippapove| dabNdf duplexckhe faxaed g Ihenipaaseaseweife YOXOubat ed at

room frenperaiure, (216 é%@faé&o eSS s Rh2Gedril O fodUR A ngUYetlien

irradiated wth an argon ion |aser beam having a wavel ength~of 488 nm and
moni t or ed WatspPhuBresk ergommiienensary Theasent @adirsy ofestliigresdant SBAfssi on

vas ploltodugs 2 umchion.pl wnvelepol i 09240026 PCTI | BO2I 02701
. g. , the hybridlzation reacti on m xtures
(401) each conWai nedet héed ol towienyisagenohew ohissONbasar gat , bindppsl es of
5I-f|uores%%hﬂehgggledwﬁégﬁgfpr&%%hrfw%dﬂwégri%%ggl’of a hairpin or
15 multistrand complex can cause energetic and repeated motion as
the base sequences try to achieve the stability of the ideal
binding configuration under either binding motif. It is
expected that binding strength of base pairs upstream or
downstream of nucleation sites, metal ions and other factors

20 will have a bearing on the attempts to achieve bonding.

Example 3

This example examines the efficiency of antiparallel
homologous ssDNA:ssDNA duplex formation facilitated by YCYO-1

25 or by monovalent cations.

The hybridization reactions, giving rise to the data
illustrated in Fig. 3A, each contained the following mixture:
2 pmoles of ssDNA target, 2 pmoles of ssDNA probe, 0.5 x TBE
and 500 nM of YOYO-1 in a final volume of 40pl. The reaction

30 mixtures were incubated at room temperature (21°C) for 5
minutes, placed into a gquartz cuvette, irradiated with an
argon ion laser beam having a wavelength of 488 nm and
monitored for fluorescent emission. The intensity of

fluorescent emission was plotted as a function of wavelength
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5 pH 7.5, and 50 MM NaCl. The reaction m xtures were incubated at room
tenperature (21C) for various lengths of tinme ranging from1l mnute to 60
m nut es. WoloBowi3ng i ncubation, sanples were placed into &CaguBer®@7€Uvette,
irradiated with an argon ion |aser beam having a wavel ength of 488 nm and
nonitored for 10 fluorescent em ssion. The intensity of fluorescent

em ssion was plotted as a function of wavel ength for each sanple

anal yzed. EREUBATToFARLISSRAYBREbe No. 4 with the 50-ner wild-type

anti sense strand,of;;SEQ i ol n YOYQ)-. res din
anti parall el ho?}%l gglgtjs is%mh%{smf%ﬁ%tgégf grfer?%{tiléﬁ ﬁ—ll%é:}l}gi) e( "X}'Lﬁﬁough
the effici each congatnpdr &ghleelfoliombhggous2 conplax ¢Hr rabNBntaageonl § 65%
that of co Lonal -, api.l el | y. for LQn _ npar e
Figs. I ShdTshyB2, g SELnRAReE, R B O 1SR s S ae 20
ssDNASsequ@Hc&s5di dndcB0r nMf Hadl | t dited dppcYO¥O- hixThrss restd tincwbsted

conpl etely unanticjpated. Furthernore, antiparallel . honpl ogous ssDNA: ssDNA
conpl exes ESnpPPYi hgmﬂf’F?jt-‘{Vpe 24, ngug?ﬁevsaw ¢EBEFRS ‘gj?stt“i dieSHedSf r om
those conprEir®ing ik eOrea? & MismddLhesrolhewiddiofesaeitidnnt eagbliess
emtted by 25 t?ﬁ&l p ,A-G m smat ched DNA conpl eéﬂg\anti sense strand of SEQ
ID NO 7 + Pfd6e PNGCeH) 10tRe 3 BIRIEZT WVSEehed BRAZESAPIEX ARNArEeRse
strand of SBQ hBs&L Bedm RiBhAIGNG. wiyeldi¥td e 4GONERCHAA iRord dii<d $BRE Ched
DNA compl ex _(antisense strand of SEQ.ID NO 8 + Probe No. 4) were 25% 65%
and 709% | oidOTSBCFRE pERLFTEPS, t FBR EREENSHTAI Pedt byCrsrESHer farEsion
antiparal | glas heT®t ©GOUSsCOAPIRAABhI SENSGagbl aAgeRf PEQ &&AMNOHmp1Br obe
No. 4) (Fig. 3A). As the degree of honol ogy between the probe and target
decr eased, ReYFEPel of fluorescent enission decreased. Control sanples
conpri sing eachrh@apBt i 55 NA ss3mAVE:-084 039326 ACH LBA26O24O wilial-ggbep! US
500 nM YOYO-1 exhibited |l evels of fluorescence which ranged from 88%to
90% | over tHR&dSEREE SLendePini TFRt AR NOapf edt | FheraPEREBFRCHNPEeXELOCEi g.
3A). {khe | exgliieta flivor esfranceaeiiit edoh¥1bd8ud S- sBiNASINMAPT ephiex 4

| us 500
P formation (Fig. 3A). Although the efficiency of antiparallel

homologous complex formation was only 65% that of conventional
antiparallel complementary dsDNA formation (compare Figs. 1A

and 3A), recognition and binding of antiparallel homologous

20 ssDNA sequences did occur, facilitated by YOYO-1l. This result
was completely wunanticipated. Furthermore, antiparallel
homologous SsDNA : ssDNA complexes comprising wild-type

sequences were clearly distinguished from those comprising 1
bp or 2 bp mismatches. The fluorescent intensities emitted by
25 the 1 bp A-G mismatched DNA complex (antisense strand of SEQ
ID NO:7 + Probe No. 4), the 1 bp C-T mismatched DNA complex
(antisense strand of SEQ ID NO:6 + Probe No. 4), and the
consecutive 2 bp mismatched DNA complex (antisense strand of
SEQ ID NO:8 + Probe No. 4) were 25%, 65% and 71% lower,
30 respectively, than that obtained by the perfect antiparallel
homologous complex (antisense strand of SEQ ID NO:5 + Probe
No. 4) (Fig. 3A). As the degree of homology between the probe
and target decreased, the level of fluorescent emission

decreased. Control samples comprising each 50-mer ssDNA
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5 nMYOYO- 1 was slightly greater than that produced by YOYO- 1 al one.
Antiparal |l el honol ogous ssDNA: ssDNA conpl ex formation was further exam ned
usi ng ssDNawarged s and ssDNA-F probes both in the presemrcanpmi2ansence of
50 MM NaCl. After 15 minutes 10 of incubation of ssDNA-F Probe No. 6 with
the 50-nmer wild-type antisense strand of SEQID NGO 5 in the presence of 50

nmvi NaCl, antiparallel honol ogous ssDNA: ssDNA- F corrjs%exes were fornmed, as
i ndi cat ed by ¥%e BAUFdENeddl FAYPTLorEBERHERA 0bSERYRd O FPRFEACERCE hat

enm tted bywﬁia@erm}ecﬁ alpnestFLg. 9&!3)1OWE}6 thanethi€i svarly aathpanal | el

honol ogous co ormati on was 2% that of antiparallel conplenentary
conpl ex fopﬁﬁﬁ%thlymmtmhwg apowlmxﬁ@te (FhgubaBPon (dafBenote¥dbwngt By

contrast, aphipaiadlsl HomRlaoays hsDN ssPNesINL PRRIRXER . tlaabluso@w ned a
1 bp A-G mi smat ch (antisense stfand of SEQ 1D NO 7 20 + Pr obe

. 6),
bp G T m sAlt ¥RYPaht Weense ighidrdIgraben t EﬁNéahethPéB@eNobyaYOYa L] bp
A-T m smat g@oﬁﬁntl sense strand of SEQ ID NG 10 + Probe No. 6), and a
consecutive 2 bp msmatch (anti sense strand of SEQ ID NO 8 + Probe No. 6),
produced a 24%Apsiparddhedndonolagpee ctdite SSANR| gopRkee fcmaggon was

respect i Vekﬁrtﬁ@frpéﬁ&qlﬂ@d t@ﬂn&@éﬂl@g @ﬁfgpert%beaﬂgj ss@l\ﬁl @nNeroBEEehoBhld

m nute incubation (Fig. 3B). The configuration of the interacting bases in
the anti paial tBE hosstogousndupbestess s apphreftly.y JHiterol&bménpbes

Vat sqp- Cri gl ¢Qop SR sy gébh pi 199615@ N4 egulticRgchd 2o GhaNGR 1ty

fluorescent emssion 30 I ndicative of 1 bp msmatch. Less anti gar aI | el
honol ogous ancdaphex $orans iodn S@@cﬁprlé@ ?r ol dliengrassucei dfut® ™MctB&tion in
the presen n Mo LapRkeXs fRLERIHQRYAS

evi dent af t%g*}:%%?mfn%ﬂf glggn?ig%é&batgl on. Si m'A lar rates 3f anti par alel el

honol ogous asorrpimaﬂ’@drrabyorthanoB4<86dm©%$¢)1@BZGE]I”GFIGISBQEPGZP@feré’?ﬁbl lity

wer e observ%%phgegrtg f £ eémla:t % | ng be (ggt as”Qionéthf% sByonogged by

YOYO- 1 or recognition an antiparalle mol ogous ssDNA
sequeices efcurciedcyn od antlparallel homologous complex formation was

62% that of antiparallel complementary complex formation
following a 15 minute incubation (data mnot shown). By
contrast, antiparallel homologous ssDNA:ssDNA-F complexes that
contained a 1 bp A-G mismatch (antisense strand of SEQ ID NO:7
20 + Probe No. 6), a 1 bp C-T mismatch (antisense strand of SEQ
ID NO:6 + Probe No. 6), a 1 bp A-T mismatch (antisense strand
of SEQ ID NO:10 + Probe No. 6), and a consecutive 2 bp
mismatch (antisense strand of SEQ ID NO:8 + Probe No. 6),
produced a 24%, 26%, 23% and a 13% decrease in fluorescence,
25 respectively, compared to that emitted by Probe No. 6 alone
after a 15 minute incubation (Fig. 3B). The configuration of
the interacting bases in the antiparallel homologous duplexes
was apparently unfavorable for Watson-Crick complementary A-T
binding, resulting in a change in fluorescent emission
30 indicative of a 1 bp mismatch. Less antiparallel homologous
complex formation occurred following a 30 minute incubation in
the presence of 50 mM NaCl (data not shown) . No complex
formation was evident after 45 minutes of incubation. Similar

rates of antiparallel homologous complex formation and
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5 configuration which allowed the discrimnation between perfectly matched
SSDNA: ssDNA conpl exes and those containing a 1 bp or 2 bp msmatch. The

i nteractiwpobiwke base pairs in the antiparall el honol og@owgaBeuRreEx
resulted in a conventional Watson-Crick A-T base pair being destabilizing
as a mismatch. 10 Exanple 4 This exanpl e dermpnstrates the efficiency of
paral [ el conplementary ssSDNA: ssDNA conpl ex formation pronpted by

nonoval ent SEapi by wEe e rdatnofriabef BRr Mibitheés Na61( A@?Sa gath

cont ai ned thsyhp! I owing: 2 proles of ssDNA target, 2 pnoles of

5' -fluorescein | abel ed ssDNA probe, 10 nM Tris-HC1, pH 7.5, and 50 nmM
NaCl . The reactPermatios upesYQEP el Pﬁcﬂbﬁledraﬁog%b?ﬁqrbrﬁﬁia]?{ﬁ%lr(‘EQl‘é f or
vari ous | engtigaplyy dif Mendfidhel [ MBokall il fudrie R0 MBuil@sq Fold owng 20
i ncubation, sanples were placed into a quartz cuvette, irradiated with an
argon5i on Fagéigwqmvm@l%hwa@él@m@@h she 488 semiBABRREPR t OPEEWERR

fl uorescenbegf%ééimnat d %%BﬂﬁléyDNﬁfccfrA;}i%&éécéﬁé %@l&@mﬁ@ﬁlﬁ@o&ted as
a function of wavel ength for each sanple analyzed. 25 After a 15 nminute

i ncubat i onli ket be Br &peméematcE0 nfhe Nt erayPIQR: SDNASFLagpl bréss in

consi sting.qf aﬁ££§§fély1elcqmoq%§aher HuPEOH CRCES SPNSE SUURMnPEoRER | D
NGO 5 + Probe formed readily, resulting in a 41% decrease in

f | uor esceniabaPsstorch M-dhdesg pohpdraing deskablthrizedy 30SPREBR: No. 6
alongy(Fig. 4). This high efficiency of parallel conplenentary duplex

for ITB.tI on was conpl etely unexpected. By contrast, inconpletely

conpl ement Exgmpd®NA: sSSDNA- F conpl exes containing a 1 bp T-G m smatch

trand 7
gts rand of rgEQ ?Ehﬁ%%% %%‘?g‘%asze’fu%d? %%O%féle%f%%%ﬁbg% ta%.aliégnse
bp T-T nmi seetmphefsanzey swsma:csstSEQ |qompNex 1FormpEdpa NOroBytednddy
ti f
consecutl ve . %fgg/l%%% %enselgg}d?;%ﬁdl%glbg ’\Qgctilcfr)f Olﬂﬁxm:reg)

gener ated an o and ease respect lve | uor escent
em ssison  (40pl) each contalned the following: 2 pmoles of ssDNA

target, 2 pmoles of 5’-fluorescein labeled ssDNA probe, 10 mM
Tris-HCl, pH 7.5, and 50 mM NaCl. The reaction mixtures were

incubated at room temperature (21°C) for various lengths of
time ranging from 1 minute to 60 minutes. Following

20 incubation, samples were placed into a quartz cuvette,
irradiated with an argon ion laser beam having a wavelength of
488 nm and monitored for fluorescent emission. The intensity
of fluorescent emission was plotted as a function of
wavelength for each sample analyzed.

25 After a 15 minute incubation in the presence of 50 mM
NaCl, ssDNA:ssDNA-F duplexes consisting of perfectly
complementary sequences (sense strand of SEQ ID NO:5 + Probe
No. 6) formed readily, resulting in a 41% decrease in
fluorescent emission intensity compared to that emitted by

30 Probe No. 6 alone (Fig. 4). This high efficiency of parallel
complementary duplex formation was completely unexpected. By
contrast, incompletely complementary ssDNA:ssDNA-F complexes
containing a 1 bp T-G mismatch (sense strand of SEQ ID NO:7 +
Probe No. 6), a 1 bp G-T mismatch (sense strand of SEQ ID NO:6
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5 intensity conpared to that exhibited by Probe No. 6 alone (Fig. 4). Once
formed in the presence of 50 nM NaCl, the perfectly natched parall el

conpl emenwerog/otilpé exes were very stable, resulting in a 20%IB0249%
decrease in fluorescent em ssion 10 after 30 m nutes and 45 m nutes of

i ncubati on, respectively, conpared to that emtted by Probe No. 6 al one

(data not shown). The 1 bp and 2 bp m smatched parallel conplenentary
conpl exes WerPEoRGe N e $d 1 sPalll PPafE & WEMFtTht dSerf8 A5TaRP nut eSESQF ID

i ncubati onyonibhe peepenss.ok) H0aaM Aacbnédatdiwota 11%: StiQRkchTheehate and
efficiency of parallel conplenentary ssDNA:sSsDNA-F formation was very

simlar toStkardoPt FRRi F.)%r%@i%l’f dFrbeelient &1y sEEREERGINATF 1BG5r rrﬁf)f’on

during thejobi rslg 4bedn QUERS S, | AcyhaldioR V) tihe PrrseRcene! allsaibhad
(data not shown) Wile antipar al | el conpl ement arf\; conpl exes 20 continued to
Y

form &asi | y&PREEEBO GeMRated P i HealbaekbiPitedoPY nirRRel Nho HaraPPél
conpl ement gty gcoppl ex formation was evident at this tine (data not shown).
NaCl faci Iltated DNA conpl ex formati on between a ssDNA-F probe and_an
antiparal | el coRpfenépreey LxONE Ruegenceoprt 38 BatNpeh +hssDRALEChL¥be and

a paral | el GeERLEMERL A <3S Db ?éﬂ@ﬁt:ax\s\ﬁtbuélé&é@r Wikl CReYy tRaghbow
differentiation between perfec mat ched conpl exes and those containing a

1 bp or 2 usFUALSRd: &R aSO(l%(a?ﬁﬂ e4'5° Elepitase 111 of LoKrafsiestr AMFsaPker nat e

base fpecognidiiean ;0and nRicRdi RYaMALI frrﬁnﬁ‘EEHrbﬁfngnQ‘éEé{\@%h Aantd [ﬁr lilvehyor
paral l'el ssDNA probes, and conpl enentary or honol ogous ss targets to

gener at e sma%@NﬁGquﬁhékesemJ&tﬁér bhakrehe dbhveht idrae @'W) B83r010326
PCT/ 1 BO2/ 0%fQ})ant ipar al hel M S.zorbp%l%aeeﬂeheggeaem dsEhA SRARLeYesS.

This exanple will show'that bases are capable of recognizing and
i nt er act i nFomiplisxbst HexsmpheaBntkass afbahbeolad§eys Pas@ingtest mndsafd time.

5 Sanpl es qQf; fMRsPER! €5cbaSEIMNAPIORE Msedctebe Bfahedi1 (data not

15 shown) . The rate and efficiency of parallel complementary

ssDNA:ssDNA-F formation was very similar to that of

antiparallel complementary ssDNA:ssDNA-F formation during the

first 45 minutes of incubation in the presence of 50 mM NaCl

(data not shown). While antiparallel complementary complexes

20 continued to form easily after 60 minutes of incubation in 50

mM NaCl, no parallel complementary complex formation was
evident at this time (data not shown).

NaCl facilitated DNA complex formation between a ssDNA-F

probe and an antiparallel complementary ssDNA target, or

25 between a ssDNA-F probe and a parallel complementary ssDNA

target, with similar efficacy, to allow differentiation

between perfectly matched complexes and those containing a 1

bp or 2 bp mismatch.

30 Example 5
Examples 1 to 4 demonstrated alternate base recognition
and binding motifs occurring between antiparallel or parallel
ssDNA probes, and complementary or homologous ssDNA targets to

generate ssDNA:ssDNA duplexes, other than the conventional
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95C for 10 mnutes and allowed to cool to roomtenperature for 30 m nutes
in the presence of various concentrations of a free base, resulting in
SsDNA pr owesouise@i ni ng conj ugated bases. Duplicate sanplP€3/1B62/@3DNA Probe
No. 3 were simlarly 10 denatured and cooled in the absence of added free
bases to generate non- conj ugat ed ssDNA probes. Two pnol es of these

conj ugat ed or non-con ated ssDNA probes were then mxed with 2 pnoles of
ssDNA t ar g@RtipaEael fee- 6T 16 eoeot2rindsDNR SooMPEBEeER aTRiRal

reaction ng&ﬁléﬁwfﬂl' shdPech8achhoBs 1881 ¥hBhBSe WBEE reBoyhaL 6y ahng 00OM
tenperature (2 for 5 mnutes, placed into a quartz cuvette, 1rradi ated

with an argéﬁmwn@as‘értlbeaﬁrhavpmglammxen@rrch BPmakBIGHy RARPS ndhi t or ed

for fluoresgentfnSsioLN. The intensity of fluorescence was plotted as a
function of wavelength for each 20 sanple anal yzed. Wen the

non- ¢cbnj ugat ed %agmltﬁﬂDmfbéWNoPle%soﬁre%ﬁﬁl@dPr ehe he3 BRGfeleffpd- 2 pe
sense stra f SEQ or _with he.50- ner n n f SEQ
ID NO 7, i Egt(ﬁe pre%én@énuo?sm Tll ?cri pg?aFPerfgmé%mtﬁO%ﬁleﬁ:%a%&gg - SSDNA
conpl exes 25rweo emiouted {Fitthe PAesehhe bfuvaescmrtcomiemwatyoesri bf ed by

the 1 bp TG mat ched anti.parall el ntary upl ex sens rand of
SEQ I D NO 7§ P?JS‘E& Nore%)’l SRS 4K, F’S@rﬁgp SRes, 1oa ob%‘é?ﬂeff

perfect |y patebed Buwplpedtad Iseslmple@nptfeeennaryrdm@lm (Se«nse mmmdrbjf SEQ
5 + Probe No. 30.3). trol sampl.es conpr a msr SsDNA

tar ggf) pl ugenggbr‘?ﬁvl ?’Eﬂ‘c}cfogo S’el e'ﬂ‘}’éﬁeglcgf ?ﬁ ?‘geége%é% rgnged

from92%t geaa%rtt@vwabnt-banjmé‘wﬂed)bsemmedpmbést he Trer f eadles uﬂt thede

dupl exes (Fi 5A). . The |l evel of f nce emtte the 15- mer., ssDNA

brobe No. | SORTHSAE TG et S U rE Ta e P b S T e

slightly gregielethan &sENA prandiecednbyh¥O¥Pedentonet stfemM hoYosDNAn&r obe

No. 3 was reacted with the 50-ner wld-type antisense strand of SEQ I D
NO 5 in thé-pr&s&REe isf a ‘?@‘F@llreﬁﬁ‘él%ﬁlfi’ witeyrlof4 hatlal | Rendi6Ics468s

SSDNASSDNR: e QYR O%, Y MRLLRR- V8 3270 LOYR"™ BRR LDE-ET TiGkeNCddf 5
minutes, placed into a quartz cuvette, irradiated with an
argon ion laser beam having a wavelength of 488 nm, and
monitored for fluorescent emission. The intensity of
fluorescence was plotted as a function of wavelength for each

20 sample analyzed.

When the non-conjugated ssDNA Probe No. 3 was reacted
with the 50-mer wild-type sense strand of SEQ ID NO:5 or with
the 50-mer mutant sense strand of SEQ ID NO:7, in the presence
of YOYO-1, antiparallel complementary ssDNA:ssDNA complexes

25 were formed (Fig. B5A). The fluorescent intensity emitted by
the 1 bp T-G mismatched antiparallel complementary duplex
(sense strand of SEQ ID NO:7 + Probe No. 3) was 45% lower than
that obtained by the perfectly matched antiparallel
complementary duplex (sense strand of SEQ ID NO:5 + Probe No.

30 3). Control samples comprising each 50-mer ssDNA target plus
500 nM YOYO-1 exhibited levels of fluorescence which ranged
from 92% to 93% lower than that observed with the perfectly
matched duplexes (Fig. 5A). The level of fluorescence emitted

by the 15-mer ssDNA Probe No. 3 plus 500 nM YOYO-1 was
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antiparallel conplenentary ssDNA: ssDNA duplex formation (conpare Figs. 5A
and 5B). The 1 bp A-G m smatched parall el honol ogous dupl ex fornmed when

t he 50- mrewormbanske anti sense strand of SEQ I D NO 7 was r e&CTagoamri t he
SsDNA Probe No. 3 10 in the presence of YOYO 1, produced a fluorescent

em ssion intensity that was 47%Iower than that emtted by the perfectly
paral |l el honol ogous dupl ex gpglg The 15-mer ssDNA Probe No. 3 contains
si x adeni n€lbgBeky g@HjM& ntb?t Zplmﬁﬂc@si & EOERAL BRe-No. 3 with 3

prol es of 15 frgge.d hyd nesmeul shdigsuyld, i ‘&%%fgactt@@ GAWRl eReNEaLY A OF
100% of the honol ogous T wthin Probe No. bound to the added thym ne.

Conpl enent #iJAAETPS| efi FReniSe eHereget |Oe‘-aI51E'5@ Ipr &1efr d@. theadrrsane® 2fpnol es

of SSDNA Prghg_fo. Ge (GeRiHIBLEH W h §rQﬂPéleS h%?no&BMHth)séMNhhs%Dﬁﬁm es
of the 20 wild-type antisense strand o? NO 5 in the presence of

YOYO- § r es@llpééxl nf g¥maetdre alWasg erlHn&ncéd’Wsﬁr ath@ll el cﬁgfdﬁj§le§§D|\IA°§sDNA
conpl ex for ﬁofaifé? %%Pll—%ﬁ&%é{ﬁ' V% BRACE, A Coﬁhﬂgék' Orfo%aEQSnSSDNA

probe with °3 p |ncrease par al | ous co
formation depme@netﬁegas PRer st 55) honﬁh@gbubpsécfﬁlefnt%%a CESRALH |1§1

augnent at i %ﬁ og B aldgh RONPLAERHS |, GOIPI G T 86 IRLL Ofu€af: beadtllglégget o the

ability of enines in Probe No. 3 to interact sinultaneously with the
conj ugat ed S@@‘ﬁpﬂenﬁn{SEQyIDth Rewapasescted widlh the &sDNA ReochenBPegdus

adeni laes ' '1 L gr\&é&é aggetYOow'ieo ?‘rodub@ er acfilfg}e‘@ctegta\@dls%gbﬁ

conpl errentary was not del eterlo stot honol ogous bi ndi ng
confi gur at |1@neadeYedt1wt t W$OWPogbmemas@§Mn@hﬁhel ?mltﬁ%@%h&m s thpy

contrast, %%TSEE!L £'19§’1ﬂ§1 fh %{E‘iEgBﬂs o&u};pfer}@l IFqg lgg WD 03/ 010326

PCT/ | 802/ 0 ogous conpl exes cont-al ni ng p A-G misnmatch
(antisense str&hd b5-BEQ $EPWO FrobePNobe 3Ngon8pingr #1x netesHged Hepes6 %

Probe No. - $onludgbEan (BF L BhFrC e e BEIE e Mg oAt ton 1

fl uorscentfrem gdiyorine could result in 25% of the complementary A or

100% of the homologous T within Probe No. 3 bound to the added

thymine. Complementary A-T binding is energetically

preferred. Reaction of 2 pmoles of ssDNA Probe No. 3

(conjugated with 3 pmoles of thymine) with 2 pmoles of the

20 wild-type antisense strand of SEQ ID NO:5 in the presence of

YOYO-1 resulted in dramatically enhanced parallel homologous

ssDNA:ssDNA complex formation (Fig. 5B). Twenty-five percent

conjugation of the ssDNA probe with 3 pmoles of thymine

increased parallel homologous complex formation between the

25 perfectly homologous sequences by 78%. This augmentation of

parallel homologous complex formation can be linked to the

ability of the adenines in Probe No. 3 to interact

gsimultaneously with the conjugated complementary thymine

bases, as well as with the homologous adenines in the ssDNA

30 target. Moreover, interaction with available complementary

bases was not deleterious to the homologous kinding

configuration adopted by the homologous bases and their
neighbors.

By contrast, the efficiency of formation of parallel
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intensity for the 1 bp A-G mi smatched parall el honol ogous conpl ex conpared
to that observed for the perfectly matched parallel honol ogous conpl ex
when t he womoenjusgat ed Probe No. 3 was used. Conjugation eCTih&/@3DNA probe
i ncreased the 10 specificity in discrimnating between perfectly matched
paral | el honol ogous conpl exes and 1 bp m smat ched parall el honol ogous
conpl exes. Remarkably, perfectly matched antiparallel conplenmentary

sSDNA: ssDNAFGHPPERSf 6P R $357F weitadRaRE e Py dufnhid ApF el elants spses

conj ugat ed 25%nd U tdian ne Mes7 I easkede Wsbh the 2easeanst-tands oby SE@:! D
NO 5 in the presence of YOYO 1 (Fig. SA%. The sinultaneous interaction of
an adeni ne WATPRASPENIIC 3 i VRS (RBILERfEYaREY WoEPI SRETHLAPy CBAYnWRENand

the conpl effﬁﬂi—%"oﬁaugraté@_ t Beoss Dy |t anget,,augpeaged (#of matdgn of ihes
perfectly 20 matched antiparallel conplenmentary conpl ex. Remarkably,
f or matdi on TOFREPINHRAT- & miZ et ¢heddHET IR alinel flEonpresiint AL SE3RPI ex

was very ingffdngiept shiencilzcanj ygahed JIHReMes IR 14sethodAELLENG I n
an 88% decrease in fluorescent em ssion intensity conpared to that

gener at ed PP eEheP@Rreet |59 ritethedPsmiviefarfar dihe g faredvarmptebepl ex

cont ai ni ng (£oR1988t 8dnd16568s Mp1dd whendkde TeBEBAiEM R Mobe No. 3 |
di scrim nation between perfectly matched and 1 bp m smatched antiparallel

conpl ement #3F sEERA: ssDNRNEBEPE EXes Ofastlp e#sPYA ifrhifc ednpyeased ofthe

conj ugat ed IMNA; pE ebes ;infn R RLRSRIEENPT b LA O JerciBALY- Tt HREr cent
conj ugation of Probe No. 3 with cytosine or guanosine also’increased the
ef ficiency RFraHeER hanalpgons| eowdepeemaitdary ®Rd pegmtcdiedh riadgdeds
SSDNA: sSDNA£AMRLEYX EGLFBLLQN in the presence of YOYO-1, as well as 41 WO
03/010326 PCI/1B02/02791" i1nproved the specificity in differentiation

bet ween perf ect Rpmaikebhed perpreides maidhedopnripraethel complaNeatalat a
10k e hoama B RrgtCcES M SOTAL AR bg) Ml o

15 No. 3 conjugated 25% with thymine was reacted with the sense
strand of SEQ ID NO:5 in the presence of YOYO-1 (Fig. B5A).
The simultaneous interaction of an adenine in Probe No. 3 with
the conjugated complementary thymine and the complementary T
in the ssDNA target augmented formation of the perfectly
20 matched antiparallel complementary complex. Remarkably,
formation  of the 1 bp T-G mismatched antiparallel
complementary complex was very inefficient when T-conjugated
Probe No. 3 was used, resulting in an 88% decrease in
fluorescent emission intensity compared'to that generated by
25 the perfectly matched antiparallel complementary complex
containing conjugated T (Fig. 5A). It is also remarkable that
discrimination between perfectly matched and 1 bp mismatched
antiparallel complementary ssDNA:ssDNA complexes was dreatly
enhanced by use of conjugated ssDNA probes in the presence of

30 YOYO-1.
Twenty-five percent conjugation of Probe No. 3 with
cytosine or guanosine also increased the efficiency of both
antiparallel complementary and parallel homologous ssDNA:ssDNA

complex formation in the presence of YOYO-1, as well as
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interact specifically and sinultaneously with both conplenentary and

honol ogous bases provided the conjugated base is a Watson-Crick conpl enent
to a basewonswhs2etrand which binds specifically to anotirer/iBey@amnd. The
recognition 10 and binding configurations between bases in a ssDNA probe,
conj ugat ed bases and bases in a ssDNA target may be simlar to the base
configurations fornmed in antiparallel and parallel dsDNA:ssDNA co I exes
descri bed H&P&PHed 15hex gRpFEE B ibvanist lif fesrphint ok soefinaptumeate

formation Retwaed AsdRxkar agls €OHAl fl Sk iBnRd L8RS SRAUENESS aﬂgt
honol ogous dsDNA pr obesxl abel ed w ?Dtrfﬁfl uorescei n. Quadrupl ex DNA

formati on iS#°¥Rhanced by the presence of nonoval ent cations 20 added to

the reaction. CogpherBiy by SERSE: s%ﬁihAa%Umﬁ%@s 1eotBti SHPNEBULEREES

wer e synt hesi zed, purifi ed by HPLC and anneal ed as above to geénérate
15- ned dstSGﬁoﬁééPveE)sIDNAtplt@Beé)a\ﬁ@ﬁe igi lautasEueRCced RO TRCOgREBACBALr at i on

of 1 pnnleﬁhte%écgrOb%pgglf;éaﬁﬁ? a Jmg Mer s AaNA RIpReyW tRian at baehed

fluorescein noiety at each 5 position, and was designed to be conpletely
honol ogous ac8PAcBeREREY fsldbph%glrﬁawsmbéﬁ@ spregidedy Chet ypEivgiegee DNA

(SEQ I D NOpke e ée%%%ﬁ f:P{cJE h@o%ﬁﬂétﬁer% ra8d 20f,f¥Obsn N@hel%t&éﬁ@ ID
30 NO 22) was: 5 -Flu-CIG T ". The sequence for the

anti sense sthighd bénder @@@CNélciJ_J_lY(tSEQm@th@ ZFHraggs: Srher| 1raOYniCAGRAGA

TGA GG 3 an'éa%h{b?/ &@f@l}aftgéﬁg' %t%éhurb%s%éo':)n CQ“ts%bﬂﬁd Be
fol |l ow ng eso target 4 prol es of 5 - 42 WD 03/010326

PCT/ | BOZ/ omm ugﬁtadr]@@%@ﬁ% namhlb@lséé égm@b@bé%etlmw 1oe ravinliag- Fel, pH
7.5 and 1QQ, (621 5@%1 g@&%'oﬁe ol s nel g iachated Al rﬁ%&@llel

t enperature our, wthout prior denaturation. Sanples were
pl aced i nt oiS@I\T@uasDHAcgvat@cea degdicabed Mgxdiman 5 argon ion | aser beam
havi ng a wavel ength of 488 nmand nonitored for fluorescent em ssion. The
maxi mum f | uor escent

15 Example 6

Example 6 demonstrates quadruplex DNA formation between
dsDNA targets containing mixed base sequences and homologous
dsDNA probes labeled with fluorescein. Quadruplex DNA
formation is enhanced by the presence of monovalent cations

20 added to the reaction.

Complementary sense and antisense 15—mervssDNA seguences
were synthesized, purified by HPLC and annealed as above to
generate 15-mer dsDNA probes. DsDNA probes were diluted in
ddH,0 at a concentration of 1 pmole/pl.

25 Probe No. 11 was a 15-mer dsDNA probe with an attached
fluorescein moiety at each 5’ position, and was designed to be
completely homologous to a central 15 bp segment of the 50-mer
wild-type target DNA (SEQ ID NO:5).

The sequence for the sense strand of Probe No. 11 (SFQ ID

30 NO:22) was: 5/-Flu-CTG TCA TCT CTG GTG-3’.

The sequence for the antisense strand of Probe No. 11
(SEQ ID NO:22) was: 5’-Flu-CAC CAG AGA TGA CAG-3'.

Each hybridization reaction mixture (40ul) contained the

following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
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intensities occurred at a wavel ength of 525 nm the em ssion wavel ength
for fluorescein. Fig. 6 shows the intensity of fluorescence plotted as a
functi on wb mawskength for each 10 sanple analyzed. |n tireTabexnca of KCI1,
no bi ndi ng between the dsDNA targets and Probe No. 11 was det ect ed,
resulting in simlar fluorescent intensities observed when wi | d-type dsDNA
target (SEQ ID NO 5) or nutant dsDNA targetNéSEQ ID NO 7) were m xed 15

wi th dsDNALPReBesSI@in tpheleghdfPiR Reehs dfse Ne. 18 WAsTHred¥dtr PHI dn2 (data
not shown) gnAf 166 @avlk@OUr THCURAldQBnahi%ltrld Gde PHRAANRGRA0EL1080omMM
KC1, dsDNA: dsDNA- F quadr upl exes consisting of perfectly honol ogous
sequences bampgsBiNutar et ¢)SEQrY D INCh&)r andidbOMA 2T iProbterdduratibor ned

readily, r ihg in a p2%decrease in_.the intensiit . fluo e

e ssi on contRr e0 vEy afEad S T bR S o P e e BBl e
dsDNAsF) (BRrgon6)iord nlasent reesstm haednyl ef elvgvhbendidgows dsONATas D F
qyadr upl ex%cSJnif;oS:ICEeQil Eo NOqugr Prcoebnq: Né)mi ]'s]i)oh conf,al nnilan}gm%ml %S%eggieﬁ 25

mi smat ch were F@ss-stahl 6 1A These reaction 'con&} ions, yie ai ng onFy an
18% decr easetensit oy escamtradtans twavelemgahe it G26Ehatm, exthiebicimédshynds DNA
Probe No. 11 alone.. The_presence of nonqval e ation suc . K+, at
specific cd '(‘:’SlrL]?rrl%‘f]ilo%grwgsué)ﬁfa??%}%ht %&%l Ineéwsclth%“ésdrﬁ%? e%ng‘?,%gﬁ% m?t?i on
bet ween dsbBbiMAotrasgetse apdotds®NA apr odbesuhabebed ofi t atdmregdcefor | rathe
abser]l e of gri gr deng;urdati on. Quadruplex formation occurred on the basis
of horol og6d8PpEsE PpafT“affinities, with a neasurable and significantly
greater anmount I1af tjwadabpdmee f ofmatclgn het wEewdihygl [yetdweaml ogloels ddoghex 43
WO 03/ 010326 _PCT/ 1 B02/ 02791 trands. Myreover,. the reaction_occurred at
room t enperaFgrEs \?Pgh%ﬁojgﬁsg\%l ﬁ‘gurw ‘ii%cﬁfgza?tdi’oﬁegtu 1t it gflmﬁﬁgge to
target of fllokesdentiSingemaitied csddAredl vheds DNA d-aygpet sisdNd dsbNAt probe
used in thi Xapp re_honpl cont ai pe % _content, .and did
not cont ai rf%’ﬁ@nﬁBubshg@o?rhﬁ%ﬁi%mgargFEeggﬁésgﬁih@ DA sH4RE. The

assayi50f t R@thn¥eDNAOPrd¥sS No. 11 or when dsDNA Probe No. 11 was present

alone (data not shown).

After a 1 hour incubation at 21°C in the presence of 100

mM KCl, dJdsDNA:dsDNA-F quadruplexes consisting of perfectly

homologous sequences on dsDNA target (SEQ ID NO:5) and dsDNA

20 Probe No. 11 formed readily, resulting in a 62% decrease in

the intensity of fluorescent emission compared to that emitted

by dsDNA Probe No. 11 alone (labeled dsDNA-F) (Fig. 6). In

contrast, incompletely homologous dsDNA:dsDNA-F gquadruplexes

(SEQ ID NO:7 + Probe No. 11), containing a 1 base pair

25 mismatch were less stable in these reaction conditions,

yielding only an 18% decrease in fluorescent intensity
compared to that exhibited by dsDNA Probe No. 11 alone.

The presence of monovalent cations, such as K", at

specific concentrations was sufficient to allow quadruplex

30 formation between dsDNA targets and dsDNA probes labeled with

fluorescein in the absence of prior denaturation. Quadruplex

formation occurred on the basis of homologous base pair

affinities, with a measurable and significantly greater amount

of quadruplex formation between fully homologous duplex
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able to identify perfectly honol ogous dsDNA sequences and those contai ning
a pair of m smatched bases, using a dsDNA probe. 10 Exanple 7 The

guadr upl ewobBl1Eecays performed in Exanple 6 were facili rargdo2ne7eihe

addi ti on of nonovalent cations in the reaction mxtures. The specificity
of the assay was further 15 exam ned utilizing divalent cations to
facilitate quadruplex DNA formation with dsDNA targets and dsDNA-F probes
possessi ng S5396EC NEREERET  EBBR ROBFF T 07OH T8y OFPIR xEHRS 4D

cont ai ned thA@nihokhiow Dol HPIBkasafiod AW EEDNACrdpPHBY &% @hrer 20
fluorescein | abel ed dsDNA Probe No. 11, 10 nM Tris-HC1, pH 7.5, 20mM WMhC12

and 20 nM IFC1P. Efhé «r edTiGo kR dr 88DWRY eThe nesHh depzdetsosm &FpERat ur e

(21C) for brager uswal RQUitHRE Qxamf@BalHEat hofol R SR8 nBlacsd gato a
quartz cuvette, irradiated with an argon _ion |aser beam having a _.
wavel éngt h oRteRt4gentn dad mat t 6PRERFDr NPMEBRESRR NOTe QBRI LTHCgne7

shows the dehleBabbYoff ahl,UBKERSEEPEE Pl OthEdadsaP Stinehd Ofhwdnt 1WAV GRENgt h
for each sanple anal yzed. When dsDNA-F Probe No.” 11 (with a 53% GC cont ent)

was i ncub&Pd@ wre h ¥deatsfymareifiacElyy promioNRUSar $FNA SESARERAES 5P1d30 or
the mutant GNA IR@8Hi6SEQ RANO 42 hishBEcE£SBRSES Of uddndgMaMaGhinand 20

nmv MgCl2, quadrupl exes were fornmed at room tenperature under

non- denat uF%i®®econdi ti ons. Wile perfectly honol ogous DNA quadrupl exes

yi el dgd the maxi mum decrease in fluorescent intensity, a 34% decrease, the
| ess favourable 44 WO 03/010326 PCT/1B02/ 02791 dsDNA: dsDNA- F quadr upl exes
cont ai ni ng ExaMpBe i smatch (SEQ ID NO 7 + Probe No. 11) produced a

fluorescent intefsity,dHabi1was pdPUlsdie S dRd hal PRSREVEdsWifdhedsDNA
Probe No. 11 al one Fig. 7). 5 The présence of divalent cations such as

Mh+2 and Mfezilfizerefit dnedtheadrdbitérnf opFationevaRest metigasatini ige

reaction mixtures. The specificity of the assay was further
15 examined utilizing divalent cations to facilitate quadruplex
DNA formation with dsDNA targets and dsDNA-F probes possessing
53% GC content.
Each hybridization reaction mixture (40pl) contained the
following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
20 fluorescein labeled dsDNA Probe No. 11, 10 mM Trig-HCl, pH

7.5, 20mM MnCl, and 20 mM MgCl,. The reaction mixtures were

incubated at room temperature (21°C) for 1 hour, without prior

denaturation. Samples were placed into a quartz cuvette,

irradiated with an argon ion laser beam having a wavelength of

25 488 nm and monitored for fluorescent emission. Fig. 7 shows

the intensity of fluorescence plotted as a function of
wavelength for each sample analyzed.

When dsDNA-F Probe No. 11 (with a 53% GC content) was

incubated with the 50-mer wild-type dsDNA target (SEQ ID NO:5)

30 or the mutant dsDNA target (SEQ ID NO:7) in the presence cof 20

mM MnCl, and 20 mM MgCl, quadruplexes were formed at room

temperature under non-denaturing conditions. While perfectly

homologous DNA quadruplexes yielded the maximum decrease in

fluorescent intensity, a 34% decrease, the less favourable
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conditions to allow accurate discrimnation between fully honol ogous dsDNA
target and dsDNA probe quadrupl exes, and quadrupl ex sequences containing a
pai r of baees/owseeh are 10 m smatched. Exanpl e 8 The qua@cupBex2DNA assays
performed in Exanples 6 and 7 were facilitated by the addition of either
nmonoval ent cations 15 or divalent cations in the reaction m xtures. The
next Exanpl e dempnstrates the specificity of the honol ogous _quadrupl ex DNA

assay when SSPEPPHREDNAT Br gupdfeRlex@oyOontaiaing np| byl mEiiicdnme$ESr yPsense

and anti sengs 713~ BPRELE SEDA SB0YRERSed28 m&re%seanheshzsﬂs%rﬂﬂa%e%ay HPLC
and anneal ed as above to generate 15-nmer dsDNA Br obes. Ds probes were

di | uted in 2RAADERS SameonE ehbrat PRIEDICN Wikl 8FPNAPPERRE Ni- 13 \idoDg

15-mer dsDNAvipy.obe .identical in sequence to Probe No. 11, but w thout the
attached 5° 25 fluorescein noieties. The sequence for the sense strand of
Probe 5No. 12 ( SEQel Dprad@nze) ofasdialalG JOAFET OTch GE6& Mn” Taed sMgilience

for the antjsanessbhandoalaPLons, No-edaa(SEQ | B HOL23) upsic e GG A

G
AGA TGA CA ach ation reaction mxture ( |) contained the
foll owi ng: @Miiriohes o DN tacgetagtel gnebesmiofamisDNAbPEwben Nmlly2, 0.5

x TBE and 10Q, M of,  YQYhd {D& éfa%wdond{ﬁ?ﬁ% “p%éb Y\Bc{u%éllr\%ﬁ?%%égg af,g21C
for 5 m nutes, prqaced into a qu%r z “cuvette, frrradiate an’ argon ion
| aser beamdvadrmglex 4dediBn@@s010386iRCHS| B02p827¥9bf Waavstenghhciof 2488 nm
and mni tormeldS fa(%rc fel uorescent em ssion. The intensity of fluorescent

em ssion was &ot Peg’as a function of wavelength for each sanple anal yzed.
The fluorescent intensities observed when no target or 5 probe was present
(YOYO 1 onIEy)g Ahe %hovvn in Fig. B. Fig. 8 also shows the fluorescent
intensities observed when the reaction nixtures combi ned dsDNA Probe No.
12 with wild-tyfhe quadruplex DNA assays performed in Examples 6 and 7

were facilitated by the addition of either monovalent cations
15 or divalent cations in the reaction mixtures. The next
Example demonstrates the specificity of the homologous
quadruplex DNA assay when the DNA intercalator, YOYO-1, is
employed.
Complementary sense and antisense 15-mer ssDNA sequences
20 were synthesized, purified by HPLC and annealed as above to
generate 15-mer dsDNA probes. DsDNA probes were diluted in
ddH,0 at a concentration of 1 pmole/pl.
Probe No. 12 was a 15-mer dsDNA probe identical in
sequence to Probe No. 11, but without the attached 5’
25 fluorescein moieties.
The sequence for the sense strand of Probe No. 12 (SEQ ID
NO:23) was: 5’-CTG TCA TCT CTG GTG-3’.
The sequence for the antisense strand of Probe No. 12
(SEQ ID NO:23) was: 57-CAC CAG AGA TGA CAG-3'.
30 Each hybridization reaction mixture (40 pl) contained the
following: 0.4 pmoles of dsDNA target, 4 pmoles of dsDNA Probe
No. 12, 0.5 x TBE and 100 nM of YOYO-1. The reaction mixtures

were incubated at 21°C for 5 minutes, placed into a quartz

cuvette, irradiated with an argon ion laser beam having a
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50-nmer dsDNA target (SEQ ID NO 5) which contai ned honol ogous sequences, or
with four other dsDNA targets which, but for one 10 m smatched pair of
bases, cowDaBnes26equences which were honol ogous to the PagaBexRaEINces in
the dsDNA Probe No. 12. Honol ogous wi |l d-type dsDNA target (SEQ I D NG 5)
when present in the reaction mxture with the dsDNA Probe No. 12 produced
t he greatest quorescent intensity. Msmatched dsDNA targets 15 when

i ncubat ed WRVRLERERA PEoBBENBT 289 AOPRRECFRACEPHNE HIE]FENLy iSBig8d Resser

fl uor escentrhent eRsthyi Mal USS FARBERECEAOMINYsilbasswhor siediNad apget 5( SEQ
ID NO 10) to 80% | ess for dsDNA target (SEQ.ID NO 11), conpared to that
achi eved byUpstEftert Py W%ﬁﬁ%ﬁﬂﬁﬁhqﬁaﬁr%%W%x%%ﬂﬂﬁi@naéyzeéo It was observed
that honol ogousrayadnupk-e¥8snt Stabbhizeths bybNadl rd:Lereal abiga: ber med
nor e readlly between a dsDNA target and a dsDNA probe when that probe

cont aPned PFEPPECHRY PﬁSﬁﬁP%géﬂ%Y%éhdﬁﬁé@saIFhf@OWﬁeﬁntﬁéﬂe fas Bi€infl e
pair of bases Wah&h WeiHR NeiubpdRaaousSntbhattlisSs t @baaY-vhdenfisal thk0 25 a
pair of bases in the dsDNA target. The quadrupl ex conpl exes described in

t he foregoitfgcthPRreMdkbiprescareined s (RF P N5 a2 MiiorviHensregous.
Exanple 9 3. h%rtﬁbﬁNﬁx%gﬁgét QQEQE&Dd§5B69tQEQ@E5c8ﬁ%é&ﬁ@6“¥%%$ﬂd@oﬁs 53%
GC 15-nmer dsDNA probe (Pro wherein Watson-Crick conplenentarity
exi sts bet feeiHeBgses oF WHe fuaneshef 49idNA jiegigetanuhprloxibil foaseseof the
strangs Ofnhﬂﬁmkéﬁgét ﬂﬁ be pABOr QoAeuenoh QnRnMuRLEX il agedei N the
m nor groove of 46 3/010326 PCT/ 1 B02/ 02791 the other duplex. The
sequences g¢fomedsesupntehéhgupper Hraencas elhotlRoMEPEBoRsObat Nar e 1Pnvert ed
in relationd1L8888 wldtbypéiucﬁémt@éﬂfét e duplexes, M&nfﬁwe%te%q msu or
groove into mnor groove, are parallel To one another, and referre

by us as neigt ddiec giggicerent mﬂytu@n‘wi’élheﬁh%tr@fs%%s%f% %tl@erﬁ@dﬂsﬁﬁer

SSDNA sequenge re\év% tswﬁafé% 1%9 byw&&mm qdReabove
to generate 1 DNA probes were diluted in
15 when 1ncubated w1th dsDNA Probe No. 12 in the reaction mixture

yvielded lesser fluorescent intensity values ranging from 20%
less for dsDNA target (SEQ ID NO:10) to 80% less for dsDNA
target (SEQ ID NO:11), compared to that achieved by perfectly
matched gquadruplexes (Fig. 8).

20 It was observed that homologous quadruplexes, stabilized
by YOYO-1 intercalation, formed more readily between a dsDNA
target and a dsDNA probe when that probe contained perfectly
homologous sequences, than when there was a single pair of
bases which were not homologous, that is to say identical, to

25 a pair of bases in the dsDNA target. The quadruplex complexes
described in the foregoing three examples are referred to by

us as mirror homologous.

Example 9

30 In this example, 50-mer dsDNA targets were exposed to a
53% GC 15-mer dsDNA probe (Probe No. 13), wherein Watson-Crick
complementarity exists between bases of the strands of the
probe and proximal bases of the strands of the target when the

major groove of one duplex is placed in the minor groove of
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ddH20O at a concentration of 1 pnmole/l. 10 The sequence for the sense strand
of Probe No. 13 (SEQ ID NO 24) was: 5'-GAC AGT AGA GAC CAC-3'. The
sequence Wworphs2ant i sense strand of Probe No. 13 (SEQ | PCREIB4)279asS:
5'-GIG GIC TCT ACT GIC-3'. Each hybridization reaction m xture (40 |)
contained the 15 following: 0.4 pnoles of target dsDNA, 4 pnoles of dsDNA
Probe No. 13, 0.5 x _TBE and 100 nM of YOYO-1. The reaction m xtures were
i ncubat ed &t°r G5RFT eIV ur THRIHATHCeS RENDRESS 1| BRedUm X §FaPez

cuvette, i rarr@dln%ttedlamotmgaﬂsaﬁoq@n alr@n 1h%§eedb§am1%qgtmgnatwa\eﬁb@@gtlh of
488 nm and nonitored for 20- fluorescent em ssion. The intensity of

f | uor escenttheéniBFLeF BRI -ot t EHS asiunlernet | WRSBf DREVEFeMGIRTT GFFOSHEN

sanpl e anahygeginbkdgr8olk! UgkEabgsaidl 5 LA ABSANGE QndPrid¥erred
denaturation, the hi gﬁest f{uorescent intensities were 25 achi eved when

t he wdl d- tmbsoumaSM@Q SOPELEPSERTD NO 5) was reacted with the 15-ner

dsDNA Probe No. cddn1 i b MRS ch eo%.r f€ch f18e 005 2 &S R} eARRLary
basis to the dsDN%\p targetﬂ?SE DN )th%Te Qeflaorescée%?ﬂ?ntenm t%rsl S

i ndi cati ve wegF BNAtheRdFAg. tﬁléifhél?ﬁla@é HPRCt Ad easea4addrapkPERVEoLRat i on
30 betwee D&%ﬂ%@'\'&st%gebsﬁﬂﬁ LRepAESt egheRAP L RIBRL AR dS [NA, RAORE.

Mut ant ds targets wh were m smatched with the duplex probe by a
single pai rdddit O beais &5 qmmemmchmngoﬁvajs prassgeded on the inverted honol ogy

b ted_ .47 WD 03/0 PCT/ |1 B02/ 0279 t

reasuPably 1 ever PG SRTITIE, omiFexB8no0 THEH e BRRE Yo, 11 HEBC ¢ he

ful ly conplyerent awssw | 8- GAcpepmiDNAGAarcgm CRwe-3vari ous m smat ches, which
d ' h b 5

ver e e S, PeskShetoRLOAE BIELSAD RATRLE B vRsogsagyedon @

f 1 uor escent (SExt @psSNOE £8) pranshuced Gtm t ec queatr uplaaxesTtesfred with the 1 bp

m smat ched dsDNA targets_plus dsDNA Probe No. 13, ran%ed from8%to 16%
| ess Each hybridization reaction mixture (40 p contained the

15 following: 0.4 pmoles of target dsDNA, 4 pmoles of dsDNA Probe
No. 13, 0.5 x TBE and 100 nM of YOYO-1. The reaction mixtures
were incubated at room temperature (21°C) for 5 minutes,
placed in a quartz cuvette, irradiated with an argon ion laser
beam having a wavelength of 488 nm and monitored for

20. fluorescent emission. The intensity of fluorescent emission
was plotted as a function of wavelength for each sample
analyzed.

Fig. 9 illustrates that in the absence of prior
denaturation, the highest fluorescent intensities were

25 achieved when the wild-type 50-mer dsDNA target (SEQ ID NO:5)
was reacted with the 15-mer dsDNA Probe No. 13, which was a
perfect match on a nested complementary basis to the dsDNA
target (SEQ ID NO:5). The fluorescent intensity is indicative
of DNA binding taking place, in this case quadruplex formation

30 between the dsDNA target and the nested complementary dsDNA
probe.

Mutant dsDNA targets which were mismatched with the
duplex probe by a single pair of bases when matching was

assessed on the inverted homology  basis of nested

47



than that achieved by perfectly matched quadruplexes (SEQID 10 NO5 +
Probe No. 13). Geater discrimnation in fluorescence was observed between
perfect!| ywbeoaolsgous and partially honol ogous quadrupl ex@€TiIROZRaNP| e 8.
This suggests that fully conplenentary or 1 base pair m smatched nested
conpl ementary 15 dsDNA probes bind less discrimnately to dsDNA targets
than do mrror. honol ogous dsDNA_probes, which bind with greater

speci fi ci t yCOrRHieReBkanprE shovred Hagasuadd- Gever quasruplex wrwrliargs

bet ween nesjat | KB HoINA 1Bl %8S theadh Y OCeHp Pehdht 4 L8 a-
presence of YOYO 1. Exanple 10 Exanple 10 denonstrates that thé assay of

t he i nventi'oPe CEPNG $erPRtnallebBatidis germasiches paivbheld wans steagedck 25

conpl ement ady SN PnoiRex enARd 105 BNATSIBNA GRTRI exesveantai ai ng 1
bp, 2 bp and 3 bp m smatches when a cationic econdensi ng agéent, such as
the DNA i ntaacorplenvd-ary Pagicedanthiaekrmyler-i di zation reaction
mxture (401) coptaiRgd therid0 5Ol LOW Adioe RIS REnLRE &L SisTNRes?
prol es of ssPNA probe, 0.5 x TBE and 500 nM of YOYO- 1. The reaction

m xtures wet®e thecobactEyraexedomkeranpemitly e 1€) bpormiwteheds dsiiNced

into a quardZrJgditeldite i ddTidl alRibeViddl R, angeRekonLAS gl Reamsshaviqg a
wavel ength of 488 nm and nonitored for fluorescent 48 WO 03/010326

PCT/ | BO2/ 02750 i ts st @H.evEde bivhtrerdiccy 1gf mpkgbee saeadeumkexes otSEQ] s a

functipn ofymayvel enghh {Qr each sanpl e anal yzed. The fl uorescent
intensities observed when no DNA or PNA was present (YOYO-1 only), or when

wi | d-type SEQ | BrReter Siforanin®EQN D ING Zlyorsaranee SEGS D NG QG WRek e
reacted wi tiygptdpar ghiel FNA Pmmslggﬁsl or,par ahdaly Pr o8y are

shown in Figs. 10A and 10B, Tespecti DsDNA: ssPNA ~ conpl exes consi sting
of perfect|quadnvpllerent alp sé&awpnées BSEQ MBiNO sugsgfriobe tat 1)fwllyowed

naXinun]inté%ﬁg%éﬂ@%tQ@&“%&nil base pair mismatched nested complementary

15 dsDNA probes bind less discriminately to dsDNA targets than do
mirror homologous dsDNA probes, which bind with greater
specificity.

This example shows that Watson-Crick quadruplex binding
between nested complementary DNA duplexes readily occurs in

20 the presence of YOYO-1.

Example 10
Example 10 demonstrates that the assay of the invention
can discriminate between perfectly matched, Watson-Crick
25 complementary dsDNA:ssPNA complexes and dsDNA:ssPNA complexes
containing 1 bp, 2 bp and 3 bp mismatches when a cationic
decondensing agent, such as the DNA intercalator, YOYO-1 is
present.
Each hybridization reaction mixture (40pl) contained the
30 following: 2 pmoles of target dsDNA, 2 pmoles of ssPNA probe,
0.5 x TBE and 500 nM of YOYO-1. The reaction mixtures were

incubated at room temperature (21°C) for 5 minutes, placed

into a quartz cuvette, irradiated with an argon ion laser beam

having a wavelength of 488 nm and monitored for fluorescent
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10 YOYO- 1 and the conpl exes, yielding the highest fluorescent intensities
(Fig. 10A). The fluorescent intensities for 2 one base pair m snmatched
dsDNA: ssPNa osonpkex (SEQ ID NO 2 + Probe No. 1) and a twecChaBe/@atr

m smat ched dsDNA: ssPNA conplex (SEQ ID NO 3 + Probe No. 1) was 97% and 99%
| ower, respectively, 15 than the perfectly matched dsDNA: ssPNA conpl ex

(Fig. 10A). Simlarly, when parallel PNA Probe No. 2 was bound to the

t ar get dsDﬁNl§éH%ncesTh€é héngpeshid ko PBavsepaprcen ¥att dHOFteds @A 3sPNA

conpl exes exRkpibedof | HArESCRRY kBEeélééﬁ's%&l p1Rabna WL &g 92% and 97% | ower,
respectively, than the perfectly 20 conp errent ary dsDNA: ssPNA conpl exes

(SEQID NO1 + '@h@bélmresqﬁ)nt( rgtenls@B)leSpré@rm@ewlpgmrn% BNat ehe8NA
dSDNA: SSPNQ, oCQIIIRXRS PRRE S 3[“19191?)“ SER LieNO i 3¢ BrobgNorp o0k SEQ 1D

NO 4 and Probe No. 2 produce orescent intensities that were 99% and
97% | Swer , MuEspEcBERe|RP, NQveh Qmemﬂé‘éﬁtﬁfeﬁmf ?B NAt2hweredsDRACESPN&ith

compl exes (gt gapot1 hopm - p£aN nol. APl 2o LA pRANG:58:RE. 08 DA

targets plus 500 nM YOYO 1 | uor escence which were at
or bel ow t Is&owpevén ofid$ uorlddcennd obeRy ve@amiepﬁlsebﬁ m srReBedsEVAP| exes

dat t h I

E)rgbg BFUS%@W%W%O@%&%%O% ﬁfafr 5\%2@('9 ent |O%%llte%%g%%¥¥e§é tntc%% E%E oYo 1
al one (dat @ndi0ghownProps tNee dogralaed mastigiuoh itapect iphe bgtybenand
the tgrget Joper asa‘?ﬂi EHS B Ehﬁxg%—b g&giﬁﬁ?ﬁ#o@hg @ﬁ@g% Wit R ARG ent

m smatched conp exes Imnis ntensity or fluorescent
eni ssi on 4191t‘¢@8®316&0812& PGDRA) B02Ibe 78uonkssieads ddteffhi tiew| it 6nohep hel d

whether o (gt 8. atLRZLAMLE|afunaraheloRLT B, va5 ned. Tepe

characteristic Feve Gorescence emtteée onmpl eXx~ was nonit or ed
over tine alwd Wasasdabl ewdetamee pald rninhemesciat dsHNR4 s ABNA scompiteer dSERNgI vy,

when 15- ery apgiel ASDNK SSQUENCRS YET &)y T ST 56k Wi L5 PRI JNA s gbe

sequences, ﬁarger di fferences in Of €5CaNt em sSi on Wefe observe
bet wen pertteat | therapehédct tynphexked addDIA oss BNApcanghert cHEdI coidPexes

when par al I.Se:Lm:Llarly, when parallel PNA Probe No. 2 was bound to the
target dsDNA sequences, the one and two base pair mismatched
dsDNA:ssPNA complexes exhibited fluorescent intensities that

were 92% and 97% lower, respectively, than the perfectly

20 complementary dsDNA:ssPNA complexes (SEQ ID NO:1 + Probe No.
2) (Fig. 10B). Three base pailr mismatched dsDNA:ssPNA
complexes consisting of SEQ ID NO:4 and Probe No. 1, or SEQ ID

NO:4 and Probe No. 2 produced fluorescent intensities that

were 99% and 97% lower, respectively, than the perfectly

25 matched dsDNA:ssPNA complexes (data mnot shown). Control
samples comprising 50-mer dsDNA targets plus 500 nM YOYO-1
exhibited 1levels of fluoréscence which were at or below the

level of fluorescence observed with 3 bp mismatched complexes

(data not shown). The level of fluorescence emitted by either

30 ssPNA probe plus 500 nM YOYO-1 together was identical to that
emitted by YOYO-1 alone (data not shown). As the degree of
mismatch between the probe and the target increased, the level

of interaction of YOYO-1 with the mismatched complexes

diminished. Hence the intensity of £luorescent emission
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10 probes were used, than when antiparallel PNA probes were used (data not
shown). Therefore, the fluorescent intensity assay neasuring dsDNA: ssPNA
conpl ex fwoprawioses i s able to di stinguish between wild-typeTgBeentes and
those containing 1 bp, 2 bp or 3 bp 15 nutations, w thout prior
denaturation of the duplex DNA target. Exanple 11 The specificity of the
assay measuring triplex formation 20 prompted by YOYO- 1 was further

i nvest i gat@rsaseshct i nghiis d-relypsdocagBiput hatd dsTrgEher gets dt°tni »x&H base

sequence V\éﬁé‘lpa%‘%tl'll%@r aldel godapaLal | glassNALR Obgss | Nukbe. absenpg of
prior denaturation of dsDNA targets. Each hybridi zation reaction m xture

(401) contehararterdstis flevedwiong: flmogasrescef enbtrd B DRACE 2cpm®I®S of
SSDNA probg,s Qo torktRE &Y QQ%e“'\éJn%f WXQYQt%blIhgeE\%égltll 9nm{@m¥t§é§ Esnger e

incubated at roomtenperature (21C) for 5 mnutes, placed into a quartz
cuvetie, i?¢detused with an argon ion |aser beam having a wavel ength of

488 nm and mnlﬁg%sftqglgiguo%\gﬁerht 5 -3 e SN iy | BLERSIdE Ofere

fl uorescence was p otte function of wavel ength for each sanple
anal yzed. Weetadheridht iLgamar| BYA sprope Peabenmes . 3lqngath & fSsypwees chht ent )

te 5 | (el RS, ASONA ¢ )
o ant s et t%ér]scfaét}gt( %%rlowNo‘"%e and SEQ | pPREHRE, BoFe-L ) OhalcRad

PCT/ | B02/ 02@8dlexE 8nd ds DNAZ sSEDNAL siishede Sovpt exdprihad RErpddad PNA
tenpggature ynder. non;denat a'nn%h%ﬂn%hEilg 1119 prhl Prop¥li e rperisgt |y

mat ched conpl exes emtte the hi ghest orescent intensities,
i nconpl et el(gacanpitersdhmwar)y conpl exes with a 1 bp 5 mismatch (SEQ | D NG 6 +

Probe No. 3) anﬂ,1 ecu;:hge glgﬁagge%re{? g%/oand‘}DA\“Qa% mgggggllll\g 3)

produced fl uor escen? iftensities 95% | ower,
respect i veblypNA hesPNA hetmmilsserfeuhasith tise ghdef dot I@Lammhéahsbqﬁ‘éﬁ%@s

(Fig. 11A he, Iev Iuo GaN ni;shed as ghe degy €g- of
m smat ch bze"fL g t §é %)e “An e\d:lrget%(-\el ﬁécdrﬂetaéeg. gTﬁe o) i 5
15 mutatlons, w1thout prior denaturation of the duplex DNA

target.

Example 11
The specificity of the assay measuring triplex formation
20 promoted by YOYO-1 was further investigated by reacting wild-
type and mutant dsDNA targets of mixed base sequence with
antiparallel and parallel ssDNA probes in the absence of prior
denaturation of dsDNA targets.
Each hybridization reaction mixture (40ul) contained the
25 following: 2 pmoles of target dsDNA, 2 pmoles of ssDNA probe,
0.5 x TBE and 500 nM of YOYO-1. The reaction mixtures were
incubated at room temperature (21°C) for 5 minutes, placed
into a quartz cuvette, ’irradiated with an argon ion laser beam
having a wavelength of 488 nm and monitored for fluorescent
30 emission. The intensity of fluorescence was plotted as a
function of wavelength for each sample analyzed.
When the antiparallel ssDNA Probe No. 3 (with a 53% GC
content) was reacted with the 50-mer wild-type dsDNA target
(SEQ ID NO:5) and mutant dsDNA targets (SEQ ID NO:6 and SEQ ID
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characteristic fluorescent intensity exhibited by each conplex was

noni tored over tinme and was stable between 5 m nutes and 24 hours. Control
sanpl es cwopsiosidag 50- mer dsDNA targets plus 500 nM YOYOPLTARGR/(2791€d

| evel s of fluorescence which were 15 below the | evel of fluorescence
observed with 2 bp m smatched DNA conpl exes (data not shown) . The |evel
of fluorescence enerated by the ssDNA probe plus 500 nM YOYO 1 was

i dentical NP8t hagsaﬁﬁr% bSPNRIEBSE Hhife fFped A8t XIPWPEPEEATULE i | ar

resul ts wegpgqgebt abRedemben- iRy NBSnARticRar alrigl. 33BNA 2erﬁfl‘éb%>‘ér"ﬂlébel?eaﬁ ed
wth wild-ty ge or nmutant 50-nmer dsDNA 6 targets having 33% GC and 73% GC
contents uRgefhehe SHAe SGERLIEKEH c@ﬁkiitﬁ:faéns th&enﬁﬁﬁ%‘reé"ﬂzl nof fIPESPEFPPRDbI ity

of the dsDNAessDNA€ oM @mfitral eBmpssa¥ntdiy iddpdeabli RatAl heh psSDNA
probes, independent of the &grcent GC content of the 25 ssDNA probes and
dsDNASt ar gBi&neEaR a (RBR $RoMAYE i RFPREI JO-i R) t RBIpPe SOREECBELIVOYD. PP

dsDNA: sSDNf\; sk 98Bh eX@gonefe hiot ged vWhedhd ho paraal |l A FAnphesientd was
reacted with the 50-ner wild-type dsDNA target (SEQ ID NO 3) _and nutant

dsDNA t ar gépsepsiEi¢d Nepb yﬁaesé@’l Bnrao%’é)’ 11%3130 FERFCELTBAY /i FP8Rsi ti es

for a 1 bphsnmedhad aNA,COPLRX (;%E@ec’c N@f: chellr oherNoced) angig.
consecutive 2 bp m smatched DNA complex (SEQ ID NO. 8 + Probe No. 4) were

48% and 65%Power Ther dgyedt Pﬁelf}uoifﬁﬁ‘ﬁe@%tdjdﬁt%%ﬂl By the pepreet Py

mat chgd  sequences (FhOweddBlends gi@edeghae ehrgisneicdirdgiaeen thee 51 VO
03/ 010326 PCT/1B02/ 02791 probe and target increased, the |evel of

f I uor escentchempsspBhst Heci lBmrescesti §hteRstas SXPLEAERH Put FaAP IFoTRIEH

perfectly mtghed andsmhgant Ebﬁ@ DA Goaplexste WasRhseryved idies ang
paral | el ssDNA probe was used than when an antiparallel ssDNA 5 probe was

used to gerdr heunshe dSORArSsDRATESARE| cE®riybyd POraer| idsRNAd TONESESpI ex
formation %%‘éeﬁpoaﬂm B PRATAIH 18l éa%@wt@f g targeich ward

between a “para DNA probe and dsDNA targets, to allow
di f f et5ent i &isilow bbevdenepepf eEligrennarived bsrpres ey Biad? t P bl se tededai ni ng

1 bpor 2 %Amc,s%lce@&% Mattﬁo%otg hgh&ﬁg)u.' refgRt 1evel of fluorescence
generated by the ssDNA probe plus 500 nM YOYO-1 was identical
to that achieved by YOYO-1 alone (data not shown). Very
similar results were obtained when 15-mer antiparallel ssDNA

20 probes were reacted with wild-type or mutant 50-mer dsDNA
targets having 33% GC and 73% GC contents under the same
reaction conditions, demonstrating the reliability of the
dsDNA:ssDNA complex formation assay utilizing antiparallel
ssDNA probes, independent of the percent GC content of the

25 ssDNA probes and dsDNA targets (data not shown).

Similarly, in the presence of YOYO-1, dsDNA : ssDNA
complexes were formed when the parallel ssDNA Probe No. 4 was
reacted with the 50-mer wild-type dsDNA target (SEQ ID NO:5)
and mutant dsDNA targets (SEQ ID NO:6 and SEQ ID NO:8). The

30 fluorescent intensities for a 1 bp mismatched DNA complex (SEQ
ID NO:6 + Probe No. 4) and a consecutive 2 bp mismatched DNA
complex (SEQ ID NO:8 + Probe No. 4) were 48% and 65% lower,
respectively, than that obtained by the perfectly matched
sequences (Fig. 11B). As the degree of mismatch between the
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for prior denaturation of dsDNA targets. Exanple 12 The conpl exes formed in
Exanpl es 10 and 11 were 15 stabilized by the DNA intercal ator, YOYO 1
present iwoOtoh®103eeacti on m xtures. The specificity of theprasdap§2z/aeas furt her
exam ned utilizing divalent cations to pronote and stabilize conplex
formation with dsDNA targets and ssDNA-F probes. Each hybridi zation
reaction mxture (40l) contained the 20 following: 0.4 pnoles of target
dsDNA, 4 pREPES Rd5Eargekciseaisnd) abbredcSSONAE pk BIRE SSTFTIVETEFSIREL, pH
7.5, and 1g.pMei20 mMbeanh Qf ML 2 @Rd MGl i Fhepbeasth ORFEXEHT $S
wer e incubated at roomtenperaturemf\]ZIC) for various lengths of tine

rangi ng freaFehed n@ng t oismatgehed WNRhoiRMDIEKSF 25 YeRREBFART orYP6F d3DNA
targets. FoLlowog SOGu030 i SAMRES cWehewREACEY A A--qdalt ZsbhNette,
irradiated™wth an argon " i1on |aser beam having a wavel ength of 488 nm and
moni t Br ed Popbefvapresric aenssrbA. thih caRil: AERIR| COTRIEE - i ntensities
occurred at a Wayghengtdl O 1322AM pAle &IMFIRLON FURYSL LRI hetGebll an
fluorescein. The intensity of fluorescent e€m ssion was plotted as a

functi on ofnhaperahigh BePNAadrobanpind afaPYyxedargphen e PrREYRETal fel
SSDNA-F Prohe No.1 5 vasyincubated fornd howwpu t hebhg89: mer.oni | ditype
dsDNA targg’t ?gg?g D NO. b) ?n the presence of 15 SATRECL? aod 15 0 MhC12,
52 WD 03/ 080326 aTiaBoR (xtdkenp@meréert |y conptleft i cFepNANE s DRASE

conpl gxes Q5 AEdy Yor o, efF i 6] e L SRNET Al 4% a8fichp

fl uor@scen\ggmggﬁ%a eé ;f)g) t hat a%%i eve ati)y Pr'obel No.u 5 alone (Fig. e12A). By
contrast, dsoDNArssDNeraumslionesft AaPNAgmrtetéd a 1 bp T-G 5 mismatch (SEQ
ID NO7 + Probe No. 5) were nuch less stable in the presence of 15 niM
MyCl2 and 15 mM MhCl2, yielding a 15% decrease in fluorescence conpared to
that em tt éxabplerodde No. 5 alone after a 1 hour incubation (Fig. 12A).
VWhen Probe No. (c b Qj 23% cont s rgactegd Whth the dsDNA
10 target SEQ I Bﬁﬁo gg%@%ﬁ%{%&nﬁlg a(g%(%%%c %%n é\r%(tg), a 3% increase ien

f | uoriscenceahald iobderbpedttonpiifedintendadptor, YOYO-1 present in the

reaction mixtures. The specificity of the assay was further

examined utilizing divalent cations to promote and stabilize
complex formation with dsDNA targets and ssDNA-F probes.
Each hybridization reaction mixture (40unl) contained the
20 following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and 1
mM to 20 mM each of MgCl, and MnCl,. The reaction mixtures
were incubated at room temperature (21°C) for various lengths
of time ranging from 1 minute to 2 hours, without grior
25 denaturation of dsDNA targets. Following incubation, samples
were placed into a quartz cuvette, irradiated with an argon
ion laser beam having a wavelength of 488 nm and monitored for
fluorescent emission. The maximum fluorescent intensities
occurred at a wavelength of 525 nm, the emission wavelength
30 for fluorescein. The intensity of fluorescent emission was
plotted as a function of wavelength for each sample analyzed.
When the antiparallel ssDNA-F Probe No. 5 was incubated
for 1 hour with the 50-mer wild-type dsDNA target (SEQ ID
NO:5) in the presence of 15 mM MgCl, and 15 mM MnCly,
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obtai ned by Probe No. 5 alone (Fig. 12A), indicative of no DNA conplex
formation. This result was expected considering this probe and target
conbi nat iwp 0aouiddé result in a 5 bp msmatch. 15 In the presenBe/@fIll0 mv
MyCl2 and 10 nM MiC12, the dsDNA:ssDNA-F conpl exes possessing a 53% GC
content and containing perfectly conplenentary sequences (SEQ ID NO5 +
Probe No. 5) or a 1 bp T-Gmsmatch (SEQ I D NO : + Probe No. .5

gener at ed BEUfGCEd¥e tomtedsEarEs 4 \ﬁéP@Ati%%c&ﬁlBl?ﬁ%S Q’@rﬁovﬁorgmed

respecti velyy adt®f caththyhoWerdiGBali @n, 700 dadéésasd 1r16%111@y\ﬁqence
respectlvely, after a 30 mnute incubation, than hat Emtte Probe No.
a

5 al one (RAPHEE $ROWIPE FRBICVRAIRY dirdbe FomvPNVGETBe aftitS: ‘ﬁ\/hCPf (or

lower  conegitt At onsdpnaes sbRAUE f kehBDéxdH ahé'@wcﬁﬂmﬁiﬁdf@rma r-25
bet ween the anti parallel ssSDNA F Prog N Feo s tested

No. 5 dall d
fol | dwi ng Bismaisly (SESuBA: N8ﬂ7(da?’é°1Pﬁe)tN%hc§R/n)%£reg§‘ SENA ab%]pe}t eXes were

al so forneg,whegpdhapagal 1 el ngs r 6 WA cagt bt !
w | d-type dle\gpetarget (SEQ ID %5%3 ane 1o, 814 eagteadiingt a ties 50- mer

and nutant d t t (SE
NO 7). 309¢¢ireasies idadd UDKRSeRRG SOPSEREL FOntiRs T SDNA a %?#%&%-Dl ower
concentrat i ong,0f Mid2 a0d MAE1 2nblibgE idn S(HY ea_le) r wnuhr pPhgos s t er

i ncubation periods. |Incubation in the presence of 2 an nivi
MCl2, or 2 rwPhyEiRingda2Saf GohCIORHEEt) 15739 rﬁﬁaé’ste\%aéﬂ ?*tei %‘T&Vo

geneqt e DN GOPlsaxesyn SHolD 036040326.:8CT4! 5_033’!0%@91c01(t£’éﬁt6) nok shown).
The uor escent intensities for a perfectly matched DNA ¢ rrpl ex Q I D
NO 5 + Probeckensss) ind faluPrl?ﬁceﬁann‘t’%%eQOWV@&rpICQﬁ‘P(’“S + Pr obe

No. 6) werg, 29 G eshged i it d
5 SSONA Pr SBe R Gl Rl Rt he bt ecense of 5 o MICLS and Qe oyl
after a AScoipig® feiowddcnon (Thilg. respit wes h%@?%?&?ﬁﬁ@?é’%gf‘b?h%d

readily at %ng‘\%et voct r?%'Eg co{l&lHM:M%u%t ebsald how § mpubakhetehno

di scri m nation rfectly matched and m smat ched conpl exes was 10
obseriged when alpariiel @rm p?obadonad! u¥eel: cane eﬁpra{WoﬁgCI%bo%e 15 v

MC12 and 1apM MiGdZ peruRlkBEt O ysdlsiMA a 53% GC content and

containing perfectly complementary sequences (SEQ ID NO:5 +
Probe No. 5) or a 1 bp T-G mismatch (SEQ ID NO:7 + Probe No.

5) generated fluorescent intensities that were 68% and 20%

20 lower, respectively, after an 1 hour incubation, and 76% and
16% lower, respectively, after a 30 minute incubation, than

that emitted by Probe No. 5 alone (data mnot shown) . The
addition of 5 mM MgCl, and 5 mM MnCl, (or lower
concentrations) was insufficient to allow complex formation

25 between the antiparallel ssDNA-F Probe No. 5 and all asDNA
targets tested following a 1 hour incubation (data not shown) .
DsDNA:ssDNA complexes were also formed when the parallel

ssDNA Probe No. 6 was reacted with the 50-mer wild-type dsDNA
target (SEQ ID NO:5) and mutant dsDNA target (SEQ ID NO:7).

30 In this case DNA complex formation was promoted with much
lower concentrations of MgCl, and MnCl, (i.e. 1-5 mM each)
requiring shorter incubation periods. Incubation in the
presence of 1 mM MgCl, and 1 mM MnCl,, or 2 mM MgCl, and 2 mM

MnCl, for 15 minutes was sufficient to generate DNA complexes
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conplex formation with a parallel ssDNA probe (data not shown). The
addition of salt bridging, condensing agents such as 15 divalent cations
pr onot ed WRA30OIRE ex formati on between non- denat ured dsDRATHByRIS and
fluorescently-labeled antiparallel or parallel ssDNA probes, to allow
accurate and reliable discrimnation between perfectly conpl enentary
sequences and those containing 1 bp nutations. The reactions oqccurred at

20 room t etfisEraraEeshPYRl n MRS E IHPREE e’ b IRRAILIPENTAY & RS ISF probe
i

to target pfcchQat Ok cB1dKDNAERarGehf @nd,. Sside W5 obes dhd aot apntain
homopurine or honopyrimdine stretches of DNA. Despite the presenceg of 5
pyri m di nénigaeeshefn DERs soredaxwi(FBRN 1Ph&018 fudivobE] Né-sé%NNeﬁFol&@?, DNA

25 conpl exgs fog medyteadidey by 8veBFUCRESn SRAGLT idbtrRAREr byExgdRl R l3 The
utility of probes of varying directionality was al so eval uated

en
monovial entsHB¥s drebgeNe -efpledpas €8 phenBresanse 2b st abil 196l ex

formation aﬁ%mc;ig dargels nikaeh DybihLizat i@agr eags) on mixture (401)
cont ai ned the olTowng: 0.4 pnoles of target dsDNA, 4 pnples of 5'-
f1 uorescei n | aBdtsgusbDRFApFoBRLeREs Mgrmads Maedilyray. 30 BHaM99E @it o 150

mM Nadl . The reaGhien M es Wer eohpculiaharkhabn, 54d\0d086010524 ion
PCT/ 1 B02/ 02791 roomtenperature (21C) for various |engths of tinme ranging

from1 m rertevaen 2 pryfestlyi t MEGChER opndenFiarat Fo% of COEPMECS ar'fEt s.

Fol | oy ng | | QRenSaTBLES) VBT & IACEEobal Rad udléar | Toau¥AtiLLions
i rradi at ed&)\;\ngct ?n areaonn?on | aser beamghgvi ng 5ua wavel engt h of 488 nm and

noni t or ed #logve | Uor edcd¥aCleriang ok "NhénGdxi weFef 1irEedEeny ifreddfi i es
occurred at, 800001 ofT witd N bW LTSS LABMNAVPISRDL Ndhes  not

fl uorescein. e intensity of fluorescent em ssion was plotted as a
functi on ofhowwel ength for each sanple analyzed. 10 In the absence of Nad

or presence of ﬁ%‘Eg\q‘ﬁSlé% rzgyl Sggg ﬁrg@gg&@,dié&&%ts%%nﬁbegtgs%tﬁ gets
(SEQ ID NO I or 1 2) and the antiparallel ss -F Probe No. 7 was
15 divalent cations promoted DNA complex formation between non-
denatured dsDNA targets and fluorescently-labeled antiparallel
or parallel ssDNA probes, to allow accurate and reliable
discrimination between perfectly complementary sequences and
those containing 1 bp mutations. The reactions occurred at
20 room temperature within 15-60 minutes of incubation at a ratio
of probe to target of 10 to 1. The dsDNA targets and ssDNA
probes did not contain homopurine or homopyrimidine stretches
of DNA. Despite the presence of 5 pyrimidine bases
interspersed within the 15 nucleotide ssDNA probes, DNA

25 complexes formed readily in a sequence specific manner.

Example 13
The utility of probes of varying directionality was also
evaluated when monovalent cations were employed to promote and
30 stabilize complex formation with dsDNA targets.
Each hybridization reaction mixture (40ul) contained the
following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and

10 mM to 150 mM NaCl. The reaction mixtures were incubated at
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detected, after all incubation periods (data not shown). After a 1 hour
incubation in the presence of 50 MM Nad, 15 dsDNA: ssDNA-F conpl exes
consi sti rgows/opsed ect |y conpl ementary sequences (SEQ | D ROriBé2/@rabe No.
7) formed readily, resulting in a 49% decrease in fluorescent enission
intensity conpared to that entted by the control Probe No. 7, which was
simlarly incubated in the reaction mxture (Fig. 13A) By 20 contrast,

i nconpl et etgormohghmmuwey (RRA: §§Dl\lAla:erIJe@€®hScd?ﬁ aF Hiehgranaingp GT

m smat ch (SEQ | 7

o o1 on | AEEhel (Y T Se ca IR Pl SR F o TR or SReNeE T oot rol
sanpl e. Theam@sence E@ﬂl%ﬁvmg/[ 1h@0bm&/i@md $25phfm Ne€kei wleked Z@tpeaaztl on
R P o Eoaher el b LHOReREED it 35 QRoofuRNE NI, 2 008k sh et

eCo ex of AL on bet we e perfectly nmatc ed SEQ
ID N& 1 taaagﬁvema(hgta:nblfpasal .’melaﬁ olzeriNored, fandfblcg:rﬂque@aany%m

guenching %%?Ha%&%a&cfg oresc %ﬂ%%l%%gglghgg%ge&aggeg %Qgeﬁ No. 30

7 were preg g si M T dor éscent ensities to observed
in the presenca30fnbp IﬂMeNaéﬁus(sjiama wmebdmgm) fommossmmorrpl'@b@s wer e

al so fornmed _when, the al l el ssDNA Prab itk -

wild-type agff\ﬂ?lttyar gﬁp%rl E@sfﬁvf\@%srsoloe aﬁ% ds?é\l%astcgsggyc%g%% SRIOm;;

Ilgo ?ﬂf\)/l \&\g(j@a{r@n@a;aﬁl%meaam Baw9le atﬂaéLy;zeésence of 50 MM 75 mM 100 nM or
10 %‘ﬁ ngg]ﬁcﬁgﬁtuaf%ﬁ W%r ﬁ%‘om tolarnedré Lrdle, OF 226766 o 110 g Tad

Aftera 75 mn urelnareactlon m xture
cont ai ni ngna00, nid Nai@ldinch®ekvaon eslcentsidl ssirgats n{ 8% 10 é@ 5 banEQ

%e?;r:tc ELgdn%}\IZh(gg%?pD:\lAea)Pc S %eel ng%al‘ ]Ilj‘oo Sﬁg&g‘pg) l\’\i\lé?beefs) and 9‘379$0wer
respteggl \Jﬁgﬁfefﬁi@s;memmgi mﬁdubyt1¢m@eaa©ﬁsol(d@aaa¢¢1EIsI@s1DNA Probe No. 6
ot e LR SETT AR LOTR R 2Bhs SR A ot plcm
i nculgt i on gpefihogs oA 45 dHnplieaes( d@haisoing shdwnerieat generglemnephipkexes
containing s%lqhggéegntzga(gr al:lilDeI NO:1 + Probe No. 7) formed readily,
resulting in a 49% decrease in fluorescent emission intensity
compared to that emitted by the control Probe No. 7, which was
similarly incubated in the reaction mixture (Fig. 133). By
20 contrast, incompletely complementary dsDNA:ssDNA-F complexes
containing a 1 bp G-T mismatch (SEQ ID NO:2 + Probe No. 7)
yielded a 11% decrease in fluorescent emission intensity
compared to that exhibited by the Probe No. 7 control sample.
The presence of 75 mM, 100 mM and 125 mM NaCl in the
25 reaction mixture also resulted in fluorescent emission
quenching consistent with significant amounts of couplex
formation between the perfectly matched SEQ ID NO:1 target and
antiparallel Probe No. 7, and significantly less quenching
when the 1 bp G-T mismatched SEQ ID NO:2 target and Prcbe No.
30 7 were present, producing similar fluorescent intensities to
that observed in the presence of 50 mM NaCl (data not shown) .
DsDNA:ssDNA complexes were also formed when the parallel
ssDNA Probe No. 6 was reacted with the 50-mer wild-type dsDNA
target (SEQ ID NO:5) and mutant dsDNA target (SEQ ID NO:7) in
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or parallel ssDNA probes seened to formwith simlar efficiencies at
simlar NaC concentrations and incubation 15 periods. Use of nonoval ent
cations, wbioslisee known DNA condensing agents, facilitatred/1BiA2canpl ex
formati on between non- denatured dsDNA targets and fl uorescently-I abel ed
antiparallel or parallel ssDNA probes, to allowreliable differentiation
20 between conpl exes cont ai ni ng erfect I%) conpl enent ary sequences 'and

t hose cont@iRigsenss Ritshit Bes’ 5E9Pé'r'rpll T SEDRARL s EHNER Chnp
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of incubation and generate fluorescent em ssions at the sane |evel of
i ntensi ty 7% HINGEr $nCEbABl ek AL EOPTatATRGTBEYES pdi @ MeeRrht ehdS X5 | arl y

enit fluorgesaent,$i0nac i gdrinergists1ddidiseaht NemikBecs anBr dessali «af
conplex formation 6ver tine. To examine the 30 rate of formation, stability

and rate ofowliaaevtectlinmasicheds BNA: SOPREEE o APFRXER ¥Qriret T4 Sr esence

of condensy PIEN S5 YGRS chab! BRE cdh ;&Q@E@elﬁxﬂgfﬂnﬁnﬁﬁoﬂ@ﬁ\%
per f or med. éiég% hybr i (Fszatl oncreactl oncm%(ﬁ%ure (401) contained the 56 WO

03/ 010326 memozsx%zm oo | oW Mg CEPEC 1SS SHRokPAENAPEA KPS Aget
e 4%5"} afr‘a‘i%?tsgebm' AP £ s S NARIeBE, uhBe AMIS i gentdCl,  pH

7.5, 10 The reaction m xtures were incupated at
roomtenpecemfﬂ,nfte&c(r@lC)(H’xﬁr vaﬂPdus per$&ds™ r HaGL ngPFPBATAY i AEE YD 2
hour g, Fol L owi NGy i t'(ﬁétwe%ﬁnp&ﬁ§f@@5§ypl%ﬁ@ghé@tOaﬁdquﬁﬁéﬁaﬁéﬂé&te
irradiated once wth an argon ion’laser beam having a wavel en th of 488 nm
and noni t complléxes f Lnoress cerubatiosi @ering tpler 4P| (birwseent (d3v@asifttenent s
vere taken e es éélbé&m@_@l 0 dMhbi-pla@thpagsilel
irradiati oﬁﬁéw )h’t hgﬁl ?ggfmed %?1%”%8 }%FI g. H he intensit fglof

fl uorescenoe wasrplbel edssiNA frirRRlEsON S(ﬁemeﬁil i of orfoé‘&‘chwééﬁpl 8imhtAY zed.
The fluoreggcence em 1t ed by, GARLLO! nS@TPLESEOPIH IR0 4nd  incubation

15 periods.

Use of monovalent cations, which are known DNA condensing
agents, facilitated DNA complex formation between non-
denatured dsDNA targets and fluorescently-labeled antiparallel
or parallel ssDNA probes, to allow reliable differentiation

20 between complexes containing perfectly complementary sequences

and those containing 1 bp mismatches.

Example 14
DsDNA:ssDNA complexes facilitated by YOYO-1 readily form
25 at room temperature within 5 minutes of incubation and
generate fluorescent emissions at the same level of intensity
for hours. Complexes containing base pair mismatches
similarly emit fluorescent signals which persist, indicating
the same level of complex formation over time. To examine the
30 rate of formation, stability and rate of disassociation of
dsDNA:ssDNA complexes formed in the presence of condensing
agents such as cations, time course experiments were
performed.

Each hybridization reaction mixture (40pl) contained the
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prnol es of Probe No. 5 plus 10 nM Mgd 2 and 10 nM MhC12, in the 15 absence
of target dsDNA, dramatically decreased 3-fold within just 5 m nutes of

i ncubat i owo(odatm2cnot shown), and then steadily declined &CTaBoum91s| ower
rate within the next few hours (Fig. 14A). This effect we refer to as
"Cationic Quench". This inhibition of fluorescence, associated with 20

i ncreased i ncubation periods of ssDNA-F probes with specific _cations,
occurred r&GELRAEIRTI n t het pPESEAte A dinRR-GsRatered oferIstt HAA/n ¢he

presence oL,mBRPBEYVAEEHL - £AlL AN didatiabeNOl SHON)prddl,S 1005@r et koAcakes
evident the inportance of incubating the control sanple in an experinent
under exacPPy 725/t H® SBhe'¥dndirfodd MhtMiHe -t eSthes HHFCEIOBF MAKTBXPRr i ment
are react j i -F tr SAMLE 2 q arying
peri ods of %ﬁ%ﬁlz}t&%‘%‘ngﬁﬂ%?’?‘%‘g‘tftﬁe?‘fd%exf"‘%%néﬁ?ﬁég} of © the Tl So%%%%gcriéel,

resul 6i ng wangisgeddyn evelmiautel oy egcémuers .t herFedilbeingFiigicubdBionThi s

result was _entirel 30 unanti ci pated. \Wep_the_antiparallel_ss - F_Probe
No. 5 vae. FRBRBEE efo75i BL ARG SORbre AT ES pa CIODKA | AF5EE-TSRD PBoRG 5)
in the presehcenofirdsh nivintViEls2rahdar Chaxnidh@ Zave3&htfcls sSiINASE oconphéx
formati on was.evident_aft 15 minutes of i.ncubatign resulting 57

03/ 010326 BEH FREST0ZAR THORoasePbace 5 nuoresg%ﬁ%%?rmﬁlc%lﬁgge%\g)
great er thaeatheem@niogresse vealeat | ohi cheuearod sdmples coitarolsuPseleeild. 5

(conmpare Fi .14A and 14B). | ex forpmtion.was at | indi c d after
5 and 60 MbeBLeooras vbrA R BrisErr brror o EEer o Brishe KRGS TRt e
presence oftht0 iMeMyGty arfd AluordschEe? wagenelattedg s 76 %fandt 5% décr ease

in fluorescence respectiv leKIS‘ cgnga%ed to that achieved by the
cati oni cal I(\Eﬁmqu%cﬁ% POBe N6 *5YaFBnhe (Fig. 14B). After 90 and 120
m nut es of incubaéi Ghudtesdengy esdntedobylontikdGaneled dmphMisdndyh€12, no

i 51 on SEBTIEE 86 BROPA0P m hORSE RelMEl Ty 86t APoUi BTt o ns
cati omi ¢ quenrehcef bEctatgotpaseNa Fidysamat4haang ddByeased 3-fold within
just 5 minutes of incubation (data not shown), and then
steadily declined at a much slower rate within the next few
hours (Fig. 1434). This effect we refer to as "Cationic
Quench" . This inhibition of fluorescence, associated with
20 increased incubation periods of ssDNA-F probes with specific
cations, occurred routinely in the presence of divalent
cations, but not in the presence of monovalent cations (data
not shown). This observation makes evident the importance of
incubating the control sample in an experiment under exactly
25 the same conditions that the test samples of an experiment are
reacted. Multiple lasing of each ssDNA-F control sample after
varying periods of incubation inhibited further quenching of
the fluorophore, resulting in a steady level of fluorescence
thereafter (Fig. 143) . This result was entirely
30 unanticipated.
When the antiparallel ssDNA-F Probe No. 5 was incubated
with the 50-mer wild-type dsDNA target (SEQ ID NO:5) in the
presence of 10 mM MgCl, and 10 mM MnCl,, dsDNA:ssDNA-F complex

formation was evident after 15 minutes of incubation resulting
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By contrast, dsDNA:ssDNA-F conpl exes that contained a 1 15 bp T-G m snmatch
(SEQID NO7 + Probe No. 5) forned at a slower rate and were nuch | ess
stabl e ormwe oBorasedd in the presence of 10 mM MyCl2 and 10 PeiViIBéRGR291 The 1
bp T-G mi smatched conplex was first observed after 30 m nutes of

i ncubation, and appeared to have been elimnated after 60 m nutes of 20

i ncubati on (Fl .. 14C). Once_again, the probe was antiparallel to the

conpl enent afty2 sfireﬁﬁla?% imef fuprescqusey. WdCh WRE| fiplSg S RESEr ERAR aBR&t i on

of perfect byo§oam BreNtaiy onde DNYuSSEMNA HOMRheXegohSERQ. | B¥ged toProbe No.
5) forned after 30 mnutes or 60 m nutes of _incubation in the presence of

10 25 mV MYEIDPAFR T89%v MELEnRedAB) ed iGPTDledr dSEBAELER| Wap oFgeatly

consi stent ;wai Batdie Hasdy 4ot ha 89 hiRRR L YFLBYEBalof dAlo 1D NO:5
characteristic for DNA co[gl exes containing an antiparallel ssDNA probe

(Fi g. 514B) ¥ivheRrabsubfequenin nEBSUPEREARCHAST rddeMht MaGlpignd kO aftler
| asing of MH@lPerééﬁéfé(tﬁEﬁmheW ap}a3Q160MELEXe e 3Qnmﬂlﬂo@c%scteﬂée

emi ssion intensity |evel was 1869, testinony to the rapidity wth which
the conpl eXS@ASCHEE by eBP ARk ot EhpbwArhieTad Pﬁvélheofcaftllﬁélﬁé%éﬁt

enmi ssion, ghbREnedUblbBLe NASI f19a168L UNREE . tol4tdae cahirpBi-calol Yo apienghed
val ues observed by the unconpl exed Probe No. al one control (conpare 58

WD 03/ 010326nPEsy | B 2dmniegtiop; g5, tllﬂAP%ﬁﬁFIE‘@BPf TRemYntgClx @86t L8n™as t he
perfagtly ygaichedsc %‘H&%@éf&s AR oA tRls 18 FANULESnOled NeHAGRL | @RpANd

repeatedly i rradiat ed ereafter (Fig. 14B). In thiS case the fluorescent
em ssi on V\Hbené?"@enﬁsfé\wr@\ﬂ%ﬁ HenigssonueEedn 3 0 eme defplérBESEFi g.

14B), even.t owﬂeligrgéerlb%famel aeneht 16 i B ghendi. eéﬁeawne(r&omgg&bply

irradiated after a m nut e i ncubation, was totally inhibited ( 14A) .
Ds DNA: ssDNRleerrplfe&e@lidrﬁBél ning a1l bp T-Gmsmatch (SEQID NO7 + Probe

No_ 5) vere simplatly.appar eaLia Aeshno¥eddib ks ThbL PEBnt a8kl 4Fh0.

14C). An experiment was performed to determine the basis for the effect of
mul t i1l e | ®bi AgGoni st GonfHESXED. NPt 7 wasPrahendo -t Rat Eowresa fate$h séaesns

ver e addedr%%etQﬁdrﬁéfe'ﬁﬁhﬂnf%égw%table once formed in the presence of

10 mM MgCl, and 10 mM MnCl,. The 1 bp T-G mismatched complex

was first observed after 30 minutes of incubation, and

appeared to have been eliminated after 60 minutes of

20 incubation (Fig. 14C). Once again, the probe was antiperallel
to the complementary strand in the duplex (Fig. 14C).

Multiple laser irradiation of perfectly complementary

dsDNA:ssDNA complexes (SEQ ID NO:5 + Probe No. 5) formed after

30 minutes or 60 minutes of incubation in the presence of 10

25 mM MgCl, and 10 mM MnCl, resulted in fluorescent emissions

consistent with the destruction of these complexes at a rate

characteristic for DNA complexes containing an antiparallel

ssDNA probe (Fig. 14B). When a subsequent measurement was

made at 45 minutes after lasing of the perfectly complementary

30 complex at 30 minutes, the emission intensity level was 1869,

testimony to the rapidity with which the complex was destroyed

(data not shown) . The level of fluorescent emission, after

multiple lasing, returned to the cationically quenched values

observed by the uncomplexed Probe No. 5 alone control (compare
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whi ch had been | ased twice, the inhibition of cationic quench 15 in
fluorescence emtted by the ssDNA-F probe could not be reversed and
further caoiosmis2quench did not occur upon further incub&Cirarg2/@reiongly
suggesting that the ssDNA-F probe was inactivated by nultiple irradiation,
by a yet unknown nechanism (data not shown). Simlarly, when fresh ssDNA-F
20 probes were added to the reaction m xture which had been | ased tw ce,
after nor mEFESi nd4Poratthel Bkr easE® fPbF eSEEPRE 1IN ¥aF ohhEf PEKESFELEN

probe, no guHbsgaseBbmPl8LESS BbMRed CAELOPI @5%@9&95@%%%@%2&&@ HRQN
further incubation of the reaction m xture, strong estlng that the
howH}

| ased cat i GRESADE i stishon GheaprEerY ddtid ndtB i ©Reef BRegoi ng
exanpl es apd,dessédpt | QP sdohaYE:s ﬁ&é‘cb&?éféjcetnf%atwﬁ%t ecrrféOQie)QE?cUc&BHd eic
acid strands can specifically bind on the basis of honol ogous base

pairi Ag. Sfichths nePrBleses od€hg - bdidkeen Peaml EBPUBR AHEEpPar aldasiondg

strands. IWQ;EQ%E %'fsqbr%b‘éc'lxﬂj'iteéj t@ﬁén”Hﬁh@iﬁlﬁChgrQ@%dJ%f Ny, s

Wat son- Cr conpl ementary duplex are not qui escent as regards the bases
of proxi maipyEkei cingeic@tdprandyagnd tdallnuchnbiizedan (Begi nt éAA¢t ed

Wi th on thegBagi §s]91f1AV\%r§§>ﬂe>@é %nt-'é%n\ﬂ? 03/ Ql%?pz@ %Cﬂlsﬁg%éﬁﬂgég ID

conpl ementary base pairing or honol ogous base pairings, depen on the
bi ndi ng poénfi & Eﬁohﬁhemproﬁﬂ malerSe igHI@ 3l a@@@é@nﬁélfeﬁiﬁﬁﬁé@w B¥t her

of thg posgihke péngégﬁlénv)\gﬁ fS- 14&his is true whether the bases in the

dupl ex are |nte acting bases in a third strand to forma
specifically bo&nd expﬁirpm@xt swpacpgiréovsnedhepheeteneinaseieobashe dapl ex

are speci fhgal, ebets lﬁéb tl@sqrngx'o?faghgaégﬁ WL&h arg v&a@e%ﬁh&es

coupled into a Watson- | ementary dupl ex Accordingly the
i nvention d&degpr ivhen tiﬁreeszh scavine tere adden t0 Ghieckregstpad Miaseger emni n

reactive as;SREChLCpDaEeoal0s (AL Atk AN LR OF LIl RASERAOR OF her

strands an 0 SO great specitficity an acrity of this
is riémarkdm eflidresseporsiefeitdddespecichr| ywaDiidaFk asiobet hequlat Thot be

reversed and further cationic quench did mnot occur upon
further incubation, strongly suggesting that the ssDNA-F probe

was inactivated by multiple irradiation, by a yet unknown

mechanism (data not shown). Similarly, when £fresh ssDNA-F
20 probes were added to the reaction mixture which had been lased
twice, after normalizing for the increased fluorescent

emission of the fresh probe, no subsequent progressive

cationic quenching was observed upon further incubation of the

reaction mixture, strongly suggesting that the lased cations
25 were somehow disabled (data not shown) .

In the foregoing examples and description, we have
elucidated that heteropolymeric nucleic acid strands can
specifically bind on the basis of homologous base pairing.
Such binding can occur between parallel or antiparallel

30 strands.

We have also elucidated that nucleic acid bases bound in
a Watson-Crick complementary duplex are not quiescent as
regards the bases of proximal nucleic acid strands and that

such bases can be interacted with on the basis of Watson-Crick
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and G C pairings are detected as m smatches in binding 15 reactions wherein
t he honol ogous binding notif is dom nant and being enforced on all base
pai rs by wogBnoa3de Wi de i nmperative. It is |ikew se renark&braBeerot

honol ogous quadrupl ex binding is nore specific than is Watson-Crick

conpl ementary quadruplex binding. O necessity quadruplex binding occurs
bet ween the 20 maj or groove side of a dupl ex-coupled base or base pair and
the ninor §PERVRNENtFEYof basguplatréBdpl @ baeeokiIdgse bgsger . PaLEie¥df or e,

while the gabendi Hf il bfiﬁalﬂg%i&@)élao?a%e J-EREN seEm R

dupl ex was unknomn It had been “postulated that third stran recognition
of bases | RageduprsRTRbNeR chr @i té6irelSE | Bhe heoRaibte gPoBY DT "PRELHup| ex.

This ve shawissnebulhgnoase: Ue Nawsd!so drmnghial adet hakoputaliye

backbone repulsion is no barrier to duplex dupl ex™ interaction
i nvendi on WeFht &8se8 rigade | fhachi ereansi e ngPrmB0a r 6ReEL Hhea Wy chowre

typi cal |y gehipued uitBeahor tol nGHbALLon chgeads abe oAl IEpRKAl yre and

whi ch do no epen on no excess of a reagent to drive a reaction.
Accordlnglyp?ﬁ9f1¢¢m&yn|tnt¢¥?Q§h®@n vdthe PEOXeWRY rbagesy wehflvedre but

obvi ous!y bighogi fal | Yokel &y anteo 69 Q034040336 RGTHIRAREO2YObapFLRal |y ve

have shown that partia tson-Crick conplenmentary conjugation wth free
bases can égneriingly tthe iimyeatided comwieds tbenglageVenit daseffatson-

Speciyhi Ci tya; 1Re d ﬁ% | 0f, 60 Str'e‘&n&&ﬁsvﬁﬁ%{ll%feanéé a's addiEf Lo dsl Ny S

knomﬂedge of “base ng and as suc be centra to the elucidation
of many bi éhbgiaet dmmmr@q§%@9§lmbH%ﬂesﬁr@nap‘éheémqf@ﬂqsyaﬁﬁsﬂ@ﬁ‘éus

such as geng il Inek ool e 8 Ipsbupenatlkably. ¢ o dahectaasnegl fy bogpl ogous

recognition and Bin previously d stably coupled 10 into
Wat son- Crlchmaukpbbﬂenﬁar}SdupheﬂdewedbéﬁpéVQalhﬁtrﬂmark shatkatel et dat ed

w Il requiresthg wam g bl n ec é'at{m%'sca}‘usfnggﬁeﬁnQnt he;LaQRENI NY

of the questlon of I ng capabi
15 reactions wherein the homologous binding motlf is dominant and

being enforced on all base pairs by a strand-wide imperative.

It is likewise remarkable that homologous gquadruplex binding

is more specific than is Watson-Crick complementary quadruplex

binding. Of necessity quadruplex binding occurs between the

20 major groove side of a duplex-coupled base or base pair and

the minor groove side of a duplex-coupled base or base pair.

Heretofore, while the potential of further binding by a base

already complexed in a duplex was unknown, it had been

postulated that third strand recognition of bases in a duplex

25 occurred solely in the major groove of the duplex. This we

show is not the case. We have also demonstrated that putative

backbone repulsion is no barrier to duplex : duplex
interaction.

Our invention relates to readily achieved binding

30 reactions which are typically achieved with short incubation

periods at room temperature and which do not depend on molar

excess of a reagent to drive a reaction. Accordingly the

invention is shown to be not only readily achieved, but

obviously biologically relevant.
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Wil e the invention has been described in detail and with 15 reference to
specific exanples thereof, it wll be apparent to one skilled in the art

t hat variwovsphseages and nodi fications can be nmade ther eiPETUBOAH2G91
departing fromthe spirit and scope thereof. 61 WO 03/010326
PCT/ 1 B02/ 02791 CLAIMS 1. A conplex conprising: a probe containing a

het eropol ynmeri c_probe sequence of nucleic acids or nucleic acid anal ogues;
and 5 a target E&Ftihi nfea HEVEr opdlhSifer i Ehdlar g@RréédbendBtern-REEFEI ¢

aci ds or nughgi Emdel H-Anab PR oI rkdd BisdLashnOBEnplis@idd pEoObe
and said target is purified or synthetic;, and (b) said heteropolyneric
probe seq&éﬁé%a$%§téﬁﬂiﬁ¥ bdndang #ed ebsiyeaprer FECe R HEtt %sequence by 10

Vat son- Cri ck cofpd eNRALAE YorP aSEn dtHRRG! 0¥ tBY  RQTOLAEOHSon PaSeLhe
interaction, provided that when said conplex is a _duplex and said

het er 8pol yHBPrEeggdbet sheprietndingmidhasalgueh tg1lsRed creterbpbPyhei c
target sequeneedaSfbd HetRLAPA MRS Ca1PEQREL SEM NS SikeRdedmk 02881 d

het eropol yneric target 15 sequence by honol ogous base interaction, and
provi ded t FaErewhby B teions eRUER 28 t9915 étlesgi®dconplex is free of
reconbi nation pgotejdnsmo2e ThenLQmUiex 06 chaidBel, PheiLid hd1688RLeX is
a duplex and said heteropolyneric probe sequence is bound to 20 said

het er opol y#ecpeni aigetansk diadéagbyy hoaes o RNey ipasdy | andraeallon corrhed
matsq@-CriqgtSOW?*§§gﬂEfyak Q%%El%ﬂ%ﬁfé%&iéﬁbleﬁnd sai.d heteropol ymeric probe
sequence is parallel or antiparallel to said heteropolyneric target
sequence. 3. Théecbapleve ofhall aihatl wvenhavei gloabdaied aiid prasgriires5thad sai d
target is shaghesalhaniedade chBelo0f Sk PLARCnBNELSAM dARCERES
doubl e-stranded, and said conmplex 1s a triplex. 4. The conpléex of claim3,
wher ei n saidttegbiph exf inndlede agfidPNipding capability.

While the invention has been described in detail and with

15 reference to specific examples thereof, it will be apparent to
one skilled in the art that various changes and modifications

can be made therein without departing from the spirit and

scope thereof.
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30 5. The conplex of claim3, wherein said heteropolynmeric probe sequence
and said heteropol yneric target sequence have parallel directionality, and
sai d het ewopoloyises i c probe sequence is bonded to said heterapal/ozn®ri c
target sequence by honol ogous base interaction. 62 WO 03/010326

PCT/ 1 B02/ 02791 6. The conplex of claim3, wherein said heteropolyneric
probe sequence and said heteropol yneric target sequence have parallel
directionality, and said heteropol ynef5&Mst obe sequence is bonded to said
het er opol ynericqtar %tco%ﬁﬂlé%n%gmgilisﬁigﬁt son-Crick conpl enentary base
interaction. 7. The conpl'ex of claim3, wherein: (a) said heteropolyneric
probe sequence an®@rShfd deataispeyyaetiaterapgéymesiguehele haeaupacal Pel
directionality; (b) saldiangehs LACGLUAES A JlEShnglsdidk copfsai ning said
het er opol yneric target 10 sequence and a second strand containing a second
het er 8pol yrer i cat bpgaet seepuicridd ngogp lhefrerone ) yeei aidyaataldcguents 4 d
first heteropol ynerirguélaerig:e%hcgggugp 1P GehasSahgdiodelLr opol ymeric probe

sequence i s bonded to sai eteropol yneric target sequence by honol ogous
base interactionhdBednd i drtheleaspoinmef eairdoirrobeqaadcsaiid sended to
said seco I Il t uepeeg by VAL sons 3l ;eonpleaent ary
base i nterggt ?%%%g.BQTﬁgegkojﬁgfﬂgigg’f %l%gi %ﬂg,s\/\%e\r/%%n sa]%:l lﬁeéféro%’gl ymeric
probe sequerceeare $ai domdedriopoiaie et erapgéymeeig errgdiasequegce by

ant | 0" al | ghedbhect] ORakityn AN 531 hfl! ALARILLIELRC B M RERHEREES! S
bonded to sal et eropol'ymeric target sequence by ool ogous baseé
i nt eract i obase. iThergonidrex rfowdsidmtBat wiberi pasdi ebimltast dgolay SeiPiLeX pr obe
sequence a%ﬂdsﬁaqci‘%&{éépﬁlc%ﬁgﬁ{érﬁct %&%e sequienee haye an%%%?&ii’ akhel
directionality, and sai et eropol'ymeric probe sequence is bonded to said
het er opol yseridc hetrgeipaslomeerice byrgatt seauen¢ek covigl ehebezapelyaegic
nteractiofyobQ J0G.SOID! &% OfofluBhim do AIE! Riocb@bpSffler 1! ¥RBALYMENT C
T d . to et eri a
pr obe sequ%n(?e an §%l%eterop8 yneri c target P 79
15 sequence by homologous base interaction, and provided that
when said complex is a triplex, said complex is free of
recombination proteins.
2. The complex of claim 1, wherein said complex is a
duplex and said heteropolymeric probe sequence is bound to
20 said heteropolymeric target sequence by homologous base
interaction or by Watson-Crick complementary base interaction
and said heteropolymeric probe sequence is parallel or
antiparallel to said heteropolymeric target sequence.
3. The complex of claim 1, wherein one of said probe
25 and said target is single-stranded, the other of said probe

and said target is double-stranded, and said complex is a

triplex.
4. The complex of claim 3, wherein said complex is free
of PNA.
30 5. The complex of claim 3, wherein said heteropolymeric

probe sequence and said heteropolymeric target sequence have
parallel directionality, and said heteropolymeric probe
sequence is bonded to said heteropolymeric target sequence by

homologous base interaction.
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30 sequence have antiparallel directionality; (b) said target includes a
first strand containing said heteropolyneric target sequence and a second
strand cowDaBwl03ge a second heteropolyneric target sequen®eTdapoppl2enent ary
and antiparallel to said first heteropolyneric target sequence; and (c)
said 63 WO 03/010326 PCT/1B02/ 02791 heteropolyneric probe sequence is
bonded to said heteropolyneric target sequence by honol ogous base |
interaction anfl saiTehECBPdpsl 9Fesiaithrobahssqipntalq SLBEHIRALYBEEEHS d

second h?t5£&98|¥Q§ﬁéﬁcéaéﬂétséﬁﬂuﬁé§é%$§619%k§98'@%&ggt5s€QH@h@§Eﬂéﬁéy base
interaction. 11. The conplex of claim1,” wherein said probe and said
target arePavyblel st Ahnaediend 14 d @ospl Baiid hefra@Paprefric 12PTqPR

conpl ex of sglaime 1 s WhsH &I RIS 1C0MREE¥ohS1yhd 8 WarBWA. sliBudice The _
conpl ex of claim 11, wherein said heteropolynmeric probe sequence and said
het er dpol yWeEpentGrids cuwderatbaraRegsariRtPERCHiPReti onal ity, and said

het er opol ymeri c; probg, sequgngeek S Rgndediionsaid hgheropo! ymgh) Csh g get
sequence by honol ogous base " 15 interaction. 14. The conpl ex of claim 11,

wher ei n sahdtenerakviRyimmpriobeppepeener) At 623 AdhSBPEPRRNBISTES| FAESPE
target Seg%@ggﬁ‘cgavﬁ%@é‘r apLehy diy echiqnalidnka 1899 sabyl  Batar OEQEQfé@B“ c

probe sequ I's bonded to said 20 heteropol ymeric target sequence

Wt son- Or i ékctodes emehiteaty stiyasd FererpimicowaidshefRecRotpicat Cof>EaF m 11,
wher ghn: (3LoRghte NeLel OPQlYTELEGHA! 00 2aCNCEn Al A4 d St coapohyMer | ©
target sequence have parallel directionality; (b) said probe includes 25 a
first probbeserapellyeetisd riangesardohenes Gmlp}ﬁﬁélﬁrléaﬁlfo@%ﬁ Jedpenedélahd a

oo nine S8, S AL AN AR SRES0Y RELELOBREATRELY anghecregusace
sequence; hefesapdlymeyiet iprthedes seduense t aiget $ordAd cohfai nPR§dsai d
heteroDOly%%%ggopolymeric target sequence by homologous base interaction
15 and said heteropolymeric probe sequence is bonded to said
second heteropolymeric target sequence by Watson-Crick
complementary base interaction.
8. The complex of claim 3, wherein said heteropolymeric
probe sequence and said heteropolymeric target sequence have
20 antiparallel directionality, and said heteropolymeric probe
sequence is bonded to said heteropolymeric target sequence by
homologous base interactionm.
9. The complex of claim 3, wherein said heteropolymeric
probe sequence and said heteropolymeric target sequence have
25 antiparallel directionality, and said heteropolymeric probe
sequence is bonded to said heteropolymeric target sequence by
Watson-Crick complementary base interaction.
10. The complex of claim 3, wherein: (a) said
heteropolymeric probe sequence and said heteropolymeric target
30 sequence have antiparallel directionality; (b) said target
includes a first strand containing said heteropolymeric target
sequence and a second strand containing a second
heteropolymeric target sequence complementary and antiparallel

to said first heteropolymeric target sequence; and (c) said
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30 target sequence and a second target strand containing a second

het eropol yneric target sequence conplenentary and antiparallel to said
first hetwoopologeeri c target sequence; and (d) said het erepaByerdic probe
sequence i s bonded to said heteropolyneric target sequence by honol ogous
base interaction 64 WO 03/010326 PCT/1B02/02791 and said heteropol yneric
probe sequence is optionally bonded to said second heteropol yneric target

sequence byneWétspolynéric comgpmEntsdguehase | Aker abbndsd 16toThesaodpl ex
of claim1l

,.Wherein: (a) said,_ 5 heteropolyneric probe sequence and said
et or opol yisFEESPEH et rteinie SRAVESHONS [HmodRBRE | ST | T o6 LCh, d
probe incl uaes s#id i hetepoplipmeiriandotsd akdgagn&al shaieidedol yoresbtdpr obe
sequence and a éec nd robi strand Eontainin% a secong_ hetero%plx_ iC
probe sequéfc&€™to %ﬁ#%%?& YOGhtC antPparal | EFIFERED s&Yd FF§eR-Cric
het er apol y kbt efienberg aspiencatetrartsahd target includes a first target
strand contai ning said heteropolyneri¢ target sequence and a second.target
strand containiﬁg'a B2 o ooty Rett c VREF et %%ﬁﬁéﬁ%’ecgﬁgléﬁéﬂtary
anddanti Eart&lrlgétl ate ﬁﬁh}dléLsft&hnHeHeéﬂ@C&aﬁL&rdg@gtLakgﬂﬁ ﬁe@mmh @:Lealmd (d)
said 15 heteropglyneric pro sequence .i s bonded to said, heteroppol yneric
target sequence By W %oﬁpﬁ?iﬁﬁ gg %éﬂﬁht%ﬁy W%%E%”}nf%&%c??@ﬂfgﬁdXEaid
het er opol yrmeieieC opr PRR. Sequence is optionally bonded to said second
het er opol yneric_target sequence by hgnol ogoys base interaction. 20,17. The
conpl ¥ of claiAr1l, Tifer eFATPEEF saPl h&g@FBpol§ﬁeric“@FGSénseqﬁ@ﬁ e and
sai d het er oRelYBBHIL omé B @ebrobze Ggetcdaxel adidakakkepotinasid anabety; (b)
said probe includes a first probe_strand_contai ni 9 sai d heteropolggeric
probe sequéiR¥CRAA a sBRGRd pAsEELidetand Torfth 8 BYsecorfifds  sa
het er opol y iRt cpb2hRe s£6UENSLKOND| SRy ang antdopaedl | eko t 0ssaid
first heteropol yneric probe sequence; (c) said target. includes a_first
target strdlfFeCERPAYREREC sai HoFtler opRFPHRRGST  t95F getPYIWYPEREE and28Ssecond

targefs stran@dcaptabAi ng a second heteropolyneric target sequence

conpl ementary and anti parall el . . ,
14. The complex of claim 11, wherein said

heteropolymeric probe sequence and said heteropolymeric target

sequence have parallel directionality, and said
heteropolymeric probe sequence is bonded to said
20 heteropolymeric target sequence by Watson-Crick complementary

base interaction.

15. The complex of «c¢laim 11, wherein: (a) said
heteropolymeric probe sequence and said heteropolymeric target
sequence have parallel directionality; (b) said probe irncludes

25 a first probe strand containing said heteropolymeric probe
sequence and a second probe strand containing a second
heteropolymeric probe sequence complementary and antiparallel
to said first heteropolymeric probe sequence; (c) said target
includes a first target strand containing said heteropolymeric

30 target sequence and a second target strand containing a second
heteropolymeric target sequence complementary and antiparallel
to said first heteropolymeric target sequence; and (d) said
heteropolymeric probe Sequence is bonded to gaid

heteropolymeric target sequence by homologous base interaction
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30 to said first heteropolyneric target sequence; and (d) said

het eropol yneri c probe sequence is bonded to said heteropolyneric target
sequence W9 ldonBkeOgous base interaction and said heterop@cCymBez@7ar obe
sequence is optionally bonded 65 WD 03/010326 PCT/1B02/02791 to said
second heteropol yneric target sequence by Watson-Crick conplenentary base
interaction. 18. The conplex of claim1l, wherein: (a) said

het er opol yerdi cafidoheteegpebgrertitd Sedisk hedpropel yinerépgritoasget, bonsequence
have antiparallel, directionality; (b),said probe includes first, probe
rrand conts RPLY SEFEhARRISBEyHERLL st SEqHBRES hdiar SES5HAChr obe
strand contampilagentSeE Gike Heterapolymeri c probe sequence conpl enentary

and antiparallel to _said first heteropo) yneric_probe sequence, (c).said
target 10 incl udBs aTlF?rsf’O‘E“Biﬁ’ét ran%i%]d’ht airni ng &G et er'GpofidBri c

L ar gets s:aqtmem@eopaﬁyxaeﬁmmﬂeaegqhe?&ém Rl het Bgopobiatid: target

et eropol yneri c target sequenc Q enentary a ant i paral.l el, o said

i1 ot Chot SEBBHERHar TEve arpRed0onEGs Ly O aoohErr disol PrrrESpr obe
sequence i s bpneled boobBal GriinhetRn®pohyAB! istidarngaie rspPueneLidy probe

Wat son-Cri ck conpl enent ar base .interaction and sai d heferopol yneri r obe
sequonce | STBNPBNathY HondBHoRg SBFtDS ectid Mot EPBHBIYIRT | & t SFCERS

sequence byelerbhoUpusSr DASErdvY eidtfilened. cbipldhentonpl #ad odntilp@i-anlel
wherei n said prqohe occupjes 20 a m nor groove of said £ rget,.. 20. The
conpl 8 of tO &aAf1 FIRAEr BERCER Y WIS BECRFi BTN ofC)grfove L7965 d
target. 2l.inthedesnpl exr&f td@ie® Srriherebitdases ehidahdrdraia ymertier act
wi th bases of both strands of said target 25 si nultaneousll%/ﬁ. 22. Th

conpl ex of GFSRH TEIUGRES A FaSESOBF SRFIFLH VTR APBFALEINH tth S55SBE of
bot h strandgt@fropai fmé Al @6tardedtMelebiaBfes Stdmp1&hentheyCond| £ Qfareidem 1,

wherein a Q%F&ggﬂf g{répehegézégé¥¥%é?ggp@;¥gitd%§§%ékgg§ea%gosﬁﬂaggid

15 heteropolymeric probe sequence is bonded to said
heteropolymeric target sequence by Watson-Crick complementary
base interaction and said heteropolymeric probe sequence is
optionally bonded to said second heteropolymeric target
sequence by homologous base interaction.

20 17. The complex of claim 113, wherein: (a) said
heteropolymeric probe sequence and said heteropolymeric target
sequence have antiparallel directionality; (b) said probe
includes a first probe strand containing said heteropolymeric
probe sequence and a second probe strand containing a second

25 heteropolymeric probe sequence complementary and antiparallel
to said first heteropolymeric probe sequence; (c) said target
includes a first target strand containing said heteropolymeric
target sequence and a second target strand containing a second
heteropolymeric target sequence complementary and antiparallel

30 to gsaid first heteropolymeric target sequence; and (d) said
heteropolymeric probe sequence is bonded to said
heteropolymeric target sequence by homologous base interaction

and said heteropolymeric probe sequence is optionally bonded
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24. The conplex of claim1l, wherein a backbone of the probe is uncharged,
partially negatively charged, or positively charged. 66 WO 03/010326

PCT/ 1 BO2/WD0M9010326. The conplex of claim1l, wherein at | east/Bop02base in
said probe is a synthetic anal ogue of a naturally-occurring base having
specific binding affinities based on Watson-Crick conplenentarity or
honol ogous binding. 5 26. A nethod for assaying a target, said nethod
conpri si ngtopravd désexgpral Setplrepobypet 5¢ NhsAitd seaugete contvsE tsong Caick

het er opol yrcgeri C larget %e%uencg of nucleic acids or nucleic acid

anal ogues; “THPpFOVH dng 555 6BE°EBRLE™hi ng a het er opol yneri c probe
sequence of nucliei c B dscompherc| eiof aceXhianal ngues whepeout di N@g)asaid

hybri di ti 1 xt S i Si idt t, . i t

Ut fer - nESBaE PR S B P SRERERC T S8 o PSR TP RO 50 C2FBCE e

ef fecti ve teghende sadiadrehebet dopatraiesl c diaegeionskijuiencdbl 0 s#id probe

het I i b t id . | ex; d detecting,

Si gnal " cor FBERPSEE vt RLBT AP REPa Ty COBEPIBERT sar e pPote SRS YESPACt ar get

L o} gsza%/ Sairdbe26etineges , anbles ebacsad dphsher opodnyherditainihg segeenad is
onded to

idh Ol ict t by Wat -Crick
conpl enent Q??Ieﬁa%‘gi%%f%é?%c&e%ﬁy\%%ﬁsfr%gg‘gggfge%%w ??lfé]eaf‘natléfplagﬁ,llﬁ}ovi ded
that when sai (é;aﬁ:dmﬁlilesti Be@efbgﬁ_lg»mﬁz‘tica@do?ai deﬁeélfw@pOdtqon&iaii@ Reebet |
equence i s antipara tg said heteropolyneric target sequence, sai
hot erlpol yiHBFLESER, Dbl ity FATEET: S BORACPT G 24P Aot ar BRCTARREAVEF AP get
sequence byahasbl sggusndasad Bt eeachd Ofardstl gireviddednt Hatingveezesand

conplex is a triplex, said conplex is free of. 30 reconbinati.on proteins.
27. The ne@ﬁ58r8$0§YQﬁ¥ﬁgnia3ﬂ$ répﬁuanﬂ%l%ﬂpgiquntary an antlpaﬂglge?

to said first heteropolymeric target sequence; and (d) said
heteropolymeric probe sequence is bonded to said

15 heteropolymeric target sequence by Watson-Crick complementary
base interaction and said heteropolymeric probe sequence is
optionally bonded to said second heteropolymeric target
sequence by homologous base interaction.

19. The complex of claim 1, wherein said probe occupies

20 a minor groove of said target.

20. The complex of claim 1, wherein said probe occupies
a major groove of said target.

21. The complex of claim 3, wherein bases of said probe
interact with ©bases of ©both strands of said target

25 simultaneously.

22. The complex of claim 11, wherein bases of said probe
interact with Dbases of both strands of said target
simultaneously.

23. The complex of claim 1, wherein a backbone of the

30 probe comprises deoxyribose phosphate.

24. The complex of claim 1, wherein a backbone of the

probe is uncharged, partially negatively charged, or

positively charged.
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m smat ch bet ween bases of said heteropol yneric probe sequence and bases of
sai d heteropolyneric target sequence is detected. 67 WO 03/010326

PCT/ 1 BO2/WD09010328. The net hod of claim 26, wherein said pcabBozm®disai d
target are single-stranded and said conplex is a duplex wherein said

het er opol ynmeri c probe sequence is bonded to said heteropolyneric target
sequence by honol ogous base interaction 5 or by Watson-Crick conpl enentary
base i nteracti ops andrisaiddmphekesdpoOlyiteri,c whe@ben S€fUuehte ichephaat| &b or

antiparallel ,to said heteropolyneric target sequence. 29. The met hod of
Clai m 26, SREFEPRoBRe 16r ST PIDE AIAIOURFd Siaryets§ & Al G PEoBEF bidled,
the other dhssahslvpi®bepedi¥iandbisdiidgt afgehit Sed MRt i andedn-antcsai d
conplex is a ari | ex., 30. TE\e mft hod 3%‘ cl.aim 26, wherein said probe and
said targEP BT Vs Fandeal aFAF L H1FUBHpl ex is a quadrupl ex. 31. The
met hod of clai @6, mhenethodai bt argefayiinglb scovalrget]y batuad wethod
support, surface or sem -perneable nenbrane. 32. The nethod of claim 26,
wher ei n sa“8™BroBE?¥s coval ently bound to a support, surface or

sem - per neabl e pAEPIIBARE. 2 28adBle Thempei Dy Obacd atardé: vbRELimi®) egtric
current or electromagnetic _force is a glied to sai comil ex to generate

or vary said signal .PSFTORIYRELRGAERTIRYE of FHEC MR SUT-§4Fd2F10Be%br sai d

target is coval entl ynbhowid beiad SHRPSjles;sSurface or sem - 25 perneable
nmenbrane, and el ectric current or el ectromagnetic¢c force is applied to said
conpl’@x to genePEPE G Y afy BEPRF SYFFDIBE. FhESHETRBY We’glcai RT9Be
further conprising gsepeatedioy wacyeld £EdH oronscdéisaididybridgdas on

m xture to 30 vary, sald signal, wherein said target is assayed as a
function of siBRAVIERT ehdBPrAdEEapoPR aKF IS &08‘8?:371“’11@9 5859 FRE9REL hod of
claim 35, wherein saighiyaysypey aHEES and a buffer;

incubating said hybridization mixture for an incubation
15 time effective to bind said heteropolymeric target
sequence to said heteropolymeric probe sequence to
provide a complex; and
detecting a signal correlated with binding affinity
between said probe and said target to assay said
20 target,
wherein said heteropolymeric probe sequence is bonded to
said heteropolymeric target sequence by Watson-Crick
complementary base interaction or by homologous base
interaction, provided that when said complex is a duplex
25 and said heteropolymeric probe sequence is antiparallel to
said heteropolymeric target sequence, said heteropolymeric
probe sequence is bonded to said heteropolymeric target
sequence by homologous base interaction, gnd provided that
when said complex is a triplex, said complex is free of
30 recombination proteins.
27. The method of claim 26, wherein a match or a
mismatch between bases of said heteropolymeric probe sequence

and bases of said heteropolymeric target sequence is detected.
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said probe to dissociate fromsaid target in said conplex. 68 WD 03/010326
PCT/ 1 B02/ 02791 37. The nethod of claim 35, wherein said varying conprises
appl yi ng wofogsosi32e6t i mul us and a second stinmulus to said rgbABe/®2atl on

m xture, said first stinulus being of identical magnitude and opposite
polarity of said second 5 stinulus. 38. The nethod of claim 35, wherein
said varying conprises applying a series of stinmuli, each of said stinuli
bei ng identi caI 2839. ThhemgehbddoHf cId i Mel6 whetred i Basdi prsbegreald isnidl0
emtted by a ast _one_] abel coval & tl ound .to_sai.d prqobe. 40. .The

met hod of ct?aargtﬁ GaIﬁhe?%n%l sy al‘—’ercg Sittt TR [FBast ocgfg’ﬁeé(bel
coval ent | y Woared nt gaddi (Ihetalrgﬁcblymeqrﬂlc Hreeeishadente ciai vo2sd wWherssiid sai d

signal is enmtted | east one | abel coval entI associ at ed wi t h 15
S0 conpl SELASTO bR e hEA S A8, BUnaet I e BReLE TR oai o
targets di sqof ab'yngvaasmqaele]e @fombasﬁsnb@mdbagesamderhetedsmpah;arrwam

target sequence, sych that bases of the .hetero meric rob equence

bi nd vi t h HSSEEBPIFREE 30, REPE oBOTSAREA G APGEL 8hqREnERE Brr e fadits of
Wat son- Cr i cdaidare cirepoypintt ba tﬁsl’rdéﬂzrfabqgéﬂée base recognition. 43. The

met hod of cl ai m_26, erein é L_Lone of said robeadsaldtar i's
i ntroduced into %4i d HGbFAeEES: 2 Al FPe iWReFERYdPREe P S ngz? The
met hod of cdmd N6 wteg@u nli-, h§1ﬂ§1é1—031:ﬁaﬁldedondﬂh@t eiﬂ:hWtrt hﬁutsai@"léﬁﬂb’beng
said probe or_said.t %et % nmet hod qf clai el sai, d

hybri & zat i B ﬁ?kiiu \gﬁFtHegr ST SRt efeadt ep’?oﬁﬁté’r 46.
The met hod ©figlead. m45 wherein said at |east one 30 prom)ter i s a
condensi ng agent_ or a deconden5| g ent. 47. The met hgd of clai

wherein said protfot ertesM§ERRRNBEr CLENR A%ed S RLEhE2 T oRBPRD it t&’ian“gji of

YOYO 1, TOT€tget ¥@P¥O0a3ubT&ME Sand¥P@nd, sBOBQdmplRP@s3a BB 314010 1,

JAIO
31. The method of claim 26, wherein said target is

15 covalently bound to a support, surface or semi-permeable
membrane.

32. The method of c¢laim 26, wherein said probe is
covalently bound to a support, surface or semi-permeable
membrane.

20 33. The method of claim 26, wherein electric current or
electromagnetic force is applied to said complex to generate
or vary said signal.

34. The method of claim 26, wherein said probe or said
target is covalentlf' bound to a support, surface or semi-

25 permeable membrane, and electric current or electromagnetic
force 1is applied to said complex to generate or vary said
signal.

35. The method of claim 26, further comprising
repeatedly varying conditions of said hybridization mixture to

30 vary said signal, wherein said target is assayed as a function
of signal variance in response to said varying.

36. The method of claim 35, wherein said varying causes

said probe to dissociate from said target in said complex.
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1, cyanine diners, YOPRO1l, TOPRO1, YOPRO3, TOPRO3, TO 69 WO
03/010326 PCT/1B02/02791 PRO 5, PO PRO1, BO PRO 1, PO PRO 3, BO PRO 3,
LO PRO 1,W0@3/0RB% | , cyani ne nononers, ethidium brom de, eChimEoan?rol

honodi ner- i, ethidi um honodi ner-2, ethidiumderivatives, acridine,
acridine orange, acridine derivatives, ethidiumacridine 5 heterodi ner,

et hi di um nonoazi de, propidiumiodide, SYTO dyes, SYBR Green 1, SYBR dyes,
Pico Geen, SYTAX.dy®reandeZhodn eacdliaiay@isn DwhéBeidhesatd hochwfire ai m

45, wherei n.a.cancentra i on_of fsai d at .l east on(g r onot e(i i%jélgrovi ded to
favor one BIREMESS1OPRLYIEE uPe ToFS5aPH TOND 32 OvRr SBEHET Poddtti% i ndi ng
struct ures sxfidsahgbeoapiexiodImikharapt had Of fékat m &6, milwst hBeis®mad si ng
optically i,ng.or _optically sequencing said target. 50. The net hod of
oPaim26 a1 BB ke ¥ RSl ot ROLePLEL st oPaidl SHretbLt oo
under seri addiynmasi.ed conditions. 51. The nethod of claim 36, wherein said
property of said dissociating.is correlated with_binding affinity between
sai d probe and s%i‘d l%g?gef“?t]?%degTh%laﬁé‘f ho'd *of WPF&FFTPZG?’%\%\H%?’KP%)
honol ogous cdiiprdiseg copditingna aeeipsovEdedi@nti aneadic 0Pl €4ad ysthiwamliogous
probe does ll)’lO.t bi, qelv‘%o Sﬂi d target or binds to said target wth reduced
ef fici ency;° oy t}?i t§8n:Crick conpl ementary binding conditions are

provi ded and an sioncompketmdthotd eonplieiient acy pmebheidoesaiwt shyndit assaid
target or binds to. said target wi_th &educe efficiency. 53. he%q(fborrpl ex of
ﬁas é) e.

LR oo ¢ AR o b BE S P Sro e Lo ve | it bn BouA EPogti g

nucl eosi de bonded .t otak |e&Itodner aflaSai d2p¢f oheaRdnsasslid asgehal 3G H4.
The conplex of claim1, further caqnprisi nggat | east qne pr%c.éi n or enzyne

bonded to at™itd&st P¥natof SaSF £ dfPeangovalert bakpupd 587 sHd tWiHitex of

claim1, whereimisai @heonfétdiod SokN claim 26, wherein said signal is
emitted by at least one label non-covalently associated with
15 sald complex.

42. The method of claim 26, wherein said probe invades
said target, displacing a sequence of bases bound to said
heteropolymeric target sequence, such that bases of the
heteropolymeric probe sequence bind with bases of the

20 heteropolymeric target sequence on the basis of Watson-Crick
base recognition or homologous base recognitiomn.

43. The method of claim 26, wherein at least one of said
probe and said target is introduced into said hybridization
mixture in dehydrated form.

25 44. The method of claim 26, wherein the method is
conducted without denaturing said probe or said target.

45. The method of claim 26, wherein said hybridization
mixture further comprises at least one binding promoter.

46. The method of claim 45, wherein said at least one

30 promoter is a condensing agent or a decondensing agent.

47. The method of claim 45, wherein said promoter is a
member selected from the group consisting of YOYO-1, TOTO-1,
YOYO-3, TOTO-3, POPO-1, BOBO-1, POPO-3, BOBO-3, LOLO-1, JOJO-
1, cyanine dimers, YO-PRO-1, TO-PRO-1, YO-PRO-3, TO-PRO-3, TO-
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solution, on a solid support, in vitro, in vivo or in silico. 70 WD

03/ 010326 PCT/1B02/ 02791 56. The conplex of claim1l, wherein said probe is
het er opol Wowsiot03BRNA bonded to sai d heteropol yneric target PCIaBwcH" by
honol ogous base interaction, and said target is a duplex. 5 57. The
conpl ex of claimb56, wherein said probe invades said duplex target to bind
to said heteropolyneric target sequence. 58. The conplex of claiml1,

wher ei n saimkopBobeed-PrRA-1¢umoeprand, abPoleRG13 PNBOSPRGHE] afo-swod 1pr aloe i s

unchar ged, O_partially negatively charged or positively charged, and said
Farget i s BREGRG EVPRHEE RGOt EEET A ow B TR ST Gt i ©
adapt ed fori,analgtiidaum dhegbashet-2 ! hesdpelitunC derengtrees | nGaarsieling(). The

adapted fort an 2} £ n
coml ex of claiml, further comprising of least .25 oge,bhoging pramter

5 heterodimer, ethidium monoazide, propidium iodide, SYTO dyes,
SYBR Green 1, SYBR dyes, Pico Green, SYTOX dyes and 7-
aminoactinomycin D. ‘

48, The method of claim 45, wherein a concentration of
said at least one promoter is provided to favor one binding

10 structure of said complex over other possible binding
structures of said complex.

49. The method of claim 26, further comprising optically
mapping or optically sequencing said target.

50. The method of claim 26, wherein said signal

15 comprises a series of signals detected under serially varied
conditions.

51. The method of claim 36, wherein said property of
said dissociating is correlated with binding affinity between
gaid probe and said target.

20 52. The method of claim 26, wherein: (a) homologous
binding conditions are provided and an incompletely homologous
probe does not bind to said target or binds to said target
with reduced efficiency; or (b) Watson-Crick complementary
binding conditions are ©provided and an incompletely

25 complementary probe does not bind to said target or binds to
said target with reduced efficiency.

53. The complex of claim 1, further comprising at least
one free base, nucleotide or nucleoside bonded to at least omne
of said probe and said target.

30 54. The complex of claim 1, further comprising at least
one protein or enzyme bonded to at least one of said probe and
said target.

55. The complex of claim 1, wherein said complex is in

solution, on a solid support, in vitro, in vivo or in silico.
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56. The complex of claim 1, wherein said probe is
heteropolymeric PNA bonded to said heteropolymeric target
sequence by homologous base interaction, and said target is a
duplex.

57. The complex of claim 56, wherein said probe invades
said duplex target to bind to said heteropolymeric target
sequence.

58. The complex of claim 1, wherein said probe is a
duplex and at least one strand of said probe is uncharged,
partially negatively charged or positively charged, and said
target is single-stranded or double-stranded.

59. The complex of c¢laim 1, adapted for analytic,
diagnostic, therapeutic or engineering use.

60. The complex of claim 1, further comprising at least

one binding promoter from a complex-forming mixture.
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