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tools. Less fully explored than suc conventional hybridization" has been
the ability of single 15 SRAaNEERENY JHESINVENIION t 5 doubl e- st randed
targets and the, algigmp opf IMQontranded m)l ecul es to bind to
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in part fepevifiec fractleiichakidee base- palrlng nechanlsns mould be at | east
partially dif ereHgﬂ#§§§$g§pgggxﬁgpéﬁgigﬁgybr|dlzatlon allowi ng the 25
possibility fo v a reduction in the anount of
pr dlfe needed iThd hebilyilmyi difz awocosingaet strarmied mueleilr mcidwapkeonleseat i ng

mul L1l exgs haug1Lhshides pade THJLLIR! |87 0hd! ragacg@:@f% glohhe

honol ogous™ rec rocess,” a process bacterral 30
protein RetheanhaprprewmdedftbemhaalﬁlﬁqnuhﬂthrpQw¢mﬁu OrgaeRxEds; anyl The

creation ghyde8i1 anferetyet UEES14YT i NF811Y explored than such

“conventional hybridization” has been the ability of single

15 stranded molecules to bind to double-stranded targets and the
ability of double-stranded molecules to bind to double-stranded
targets. The ability to bind to double-stranded targets
potentially has advantages over conventional hybridféation.
These could stem in part from the fact that the double-stranded

20 target would not be denatured, allowing “milder” hybridization
conditions and providing a target less prone to becoming a
totally random coil. They could also stem in part from the fact
that the base-pairing mechanisms would be at least partially
different than in conventional hybridization, allowing the

25 possibility for more favorable kinetics dnd a reduction in the
amount of probe needed in the hybridization reaction mixture.

Prior work on creating multiplexes have included:
1) The formation of triplexes as part of the homologous
recombination process, a process mediated by the bacterial

30 protein RecA and proteins of similar function in other

' organisms; | ' |
2) The creation of 3-stranded structures during in situ
hybridization (e.g., U.S. patent 5,707,801 of Bresser et al.);

and
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hybridi zation (e.g., U S. patent 5,707,801 of Bresser et al.); and -1 * WD
02/ 103051 PCT/1B02/ 01972 3)3-stranded or 4-stranded conpl exes that rely on
Hoogst ei n-type bonding. This prior work does not fully exploit the
potential foh oafd36sy1 NG mul tiplexes. The RecA-nedi ated proGR&HBIHGIYIF €S @ 5
pr ot ei n. The i'n srtu hybridization processes are based on the principle
that the doublféé Ende ntracel | ul ar target vmi | ocally open its

doubl e- st r anded’st PLTRETES, BFovﬁdlsﬁﬁanQFingF@mp e¥efded rgé%e]t%ato% |
hybri di ze }mugyt@imgtypecw@mg onal  hybridization principles. Conplexes

reported to re el,n-type, pal rs e,Ii 1 t ed to sfruciures

that are not bér‘\}g ﬁEf‘@FoBgF%n@?gs %ﬁ‘fhg}dﬁe a:L‘?f(ﬁr & Pttt r and

EF a pol yiouniime omulmdpaaxesn diThe ORe¥RFjedlfsed t Rioeeas Seequlﬁeg ,a
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for it | on HESH e 08| S BL¥s AYBF L REL PR rRTSCARP LTS o e
801- 809 ( ¥9S9ciple wastt Hhec admubild +Btirdnuiesix imtriagied ladiads tat:i'get Wlll
conventi o r qj u & Ci n such
pecul i ar sr?'t%rcua\(gﬂtlgfdggéﬂ Q_IQ;% gé{lig%g-@rn #st&gﬁkﬁhge%kté&zon‘é‘adzlo ?tlsj(')néﬂr'or a
rel ati vel Phranded @aaggtothnucweﬂé bgbxidiize a@p@mdimgn#grcosnﬁn@iomal
(Nature 3 98 0se a golgéj_?’%, eot.l des
can spont gfr&%gf%%g@lé& B%%ES;% %l ntgor%l%%érjfés%r?né(}%&r Eheﬁ]l é.éeé% in tr%ﬂ Sen
et &f. (Biqggﬁémgrﬁypglpwwq 1) hinited soegtrnaturaesthat oare spetanded
conpl exes G3fy f§ﬁ@f at . e f 12,
or 16 ol i goner EMEEPS%% lfat‘ | ocﬁgé?st r@g%%é 1%%1% 1%‘)’%@%58%?9 %e'ﬁd
Nucl ei ¢ AG dRoEEEmeh % B%ymm 1digs Yoxi ¥ervsedophatheggEo.guabehe-ri ch
ol i gonucl golg des cafopl $0 asgenbl giin an okfssdy Pral | ebaghbgBMENion
formng long "G wires". These.higher-order. 30 structures are stabjlized by
G quar t et PUHAE -BYRIPerPYFinidine &&'&E@yﬁhﬂehr’%gi’m%%l%’i‘ Adngidefnvalencte and

hel dst ogetdaarit tgd10Uabns H00REE el base Hiddhergs sofcgopdingodp. Sen et al .
(Bi ochem stry

As was the case with triplex nucleic acids, the
conventional wisdom regarding quadruplex nucleic acids has been
that such peculiar structures only exist under relatively
extreme conditions for a relatively narrow class of nucleic

20 acids. In particular, Sen et al. (Nature 334:364-366 (1988))
disclosed that guanine-rich oligonucleotides can spontareously
self-assemble into four-stranded helices in vitro. Sen et al.
(Biochemistry  31:65-70  (1992)) disclosed that these’
four-stranded complexes can further associate into

25 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,
parallel alignment, forming long “G-wires”. These higher-order

30 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 guanines within the
oligomer are critical for the formation of these higher order

35 gtructures.



31: 65-70 (1992)), at least three contiguous guanines within the oligomner
are critical for the formation of these higher order 35 structures. -2 WO
02/ 103051 PCT/1B02/01972 It has been suggested that four-stranded DNAs play

a role ingyg¥Aosty of biological processes, such as inhiggrisenieiz H V-1
i ntegrase (Mazunder et al., Biochem stry 35:13762-13771 (1996)), fornation

of synapsis dug,i Losis (Sen_ et . Nat ur e 334. - 36 1988) )., and
t el omere mai n'tj'{e%a sng?W ki 559 g#‘aﬁl ??uﬁé?{ri%&%%% F(Glfé%@ )Q,(h@ar an
et al., Numlei vadgiety & sbhobdgidal?oFrSi8edd:0978)ch| ashdanhiibdnibar dfer
suggeste E LN h roductq on uani ne-ri.gh I upl.exes
m ght bedﬁrﬁ‘zaieﬁglg{:]%égﬁ%écg%%?‘grflqelprnggésju% "bi%%%%l‘%%ﬁs rryoces'slfags%Fg'% exanpl e,
U.S. Pat ehi99®)) 6, GoZmadono dfarsymapdisml| dusingestesiosiat (S#mnmetasd .,
actiyity ] cent_rnall rou Lahibi he. fGr. i on of
guanél/ne qﬁé??“?g% 53%%%%]1 B%tseﬁfgi@.) ’Sggggt,g%%g“%%eabfaﬁﬁg?gg#cél'&ql&'ﬁsla &5 t hat
15 G quarekt abaseGedladouprax880cdnobe) pppBayed et al.asdmclfede Adsidect i ng
nucl ei ¢ aﬁéé’éar%l‘?% J’y#m;jﬁga(tliggn}&o a conpl enentary oligonucl eotide, the
C [ I'ds” or T

G quartet structure unfo arizes, thereby increasing the distance
bet ween a donokt areRsn kesreptforrthen depggeshedpakhat of contrad lgms t dthe

ST UCT Ur Bprd @&k AYlEN Fuatd ndeel 8RS uiaBriipebke s AGAE! iKY B Regetiectabl e
change in a signal ?e. : fPUorescence) emtted frodmthe structure.
U. SPat enfomero ,izm,ew% béopgaiaml nxoceEsegi.s AR EX2HPHEL WO f Ratemt
purifi cat ﬁ@ﬂ_sc}foﬁunidb?‘tbCHQfaﬂQ@t?hQQté stViae BelbRefusé RIVIG ity
o1 | gonuc| BURUPe RPRFRIGRE SHEPYSR GG A ABRIRYE: BOa EoTBRIPHET |
quadr upl ezudine Theartdtd Ner aggregate containing the oligonucleotide to
D kel R B0, 5L RLISI g Lol dUES,p PeRRLe (e
hasisei t hesqheetet ubbyedpguadiad Peke®r cah Ubky emspbpediedn RBel alsedyt Edrhe
probl em Oéet?gét];frrlgm A g zat | Q{%éﬁ/ HYbridization to a complementary
oligonucleotide, the G-quartet structure unfolds or linearizes,
thereby increasing the distance between a donor and an acceptor
on different parts of the G-quartet structure, resulting in a
20 decrease in their interaction and a detectable change in a
signal (e.g., fluorescence) emitted from the structure.

U.S. Patent No. 5,912,332 to Agrawal et al. discloses a
method for the purification of synthetic oligonucieotides, '
wherein the synthetic oligonucleotides hybridize specifically

25 with a desired, full-length oligonucleotide and concomitantly
form a multimer aggregate, such as quadruplex DNA. The multimer
aggregate containing the oligonucleotide to be purified ig then
isolated using size-exclusion techniques.

Despite the foregoing developments, the full potential of

30 ' quadruplex nucleic acid has neither been fully appreciated nor
fully exploited. '

Related to the problem of performing hybridization-type
experiments with double-stranded targets is the means of
detecting them. Fluorescent dyes have been used to detect and

35 guantitate nucleic acids for decades. In their most basic form,
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experinments with doubl e-stranded targets is the neans of detecting them
Fl uorescent dyes have been used to detect and 35 quantitate nucleic acids
for decades. In their nost basic form -3 WO 02/103051 PCT/IB02/ 01972

fl uorescen ntensity-based assays have typically conpris ting a
target wt %ozlqot’,l%ilophore cont ai ni ng. probe, renoving an;e/lq;urllfgoun pr obe
from bound probe, and detecting fluorescence in the washed sanpl e.
Honogeneoééuaysagsnt npmdenss typbresdc adraic  hevay Sypicaliat c@@ﬁmerder do

not requi g in rayi 0 pport .
For exanpl eneﬁc‘é@ﬁ at%ntsés és)!£ 5‘1;5?;318 %48%11%%5%§g@r§t ng‘tg ng %b%éo to
Maggi 0 di $EMGYENS o ReYe niedeaund |prebse fxenh dsewnd a§§99§:ofaﬂﬂjcd%‘iﬁqfdélg

sequences fugbResfbh8ONk| ERE | (eI P MRS . 1RohBLEhELTS E‘QB’E&/@Hmﬁﬂﬁ%‘
patents re uire the_ use of a quenchi nghagent In Conbination Wth

repot t i ngUREBnBUCh, basicy agpays ngin skhakt then foreey; &ﬁalr?tge’iﬂg&tréd By
hybri di zee#aph@hgSst&p dok WO bEbVRSH oY Q&zea nthQKqﬁﬁ.dabhaééSQuﬁﬁ%ﬁ res the

use of enzymes in its disclosed nmethod. Quenc |n£gqa‘gq]ents and enzynes

add conpl exi t yFGRd®¥3PRICe PoSt hBRRERHR IO () 53 Qobivek £ a16r59 to

Ki dwel | dgnal QSBF0 ,agmtﬂtomafglgrlo d@b@@b?f\mme@ﬁbu@e_fiﬁaﬂéﬁﬁéﬁcé-rbésé&t i on
u5|ng prones r si east two uqr re noieties
oo b o BeRavhoBl pacldoflas Fodnantad Mathgh AL SpRRe sat tae (Eebes, 1 ner
whero 20 clseiattonugiHdwavear,y thbeev\paneéxmgtﬂeqﬁ&menﬂheam@foft heduersqieiaia a.

I di l.exi bl e _than.probes ybridized to the

Lar got SedBEREe, andCRBRLBRUATRI 1 HE (o TFPUGEBRhoRERDY ot PEs T dath
probe ar eddsténguksh ybetweben cith)s eslgnalma(gemtrheedmbgnhybmﬂn.m probes
B
i ndi cat i onnairmehelrannm\tdl@cﬁlcbs@ mettned i n Queschingl egetts. amdtenrymids
asohys fortl fonplefley iR SIOSR GATRATRBANE | O oo or rmnt i oned
devel opment s wHi 8h Rattentt Nof.| GoB32c6h? tnKidwely, diseioses @ methed faw
advant age@ePbeting nucleotide sequences in solution using probes
comprising at least two fluorophore moieties. The fluorophores
must be selected to electronically interact with each other when
20 close enough to vary the wavelength dependence of their spectra.
Unhybridized probes are much more £flexible than probes
hybridized to the target sequence, and consequently the two
fluorophore moieties on each probe are more likely to be close
to each other when the probe is unhybridized than when the probe
25 is hybridized. Thus, a change in emission wavelength correlated
with free probe can be monitored as an indication of the amount
of free probe in the sample.

U.S. Patent No. 5,846,729 to Wu et al. also discloses

homogeneous fluorescence-based assays for detecting nucleic
30 acid.

In addition to the aforementioned developments which detect
fluorescent intensity, some have touted the advantages of
fluorescent polarization assays. However, there are significant
drawbacks to polarization-based assays. The degree of change in

35 polarization as a function of binding can be unpredictable, and
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fluorescent polarization assays. However, there are significant drawbacks
to pol ari zati on-based assays. The degree of change in 35 polarization as a
function of bi ndi ng can be unpredictable, and -4 WO 02/103051

PCT/ 1 BO2/ 0199(2 {)ﬁr pretation of data to conforminconsi st 981874 O

t heoretical éexpectations can require nore effort than is esirable in an
anal yti cal net hod articularly when the nethod is to be automated. There
are. as V\/eFLFt@fFE’§§F§E|‘1\9§ aPfsi dgtar ofes crafppecinaensicstgnt ofdatie to

nol ecul es tﬂé@&etmhuonemise&‘awonﬁ%&i@t edquird fddid exgeRbtPOLALL Zald ONn
assay. The present inventions wll be seen,” in various iInportant

enbodi rrenfi§5t16'ap Eelad%rﬂr&éé’t(ﬁcﬁlh@eﬁh@%rP?ae%lQ}#]-ﬂ]iYof”é‘@@eﬁhe wethedil es

for purpogestef pdehgedmatted /| AIHRLRS a2B0ag URST LRIBR T a1 k0 sAhk 1 5 BHET BRGRS
cited herein are i ncorporated herein by _reference in their entiTetjes.
BRI BF SUMVBRY Mo ey amvesdeahitn ofethed:odecydedt whgshuMatiraxds (beise
gener al a&pa&hatbheihnaeﬂlu@feééex& %Mﬂtloﬁaﬁéﬁﬁftl ng a nucl eic acid

mul ti pl ex, said, net hod r|S|n t he s of: 1) creatin m xt ure
conpr PS| ng wat &Pe Qrﬁﬁ?gﬁ ryeRk °%Elp‘1”e]xl e‘ge SiFeny %LEnYaﬁ?Jﬂ’ﬁ Tgportant

si ngl e- st eabdddmenkedtbasske saaumcaagértdﬁmneewbpefrawsaoﬂuflmwméﬁtat

I ncl udes song.20 Crick dupl an accel erator ent that

i ncr eases%lgi éegrfoﬁrﬁ’tﬁﬁosﬁs r‘ﬁfle ?léﬁfeg lf’%r‘hﬁ 5 ard %ﬁ?%mhg%%sel ng a

trijdex or quAdELupieﬁe,remeselcmtsad dhereiph eaxer amd:ectpnsmhéedl dhegreimpllmcul es

are sel ec a | | ex, they would each be related to
E:%?e%% Eg %'ntti ﬁ%l?n%:?%%éjﬁﬁ

all other “strands o adherence to 25 base pairing rules,
said rules being either : : honol ogous

bi ndi ng base- pg, rthggsrgkegi: gg )mﬁf‘C ,- ){ g sai d m xture to allow the
multiplex to f Sal [Tplex related to all other
strands of thdnmone ploereppladaspesice ttbebatlevmitqmgiﬁulésmegboér(ﬂ/ﬁ ded
thais wit E&@a&he%ml hueheé é@fd")ﬁ&f'gﬁ{ﬁ:wk saq.‘dp'm@éhéédégmbf'léiﬁé’ g is

het er opol yneric ont ent ween 10% and 90%
steps of:

1) creating a mixture comprising water, a Watson-Crick
duplex, a sufficient number of single-stranded mixed base
sequence molecules to form a multiplex that includes the Watson-

20 Crick duplex, and an accelerator agent that increases a rate or
amount of multiplex formation, said multiplex being a triplex or
quadruplex, wherein said single-stranded molecule or molecules
are selected so that, if in a i’multiplex; they would each be
related to all other strands of the multipiex by adherence to

25 base pairing rules, said rules being either Watson-Crick base-
pairing rules or homologous binding base-pairing rules; and

2) incubating said mixture to allow the multiplex to form,
each strand of said multiplex related to all other strands of
the multiplex by adherence to base-pairing rules;

30 provided that, within the multiplex, the Watson-Crick
duplex added in step (1) is heteropolymeric with a G-C content
between 10% and 920%.

In one particular aspect of the method, the multiplex
created is a triplex, in step (1) the sufficient number of

35 single-stranded molecules is 1, and in step (2) the triplex is
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In one particular aspect of the nmethod, the nmultiplex created is a
triplex, in step (1) the sufficient nunber of 35 single-stranded nol ecul es
is 1, and in step (2) the triplex is -5 W 02/103051 PCT/1B02/01972 f orned.

In a pal‘tI‘gB Q}é 3ggﬂbodi ment of the nmethod, in the triplexpctiaeo1972
si ngl e- stranc? ecule is related to one strand of the duplex by

WAt son- ck bas airin ules and to the second, stran the I ex by
honol ogo 15 bﬁep%a?tﬂFHbaB imept, ofr s cli‘cfci‘ul &P

en‘godlh rrerﬁx_lldﬂeacl dttpieemr@ulasbaﬁfm@éa Ynd RIS dist &-edaubafetdsﬁdm@aétzsaltmd;ct ure

and the ngl e- st.rand cule res in a groove t hat, doubl.e-

hel i cal qufr u%f‘%ral."pif g’é{”ﬁ& gfggi‘ ?’Sssré’s géﬂ%cfg 88 £ C{Ionv tion.

10 In ancadtmnd)amriand af a:hpedthbéxtblp hmﬂdim@o@@mﬂhngpb&se pataimg is a
I t t d t k

duprex: ot oilp (1) ERECBEr? PBRehi D Frdindiree. ShEn ARG coui s

is 2, t hcm.é)smargji@:]slm andiad:.nsmlleeulmlalree-heina:adecatmium:smnaﬁdl ctkhelupl ex,

and in st X fro d r n nd
dupl exes.ﬁqﬁ 2% eg#}tﬁ f?g&(%q} 1 11&% t% t%eggc\%g}esf;nfgl e-%"?rg%%gf )
mol ecul e@eéUﬂceddyshruqmese@ddd smhsd.mramlem:sdapeealsweassmm:safOﬂetleet ing a

triplex Thedmifgd of creating a triplex can be adapt ed to be a 20 nethod

for detectl ng a triplex by adding an additional steE@ in which the
trilfl ex i s detlarteowthen peasicnlastaepecty of dedmeshed, Thbe npehbipbex

creating &é&&é& YRl §Xq& é&ugﬁé}gapiﬁdsﬁéb kg %athgewi%ﬁ-@m@&t gGhieg fs

quadruplex b addlng an additional ste I n which the guadruplex S
det ect edaTﬁ-E‘P‘éxwa goBnGrhek guptenl Q@ﬁeéfl Ettl?@ i WenthonspEiicient| ex (

a tripl enplbexhingiBLEELARdE %ldl@cﬁl%br apded wdﬂéesbﬁ%nd -80rdénded
doubl e-stranded nucleic acid tar wher ei n saj d _probe

ri ses
het er opolMAEGH &R AT dlad #e6Pn %‘%%?%ﬁﬂ%rqué’l%c?@ cince %ng? bg
al hsbase #Hd Rheidrflsai1h tfdiledX fRoh salBMEekstSahackedohd oduphexgs oup
consi st npgJr of A-.T- T-A-T, U A
eferably ' step (1) is done with the two single-stranded
molecules already in the second Watson-Crick duplex.
Methods of detecting a triplex
The method of creating a triplex can be adapted to be a

20 method for detecting a triplex by adding an additional step (3)

in which the triplex is detected.
Methods of detectin adruplex
The method of creating a quadruplex can be adapted to be a
method for detecting a quadruplex by adding an additional step
25 (3) in which the quadruplex is detected.
Triplex
In another general aspect, the invention is a triplex ( a
triplex complex) comprising a single-stranded probe bound to a
double-stranded nucleic acid target, wherein said probe
30 comprises a heteropolymeric nucleic acid or a heteropolymeric |
nucleic acid analog, and all base triplets of said triplex are:
members selected from the group consisting of A-T-A, T-A-T, U-A-
T, T-A-U, A-U-A, U-A-U, G-C-G and C-G-C.




T, T-A-U, AAUA UAU GGCGand CGGC -6 WO 02/103051 PCT/1B02/ 01972
Quadruol ex : In another aspect, the invention is a nultiplex structure
that is a quadrupl ex, the quadruplex conprising: a first strand contai ning

a first sew&m @®f nucleobases; 5 a second strand cont apor/mg2eigecond
sequence o nucfeobases, wherein said second strand is associated wth

said fi rsgust;r angeby Wat son-Crick bonding; a third strand containing a
third seq cl eobases; and 10 a fourth strand containing a fourth

sequence of ndol enbtlses, asperte] rtisniitdveaoloh & ramul isipbsoctateture t h
sai d seco tecand an id third strand Wat son- Cri ck bondi ng. BRI EF
bescR pri P E BT Redehs trie, SiebRierts SomeRREC bed |0

conj uncti on wi ahfibhet dttdndiicogtdianhggs filrsbhsehuenke offnuclienbaseser al s
designate |ike el S aqu rein., hi 1,2A S i ntensity -
of f uorescencg as?%g%%unc |c?\r%4agf chghn%a{érr%ligre,azmgggﬂﬁgntzggﬁgﬂgit etr?? of
base pair 20 natchiwgledhages 3 wheredn ssil ssoconddsspasdohs tarsaaiededi ty of
fluorescence as a fyppehi o frivanelRIGHR HEXTSPLoRicPASe MGidingtat ching and
cation. Figs. 6A 6B, and 6C s%low |.nt.engx| ty?of ?%?JOI‘ escence aslnadya25
function of |adi Haled Atowsid condadningm thige seguenge oL mygpleqi@sesn 9B,
9C, and 10 show, asgpgegards quadrupl exes, the intensity of fluorescence as
a function of the extent of base pair matching and cation. Fi g 11 shows

thet@ntensity 8f fHsEEsceHa@nss CORERiNI®y I ofovRklexBEMeBFepa®E pair

mat ching in a sol uthgsl Eadsed) Rtherelihag®ld foudEh 38Pand?Bs deHodirted?D
show the intensity o

and i nperfect base“’{vﬁllql;lsléggigfﬁcécr}?%r% Séﬁ%i{(ggm O(%&?rb 2@%&%8 Q?{]lgr brs)[erfect
: Watson-Crick bonding.
BRIFF DESCRIPTION OF THE DRAWINGS
15 The invention will be described in conjunction with the
following drawings in which like reference numerals designate
like elements and wherein:

Figs. 1,2A and 2B show the intensity of fluorescence as a

function of temperature, GC content, and extent of basge pair
20 matching.

Figs. 3, 4, 5A, 5B, 5C and 5D show the intensity of
fluorescence as a function of wavelength, extent.of bage pair
‘matching and cation.

Figs. '6A, 6B, and 6C show intensity of fluorescence as a

25 function of lasing protocol, and cation.

Fige. 7A, 7B, 7C, 8A, 8B, 9A, 9B, 9C, and 10 show, as
regards quadruplexes, the intensity of fluorescence as a
function of the extent of base pair matching and cation.

Fig. 11 shows the intensgity of fluorescence as a function

30 of the extent of base pair matching in a solution containing
ethanol. l ' |

Figs. 12A, 12B, 12C¢ and 12D show the intensity of
fluorescence as a function of wavelength for perfect and
imperfect base pair matches in dsDNA:ssDNA complexes when the

35 cationic DNA intercalator YOYO-1 is present.
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35 cationic DNA intercalator YOYO- 1 is present. -7 WO 02/103051

PCT/ | B0O2/ 01972 DETAI LED DESCRI PTI ON OF THE | NVENTI ON GLOSSARY AND
DEFI NI TIONS The one-letter codes for the bases that formpart of their
respecti vewpusheski des are: A adenine; T: thymine; G gupcT/mBe2/019% C

cytosine; U wuracil. These letters are also used to represent their
respective nucleoti demmﬁiﬁ f I ' e 100 tines the
nunber of G C base p ' r of G C-base

pairs plGOSIARY) ANIF IDRHTNATTONST A-U) base pa| rs and is expressed as 10 a
percent age (e 0 9 An accel e under st 0Q er S .Qne
that "i ncreases aO%} at%tor ranggﬁ? %‘f% %ah%qf 3&2“‘& %aﬁté‘dP%f)ﬁbe £ theiy
formati onresp!eam\@ carcleotddeai apd: A ¢ tadamfzmm &8s thymineas@r egmarnme,each

at §i 11 erentod m ol i s, AIPLNLS, Jf Lete.Lece 13 Juitbe pf dddalangs or

quadr upl exes forrre &F T " accal er ator age I'S use |nter angeabl y
with thetlt%nnsréﬁmm'nuahaotpdeﬂnter agent " except where the pronoter

coadr upl ox, a6 Reledgh o 8 Ml er 1P Chf] To0"MERELPLAC dpgd B
conpri se mbmpaam divkdesd) days thﬁamfofc&bebnemmrfqﬁ @-fgbaseinairs
structurgsy éé’%@%éué%éxs% Cif—,':CNE(C egtb%eﬁasengattls éﬁ%p:l.%xéép@épsed

quadrupl exes forne ereln ase” refers tot ases A, U, C,
T, ¥nd t HHORSTIENEAEE ofs X-halOcih-conform to Watson- Crick base-pairing

rules. Anal oguas 0&cée1é:bat%r Cagéﬂel Esﬁlrﬁn&é@é&&i\aheﬁée%é haheCathagonf orm
to Watson: Crick base pairing rules. A Watson-(rick |l ex is a 2-stranded

mol ecul e OIIGHRRRGE aP  ERNFreRE AW hoEhSalfb EFiR SFe A nfs%%eat lel,

their 51- f>c3rmat3ﬂor€jl o ecthorﬁa&el e&nOpBQSIdka;alme owetrl last et uae @wd he
duplex is that of doublﬁ The strands ,are held to t.ger QX th
hydr ogen W%{?‘ﬁ}“qﬁﬂdfeéﬁ o?ﬁ 61’1 r‘ngé'F&Et‘F’cfﬁes Pojnkee %\tgo% 555 e

comsl ementwfibday ,ofA tsi glaixesd owl t;haarbylex@s hgsknegen bonds (or, in the case
of RNA Als pﬁﬁre§2¥%tlgégef§}%t% %ELeqswhggdcinterchangeably with
" the terms “promoter” and ‘“promoter agent” except where the
promoter specifically refers to a gene promoter.
The terms nucleic acid, triplex, quadruplex, and the like
20 are intended to refer to molecules that comprise DNA, RNA, and
analogues thereof capable of forming similar structures such as
Watson-Crick duplexes, and the triplexes and quadruplexes formed
herein.
| “Nucleobase” refers to the bases A, U, G, C, T, and those
25 analogs that can conform to Watson-Crick base-pairing rules.
Analogues of A,U,G,C, and T are those analogues that can
conform to Watsen-Crick base pairing rules.
A Watson-Crick duplex is a 2-stranded molecule or molecular
segment in which the two stranda are anti-parallel, their 5'->3!
30 directions being opposite. The overall strncture of the duplex
is that of a double helix. The strands are held together by
hydrogen bonds and hydrophobic interactions. There is base pair
complementarity, A is paired with T by two hydrogen bonds (or,
in the case of RNA, A is paired with U) and G is paired with C



-8 WD 02/ 103051 PCT/1B02/ 01972 by three hydrogen bonds. As a result, the
base-pairing rules are : Ais paired with T, Ais paired wwth U and Gis
paired with C. A 3-stranded nucleic acid nolecule is not necessarily a

triplex andolphndsgsinOt necessary that any segment of a 3- sOTABOEW9725
nol ecule be a triplex. It is possible that, at no region within any strand,

is that strapd bonded to re. than one other_strand. _A_sinple ex | e

woul d besréy T‘??ﬁﬁp W%‘E[ﬁ%‘%eﬁ% aSlrFEHlEJLE"lt ?\(Pasf'\P&lﬁf"ng ee%n% t'r ands.
1 aﬂd 3 fmrjmbtﬁaaxiﬁelf tlvgump@r, hr ﬁlﬁcﬂsa:%ﬁtﬂ wj_fl‘stIT and aRdf Ggim pe Biedg ettt Canded .
ri ght upper branch. n.exanple of a.triplexsis -str ei,c aci
m)lgecul gpor mbt g:g'tﬁ’talf'aré SFERECT ST e OWSE%??]a%di%aPﬁi%t - %@??gagﬁg’m&
Strand 1)tfipleosvanidhét\as oot Qdécaleshayethat ramg sagment( 8f § 3-Atianded G C)
wi t h bot tr and . St 3 ' f : eylhat 1S,
or i%s cl gpsdé%c?,l%t %’aet Qo?:%%b@égéoﬁtf}sé@%ljb&ﬁegﬁgfﬁ%’s%%%l %é#lbabg{ elgh‘fl% theS
maj or gr cove atfranidat 1sdbbhexstrandebended bb wmexd tham ppeesther E&agde

el abor at . ' I R ' 13940 \ 1- 200
(See esggcéllé}pll;é E’l%ﬁ?gégﬂb %lffc% ﬁ%tar%fseﬂr\%r?cdeﬁkg\%ﬁ}%ﬁ art |eclggkﬂ?usﬁ§9l aH

i ncor por a2 fbrwe thiensbypm; eferande.1 andpdr forn the lafibuppertbtancty @ dsuch a
triplex, 'oﬁ.—g@od t tp'agg’gis ase pairing rules
as foll om%fﬁlajf(;n tr%n%q'?giig ng.?%géem%%@%%tﬁl an E\I%ﬁcgtr nd | an%{jl aT
onl®rand 2; AT e¥aEPlancPB s Beinlex wifh Hhodhshrandsd SPPSﬂﬁl‘i &5 25
C on Strafeh esuie ©PMmotdAthd deamiddl! 86 WhibBhbohB atfapd Hrtitthakidand a G

on strand 2; and a T on strand 371.s paired vm'&h bkgP)th a T qn Strand and an
A on straiRmed S6reResd) bRt Lowsy  Hhe MateonsFeick, %Ef‘?'élfltré'&gr’aﬁ@%% ~ whi ch

vari a'r"t (£, A1+ a@id @'—C)'TWQEE HJoth ®trdat@ Zhandi scrae®(3.i ssteands derseii The
one. nuc! of cEHEN A nEHEREREr ot rer OtR T ESesE S o (e i AR he
twogi nd tpi@acBuplérl WidHranded fi€sides in the major groove of that
duplex. An example of such a triplex is the one elaborated by
V.B. Zhurkin et al, J. Mol. Biol., (1994) wvol. 239, 181-200 (See
especially Figure 2 of that reference), which article is
incorpdrated herein by reference. As part of the stabilization
20 of such a triplex, Strand 3 is bonded to the other two strands
by base pairing rules as follows:
An A on Strand 3 ie paired with both an A on Strand @} and
a T on Strand 2;
a G on Strand 3 is paired with both a G on Strand 1 and a
25 C on Strand 2;
a C on Strand 3 is paired with both a C on Strand 1 and a
G on strand 2; and
a T on strand 3 is paired with both a T on Strand 1 and an
A on strand 2
30 These base pairing rules are satisfied regardless of which
! variant (C or C+ or C’, T ori'T') of the Zhurkin model is
considered.
The term “base-pairing rules” are those that define the
specificity between one nucleic acid molecule and another nucleic
35 acid molecule when the two bind to each other with gpecificity.

-9~



-9 WD 02/ 103051 PCT/1B02/ 01972 Exanpl es are Watson-Crick base pairing rules
(GC, and A-T or A- U and honol ogous bi ndi ng base-pairing rules (A-A T-T,
GG CC WU . "Decondensation" of a duplex is defined as an increase in
5 the Over@UOZ{]&.{O.ﬁfal repeat | ength of the dupl ex. For exmrpBeomie B
conformation 0O e duplex has an overall helical repeat |length of 10 base
pairs; a decondensation of 106,results in that r e%&cl(en tdh b,?i nlg 13 base
pairs. PNAXSTRAGE 3%% WSSEPRNCHE CknRReY PHTIHRATY 's8%AGT T 5 U, s,
pat ent Nou) Sarxd hdadd obeubl 81 $Bihe badle ~pa br £6g frud eenlwpda jeTs @nd, C-C,
alternatiye forrmulati ns the inventions The inventions as described in the
Summary o “¥he Invention section have speci fic enbodi nents and preferred
enbodi ments of spddondér¥Asion TS & eltipldixrest definedessr aheinddwaneyhiout

t hi applLjcation. ver, for conveniencg, .m f_them ar : rized -
i Shi o SEREORET T PET oL et eTBtaS 105 Sinber 1 JET BrErRId STy o
| nvent i onBseshfermaaiorbefpthasiphliex habtan naeratl flashiaals reppabskemgtlsone
vari ati on_gf e invention_20 but.retai,nin t ' e t he
essenti al olgn%g}?arso%.palgﬁéhaa#)‘?ce nn%einls\fe 11% ér %EISJ‘;%% o%é%ﬁs{ (hl\é1 thgn [ oén&ar e

al so i ncl ldndthi beihg sl dmseopai(@). Met hods of meking the nultipl exes The

nmet hods of forgi,pg rd d e i ral I n
the Summary of H%‘%eséﬁ%éntﬂl%n%)s&el talmglr#,% %gﬁig %t?%n%gﬁ éﬁfgeﬁggr ? %él@ne%%i'
i ncldY por alli. 8g patent Naor & H3% 082 frol Noglagni ek @kHe nethod: within the
mul tipl exg LR eyt SQPr G fkn duip! S5 2 t3V8P bkl StiGher apol Wi i C
with a G§,68 - 0 W Thin e multiplex, the
Nt son- O FEK added in step -

The inventions as described in the Summary of The Invention

section have specific embodiments and preferred embodiments of
15 interest. These embodiments are described throughout this
| application. However, for convenience, many of them are
summarized in this section. Similarly, the inventions as
summarized in the Summary of Invention section can be phrased in
alternative fashions expressing some variation of the invention
20 but retaining substantial overlap as to the essential invention.
Such alternative formulations of the invention are also included
in this section.
(A) Methods of making the multiplexes
The methods of forming the triplex or quadruplex,
25 described generally in the Summary of the Invention section, can
optionally be performed by incorporating one or more of the
following into the method:
within the multiplex, the Watson-Crick duplex added in step -
(1) is heteropolymeric with a G-C content between 25% and 75%;
30 within the multiplex, the Watson-Crick duplex added in step
(1) 1is heteropolymeric with a G-C content between 10% and 90%,
and furthermore the combined frequencies therein of purine-
pyrimidine dimers and pyrimidine-purine dimers exceeds 25%
(dimers are identified starting at the 5' end of the sequence and

35 progressing one base at a time until the 3' end is reached; for
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(1) is heteropolynmeric with a G C content between 105 and 90% and
furthernore the conbi ned frequencies therein of purine- pyrimdine diners
and pyrimdine-purine dinmers exceeds 25% (diners are identified starting

at the 5 892,&1‘30511% sequence and 35 progressing one basecaus®@/oismme until
the 3" end is ' reached; for -10 WO 02/103051 PCT/1B02/01972 exanple, the

sequence 5'. - has one purine- Imdine dieter GN). and Ro

oyri it BEAELclr ASAte o 1 AASAIER AT (B B ok P L T fome

per f or m N@TSt &N& rd pyarichidiné2puird i diersuc tkied racinbirfed tragdenanes or

dupl exes not &i q_é%)cel | (and not in a virus); performng step (2) w thout
e

the assi SEHR 4

& protein (such as recA or protein of simlar function);
in step (1), peddifognihg eteps s¢l}t hahdi/bracunvsth othe mutleie basid, for
at Least _50 rcent, ,0of the.final_vol, f.th O o Xt ur ; preferably
forgat |g§§fa%§6%a8fi/ Pﬁedfl??ﬁ*e?/orf%trrel,tﬁ.”%ogte 1%rz?ré%a% yX'Lern agt‘épr?y (E?)' water is
the only |iquperddededngo stlep (@)xtwitdiouti rthet epegiBtanest eflck ngrahgin

brotei n; BACLOLE DAL 8 (2L 81y %d YIRANALUEERBL Leyperat ures above 15 the

freezing tenperature o aqueous sol'utron and at” not nore than 85 C
(nmore preferaliny stemnebh 5 @dimg 3theC wahsn sgridialy ol yageeYtieh 192 Rand 25

Q) in steRilde paddsngsap £€'i1%%39r5 § %le%ér}{tefo%r fhbYFin®l GAllude ofsthbe

accel erator agent ?mﬁnoval ent, diva mul tival ent; 20 for exanple, a

mel 8l | i c méatae dmoxec smedsrabhepfeaeyt IfrateidP i afd thar fdRAlsvaluPRast one
member selge! ﬁ?e%fe?&b&{}ein HrUP (EPNPAEHY AE Ohe Briy LigBiAl addd @RSthe

alkaline earth nmetal Cations, transition netal cations, Co(NH3)6+3,
trival enfix&y&iediidi ne and tetraval ent spernine; 25 wherein said cation is

Na* provided ah ate@nqantrabtofdd@ing vot&2BPM wherein said cation is
selected fromthe group consi Zti n of +2 Erovi ded at a %oncent éation of
10mMM t-o 45mM PeFESTIHNG, PEER A&2) Bt ShEERPPREFYRS T ITRSTE 45T 28RECN +2
pregi ded tie f2RezitgNEenpesit e &f 2HaMqueous solution and at not more

than 85 °C (more preferably between 5 °C and 30 °C, most
preferably between 15 °C and 25 °C)
in step (1), adding an anion or, more preferably, ‘a cation
as the accelerator agent (monovalent, divalent or multivalent;
20 for example, a metallic cation or a cationic peptide) ;
wherein said cation is at least one member selected from the
group counsisting of alkali metal cations, alkaline earth metal
cations, transition metal cations, Co (NH,) (3, trivalent
spermidine and tetravalent spermine;
25 wherein said cation is Na* provided at a concentration of
S0mM to 125mM;
wherein said cation is selected from the group consisting
of Mn** provided at a concentration of 10mM to 45mM, Mg*?
provided at a concentration of 10mM to 45wM, and Ni*? provided at
30 a concentration of 20mM;
in ste'ﬁ (1) adding an intercalator as an accelerator agent

(especially a fluorescent intercalator; preferably a bis-

intercalator) ;
in step (1) said accelerator agent is an intercalating
35 fluorophore selected from the Qroup consisting of YOY0O-1, TOTO-1,

-11-



in step (1) adding an intercal ator'as an accel erator agent (especially a
fluorescent intercalator; preferably a bis- intercalator); in step (1) said
accelerator agent is an intercalating 35 fluorophore selected fromthe
group con @ym f YOYO-1, TOTO-1, i -11 WO 02/ 103051 P@EErhBRAMTRI72

YOYO- 3, T : I(-!J O 1, BOBO-1, POPO- 3, BOBO 3, LOLO 1, JAO 1, cyanine

B0 RO, 1 T8 PO G53, pRBRS™ 11 L B9BOPRe. BP0 Ch bR Ton GRIP5 L

PRI it ghiion vi-ulp et et Arsivivs i Mot
erivatl v , y )

et hi di um S373RA T hggé}:gﬁr?ﬂerTbo’e%‘ﬁ'ggurﬁ%ﬁ{?g'?i'deggb#%gf%f NG ERCTE syTo

dyes, SYBR/&tie loncméds,dyethibdion heemidsYT@Etydbdsym arltbmodimer-1,

7-agi noact,i.nomycin D. i.n st .sal. d accel 0 fq.4.S a ' as

nong} nt er%:%l?laﬂ%%%%“f?&r' Bh%ﬂ%u?ég%e ?E*Yaiég;r\eeg’s%%lﬁ’r SeEick S oup
consi st i ngramde bi etiradindodtenivatifeexa ebhdsdiuBoBrpYddpes, hdfienddimer,

conj ugat es,+.s thi ol - e pr £ ei i Y NGl udi ng
tho oncammidilsf g fAids RatpThuu, BORERES RS M e e
i nt ensi t ySYBR | dwear,s dlicoc Greenat SYTOK tdydsor ind dnaminppetingmyeip|ex or
quadr upl ex; i 1y SRR 1) sghdqaseelanalar agent 18 AChOSLotkdaladinap!

one of said fi¥fs , sai d second strand, said third strand kB and said
f odOt h st fhweirophers e(espEcisaddiyngngnsateeted of ¥pm oMt IXPUR FN&PLting

| nter cal abPihdiah bifidSahnd AWK ydH,0BBBIEY dyith VElseanGimfuguted ex (or

at | east one o ; son- CricK dupl exes); |n s,t\ge? (&%} iﬁglngt&r%c
accel er at BrieurRaqtedseprabey . £1uogpganie 4 Rt (RRCHRELRS h as
di met ?3{') f‘gé ' Cbnob@eth)harﬁﬂegoaﬂ@x@bwembdmﬁh@é Gitestd, QB dyddsgquiad«;d 25 in
step adding nore than one accel erator ent; ip, ste in n
accel er at 5?1éggﬂ1:e?ﬂh'fyi &85 10YEHEE gaFPB}ﬁeﬁgt?ﬁicBﬁg]éngfg%f“%%lggeﬁrf gcshae
read ds theiyPds @ Guadeupdend;ex; in step (1) adding an accel erator agent
that Is an ana:ltr?gstep (1 ) said accelerator agent is tethered to at least

one of said first strand, said second strand, said third strand

and said fourth strand;
in step (1) adding an accelerator agent that is an
20 intercalator that binds to the minor groove of the Watson-Crick
duplex (or at least one of the two Watson-Crick duplexes) ;
in step (1) adding an accelerator agent (especially an
organic liquid soluble in water, such as dimethyl formamide,
ethanol, and glycerol) that at 25 °C is a liquid;
25 in step (1) adding more than one accelerator agent;
in step (1) adding an accelerator agent that is a
condensation or decondensation agent as regards the Watson-Crick
duplex; ' _
in step (1) adding an accelerator agent that is an analog
30 of A, T, U, C, or G;
3 in step (1) adding an accelerator agent selected from the
group consisting of lectins and polysaccharides;
in steps (1) and (2 ), buffering the mixture with a pH of
about 5 to about 9; '
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30 of A/ T, U C, or G in step (1) adding an accel erator agent sel ected
fromthe group consisting of |lectins and pol ysaccharides; in steps (1) and
(2 ), buffering the mxture with a pH of about 5 to about 9; -12 WO

02/ 103051 R¥¢efodfgshst 01972 one cytosine in at | east one C GPCraB2®i192G base
triplet is positively charged; one cytosine in each CGGC and G C G base

(riplet i i h q : ‘ . . iy :
mor 6. Chan’ aboube  WECSRERE A i oA PRI G5 Shor & Lain P oo G L3R
wi thin ei thepostitineely achgrgudsf ererably at |east 25% nore preferably at
| east 50% of _the %,Sé'g%'ger#”' te%hex@_sG_tEilvgnQeedl__é_qg ngg)s'ﬁi ﬁ%’f%ﬁt | ggst

one accelerato?ngge t or “groove 0 nuclei ¢ acl g nol ecul e,
whi ch bi npesitimehpnehargest;cal ati ng manner and binds with an associ ation

congant of alnl 683 (03 Md s bBLR: R PEndUL | W ndrt Rl GbRR two
electrical circuit. ™ (Al'ternatively, the i nvention is an electrical circuit
conpri si njouts fmerenprefarably nott moze) thanut |howe apswt sHthis €divB6He of
or di nary EE&E' '5:? &be%féfere}gégﬂff B fLggobay, SR fe Rantilly RS 13kse
apply to the Fo Tomn g netho or, making a quadruplex. |n an alternatively
phrased vBP&ioRf the pessihlemMylddplexesobavaebeemdtemMed) tonprises: (1)

providing a hyRphdi Al | pEad®doHE) G@RIBYleYatdra dderit 1§t ANEindr S egobie
strand, a third strand, a,fourth strand, water,, grbg;ggé and at | east one
accHl er at Brclgdent acadd binding; fRAREHRy sai FHYHr | 288 ot ufCRor an
i ncubat i oAntbrR18EERG higndP Avdrbthde wiill HfcH¥bcilatdnt tovnsiatt bdurth
strand to_provide sajd nultiplex structure wherein said multiplex

struct ur e&okFRrEed® ¥ first strand containing a first sequence of
nucl eobases; gRede$fCeRd HhUlRAPleRNtiA PaKE coSeanndleegrdnad afircuit.

(Alternatively, the invention is an electrical circuit comprising
15 the multiplex structure.)

It will be apparent to someone of ordinary skill in the art
that the foregoing specific conditions also apply to the
following method for making a quadruplex.

In an alternatively phrased version, the method of forming

20 the quadruplex comprises:

(1) providing a hybridization medium comprising a first
strand, a second strand, a third strand, a fourth
strand, water, a buffer and at least one accelerator
agent; and

25 (2) incubating said hybridization medium for an incubation
time effective to hybridize said second strand to said
fourth strand to provide said multiplex structure
wherein said multiplex structure comprises:

a first strand containing a first sequence of nucleobases;

30 a second strand containing a second sequence of
nucleobases, wherein said second strand is assoclated
with said first strand by Watson-Crick bonding;

a third strand containing a third sequence of nucleobases;

and
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nucl eobases, wherein said second strand is associated wth said first
strand by Watson-Crick bonding; a third strand containing a third sequence
of nucl eobases; and -13 WO 02/ 103051 PCT/1B02/ 01972 a fourth strand

cont ai ni ng‘,eo;/?#&glh sequence of nucl eobases, wherein saigof/@dsbrstrand is
associ ated "W Sai d second strand and said third strand by Watson-Crick

bonding. 5 In particular enbodinents of the nethods of form ng a
quadr upl ex, tRe YR ngSEBRRY arSREAAPLPE cohbi hALTEh (EREVERESCrioft i ons

tﬂat foll _o¥v_ uti I4i Zﬁubmeobaéai;pwameief éﬁha m&eﬂl s@faﬂalk:i.élgabs’:hcﬂii&(ﬂ'féﬁm ex

t hat specifies separate strands but they are alsq appligable t e

nmet hod that speci fwggga W‘ioﬁeﬁ?‘gkstfénéupﬁ‘%i §§1§ne"ﬂ'g’rrqcvxﬂ :B?n‘?h Y
starting materi al sjyatabnleastk aendifngai d first strand and said second
strand further conprjs a phargnceuti cal ent d .hybridization of -
said second s Parﬁa?‘b"%ﬁalffgﬂf’l?‘gﬁgﬁ dofi :'g‘é% B‘ﬁi%gmdﬁha?érmt‘aﬁw‘%%l 8agent
an ef f eciguadrdpieancete ofoHl dwirgetapplysaaliod® bhi e stomdrisatdand (fudier t h
strand or, on_another | ecul associated wth at.least o al.d third
st rand aggs§§i18%f‘8f}?t ﬁ?‘agt %gﬁa?ws‘é?ﬁigﬁ%r eﬁ?m]a?ggog‘@'ntorfst%ae ﬁee S

sel ect ed offrmakihg a gradrupdesi shangpecifielsc# ceepaxhtalesivgndd et Whey gene
pr onot er 0 u | L Qi I I »QuCl el | 8.4 I gned
Po bind &tenpast SPPEIeOhAE' ¢8O WeriB Rk URABTeaBch b ARl C5rst8

or iL§i n- ofduplep! reabtnenozi twe of tha hypartsings alakeriiadg)strand and said
fourth strand_ar RVigigd d ' t%,tyi fzaq{ dresh 4 £ Saghd i rst
strand and saiag qf%sg:qcond dsftqrﬂangi, dféi'n _saE'FE fldr%'Eh st ral;%néﬁjc_ﬁ{sai d second
strand afdrsheyi ¢eapriseshypd phesnacevhiprl orgent r AR rRYPHIIRRAESR £&& with

sai d hybrgyqizatd Qi fipdi gftad | €85t 908 Otohdkd figitland! r #1AdceRd &
second strand is coval entil | abel ed wth _a non-intercal ati ng f1 uor ophore
and sai d Phegmasensdicey pgenhan sifectdvecdipRance tfiramidy tBrasr P &F5hi ty;

at jkeast {938 ACEHEENAL Or 5898Nt FhiSrd IJHARRR! ¥ NBn  another molecule
associated with at least one of said third strand and said fourth
strand;
| said pharmaceutical agent is a member selected from the
group consisting of nucleic acids designed to bind gene promoter
20 sequences of clinically relevant genes, nucleic acids designed to
bind clinically relevant genes, and nucleic acids designed to
bind origin-of- replication sites of pathogens;
paid third strand and said fourth strand are provideq in
said hybridization medium before said first strand and said
25 second strand, and said first strand and said second strand are
provided in dehydrated form prior to rehydration by contact with
said hybridization medium;
at least one of said first strand and said second strand is
covalently labeled with a non-intercalating fluorophore and said
30 intensity is inversely correlated with said binding affinity;
at’ least one accelerator agent is an intercalating '
fluorophore, and a fluorescent intensity of a test medium
containing said multiplex structure is directly correlated with
a binding affinity of said second strand for said fourth strand;
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fl uorophore, and a fluorescent intensity of a test, nedium containing said
mul tiplex structure is directly correlated with a binding affinity of said
second strand for said fourth strand; -14 WO 02/103051 PCT/1B02/ 01972
hybri di zat (\Qyaffseefi d second strand to said fourth strandpicgp@piseted as a
change in a tluorescent, chem | um nescent, electrochem|um nescent or
electrical sighal;,an intensity of said signal is correlated with a_binding

5 affinity bet dizaf ion Gfd sadfafigcand sxieds bar i d tholrh strand is

hybri di zatiebaceédsaasl S@coslthrsde anth t a SaIdhdregcehtst I aRemiDafihysdas ,an
activity a SOEI at ed y\ith, at | east one of 'ialg third strand and said fourth
strand. ( FLREFROGREBHLYRINRAGSRF (9% Fﬁﬁ(SFé? 8- TARE9RRt hods of detecting a

tripl exl, I descr'aheﬁl?geﬁsgagl pii BaidesigHararis (ﬁoﬁﬂ‘ﬂdﬂa&f Mih&ﬂfaﬁﬁlfiﬂ@hg can
optiona e_.perforne i ncorporatin ne qr _mpre.of fhe follow ng into
Che ¥ et niEEERAPY pRERR Haid A A el AngomBna e auetl i L | 1
during or priohybridizgtidh) , o8 nghié- secandestramd@ctd esaidhafourtch sotar@hr t

of the tri . ot _plagced.i essel__ar cqntaine p te drom{ hat
cont ai ni n%g%ﬁél‘?%?%?eé? tﬁ%’%ﬁé’ Jtt&e%%%%cltaltoeﬁ et oda‘f oiﬁlaégr ?’Erﬁ%né} e T éween
a perfect thbadesprand rmpd wWaisd nigwtth @teaedbase ni smatch (or del etion), and

20 a 2-baggyn J, Qé rd&eé l.irp )tr' qlyeen t he dupl ex and the
si ngl e-st%ﬁ#ﬂ%e nmet hod preferably conprising

calli®rati ng t hEheeneihods tof ndeeect g corpipdeng desowibeiisganermkl)y iosi ng
t he exten f Qi ndl fe ap, LNt i 1 n8S | ndj

i ncr eased{:ﬁguoéf)%@g% ce%faseglﬁ i ﬁé{l}%ﬁ% (S%C'tgﬁgn'f or 2n(§at!+ o%bgébggjéwr ibpﬁ ex;
such t hat Parfaveedy Hingoxpanst i ¢nenperveratdfhFher Ifedioproseintedmesces
shifts toparfggond wavel ength upon intercalation, a difference between
sai d wavel ength and  said 30 second_wavel ength i ndi cating whet her. a conpl ex
bet ween sai d pFeBEEYingdouhi fheampthods a8 fifIMeGRNoYS (337K BHE vHER Ther

saiyb t ar gairihg ENAPoRWS step (3), single-stranded molecules that are
not part of the triplex are not placed in a vessel or container
separate from that containing the triplex;
using the detection method to discriminate between a perfect
base-pairing-rules match, a one-base mismatch (or deletion), and
20 a 2-base mismatch (or deletion), between the duplex and the
single-stranded molecule in the triplex (the method preferably
comprising calibrating the method with molecules comprising
known mismatches) ; i _‘
using the extent of binding of an intercalator (e.g., as
25 indicated by increased fluorescence) as an indication of the
formation of the triplex;
such that a wavelength at which said intercalating
fluorophore f£luoresces shifts to a second wavelength upon
intercalation, a difference between said wavelength and said
30 gsecond wavelength indicating whether a complex between said probe
) and said target is a duplex or a triplex and whether said target
is DNA or RNA;
the probe is covalently labeled with a non-intercalating
fluorophore and said intensity is inversely correlated with said
35 binding affinity (especially wherein said non-intercalating
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the probe is covalently |labeled with a non-intercalating fluorophore and
said intensity is inversely correlated with said 35 binding affinity
(especially wherein said non-intercalating -15 WO 02/ 103051 PCT/1B02/ 01972
fluorophore is a nmenber selected fromthe group consisting~fipeaRiods i N

r hodam ne ¥ASHIWY escei n); using a fluorophore-I| abel ed sing e st randed
mol ecul e as the single-stranded nolecule; 5 the method is a honogeneous
assay condtRazraPhgrehols apmemberngeéeetgﬁarfrqmeﬁbﬁu sgougeﬁpneﬁ%ana Pér get

- sequence Hiotdin, FHbdMAALIRNEXF10br88cedhfl; probe (i.e., the single-stranded
nol ecul e) and/or w thout prior denaturati on of said t ar get sequence and/ or

wi t hout PCR afting cafilynrephesedlabeled singleqhranded SEpPHRinG® thea

hom)genequis,-1 EHHEE R eullBOUt  providing a signal quenching agent on
said target se uence or on sai d_probe; the probe has a Eartlally charged

or dnchar ged b8gsEhod) 5ig ha pF’G’E‘@%BﬁﬁPFse%BSéYPNA andtse

SsPNA pr epedweihidy apaaghhelq@eﬁﬁrmfg egehlaeoﬂrm@ eaggéelebqﬁrgﬁ (&eeuence
are the s;ame%E (% the robe |sg 0 nklcleotldgs Ior}gﬂ_

f1 uorescettet ‘f‘??ge’F)adF’ ti%h PEIEmRY brnfan &P§orft q—gﬁ:qagg@p at a
wavel engtroXedum eb o and?ee nm&mmbomleOOdmatuf&tﬂdzesbfsasqmlda mgat

vol unme of_.about 20 meraolit nt abo 0, fent I of. target
sequence aeﬁ%l Aot ﬁ/ g‘ﬁg’%‘ ?bg %@?ﬁ#éc%%ncentoﬁl%ﬁdof takge tgarget
sedfence sememaksanple is 25 not nore than 5 x 10-10 M the concentrati.on

of e probe igu e e 13 N9 MRS AN ©oxeld 10 Mudie: TEHRRS. LS

conducted on |och|p t erc uorophdre 1's a

nedi um i rprovidlidgansigaalotueachipg (ﬁgemcbrf sed¢dofasgett sequpicesegqueonce;
the intergal luorophore is a nenber selected fromthe group
consisting o 1, TOTO 1, ethidium brom de, ethidium

the probe has a partially charged or uncharged backbone;
15 the probe comprises a PNA sequence and/or is ssPNA prepared
by parallel synthesis;
the probe and said target seguence are the same length;
the probe is 5 to 30 nucleotides long;
the fluorescence-exciting radiation is emitted from an argon
20 ion laser at a wavelength from about 200 nm to about 1000 nm;
the test sample has a volume of about 20 microliters
containing about 10 femtomoles of target sequence and about 10
femtomoles of probe; i _
the concentration of the target seﬁuence in said sample is
25 not more than 5 x 107 M;
the concentration of the probe in the sample is not more
than 5 x 107 M;
the method is conducted on a biochip;
the intercalating fluorophore is added to the medium in a
30 form free of said probe and free of said target sequence;
the intercalating fluorophore is a member selected from the
group consisting of YOYO-1, TOTO-1, ethidium bromide, ethidium

homodimer-1, ethidium homodimer-2 and acridine.
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honodi mer -1, ethi di um honodi ner-2 and acridine. -16 WO 02/103051
PCT/1B02/ 01972 In an alteratively phrased aspect, the invention is a
detection nethod conprising: providing a target double-stranded nucleic

acid or nugleic acid anal ogue conprising a target sequengg /n\gmﬁ,
sai d targefvgw&%&,e contains at | east one purine base east one

pyrim dine base; providing a probe conprising a nucleic acid sequence or a
nucl eic acid aAal o sédtreresivelyyinliuegedn aeR_Ster atbe abpiantico addi my
said pr obaetgatgohaﬁggﬁoaeggﬁﬁffsﬁ@ said accelerator agent to a nediumto
provide a test sanple containin a triplex conplex_conprising said probe
bound to sai d Pravéeingegubarget vieweierahnandede nuclalet 3chf QB RCISif| ex

are nenbers sel ect edciﬂo'adaﬁ%gﬁéo%mg?%hﬁél A9 tergt Asdquenck,A-wheré#r T,
T-A-U, AAUA UAU C- G an irradjating said test sarrple Wt h

exci?ing radiation 8ldchakget RequencessaRFaing %#e%%GP@sE%%n? RASR i on;

detecting an intenshhi gt §§agtféﬁ@rﬂ&qmulhgdbagépn 20 wherein said
intensity is correlated with a binding fini t%l bet Ween sai d probe and

sai d target seHE@N&ngaﬁd Pd’é’tbér t‘FPH‘PﬁbSW%n‘i‘ Bl edft eistd BemielaSe Y G

mat chi ng bet ween Sﬁudleiebgcﬁ@daﬁﬂdg isrg@ehcagquence. 25 I n anot her
alternativelyghra d rel ated conprises: providing a

a ai% t he nmet hod
target nucl ei cPAEYYISPInER| BFCCLLTHFIMACETSé having a target sequence,
whetein said taddéhgsasie meobeosbhdnsarget sagienoe g isad dbases bewhtaix

east one. 30 pyri MLALRE B89F nBhAKL V%A LETRLERIED Ol SO ST N0

a nucleic acid sequUence o0 Nact anal o prov
hybri di zati on accelerarmplageqcmpbmw|cqmpﬁmaingr@Bed papuetbpgﬁd tﬂuﬁ&xﬂ(j
hybridization target sequence, wherein all base triplets of said
complex are members selected from the group consisting
15 of A-T-A, T-A-T, U-A-T, T-A-U, A-U-A, U-A-U, G-C-G and
C-G-C;
irradiating said test sample with exciting radiation to
cause the test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
20 wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
and )
determininé from said intensity an extent of matching
between said probe and said target sequence.
25 In another alternatively phrased related aspect, the method
compriges:
providing a target nucleic acid or nucleic acid analogue
'~ having a target sequence, wherein said target sequence
contains at least one purine base and at least one

30 pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog sequence;
providing a hybridization accelerator agent;
adding said probe, said target and said hybridization

35 accelerator agent to a medium to provide a test sample
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35 accelerator agent to a nediumto provide a test sanple -17 WO 02/ 103051
PCT/ 1 B02/ 01972 containing a Watson-Crick triplex conprising said probe
bound to said target sequence; irradiating said test sanple with exciting

radi ation t test sanple to emt fluorescent radi atgc@igoRnedest €cti ng
‘§0§§E§§§H ﬂd*th% .

an intensit fluorescent radiation, wherein said intensity is
correlated with a binding affinity between said probe and said target
sequence; and det er¢AnHaIgincgom Waliapn-drdek tyinkek conprigingataid mrobeo

bet ween sai d probe apdiRaivd, RhdetasgaEeBEGuadtRI;,ein said nethod is a
honbgeneous assay conducted w thout “provi ding a signal,K quenching agent on
sai d target seqtiefrRElaiing, saifd qtgpbpeample) "%@g‘ho%&cjfﬁlréﬂat gedipgion to

quaflr'UpISexes 15 ]jhtehdmildwci%s&f sdfbeet Eageﬁiﬂbﬁdftdﬂés@énl | td&&ab iiab&fangengrgl ly
in the Summary e, I nventign section, can qQptiona e perfarned by

i ncorpor ating” oNetSTEIRS e 2k i‘ﬂEeFﬁiT'}Swicffg isﬁf'g tg UOHERGRRE  FAIHASHG Mo ut
the method as a honpgen@in ashiay , ivteisitiatis 20ofbelagedrwpthoa thindiay (3)
nucl ei ¢ acid nol ecul .t h%t (f?? not gﬁ{it ofbthe ua%q:lt ex_agre not placed
in a vessel or contadtner= eg’ ¥EET: Panft RAPPR ot % Ft Ty THI Hu SHFMFER
Ithe nmethod is a horgkneous assay conducted wi thout providing a signal
guenchi ng agent ,0on id target sequence or_on, 25 said, prob I.e. .tLhe
second Wt son- C??%?(Isngllf%]n&) ggﬁrél/ oér]al\‘/ﬁyt ﬁggfnﬁﬂ:}ér adlengfcﬁrgg [ ocﬁéo aé-‘gl‘h&ng
tar @€t sequence and/metwsierh@atidPBRobanphdfsaid iteirgsfit secmtenaeget sequence;
usi ng the detecty 4 L SGrjm e e .
base-pairing-ru %%E#aﬁtgggﬁa&g%%éiésde @mﬂé\]}%%ﬁéo%%r gggﬁgtﬁg%ﬁ§§c%en% W%(}).1 Oélt
2-base ni speeehding aleigniedngnebehivgmddrs forr seidntaseeb neequgrm-o@r ok
dupl exes (Qéféi)ja&&éh by calibrating the nethod with nolecul es conprising

known m smat c Using the extent of binding of an intercalator as an
i ndi cati o g ot oetagt inge duaan @x%e8 (especial ly by

15 The methods of detecting a quadruplex, described generally

in the Summary of the Invention section, can optionally be
performed by incorporating one or more of the following into the
method:
carrying out the method as a homogenous assay, such that
20. during or prior to step (3) nucleic acid molecules that are not
part of the quadruplex are not placed in a vessel or container
separate from that containing the quadruplex;
the method is a homogeneous assay conducted without
providing a signél quenching agent on said target sequence or on
25 said probe (i.e., the second Watson-Crick duplex) and/or without
prior denaturation of said target sequence and/or without PCR
amplification of said target sequence;
using the detection method to discriminate between a perfect-
base-pairing-rules match, a one-base mismatch (or deletion), and
30 a 2-base mismatch {or deletion), between the first and segond
Watson-Crick duplexes (preferably by calibrating the method with
molecules comprising known mismatches);
using the extent of binding of an intercalator as an

indication of the formation of the quadruplex (especially by
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-18 WO 02/103051 PCT/1B02/01972 using a fluorescent intercal ator and using
I ncreased fluorescence as an indicator); the intercalating fluorophore is
added to the nediumin a formfree of said probe and free of said target
sequence; ol tgﬁoiogif ercal ating fluorophore is a nenber selgeigdrbomm the
group consisting of YOYO- 1, TOTO 1, ethidiumbrom de, ethidium
honodi mer-1, ethi gl um hom)dl nmer -2 and acridine; a wavel ength at which said
i nt er cal AFMF A t POERBrent dnksreasatox And usinggainerearediiBPEREERNEDON
I ntercal add G mdllﬁt@xf)f erence between said wavel ength and sai d second
wavel engt h i ndi,cat, t he bet yeen robe and, said target
is a dupl ex or-Bg tif} ’?éi?%ﬁ”? 5&]—}5?08 ?Het%\?gé@g?é 'ESRIA W\g\lumt:h% Pr obe
i s coval eitzny ﬂ:@@loﬁfd sulahp@obenamtﬂetalﬁ g d e geahsé énée sai d
intensity is pverse % grgel at sal 15 bin

5 s¥caln

Tng Lo popruben delactsd thom the

(especial ly V\:fjf-'é)feEIl

sel ected grcmp tdftmsglrsliimg:(ﬁfslmmg ofTomi-a.t i rethr:hadﬁnnblirem&dd, f éun&&sﬁtﬁi n),
using a u%r phor 8__?1 d Slﬂl estla ﬁucale fo part of the
second VAtSON-UH ck ’d & l“?o R r| ses quantifying the

binding affim twawdiermthbeahaswhlphrtsaidy nﬁzaafzgm:lamtingncﬁangedpha:cd(bone

the probegy Qgcg%lne 5 Shit an}%g%f}%eco%d/u%%el% Bﬁeﬁ?&ggca9¥tfg{xaléel

synt hesi s; arget seque sane
préfe is daﬁﬁﬁmlqm&@meemssa(m ‘ba*s@quegtﬂs)amngaldheecond wavelength

fl uor esceanes &yl %ert% bagl 88m%%e£%ét§ﬁé’eﬁ réH’ﬂcf‘%r%‘b‘éo'&nd' QQllhaESEgé‘E a

wavel engt h from about nmto out 1000 e test sanple has™a
vol une oflﬁak?oﬂupé@xm‘-’éfr @4 trépieroardmhethisy Etﬂ?@ttargef—eh?ome@r dANAar get

sequence and t ﬂébe fegt aBhLeenely p%&ﬂ@le& h@lﬁﬂnﬁeﬁbhﬁ-tlh%reéléﬂfné ar get

sequence in sai sarrp IS not nore t e concentration of
t he probelypnaphoragnd paidointanaity3ds, ﬁaﬁesssﬁlzocqzcrchated with said

15 binding affinity (especially wherein said non-intercalating
fluorophore is a member selected from the group consisting of
biotin, rhodamine and fluorescein);

using a fluorophore-labeled single stranded molecule for
part of the second Watson-Crick duplex;

20 the method further comprises quantifying the binding
affinity;

the probe has a partially charged or uncharged backbone;
the probe comprises a PNA sequence and/or is ssPNA prepared
.by parallel synthesis; | '
25 the probe and said target sequence are the same length;
the probe is 5 to 30 nucleotides (or base pairs) long;
the fluorescence-exciting radiation is emitted from an argon
ion laser at a wavelength from about 200 nm to about 1000 nm;
the test sample has a volume of about 20 microliters

30 containing about 10 femtomoles of target sequence and about 10

femtomdles of probe; i
the concentration of the target sequence in said sample is
not more than 5 x 107° M;
, the concentration of the probe in the sample is not more

35 than 5 x 107! M;
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-19 WO 02/ 103051 PCT/1B02/ 01972 a ratio of said first strand and sai d
second strand to said third strand and said fourth strand is about 10: 1;
concentrations of each of said first strand, said second strand, said

third stragd an g:f§ gid fourth strand are not nore 5 than pepipbsleh® M the
nmethod is conducted on a biochip. In an alternatively phrased rel ated

aspect, the nethod %rl ses: providing_a target_ nucleic acid or nucleic

aci d anal ogue 21¥RHER|Hy sRichfiasts abtRRG Andurdis Fesand PEFIt toefadAce
contai ns_shikaastrane A e AUt stiah8ass ARGt MUY dine base:

providing a doubl e-stranded probe_conmprisin nucl ei c a guence or a
nucl ei ¢ acid aﬁ%ﬁ’%ﬁm—s’é%ig?ﬁse gSeﬁFﬁVPgl ﬁ&lg %ﬁEPFdlB}:&? n g@&& EPSPBA
agent; addtrgndai dapdobhirdaistrhatigandardidaifdulyhr istraati are acEeket-at or

age to rred ., Provide a test sanple containing a Watson-Crick
quadr upl eg 38n%r¥s#(gé §'§i d probe bound to said target sequence; 20

i rradiating satlietrestth@dimm econdurtedcion agbtadhfyi on to cause test sanple
to emt quore cet atlon e t|n anln sity of sajd flu cent
Fadi atf on. o FtBnaRtyet| Bhbapia RetaeR APt Hee EPPPRRLy

bet ween sapnippnebe and said target sequence; 25 and determ ning from sal d

intensity an eﬁ%&ﬁ%?ﬁi%”?t ‘Eg&g@t l%h jeen said %&OQ%ﬁ%qgu%c‘lgt %fn[%ﬁ%g

sequence wher e onbgeneous assay con
proM di ng a signal hpeirdiandangeftt sequsaq:ed, twhepetins egiidntargst Gequedcsai d

Phe I nvehtion secti i abi 188K HRRCIASRITRAIG e Bt | IRt TRREY o
features: -20 pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog sequence;
15 providing a hybridization accelerator agent;
adding said probe, said target and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick quadruplex comprising said
probe bound to said target sequence;
20 irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
25 and
determining from said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sequence or on
30 gaid probe. ‘
' (D) The triplexes ‘
The triplex described generally in the Summary of the
Invention section, can optionally have one or more of the

following features:
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WO 02/ 103051 PCT/1B02/01972 each strand is heteropolyneric. wwth a GC
content, between 25% and 75% each strand is heteropolyneric with a GC
content between 10% and 90% and furthernore the conbi ned frequencies

t herein of wﬂzﬂﬂgdspe- pyrimdine dinmers and pyrim di ne- purpegmpdsiRis exceeds
25% it is not 1Tnacell (and not in a virus); it is stable at pH greater
than 7.6 (but less than pH 9); it is in a nmediumat a pH greater than 7.6
(and preferabl y2¢h PE¥and b hetepopqlymesiggwathia aﬁmﬁécpqrgarém_cb%e@nor
nucl ei c agE4 anal 9gxks 5 to 30 bases long and the doubl e-stranded nucl eic

acid target is 8 éo 3.3 X 109 base pairs |l ong; the target s%%gence S
het er opol ymer i c®aff EbREEH ntS evherprolymesyc Wi th e file CUAHENE Ratwesny,

pyrim di nﬂe_obag_ﬂé ’9%1% ﬁ@hd)rfdl;ﬁtheﬁrﬁbe%etﬁbwon\lﬂl@x][e@ nr_&z@@aﬁéﬂéwwéifé; of
purine- py .dine dimers plus the frequency of pyrimdine-purine diners
excéods 2B9F LIPREVEIBEATRS BiRere iy RO e aP G RE U ALFoFE GO RReRt | y
bound to a5#&eubl e-stranded nucl eic acid cl eaving agent; 20 the probe is
coval ently boug henot herapeutic agent; the probe is covalently
bound to a Iabgg %?oﬁogxléﬁrrrg ecfe]g' %df?lpgof‘gcﬁl‘él@} fdal i ng conpl ex, a redox
pair, a cheniitiniaestable ajep gueatleecthanhend | (buthdementhagepH, 9pf in  a
preferred enbodj t f Lally.such,t the

fl uorescent i n?{églgt %/ng? %g{‘%gr%r gax p?g%%%r%rggfa%%acpw 't{ag%$r$§i%%§ra§’flﬁ’i nity
betdeen t hesgrsbanapd 2he target sequence); the base pairing rules for the

si ngl e- st r andegdpgugh gi feﬁ&&'bldandgﬁ it 1 ciés%;j_f— ‘ég.génlgﬁeclot E‘r:eir% k%%ﬁ.o%‘; ikf"a

dupl ex, the Watson- e ase-pairi (r;% rules, . '
and, as 39 EegdPdbagpe ber@rand rthel slouble-gtprrdedrmuicleimtidi thager- T or

U-U the gdypbekosybstamidabbyer phatasibhg; Wt son- Crick double helical
d

structure, and the single-stranded nolecule resides in_a roove of the

doubl e helix; tbe VRrest 1#piengscla Biekegopodymeric and contains 25% to
15 75% purine bases and 75% to 25% pyrimidine bases in any order

(preferably wherein the frequency of purine-pyrimidine dimers
plus the frequency of pyrimidine-purine dimers exceeds 25%);
the probe (i.e, the single-stranded molecule) is covalently
bound to a double-stranded nucleic acid cleaving agent;
20 the probe is covalently bound to a chemotherapeutic agent;
the probe is covalently bound to a label (for example, a
multi-molecule signaling complex, a redox pair, a
chemiluminescent agent, an electrochemiluminescent agent, or in
a preferred embodiment, a fluorophore, especially such that the
25 fluorescent intensity of the complex is correlated with a binding
affinity between the probe and the target sequence);
the base pairing rules for the single-stranded nucleic acid
molecule are, as regards one strand of the duplex, the Watson-
Crick base-pairing rules, G-C and either A- T or A-U, and, as
30 regards the other strand of the duplex are A-A and either T-T or
U-U; ‘ ' ' |
the duplex substantially retains its Watson-Crick double
helical structure, and the single-stranded molecule resides in a
groove of the double helix;
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the accelerator, agent forns a bond between part of the duplex and part of
t he single-stranded nucleic acid nol ecule; the accel erator agent is
covalently linked to the single- stranded nucleic acid nolecule; 5 both
strands of _the on- Crlck dupl ex are DNA (especially mﬂ@f trands
of the tri 0e?3“§$°§ the accel erator reagent binds to a 8(.}8)2‘197?1 t he

Wat son-Crick dupl ex, sald base being one to which a base in the single-
stranded nucl efReaciaraniiexatior igess: fromeha cearel dpettwaen epayetnt obi ke to a

base in thgp S | | pl ex;
t he accelera¥%& Qﬂacﬁéﬁgﬁﬁgq?%??ﬁngq g@ﬁ%@%&% 1B%'one %@gd ﬁgiggFg%h Crick
dupl ex; the acE@?eF@FGle§§§ﬁ¥ agents IQ)QﬁﬂﬁiqﬂﬂéN ddakedt sookheh@ingde-

Viat son- Cr beka iRl Stuc BELE £bi mllhafiefn @ base or a place on a phosphate
backbone of sajd duplex;_the accel erat or agent_binds to one site on_the

Wat sdn- Cri ck la%llles@r%%@%l of] tieclabeonfirigk supler ane aP%o@@WFéaBéUkboné

of said ﬂli@f@xalﬂosﬁfén@&(‘&f Rl @kipgeRt aBé NGO a base in the
Wat son- Cri ck gbglex to a base in the single- stranded nucleic acid

nol ecul e; the AT %’Fa"e@’erﬁeaﬁieﬁas ’t%d%l IaSebpger e heJiatson-Srdek

nucl ei ?:l am@;pllesal e(gali@. Bése]g E)oeIhg @aad Pl wixBsh The yaadrim! exe d[gimg%aed
general |y e Su of on_section, can optionally have one
or nore o?{: n@??:fvﬁ) g Lﬂo&?cu Schl’i’ﬁssal d four strands is

het®y opol yner i thevl aécel&&oﬁ&eageherﬁum wwa badeai tHY(Wdthenseeaatt and

fourth st qgs are q%dgned |qb aral | el ' .di.rection and binding
bet ween t STPENIReFs R gon?olﬂoHQﬁ Bedse-pairing rules; -22
WO 02/103051 PReIié| Bo2elé®dBorhagént sbindel tdi tHesphasghateebatkbhord bfi a

par al | el t ti nd binding between those 2 strands is
accordlngé? ﬁhtsonc%rlgk (ﬂlpfi

the accelerator agent binds to more than one site on the
15 Watson-Crick duplex, each site either on a base or a place on a
phosphate backbone of said duplex;
the accelerator agent binds to one site on the Watson-Crick
duplex, said site either on a base or on a phosphate backbone of
. said duplex;

20 the accelerator agent binds to a base in the Watson-Crick
duplex and to a base in the single-stranded nucleic acid
molecule;

the accelerator agent binds to a base in the single-stranded
nucleic acid molecule.

25 (E) The Quadruplexes

The quadruplex described generally in the Summary of the
Invention section, can optionally have one or more of the
following features: |
each of said four strands is heteropolymeric with a G-C
30 content between 10% and 90%;
the sécond and fourth strands are alidned in a parallel 3
to 5' direction and binding between those 2 strands is according

to homologous base-pairing rules;
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honol ogous base-pairing rules; the second and fourth strands are aligned in
a parallel 3 5 to 5 direction and bi ndi ng between said second and fourth
strands is according to honol ogous base-pairing rules and furthernore the

first and Lr ands are aligned in a parallel 5 to 3~y j,on and
% gﬂm?élgli %CTH#(LZ%HZ

bi ndi ng be d first and third strands is according to honol ogous
base-pairing rules; 10 the second and fourth strands are aligned in a

paral lel 3 td&he fdrpbcandnthivd mtrardg prevrkionedsia 2 paraddeliB' to
accor di ng 3 t Qivct9BnCah8koDagtnd Hdtvesn' bhese 3 Natdddd 1andckBirhdngt £4nds
are aligngg in a parallel 5 to ™3 direction and binding between those 2
strands i ?ﬂé;QQﬂ gPrEe-REi MRS itk ick base-pairing rules: the second and
L o?rt h st ragds taree g@lcbgnfednanfauﬁanaé%ﬁndﬁ aried agfigﬁbaeae\ia anpaﬂ%LPéEdﬁ ng

et ween saj econd and fourt strands . is according to son-Cric :
bas\é\gpai r?cn% Ul S5 ERSE Pt r RiPEiRge hF?‘?”?Fnarﬂflt i PRCCRfafie afeusFRgned
i n a paralstetaritis S5ist oadtoddingt iton hbsloboteing eadeveriirsiaicd tulek asfd
third strfﬁmt i.s_acc ﬁdi t.o Wt n-&}ick se-paifin ul es; the first
and fourth t erﬂlgr%g 3I€%Fetdaﬁ¥% gﬁﬂ’- FrEmeE agg aijog%eéafﬁ’d%paf%lge{
directionsy' respact idiedertiand driddbhgdhed visetwedhesdidt ifdrds isndicthigddng
2 gned 1 e 3ppREPEaMs | £o Bondibdal® FRER™ R TR CeEeF L Dact i vel y,
and1Bi ndi ng betbieesecphdsend Sounznvhisstirarsgscordi njigoedatison- prrgklel 3!
base- pairi U8 Sect 18nf 148 th AN r A L.aned .i ;
anti - par aILIQgI5r 5'dg§'?8EgSna%%§§ to'réogc%l&?g(é:{li ons,e %%&?&nlg\%eﬁi QSﬁ‘ér%%%%i ng
bet ween 3t dEt@-Fyickndbesarpaisinmmdess according to Watson-COrick base

pairing rules angd FurbBeAHR €nidd Gt 200892801 fiddh Sid aNge A1e1akh gpgd I N
anti-parallel 3" to 5 and 5" to 3' directions, “respectively, and binding

bet ween sat'd dgeshdonnand hpirding hetweenstheserdistgansiandes agcerférg to

basg5paifiWgtgaﬂJ@§ack2gaggLBgi§9§$5gujg§QI B02/ 01972 the first and fourth
strands are aligned in anti=paralTel 5  to 3" and 3' to 5 directions,

respectively, perandgapdt fiewnthtslocands aveapddonedadaopdpagatlbel 3
horol ogouschage- RAiFddtd onll &%d binding between said second and fourth

strands is according to Watson-Crick base-pairing rules and
furthermore the first and third strands are aligned in a parallel
20 5¢* to 3' direction and binding between said first and third
strands is according to Watson-Crick base-pairing rules;
the first and fourth strands are aligned in anti-parallel 5'
to 3' and 3' to 5' directions, respectively, and binding between
the 2 strands is according to Watson-Crick base-pairing rules;
25 the second and third strands are aligned in anti-parallel 3'
to 5' and 5' to 3' directions, respectively, and binding between
those 2 strands is according to Watson-Crick base-pairing rules;
the first and fourth strands are aligned in anti-parallel 5'
to 3' and 3' to 5' directions, respectively, and binding between
30  said first and fourth strands is according to Watson-Crick base-
pairing rules and furthermore the second and third strands are
aligned in anti-parallel 3' to 5' and 5' to 3' directions,
respectively, and binding between said second and third strands
is according to Watson-Crick base-pairing rules;
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the second and third strands are aligned in anti-parallel 3' 5 to 5 and
5" to 3' directions, respectively, and binding between those 2 strands is
according to honol ogous base-pairing rules; the first and fourth strands
are aligne parallel 5° to 3 and 3' to 5 direchipfis
respectlve}q'?ozﬂﬁgglol ndi ng between said first and fourth stran gwlns

according to honol ogous base 10 pairing rules and furthernore the second
and third strable fdnst anddieurthn sanrandpaam |adl igsied on%nhhmsrallﬁls 51

directiong respeci gl &‘{'ﬂe d @_ﬁq?

st rands |2 %ccordlcstn \E?,OSFI ase g 1Tl Ev'éilgl' eéﬁ&%l I n eract| n

base of tHBo8@i2 swaﬁd%tmamcpmléngct:g Qg0 qusr |h?eﬂe|-3pamtmgome18he

P aoRnt Dase Ol ot fnd WUk HERAAGa0REe Midirlle s is A OpA PR AR 4

fourth strand t he base to he said third strand base is boun
i nt & acti H PhndBd 't ke 3Ai Hreebinnst masPeckivedys sand peinding hekweerh

both the eHba6ent sthasIeO st B@cé%&@néoﬂétHom@fbdg%dsa%é@l%él%n@a%ﬁlgﬁ ;the

said third stragnd,_the base_ to he said fourth strand base is bound;

it is an isol at®e FiRAt ppdfounth steprds pre ydismed. ingaabl tprEsl leh &
strand i stéed erémplay'mabl § ' WiiFedt forls C%tsyétctaetawﬁnana5b£z5a@:@@doe7c59éerﬁach

strand is_hetero wth a G C content bejween nd 90%, and
Fur ther P RL A nES B RRL (L PHERTh kA R0 1R 9P LT, o S SN DAHETe
and.opyr i npaiiﬁmgnﬁmwea Chr[@fﬂ.g.@hm@“re 214 s%dntd IaS'ldWCtthhﬂi Gataelddd aixd not
In a virus sal stran

d |
nucl ei c a%i%g%égaﬁ& eﬁ’%ﬁo%f"b‘@ IOelne gt |d not ;:Eﬁe gachékxg?%e/’g%%(ﬁd

i ndependenespecohyalyeard\biadiRyAbetRéeis2d 1:§)&€kiid RGT | B0/ KA ek h

said stra e h nucleic acid

anal ogue g% g?&;\?%ﬂ{i@é holt argé'gg §a§%r§£ﬁﬁy§ %ﬁ?ged backbone; one of
sai d second steach umtekgctﬁngubasgtméndheoﬂpndsésrss Buxandd itexadisr of
saiyd secoggeStf A0t B withIpbOH ik $453%8nt base on the said third strand

and with the base on the said fourth strand, the base to which

the said third strand base is bound;
each interacting base of the said second strand interacts
specifically with both the adjacent base on the said fourth
20 strand and the base on the said third strand, the base to which
the said fourth strand base is bound;
it is an isolated, purified, artificial or synthetic
quadruplex; ‘
each strand is heteropolymeric with a G-C content between
25 25% and 75%;
each strand is heteropolymeric with a G-C content between
10% and 90%, and furthermore the combined frequencies therein of
purine-pyrimidine dimers and pyrimidine-purine dimers exceeds
25%;
30 it is not in a cell (and not in a virus);
each said étrand independéntly comprises a heteropolymeric
nucleic acid or a-heteropolymeric nucleic acid analogue;
each said strand independently comprises DNA or RNA;
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conprises RNA, mRNA, hnRNA, rRNA, tRNA or cDNA;, the second strand and said
fourth strand are parallel honol ogous to each other; a nmjor groove of
said first strand and said second strand 10 is placed in a m nor groove of

said thi rq‘éﬁh{@g&land said fourth strand; the second st rpdgipaseiesai d
r

fourth st re parallel conplenmentary to each other; a major groove of
said first strand and said second strand _ 15 is placed in a m nor groove of

“said third st E8F8 &Rddsstyapduinderenientdly RMPTRRS% HAEEFORGIYIELAS nor e

than two midledcnugbe@bagefiogud® ebhafnisg Co | aueusryelh @@ogaetiagwnd:
the nmul tipl ex gtguc re is substantially Tree of Hoogsteen 20 bonding; the
nultiplefHEFEE PEXPENSibst antial ly free of GG quartets; the first

s:rang and Sabﬂe?wﬁ?ﬁ% tdnd St¥ahd o8 %ﬁ%ﬂ ﬂtaﬁiﬂt?ah!gtgahtdZ%gnb@igabrdd
strand ang..sai ur strand are_ genoni ; e i,r.d strand and sai

f ouft h s?&@h@ﬁauﬁ e?%@ﬁ%p?gtﬁﬁéd PﬁcﬁﬁioﬁFEaEﬂmPrtﬁéléhFPHrE r 2B
fourth stocmpediaes RER, anmpNAf | RARNA, ofRNA,S tE3A WrerobNa ;sai d nmul ti pl ex
structure is free of solid, support;. the nmultipl.ex structure is_bound.to a
solid support tzq\ﬁne?%co?ﬁe Ss'?:('ﬁﬁp StpoPE s ?‘t"ﬁ%lf‘ &%5 i c3f yP&?ﬁEES%i ve
or i s nothomellegbuiecabl gacbndtberye); wherein the nultiplex structure
further conprises. rapeytie, | C s ' nt sbound
to at | east - 26 ap08, 20508  BECHM e RO ild el 0 BRSbhg, BRRgha 1)
sedfnd stimapdacedi dnt &i minet rawrmbveand said tbirdhsstranddndisadd foumehfir st

strand aqug Iid second strand are each 5 to 30 bases long and said third
n

strand a sald fourth strand are 5 each 8 to 3.3 X 109 base pairs |ong;
the second strand and said fourth strand are parallel

complementary to each other;
a major groove of said first strand and said second strand
15 ig placed in a minor groove of said third strand and said fourth
strand;
each nucleobase binds to no more than two other nucleobases;
no strand is contiguous with another strand;
the multiplex structure is éubstantially free of Hoogsteen
20 bonding;
the multiplex structure is substantially free of G-G
quartets; .
the first strand and said second strand are 5 to 50 basg
pairs long;
25 the third strand and said fourth strand are genomic DNA;
the third strand and said fourth strand include a haplotype
in genomic DNA;
the third strand and fourth strand are PCR amplified
products; '
30 wherein said multiplex structure is free of solid support;
the miltiplex structure is bound to a solid support (where
the solid support is either electrically conductive or is not
electrically conductive);
wherein the multiplex structure further comprises a
35 - therapeutic, prophylactic or diagnostic agent bound to at least
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wherein the fourth sequence contains 25%to 75% purine bases and 75%to
25% pyri m di ne bases in any order (preferably wherein the frequency of
purine-pyrimdine dinmers plus the frequency of pyrimdine-purine dinmers
exceeds 25%): e first and second Watson-Crick dupl ex e met hod
of maki ng ﬁ"q"&égﬁ‘%& ex in the Summary of the Invention segté]ron %l%gch have
a G C content between 30 and 70% both strands of the first Watson-Crick
dupl ex arenenNaf saidebirst \stwand Haidigepend strand, geadduphbxd steramdy) ;

15 the acggheraia ré@AdeEeRiffs to a base in the first Watson- Crick
dupl ex, said base bei n%one to which a base in the second duplex binds;

t he accel er at ov¥hereifeihefast strand and aaid ppesndoptrandopre each 5

Wt son- Cr tek3 6l Ul 2623 ong@hAd e £d NH 1 REIAFaRAT dn@fsd NF FRQLHUBHEHRE Qe T he
accel erator reagent binds to a phosphate backbone of the first or second -

Wat son- Cr PERRgBpFex3 -3 ik R cbrEpaPBETPFebfBAt binds to nore than one site on

one of the fiyhéréin WMOFIUMEhSHEEENEK dBHYKES258ah BIY putihBGaddy 25
a base or oa aaehosphsg{je ba,cktgﬁne; t he accel erat or agent bi nds to one site
n? 2 ng © h

on the Vaf® i Y& mi REESCIR AIY S¥derhaREedPTaRlY PR AL e
backbone; theherageeh&y ad O rp ey - 'ﬂdﬁdiqlead%é@gi Bllhﬂetfxér StediidsOp & i ck

dupl ex and to a_base on, the secon V\atson-Cr'Bck upl ex; 30 the accel erator

agent bi nBE¥TLBLIERRE TRWOING)  HRAFHeXGeeds 2S#) and/ or second Wt son- Ori ck
dupleex; the acereefiisi agerdedstdina dwnddicknwaapleres Qbethehéimisthod

021 1030510 BCTFRES) & 1GBRRA B CHaI I SBFBZ8] SEnE oI BNEPRASHHRS PRI | on
provi des eathl Rave oad-ex eommEny ikitwgen 39 agie7es anded probe bound to a
doubl - st andeqofil .ol o | AE! pyET LI RSR SUPLL°55e py
and al |l bdeepetiabletwhexfe tdild chgHmsle arfe thenjeadreplextade fPNAN t he group
cong sting of @ﬁ-el__&ce-&éafa-{:o#réégenz_ Biis Ada pake At 8 $1iFeBWateon-
Crick duplex, said base being one to which a base in the second
duplex binds;
the accelerator reagent binds to a base in the first or
second Watson-Crick duplexes, said base not being part of the
20 quadruplex; '
the accelerator reagent binds to a phosphate backbone of
the first or second Watson-Crick duplex; ;
the accelerator reagent binds to more than one site on one
of the first or second Watson-Crick duplexes, each site either on
25 a base or on a phosphate backbone;
the accelerator agent binds to one site on the Watson-Crick
duplex, said site either on a base or on a phosphate backbone;
the accelerator agent binds to a base in the first Watson-
Crick duplex and to a base on the second Watson-Crick duplex;
30 the accelerator agent binds to the minor groove of the first
and/or second Watson-Crick duplex; '
the accelerator agent forms a bond between part of the first

Watson-Crick duplex and part of the second Watson-Crick duplex.
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C-GC. Unlike certain Hoogsteen triplexes disclosed by the prior 10 art,
the triplexes of the invention are stable at pH values greater than 7.6.
Moreover, the inventive triplexes do not require the presence of

honopyr i m‘gpqﬁ aefogpuences or honppurine sequences, as in pef/imdhgioRsi Or art
triplexes exanple, the target sequence can contain 25%to 75% purine
bases andg 15 25@6pyr|n1d|ne bases in any order. Preferably the

si ngl e- st Hd R RIA8RECES g the, PRLIGDY analog of the triplex is 5 to

iggbgses Iong mfl tﬂiﬁedoiﬁ._?h' e ﬁé{rﬁa@l@dtm@w@ egtnsléﬁégethcd@zastltqlgs 3 X
ase alrs on r mat i on rdin e invention
suitabl e q@t Q]&esgmﬂfi E?aﬁpldg,“i’gﬁoﬁégaﬁgﬁél BHE ?lﬁoﬁ‘ﬁ&d’[ 0 a
d?)ubl e- sttra@laﬂ, nwu@é:ee:maehd QE?B&I ra@mp@*egbscan mm&weﬁaeewcu@abl y

cl eave tar sequengce e- stranded nucl ci ds

coval ent ?a"gﬁci)uﬂﬁ taonﬁe%ﬁﬁ%%%t fee gﬁ%‘ﬁt ach agé’ useacf“{ ﬁ%eaaf’facal ly
treat tartgetplmjeofes:lmf clondil e sarandetbersc |l sslecteddErdm (el gtoag
enbodi e n N, pProv; S r api ensi.ii.ve ir tally
friendl yt.gén J]; 0% %og ?brfégl‘aa{yltﬁﬁ‘ a‘bl ﬂdAnIZ %et w@‘énuaﬁcr%Ub ergmc? ded
target am&Gr%4ngle stranded 30 probe, wherein the target conprises a
nucleic acid U e Oaai %Af@tee@f”tqr %fiﬁax%% W gﬁBSS aB9 the %&9%%
conprises a nucl’'éic acid se cléic aci ana g~ sequence.
Unllidke cedxttai nthei ctrrl@rltexassaafs théeinmenhioonamet akabye daéx epH s vieRues

resence ta di ldes
gual I tat R;/% an qggﬁ?l t@?ﬁve P’%?%?ﬁ%?f o%gureeé%?v ntSLQ’t e %%82?3058&
PCT/ | BO2/xEpvixenathe covesene et homopwrimiadtine maguenged ©a gomoppmiae t he
i nventi ons SRl &Ss ! Ny &rx@%tézrt'a%egraerdaﬂl EQH%EQ;:@QD”%& ReLheAk, TRECh, 2

one base palr msmatch, a two bas€ pair m smat hree basé %alr
n smat ch,tardste spawenns rcaé'éIQthcﬂi-n 2% DahE Purine bepesi 8Rdardg¥atenree
bagse paJrgggﬂﬁyffmhgyﬂéﬂﬁy;egegwegﬁyaorgéﬁe sequence in the probe and in a

strand of the double stranded, tarqget
Preferably the 91ng1egstranded nucleic acid or nucleic acid

analog of the ¢triplex i1is 5 to 30 bases 1long and the
double-stranded nucleic acid target is 8 to 3.3 X 10° base pairs
long.

20 Triplex formation according to the invention is suitable for
a variety of uses. For example, probes covalently bound to a
double-stranded nucleic acid cleaving agent can be used to
specifically cleave target sequénces of double-stranded nucleic
acids. Probes covalently bound to a chemotherapeutic agent can

25 be used to specifically treat target sequences of double-stranded
nucleic acids.

In preferred embodiments, the invention provides a rapid,
sengitive, environmentally friendly, and safe method for assaying
binding between a double-stranded target and a single-stranded

30 probe, wherein the target comprises a nucleic acid sequence or a
nucleic acid analog sequence and the probe comprisges a nucleic
acid sequence or a nucleic acid analog sequence.

Unlike certain prior art assays, the invention not only
detects the presence of specific probe-target binding, but also

35 provides qualitative and quantitative information regarding the
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Enbodi ments of the invention conprise calibrating the neasured signal
(e.g., fluorescent intensity) for a first probe- 10 target m xture agai nst
the sane type of signal exhibited by other probes conbined with the sane
target, wherein each of the other probes differs fromth | obe by
at | east oNPYOASIA calibration curve can be gener at ed, \%ﬁfg}rlg‘?zhn%e

magni tude of the nmeasured signal (e.g., fluorescent intensity) is a 15
functi on SRture mhdinteracstinn ybewemena t pEobar gad £ad9ptebe Thas,t Hehe

bi ndi ng afihivehtYoReéNEETes ehd %&Q@Ei@%&‘n@r Ft'dJHgBE%M @ish Cia;lcrﬁc'frf?f EPeEORES

varies wth the nunber of m smatched bases, th ature of the m smatch(es)

(A-G vs. Ragchs ar.que sbagecpaircmismatgla, | 8ciWPokase (sl T Bifmatiehes)a

Wi thin thehreePibabe Padr nii%at%ﬂ,assaﬁeosaaéePAﬂfeaéie@igﬁ,n Pt Bhdd
sequence the target. In enbodinents, the signal_neasured, can be the

t
f1 uo? esceRBiri dedpiop anda e thgegpbase PRAFuHeketioRhaTiBLRT hatyreen &

such enbdaiseeBbquehbe th Nt prabkl Shd Yirbal BeLand NeE MHeDBoaBYe !l g BideLan
be directly or inversely correlated with the intensity, 25 depending on

whet her t f8¥BBGor ophore” si gnal s hybri di zati on through signal quenching or
signal anplifi gabbabtmehibgderoselttod ednvendilbhi afagprite f lcadibgaedhigi iensi ty

gener at ed i.ntercal atin agent.s. can be directly coryelated wth

pr obe- t ar §& sb‘Fﬁgi ﬁbgni#f%‘lﬁy’, EEEePﬁelﬁ“h?%?%tif)y {(ﬂr Br gf’ﬁ% &RFobe-
enbd@di nentargétenjpkoyraggeinmt thiecsand atypegy of| sibgwgah azdriddrateby | ot Hexind
tothe p a L nye Yy rrel at .th_pr -t t _bindin
affinity. "pﬁge% I §8 e%égét %iﬁ%leﬁlgﬁgtéa ectreag:aé,sgé"s' Tw(?)‘re%lr%gﬁ- %il'a% e?gaﬁ[}g% ic%cgher

fl uor ophopeebes thEfexsefitonfthat Liwsiy frobeeby thelepebbenarkhaear get

I ncreases, prefe ' usi 2
PCT/ | BO2/ 01972%{’%? #nﬁgﬁgféﬂg%ﬁﬁ%f%{r“ﬂ gél éﬁ%’ﬁgean‘o?"é‘\égﬁg% ?‘ggl 'y:}g%’?/igtru%e
range indfusthe oleamwred swigohds feddor dduoresaent THintenadgy) onienabl es

quaps i fyi pgnRRI RE B ea%{i?%g% ag%gﬂgggi Bé@@é?ﬁ‘”ﬁ'hé af geber SUED probe.

i nformati on can. be val ua ety of uses, 1ncluding designing

ant i sense?@r fe hindingtaff it i brlivepre Hdeadtargek iand Py biiYorohr t
met hods, td*i%féégﬁx, g}fgobes VEVELS IWtH EhePhefBEARY YHRERMRAUBasdsE BRSAY
can be conducted wi thout
nature of the mismatch(es) (A-G vs. A-C vs. T-G vs. T-C, ectc.),
the location of the mismatch(es) within the triplex, etc., the
20 assay of the invention can be used to sequence the target.

In embodiments, the signal measured can be the fluorescent
intensity of a fluorophore included in the test sample. 1In such
embodiments, the b;Lnding affinity between the probe and target
can be directly or inversely correlated with the intensity,

25 depending on whether the fluorophore signals 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

30 employing a 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 between the

probe and target increases, preferably over a range inclusive of
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separating the probe-target conplex fromthe free probe and 10 target prior
to detecting the nagnitude of the neasured signal. The assay does not
require a gel separation step, thereby allowing a great increase in
testing thro gh ut. Quantitative analyses are sinple andP%q.

Consequent I"Y)(gI KO3 nai ng assay saves a lot of tinme and expense, and can be
easily automated. 15 Furthernore, it enabl es binding variables such as

buf fer, pf-2 imimmatehesemnddiororeletipnsat moxre PrefexePdl AVIRX, & efaigse

concent r at neN&s@%ePbebE- §NH:i dh e s ML e 16PIERE2l at Or  concentrati on,
| ength of target sequences, |ength of probe sequences, ,and possib| e

cofactor requi FERentaveRtinn r sprblys Mrantdfvingetherhbingdng affipity

conduct edbleftwe@nd proBeSahdt t2Agdt [ higuch WEhmaRoANchAPBE PabhabBairfsece or
on a biochip. Mreover, the inventive asaay,ls rﬁief er ablxago duct ed | :

wi t ut pPoVFIRtE Sfghifetjuchifindingcfesioning aRFiee usis {Wikh
probe. Al bheugh zelebl AdEAY OtRafavseisMicaus| y di scl osed the advantages of

fluorescent integsity assays for hybrjdization see L U S Pat ent
Appl i cati on No.U"gé ?gl’, . 354 e‘Be‘Y}E%%%'rrb © 3388398 %ggsﬁv%téﬁndi% to
t he preseptreif@rabliyorhcibgepres.cal IThedaisgly tedpl Beescaridudredprwbeheud t he
doubl e-stranded target. thus obvi.ating the nee% to ctﬁjgat Hre th(iz_;' téircget.
Whi | e nucPSPRYRLIRI( AP nREPRPCEATITE ARSTBLT® pFEBRs HIR eT BB e PohSWt
formtri ptexeetwpithozetbadetettih®diiod assps tokle béir yghesméasered. gigndl ori s
et al., sypra, _Dervan, et al.., supra, 35_ Eghgl 6 tur

(1993) . angeToRERaY, es 19% -%%2?1%5%%%’0@%0%5%' Endblby

J. Am ChemaS$dowing44 @rea8) increass duor pessing thooughpui nveQuantitatise been

nuct ei o aerateeed a¥e L W RERrapl PEohELURERLY () BBMIA ey i g
(e.g., dsBEAest & deits,ofeine nandectpémner aand trtbdigeersihie prboBatethd
A o5as t SuFREBRe A e e Bl R e e e
very | iniloadcHosgacenhrabiien, oftemuesasurry brivFuRatian ofime: g re Rt ¥R
concentrations of probe and target sequences, intercalator
concentration, length of target sequences, length of probe
sequences, and possible cofactor requirements to be xapidly
20 determined.
The assay can be conducted in, e.g., a solution within a
well, on an impermeable surface or on a biochip.
Moreéver, the -‘inventive agsay is preferably conducted
without providing a signal quenching agent on the target or on
25 the probe.
Although the inventors have previously disclosed the
advantages of fluorescent intensity assays for hybridization
(see, e.g., U.S. Patent BApplication No. 09/224,505, filed
December 31, 1998), assays accordirig to the present invention
30 specifically detect triplexes of the probe and the:
double-stranded target, thus'obviating the need to denature the!
target. While nucleic acid (and nucleic acid analog) probes have
been known to form triplexes with certain limited classes of
targets (see, e.g., Floris et al., supra, Dervan et al., supra,

35 Egholm et al., 365 Nature 566 (1993), and Tomac et al., 118
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et al. The term"Watson-Crick triplex," which is enployed 10 herein, is
intended to crystallize these differences by limting the nature of base
pai ri ng between the single-stranded probe and the doubl e-stranded target

to A-T-A AT, T-AAU, AUA UAU GCGando ﬁ[ﬁ ncl udi ng
C-GC, anW/(@?Jlﬁh lother ionized speci es of base). Thesei’? reeﬁrf’(e’%ber

groups.are 15 hereinafter denoted Watson-Crick base triplets and the
resul ti ngd-3mrCheny aC difre d 19863 bn- TF | bk aurpylistas. tisat t e dpedsessf or

th : p
use in thRa{0VeREHhYRHALS &b | &i5d unéih ’calg Jas Wiﬁ@ées Mraed HtSeen

nucl ei ¢ acid anal ogs havi ng char ged backbones.
Probe seqBiRgte- ﬁ%%e@omaﬂlye;engﬂdf K%nﬁl& tGEWbagés At prebefr édSsi nce

this is tasublalgerdhddd kil 6 asnel best aubia) e SNV SEqUARERS Ofthe
prokaryotes and eukaryotes are found. Pr obes of 12 to 18 bases are

par t3 cul atPyeprerien chekverr the Pyabasand fnugeds tife baged |os Wakscire
sequencesCiiick Bade! HER9 Nt |lféa%'EbQﬁl Hﬁétéengé Bopes winds 1@ 30 Rases

are nost preferred. pl u a it rter obe an_be used to

detect a uc%’éo’ﬁhﬁe"@%ﬁu@%c@"\h %ﬂ:ﬁ &9 tqa roft i’&&e#’&r@@t‘w

sequenceslimbted HoodEtden aodbl Net H:mpueamej&yri&lﬁauﬂqn blﬂe aug) ,EQidxd&n

sequence. The Iengtﬂm/ 1_1 the be C ]g 3: ted,,to math;:]h t he | of

the targeft 39 -The ot 8°8| 569 §%¢ U S g e IR

t hat0 t heyhereinabiae :itm;emkﬁ ftbcai:j(gta‘s]s:eqe a:has(éed:kﬁfeeeyceé byt rliipdiedesy

f ormed in son base-pair nde

si ngl e- strgn\c%%t'gﬂ a§C| gae 18 b%e,g Q:EﬁA Hglﬁ-“RIAQ %8&? tPrObzfnan(()igs of

DNA or RNghepd @ﬂe]se-esura:i'rddd easgeamtedAﬁﬂleAel'b- -30 VIBPABZ) 1'DSE-5(1 A-U-A,

PCT/ 1 B02/ Q1972 a e d.n¥ent o d
§IR76 2GLE- 6/ GO d Af9ehs,a1Te d-Dued 5gd28¥t alS SRR

that tripléex~fo |za on~i s enhhahc presénce
of an i nt tonhtedi mpegiad iof tbese)mpl e ']ﬂmaeg thseedmemrl r8RQURSE S atm/e

VT Cflothaha YOS Ul ik pBhEr1 O IJB'Lh 20180 s AL IR0 | ©

enhanced présence o rons in e sanpfe being test
cations |ﬁerudeuree @enommsewwc@apkohglpéamﬁas Na* (preferably at a

concentration gh tBrJ:vgéHMfor sean:gn other :Lﬁ{rléﬁ{:hvgeta.%'sayo%clﬂeVa' ent
cations, such as alkaline earth netal ions (e. fd analogs havin
e.g., 8sDNA, RNA, PNA and other nuc eic ac g g
uncharged or partially-charged backbones. Probe sequences having
20 any length from 8 to 20 bases are preferred since this is the
range within which the smallest unique DNA s8equences of
prokaryotes and eukaryotes are found. Probes of 12 to 18 bases
ere particularly preferred since this is the length of the
smallest unique sequences in the human genome. In embodiments,
25 probes of 5 to 30 bases are most preferred. However, a plurality
of shorter probes can be used to detect a nucleotide sequence
having a plurality of non-unique target sequences therein, which
combine to uniquely identify the nucleotide sequence. The length
of the probe can be selected to match the length of the target.
30 The inventors have discovered the surprising development
that they were able to specifically assay a wide-vdriety of
triplexes formed in a Watson-Crick base-pair dependent manner
between single-stranded nucleic acid (e.g., ssDNA, RNA, ssPNA and
other analogs of DNA or RNA) probes and double-stranded nucleic
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10 and Cate ) and divalent transition netal ions (e.g., Mi+2 , N +2 ,
Cd+z, Co*2 and Zn+') ; and cations having a positive charge of at | east
three, such as Co(NH3)6+31 trivalent spermdine and tetravalent sperm ne.

M+2 is pr provided at a concentration of 10MM tg-3@edbhioM*s is
pr ef er abl Géﬁé@gg%d at a 15 concentration of 15mMto 2omv| Nl +2 1's

preferably provided at a concentration of about 20mM | n enbodi nents, Mj+2

and Mh+2 8% [ ki dSPONR) c 6BBRES onThE InveReerA rhave figicovssrie5BAL 15mM

each or 20mrach formitioh0- aﬁdmeaﬂ&biﬂ%t%aunlsof eflddhaey aggedehe the

nmediumin which the 20 tri rnms de ends er of factor

i ncl udi ngp’f?l%en‘?%tc(ﬁ' @r’of"nttﬁ% iﬁFgﬁg 29 éﬁ'{ eoPedPSbE,esF?é'

concentrati OE THe t %ﬁﬁehgoi:@e hRfves edlilébdifer%dldl thath atnaeabhoasl@lad trtibeehasg

COI’I ent ol the probe tar re cat n ncentrati ons.an
s torPRLA e S BF Sebiira el Etarihd oy , RS, BRRRERGS T Of

i nvent | oncatobens oln rigep!i ﬁmpre betngpftedtasd. oacsummfe)bﬁa;mw dhcatge,

hazar dous, tedi ous an

sum ng_tq use constant |y
regener at 88+ ¢ prisgRY ezf”ne ‘Fﬂ‘?ﬁg‘?ﬁ?bn %Hcg“ prdd e?hg"t‘)l ye(g’aﬁgefa ahd Btable
for 30 yeaasmewman:rmhmg:lfySommob@azam)bexnﬁd&xdobthee}eabﬁaln dlei:t‘ag.e:l.ons,

quantitie tor I n enb dlrrent t.he pro bel ed a

i 1 - ot SETet ey T AP orkenids, $ofE, ngal ToR, el v

el ilfits am@dnCatin aadcetitvadend emmmimnl meitads dents pteogert iMe?, -Bi*WO
02/ 103051~ RLT/ 2[0%9%2.4 rred r

(preferab (l)i/) fhgggproé %%hgv'e I uoré’é’ger?%‘t}?hgeg ggvgfegﬁrtgl y %Eg 0Fheret 0.
The | abeleast pridizgenbl ysuphlonaﬂ nt@e O\ h¢'f ng W‘m]@:ﬂtor @pammidiog and
enbodi ne orsg;g]_qt{ S pr § a gﬂ.gg t ei ther
end. Pr e%?tyfre%l\t%éudc#es ent J'?rrl:a(tilr kerswlirﬁcl gidéé I otin, ?h r%glr?fgegn el b

f | uor escefencemeraiiosy ofalieads toh30mME qu@"gchvmlfe??b]a}dlMCé’d%dt Rt a

exqist i ng ééﬁéadtra?l%rﬁw tl%fnwft‘:ow%ﬁhengﬁ{“' $aSErEEd REbIPporRMdReat a
experimentation and/or conventional know edge) to correspgnd to 10 this

exci t at i oPORRSRTHARYQR eheaPPubr 2pMYr e 5§| ﬁgbaéwen'aﬂd V‘Q and” ™ are

provided in combination at a concentration of 10mM each, 15mM

each or 20mM each (i.e., 10-20 mM each).
The amount of cation added to the medium in which the
20 triplex 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 and
the base content of the probe and target. The preferred cation

concentrations and mixtures can routinely be discovered

25 experimentally.
The instant invention does not require the use of
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

30 years. Accordingly, probes can be made or ordered in large
quantitied and stored. "

In embodiments, the probe is labeled with a multi-molecule

signaling complex or a redox pair, or with a label that elicits

chemiluminescent or electrochemiluminescent properties.
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preferably 200 to 1000 nm Fluorophores are preferably selected to have an
em ssion wavel ength of 200 to 1000 nm In preferred enbodinents, an argon
ion laser is used to irradiate the fluorophore with |ight having a

wavel engt hyighaAedog9e of 400 to 15 540 nm and fl uorescenpcemRmior is
detected in a range of 500 to 750 nm The assay of the invention can be

f d d f ot t h
BC. Cortain i br Bretacechitien FFE BFobe: 67 LATHERa (RSEeTARING At
and 20 deprgybd)o hdnee as ¥dbddir Qldbe]l Ravdlenitdy boantd cheratobe Th
conducteq'bg;broomte Sﬁ}%o e_or belo ge. cosal Yll Igttﬁ bgl owe25C)
The relid ef]t yl%f pg:' r# gﬁt?oﬁ‘oflslflﬁla f)%ﬂ%% go? ’éﬂ]g%?elﬁ an 6: ne
cont ent |¢mbrzdiinera:rsg'etthe8ﬂhuerﬁpﬁbbe1$k€s edefeatnly baﬁndhteethq@xrmm ayonds,
whi ke A Tofasge Palds for £ I IE QS0 PO NG ac bl IPhcPREe PIARE 1

sequences W i gher con are nore posseéessing i gher
mel ting tehrpdaming end fa;unseqqezhnl yandamélqmmrkessathh'esflmesmw@m t he

GC conte (o] target region above that present in

30 perfe(r:% yFRirrlaét‘h‘%ﬂ 3@%%@%&9 g???gg t he bi ndi ng weakness associ at ed

with a m smat cHesl pﬁ@ﬁétaﬂmpl eweveienghbhni Ag evﬁﬁecﬁﬁ%si Bb¥ baeaubiser

m smat ch b han
y&%&gﬁg@g&{% F&frp%d%s! EBﬁv&ﬁEﬂSﬁ pmemiec?éé) ec&vé&rfabm{a &d

perfectl exes al ways resu ting i.n [ower fluorescent
i ntlénsi t iRl E!h%?ﬁCHF%FJ-QIQ mestiopm E30n thRcHLuwsdrker e, bedngeiged, and is

conpl emenAd fle WDy 00 WaCR080 Al erm{oaswgmrefsl HOE OPHOF EraBby UseitbotHae

i nventive assay is extrenely sensitive ereb obV|at|ng the need to
conduct FeR haws i3n emiasicst weneleaghbt of 30¢, ° IRANDITD- | (1R PERFER% to

assay a t&mbodAhdhEs ha‘é‘n”Qa@gé(zQ' Weh Ofi agbputi @0 B Okbt eifraddued &o ai ns
about 10 _fentonples of target and about 10 fentono|les of probe

Enbodi menf sue¥ornRre Wi | hghty bavdngi f yavehsugh iR R 9¢ HAY &° a

congent r ad4 ®mmf amaXfiloebbept intiisdilon db detléctadcianta abnge of i vwre
than 5 x %%éir? M Enbodi nents of the invention are sensitive enough to
enpl oy pr Bt a

The assay of the invention can be performed over a wide

variety of temperatures, such as, e.g., from 5 to 85°C. Certain
prior art assays require elevated temperatures, adding cost and
20 delay to the assay. On the other hand, the invention can be
conducted af room temperature or below (e.g., at a temperature
below 25°C).
The reliability of the invention is independentiof guanine
and cytosine content in said target. Since G-C base pairs form
25 three hydrogen bonds, while A-T base pairs form only two hydrogen
bonds, target and probe sequences with a higher G or C content
are more stable, possessing higher melting temperatures.
Consequently, base pair mismatches that increase the GC content
of the hybridized probe and target region above that present in
30 perfectly matched hybrids may offset the binding weakness
associated with a mismatched probe. Triplexes containing every
poseible base pair mismatch between the probe and the target
proved to be more unstable than perfectly matched triplexes,
always resulting in lower fluorescent intensities than did
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concentration of 5 X 10-9M preferably at a concentration of not nore than
5x 10-10 M It should go wi thout saying that the foregoing values are not
i ntended to suggest that the nethod 15 cannot detect higher

concent r atyygsuaozbse Medi umin which triplexes form can bepenyswomrenti onal
medi um known to be suitable for preserving nucleotides. See e.g.,

oxampl o, LYY o SEUEPERESEby PO R coVBER 30 wal BOTRIAER and

st andar d @amrapimtwm ivgresl. V\hen di val ent cati ons are used exclusively

to pronote trl.ﬁleex { éﬂi\%‘ é]ag}atogs %@&F% t_l:i@éo‘ SQ%Lélrgb ot be

I ncl uded in the rea TOn T Xt Ut peC| Ween ‘conpl ene tary
bases occeRwiatihg the 28eed deo vaondugt &C&mlimm mf e &anges .in

t t tyat] t t
e e
are knowerlumne heofar tabauit i 12D nmwrﬁééggréen Wbp@ht repniexirs ik ald

unst abl e ooy o SLemeal Phbd Cvalouebole ARdiororss | b Wlepe O ok

tripl exes |nvent|on e over a w de range of
pr ef er abl SmBodimendefit ofH ShQOWGF}FlEFI Rre t segsétéverreémahatt@namsei(es be

formed att@rdeiBent! Ui e dincetftdtink (OF alsoux 29 fpf %Q@ﬁer@ﬁ@ hoay  @r
less. Longer 35 reaction times are not required, but (ﬁ__batlon for up to

24 1033 WEeRISTHIRHLBCRT Bl RFD WY & i%h HEst Moas ERAHTRSESadfetdel y
affect thenddntplsrxesardhe seh%&tlbéndle&@ubhﬁea:d)f Had EON- Cprﬁlkeérl ptexaes of

th t tr ast bi_ndi ng_t
L1 pl ox. BSRUPRIGARISR ©u% oAl HoPRaSRRAELY A & COPDRETBHE % AadEh tat o

triplex meoreathaeA isn 6010t oM. by 1tSisb Rl t &b Nwi ehgant saytingddhttorhieo
cations. Preferred ex | es of these .re nclude Si stra

bi ndi ng pE%’feequsn%uXﬂf‘é 8 RBEEA o i EER a%fg%%esgg geat of:g‘gh the T % ngl e
st nanded GamtbiPevertteinighey] @ontentiradiodd. nucl eic aci d groove bi nd| ng
protelns. Vi o e andd enaal Al 1951 8R3" BBERS o8H B AinF ! Al BRRT de

actinonycin D,
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 liquid medium can comprise nucleotides,
20 water, buffers and standard salt concentrations. When divalent
cations are used exclusively to promote triplex formation,
chelators such as EDTA or EGTA should not be included in the
reaction mixtures. i
Specific binding between complementary bases occurs under a
25 wide variety of conditions having variations in temperature, salt
concentration, electrostatic strength, and buffer composition.
Examples of these conditions and methods for applying them are
known in the art. '
Unlike many Hoogsteen-type triplexes, which are unstable or
30 non-existent at pH levels above about 7.6, the Watson-Crick
triplexes of the invention are stable over a wide range of pH
levels, preferably from about pH 5 to about pH 9.
It is preferred that triplexes be formed at a temperature of
about 5°C to about 25°C for about one hour or less. Longer
35 reaction times are not required, but incubation for up to 24
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angelicin. Such facilitating reagents may prove useful in extrene
operating conditions, for exanple, under abnormal pH Ilevels or extrenely
hi gh tenperatures. 15 The inventive assay can be used to, e.g., identify

accessi bl egreg) gas;in fol ded nucleotide sequences, to det gidfBgidfa€ nunber
of m smatched baSe pairs in a hybridization conplex, and to map genones.

The inventors nmay sonetines herein Slé%gest that Watson-Crick_ 20 tripl exes
resul t frORPRFbERITISE GAeas dice notopavessaly| abfeqty tha trigleges. The

fl uorophofastt efihgied tdndke oF ohstasRdueRsk BRIt fdRIOERS CeRveRtidS ONS
upon bei ng_expos d to .dupl ex ta{lge s cont %nl r_lg a stirand of

\at son- Cr FOREBRBI it afehabBs! I8 i mdrddPes tHeeR St eReRIsiene
ki nd of btmdplexekaséd adeayd. i nventors are not sure that what occurs in

t he tson-Cri triplex is best descriibed as..hybridizati.qn_in the sense
tradt i onal |y BLEBRREBaiRt, Tadlinadn 18 1t ol ale (o et ot tat B FE T

f or mat i onfofkmatéhsdn- Eoilukibni plyexiaing serttinesebgentef tnraddibias to
hybri di zat,_on_event _herein hat_is nerely for 3 veni en d_ i ot
htended FEUTPRPE ¢ e SLEsB S RRAMP I B FATES RSB ot i o et

f or mat i onstfrandedt ddimdingckordteigiexsuah be IRest Khapratein z84. ddme 32 t he
quadr upl e Lscussed 4.n f.he -Ba | \/ refe

i 1 pl exEEPFasRar Bo GRL Mo R raa ded, BN mA A ah o b b
conmt@i n anucdedt acid grocualdisidimgr peivtednsd bbrdeaknt eget hokeraatatiiag to
tradition = G Lag. ! ul ‘Ef&?eu ‘ | h

"Wt son- Cr% P’gé\é%ggg?%“i&}(gg?%g gggégm ?%O e |'ne%%gf)'§§\ﬁﬂ:£naﬁs's é{o gt%‘ %ﬁ'b%?%veen
opposi ng papediefinnucl Sueh sSfaei M talingr raagpete Y BRAVOgYERLLr als

via mat chegy -QRROUHMaR3%ES  c MM €1 s, f%f%scamgwé,almate&oraﬁaﬁdsl pH
qguadr upl ex mat%/l somreti mes "be referred to as a hybridization event herein,
that is HeVely PEretbreEal ¥Rl PTReSAULSH-ended to linit the' scope of

the g nvention whth [RGREIvE O NoNaY hecdor B | il &0Vt 808~ (i cdend{Fy
guadrupl ex can be_best characteri zed. The multjplex structures_of the

i nvent | on28FESAbLer BBEIonguiAr iRl dedsnuEleqt ide ARAUSPCeRe RO EEpRERLDE

i ndependehkY number of mismatched base pairs in a hybridization complex,
and to map genomes.

The inventors may sometimes herein suggest that Watson-Crick

20 triplexes result from hybridization of the probe to duplex

target. While fluorophores tethered to the probe produced

quenched fluorescent emissions upon being exposed to duplex

targets containing a strand of Watéon-Crick'cqmplementary bases,

which indicates the occurrence of some kind of lbinding event, the

25 "inventors are not sure that what occurs in the Watson-Crick

triplex is best described as hybridization in the sense

traditionally associated with Watson-Crick duplex formation.

While the formation of a Watson-Crick triplex may sometimes be

referred to as a hybridization event herein, that is merely for

30 convenience and is not intended to limit the scope of tpe

invention with respect to how the formation of a Watson-Crick
triplex can be best characterized.

Unlike the quadruplexes discussed in the Background Section

above, the preferred multiplex structures of the invention
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conprises a nucleic acid or a nucleic acid anal ogue. Suitable nucleic
acids include, e.g., DNA or RNA. Preferred nucleic acid 15 anal ogues
contain an uncharged or partially charged backbone e., a backbone

havi ng a [ at is not as negative as a natlve DI\lAltaqlngﬂ 8} IN
certain eﬁﬁgaﬁﬁéﬁg one of the second and fourth strand ﬂ
four-stranded quadru | ex conprises DNA and the other of 20 the second and

fourth s€Pakadn:@ipriersat Rfpur nsorandm el nurhpic aridd bendefiatogpthert ai n
e”bOd'”Eab%orbhﬁgs%60E@a&i&§8ﬂaf”ﬁaﬁ§5hféﬁﬂéﬂ1bdihﬁﬁﬁdréiéspara'|E|

honol ogous to _eaCh other. In these mbodi ment s, groove of the
first and sec®fdusefahaseis, e@mea@ed‘waﬁsannﬁﬁwkgbm%f ighéntandedand

fourth stbaaeilnlenseébehena%éﬁﬁfon meweeﬁoagpaafhgt Qi %Erﬁﬁd§eﬁée

paraIIeI ?t to each .qther, In these enbo %gﬁi whi ch possess-
"nest ed 383%? gFi pycleic agigy agplogee hetysadssy %ﬂ“ ea cBRBOE L FAnds

is placethaesa M WRL1gr @hee ﬂa‘rntaltteotahldm a3ﬁ7aasdniwctm qﬁa@n@eﬂ Nm&R' t ai n

enmbodi nent.s, .each cIe base, bi nds t .t han t ot her obases.
PR S R e TR I s ot Bt afeteie L hBaE e 1y
bond (V|meﬂ&ﬂyoﬁo@rcohvenméﬁeé anﬂtﬂnanmmtﬁhtegdéagesthumhehblssbpetoﬂnd

and to t 35 matching b ses fourth 'strand, .and b f the
fourth - M ZniBntdeRty PER SR lodr Eo' S tohe £8Pl ad I WRERSA Crack
Vatgon- Cauakdrupllex) can bhebeatcdha@actnrxzednf the third strand and to the
mat chi ng base f r t

third s?rands§%%n§hpﬁniﬁb nnréiF%an 5h3ﬂ§t %ﬁggggg & €§e£é£§%%?tlon
to the SQPaddhpﬂemab vatsEaeh}lsﬂxamdeeOﬁalthe such: ipieodli Aedependentlle t he
foll owi n I T- A,
Wb Ceiagstld TR Wl B s Bk Tatnd shafedue, T Subkagteh
speci es @PCB&QG)acndscenpéuﬂeenbdnhnéﬁﬁsOrlRNAS Refmraed naclepposrhg
baggs 1@y faflo%,t})‘ésf 'éét%t?%ﬂj &H' i BhigRdS Al SPaRi i o ERehgd hBackbone
addition to: etmeen

opposi ng bases "of the first and
second stldagds; & Bagkhons rmivﬁglgbét \ﬁé’éﬁgépﬁbgtngsb%&%f negative as a

native DNA backbone) .

In certain embodiments, one of the second and fourth strands

of the four-stranded quadruplex comprises DNA and the other of
20 the second and fourth strands comprises RNA, mRNA, hnRNA, rRNA,
tRNA or c¢DNA.

In certain embodiments, the second strand and the fourth
strand are parallel ftomologous to each other. In these
embodiments, a major groove of the first and second strands is

25 placed in a minor groove of the third and fourth strands.

In other embodiments, the second and fourth strands are
parallel complementary to each other. In these embodiments,
which possess “nested complementarity,” a major groove of the
first and second strands is placed in a minor groove'of the third

30 and fourth strands.

In certain embodiments, each nucleobase binds to no more
than two other nucleocbasea. In some of these embodiments, the
bases of the second strand specifically bond (via Watson-Crick
rules) to the matching bases of the first strand and to the

35 matching bases of the fourth strand, and the bases of the fourth
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third and fourth strands; and (c) the binding between opposing bases of
the second and fourth strands. 15 In certain enbodi nents of the nultiplex
structure of the invention, no strand is contiguous with another strand.

That is, ‘gﬂggﬁ?%ggltehgtlleast four separate strands. Al thgEiaghnégrd

conf or mat i i ke (e.g., hairpin turns, etc.) are within the
scope of the inventian, foldqugortlons of a S|ngle strand do 20 npt nmake

the strarREEthepRsiéicrahyoheRd t Gidr HatsrnhTighiAudes)  bartheparghing
SHE) r anfls ﬁél;ééédmfe%hét gg&ar@@?&%d ta?ﬁ tBVLGHBt Inmcmabfebabéy @Ipltml@t s&ebyd on
ogst een bondj ng_or artets naln enance O mu
structurée® %‘?qu'vog‘ﬁ‘ﬁ reddy Gher PeERE & 51519 I—Bﬁgst'}éﬁﬁz%tm énﬁ?or
G G quar ted smoBY leaaar RN otHd¥l baSe 8ukhi pl ehusst ritctald&Stiﬁnttlfte the
i nvention ar ref ably subs&ggtlall free of Fbgfgteen bondlqa EB |
an

subst anu%‘ﬁ Waésenqﬁa tlgasq at‘:E?t aﬁq’Fl—blTUULI f'l@ﬁflg J[r}Fel
second stfca‘rw»iﬁgtWQtsﬁﬂLCrﬁJb]eX bRise 5tzt iplEt shasepTerg (mer,pref—mabl y 5

Lgsgopg?r Zfo'i'g ll%(r;%) eﬁagrpbge t‘ﬂ éfairﬂ%;} dét‘gc@%{?a}éﬁé‘g%d CO %8%4%’(#8&

a doubl e- amyewthutrﬂdﬂﬂzaﬂutpémiebhofdbamd)fourth strands can constitute a

ﬂgg?tsy;érand t%%%%?ahd%ﬁ?Q§iFF%§§§7% W%%odlnen %&ﬂ%ﬁ&ﬂghba €t r and
andot he fofir thestfiamt azmd Eﬁerrrpﬂt:xfamdd rarlcashjcbzsndTh@ redch pbiehass, ofint he

i nventiong res S A in
vivor TherSdfh iR BRI  LhesBuiMLAD botiteh PEBLELIYTRRCS of rve! EE8E

el ect r odeyndrsecend svmdndsi;véb) Qhedbdptibng fertnasro PrRessngd b@e% Otfhéhe

i nvent i ong ﬁ&gﬁ:}@hﬁ%ﬂ% 4834 P an®f (445 She MR Mdbwalal Bepost hgnded

probes cova ouble stranded nucl el ¢ acid cl eaving agent
10 can bebages Qﬁ)thﬁuﬁqqqnﬂ|apdbﬁ@uv§htakﬁﬁn &equences of doubl e- stranded

nuglsei ¢ aci ds. poé@i‘@aﬁ&r%ﬂg@dlﬁé@@%fot’ﬁéeﬁ\hhﬂl?@é‘ﬁdstﬁrﬂc@ure of the

chenot her apeuti ¢ agent can be used to specifically treat grg Hligguences
of doubl elByentirny mecpErangdcigconfigyougpgith andther stran a
there are at least four separate strands. Although folded

conformations and the like (e.g., hairpin turns, ete.) are within
the scope of the invention, folded portions of a single strand do
20 not make the strand count more than once toward the minimum of
four separate strands.
Multiplex structures of the invention preferably do not rely
on Hoogsteen Bonding or G-G quartets for maintenance of the
_ multiplex structure, althoﬁgh insignificant amounts of Hoogsteen
25 bonding and/or G-G quartets may be present. That is, multiplex
structures of the invention are preferably substantially free of
Hoogsteen bonding, and substantially free of G-G quartets.
In certain embodiments, the first and second strands of the
multiplex are 5 to 50 bases long (more preferably 5 to 30 bases
30 long) and the third and fourth strands are 8 to 3.3 X 10° base
pairs long. For example, the first and second strands can
constitute a double-stranded probe and the third and fourth
strands can constitute a double-stranded target, such as genomic
DNA, which can contain a haplotype.
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I nventi on enconpasses nultiplex structures further conprising a 15
t herapeutic, prophylactic or diagnostic agent bound to at | east one of the
first, second, third and fourth strands. In addition, nultiplexes of the

i nvent i on ®o%27b40 %@bl e for wuse in nanoengi neering, such EGrige2/pieeyi de
el ectrical "circul on a nol ecular (i.e., nanoscale) |evel. Furt her

details 20 regardi ng nanoengi neering wt h nucl ei nd I n
U S. Patent NP reprimeprs,otientbirg) sthpgdy rtg’fee%’l’fgg‘ t"‘r'f@rel n.
NUItipIexpenram@lugxgdﬂbﬁdaactauent|on can be prOV|ded by a nethod
conpri sing: prqvidi bri dj I gn_nedi,um co t he .first
strand, the se "gt%rl&]ﬂ*eﬁh%ktz%er doVERLAGR cﬁ{b oﬁf?%e%ﬁlarhc?o% & a
buf f er armhaapsolmdaupﬁdid: I Iieub&ttt:ﬁ:gotrhen byt | diDred | sl inde diuppdxtr cam

i nc bat| n tinme;effectiyv ridize the second stran fourth
str 2 hyBrRGFLEcH ?ﬁﬁ) At ¥ohel u e Jany cgﬁventlong:lrggégi um tr30
known to oen seondilodtel venr preserw ng nucl eoti des. See, e.g., Sanbrook et
al ., 'Mlecul n 1 he
medi um can coggrlséﬁﬁgg?gAFE%giQ% g% Ordfﬁﬁl ersgaﬁ%9 ?%ﬁ%%fﬁf |f%bl%
concentraﬁ¢nnsL wetetyi vaf enteeat | oFer axampied dotblerebiandedpneies

quadrupl %;fe%jr% %bLété”q%uaﬁ% nrgﬁééﬁ%ﬁihepgébﬁﬁ%i)&&?& ‘é‘é{é >

EDTA or € inc e reactiron mxtures ecCl
bi Adi ng b@@:webq ueq@l Eneﬁpacyfmbbfo@m thhgeta segugnoesr ok qylﬁole-

Cond'tlonétPé‘e{a@@ﬁ@é td gigbn t SERE] &l dtramdeal %:;:(‘oﬁe@%éﬁlyo%ound

el ectrostatic st rengt uf f er conpositi on. anpl es of these

condi ti on&°afd mh§rﬁ9¢u§ml goeptt Fam Bee UsRAokR iSPacidiged lyuhnead nany

Hoogst eene 4 yper ”Hla&h@h@é@sofv\’abﬁblat 8t ¥asded! ﬁucﬁlcﬂoﬁcﬂé stennuat, Rie
| evel s above™ about the Watson-Crick 10 nultip Iex%s of the invention

are stab|bnwm\manmwm&a@gv@%fm:&mml@%e%msm%?afﬂ+ EERST FORFHEIRG 2 t o

abauwt pH EhedRpEQVEE, ﬁf&ﬂy’l\é%%tleSr”Hié%ﬁ&@(ﬁS adenBot boefidli £ dthdeast
presence of horm 1)x/rl m di Nne “sequences ,or.

certain p?lflﬁro gufﬁgﬁp%l é?&:?ndFthé%QnﬁPé ur| e %egu dnces as in

In addition, multiplexes of the invention are suitable for
use in nanoengineering, such as to provide electrical circuitry
on a molecular (i.e., mnanoscale) level. Further details

20 regarding nanoengineering with nucleic acids can be found in U.S.
Patent No. 5,948,897 to Sen et al. and the references cited
i there:.n

Multlplex structures of the invention can be provided by a

method comprising: providing a hybridization medium comprising

25 the first strand, the second strand, the third strand, the fourth
strand, water, a buffer and a promoter; and incubating the
hybridization medium for an incubation time effective to
hybridize the second strand to the fourth strand.

The hybridization medium can include any conventional medium

30 known to be suitable for preserving nucleotides. Se_e, 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 quadruplex formation, chelators
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15 sequence can contain 25%to 75% purine bases and 75%to 25% pyrim dine
bases in any order. It is preferred that nultiplexes be forned at a
tenperature of about 5C to about 25C for about two hours or |ess. The

i ncubati on Wéﬁﬁlohﬁlpr eferably less than five mnutes, evepcgipedi§aom
tenperature onger reaction tinmes are not required, but incubation for up

to 24 hours n nos ses did _no versely affect 't u upl exes. The
fast bi ndfH§ tlﬁsé%ffvﬁfsgﬁréri ‘ﬂeuef&ﬂtupb%xégci d?a iﬂ &g’r‘f‘[ ast
with the mulﬁhuh:eager bi ndi ng times for Hoogsteen quadr upl exes. 25 The
pronoter in th ' [ ' '

h I, di lumis ferab I ntercal ati agent
or a cation. ﬁ@%ﬁ%%? :I“ 4% é’ﬁ?ncﬁﬂ eme t?fYY %ésﬁSUSFSBﬁﬁr‘éné]%Jaﬁ as
a rrenber wdaaectreﬂléttpraﬁ h:en@ﬁ.ﬁhwns Ve inst vaglaf:m’ﬁy@nlte?aﬁ%hﬂuret heditum

bro et hidi ym _hono et.hi di um homqdi ner : acridine,., .30

S hble ERRPERETRREPhge s ECETos RS, A CHIE A Y BRASeRcCoRpAstELon.
(prefer abE;caaplescoﬁcehlesat iconddt 16AeMind omdehodd , fdit, appitying hereralaea |

nmet al |on& %vilhe Eons such as al kaline earth netal ions (e.g.,
My+2 and ? and |vaFent transition netal ions (e.g., Mi+2, N +2 , Cd+2
, Co+z and Zn+Bhljikenvanyt Hoogs thear 1type Bﬂlpapiekes,chhigb @te aungtedsite

L e, sueh 35-08(ELCT. ol 1ol eB! ipde VEL02L 190001 RCTARR AT,

sper m di ne an rava erm ne.
condent ramuéhlpiexem\pfothgmvwgs@n aner efcebébl 9v1gromub@|e range of pH

concentra f i ' fepa ed at a
concentraglkag%l%f égout %%@%oxﬁ\'a#gd& ntg’s%wgb%“ +2 5 are provided . -
i n conbi nat i onMareavesncdihs awmnibxvqommléaghexqsmﬂo edeh, regireadie 25nmv
each, 30”BE€§8ﬂce35fnﬁ$ 1d¥drﬁ@ H@&ﬁéﬁ@es(ér‘hode&r&Qe”@E Hdes ,Thes

armount of “cation added to the nediumin which rrultlgl ex forms deepends
on a nunbdP SAeFtiThr BTiPHCRES MadREPlesefiat ur%o’c")f SKREPLSY i She thRF

congent r agegllefbePcRRE, cditr GONEEN! £8t 768 PurtidledGPasddcafid eIBBCROf25%
addi ti onal catlans apnd the base content of the probe and target. The

pr ef er r ed PEAL TS ing RRERe TP ¥ME K5 xtures can routinely be di scovered
experimental | yit is preferred that multiplexes be formed at a temperature

of about 5°C to about 25°C for about two hours or less. The
incubation time is preferably less than five minutes, even at

20 room temperature. Longer reaction times are not required, but
incubation for up to 24 hours in most cases did not adversely
affect the quadruplexes. The fast binding times of Watson-Crick
quadruplexes of the invention contrast with the much longer
binding times for Hoogsteen quadruplexeé.

25 The promoter in the hybridization medium is preferably an
intercalating agent or a cation. The intercalating agent can be,
e.g., a fluorophore, such as a member selected from the group
consisting of YOYO-1, TOTO-1, ethidium bromide, ethidium
homodimer-1, ethidium homodimer-2 and acridine.

30 Suitable cations include, e.qg., monovalent cations, such as
Na* (preferably at a concentration of 50mM'to 125mM), KXK', and
other alkali metal ions; divalent cations, such as alkaline earth
metal ions (e.g., Mg*® and Ca*'?) and divalent transition metal ions
(e.g., Mn*?, Ni*?, cd®?, Co** and 2Zn*?); and cations having a

35 positive charge of at least three, such as Co (NH,) ¢, trivalent
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15 Al though not required, other pronoters include, e.g., single stranded
bi nding proteins such as Rec A protein, T4 gene 32 protein, E coli single
stranded binding protein, major or mnor nucleic acid groove binding

proteins, WidAhAeRS and add| tional intercal ati ng substancpsr/megibees
actinonycin D, psoral en, and 20 angel icin. Such facilitating reagents may
prove usef ul

tr dit A |
DT evel SerriRs Hof EREBRVALRE SR T e RPER Sy Rl REE] ™
met hod i natwha cdormertirditdain of 10WM he 4BmMnd Mg'f ahsl e fermflouprbvidednd

[ tivat 5 d h &

strand. anit pec ANt i din o TRHLC LG 4Pl Mo B pf el Brbbn e
t he seconat atcamler&mnratmn cafmabeds 20mphar fac emboddmengent Maihand ¥n*?

bl O 22000 110 SRCA0h BLLANG, LY BNEAQU P Rd BUASRC e

phar mace an e Ive 'distance from a et on 30
strand, tﬁ%ChoLﬂth ﬁa@&hd 25mMogaghot hmM rasckiouBs mMaQé@bt Reddviheach| east

one of thesthi rg% rﬁﬁl, the fourth strand. The pharmaceutical agent is
preferably a nkenber se ecte fromthe group consisting of nucleic acids
desi gned to biTee prenbterofkegabhensadded| ita chiney medidparkn guket Rheleic

aci ds -%m%&@&@%&%g&&i 0&873 %ﬁﬁnbeeeéft Qafatr&@scl Ilm&aahugrehevant

genes, or nucleic acid designed to _bind ori %I n of epI i_cat i og Sl teﬁ of
pat]WogensnaT—%rﬁr ePEr r EBCenisdiBat s th@he CORGERETBR1BRov Pdes PEOPEpi dthe

sensi ti vegoRR¥hE PAVRIH af drdetndlche sénte Gﬁtéﬂd@lﬁmnﬂs&ﬁ)ﬂlws &nd

bi ndi ng between a singl e-stranded or uhl e- st randeqét?RPg fteﬁ
doubl e- st FBAdeR=®repREenthsfeithe fPé’opér gof EaRgeFsest i EF‘H"On

sequence ghnleAtFAicnACi an@nainggbaregquennic aohttihelprohe Aimoveesda
nucl eic acid sequence or a nucleic acid anal ogue sequence. 10 The
i nvent i veSXBERYMMAY used to, e.g., identify accessible regions in

foliged nucl eot ATehcsH GREEseqhréd] esulierepronet ererhisrclakieni ermt.chaedgbase
ol v det cBEEHRAEY pPaBaABE Graksins | fioh a8, Bl A Bie e B “Bphe" 200,
provi des guateint iFe aold single stranded binding protein, major or minor
nucleic acid groove binding proteins, viologen and additional
intercalating substances such asg actinomycin D, psoralen, and
20 angelicin. Such facilitating reagents may prove useful in
extreme operating conditions, for example, under abnormal pH
levels or extremely high tem;peratures.
The invention also enables a method in which hybridization
of the second strand to the fourth strand inactivates an activity
25 associated with at least one of the third strand and the fourth
strand. Thus, at least one of the first strand and the second
strand further comprises a pharmaceutical agent, wherein
hybridization of the second strand to the fourth strand places
the pharmaceutical agent an effective distance from a target on
30 the third strand, the fourth strand or on another molecule
'associated with at least one of the third strand and the fourth
strand. The pharmaceutical agent is preferably a member selected
from the group consisting of nucleic acids designed to bind
promoter sequences of clinically relevant genes, nucleic acids
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gquantitative information regarding the nature of interaction between a
probe and target. Thus, the invention enables the practitioner to
di stingui sh anong a perfect match, a one base pair msmatch, a tw base
pair msnma ree base pair 20 msmatch, a one base piisAReLI ON, a
two base péﬁ?oﬁngﬁion and a three base pair deletion arising between a
sequence i_n the _double-stranded 'probe and in a sequence in_the ,
double-stﬁ&ﬁ&@&edt&Fbé?%n%mﬁﬁﬁvh%%fkyoFe%ﬁga?%vgﬁF?%n eBNPHCEEiaaB st i ng
tlhe t25 hnae_slwgﬁ_édswnainaeoﬁi_ id Itdmrz%ml Q@&Qiofzhéﬂté?lrﬂmwmf_ ens.
el ectrochem | ugi nescence qQr electrical properties), for a firs ,
e e i, ST e
probes copenBgdivwe (e g7 11125a) ngetri 1) Rndagatfe® © &8
can be geRePdtad, bahipenar RiAsLET DR, AL URladt A Har e B
can be ge , n“t i S nat-= e qg., |
f1 uor esceat doubtasistyanded aprobaciviaredn tthe hiardetgeafhrindsy hejuwbaid he
target an r.obe. ~As the bindipg, affinit etween _the tar d
s b e B A e e,

e natompradBeshea m esce as nu ¢s.actdCa gue -
WO 02/103gg&quIéI802/01972 the location of the msnmatch (es) wthin the
guadr upl ex, “efc., ‘the assay of the invention cag be used to segﬂfnc% t he
tardet. |n enbBUenehnventiee siaprdy messur &g casede the ¢ udrescedrntify
em ssion L iY 0084 O] 2 PAST S d gl sBSubsSds SHP | fatexrdilde such
enbodinentggggﬁgb%?ng? 6£g€f{%it fﬁga%gﬁgﬁﬁébgrogguand ?ar et cé% be

\ : e, 9

directly &hej pumbss| 9fchipnatehen Wage (Rfd ailgis PoRYPF i EFRE IR RIS /ng on
whet her t Bagf LHOmaphgeRomignal s  hybridization through signal quenching or

signal anplification” Under selected conditions, the fluorescent erg.ssion
intensity 10 g&REr dtwensionymatc a1y ngehgek? sthenPEesanrecery W&Iﬂlﬁ ed
W tis propeobaLdgigbtNdivigadhbl Ni e WREIRAS psritiEssSiiinliitativit y 0id
preferred enbodi nents enpl oyi ng a non-injercal ating, fl uorqgphore cqvalently
bound to ANERSRSBEI¥EN B AXTREASB| yFRIFTHING cth%: Pﬁtm&? OB t,ﬁf%a%%?dﬁ ng

af finity. pERGebhUQ asEssE £1d S6heged 5 | MhoRSi ttheddaiensesnf @hables the

non-intercal ating fl uorophaores as .the
practitgoner top ist nguisg among a perfect match, a one base

pair mismatch, a two base pair mismatch, a three base pair
20 mismatch, a one base pair deletion, a two base pair deletion and
a three base pair deletion arising between a sequence in the
double-stranded probe and in a sequence in the double-stranded

target.
Embodiments of the invention comprise calibrating the
25 measured signal (e.g., fluorescence, chemiluminescence,

electrochemiluminescence or electrical properties) for a first
probe-target mixture against the same type of signal exhibited by

other probes combined with the same target, wherein each of the

other probes differs from the first probe by at least one base.

30 A calibration curve can be generated, wherein the magnitude

! of the measured signal i'(e.g., fluorescent intensity) "is a
function of the binding affinity between the target and probe.

As the binding affinity between the target and a plurality of
different probes varies with the number of mismatched bases, the

35 nature of the mismatch(es) (A-G vs. A-C vs. T-G vs. T-C, etc.),

-40-



extent of matching between the probe and target increases, preferably over
a range inclusive of 0-2 m smatches and/or deletions, nore preferably over
a range inclusive of 0-3 msmatches and/or deletions. 20 The invention

enabl es qugidafrgdgap the binding affinity between probe apgripes/gey2 Such
i nformati on can be valuable for a variety of uses, including designing

antisense_drugs with ptim zed binding characteristic¢s. The assay t he

i nvent i ont€§ c@\*é’r%ﬁ’% Hbﬁﬂ&’eﬁm S er%Bl%é’ﬁyqﬂﬁ F"ﬁgl%’&n&%&'édg{}\ﬁ hout
separ at i ngssdg ¢f olite taigRit icipahekef§ 1oed the daperpechbeabdrgeee target
prior to detecjing, the magnityde qf the neasured signal_. The assay dpes
not require a{rbeg‘“}é‘é%’i?%ﬁ'ig%n tlsi}eeﬁ,lgflﬁgr‘%?is%ﬁ?cgvﬁ%q?f gttl'{?a[ﬁ?‘lﬁf?aégggi n
testing tembsgimutint@ramityt atfi we f hustoptereaiaciudptieinnth8tentc saapde .
Consequently the bi,ndin ssay, ,sayes | ot -of 1. n e n n an be
easily au%%n%?@a.erf‘b?@rr??%%rt&e i%tmgﬁﬂgl %gglrb%tr?g?bn% Xrar g&%eéggﬁghggé |
buf fer, ptargenicar dedimextilynpr imrsagediyucerrehatbdtwith tihee emiebadnve
concentr at] pr o ar get es,y.Lnt on i on,
ongt h of hEBTen ) (H8pelated ] B, BEGHERE o cnb" 2108 :BpREe ] ERRRETE PO
sequenceshybnidpratsion echoaigh taigngl. quenghineter )signpl rrmpdifdcasion.
rapi diy dehgepi Bedectn 233 198RsDC hNHIGHEdoklne © ofhisadofOltea Byt hi n
a well or mcrochannel, on an i nperneable sur?aqe or_on a |ocké:¢o.. In
cerithi n eggberated Ly inderivrlating dgsmtshcan g dd rectlprevrrpl@tasd wakh
hybri di zag,j _n@%{.' f AN S - bESt
and secon hg??an sé!é}r Bﬁﬁﬁ%E‘gfﬁhig%héﬂ%ﬁd%o]ggfméﬁﬁ?%?ntlgﬁ(}gtﬁegryfa?ifon by
cont act \Aprﬁfw%e@ygnb@q?immzm enRtioyAna VB r BoReinterralahig ifduoxophoTeS

pref er abl ¥oGQDael $dhodiia Wb heHE Prod dhdi) B SiBRdsdlyerdiirédagaaniyien the
target or on the probe, Although_the inventors have previ ousl;égﬁl s¢l osed

p AL
the advaBrabestayget yobinding | afEdfdityy assdRe f FLURHRSE Lat 88¢98e,
e. a5 U SinPeh&ityABebireabgn 9 MdY-124ebB8latingdflbobesitniry &4, thed8),

certain enbod fents ol Lic LINCILINS 958 8RE” JAFALLYGOE Sebreases,
preferably over a range inclusive of 0-2 mismatches and/or
deletions, more preferably over a vrange inclusive of 0-3
~ mismatches and/or deletions.

20 The invention enables quantifying the binding affinity
between probe and target. Such information can be valuable for
a variety of uses, including designing antisense drugs with

oi:;timized binding characteristics.
The assay of the invention is preferably homogenecus. The
25 assay can be conducted without separating the probe-target
complex from the free probe and free target prior to detecting
the magnitude of the measured signal. The assay does not require
a gel separation step, thereby allowing a great increase in
testing throughput. Quantitative analyses are simple and
30 accurate. Consequently the binding assay saves a lot of time and
expense, arid can be easily automated. Furthermore, it enables
binding variables such as buffer, pH, ionic concentration,
temperature, incubation time, relative concentrations of probe

and target sequences, intercalator concentration, length of
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doubl e-stranded target, thus obviating the need to denature the target. It
Is surprising that the inventors have been able to specifically assay
quadrupl exes forned between doubl e-stranded 20 probes and doubl e-stranded
targets, m@ﬁ; Wsdshe interaction between the probes and p@ﬂﬁﬁ&@uhi based
on Wat son |cﬁ %ase palrlng (at least in the sense that A binds to T (or
U in the case of and G binds tg O, rather than the vgry lim,ted
Hoogst een“AvEEF oFe%RERﬁ?ﬂﬂ exeRgERi dPF atBIRPSf SeguUgnCep; ¢ napd otPosssible

supra. Sebfakterp(obes, fpi:l’onidﬂ:érl) nréaelréwattts \te b&saapiﬂmytme;ermrged

dsDNA, dsPNA, ENA RNA hybrid % HA br| ds arldt.otn thi
doubl e- st rande ﬁuEISEP‘X S8Pd §n Vg & u Chalagés(? ton within a
part i al | ywebar gedmbacddionarel Pbﬁbansemﬂmwmﬁayoteogt& Bibdhipn 8 to

ses are ferred si.nce, thi wi,t.hin hthe smal | est
ini oo DA™ SBEERRE SsRRER ar, She Xite SRR VAL St ralial el P et o
12 to 18 liasEheahgbpiadizanilcar medipmebeford tdiendd xistui andssehendemgtatncta‘, t he
snmal | est Mol n e ) 0 d of 5
o 30 35 Aadaghe EERRENSE geBehddsb gl S Brov el bER nSan il S8R,
-42 WO ozpmwstomhymmw mmtlaetuwedhtUiddl}é@tl@-zm@bmaﬁéu%quence
having a plura n Ni, et 1%]?:5
to uniquely gke)%%é? %/rf hgﬂlneuucllgg‘tgl gg{'geqﬁée %g%tg Bl?% robe can
be 1&el ectﬂéé}hp@trmtréﬁltihml 2ngignak qwqfalrr@etagesxtrm ithe afrﬁrgem/éﬁt i¥h
does not r&ggqu.gbghe use of radioactive probes, which are hazardous,
t edi ous and | me-consum ng to use, and need to be constantly. regenerat ed.

Probes of the PAGBANERN Bhe pinfentansy J@Ve t Bre¥ioumdy st @beeleend g s.

Accor di ngbWvaptabes @G PPudPsi-it OLAesRshd dy1 laaé9§s Jf%zquaybridﬂﬁatﬁr&u
st or ed. In enbodinments, the probelslaee t,i - nol

si gnal i ng (868pl e® 8¢+ a Fetox PREPRAL OFPH\H‘FP@-QIhbéTP thg?/@?#c?-’?egu filed

cherg | um peEemBlron1g! ngepcheatwmn&ms@a&mﬁ@&m igfe WWhesniaivd L&Heﬁ@eent
intercal ator is no&bgr esent in the ri dlq?atl n nmedi u

b
pref er r ed SPREELERBLAY ob &SR L ar é%ladr(uﬁllﬁ%/‘éﬁabl %roBE?g}iavénﬁl
fl uor escedoubikektearaé@ntaygdtoUrshus obviating the need to denature the

target. It is surprising that the inventors have been ahle to

specifically assay quadruplexes formed between double-stranded
20 probes and double-stranded targets, wherein the interaction
between the probes and targets is based on Watson-Crick base
pairing (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 limited
Hoogsteen model of quadruplex hybridization of, e.g., Pitner et

25 al., supra. '
Suitable probes for use in the inventive assay include,
e.g., dsDNA, dsRNA, DNA:RNA hybrids, dsPNA, PNA:DNA hybrids and
other double-stranded nucleic acid analogues having uncharged or
partially-charged backbones. Probe sequences having any length
30 from 8 to 20 bases are preferred since this is the range within
which the smallest unique DNA ‘sequences of prokaryotes and
eukaryotes are found. Probes of 12 to 18 bases are particularly
preferred since this is the length of the smallest unique
gequences in the human genome. In embodiments, probes of 5 to 30
35 bases are most preferred. However, a plurality of shorter probes
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thereto. The | abel is preferably a non-intercalating fluorophore or an
I ntercalating fluorophore. In such enbodi nents, the fluorophore is
preferably bound to the probe at either end. 20 Preferred fl uorescent

mar kers i nﬁ"d{? ptin, rhodanine, acridine and fluorescgtmsedithrot her
mar ker s t hat uoresce when irradiated with exciting energy. The

excitation vel engéh I's sel ected iby routine experinentation and/ or

convent i oTfdt be)deteciod BupLRTEIdS SRAMeRCS BRYLRG:? ditHeRd TumAfor
the fl uormmmchm Ngatisetdl, serfitbrice sprdiededhl, y whAQht @oaxﬁeﬂenmo Riniefeuior es
are preferczblé/jeﬁg gﬁcted to h ve an em SS|,§€ vaeq}_g_ég’t ﬁf 200 to 1000 nm
In prefertS enﬁﬁf%eoﬁh QrASTGT | asBF T L 5P PRORRE R e

f1 uor ophosel e¢ted |tqhiatedy ithe aenguhleﬂglﬂlrew:ngdtange of 400 to 30 540 nm
and fl uoresce em ssion.is detected | an of _50Q.to 0 t Th
assay of the imventt ¥ b’é“’&é"%ri °8\?er ng’%vm FEIN &P ettggof

t enper at wradioaeicivens, ;ﬂ'o@es fromhicho &8x@ Chagardoupyi ortextiowssaynd
require elevate tenper tures n st._and 3 0 Y., ON

t he ot hertl‘ aéﬁll Cl’l e |‘t§?1'é”ca%lg ﬂe§§ %\8 8% 175?5%%3%&%{/ I%f%%fd'
conduct edPrtbemaf ﬂ:h&pén'aeutsomramepmwf(aeagly gafa ticenper andretalpls dim:25C) :

The reliapilily ofddc diusyli Qi dsd NAEPeRIeNLAR U dSredNdnCYid

content ih sard targe ase pairs form ydrogen onds
whilke A- Tabartkl pies @Ifd)rs’nocnldy two hydrogen bonds, target and probe

sequences wi thya Lhoediy €reopheRL 1 §rfaHQIé’d5&fé}l9a RESSRIH L Niegher

nel ting terrperat ur es. dquent ase pair mshatches that Increase the
GC cont enfigealing CFFWI?JIE@# zié'dap#@@@"aﬁéﬂ-‘ar@@tw*@@l%rﬂ%ﬁi‘vé’-}%%telﬁﬁe‘st@nt in

10 perf eCéﬁammrﬁf}?éﬂséaf&r '0(12 emt%éﬁsﬁui&ﬁn@émﬁw pIRPERLIBs . aSSOCI at ed

wi th a m smatched probe I nventive assay i s extrenely sensitjve,

thereby obvi aihefy ehef Heexpaeentondnterecrakem®| ilfi CBeF oPTEP e 18r fdie
Forlaexawpﬂxfmrialiétm%&ﬁﬁ 0 jASSY prdRYireHHat the Riobel Drv Alaifgetof

Zggﬂ{ ig Tg%g%zlfptkgl? \Aeglpgg e Lgslren Sa aftﬁ.uc}rels%ente%gn?l cova(.){entalygek;[ g
thereto. The label is preferably a non-intercalating fluorophore
or an intercalating £luorophore. In such embodiments, the
fluorophore is preferably bound to the probe at either end.

20 Preferred fluorescent markers include biotin, rhodamine, acridine
and fluorescein, and other markers that fluoresce when irradiated

with exciting energy.

The excitation wavelength is selected (by routine
experimentation and/or conventional knowledge) to correspond to
25  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 preferred
embodiments, an argon ion laser is used to irradiate the
fluorophore with light having a wavelength in a range of 400 to

30 540 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
variety of temperatures, such as, e.g., from 5 to 85°C. Certain
prior art assays require elevated temperatures, adding cost and

35 delay to the assay. On the other hand, the invention can be
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Enbodi ments of the invention are sensitive enough to assay targets at a
concentration of 5x10'9 M preferably at a concentration of not nore than
5x10'1 M Enbodi nents of the 20 invention are sensitive enough to enpl oy
pr obes at 0&9@9{%3”6‘“0” of 5x10'9 M preferably at a cqiggaghli@bhi0n of
not nore than 5xI0'1 M it should go without saying that the foregoing
val ues are naqt inéended to suggest that the fet hzd cannpt det ect hi‘gher
concent r afCHAYCTEE FheTPAM; beFPepREHES (BT gPeley  §8-And 8bcBnGeUPPEALL St o
target (ebglowt bsPa) and fourth strands) is 30:1 to 1:1, preferably about

10: 1. The Exanples wll. show that YOYO-1, .a known.m.nor aroove. inhabiting
I ntercal at or ggkauﬁakaﬁ\gft%aﬁgf%? I:'irfvftné:lgﬁld 8, dﬁlgfpeg =Pri BFeguaglne
associ at i eamdocybbatihagcohtentONin cdaigb teidgeta d@pinee Gacgbasewpaihns”ferm

vt son & LER BALST Relist PRUTS Bl ik pRERRCECEN TP s BPiegnT)

bases of tleadsenphegeht anil pseheesequencedmewikipl @xhighert@ oxr4C\WoBR¢n03051

PCT/ 1 BO2/ 72 tr bi ndi I f
e et i e e o
: . oR its yFoRFeour
Lypi cal  Widsd chupeyBAYa g GBEGOL a%%&%ﬁ%tglfg%o\gg%?gw 8aedpasaanti 14 NG

partner to the rine ric _ rget, as Is

r eqhf r emePEXEEEtiVe Mieregdr imbnids| BrRYPFfsekurtha | HIndwod weakness

M smat ched dybed arBaSHSLhNa Shi dRit dhy Ydcpe .sequence or the putative binding
site on the purine rich strand of thé target duplex. 10, The YOYO 1

i ntercal ator h&8ehedRVEBBSVEedaBFaYohafscRXEREMEIYC0BERR1E1Y9E) LRereby

i nhabi ti ngkMgLtIhgoEnar eud eb deRldaetDbér bapedrueanidyRoEPERET 0588t ¢
studies. It is alSo reported that ,_  YOYO- 1 acted to | ocall P§1€C ndense the B
conf or nat iFGF dIxampde dubt ek DRRSFIPL66 Yo ARFIN R | FEBR cﬂ%‘?‘ 8 ey 2
repgst of vbluke bage ABbLE T 2bheniéhelitdi®,10 whash paiontadssal hpofibundoin a
o egfrfyogmg@?gg' cale reBsate Aond TLESLEPN2Ee: £l Gnd18s° bES! BPoBES

Embodiments of the invention are sensitive enough to assay

targets at a concentration of 5x10° M, preferably at a
concentration of not more than 5x10°*° M. Embodiments of the

20 invention are sensitive enough to employ probes at a
concentration of 5x10°° M, preferably at a concentration of not
more than 5x10° M. It should go without saying that the
foregoing values are not intended to suggest that the method
cannot detect higher concentrations.

25 The ratio of probe (e.g., first and second strands) to
target (e.g., third and fourth strands) is 30:1 to 1:1,
preferably about 10:1.

The Examples will show that YOYO-1l, a known minor groove
inhabiting intercalator of duplex DNA, can facilitate and signal

30 triplex association or binding of a DNA oligo with a duplex
target, which 'is indicative of the degree of complementarity,
ascertained on the basis of Watson-Crick base pair recognition
between the bases on the oligo and the bases of the complementary

sequence in the duplex target.
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the addition of conplenentary oligo to the nmedium bearing the duplex
target. The enhanced em ssion associated with the 20 interaction of the
oligo and the duplex can be credited either to the YOYO 1 being present in
t he dupl exwgl 93?13(,9{ oove and emtting |ight nore energetigatisozpen the
contacti ng of e oligo with the duplex or to the YOYO-1 finding a second
hospi t abl e pl |.ocate itself in the groove created by the oli and
the 25 conpl er?‘é'}ﬁ a”r’iﬂ'@t%rm”}dd“tgnepﬁ%@vﬂ’@h P lP%sﬁe?,’f%eémaans%%e

ther eof CmMcBiriaMiRlidROt heFiplidx | Smét 58, p0ﬁ§1b| echhghcbetbze®venhs @&he

Spect 1 LQ%@@F%%”%@%% B BBk, et Stes LIS Y M e

YOYO 1 widdnditei dved ursimilianilysx .1 £3dulko ansicoaland Lda ayipee 3 3¢1 @28 conreakuded

t hat the , decond satlon of the .dupl ex by, 106 | caused t“he hi s-
i nt &rcal ]téj&ﬁa%f %Ha&%ég ea%rf%n{%@aﬁr rg:g)yltz% PYHRE
| i nker chaich rsa:rrmnais' i the dupbex granyet ofast He dhpl zequidémentmeforbehpar t

i oh i OB B GEtE L TPhH: 48 50 aPtod0as pah | BoIr BT BE &' e
of the Y@é@els i int exiddterothenohdgb deguehcensr the rm;tat:nh@:) Himdigssislite t hat
the +4 cgf q:tr}}]ec ﬂgﬂt#{e r(lfchY?lYSalglﬁll gga{:axa{__gr%é@ed 1y groove bet ween t he

backbone © ex resu e reEyIS|on bet ween t he
phd8phat e ani &ilie W-@estraiematmqrmm dreery jxspartedobnt Weheoesen apidndi ng

site, ca tsL Y&%é()bogﬁo f’@ apdeih rﬁ:il. gf&\%‘eofn?hﬁﬁéx' Byahe

vicinity o a sec OYO ocate itself near YOYO 1
present iBRasR tmqﬂé%mm&mctg‘p@@@@icwtuﬁhasrt i By Jmealg%mor&e@a@etby

the ol i goycnsl i h&e&amksm%auystd&%m CHiY agt bBAFILmANEoANGE N@hel N
t he m nor_groove OYO-1 woul d al so act in redu0| ng the anionic

repul si oﬁi‘%ié't%eﬁ’mf H@’ (ﬂlqegorﬁ%lﬂ-ﬁéﬁg &Rdapheveradhd| Rektfdl FeRSGTe e 13

regson ofpdde ﬁ@fMOP@thé&é ﬁiaﬁ@ ehselyedabBabaieaganhsl i ebusa@ndanaen
dupl ex DNA have the abi I ity to facilitate triplex formation. In addition

to 15 t HPHPTMAG R yX&PeRtnoval ent, dival ent, and mul tival ent
cations to comberhSEfl%&b@ho..Dél,A, YOYO- 1 €5 Wriscliigueak bhest Tatémnmeddby

bri dges WSQChagg €185 ok°£8m8i2%£2 abetmgggob%ge%hgnnk ium bearing the

duplex target. The enhanced emission associated with the

20 interaction of the oligo and the duplex can be credited either to
the YOYO-1 being present in the duplex minor groove and emitting
light more energetically upon the contacting of the oligo with
the duplex or to the YOYO-1 finding 5 gecond hOSpitable place to
locate itself in the groove created by the oligo and the

25 complementary strand in the duplex when the respective bases
thereof contact one another. It is also possible that both
events are occurring. Further studies, such as X-ray
crystallography and NMR spectroscopy will establish the possible
locations and interactions of YOYO-1 with the Natural Triplex. '

30 Johansen and  Jacobsen (1998) concluded that the
decondensation of the duplex DNA by 106° is caused by the bis-
intercalation of the YOYO-1 chromophore while the polypropylene
amine linker chain remains in the minor groove of the duplex.
This may be part of the mechanism whereby the target ig

35 decondensed 106°, a relaxation which will be expressed out from
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oligo and bases in the conplenentary strand of the duplex. W showed this
by first formng triplexes facilitated by cations and 20 then destroyi ng
the bridging structures. The result of continued |asing of the mediumin
which the cations and triplex were present was the rapid_di ance of
all tripl eV es. aur experience with tripl exes facipﬁ:r’tiﬂ@%g%y YOYO 1
Is that they are readily fornmed at roomtenperature and persist for many
25 hours WRensitened. thee¥OXONS, lntsna@tmn&i@@%hc@iﬂtemnﬂw simmayower

| evel of awerwyasesl esscuq%}g tﬂg',@étda%qoh&e ﬁé‘ﬁﬁreucfé’%\z%f- 11{6PLE43 in

formation, Cations on the ot and appear to res i'n transitory
condi ti ongh %ﬁ“éﬁoﬁrsrééﬁéubﬁtye@@ the pgéﬂkbane ebdvlep| @upler easwits iTthe

cations i pelaege] bRty %@Jé‘&'@bﬁléi’&ﬁ' k;‘é%vé%nY@( Gﬁméﬁ{@ée ﬁﬁ%ﬁic Cd ey such

as Cl21,or cationic peptides such as s erm whi ch act™ on the
confr mat +BrENE immediate vdchPLEYPF dhe Y Kargeei@%l%ﬁ}rtteu pawping the

nodi f i cat baskeéné r‘&fa}rti@ rﬁBiTrdoQ'@ 8foddve t@lbh@XaMéﬁrﬁ?EheThﬁclﬁﬂgH Idss

vari ed Wl[;{jl ?é &n spec concentration aor .the pr sen’lp_g 35 of several
speci es af?¥at9¥Rgt cont ﬂ’t‘?“ét?oﬁ’l%cm B 32153651 B0S3 B 72O¥RE Thave
shgv\? thapra@@nfbpﬁnattﬂmecoﬂﬁpdllé:r am%ﬁi gi:oerrﬂﬁnbgr istlabdt agalthew groove

nmodi fi cation_of .t.he t du , iC tr exes to cur
The t r ansFEBRSeA R b PLigENERE H8 PR aHRRHAmY ARHARE VSR A aTHA

C(r)\nm uent onét dndtkesr ganche f&uheﬁugre@t tﬁ? Youy-1 pmﬁeisaﬂ_s;ld Ve \dJrflg

t he accesgi uence i.nf or lon from du sily

rever si bl % g‘?ﬂ’a?g S@‘%a&qk%‘(lgd ﬁﬁﬁisi‘%rr rhq%ﬁ{e(?& gk@ %B\!-'ﬁ%l g‘,%ogﬁcﬂnd the
fornatlonsompbememtfax:yesredpyezsd:atﬁ eegiont bdt tHeal;aokbmmeand ot her assays can

be based upon e 0 therefore C r [ d ation
or decondensa‘{qrgorgiﬁgiJj tqr\'ér\% &‘%Sﬁe gﬁe\%ﬁ ﬁgeactnors}fjelt K n’gﬁ%'g( TR
possi bl e havedriea |ah11heiym¢enfabeln¢atgﬁ) m@leb:efomr@tmnt anyad@iaqirgndm _
sulfd Ci entpl 0PN NG SOM 86| 8 diincflarlefRs! a90S10A8S 208 G Qi th
abase in e conpléenentary strand o pl ex ar e ere are
probabl y eammbert@fcqmtmamrdwlfewﬁmt heuzpcmsculcm @ggaelsy eratoyeatipns
adj acent  basg Bgaaaegnvﬁn%%qme po¥aEB 1N B1SiAGO bR R lasl EPeHe

nodi fi ed bX condenSati on
igo and bases in the complementary strand of the duplex. We

S

showed this by first forming triplexes facilitated by cations and

20 then destroying the bridging structures. The result of continued

lasing of the medium in which the cations and triplex were
present was the rapid disappearance of all triplex structures.

Our experience with triplexes fa’ci__litated by YOYO-1 is that

they are readily formed at room temperature and persist for many

25 hours when formed. Over time, mismatched oligos continue the

same lower level of fluorophore emission indicating the same

level of triplex formation. Cations on the other hand appear to

result in transitory conditions which are conducive to triplex or

quadruplex formations. The cations included intercalators such

30 as YOYO-1, metal center cations. such as MgCl,, or cationic

peptides such as spermidine, all of whiich act on the

conformation by interacting with anionic charges to result in the

modification of the conformation of the duplex DNA target. The

results varied with cation species, concentration or the presence

35 of several species at varying concentrations.
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or decondensation. This realignnment of stacked base pairs in the nodified
helix nost likely allows for a sufficient change in 20 electron orbits from
that present within the base stack of an unnodified double helix, to allow
binding of the third strand to the conplenmentary strand gG,aMgERHRce.:

Dupl ex mod¥PO¥B30Yn by either condensation or decondensation may occur in
a rather honogeneous fashion with all anionic 25 charges in the dsDNA and
vicinity affediedhave gehewnl thathappasprishe eenchatrabieneapfoprsapise

| ocal i ze I o sSer i g i | fi {,ons
Wil | occﬂerii‘sr;\bIHE %)%%&ﬁbase galﬁcra?l%ﬁld Cﬁicgﬁ%nggﬁ Fﬁgﬂ%é\}gl?/ﬁ% stﬂgﬁt&hf rom
t he | ocustb¥owsdeimlemasoko oecirtther case conditions .can be created to

al I ow 30 a bi nﬂié‘%?é(ﬁé'ﬁtﬁﬁ”‘ﬁﬁﬁuﬁeb%%e Rient e %tﬂ?lé@daﬁdb@%%dtrﬁplﬁﬁ
conmplenmentary strand of the duplex to generate triplex, pairing, Once such -
a bPndi ngtPERALERN disycopgrugntt wibh B Grgendenss ﬁ%wuf?féew%hataﬁ\ﬁmm

sequencespRbcdsdd QivdRALY | e NAEtEs IS Wi BeduineeP ATifcr@BtiOnbifRemt O
bases in cif.?pe flanking sequences of the conpl ement,ary str,a

_ ; | nd qof th
dupl ox. - SEPYRF 0PN 3R FeART B2/ DICRES NG 0 SHRCox 8T | AEIYAEREw BPGat
stabi |l it ycérmimgrdd.] Re¥eshel askl i ddieobyatIdNs hremBuff e et Iveagable have

ffect t nf ti f t dupl DNA whi ch |t _ip, Nat |
Tr1 pl oxesbo sy FRERAPLIc R ALApT TRESER (FPhIF RATSE SFPICEOPRS conti nue

5 70 progress wat hagtontberefoees dibciveted |that fitvoiablentiensatiphewnr

[ | ti, [ I f Ih i [l . , bl
of hcti ngETeonTRTAr i Torrs iR int S Tod Wi Wb PhiBRo HiEaP o ©
to its efpessibleeretogeitionebeserah thencErigat ands thed ¢qm;19memg_ryi mes
sui table Lo (e, ]sqlfcf%qeﬁrz;t?@% 82}418086:]{ ?gﬂt%xgctgggh@fcat SELEA! She TS

i
appl i cation*teaches many hods "of "eva reagents which can be
used or nemli thed dlyigohosiclskal badei rint Hehear conplementany agtrand @hRathes

hergi n tq&lgg{ The [nventy | ' Hiﬁ“ dod Qb Rired tthomlS

reflgr ence e ér}rym es'i']{'?%%%m #i(‘)? Ibg{/véﬂ%u ia?trg'ﬁn(?tﬁ]:drgge' under stood that

t he presebite ipnadtticmusyandy emboyed thy Béjacent kpse paigeoln a sequence
when the size of the helical repeat is modified by condensation

or decondensation. This realignment of stacked base pairs in the
modified helix most likely allows for a sufficient change in -
20 electron orbits from that present within the base stack of an
unmodified double helix, to allow binding of the third strand to
the complementary strand to commence.
Duplextmadification.by'either condensation or decondensation
may occur in a rather homogeneous fashion with all anionic
25 charges in the dsDNA and vicinity affected at generally the same
time or the modification may be localized. 1In the latter case,
a series of greatly varying modifications will occur in the DNA
base pairs and backbones progressively distant from the locus of
modification. In either case conditions can be created to allow
30 a binding event between a base on the oligo and a base in the
complementary strand of the duplex to generate triplex pairing.
once such a binding has been initiated it can be understood how
the two flanking sequences of bases on the oligo might be swung
into position to bind to bases in the flanking sequences of the

35 complementary strand of the duplex.
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EXAMPLES The invention will be illustrated in nore detail with 20
reference to the foll owi ng Exanples, but it should be understood that the
present invention is not deemed to be limted thereto. Exanple 1 Exanple 1

dermnstrakﬁg%ﬂgé%t he assay of the invention can discri priggeopetween
perfectly’c ntary dsDNA:ssDNA 25 conpl exes and dsDNA: ssDNA conpl exes

containing 1 b 2 bp and 3 bp m snptches or del ns,wh catdonic DNA
i ntercal ator, Wﬁ?&ﬁc?‘ir(?\?ﬂ’%meé‘ttsP? BWsITeRly AP (iéﬁgyuéﬂ) gﬂ?s B

ZpgﬁltA r ﬁseaah%maaéﬁsw ﬁbyohg rm&ilaynosm:@;r%a&%rwthm feeeft flrderms dfO\r&hell andd
a ave shown t hat erca e calize
deconden§a% BHmBF Pﬁeoﬁ %K?A %kl@%&lbeﬁ?&%ﬁ gﬁé %]r?a.#]{)lﬁle? el
r epeat obeiﬁgbﬂcmmlmsaraﬁemnysedrh&se théphermelix mrbasBrpalcnomeinuml

t d Bi : d
oy oot BRSSO S, U er A o o8
Conpl errehtrap;‘lexemaén’aedam; semd titgnén IedNoR dhgetripbgicdlerdctuks i ved
f 10 f
were synt hesi 38y SYeRLDRARENRENEE; 5EE AL OROAL RO Sditbuneit 6 TP
Bi osyst eﬂra)rgartnd GeDNAf mrbtb;bel-lmlt:@rledwamlfax it afifecyms t%rccﬁﬁj‘l‘%n‘%@lt ary
ol'l gonuc| %%tabgggh\'\%o%cel?ﬁ?‘gggoﬁg %ﬁg {30 f%%t%ﬂ %@ﬁgal 's%\&%ibtlg %ﬁeake

gradually as ure coo hour s.
ol 1@onuc Ic@mi@égnﬂepé temperaeare n R}BHZ@Cat sgleshednt r'amena:avlacaw ell.

was. 8 - TEACRE ARPY IRRREIR Ar it il P elBe dlh SRR ATA

TA— 3 Seygedc o modifdednbiyssheges ﬁkalaheéf inHehey 3%k 18928 aFYePTad sl FRA

( g I wa@ lw%eréln é&lﬁ CA CA ‘:: A :;‘: :UKJ\G\ IG\ II\I III C-I-I

15 reference to the Examples that £follow, but it should be
understood that the present invention is not deemed to be limited
thereto.

EXAMPLES
The invention will be illustrated in wmore detail with

20 reference to the following Examples, but it should be understood
that the present invention is not deemed to be limited thereto.
Example 1

Exémple 1 demonstrates that the assay of the invention can
discriminate betwéen perfectly complementary dsDNA:ssDNA

25 complexes and dsDNA : ssDNA complexes containing 1 bp, 2 bp and 3
bp mismatches or deletions when a cationic DNA intercalator,
YOYO-1 (Molecular Probes, Eugene, OR, UsA), is present. NMR
spectroscopic analyses of the mechanism of interaction between
YOYO-1 and 4&sDNA have shown that the intercalation of YOYO-1

30 results in a localized decondensation of the dsDNA helix by 106.°
generating an overall helical repeat of 13 base pairs as opposed
to the normal 10 base pair helical repeat in non-condensed B
conformation dsDNA [J. Biomolec. Struct. and Dynamics 16, 205-222
(1998)1.
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SEQ ID NO 2 was a 50-nmer nutant dsDNA target sequence identical to
w ld-type target DNA (SEQ I D NO 1) except for a one 20 base pair nutation
(underlined) at amino acid position 507 at which the wild-type sense strand

sequence anged to CCT. Sequence for the sense Jiofh2 SEQ | D
NO: 2 mas:(¥§5q%§?0 C CAT TAA AGA AAA TAT CC, 3T CTIT TGG Tcgéq&#%/ CT% TGA TGA

ATA TA-3' 25 Sequence for the antisense strand of SEQ ID NO 2 was: 5'-TAT
ATT CAT CAT ACOTlensutaonn ASRSEGAATAT apitisegpe TAA-MEG TREDNAA- Farged | D

NG 3 was sa?gEQ =7 Bl ERR éf&g% Bg%'ﬁé‘%mairﬂ%%tﬁ@ fi&d&:ﬂéj'g@zﬁ%e

target DNA NO. 1% exce consecutivé two_base paif

mutati on (NAEEFei38Q) 267 aﬂﬂgshbl‘ﬂe%sﬁﬂwlg@@ Eatty %@Npatsm’f-lb(ﬁ?ltzﬁé‘

wi | d-type (BRp&e: §ér@'969 S%ifﬁ?e%ﬁ apged 4 Sesyiepge gpake .t he
sense stranjcii19 - SEQ 3 was: - C“ﬁ% CAT TAA @A\rm TAT ACT CTT TGG

TGT °ITC ar!@;AamnmA oA She 4’9’"‘5«&)392?1&6‘3255 Pligerigderbides ¥&&Fence
for the anéase@sgc dg5anNEdy 19E@ihDahD 2t Med to aiiAIazL\TgrEMaW a%GGhAAA

CAC CAA A GTATATTTT TTA@TGGT?;CA—S' %/ 4vvasa - er
nut ant da TR éﬁ%é‘ Pderfti"Cal P8% | pe PHFGet DNA | D
NO 1) excemigémucbeot:m@aemare/elﬂshbeeeham Q2,0 amt at concéntuckeriamext) 1at
am no aCi%&?fgﬁéfi ons 506 and 507 at which the wild-type sense strand

seqguence thanged to ACG Sequence for the sense strand of SEQ ID
NOW was: 10 SS8edquEsh@ACEGATtHAAsdriste AAbxandll ACEHET Twilds EYPE TREgeCT ANARGA

TGA ATA Tﬁﬁé e for the antisense strand of SEQ ID NGO 4 was: 5'-TAT
ATT CAT Rcéswn@A CNA AGC GTA TAT TTT CTT TAA TGG TGC CA-3' 15 SEQ

I D NO 5 wWas-aGa7- ape nﬂAﬁnt TABDNAGRar 338 s&3FenfaT | g7t | §&C t FCGH | FICype

t ar get éSE.RﬁA +\% fxcepl_oor a consecutive three base pair deletion
(i ndicate ree dots) at

Sequence for the antisense strand of the wild-type target
15 DNA (SEQ ID NO:1) was:
S'-TAT ATT CAT CAT AGG AAA CAC CAA AGA TGA TAT TTT
CIT TAA TGG TGC CA-3!
SEQ ID NO:2 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a one
20 base pair mutation (underlined) at amino acid position 507 at
which the wild-type sense strand sequence CAT was changed to CGT.
Sequence for the sense strand of SEQ ID NO:2 was:
5'-TGG CAC CAT TAA AGA AAA TAT CGT CIT TGG TGT TIC
CTA TGA TGA ATA Ta-3! | '
25 Sequence for the antisense strand of SEQ ID NO:2 was:
5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA CGA TAT TIT
CIT TAA TGG TGC CA-3'
SEQ ID NO:3 was ‘a 50-mer ‘mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a
30 consecutive two base pair mutation (underlined) at ;mino acid
positions 506 and 507 at which the wild-type sense strand
sequence CAT was changed to ACT.
Sequence for the sense strand of SEQ ID NO:3 was:
5'-TGG CAC CAT TAA AGA AAA TAT ACT CTT TGG TGT TIC
35 CTA TGA TGA ATA TA-3!

-49~



am no acid positions 507 and 508 at which the wild-type sense strand
sequence CTT is deleted. 20 Sequence for the sense strand of SEQ ID NO 5

was: 5'-TGG CAC CAT TAA AGA AAA TAT CAT . . . TGG TGTI TTC CTA TGA TGA ATA
TA-3' Sequence for the anti sense strand of SEQ I D NG 5 : »ab ATT CAT
CAT AGG AN A SR TAT T 95 GTT Taa Too Tacamsyety T

1 was a 15-ner ssDNA probe designed to be conpletely conplenentary to a 15
nucl eot i de segheauenge tinr ddisentdeennd strand GU-SRY Thi N@<Bypastarget DNA

( SEQ o] | a ng n Ci 0s on 05 5 [ re 0,
207 30 (199%%,?. Tﬁ?ch?‘?gl | tc?}ﬁ“of th%e %Fqg'beb%gs g%%osf\tég o}éggnl\?%gr aITf§§ to

that of tRETsePRR STEANIGGH tIe3t'arget. Probe No. 1 was synthesized on a
DNA synt hesi zeggg pli'b‘ fN@dﬁ byaEPLL, S@Uﬁeg' %ﬁﬁ'aﬁ%ﬁodéﬂwdfh%éﬁ %equegc%AA

concentration of Sequence

AGA STGA T;Aﬁerstlc%b 8@ UEZ‘-@OQMBE bererBo PNA A SEQTHE Nk )di o%eeRih E@KCA on

m xture (%ﬂs%&&lv&%}iﬁ@%éé‘galfxolrﬂu@éﬁt%n @uﬂ@fﬁ&éﬁ) @ GRiindsBiig 6
prol es of ssDNA probe, and 500 AM of the DNA intercal ator YOYO 1

( Mbl ecul aPOSHrH9Re Wgeﬂé G07 uah) .whigh | thet |"6H-% YPGr cRCRRS e SEXENBat ed

5 at roonséghRREat CATE &a’@l@hg@e&t@ mekes, placed into a quartz cuvette,
irradiated wth an argo | aser beamh vipg a wavel ength of 488 nm and

moni t or ed repeﬁ?gﬁ??"? °’?I EE08%: SLEANSSPHRER Th&Y:én#8F4t ure i ncreased
W tlo ti mes'+nG@ heatedcarhamhar . AGancARRENtTAreNpEGat CTE nEasur @cent ITAf t he

sanpl es chj eve sqQf tware-control |l ed tenperature probe placed
directl ymﬁﬁgolgﬁghht@mﬁ‘éfyl\/&ﬁ%um fluorescent intensities were plotted as
a function of Segpercd fioxr fidie extseaspl etamdwl‘ecSEQ:iI@uN@ 2 whbustrates

50 mor noh. LAt UPEH GATGoBRA | AFder ~ehqubice FERQ FRENGHRR BT Pt

wth the CBTneTABSOIGG Prige: KA-32 from 30C to 85C. At tenperatures bel ow

65Gs the T. OfphherPOydPE Walsd-4 YRS -HRPVan I3V asilNA: S05BE ©LRudaEe
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 seguence CTIT is deleted.

20 Sequence for the sense strand of SEQ ID NO:5 was:

5'-TGG CAC CAT TAA AGA ARA TAT CAT . . . TGG TGT TTC
CTA TGA TGA ATA TA-3!

Sequence for the antisense strand of SEQ ID NO:5 wasg:
S'-TAT ATT CAT CAT AGG AAA CAC CA. . .A TGA TAT TIT

25 CIT TAA TGG TGC CA-3!

Probe No. 1 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),
overlapping amino acid positions 505 to 510 [Nature 380, 207

30 (1996)]1. The chirality of the probe was opp031te or antiparallel
to that of the sense strand in the target. Probe No. 1 was
synthesized on a DNA synthesizer, purified by HPLC, and dissolved
in ddH,0 at a concentration of 1 pmole/pl.

Sequence for Probe No. 1 was:

35 5'-CAC CAA AGA TGA TAT-3'
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fornmed, enhanced by the DNA intercalator YOYO 1. As the tenperature
I ncreased above 65C, the dsDNA: ssDNA conpl exes 20 converted to ssDNA: ssDNA
conpl exes. CI earl y YOYO-1 was able to intercalate and fl uoresce
efficiently &%p types of conplexes. In contrast, inc oYz
conpl enment ary pro e and target conbinations generating a 1 bp msmatch (SEQ
ID NO 2 + Probe No, a consecutive 2 bp msmatchgr QID NO 3 + Probe
No. 1) , a 25 %n@élaﬁ%ﬁi%a@% #ﬁmw@sm@ream@ow ) preptaipedithand a
3 bp del efoDrowHRR | De 51é‘s P Pbeatet 1spNasUlst @fhol sl biEOL8BRRNbrobe
I ntensiti Sg that _were 5 % 94% 97% and 98% | ower at 30C answp4 % _79%
92% and 91:5 | HuEPEARNE5E00, BYaf Ehe| PNA fpferqalatos, IOYPsd teCHear
gerfect | meﬁlﬁdEWSOO nmog}ﬁpg 1)ThegQ€hg@ior$QTﬁamﬂf eﬁw‘e@épﬁh&hbﬂ\ﬁlﬁ_@ Her
S t ar get n ite vel s u scence ic '
ter & at P bEPT EREPRERRITE o (331G)0, i o ST BB v B2GPHN LBE B SRR Ened
conpl exescuet3, (idatasiiatiedshamh anTi‘aargcﬁyehoﬂf fdaear ebeamc en=onirid ed by

Lhe 2SINARGORERR: o BB il Sopl (bR Wk aPEayL O501! Sibcktpblal
8(23{ &222516@(5'51@@2&919:& |tmu;m¢dlraba}n;er&_5@é‘d MEhdangee glfn da;shganed?%on
of the or AR (Bt VenBRR R pip SIS, dR°GS8 Rt Lest

f | d8r escexghienedhsihy en ashfbvadebyortoliedr semperature ipgyrdbeni piacel, a 3
bp, TSt el 2 9 ke RS W8P Elboddhednd ALdRUTE LRy e

obt ai ned ect matc any gilven erature,
char act erP:ettted aage|a ofunghigay @icéﬁméemtﬂlt‘%ch}y S@&élhsémggﬁeinmz%ni t or ed

over time and pygs&tahl e pehurenre m @%2411@ St 1@1%% Beeagnce
of the DNA decoJFIdenS| ng agent, YOYOsl owed a ss% pr obe toe be used to

di f f er entinePHEiR2 Ve pebieyed é@?ﬁl%h%mléﬁytwehﬁpwoé’oﬁlﬁné%%e nd

thase condsi NEadgdp. se?quém:eowsiobnnrr}qénﬁr GRES 2 Ua B LIRS £ha tlboutert he
requi renment_for_ prior denaturation of sDNAtar gets. 15 Ex | e 55
g;‘ﬁ@éh n

ensur e th%\’?m‘%@lfqrtﬁ)ll‘@scén?ri"ﬁt%ﬁttﬁ 833Gy &S amaeti\wr%ee
agent, SSEINA Bf oFeshandonfRlr ORTEd LiyRsk GZBNA, t a50OIRA SssDNA complexes were

formed, enhanced by the DNA intercalator YOYO-1. As the
temperature increased above 65°C, the dsDNA:ssDNA complexes

20 converted to ssDNA:ssDNA complexes. Clearly YOYO-1 was able to
intercalate and fluoresce efficiently in both types of complexes.

In contrast, incompletely complementary probe and target
combinations generating a 1 bp mismatch (SEQ ID NO:2 + Probe No.

1), a consecutive 2 bp mismatch (SEQ ID NO:3 + Probe No. 1), a

25 consecutive 3 bp mismatch (SEQ ID NO:4 + Probe No. 1) and a 3 bp
deletion (SEQ ID NO:5 + Probe No. 1) resulted in fluorescent
intensities that were 57%, 94%, 97% and 98% lower at 30°C, and

47%, 79%, 92% and 91% lower at 65°C, respectively, than that
observed with the perfectly matched sequences (Fig. 1). Control

30 samples comprising 50-mer dsDNA targets plus 500 nM YOYO-1
exhibited levels of fluorescence which were at or below the level

of fluorescence observed with 3 bp mismatched complexes at 30°C

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

Probe No. 1 plus 500 nM YOYO-1 sample was identical to that

35 emitted by YOYO-1 alone (data not shown). As the temperature
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woul d apply to probe and target DNAs possessing dramatically different
percent GC contents (and potentially different 20 annealing tenperatures),
new 15-ner ssDNA probes and 50-ner dsDNA target sequences were

synt hesi ze ed and anneal ed as above. Both ssDNA dsDNA
targets we%oﬁ#gog@ ved in ddH O at a concentration of 1 ;%Frg { EQ ID
NO 6 was a 50-ner dsDNA tar et sequence nodified from 25 SEQID NG 1,
wher ei n t HBcFepseft @O e h&sgEaef rofin JERFTEHiBALH OB RRIHGET or

the sensegﬁ&ﬁeé ﬁét&ﬂeaﬂﬂlﬁuet xas Graaﬂftm%tc&é%%wréﬁ?séa VB G {QAG CAC
CAT GAC A C TG 3" Sequence

for the aRfi §Bﬁsgr§@\ﬂ%1aob’f’ﬁalimpﬁdth?pféSI?%g%ﬁDNADHAIPSEQTPD NeY 8%\ Cmas :

k 51 - CAGLAET £80br et e AECI AdndIRG cﬁ@évé@ '\g@ 1Gp hildmditeh 1@ T Ep
TC-3. -52_\WO 02/ 103051 PCT/ | B02/ 01972 SEQ was a 50- mer mut an, JsDNA

target seJBERBECh dandiBRImieraseh ARAND %)@%ﬁtlpélr wgrgné0bhast3 hai 2

mut ati on apdndsl naad): tBan\Wh4h dHt%;SﬂﬂSBySthénﬁeﬁﬁéI@@ﬂﬁ@t@' G s Cin&nged
to CTIT. 5_Sequence for the sense strand of nut ééEQT | D. NO 7 vvas.l -
CAC CAT AGRYCACTTEGD CAF PP T S GT eBtEdc teve Se?ﬁlence

for the atﬁtluseaseeabéaéﬂlaﬁednliyaethEﬁbmﬂédov?as/mnltareaA&réﬁrtmé’ K AGG
ACA CAC CAA G TCAT JCC TC-3' SEQ ID NGO 8 was a
50- mer nut'afit EB?B% gAFﬁﬁ?ns%cﬂ'ﬂ%@s P&gn cBPY¥S- SEQ ID NO 6, except for a
onelbase pair Theapreaenée nsierthenbNA, ded:omdnmn@cageahseYeYtDahd akmest e
oo A B3R A0 D R AR L el B2 D
CTC TG 3' csmuemeatéwy dspNmEsNAN complered afd miticee cSEQRLDIND B ms:2
bp or 3 bp mismatches or deletions, without the requirement for
prior denaturation of dsDNA targets.
15 Example 2
To ensure that the fluorescent intensity assay using a DNA
decondensing agent, ssDNA probes and non-denatured dsDNA targets,
would apply to probe and target DNAs possessing dramatically
different percent GC contents (and potentially different
20 annealing temperatures), new 15-mer ssDNA probes and 50-mer dsDNA
target sequences were synthesized, purified and annealed as
above. Both ssDNA probes and dsDNA targets were dissolved in
ddH,0 at a concentration of 1 pmole/ul.
SEQ ID NO:6 was a 50-mer dsDNA target sequence modified from
25 SEQ ID NO:1, wherein the percent GC content was changed from 30%
to 52%.
Sequence for the sense strand of the wild-type target DNA
(SEQ ID NO:6) was: _
5'-GAG CAC CAT GAC AGA CAC TGT CAT CIC TGG TGT GTC
30 CTA CGA TGA CTC TG-3'
 Sequence for the antisense strand of the wild-type target
DNA (SEQ ID NO:6) was: .
5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA TGA CAG TGT
CTG TCA TGG TGC TC-3!
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5' - CAG AGT CAT CGI' AGG ACA CAC CAG AGA CGA CAG TGT 20 CTG TCA TGG TGC
TC-3" SEQ ID NO 9 was a 50-ner nutant dsDNA target sequence identical to
SEQ I D NO 6, except for a one base pair nutation (underlined), at which
the sense strand sequence CAT was changed to CIT. 25 Seq t he
sense straf® B9t ant SEQ ID NO 9 was: 5'-GAG CAC CAT Ggép’g@&;og&& TGT CTT
CTC TGG TGI GTC CTA CGA TGA CTC TG 3' Sequence for the antisense strand of
mut ant SEQ | D 8ER9 IRaNO: L' wasG AGPOCmEr CORLABE AFPNINCLeRgerGReyRIGHRG TGT

30 CTG TCAgdihi d4% & §E%SEQ O : 'HO olBe 2020 A SiMNAntetaRin

sequence |dent|gal to NG, 6, except for_a one base pair nutation
(under | i ndynderiingdlon %@hé&’ﬁlsghgt PaRgE SHAsKL SearenngsCTRav R Fhangede,

35 Sequengg bor.the sense strand of nutant SEQ ID NO 10 was: -53 WO

02/ 103051 PCT/1B02/ 01972 5'-GAG CAC CAT GAC AGA CAC TGI CAT CCC TGG TGI GIC
CTA TGA cTeeqeenee dafi ditee aedee RETanRd| Qb rsetant HRR ofP MR :ahtaseqQ | D

NO 10 was5'-BA8" - €A AGATCAGAECTAGRG &0d CRETCABAICGACTEA @iia T@kT Cldzd CA
TGG TGC TSF% Sé%@ ID NO 11 was a 50-mer nutant dsDNA target sequence

I denti cal | %o 6CTcexc'[;§;pt3 for a one base pair nutation
(underlined), 8séquéned fidiethenant bédémil stequanese ﬁ&mSEd\angd 7 Mbd O

CAT GG AGA_EAE TR CATRBocoREs R R %%cceﬁ%ﬁ%eé S el I T or
t helt@nt i s€@se TCRambE®f TAQ armc-SEQ I D NO 11 15 was: - CAG AGT CAT CGT AGG
JCA G G0 Co ORI 10 160166 el Saa0 (OB e
identical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CAT was changed
to CGT.
15 Sequence for the sense strand of mutant SEQ ID NO:8 was:
5'-GAG CAC CAT GAC AGA CAC TGT CGT CTIC TGG TGT GTC
CTa CGA TGA CTC TG-3!

Sequence for the antisense strand of mutant SEQ ID NO:8 was:

5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA (CGA CAG TGT
20 CIG TCA TGG TGC TC-3'

SEQ ID NO:9 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CAT was changed
to CIT.

25 Sequence for the sense strand of mutant SEQ ID NO:9 was:
5'-GAG CAC CAT GAC AGA CAC TGT CIT CTC TGE TGT GTC
CTA CGA TGA CTC TG-3!

Sequence for the antisense strand of mutant SEQ ID NO:9 was:
5'-CAG AGT CAT CGT AGGE ACA CAC CAG AGA AGA CAG TGT

30 CIG TCA TGG TGC TC-3!

i SEQ ID NO:10 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CTC was changed
to CCC.

35 Sequence for the sense strand of mutant SEQ ID NO:10 was:
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Identical to SEQ ID NO 6, except for a consecutive two base pair 20
mut ati on (underlined), at which the sense strand sequence CAT was changed
to ACT. Sequence for the sense strand of nutant SEQ ID NO 12 was- 5 - -GAG

CAC CAT C TGT A'T CTC TGG TGT GIC CTA CCA TGA edenddzindory25
G’@d}{?‘ : fﬁgﬁw
Sequence f ﬁgﬁg}msense strand of nutant SEQ ID NO 12 was: '-&AG AGT
CAT CGT AGG ACA CAC CAG AGA GTA CAG TGT  CTG TCA TGG TGC TC-3' SEQ ID NO 13

was a 50-PretCREADNERE ar GRT  s@EenBeA moERFi edCT30CAToMCEEQ ITENOTET WERI n
t he percemta CoEonteil wag changed from 30%to 72% Sequence for the sense

strand of the wild-type target DNA, (SEQ ID NO,13) was: 5' -GAG CCT CCC
AGG CAC GGT oeendiys can%séi‘r%e CRAT 5 @%:G““P%a?g s?ﬁ \,7‘%A 39 3051
PCT/ | BO2/®d®2 Sequence for the antisense strand of the wild-type target
DNA _(SEQ L P NO, 13) was; '-dgACGCTCGT T CA TGC -
Croeon Al F& Mot e ST EGs AGE CAG. nEROuaih AN SR gdieT
sequence CTelermrdéxalTd® SEQ | PCN®'13, except for a one base pair nutation
(underlined), Lch . the sense_strand seguence change t o CAT.
Sequence for t%ﬁhsgos'aﬁanvﬁa%fa O SER Y NG T NXngc:arg%g Séje-%c'(?AC
CCT CCC A¥efiA-aIGTt&ASEQCIDTRO: §(Ce®&Ept CEGrCaA dieA HEEEe X Wetpizime f or

res Cac i hD dariidRh, P s chgl ki apantere g ety

50-I%er ' mean®GCsDNA target sequence identical to SEQ ID NO 13, except for
a consecutive é%sﬂ&' theMeeAbkOBL LHAGCSE | REAnt Brghirid N8 seRse

strand sequence
5'-GAG CAC CAT GAC AGA CAC TGT CAT CgC TGG TGT GIC
CTA CGA TGA CTC TG-3!
Sequence for the antisense strand of mutant SEQ ID NO:11
15 was:
5'-CAG AGT CAT CGT AGG ACA CAC CAG CGA TGA CAG TGT
CTG TCA TGG TGC TC-3'
SEQ ID NO:12 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a consecutive two base pair
20 mutation (underlined), at which the sense strand sequence CAT was
changed to ACT.
Sequence for the sense strand of mutant SEQ ID NO:12 was:
5'-GAG CAC CAT GAC AGA CAC TGT ACT CTIC TGG% TGT GTIC
CTA CGA TGA CTC TG-3! '
25 Sequence for the antisense strand of mutant SEQ ID NO:12
was: )
5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA GTA CAG TGT
CTG TCA TGG TGC TC-3! '
SEQ ID NO:13 was a 50-mer dsDNA target sequence modified
30 from SEQ ID NO:1, wherein the percent GC content was changed from
30% to 72%. '
Sequence for the sense strand of the wild-type target DNA
(SEQ ID NO:13) was:
5'-GAG CAC CCT CCC AGG CAC GGT CGT CCC TGG TeC GAC
35 CTC CGA CGA GCG TG-3°
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changed to ATT. 20 Sequence for the sense strand of nutant SEQ I D NGO 15

was: 51- GAG CAC CCT CCC AGG CAC GGT ATT CCC TGG TGC GAC CTCCGACGAGCG

TG 3' Sequence for the antisense strand of mutant SEQ I D NO 15 was:
CACGCT AGG TCG CAC CAG GGA ATA CCG TGC CTGGF@T TC—

Probe No. 9%5 mer sSsSDNA probe designed to be conple @8;. oif

conpl ement ary to a 15 nucl eotide segnment of the sense strand of t he 50-ner

wi | d-type tar gRIIRYE E¥ | Bhaumsyisenre EEMT 27 t hof wild- PR canget

opposite mAa(gE@a_f@Iﬁ@Jlj)o ‘,Hpt of the sense strand in the target.
Sequence for_Probe - CAC CAG AGA TGA CAG 3' Probe No. 3 was a

15-mer ssHNECR ob&C Hes?ﬁﬁedcﬁﬁ béGG35T€§rrpF§Fel FACo MASBne HCE y GCF a TEF
nucl eot i dergegrent @det hmcsenﬁe.guSS WO 02/ 103051 PCT/1B02/ 01972 strand of

the 50-nmer w type target DNA D NO 13). The_.chirality of the probe
w6s Bppos o GHEREBp AN VR EhaRd HeT (S ik ASONAa FRIFY (RPTITG

ﬁeguggpe fdenticdle t. SEQWED: NOBLS - Q@@éd ﬁ?\@&ﬁﬁal Cﬁi’eh € 3TN pa':hte; rt(tjutat:.on I
ybri di za say..conditi re identical to that ri bed..in npl e
1P hen ¢ SRR oo ahiBh $Rensgies. sifind ediEnam Co% wdt aitgath The
50-nmer w td-cApe dsDNA target (SEQ ID NO 6) and 10 nutant dsDNA targets
(SEQ I D NO 8 dSE SDNA: ss o] es f datlow
tenperatures %o%l%a%?aﬁ]}lf%l 5‘3%8&6?55% S HEL tz%ﬁftg @Hﬁe perfa&ftly
matldhed DNA—@,mrpI exes catfhl eced me hiCalde s (GG uc@&%ceﬂﬁc | MGEsiT3d&s,GAC

I nconpl et &gpﬁ&g l.exes with a 1 bp m'smatch(SEQIDNO8+
Probe 15 ﬁ%é{ 2) an consecu Ive 2 bp msnmatch (SEQ I D NO 12 + Probe No.

2) produced f|Seyesuent £ont thei aneisehae wabrand3ufamitesd |SPRerID NO:14
respectivg é%\) than that observed with the perfectly matched sequences at

30C (Fig. As the tenperature increased, the
-CAC GCT CGT CGG AGG TCG CAC CAG GGA TGA CCG TGC

15 CTG GGA GGG TGC TC-37

SEQ ID NO:15 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:13, except for a consecutive two base pair
mutation (underlined), at which the sense strand sequence CGT was
changed to ATIT.

20 Sequence for the sense strand of mutant SEQ ID NO:15 was:
5'-GAG CAC CCT CCC AGE CAC GGT ATT CCC TGG TGC GAC
CTC CGA CGA GCG T@-3'!

Sequence for the antisense strand of mutant SEQ - ID NO:15
was:

25 5'-CAC GCT CGT CGG AGG TCG CAC CAG GGA AIA CCG T7TGC
" CIG GGA GGG TGC TC-3!

Probe No. 2 was a 15-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the sense
gtrand of the 50-mer wild-type target DNA (SEQ ID NO:6). The

30 chirality of the probe was opposite or antiparallel to that of
the sense strand in the target. '

Sequence for Probe No. 2 was:
5'-CAC CAG AGA TGA CAG-3!

Probe No. 3 was a l1l5-mer 8SsDNA probe designed to be

35 completely complementary to a 15 nucleotide segment of the sgense
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gradual breakdown of the dsDNA: ssDNA conpl ex occurred, resulting 20 in
di m ni shed fluorescent intensities and |l ess discrimnation between perfect
mat ch and the base pair m smatches. By 85C, very little difference in

fl uorescen en between perfectly matched sequence e
cont ai ni ng @%ﬂgfr m smatches (Fig. 2A). 25 Simlarly, §’icfalﬁtg?%ye'ﬁ%’?esence

of YOYO- 1, dsDNA ssDNA conpl exes were fornmed when the ssDNA Probe No. 3
(possessi MAFrANRREGEthe: Gor-aer) widsl~tamet saraet hDNAe (EBRr EBpBRdL Y- 50Ther

i | d-type chds@hld ek heS . n
NO. 14, and e DO TeyneTpachs Mele. ShroBi Ll bllenf il 2o (R0 OP

nmi smat ched enSfpPEX2RSEER | BhRiFa%Iet Probe No. 3) and a consecutive 2 bp
m smat ched DNA hes €SEQRLELAIGIHS ¥ ¥®be No. 3) were 48% and 64*

|OWE3%, resnec ivecé than that obtained by the perfectly matched sequences
at 30C (FiPg. 98) . CAPuoPEACeRER ©FC23| sanpl es decreased as the tenperature

i ncreased frorm&éChy%i\ﬂ@z@.E&&%Q%a?CE/oha@B&QﬂQ78ei:@ 886ntisgl cesi ¥Ra®f
di m ni she%I YOYQ- 1 bi,ndgggmgﬂd dsDNA: ssDNA conpl ex breakdown. Regardl ess of

the perceMSSCEIEEH: &t 8 LsDNA probes and dsDNA targets, YOYO 1 was
able to facilitakea dieNAssmDNAPeobpl &¢. 2 f OwiEl | an seRdasc neonitemet Wiasg

conpl emant 57y es8 SRR oERe ) i SRR ARONE BFoge o TH 20) BR4S) 8kl
3 The nextMugratpHdeBNi targetmntSEQIED MNos 8spadi $EQI Iy Nof: 12He dEDNAsSaNA
ormat 1 on “wrERCaER. vate, ERRAS A1 PP it R1008, eBRe HOATHERERLERT ¥,
was a 15- mendditiopsr AFig. s2ANA piBlde Mﬁeﬂaﬂly toatrrlse BA compiepesit
oyt hos: 26 aeve iy kST AtOnBBER #18bresoehtl HsdRTled, To00fRefylls
at a conconplemephasy coppbexes wildyaedcep fuenatele (SBQ D W8 +5Predhe- CAC
CAA AGA T3 .T'QT' 3nd a consecutive 2 bp mismatch (SEQ ID NO:12 + Probe No.
2) produced fluorescent intensities that were 63% and 955% lower,
respectively, than that observed with the perfectly matched
sequences at 30°C (Fig. 2A). As the temperature increased, the
gradual breakdown of the dsDNA:ssDNA complex occurred, resulting

20 in diminished fluorescent intensities and less discrimination
between perfect match and the base pair mismatches. By 85°C,
very little difference in fluorescence was seen between perfectly
matched sequences and those cont‘aining base pair mismatches (Fig.
2A7) .

25 Similarly, in the presence of YOYO-1l, dsDNA:ssDNA complexes
were formed when the ssDNA Probe No. 3 (possessing a 73% GC
content) was reacted with the corresponding 50-mer wild-type
dsDNA target (SEQ ID NO:13) and mutant dsDNA targets (SEQ ID
NO:14 and SEQ ID NO:15). The fluorescent intensities for a 1 bp

30 mismatched DNA complex (SEQ ID NO:14 + Probe No. 3) and a
consecutive 2 bp mismatched DNA complex (SEQ ID NO:15 + Probe No.

3) were 48% and 64% lower, respectively, than that obtained by
the perfectly matched sequences at 30°C (Fig. 2B). Fluorescence
of all samples decreased as the temperature increased from 30°C
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20 The hybridi zation reaction m xture (40 Al) contained the followng: 0.4
pnol es of target dsDNA, 4 pnoles of 5 - fluorescein | abel ed ssDNA Probe No.
4, 10 M Tris-HCL, pH 7.5, and 10 mMto 125 nM Nad . The reaction m xtures

were incubated at roomtenperature (21C) for 1 hour, ?93 |§17r2
denat ur at | 8P $4108451 s pna targets. Sanples were pl aced [ nt qua|l
cuvette, irradiated with an argon ion | aser beam having a wavel engt h of

488 nm anBon®aP €or budicat ive ol séenniehed sYOY0- i nddxonand G4DNA esalii
intensiti ggmpeei! bedarliofnvavel ength of 525 nm the em ssion wavel ength

for fluorescein. The_intensity of 30 fluorescent em ssion was plotted as a
function of wabegaraiaseef tiechesaapt CQemeead. of theeshdcptebes awdl or

presence @iphfl Fikgergy ¥HMAMNACywas BB1BI E@'f@cﬂ%ﬁ&%@d&ﬁﬁA%%@érﬂ%}e& and

the anti pgral el SSDNAF probe was detected_ (data not shown
02/ 193051+ PEMRFEED/ O¥ier AneRTAenat oY | AeldbHE I i nt9h@1&|°é'seafa@ntﬁt%o v

NaCl, ds@hNdceskiakisAMbebient Oﬁéi'féétﬂ@ OEoﬂﬁiéﬁéﬁié(rfO'EBhﬁE‘HEEQr Yand

sequences, (SEQ ID NO, 1 + Probe No. 4) formed readily, resulting 1n a 49%
decr ease FROPEUBPBERERENG N ¥ ch bmtBY&tdPngorpared to 5 that enitted by

the contrgkaimppeesNo. 4 (|l abeled ssDNA-F) (Fig. 3). By contrast,
i nconpl etely corrpl enentary dsDNA: ssDNA-F conplexes containing a 1 bp GT

m smatch (SEQ tEeNQe&H eRappiebowil?) dém@zhﬁlﬁiht’;b 1dné desd iR ity fdﬂJQﬂféSCent
i on intensi Gr'é rgg to ttaléla&xhl bi ted t he Prqobe No. cont
cariT e 1R BESLARIBBO TP s RRRt TR AP Ue AFTRiE T RAHROLE A on

m xt Ur e as’sabibmétednpl\eilﬂmmdem wenhsxsommwuﬁamgsnumsasgem amd h
signifi cagg %§ corrpl ex formation between the perfectly nmatched SEQ
an

ID NO 1 targ P parall el Probe No. 4, and significantly |ess
quenchi ng V\,henPrbbelNdap Svads acssmarcmmmmam,snmt prgbe HiehiPiadde No.

' "the "pracarebeb ey T akeiEF 1Lt 3pREEHkned BNk Sy Ao B e,
whiEh ar ethaowh’ DNPesbntiemsi ngPragentNg. f dci wWasatsywhibesizeadl er far ANA on
bet iwggpapgg?egg%é@ PSR 27 e, anghd | U9LESEFRE! Md 2BAEYS at a
concentration of 1 pmole/ul.
Sequence for Probe No. 4 was:
5'-Flu-CAC CAA AGA TGA TAT-3!

20 The hybridization reaction mixture (40 pl) contained the
following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA Probe No. 4, 10 mM Tris-HCl, pH 7.5,
and 10 mM to 125 mM NaCl. The reaction mixtures were incubated
at room temperature (21°C) for 1 hour, without prior denaturation

25 of dsDNA targets. Samples were placed 'into a quartz cuvette,
irradiated with an argon ion laser beam having a wavelength of
488 nm and monitored for fluorescent emisgsion. The maximum
fluorescent intensities occurred at a wavelength of 525 nm, the
emission wavelength for fluorescein. The intensity of

30 fluorescent emission was plotted as a func:tion of wavelengcth for
each sample analyzed.

In the absence of NaCl or presence of 10 mM or 25 mM NacCl,
no binding between the dsDNA targets and the antiparallel ssDNA-F

probe was detected (data not shown).
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probes, to allow reliable differentiation between perfectly conplenentary
DNA sequences and those containing a single 1 bp msmatch. The reaction
occurred at roomtenperature within 1 hour of incubation at a ratio of
probe to twet of 10 to 1. The 25 dsDNA targets and ssDN? hﬁﬁ ed in
this exanp P8%tned a 33% GC content, and did not confain ormpurl ne or
honmopyrim di ne stretches of DNA. Despi te the presence of 6 pyrimdine
bases interspdfsed wi tlhihowhelrkibatdopotinddhes Piégengiee 0fd SN NaI0L,

| d | f
cnsur et harDNREppRATE orbiB R8T HHALIRE 'O JRFAKeY ebiRBncer
| abel ed smwebeésaﬁdlﬁoﬁodénat Breke dsDNA) tforgetls rendilhr. prwélmﬂe'lg)f
DNA d |

condengj 3943 eaééri%HEP .‘i‘ﬁ?’gf%éf ent Ui %s3BR &Egngi &EEJL dﬁf

DNAs possessi ng rarra I ca rent per cent cont e
pot eht i al FRagi emdtbad bsrsth@ gentoab FrgheT NoR0 2/ digbglaﬁneaDNlth) (Fig.

preferencey), 1SgyercssdiMNisd, PLokemplafebP- r@fmﬂ%%ta&?" géénﬁ@%@mﬁ?

(with varying_percent GC contents) were synthésized l}giu“ d and anneal ed

as above. °BEPRexspnpERtpiRiRS 2 dn Po‘é‘[ﬁ\lNltﬂﬁ‘P@Sf"s(ﬁEQet NG veBr‘P]?F A0 at

a concent 1t ipreXded Sal 1! aéérefé@anNCflu%fé@%eﬁtl%rﬁﬁsiam | D eridly
ssDNA probe identical _to Probe 2 exce It had an attached fl uorescel n

moi ety at ComRarsd E‘BSFY‘PBneXJS%E’JE@f%é’YT ('J'rlhePgGBEel\H? 54 vgRRtraly spmpRe;. caC
CAGAGA TGA CA@ng' ;Ereqé&d‘dp of Was mv,15108r nidntamdr abbelmds SRAAL piabeche

the 5 - podFPESTONCEETEHES 3L0 BRstRD. 16 SLHOTeareny S ASERn SEREEEA
CCG 3 The:o&sia]wnﬁewit)h rﬁbnifﬁ@ﬁiﬂ)hmoﬁnu\er@f fcaxmﬁlld:atfed'_mbylbﬂd)etac&brti on
assay nas i PREFRRIH MRHCRER E59 b A/ SAESetaArd, SREFRar Shf P rone
nonoval enNocat 4 pnandt OSi)gmimi@mﬂrppl tas20 quenchtingn whearh d48BNA t hpged<T and
ssO- F p&gbestgﬁsae%ﬂd‘l YD NOg2 target and Probe No. 4 were present,
producing similar fluorescent intensities to that observed in the
presence of 50 mM NaCl (data not shown).
Use of monovalent cations, which are known DNA condensing
agents, facilitated DNA complex formation between non-denatured
20 dsDNA targets and fluorescently labeled antiparallel ssDNA
probes, to allow reliable differentiation between perfectly
complementary DNA sequences and those containing a single 1 bp
mismatch. The reaction occurred at room temperature within 1
hour of incubation at a ratio of probe to target of 10 to 1. The
25 . dsDNA targets and ssDNA probe used in this example contained a
33% GC content, and did not contain homopurine or homopyrimidine
stretches of DNA. Despite the presence of 6 pyrimidine bases
interspersed within the 15 nucleotide ssDNA probe, dsDNA:ssDNA
complexes formed readily in a sequence specific manner.
30 Example 4
| To ensure that the fluorescent intensity assay, which used
5¢-fluorescein labeled ssDNA probes and non-denatured dsDNA
targets in the presence of DNA condensing agents such as cations,
would apply to probe and target DNAs possessing dramatically
35 different percent GC contents (and potentially different
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various percent GC contents. The hybridization reaction mxture (40 Al)
contained the following: 0.4 pnoles of target dsDNA, 4 pnoles of 5'-
fluorescein | abel ed ssDNA probe, 10 mM Tris-HCl1, pH 7.5, and 5 nM 25 to 30
mv MhiC12 or 5 mMMto 30 mM MgC12 or 5 mMMto 30 mM Ni C 2. Tﬁwogwgg'%on
m xt ures WHOI210bat ed at room tenperature (21C) for 1 AWt hout
prior denaturation of dsDNA targets. Sanples were placed into a quartz
cuvette, fpnedliangdpweféremces)gonls-ower |ssiNA-Fegndbee @gda SMaesre aNPof

488 nm an Lto 0 flsyere . em SSi T L. fdyuor, ent
I ntensiti gggaggcuéggﬁ&g%e% \A{ﬁvle enéﬁ?q}ép(aSZéaﬁ?ngn? hgg%g%s%sl on tf/\slw/e?vel engt h
for fluofEstheaizede punidied gndfannemyass aenabeve ssBobhwasDNA of tipbess a

5w th 2 BloEERNE Dt Bar 08 O R I e T R O e b s D

5 (with a 53% conte type dsDNA
tardet (SEQPmelerd) -59 WD 02/ 103051 PCT/1B02/ 01972 and nutant dsDNA

targets (SEQ | Prbbk No! & 3&W fbDlg'Qgé:?)aﬁﬁﬁafaﬁ‘ielpE%ﬁﬂC&r%e LW G112,

dsDNA: ssDNA- F conpl exes were forned at roomtenperature under

non- denat bPi RgobendP: i 8ngxcent| ét hadf ant @ytm&mpeﬁlwaﬁﬁ#m ety atded
t he maxi nURedgergaseriond fluorescent intensity (a 43% decrease after a 1
hour incubation), the |ess stable dsDNA ssDNA-F conpl exes containing a 1
bp T-G ni smat eRIEeRes | fpnErrhe Moop@ MB®:5) produced a fl uorescent

I ntaensi t yst hbriuvasc 208Ad ovesa t e t ag-albserved with Probe No. 5 al one

after a 1 hour_incubatio Fig._ 4). dsDNA: ssDNA-FE 10 | exes, t hat,
resulted in a Rrg"ﬂegﬁ‘ rﬁné” tghlgs‘Eﬁ:I%‘tﬁ@aéCaﬂlleEr ngﬁ%ggr%’e, ’é{?ﬂﬁﬁaﬂT
m smat ch tGEGrbbeNb9 3 Brobpt Nt had an Atbacked\ flvwwrdsdeiShQiddyN@tlo +
Pr obe No'tg%_- sgd a consecutive 2 bp AA-Gand CGT msmatch (SEQ ID NG 12 +

Probe No. rB°81t1°%ess stable than the perfect!ly matched dsDNA: ssDNA-F
conpl ex ( SEQ l1lSeten: 6fcr Prmdke No.. ) wgsel di ng fl uorescent intensities in

bet t hat b . d that ob df th

pertoct | y5 meF SR ONCAD SR Tl a8 ahown) . Except for the 1 bp T-T

m smat ched dsDRAesaBiiy# perfphamed whni cExawsle He wérmsfacildilad e dyulttieng in
only a 5%8@%%%@3%@%‘ MonB9L 8HENEagPohBt $ASERY 3ELEBE1dnN M kkurdkl. Ofrdde

ot her m sma _ i
specificity of the assay was further examined utilizing divalent

cations (instead of monovalent cations) to promote complex
20 formation with dsDNA targets and ssDNA-F probes possessing
various percent GC contents.
The hybridization reaction mixture (40 pl) contained the
foilowing: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.,5, and 5 mM
25 to 30 mM MnCl, or 5 mM to 30 mM MgCl, or 5 mM to 30 mM NiCl,. The
reaction mixtures wére incubated at room temperature (21°C) for
1 hour, without prior denaturation of dsDNA targets. Samples
were placed into a quartz cuvette, irradiated with an argon ion
laser beam having a wavelength of 488 nm and monitored for
30 fluorescent emission. The maximum fluorescent intensities
occurred at a wavelendgth of 525 nm, the emission wavelength for
fluorescein. The intensity of fluorescent emission was plotted
as a function of wavelength for each sample analyzed.
When the ssDNA-F Probe No. 5 (with a 53% GC content) was
35 incubated with the 50-mer wild-type dsDNA target (SEQ ID NO:6)

-59-



conpl exes generated very simlar fluorescent intensities. Only the
dsDNA: ssDNA- F conpl ex that contained a 1 bp GA msmatch (SEQ ID NO 11 +
Probe No. 5) yielded a fluorescent intensity lower than that produced by

the perfectly matched dsDNA: ssDNA-F conpl ex 25 (data not he

i ncl usi on &fa/@()“’i’ﬂﬁ MyCl2 or 20 mM MhCl 2 or 20 nM Ni O 2 arg?ﬁq@@ﬁﬁt at ed
dsDNA: ssDNA- F conpl ex formation when the ssDNA-F Probe No. 6 (possessing a
73% GC copndntmptant deBRetawgehst KEEQ cTPr ¥Opdnton§ERO-IPe NOALRY- tiypdhes DNA

(data not PopeenSt’ 32018 e ndh:, "RolR BEORL 8 Motmtoter 08 Soutdp a0
conpl exesrogenetamperahuvrenxinder deneradenatiuring)orasuiit ongt ensi tWpilghi | e
the |ess h%&i‘f%@tiybtﬂa@é & R Sl «GrRBNG:s 8300 £ Ok EER dedh@adeD MO 14

+ Probe 6) produced 1 nternmedi 35 fluorescence (data not

showm) . - dugsecentintersihy ko244 serrpasecrEror matlc heur dhrbasomd.

conpl exesthg03easSs A e3 HADNAG oG ORALRL boﬁ\§f&cé£> B6hiaimf¥ebe NoppA)r-icor nmed
readily within 1 our | he presence of 10 nM MhCl21 resultlng In a 57%

nt
decr ease MAMREGR, dSEONINR WRnS| ty PEORBaRt t?) t REPIBALE &d Dy MNo. 4

5 al one (datan8otySt0ad)wasl PRRe 16086 £10EN GHYH (dbRRsvear @ibhdtdbe No. S
unfavorabl e for dsDNA: ssDNA-F coml exes t hat font ained a 1. bp. GT m_smatch

(SEQ | D N&'one prifiRF NG 2)  howsyincnhabaoln (S eaddd 1l AR F
conpar ed bemgbakegbﬁﬁaueéebmE’éebenNa. 141:%! one (fiamatchot(SEQOwnD) NOLG +

Regar dl ess of the percent content of t S ar.get and._ss
prgbes, t%ﬁo ﬁdN‘P'r?ﬁ}) 'ofad'i% ént Eé?%‘h%hs&ﬁ& 35“"#?’;9,9_‘_ é/lj?]%egpNgﬁg a

pronot ed dsBMACsE Rismeorgt epSEQ TDENO 010 Uh derobeo iffo .dBhatndi agcamsebutiions, to
and thoseLcBRt & i FERICED. Moealith s TEENE ppe +cPHRRE CENA L TR ot ex
formati onlessagisable Etenpkhe Sewfiubtly watchedrdadNrecdsDNA-FecprpbencBS one
s, TP YRSt Sl g RO Shcbbl doan 1t
between that observed for Probe No. 5 alone and that observed for
the perfectly matched DNA complex (data not shown). Except for
the 1 bp T-T mismatched dseDNA:ssDNA-F complex, which was the
least stable (resulting in only a 5% decrease in fluorescent
20 intensity after 1 hour), all of the other mismatched DNA
complexes generated very similar fluorescent intensities. Only
the dsDNA:ssDNA-F complex that contained a 1 bp G-A mismatch (SEQ
ID NO:11 + Probe No. 5) yielded a fluorescent intensity lower
than that produced by the perfectly matched dsDNA : ssDNA-F complex
25 (data not shown) .

The inclusion of 20 mM MgCl, or 20 mM MnCl, or 20 mM NiCl,
also facilitated dsDNA:ssDNA-F complex formation when the ssDNA-F
probe No. 6 (possessing a 73% GC content) was reacted with the
corresponding 50-mer wild-type dsDNA target (SEQ ID NO:13) and

30 mutant dsDNA target (SEQ ID NO:14) for 1 hour (data not shown).
As expected, the perfectly matched dsDNA:ssDNA-F complexes
generated the maximt\lm decreases in fluorescent intensity, while
the less stable 1 bp A-C mismatched dsDNA:ssDNA-F complexes (SEQ
ID NO: 14 + Probe No. 6) produced intermediate levels of

35 fluorescence (data not shown).

’ _60_



bet ween perfect matches and 1 bp m smatches in dsDNA: ssDNA conpl exes when
conbi nations of divalent cations were used as pronoting agents for conpl ex
formati on. The hybridization reaction mxture (40 |) contained the 25
fol |l owi ng es of target dsDNA, 4 pnoles of 5 - fly ,ﬁﬁffi | abel ed
SSDNA probggoiﬂgm Tris-HC1, pH 7.5, and 5 M to 20 nM ea ﬁk/g 12 and
MiCl12. The reaction m xtures were incubated at roomtenperature (21C) for
1 hour, withouPepfedily matahedadsBNAoSSENNA qampjexses dpesisesshagea pidied
into a quagt éonﬂeﬁsl)veeé 30 gt e%feﬂbtehnen 2§ 9e8xed &:aaaugemmv'lng a

wavel ength of 488 nm and nonitore fl uorescent em ssion intensity

of fl uor eE‘@BﬁcéanSe Aragenre o 110th MaRlof rRgvdtdngt AR RoP7EGECERARR e
anal yzed. iMhetubhescutt &%ft@ﬂs%'tysé%%ﬁ’rt%’%% e@nl(t"Mer”'b? B3dHENO 351

content) s incybated for_1 hour mer wld-t dsDNA - 61 WO

02/ 1030512 | B82F® 1095 FhPWal - ( SERPED KeRdZhon nC%%lw%%%nw%r%fhlz@m
MyC12 anduaeaﬁMamm aabm@bbm&om&&ﬁmmwtﬂa%ﬁsmee& & QNBp exes
wer e forned f| c %Qj enera#é:q%?a 46% gecreas uor esgcence
conpared "8 ? ot Qt ‘g?/ $rb N§-aft Stigg) iNTRBIPCESRESDN 5
condi ti on§lueresbertd \couifazed 86l Ehai’@rohMNAdsBﬁWrcﬁbe:mmJ @xealonthtdata
contained_a_1 ﬁgw%c m smatch (SEQ I D NO 14 + Probe No. 6), resulting in a

3% reduct 'Sk P orescence conpared to that observed with Probe No. 6
al ax® (Fi g. 5ARegaiedless nof arthe esettdent VEC ecaritentnenit whiee ABBNA anargsrpl es

MCi2, or HE ARPRpcieraey he addiR s RRLADRLeAk SRENGAR 00 A of

5 mv Myd Mg*’amr Nith! prhGoRedassDNasBEPNA eppmpben| IEowmadrigine urfdamendon

bet ween t r P d E)ﬁlét ted
foll ow ng B‘éni\.@ﬂ%{lﬁﬁlﬁé{ﬂ@% on (d‘gt é’:{ 1%2’?] u% ?EQ g@b\hr_daﬁﬁ %ﬁ??ﬁ%’?”%ﬁ
ssDNA F Ppgbéemly4cpmpﬂl¢man33we@ecnm$t)am@s theeghatedtaisirg hd bp

typequ%}@?ﬁ@rget (SEQ ID NGO 1) or nutant dsDNA targets (SEQ ID NO 2
SEQ I D In the presence of 10 MM MgC 2 and 10 mM MhC12, m ni nal
DNA conpl Bxampsen®ti on was observed (data not shown). However, i ncubat i on

in 20 the presengeqoina P SMA IS 13 FornaiiMACAdshes inhesambaeh | 3 taied

4 were performed in the presence of one type of monovalent or

divalent cation. The next Examples will demconstrate the
20 reliability of the assay of the invention to differentiate
between perfect matches and 1 bp mismatches in dJdsDNA:ssDNA
complexes when combinations of divalent cations were uged as
promoting agents for complex formation. l'
The hybridization reaction mixture (40 pl) contained the
25 following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and 5 mM
to 20 mM each of MgCl, and MnCl,. The reaction mixtures were
incubated at room temperature (21°C) for 1 hour, without prior
denaturation of dsDNA targets. Samples were placed into a quartz
30 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.
When the antiparallel ssDNA-F Probe No. 6 (with a 73% GC
35 content) was incubated for 1 hour with the 50-mer wild-type dsDNA
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perfectly matched dsDNA: ssDNA-F (SEQ ID NO. 1 + Probe No. 4) conpl ex
formation, as evidenced by the 49% decrease in fluorescent intensity
observed, conpared to that obtained by Probe No. 4 (Fig. 5B).

dsDNA: ss - exes that resulted in 25 a 1 b GTm I D
%&%@%@5 c hﬁlo §|§Qwer e

NO 2 + P or a 3 bp deletion (SEQ ID NO 3 + Probe
very unstable in the E]Sresence of 15 mM MyCl12 and 15 niM WMnCl21 y| eI dimr;v? a
2% decr eak@rget {($HQr ERcNAed3 hninathe, PrepeRde Ph 20 Bt cMgehearid 20

respecti vmhm géf@é&@ﬂg&nﬁﬁ@naﬁ I iNA R Mocorlp B REE wekedforia 30
Tr eat nent 12 and 20 MC12 for 1 hour, resulted in a 68%"

a 48% andeﬁ'I B@/&%Hhm |%ﬁnmqﬂr%@eéﬁné@w@@%ﬁerlneéﬁ-}lg?reﬂﬁ%ﬂ%ocompared
dsDNA SsDiNA- Eh&@f’@’nﬁ&(@éd chzfcﬁfe d=DNG: 23BNe- Kraenpbaxes Tﬁ@@é ardadicn 1 bp

G L e BB B B LB, ESPSELLIE Yo, SO Slged "BomS
ch/ | Egzmﬂawﬁzcdntatﬁe%ta at &g Ancﬁlr:msma&lzhl (smmetmms_emce pi:onev ndl MYGL2
an the ds :sSDNA-F co es._possessi ng_a _53-
cont ent aﬁﬁs%&f%‘ nf-Rg %5\? ef?’i?‘s}NéA\-c’o%l gﬁe%ﬁéﬂpﬁ%§8ﬁﬁgﬁc3§@§%%dl ISOGI\:TCE%: +
Probe No.obgenved witip PrdberiNonatcaloEQFiy NGA) + We@esﬁmmar@ege]rt&r ated
fl t t ft 1 h bat /0 d 20%
over - r oUBEEPoRRiRed BER ke Bafe, PRTPLSE T TR e OB BEAC b 15
al are. V\hehetprsem:rqoaurﬁalllo_emMsmm EnBr d0emMldin®L ,( wor h1 % @8%aal, mmcﬂ:tléiwt)
NG 6) i HACE {adk inclt bty 5 TR, Al Cof B SUB ey, SE's k2 1D
conpl emerMagy, deDNALBsDEALFiennptexadlawr eduplexd formay iorf ikgtataeny the
generati ngnelgé‘{aﬁfg e§§§%§\an bUGHESRENCE agﬁm.afleddéﬁhﬁ hed raatl evsck by

Probe No. 5 contrast, DNA: ssDNA- F conpl exes t hat
cont ai nedfaliowpng- @?151'1%%@%#3@39@3 (Bake mo% Phewe) No. 5) were nuch | ess

stajye in the phesepRe Qﬁtiﬁaﬂgﬁi\@ﬁ Soril 2L 5Pf8‘6é\/|1§612,4 yiwith ng el e

decrease in fluorescence conpared to that emtted Probe No. al one
Eﬁﬁq S

after a 1c@Bbenthcwsat ivgubeted wHih thei wahiytymcs?@m%o‘msﬁ c
that resuibed) | Br amic MRt @DNR scratgéts( Qléfﬁd BDN&R032+ar@ SrQbeDNwo:5), #n 1 bp

G A msma 1912 éreg‘)enceNc%ll(.)o +nﬂVIPrMogbef\l. and 10 mM MnCl,, minimal DNA complex

formation was observed (data not shown). However, incubation in

20 the presence of 15 mM MgCl, and 15 mM MnCl, for 1 hour facilitated

perfectly matched dsDNA:ssDNA-F (SEQ ID NO:1 + Probe No. 4)

complex formation, as evidenced by the 49% decrease in

fluorescent intensity observed, compared to that obtained by

Probe No. 4 (Fig. 5B). dsDNA:ssDNA-F complexes that resulted in

25 a 1 bp G-T mismatch (SEQ ID NO:2 + Probe No. 4) or a 3 bp

deletion (SEQ ID NO:3 + Probe No. 4) were very unstable in the

presence of 15 mM MgCl, and 15 mM MnCl,, yielding a 2% decrease in

fluorescence and a 5% increase in fluorescence, respectively,

compared to that emitted by Probe No. 4 alone (Fig. 5B) .

30 Treatment with 20 mM MgCl, and 20 mM MnCl, for 1 hour, resulted in
a 68%, a 48% and a 6% reduction in fluorescence for perfectly '

matched dsDNA:egsDNA-F complexes, and for dsDNA:ssDNA-F complexes

containing a 1 bp G-T mismatch or a 3 bp deletion, respectively,

compared to that observed with Probe No. 4 alone (data not

35 shown) .
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albp GAmsmtch (SEQID NO 11 + Probe No. 5) and a consecutive 2 bp
A-Gand CT msmtch (SEQ ID NO 12 + Probe No. 5) were all much | ess
stable than the perfectly matched DNA conpl ex (data not shown). \Wen Probe

No. 5 (congﬁi g 53% GC 25 content) was reacted wth tlperasdieirar get
SEQ I D NO (?cont aining a 33% GC content), a 3%increase in fl uorescence

was observed co ed to that obtained by Probe No. 5 one Fi
i ndi cative of ﬁéngild-‘%ﬁﬂﬂ%;( o 8% trhither BEapence o é)?p@ét‘@g: 1. e

consi deri ng tdM sMpenhe @nsl Eébmtsﬁm@llﬂabb@ﬁléﬁélédpo@@eéﬁiﬂétal 53& Sedp

m smatch. Coll ectiv 5 %?Rqﬁarrpl es e‘%& ﬁrmnstrat ed thé&t th? addltlon
of conden§RGeRE e Hélrf‘ﬂ)rﬂﬁ?%f-l YCQPT“B emeRtayy \BRAUANCEs: (BHS ¥

thei r ownNor sl o] pﬁabenmlbl.os) o@rﬁngt Wmmmﬂb ax (fsEomahi NO: ’gewmbdlelDNA
targets a rescent abel ed 35 s robe 0SS ssm r tically -
di 11 ont %g)e é’% "%cﬁf‘%ﬁﬁ?bﬁé?g : (5 PRy
accurate a.ndubatmahl Ehdt Sweral 68%i andbmavvelswemerﬁ@;ielcy:me&pl etipanh at lyat
sequences _an o t var i Exanple 6 5

DsDNA: ss g% H éie a%?ﬁ?%’f%%i%i;% %%r ead%t'" 91Porm at  room
tenperature wi When Shei rants@aafalilled.ulmﬂ)N&ﬁFarPa‘ogenéioaté fwitdr @sc@®k GC

em ssi ons e L) SHUE 4k a Db e LRl BHE S50 -FOERAS %eéyggnaé&bm ng

base pair msrra hes si'm ar émt uorescent sig |ch er si st
i ndi€at i ngargetsdSEQ éC\DeINQIfG)lmrcohlpﬂi errégemes | of dyemMt Ma€l: R xHnime t he

rate of fSHERl ] SRrechtal b AP aliuAl 38500 YohBe9ba IR SER

conpl exes ensing agents such as cations,
time couN@é‘Yex?iéﬁ‘lq!mtslmer oeperabingd.a TRéthyscreasst i bh LAHOTEOHRSHEXL ur e

(40 Al) c e f I apsnse I eghyt ar
dsDNA, %&?h%ﬁ ttle’ 3 uoaﬁggs%gér%glbgge#reﬁgs)s%@robe ¢ m Tris- H?:%p pH

7.5, and CP@tWPWgC@% SEPNAvVIEVheamRlepras r EBRE| &?%%Flesa wer &P

i ncybat ed plgmafeR f(éﬂﬁemtwe; +2Eebef 96, V§9r lv@i% maEhoUsss aitgible ifir ohe 1
mnute to 2 hours.

| ow ng i ncubation, wer.e. 20 pla d.into a

quartz cuRFeeencer PEdLA BY BaE: \aTtch 18 i mF)F worYleldmg 188 aecrease

in fluorescence compared to that emitted by Probe No. 5 alone

after a 1 hour incubation (Fig. 5D). Similarly, dsDNA:ssDNA-F

complexes that resulted in a 1 bp G-T mismatch (SEQ ID NO:8 +

20 Probe No. 5), a 1 bp C-A mismatch (SEQ ID NO:10 + Probe No. 5},

a 1 bp G-A mismatch (SEQ ID NO:11 + Probe No. 5) and a

consecutive 2 bp A-G and C-T mismatch (SEQ ID NO:12 + Probe No.

5) were all much less stable than ti'xe perfectly matched DNA

complex (data not shown). When Probe No. 5 (containing a 53% GC

25 content) was reacted with the dsDNA target SEQ ID NO:3

(containing a 33% GC content), a 3% increase in fluorescence was

observed compared to that obtained by Probe No. 5 alone (Fig.

5D), indicative of no DNA complex formation. This result was
expected considering this probe and target combination 'would -

30 result in a 5 bp mismatch.

Collectively, Examples 3, 4 and 5 demonstrated that the
addition of condensing agents such as monovalent cations or
divalent cations (on their own or in combination), promoted DNA
complex formation between deDNA targets and fluorescently-labeled

35 ssDNA probes, possessing dramatically different percent GC
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| aser beam having a wavel ength of 488 nm and nonitored for fluorescent

em ssion. Further fluorescent neasurenents were taken of the sane sanpl es
after subsequent multiple laser irradiation, at the indicated tines (Fig.
6). The inLenshbisPf 25 fluorescence was plotted as a funpéimhafeiersi me for
each sanpl e " analyzed. The fluorescence emtted by control sanples

conpri si n% 4 %gm)l es of Probe No. 5 plus 10 nM MyCl12 apd, 10 M WMhC12, in
the abseRPREGRCRarfRt2HPRBCHERRR and (Kpldableadeacuinipalign hetween ust
5 mi nut espeffeseELPatomil dniitaioeediientrs and tHie sbasdihyngdeptidigd jat a
much S|OV\$I‘ rate Wwthin the next few hours (Fig. 6A). This effect we refer
to as " o‘ﬂ\n&aa]%%h". This inhibition of fluorescence, associated with
i ncr easedExampbatgon periods of SsDNA-F probes with specific cations,
occurred -64 WO 02/103051 PCT/1B02/01972 routinely in the presence of -
dihvasl )ent Tcat i ort;snmssmm_ bﬂmbhlexep(rjﬁsﬁnﬂ:'h Aed"BpOSGN L ]}@_&HﬁQgqufrﬁi%Itﬁ not
shown) . ) servation nmekes evldent e igpartance,of incgubating.the
contrbi SEReTe SoNPRYELRR, AL Rie P BREEE | §F) HECORRE B AR G Ao
the test Eimprescedt cembxpionarsatt tdie sagecilesel MoEt iptensitagifuyr dfowach
SsDNA-F ¢ np varyi peri Qds | neybat j.Qn. 4i_nki pited
further q%g%ﬁl&rﬁégof E?ﬂgﬁﬁjﬁ op%%gg, Séié]gul??%\%aéé;ne;éb stéela ylalryg\)}él egq;.t

f | uor escehteorescent t @igndig). witihh peltaist,eduliicabingnthe esgmaidavelciofat ed.

10 ;\ghen t L P S - £ .Probe ' | 50- mer
Wi I1 -t ypegﬁtg%ktgé%g%%ﬁﬁ% ﬁdrr[)e)o [ H_’él? ﬁgggﬁée%%%@%ég%wm%}gnénd 10
mvl MhC12, stiphihi &% DRRAF raseplafk digasaaqiatigns ofyiGRiNA maldR ®nnlexess of

i ncubati o | 4, ' r ' : Lgh 9 .eat er
than The T oy, B B e e B e e e R L R
6B). ConPeéxee opXRerUrents waremerfordedat ed after 30 and 60 nminutes of

i ncubation of $&L hPpMNih$zut§8nPrefeten ﬁlikeuieée(@bem?ceedﬁ‘taﬂagdmwhm012

and 10 mM MhCl121 generating a 76% and 61% decrease in rﬁEuorescence,
redpect i vEPHLOEHRPar e 4 PUIMRS &hhi RS dpatiEedotrEIbriiRRNA Yy 4 RuIREd

Probe No.of 8lopenbrefcefB) labbicd 96D Gordpd), niocuinesryifs-HTAYbaH onsi,n t he
presence of ,10 MM MyC1l2 and 10 .
and 10 mM MgCl, and 10 mM MnCl,. The reaction mixtures were

incubated at room temperature (21°C) for various periods ranging
from 1 minute to 2 hours. Following incubation, samples were

20 placed into a quartz cuvette, irradiated once with an argon ion
laser beam having a wavelength of 488 nm and monitored for
fluorescent emission. Further fluorescent measurements were
taken of the same samples after IBUbsequent multiple laser
irradiation, at the indicated times (Fig. 6). The intensity of

25 fluorescence was plotted as a function of time for each sample
analyzed.

The fluorescence emitted by control samples comprising 4
pmoles of Probe No. 5 plus 10 mM MgCl, and 10 wM MnCl,, in the
absence of target dsDNA, dramaticaliy decreased 3-fold within

30 just 5 minutes of incubation (data not shown), and then steadily
declined at a much slower rate within the next few hours (Fig.
6R) . This effect we refer to as "Cationic Quench". This
inhibition of fluorescence, associated with increased incubation

periods of ssDNA-F probes with specific cations, occurred
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mM MhCl2, no conplex formation was being signaled (Fig. 6B). The |evel of
fluorescent em ssion seen at 90 and 120 mnutes was wholly attributable to
the cationic quench effect (conpare Figs. 25 6A and 6B). By contrast,

dsDI\lA:seDN%gP%%dexes that contained a 1 bp T-G mi snat %@T&ﬁﬁﬁli@ NO 7 +

Pr obe No. at a slower rate and were nuch | ess stable once forned
in the presenge of 10 MM MCl2 and 10 pnM WhCl2. The 1 bp T-G m smat ched
conpl ex WESUFRPELY3d o paancsr 050 HiVRdeRs FRbLRREhatusn Poind M diar ed

to _havet hb&ééegbém BE! e;ﬂl_oalfciv%:lleﬁle trri:a?%&ss of (?@waﬁwn é}ﬁh&z) 50 . tﬂwh
agai n, e, probe, was antjparallel to the conplenentary strand jn
dupl ex (FPB.BGB'&?F"RBI {PfFeS | £YEASREr dh ABROSFAPEFT e%q | $PE Féﬁ%nté?ey 35
021 103051 . BCT) | B0 1602, S0 i hat oo o 0 tE it o 8y bt omi the

nut es_or m nutes of inc ion. in the :
b es8nce. BRSTo S0 MRS 2SRRI T M (TPFEURAt T THARhat oM TR ons
consi st enfasingh offh eadds taaDNA -G cohttrbseanphepl akeer ataryimg eperiods of
characterist] | ex taini ntipacalle r obe
(Fra s oeubaensh SHRelflied Retihe i ielhda o tr the it
| asi ng of rekulpéngett |y stmqdyetenehrof ddnprercenc8thunmaafder (Fig. &A)ssi on
intensity e 1 , | ; idity wwth which the conpl ex
was dest r%@é %8%21:ngggsﬁ%ﬁ%#&%a%vlglﬁgkgafI uorescent em ssion, after
mul 19 pl e | asi nhenetie nant ipaxaid el0ssbA dhiRxobeyNqueh tiasd inghbated beidiy ed

oY L he | unEREPEeX Ry P88, thBe domiiCa Y I@rd STRY)E) FiA tnd bRl

The only exception was t perfectly conpl exes forned a )
m nut es oPfi AGumit Maflanandeplar¥dMnCladidsDid :sHBNRAF t cpmpley fogmtiqm

this caseyhe &HOSSCoHELM ?5' %n?%snoéfCci?l%hﬁheﬁbnlsré’gdﬂitrﬁe in a
destruction of the conplexes (Fig. 6B), even though further cafionic
quench of dPeEBasko. 15, FABRTREFERGTy IWHIGH av@8 &ft cPT834STnithAR the

i ncybat i oOprogeegbial batiohibiduithchFbg. t i contPoDNA-si5dMNY F 5C 0EDG £XeS) .
containing a 1 bp T-G m,smatch™ (SEQID K6 NQ 7 + Pr%be No. 5% \Agre simlarly
appar ent | {OBRIEX0FOIMBY 10ROWAR| SFPAELY dNdiFatedyatEey. 3An2hd ol i Mt &fis

performedooifletiBaaiBA bhesk@sis NoRls Wieh Probe No. 5 in the presence of
10 mM MgCl, and 10 mM MnCl,, generating a 76% and 61% decrease in
fluorescence, respectively, compared to that achieved by the

20 cationically quenched Probe No. 5 alone (Fig. 6B). After 90 and
120 wminutes of incubation in the presence of 10 mM MgCl, and 10

mM MnCl,, no complex formation was being signaled (Fig. 6B). The
level of fluorescent emission seen at 90 and 120 minutes was
wholly attributable to the cétionic quench effect (compare Figs.
25 6A and 6B).

By contrast, dsDNA:ssDNA-F complexes that contained a 1 bp
T-G mismatch (SEQ ID NO:7 + Probe No. 5) formed at a slower rate
and were much legs stable once formed in the presence of 10 mM
MgCl, and 10 mM MnCl,. The 1 bp T-G mismatched complex was first
30 observed after 30 minutes of incubation, and appeared to have
been eliminated after 60 minutes of 'incubation (Fig. 6C). Once
again, the probe was antiparallel to the complementary strand in

the duplex (Fig. 6C). '
Multiple laser irradiation of perfectly complementary
35 dsDNA:ssDNA-F complexes (SEQ ID NO:6 + Probe No. 5) formed after
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effect of nultiple lasing on the conplexes. It was found that when' fresh
cations were added to the reaction m xture which had been |ased tw ce, the
i nhibition of cationic quench in 25 fluorescence enmtted by the ssDNA-F

probe coul gvd]&t/m?tﬁ reversed and further cationic quench' pgigeiRRier@ccur
upon further mcu%ation, strongly suggesting that the ssDNA-F probe was

inactivatggﬁb, mul tiple_irradiation, by a yet unknown nechani sm _(data not
shown) . Si°Mi M ?Smﬁﬁns?r@%u'émlj 4008 BBe BHRRERTE (e 1% i on
m xture Whgdl, hat heemmaeed fesERedibCEludpsstent? etd sk@bnsheonstdtanasd
fl uorescent, n1g5|8n of the fresh,  probe, iggsubse%;ent progre55|ve .
cationi c dERchPRgIGRET ARk &F thess Foreires fuBafrbR SREFReteetion
m xture, Soromyay conplesslsi Renthahihfeahaastipata el WeSENAS OpEdlsyy (Fipbl ed
(dat% not FﬁS shown). -66 WD 02/ 103051 PCT IBOZ/O%P?Z gnﬁLe 7 Exagfles
1- 6 YenondE at HRGR S TEBrERUFBIARE | RS "7 eaa§53 eMLBULSR A5
ganne(rj bethamdngdeDNthé agrs]gfﬂebﬁ@d complémenvdes cdmpﬂijdxi taat 80 hynetédertHNA
econdenai agent s _such, as .YOYO 1 or y condensi_hg agepts. such.as
monoval ent p"g‘rssgpga}%tfﬁn%’att}l’ &?é’.e? Yfg ]n%é)' E%WS@Y 9 Ith%xﬁgPEélFﬁemr e of
f or mat i onwhsitchbicthet gomphex reda= ddstraymsk ddaéti not oShdwiNA: dSIBNAL @il afkes
formed ingt nce .of .variq ti 3 e np ] 0 W
t he specifégl %51? B%gﬁ?o%’%u% ﬁé‘\égéncaen e(r\iZtl{fl(;ﬁrFl&l -Q;ag%s cat'l o%‘?ég%&%hzgl#w
cond® nat i eatdpndcalty equenahednvaluesi oheerrad dewncile runcemplexed |IRrokee t he
rate of T Tl S0y lebbbilo ANddotisr8 pilleaSERCIaHd OBnpl dsbhie
conpl exes forned. Ebnplenentary senSe an nti sense 15-ner ssDNA pro
sequences eXeeptdpnt Wasi Ahe @erfaONA s matebed; complexger iformedhyatfteyr HA C.

Equi mol ar 35RRES o¢f jHiRnaedBheaRAl Q%ée?ké&oﬁli:'%&?iéé’&stﬂ@f@af\f@é efia%. 95C
for 10 min _and allowed to anneal gradltally as the tenperature cooled to
21C over £B3 -hodﬁs.t%mseomr@orﬁimfsﬁpa@% o} BSHPR SWAY P ncRAE ML a

congent r abieh Qfhel dOIDREior?lof 0H8 MBmpYe8s qrig.bEnYsDNA obiowdn h an
attached ffulrlil: re.'ecsggtl:g.]og:?clz ec&&’er?éh eoafC r119rglbe pl\(T)g I tSI ,O Ilihe%e%hgggglgroixb:gagfa@ec? tely
after a 15 minute incubation, was totally inhibited (Fig. 6A).
DsDNA:ssDNA-F complexes containing a 1 bp T-G mismatch (SEQ ID
NO:7 + Probe No. 5) were similarly apparently destroyed by
20 multiple lasing (Fig. 6C).

An experiment was performed to determine the basis for the
effect of multiple lasing on the complexes. It was found that
when fresh cations were added to the reaction mixture which had
been lased twice, the inhibition of cationic quench in

25 fluorescence emitted by the ssDNA-F probe could not be reversed
and further cationic quench did not occur wupon 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 probes were

30 added to the reaction mixture which had been lased twice, aﬁter
normalizing for the increased fluorescent emission of the firesh
probe, no subsequent progressive cationic quenching was observed
upon further incubation of the reaction mixture, strongly
suggesting that the lased cations were somehow disabled (data not

35 shown) .
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honol ogous to a 15 bp segnent of the 50-ner wild-type target DNA (SEQ I D
NG 6). The antisense strand of Probe No. 7 was identical to Probe No. 5.
25 Sequence for the sense strand of Probe No. 7 was: 5 -Flu-CIG TCA TCT CTG
GIG 3' Seq the antisense strand of Probe No. 7 TB®R/m1eR Y- CAC
CAG AGA TGW%OE&EThe hybridi zati on reaction m xture (4\8@1&) cont alzned t he
30 following: 0.,4 pnoles of non-denatured target dsDNA, 4 pnoles of

5' -f1 uor eEX8mRlEade| ed daDNA probe, 10 nM Tris-HCL, pH 7.5, 70 nMto 90 nM
KC1 and 0 mMMtg 20 NaCl. The reaction m xtures were_incuybated, at yoom
temperature ( Zféff‘m?gysvéfﬁ o@%m%??%?gr%ﬁ%Aﬁ&SPNénF?mﬁ%ﬁﬁt goflﬂa'él%u:‘r%.

Fol | owi ngai seghehtenspeditil og&anﬁ@r%ﬁ?éézﬂﬁl@bﬁﬁ@fgaﬁﬁ/aﬁ@l ‘éﬁDMrpr@bf]@ed
into a quartz.cuvette, irradiat once W th.an argo ion, | ase avi ng
a wavel engtaﬁl&fl%ﬁ’%ganaﬁat i'ﬁ%’? qq}}v&erﬁ:.&gr QggEHF EWESFBn&OQKEg{n or :
i nt edsi t y bef DNRUebRAERSDE] Virferdsoisuett agsmandvaidritowrotivadent ocaebots . '
sanpl e an zed. .5 The fluorescence emtted by control s les,.cC rising
4 pnol es%k‘% ﬂea%eeﬁgp\pslem Yﬁfgoewm tf}}‘F tzi%ea geﬁ(%m ?%3[‘ ggFanggﬁ%,
remai ned eedatratel gf chinsisaocibbionghb dsiiNde dEPNANcomp exes didateidonn the

I ndi catin 0 I_oniG (g .Ag O e I ng
In the pr %:tg%%éc%f Offﬁé”a%@ﬁ@saﬁgﬁﬁgh 1 (&lhé.gglgi ?% é:?/\h‘g%f?h%ﬂ%@[ﬁ%g% obe
No. 7 was specieat exf watiomhe Eleneoncentdatigre of DRAChargpdtioneE@ND Nek 6)
angﬂ\ﬂ“t a&%&ﬂ%@%tﬁﬁwe&f (§E&e%81é\logg}:fibﬂst h& PEEERDEEH1OT B BN Kt ions

ds . dsDNA-F"conpl'exes” were forhed af roomtenperature under

non- denat drifdglensedi tthens raket hiof | Formasiannut ssakilitubardonrakrl of

per si st ed 4fqr. ; 1 L J (ddnb1edly £Mgegum discrim nation
bet ween peﬁ'%gg%ﬁgﬁggghéglg%ﬂ%ﬁ% sér:ra"g’cﬁe dsDNA: dsDNA- F conpl exes was
observed aft eCoB@lamgniaryii ngerae ofandc ytisensen LRempresEABNAOf PVRPEM

KCL, geners@tcfu%cfésU%%écsgﬁtﬁéémtéﬁsatﬂ}@t tBed] ¥eandnd%puk0¥€Ed by
respectivel y after 30 m nutes, and 34% and 15% | ower, 20 _res ecilvelé after
45 ¥ nut e§PLChan Babimadfnt B@Pumkspodh &hd comPleMeRE LK Q’.llﬁﬂ;')‘gc ROt Hges
presence QlerédnedKglagnskod0 s NaGhin tdifl allowed to anneal gradually as

the temperature cooled to 21°C over 1.5 hours. DsDNA
oligonucleotides were dissolved in ddH,0 at a concentration of 1
pmole/ul. _

20 Probe No. 7 was a 15 bp dsDNA probe with an attached
fluorescein moiety at each 5’ position, designed to be completely
homologous to a 15 bp segment of the 50-mer wild-type target DNA
(SEQ ID NO:6). The antisense strand of Probe No. 7 was identical
to Probe No. 5.

25 Sequence for the sense strand of Probe No. 7 was:

5’ -Flu-CTG TCA TCT CTG GTG-3'
Sequence for the antisense strand of Probe No. 7 was:
5/ -Flu-CAC CAG AGA TGA CAG-3'
The hybridization reaction mixture (40 pl) contained the
30 following: 0.4 pmoles of ,non-denatured target daDNA, 4 pmoles
of 5'-fluorescein labeled deDNA probe, 10 mM Tris-HCl, pH 7.5, 70
mM to 90 mM KC1 and 0 mM to 20 mM NaCl. The reaction mixtures
were incubated at room temperature (21°C) for various periods

ranging from 1 minute to 2 hours. Following incubation, samples

-67-



dsDNA: dsDNA- F conpl exes contai ning perfectly matched sequences (SEQ ID
NGO 6 + Probe No. 7) or a 1 bp msmatch (SEQ ID NO 7 + 25 Probe No. 7)
produced fluorescent intensities that were 47% and 19% | ower, respectively

after 30 Ww‘%"?f?nd 35% and 14% | ower, respectively af ppgHRoigput es,
than that achieved by Probe No. 7 alone (Fig. 7B). A small anmount of

cationi c quench_of the dsDNA- F Probe No. 7 control sanple S observed

over the ¥88® RIAGee Hete rﬂ:t%@?ténc}lﬂe?ﬁ%r plediakest orsenMt KEBAMAFISR nv

NaCM (Fi giorBllasethibeatil RaihgCal WQRELeRHER CHE V\@@s Cﬁhlsﬁﬁii byoﬂmﬁemc |Agsd on
of Nad whi ch when ﬁresent Ione causes a ml ar gresm

f1 uor escefitHOFGEREAL oFM The ighensiby h °rePﬁsns R RI5Esh

KC1 and l@snd] Eafttiphedferieirhd aﬂdzy eaaﬁ paaplieceanaky ée@tly mat ched

ds . ds DNA- EN%}Q‘WPI x formation Vg 02/ 10305 PCT/ 02/ 01972 .bet ween t he
' ?aFé

>type ds EPrEEERFTD ?\Tﬂ'%ﬁ nﬁydﬁfﬂﬁ\ R0, CORPELEIRS; %ng i n
a decr easpmphebl ofir xobat Ne:m QSIpClD.SOfQO hﬁ%KGnBQmeim?%mic@r cf 3hnygatut e,

45 m nut 60 t i vel t
(T uor 6o BENB ) ENR pds Tt uRey oo BraE P ueR R tEE ot e,
(Fig. 70 inByLbatdmn; athdidatrivyg ithatohot dat lompe nssrsihdngdod ST\ GHINAAFF

I b f th
ont 1o 128 aDR.IE"] FeCBETIES T e BrdBhoof B8 bbibpRient KL AL 0
as &¥i denddd. byhenethemds_nmff‘ St Mt.i On we@ iincibabed st dhh Sr-mat wi t h
these m Sg?iﬁhﬁgﬁgoﬁpbﬁg x Trasgd ‘i\Td R af it 480 JRYNR! E’Qfgé\P (S@adu':' g.

7C). Therefore e I nc of ‘nonoval ent ‘catrons such as KCI

cl ose to pRy¥Cs7dgilsaltheoprenenaei ©fis 9pr BfoKEd  DREDNR oR@PPNA-F oq!qm%e@ws
bet ween n@er@e@améadaéS%t@ér&%fam lﬁ‘xdéﬂ@fo?ﬁ@%ﬂh{:ﬁriﬂ@eé&ihicﬁ%

pr obes. ng formati on occurred on basi s of honol ggous base pair
recogni ti YAthiN GUSt ABaBinubee %&%@‘&ﬁqﬁ%mdy P&FE&PE?daMrﬂt el ex

forymti ongobefiRgPebUlFyg! pghedMBﬂmhﬂg@wcﬂi%ﬁr@tlw agdweed f&f%lyon
occurred at roomtenpera ure within relati ve%%%short i.ncubat i on 20 d ods

of 15 mi nieEShed 8ndnd kR &uismatghed: AgDRAR: de SL8 Bes 9Pq The
dsDNA t ar ggterand ds@NAsPrABArdgedri mnbﬁbétleﬁaml '@hé\/epﬁeé‘émﬁ Q@O0 mM

cont ai ned %:]%.O,A) %%nceorna:[t%gg f(j‘lnlijordes%entt intensities that were 27% and 3%

lower, respectively after 30 minutes, and 34% and 15% lower,

20 respectively after 45 minutes, than that emitted by Probe No. 7

alone (Fig. 7A). '

In the presence of 70 mM KC1I and 20 mM NaCl, the

dsDNA:dsDNA-F complexes containing perfectly matched sequences

(SEQ ID NO:6 + Probe No. 7) or a 1 bp mismatch (SEQ ID NO:7 +

25 Probe No. 7) produced fluorescent intensities that were 47% and

19% lower, respectively after 30 minutes, and 35% and 14% lower,

respectively after 45 minutes, than that achieved by Probe No. 7

alone (Fig. 7B). A emall amount of cationic quench of the deDNA-

F Probe No. 7 control sample was observed over the 120 minute

30 incubation in the presence of 70 mM KCl and 20 mM NaCl (Fig. 7B).

: This minimal cationic quench was caused by .the inclusion of NaCl,"

which when present alone causes a similar progressive
fluorescence quench of Probe No. 7 (data not shown).

The presence of 80 mM KCl and 10 mM NaCl, preferentially

35 promoted perfectly matched dsDNA:dsDNA-F complex formation
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cont ai n honopurine or honopyrimdine stretches on any DNA strand. The
assay of the invention was able to identify perfectly matched 25 dsDNA
sequences and those containing a pair of m smatched bases, using dsDNA
probes. EX »foshsfne assays perfornmed in Exanple 7 were {,@ﬁtdog,bﬁtyfd by the
addition o rmnova} ent cations in the reaction m xtures. This 30 exanple

will denopnstrate ra of forpation, stabi and._rate of
di ssassocgﬁgwﬁﬁno%ﬁ mh'%d Po xS eftor{‘%gtﬁlllfptﬁg é)préggné@Dgf'\ F
di val ent Pabberse. The r@mlt:mg GG ideeieaver ¢n fledtéscdnt cerrtimuodescrl bed

cach of MiEE> TRE"RRE 7% 65T 6#F03) SDsouitRer) IR AR EAnfRBECe

dsDNA- F Pinbebabion, smqnie«etebvlelmtednparqﬂ ugrelssif\laomeduenceremnrtted by

MyG andCE WEPRFESoEEEPE, Nn” o7oUR i IS rt 068 i TRCIS ) Fi 2088

Th| s cati oahtrgsenchfdrmmtsion mdfar the t Rat bpbsmsml:cvhed] SHHDNA-:EsPNab& No.

5inth Cl2 2

dsona P POBBTReES . eEe” Y ARG £ ProBro bl iy i [ yerypanetia e ey
(SEQ ID NCilﬁgmghomthé:hﬁ estice mzoatmnmae wg@ubaamnam fieNpCEgence of 80
dsDNA: ds Dhig b &pnagvaesvl% cht b%otl‘?é Hw §Q| gﬁnﬁ §2dktion

|ncubat|on resul Ing in a ecfease I'n uorescence, was 13% greater
t hakP t he pRoGhuarsacencs pbaerveduekidh these el sahohed preptengs cpmprrgd gA) .
Conpl ex fggngﬁagnemngéc@q; ypltcmg ¢Rt.eg afigr 7& mnutes of incubation of
SEQ ID NO W t In the presence of 30 "M Mg 2. and 30_nM 15
MhC121 generatTW%ﬁPm%@%c%@‘a]s‘éﬂWWEdﬁwt G@r?ﬂgpéd spgh pRaKCl

achi eved Bygt Rﬁc?aEtOE'lB%H EoQ'Ib?&%H%doﬁl‘LQQP B&acgnﬁ*&ﬂl@: @x%mo%é)i DNA
DsDNA: dsDNA- F_ conpl exes that contai ned m srraﬁsﬁR (SEQ ID NO 7 +
Probe No. CPTP4EX0 #%?‘H%‘éﬁ-%}?tet?e%% n@Pé‘sde&ﬁHu‘?%dm Ny N3t foalPen in
t hepgr esemaoeésééhmm&@@camwmewClaémgpéuermrma@nl%owdem%
decrease in fI uor escence, ‘NE tlvely corrpared to thattachl eve ’%fgy t he
cati oni caPPy tRRiehaRdS PF’Sbeh Logosnbapei Pan) reRPERE TG and’

m nutes fkableabbé i A | dLdrief iPaRAPCceroit &P anduiiyCbZ aodpBék Mdmda€izn no

between fully matched homologous duplex strands. The reaction

occurred at room temperature within relatively short incubation
20 periods of 15 minutes to 60 minutes at a ratio of probe to target
of 10 to 1. The dsDNA targets and dsDNA probe used in this
example were homologous, contained 53% GC content, and did not
contain homopurine or homopyrimidine stretches on any DNA strand.
The assay of the invention was able to identify perfectly matched
25 dsDNA sequences and those containing a pair of mismatched bases,
using dsDNA probes.
Example 8
The assays performed in Example 7 were facilitated by the
addition of monovalent cations in the reaction mixtures. This
30 example will demonstrate the rate qf formation, stability and
rate of dissassociaticbh of dsDNA:dsDNA complexes formed in the
presence of divalent cations. The reaction conditions were
identical to that described in Example 7, except that KCl and
NaCl was replaced with 30 mM to 40 mM each of MgCl, and MnCl,.
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conplex formati on was being signaled (Fig. 8A). After 90 25 m nutes, the
| evel of fluorescence observed was wholly attributable to the cationic
guench effect (Fig. 8A). In the presence of 40 nM MyCl2 and 40 mM MhCl2i

t he dsDN%sog@l&OEbcorrpl exes containing perfectly matchedpEgfdenees (SEQ
ID NO 6 + Probe . 7) or al bp msmatch (SEQID NO: 7 + 30 probe No. 7)

produced fluorescent intensities that were 17% | ower nd 4% hi gger,
respectively aft®r EPEEHUt &8PNBGH, aRFOD 0, ¥Rner? ti %’ fferavzs

tm'hnut te?] : tpmb_ ﬁggixga\efﬁaadtﬂ?ﬁ %_nhiﬁl;l.lhﬁfr,escéﬁggaﬁzgithgMﬁéﬁe?&m§gbﬁs1

an that, emtted by cationica uenched. Pro : ne (Fig.

8B) . Af 1 HIBBAL SRR i (5ha eRREnSEr/AT3Y) G0 HECh (DS bt ti8A% n t he
presence 8&) 4éxr Md MyCHZCanando4ommM WMid12, (Figy.c 8Bpl. eRhimraedticori cvgaehehng
signaled (Fig..8B). _The ditign of divalent I gn uch., as 2,.and
NhCIg21 ooy | POt ﬂngﬂg I@%sfe&vr?gt iwdﬁ%bée@géﬁgn%aﬁ nrai{ou'r e%/g%‘sDRﬁe 5
targets guoedémes esfert ImM IMyol, eandl STINAD Mmicd s, (Rigr .alédAdw accur at e

di scri‘m nati on,bet wgen Cgs%lJAe_ I >?gﬂt hed. honol ¢ 2eAYsNses and  fagse
containing 1 bp Tt ats ors pr% r?aﬁgl'y do%%l%g%#% conce%’tra i On of both
Mydl 2 agdWM%ﬁypasds_mqmi targébr (Sﬁ@ IlDoN@r?ﬂ oinaﬂéelsmmellswmﬁoﬂrgl wMdes
conpar e r or n DN/ ?% S.
The rate %Qc#’org}nlgt?gmsﬂ c?h’e %%%ggé%?céo%%xeséms Jg oweré:%ﬁﬁt %}é@
préddence aftervAenminghes o t hnaubatior Fesybhirg ofitpRoeEIR2&St ABNs.
Once 1 or nefhot 8ecdhdd! %ﬂﬁcaa&,agnlw%g@%xégg;@% NG SOPal SRS caeepRdct 0 be

stabl e over a shorter tinme period, e 9 The rate qQf farmation,
-stabi | i tquenehraf cthe epnisol Rzoks dp- 3 (BEDNA s-DN&C&Pﬁﬁxe STMASAREd in

the presepgs gieAPIPVEhENtatdd afherl PNinGRite@nofVancesatlibndoiesty Ibe
hybridi zati on"reaction mxture (40l) contained the follow pnpl es

- Q.4
of non 20N@efavithdPrabgello dsHNER Bhepresenge ©f Tslouﬁ%MlggﬁﬁgepedesDNA
prake, 10vAM 1 igerddrht ity G 8100 dddhn 20 1M HGbreklenitkt 0 cdfpamedNas! , 30

MV MyC12 and 30 mM MhCl 2.7 The reaction m xtures were _incubated_at _room
t enper at ubBak 2 echipyedy ¥ dithe pertirricaldy fgrenchsd PrabsutNOt o7 18¢°ne
mnutes. FpLgowigyg i NnCubsinOrasHaIH eomSléxes that contained a 1 bp

mismatch (SEQ ID NO:7 + Probe No. 7) also formed after 60 minutes

and 75 minutes of incubation in the presence of 30 mM MgCl, and

20 30 mM MnCl,, generating a 16% and 30% decrease in f£luorescence,

respectively, compared to that achieved by the cationically

quenched Probe No. 7 alone (Fig. 8A). After 90 and 120 minutes

of incubation in the presence of 30 mM MgCl, and 30 wM MnCl,, no

complex formation was being signaled (Fig. 8A). After 90

25 minutes, the level of fluorescence observed was wholly
attributable to the cationic quench effect (Fig. 8a).

\ In the presence of 40 mM MgCl, and 40 mM MnCl,, the

dsDNA:dsDNA-F complexes containing perfectly matched sequences

(SEQ ID NO:6 + Probe No. 7) or a 1 bp mismatch (SEQ ID NO:7 +

30 probe No. 7) produced fluorescent intensities that were 17% lower

and 4% highéi, respectively after 60 minutes; 36% and 22% lower,

respectively after 75 minutes, and 57% lower and 0.2 % higher,

respectively after 90 minutes, than that emitted by the

cationically quenched Probe No. 7 alone (Fig. 8B). After 120
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25 placed into a quartz cuvette, irradiated once with an argon ion |aser
beam having a wavel ength of 488 nm and nonitored for fluorescent em ssion.
The intensity of fluorescence was plotted as a function of tinme for each

sanpl e ana@é%ﬁﬂ 0g'€e presence of various KCl and NaCl conganBizétomns
t oget her ?Jn 0 MM MgC12 and 30 mM MhCl2 resulted in a cationic quench

fl trol be No. 7 (Fi
il ar  (BEHERS Gb FURIPR Ty B FRSe8PS8n Py A VG artitaat? ol

(ﬂ g. 8) #ﬂdl,seﬁesscbhplleicﬂﬁorrﬁwdw wasobelihg sﬂ@ﬂé)]l@dé emlr?.ageymns did not

affect the cat on| c enc r obe i t

cations. -71 I'-"%gl'/qt G%Fﬁ%fﬁ%ﬂﬁ’ Pﬁ‘églas?%m@ o%’? ﬁ%‘cj'f

i ncubat eclEazdihﬂdt&achBMr compleix t fpemaisDitd betgeen(ﬁEQ-diénaﬂn@d addDNAt ant
tar th n YL 30 mM

|ng 2 an %%Wﬁygﬁg%ﬁﬁ& JD%RBIﬁ%a &@Dexe Q%gr%gl :5% r?egl% Na%ge

t enper at Wtiseriteinatvion beaween perfectilyi mm& hprMOJng@u&EBemdernﬂe@s apfl

i ncubat i I mn A)

di scrim (I:a-tll on be%‘%ghgg rfecﬁ] %jeogl and ‘A%:%%-ox%ﬁérﬂrg%ghed&%)@ rTHg\bDNA F

conpl exescancenttrsatrian aft ebotio Mgel, anudlﬁ‘mqilaznm& seqnheedatfian, the

gener at | \'}é’? é\?{&?% hsbﬁk%&bﬁ%%@mﬁ%gggt r‘é%"/%enéné@%é ‘&%fed for

respect [ m nuft s respective after 45
mi it es, td:mi fRBeadricon of denih Sﬂm@peompllex?s af fTe‘Slle Iégerﬁffuﬁ%‘attlﬁélnotfhat

emtted b&’l?é %snﬁé@ﬁ%@o%lgﬂ%é‘w dlee Ma- tie B Ueddd Bf Iyalkntt he

presence o 30 MM MyC12 and 30, 15 nmM MhCl21 tg
dsDNA: ds Rt FoR i1aTkda Ehet RFRSSRFD OF BORPY2ABRE hert iRue MsE £SERCFAD

NO 6 + Prighe Alova¥en®' catdoRpPimtidet dbiNahEQabNA NomplexBsobeehled #p be
produced fluorescent intensities that y\gé 17% and 1% | ower, respectively
after 60 FFIRALLVEBRB MPLELK LABRePET+®epectively after 75 minutes, 22%

and s3% | wespect ively after 90 m nutes, and 34% and 2% | ower,
B
NaCl, 30 Wd&iﬁﬂ.&éﬂkﬁ&oﬂiﬁﬂ.eﬂéﬂﬁﬁhﬁ&ﬁﬁrm ipteaenmeoabtrachpar feaut lapd
rrptched d&%grsltPNéAét'::ions was examined next. The hybridization reaction
mixture (40pl) contained the following: 0.4 pmoles of non-
20 denatured target dsDNA, 4 pmoles of 5’-fluorescein labeled dsDNA
probe, 10 mM Tris-HCl, pH 7.5, 60 mM to 80 mM KCl, 10 mM to 20 mM
NaCl, 30 mM MgCl, and 30 mM MnCl,. The reaction mixtures were
incubated at room temperature (21°C) for various periocds ranging
" from 1 minute to 150 minutes. Following incubation, samples were
25 placed into a quartz cuvette, irradiated once 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 time for each sample analyzed.
The presence of various KCl and NaCl concentrations together
30 with 30 mM MgCl, and 30 mM MnCl, resulted in a cationic guench in
flubrescence of control dsDNA-F Probe No. 7 (Fig. 9) that was
very similar to that observed in the presence of only the
divalent cations (Fig. 8). It seems that the inclusion of the
monovalent cations did not affect the cationic quench of the
35 dsDNA-F probe by the divalent cations.
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25 conplex formati on between the wild-type dsDNA target (SEQ I D NO 6) and
dsDNA-F Probe No. 7, after 30 mnutes to 120 m nutes of incubation. The
perfectly matched dsDNA: dsDNA-F conpl exes generated a decrease in
quorescengv(%gn.P%sgn of 27% 43% 29% and 52% after a 60psi/sie@19775

m nut e e and 120 m nute 30 incubation, respectlvel y, conpared to

the fl uorescenc % the cati_oni cal |y quenched Pro l}% 7 sarrpl e
at these tinmes FPg %?D ByF cBRepadNC- o gﬁ‘ﬁ PtFﬂewitIBpt SHE e

]gls lD:\lA: ds Dmigétwap?m?n h‘éai%éo i QtsIHQ 1D ﬁgbanwmé%a\nmm yatﬁ;@?ﬁ f5 { sgo@mw
ol | owi ngﬁg oy nu 0 m nute_i ncu gn id(g & gﬁ[ 80%

KCl, 10 We?eé’ﬁ& 96 §v it - 0 FH3051
PET /1B02/ GD97E|ﬁIbyMﬁ¢JE ,: ommmsmm& edueér:\]prexes f {;\tﬂreescfem§dobater b It Ih
t hes tehed conplexes compared .to.that i te e cationically:
quen%hed %r BPSrﬁg ure (ﬁ’é rTrP eMafring), '?‘# ‘h‘a%% SM&-%'E)QA EI‘%ﬁ\IAn]l—é:
conpl ex fmn.mn:lesn afccimcmhtactdmraﬁQOpérmsMésfof Bl Uleatsiton], 50 eminutew) i n
a 14% decr e

cat i oni oal FaSqihhe ndfEAREE i< MIRETchbdtilled Berchte Y hifoned ang,

di val ent éabpdntsmqﬁ@md S DIRDRNADYAPR/ ConpiExes Warnebserved aétﬁétsWer 45t e

than did atd S5Yahiile SRLEOPACEbRNf N RRALALIES AR x e oAG 14t ed

by bothtye cations per5|sted on er"time
n? exes tglﬁ@rrb’ﬁéé éy%eanﬂeisﬁohmﬁrememqtéwglm afitex| 2At MiggkeHnH8Y

separ at el &ndw%mwgécrf&bﬁé&t%ﬂﬁt% p@sfﬁgﬁuues rraaaae%sqn@na se

msmatched dsDNA: dsDNA-F conpl exes Was observed 15 ger tinme
interval lRvERe ﬁpes’eﬁéévehmaﬁheﬁoh%@/amémte&nd théPv&Péﬁt e@a Feypy the

Theref or ecat&.u%h%agwaauaaaﬁeat ﬁf&lbé’%o Of7 'é@laiae eéh . agf) MyCl2
preferentially facilitated conplex formation between fm:lglé mat.ched

horol ogous dupl8xtherarasenen ehe ha¥ KCbi 24 sMbreGdus3h MGl and 30

recogni ti ey M301EXehé s EIINET SofpTerayebhaheflifg %ﬁiﬁ&l&t R X
formation in a seq lience speci fic manner be_i) en dsDNA targ{ﬁ%s angESs%\lA
probes f 86AUEPSEEd (BFRDRR NOHbich Fuapeaent 8 SRE IR 4s SR MGPIRERE &

di val ent @@t:i70Rs proie Next EXpEddiced Iflesgeboent héntaheivies that were
17% and 1% lower, respectively after 60 minutes, 48% and 11%
lower, .respectively after 75 minutes, 22% and 3% lower,

20 respectively after 90 minutes, and 34% and 2% lower, respectively
after 120 minutes, than that achieved by the cationically
quenched Probe No. 7 alone (Fig. 9B).

The presence'of 80 mM KC1l, 10 mM NaCl, 30 mM MgCl, and 30 mM
MnCl,, preferentially promotéd perfectly matched dsDNA:dsDNA-F

‘25 complex formation between the wild-type dsDNA target (SEQ ID
NO:6) and dsDNA-F Probe No. 7, after 30 minutes to 120 minutes of
incubation. The perfectly matched dsDNA:dsDNA-F complexes
generated a decrease in fluorescent emission of 27%, 43%, 29% and
52% after a 60 minute, 75 minute, 90 minute and 120 minute

30 incubation, respectively, compared to the fluorescence emitted by
the cationically quenéhed Probe No. 7:sample at these times (Fig.
9C) . By contrast, formation of the 1 bp mismatched dsDNA:dsDNA-F
complexes (SEQ ID NO:7 + Probe No. 7) was very inefficient
following a 45 minute to 90 minute incubation in the presence of

35 80 mM KCl, 10 mM NaCl, 30 mM MgCl, and 30 mM MnCl,, as evidenced
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25 formation, stability and rate of disassociation of dsDNA: ssDNA
conpl exes forned in the presence of the nultivalent cation, spermdine
(possessing a charge of +3), which is also capable of condensi ng DNA. The

hybri di zat ion mxture (40 Al) contained the 30 gqliggih9ss O. 2
pnol es of \H@Q) é@?\’gt{ ured target dsDNA 2 pnoles of 5'-fluorescel n abel ed
SSDNA pr 10 mM Tri s- HC1, and 1 mM sperm di ne. The reaction

m xt ures rteher AQbh 2B eko at% rteéb‘ﬁﬁtll@ﬁpéﬁl aﬁlmoé’e@EEEFef%"Ps%’é‘ﬁ%ﬂéltﬁ’eFPS%

rangi ng foiDgmalt Shewt ecoﬁlﬁl@xékpuréom dOW g | figabat RNibBEER| eByWekfe
pl aced |nto a -73 02/103051 PCT 802/0197% quartz cuvett.e, |rrad| at ed

once witH° ’fll%‘?’g%‘?'ﬂ- Bnargrehred e Zrrben Na ng a Wabel AfPth ofi2EF4m hinkp

noni t or ednisma&dzm CaSBNA : dSDNAH OfompiEx | Aé@etifion dcdirs®sSeLO6E WBS

pl ot.t ed as, functkon,of}‘% ne for ea ‘les | e, anal yz:ﬁg 5.The control

SSDRAF APHREERE, SEoyiipprbefiionpr EEEUNIAE tucti obt?n APAEPESEent® wi th
i ncr easedElmm@meam t ictmpatretineto prigfeancemittéd by pathd dica iohiigally) .

This catignic t as pronounced as that observed when the sane
probe was ?’iﬁ%@%‘g%?l?%i{%eo’pr esence of 10 nM MyCl2 and 10 mM MiCl21 10

especi ally w tThe tgreddancet bEn botles nefnaviadehat |mr1( Figraleft cRedbest!|y

Cco | eme S ; = con X r mat.i.on et al. t
(SEE) I D .‘8%%%%?@5%@- c og%x ormaé:lo algn |ca d‘h%?at eD%aht d%é and
301f nut edivvilent wisdtiioms ahonde Opcesformedfthe ahippexes oﬁa@,hg@’c@hbyng a
11% and CEY 58S Cot e e d

achi eved%%{ltghe %éatl%nl%%éﬁéj%ﬁ%ﬁ&%% °§ZQ théggygﬁg@ ﬁ&ﬁ f%ﬁ Eg?ter
45 m nutepiexer ubxemehetn hmeeptb@én@@ngvalew %ﬂ@ml nfér ﬁinlﬁraﬁﬁnt
conpl ex f@é@?&ﬁé’”sl@?irQ g, si ?'iﬁ\gm( "aigcrimnaﬂenl Bewééﬁn [p@frfé

sperm di ne was highly un avoura ex formation

that cont®ateed andg brgnianahehed cts:m@ Flgnmaﬁ qormleﬁi@wass)obs&wed

evigencede by a@‘rlorig‘é(ir 8260 it &49FASGBNERe (Brésle%b%ndf@/éﬂ‘?fm{cﬂﬁéltéhtt Bak
observed by <the cationically quenched Probe No. 5 after 15 m nutes and 30

nmi nut es divatemargaddonsas pﬂ?&naﬁ&ry prygiokogicay fPRaentsRpLeRs 2f KGlmati on
i nvol vi navaerorgiet Mgl OiledaRahal 1 BP0 URRGAS taBBaar @plex formation

between fully matched homologous duplex strands, on the basis of

homologous base pair recognition.
20 Example 10

Examples 3-6 demonstrated deDNA:ssDNA complex formation in

a sequence specific manner between dsDNA targets and ssDNA probes

facilitated by DNA condensing agents such as monovalent or

divalent cations. The next example will examine the rate of

25 formation, stability and rate of disassociation of dsDNA:ssDNA

complexes formed in the presence of the multivalent cation,

spermidine (possessing a charge of +3), which is also capable of
condensing DNA.

The hybridization reaction mixture (40 pl) contained the

30 ° following: 0.2 pmoles of non-denatured target dsDNA, 2 pmolgs

of 5’-fluorescein labeled ssDNA probe, 10 mM Trie-HCl, pH 7.5,

and 1 mM spermidine. The reaction mixtures were incubated at

room temperature (21°C) for various periods ranging from 1 minute

to 2 hours. Following incubation, samples were placed into a
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only after 75 mnutes of incubation in the presence of 1 mM sperm di ne and
di sappeared by 120 m nutes. The addition of the DNA condensi ng agent,
spermdine, facilitated rapid dsDNA: ssDNA conpl ex formation between

perfectly (R0 % Ped sequences under non-denaturing condpgtr@disnidr® al | ow
differenti at | on ween perfect |y conpl enentary sequences and those
containing a 1 bp nutation. n‘gl e 11 -74 WD 02/ 103051 PCT/I,B02/ 01972 Many
di f f er ent 948EREs cHé’?rtG@s éﬁrra@ﬁ§ gfle o(E’éﬁaB‘Pé'—hof"’n'l cRFIMSIAE dEBRK BBl e

11 denonshagifg tahewéﬁéEe }iobffahlsgn,mn S&ARI 'mbh)ltaﬂédr%b& ofluorescent
di sassoci ation,of dsDNA Iexg formed in the; ence of et hanol,
t.

anot her t §PLS8OBNA CEH&en%’ﬁ“er‘S Yaght FHHaFeRrEncs 4R P@&Efir g midt ur e
(40 | ) cofitacbgdnt &£ tilﬁélmr&clﬂs&n@&m eﬁawzmn denatured target dsDNA,

| es of 5'-f|uo I e, 10.1 ri_s- HC1 ,
and 0% et hantheTﬁ:é’ (ﬁ]?%% %t &’Fé’}% %cﬁﬁéﬁ?gwlﬁg Focﬁﬁ% Baibe’
t enper at ured(letlﬁ)mfim ﬁhnwmmcqm:rer ocishr angragsédoﬁndummnm tioe d6h rheut es.
Fol | owi ng,i. e A to u
i rradi at e %%gg%\n ‘?ﬁ an ar é’@%mﬁgégﬁaéﬁfg adrtst hg'\lll'r:L %ggée\%\%ﬁlﬁ‘( @&c Wepss nm
and noni t Bebd a‘snrprbnouaeeéntas eutias:sr obserray | whensruh,e osame uprebeemaes was
plotted a u | a nal val ent
or rrultrvg en &?: ‘?r g'(r% Qgﬁ of }g% hlgrctgF [ no? resuﬁ?eri’d a
queh@h i nespegrietbxenuetmuﬂw ﬁ;.)rstthé mnuteelogsmmuémbe(m BA) but
actual ly cause r e f o] cLime
(Fig. 1]. L 9 eé%{r'ggencerﬁﬁfeﬁ%gg/oe ha pre erer%fr aHﬂé %%obfo%%rlotﬂ
perfectly Eéﬂﬁ?én@h@a@@%m Q I:lérﬂﬂ’ fesdrihieofsBER nié Rroheh dlo .
1 d-t ypos dpLbin iy lod SERSLDION Gls ahd 30ThHINE I3 Qe Hungeibal oW 2

15 mnute to 60 mnute incubation (Fig. 11). contrast, formation of the

1 bp T-G Breranencet ds mdaspspmipdines 9%1%?@%“@%@4%%@ 20% gRG¥RAS® im)
wasyiyery Engbibsbénée JUkieRBect M1y NCebabaoAAt itde thhtt NGcRi §66MCByOft HE0%

ethanol . The, Tluotescent ' Hteng,Lhes froducer by the peffectly iatched

‘minutes of incubation in the presence of 1 mM spermidine, minimal
complex formation was being signaled (Fig. 10).

The inclusion of 1 mM spermidine was highly unfavourable for

20 dsDNA:ssDNA-F complex formation that contained a 1 bp T-G

mismatch (SEQ ID NO:7 + Probe No. 5), as evidenced by an

increased fluorescence of 11% and 7% compared to that observed by

the cationically quenched Probe No. 5 after 15 minutes and 30

minut:es of incubation, respectively (Fig. 10). Minimal complex

25 formation involving incompletely complementary sequences appeared

only after 75 minutes of incubation in the presence of 1 mM

spermidine and disappeared by 120 minutes.

The addition of the DNA condensing agent, - spermidine,

facilitated rapid dsDNA:ssDNA complex formation between perfectly

30 matched sequences under non-denaturing condi;ions, to allow

differentiation between perfectly complementafy sequences - and

those containing a 1 bp mutation.

Example 11
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conpl exes and 1 bp m smatched conpl exes were 11% and 2% | ower,

respectively after 15 mnutes, 12%and i % | ower, respectively 30 after 30
m nut es, 25% and 2%Iovver respectively after 45 mnutes, and 13% and 7%

| ower, res Mﬂﬁ boy after 60 mnutes, than that emtted ReriB@ofsgbe No. 5
control (Fi (ﬁ sr gni fi cant dsDNA SSDNA- F conpl ex formation was
observed after a 75 m_nute incubation in the presence of 10% et hanol._ -75

WO 02/ 103051 PMRAYBRoSLEieventhagantia | BRSIAEE owFRlbiRMt 2HE oRaPIPLet ol |
facilitat Eﬁ?bndeHH&n Odr@bm fm.guenlbetérmt:&e&eeeﬂﬁé Uk SIDNrhat 138 S and

fl uorescentl sDNA pr to aJ |l ow discrinmnation_ between
perfectly & taétcf; ‘%‘iﬁjeﬂ giaﬂﬁﬁ?q’&ﬁ@%n‘?%r ArRNA 588ENA  ERMBRAR%AS on.
Exam| e Jﬂ:z’a‘neamhetﬂé PlBidd afeethdidl ! RRioRBeaytPhe O DNAVESHASHE LAY
di scri m nate between perfectly conpl ementary dsDNA: sSDNA conpl exes and

ds © SS < | exes containing every type of 1 bp 10 m smatch possi bl e,
when the cati omhe m}bhﬂirali&ramabnt Wea¥OYonl mistupees@t . p10onpberatied) ytigense

d ti b t.h t.h
U 11 ed” BB (D3P0 enP 88 81 n tnoRRe e SR eaebin 12 P |
Probe No. of \ﬁds-fduwesﬁemr lebmdpseDnAdpsolgeedlt) onMeTz:ma’plli@I,eIBH 7 5,
conpl ementgly %ﬁj{%nﬁ ucl e%t %%%ﬁ”tn Qfuk-lg %89391§E%03| at oot mer

wi | d-type target over appl ng am no ac 05
to 1810 (N@tnmeease@e 401° ct9§e;)vama:mamrqctw rghging fromel watnutspgusite

or anti pargy | hat e:[}?&:b@:&tr d i { ts obes
(Probe .9%8 nt?lo osi)e ﬁjlégﬁvir e ent%?lcalsra Sgéﬁveénz?égélac ﬁlﬁhol%[
except foﬂ%rthaawqﬁneat|wactitﬂt@éir|¢m)m@eqaeneégper erbtﬂ@emf beafgys:

- CAC CAAAGhgT G Wé%e%e P&Ehs%‘fue{b?ee hR' aﬁ&obﬁoﬂ%&x&d’\ﬁ&r Eiu&é&&% AGA

AGA TAT-3' Sequence . GA TAT-3
emission. The .intensity of fluorescence was plotted as a
15 function of time for each sample analyzed.

Unlike divalent or multivalent cations, the 'addition of 10%
ethanol did not result in a quench in fluorescence emitted by the
control ssDNA-F Probe No. 5, but actually caused a slight
increase in fluorescence of the probe over time (Fig. 11).

20 The presence of 10% ethanol preferentially promoted
perfectly complementary dsDNA:ssDNA-F complex formation between
the wild-type dsDNA target (SEQ ID NO:6) and ssDNA-F Probe No. 5
following a 15 minute to 60 minute incubation (Fig. 11). By
contrast, formation of the 1 bp T-G mismatched dsDNA:ssDNA-F

25 complex (SEQ ID NO:7 + Probe No. 5) was very inefficient during
this incubation time in the presence of 10% ethanol. The
fluorescent intensities produced by the perfectly matched
complexes and 1 bp mismatched complexes were 11% and 2% lower,
respectively after 15 minutes, 12% and 1% lower, respectively

30 after 30 minutes, 25% and 2% lower, respectively after 45
minutes, and 13% and 7% lower, respeétively after 60 minutes,
than that emitted by the Probe No. 5 control (Fig. 11). No
gignificant dsDNA:ssDNA-F complex formation was observed after a
75 minute incubation in the presence of 10% ethanol.

-75-



Sequence for Probe No. 10 was: 30 5 -CAC CAA ACA TGA TAT-3,1 Sequence for
Probe No. 11 was: 5'-CAC CAT AGA TGA TAT-3' Sequence for Probe No. 12
was: 5'-CAC CAG AGA TGA TAT-3' -76 WO 02/103051 PCT/1B02/ 01972 Sequence for
Pr obe No. - CAC CAC AGA TGA TAT-3' Sequence for P%‘r@ﬁﬁ’z/d}@n 14 was:
- CAC CAAQ%\Q?’M LTaT-3 5 Sequence for Probe No. 15 was: CAC CAA AAA
TGA TAT-3'" Sequence for Probe No. 16 was: 5'-CAC AAA AGA TGA TAT-3' Probe
No. 17 was a 1 radgiitiianp pgbdoWesgaentrat ivns 1f athsnedel ﬁaééah#@‘ﬁ%@_t_ ary
to a 15 nypeobidstSe9 SE85E, ﬁﬂgg fadriin 505 | type
target DNA (SEQ‘ql%l NG 1 ;,atg%/%é hﬁet%éﬁamaﬁode}}:él dS)I tél ons g%]?é %%d
(Nat ure 3dotuoraprentdys)pbelnd cmlPléAl tErQhest:hetproi)bl%s d@pséssmea*éxon
ant i par al It e Rakreabtl &ﬂ% 3RfhehB Bh§n&6\fkﬂf‘§e cbatMihan
probes (Pr.obe No. Q%ér to Pp 26) J'\s)\i;/ere |den1€:a| cal in sequence toéprobe -
No. 27 excefP fBHtatipmhase nutation (underlined). Sequence for Probe No.
17 was: %x%ﬁ elGA TCT TTG GIG 3' 20 Sequence for Probe No. 18 was: 5'-ATA
TCT TCT TTG GIG 3" Sequence for Probe No. 19 was: 5'-ATA TCA TCT TTC

GIG 3' Sequen(mcafn@lepﬂ.szb@elhbns@ﬁaﬂ@é thatd the Adfay (Uf thE Ehvet$oR can

Sequence f Probe . 5' ATA TCA TCT ATG GIG 3' Sequence for

Pr obe. No. (%fq,ﬁlgnlrg eAT q@g\eqﬂ@- 4 complementary ggDNA 8sDNA

complexes and dsDNA:ssDNA complexes containing every type of 1 bp

10 mismatch possible, when the cationic DNA intercalator YOYO-1 is
Present.

Complementary sense and antisense 15-mer ssDNA probes were
synthesized on a DNA synthesizer, purified by HPLC, and dissolved
in ddH,0 at a concentration of 1 pmole/ul. Probe No. 1 was a 15-
15 mexr s8sDNA 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), overlapping amino acid positions 505 to
510 [Nature 380, 207 (1996)]. The chirality of the probe was
opposite or antiparallel to that of the sense strand in the
20 target. Mutant probes (Probe No. 8 to Probe No. 16) were
identical in sequence to Probe No. 1 except for a 1 base mutation
. (underlined).
Sequence for Probe No. 1 was:
5'-CAC CAA AGA TGA TAT-3!
25 Sequence for Probe No. 8 was:
5'-CAC CAA AGA AGA TAT-3!
Sequence for Probe No. 9 was:
5'-CAC GAA AGA TGA TAT-3' |
Sequence for Probe No. 10 was:
30 5'-CAC CAA ACA TGA TAT-B:
Sequence for Probe No. 11 was:
5'-CAC CAT AGA TGA TAT-3'
Sequence for Probe No. 12 was:
5'-CAC CAG AGA TGA TAT-3'
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30 Sequence for Probe No. 23 was: 5'-ATA TCA TCT -, GIG GIG 3' Seqguence
for Probe No. 24 was: 5'-ATA TCC TCT TTG GIG 3" Sequence for Probe No. 25
was: 35 5'-ATA TCA TTT TTG GIG 3" -77 WD 02/ 103051 PCT/1B02/ 01972 Sequence

for Pr obe‘gB s: 5'-ATA TCA TCT TTT GIG 3' The hybrpicqiBaldi93 reaction
m xture (4 ?} contained the followng: 2 pnoles of target dsDNA, 2 pnol es
of ssDNA probe, 5 0.5 _x TBE and_500 nM of the DNA intercal ator YOYOI. The
reaction nixt GPEueREreIPRRERRe Nt TS ‘emperature (21C) for 5 mnutes,
wi t hout ﬁnLQAcdeagt:urAt;AonT@A osdaNA t ar gets. Sanples were placed into a

quartz cuvett i rradi 2t ed with an aj(rjd‘rgon ion |aser beam having a
wavel engt h of BIHeRAPa R nBRPRD R 6t WBP i | uor escent enission. The -

i ntensitp 'etatl ucprascach egeasiTATVES plotted as a function of wavel ength
for_each sanple anal .. - The - wil d-type non-denatured dsDNA target -

(SED | D NO: 1) Eﬁ/géleﬁ? 0?85 W{’lﬂesbg%'% &P Wi | d-t ype antisense ssDNA Probe
No 1 and'v&ACOUSAMAS- RRRA 1TGHRSETATHAt ed anti sense sSDNA probes 15. (Probe
No. 8 to Prob ) h .6 every type of 1 bp msnatch
possi bl e. As g%gﬁgf‘ég f?%e ?%\%;&5% f ug‘{ags?scent em ssion intensities were
gener at e@ '‘bEAChe AABDNACSE s OFEA cdPTeX'es consi sting of perfectly

conpl enentary e s @SE r (F 2,2 12B).
DODNA: SSONA oBE0PS, (X0} nST ST P, ggﬁNﬁbpr&emds%ﬁed(lsé% e o)
+ PPobe Kompdptedyl complementianyat t@ (SSELEI muqdeptldpro%ew opf athe py

CCm Snﬁh"‘clﬁ.seﬁggQ é?%ahgi 1o E %hgb%d\k?nexl()&ll@- Eraﬂééﬂ Sﬁﬁf&Ch(dE@EQIb D

NGO 1 + Probe T-G msmtch (S -1 + Probe . 12), a
1 bp T- CN@i: é-r)rat @Nee-"éegpmemminq w%@wtlmyg 5851t8p5l\°c[§§t‘ﬁ¥%r%¥%h ( SEQ

I D NO: 1 "20'3r 0&@9&'@ ]14) Thel é’ﬂlﬁﬂﬁ? S@SEt Chhd SEQobéDvNﬂa 1oppBbee Ner 15),
and a 1 m smatch (SEQ ID NGO .1+ Probe No. 16 LII uor escent
emi ssi on alnt"'rthﬁ?Ft]-l]-@% ttl'fht that o ofgdthe 63‘%"1%@3}3‘3 45%%3 € 5581984« ang

71¥s | oneMutah®sprebete! (brobaafiot.ha ewl trredebNot hes Dewé:eet iaenmcdrredm
sequence to Probe No. 17 except for a 1 base mutation
kunderlined).
Sequence for Probe No. 17 was:
5'-ATA TCA TCT TTG GTG-3'
20 Sequence for Probe No. 18 was:
5'-ATA TCT TCT TIG GTG-3’
Sequence for Probe No. 192 was:
5-ATA TCA TCT TTC GTG-3'
Sequence for Probe No. 20 was:
25 5'-ATA TCA TGT TTG GTG-3'
Sequence for Probe No. 21 was:
5/-ATA TCA TCT ATG GTG-3'
Sequence for Probe No. 22 was:
5'-ATA TCA TCT CTG GTG-3'
30 Sequence for Probe No. 23 was:
5'-ATA TCA TCT -QTG GTG-3’
Sequence for Probe No. 24 was:
5'-ATA TCG TCT TIG GTG-3'
Sequence for Probe No. 25 was:
35 5’-ATA TCA TIT TTG GTIG-3'
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30 dsDNA: ssDNA conpl exes (Figures 12A and 12B). The triple strand assay' was
al so evaluated by reacting the 50-ner w | d-type non-denatured dsDNA target
(SEQID NO:1) with the 15-nmer wild-type sense ssDNA Probe No. 17 and

vari ous 15‘3,5%&/ 31()5pase nmut at ed sense ssDNA probes (Probe iNermsbfloieg2 Pr obe
No. 26), A03%bul d generate every type of 1 bp m smatch possible. The

-78 WO 02/ 103051 PCT/ 1 B02/ 01972 erfe%t%%a_corrpl enentary dsDNA: ssDNA triple
strand conpl ex384enss 9y of *17) containing a sense strand

probe (Figuzas mamtTlZEIrTfOG'meda‘V\Ath si m'Iar efficacy as the perfectly
conpl enment ary

{ | SE Prob ' 5
cont ai ni ng an e 2 é’sﬁ comé? AR élrf‘ZA (}J;d”j’lgB?omﬁé%& BB
conpl exeSfdiu&Sw:r@ul tzd%mdsu.aés Joﬂ)rta'EgEtmwmIAch 2( §EQleBDotﬂOﬁ§DNAPmbbeNo t )
18 C t ma ch-
(SES 1D 108 ¥ sibesrg, S w4 oipshe, BB SnePRpatdior SN, SOt
21), al m&fbmmmmslme(rsE@nbmomed at Prodre téspezajture 1283,5CE /sor
' tch (SEQ I.D Prob S 1+
Pt obe. No.5 FRRUtRA - Ertpus REEE Sepfiaira o e, o gl S Seanptel )
bp T-C rwmtplaogafqn@ NOqlaxtRr obeetie, 2$§repﬂncaﬂﬁ@e@#t4fu@rne§craw 1°n
em ssi on ié‘éeeznsbh'aﬁs g@eéfﬁgﬁé‘iﬁﬁglﬁ E@%Ms%%m&lu@d éhiedded 15026%

and 82% | ower, respec emtted i t he erfectly matched
dsDICA: ssmmwmmsemsgms The inersdty. ofTh uva%%ﬂﬁ“}}ﬁﬁf-%é'as

fluoresc A
s i'idepend%dnarr;)frue&(}}&h%§ ReveLy ﬁ?tﬂefd!e%dm‘%a@l'eou aly2e

m smat ch particu base pair._m snatch tgga é@
change in percBme G0-mey suidekypsf nowedenakNret GDNASFaxgrtsed

(Fig. 12)nolp vFaeé‘iléa%t%fd Ffeﬂr&elascaaélwmayﬁ hﬁtnébnbetysmA tHhebe i pl e

strand assay to 1dentif ossible 1 bp msnptches wt curacy
when ant iN¥ensd éﬂdsé’ﬁ§é°§§Dm\'Tb¢?6b3bsbm é“‘ﬂ%r%cf‘%’ﬂ? sr‘?oﬁ%é%%‘atﬁfro%(?sdsDNA
targets i ppibibe RIS SN ero‘erNQNAﬂ.G)ZE’ tdmp%mal ggnegamé ey Trypahidfe t he
exanpl es EhEPeaRETALTH (oM Xpar At PHEA oIS dH T fin e ARt
vari ous chaipgssoanint@ssit s were gemerisedrane thieedsDNA whsDHA tcaluplaxdng
from the Sgll'lgnl‘.étgpl(gj g%ogerfectly complementary sequences (SEQ ID NO:1 +
Probe No. 1) (Figures 12A and 12B). DsDNA:ssDNA complexes that
20 resulted in a 1 bp A-A mismatch (SEQ ID NO:1 + Probe No. g8), a il
bp G-G mismatch (SEQ ID NO:1 + Probe No. 9), a 1 bp C-C mismatch
(SEQ ID NO:1 + Probe No. 10), a 1 bp T-T mismatch (SEQ ID NO:1 +
Probe No. 11), a 1 bp T-G mismatch (SEQ ID NO:1 + Probe No. 12),
a 1 bp T-C mismatch (SEQ ID NO:1 + Probe No. 13), a 1 bp A-C
25 mismatch (SEQ ID NO:1 + Probe No. 14), a 1 bp C-A mismatch (SEQ
ID NO:1 + Probe No. 15), and a 1 bp G-A mismatch (SEQ ID NO:1 +
pProbe No. 16) produced fluorescent emisgsion intensities that were
63%, 66%, 50%, 47%, 49%, 79%, 57%, 51% and 71% lower,
respectively, than that emitted by the perfectly matched
30 dsDNA:ssDNA complexes (Figures 12A and 12B).

The triple strand assay was also evaluated by reactlng the
50-mer wild-type non-denatured dsDNA target (SEQ ID NO:1) with
the 15-mer wild-type sense ssDNA Probe No. 17 and var_ious 15-mexr
1 base mutated sense ssDNA probes (Probe No. 18 to Probe No. 26},

35 that would generate every type of 1 bp mismatch possible. The
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30 thereof. WO 02/103051 PCT/I1B02/01972 CLAIMS 1. A nethod of creating a
nucleic acid nmultiplex, said nethod conprising the steps of: 1) creating a
m xture conprising water, a Watson-Crick 5 duplex, a suffici ent nunber of
si ngl e-stranded m xed base sequence nol ecules to forma l;& that

i ncl udes tWOUIW- Crick duplex, and an accel erator agen at mcreases
a rate or anount of nultiplex formatlon said nultiplex being a triplex or
quadr upl eﬁterm]er coypléemenhgly- anmte‘cplle srrand caNEeXEF {580

sel ected ﬁ@&\f + IProbd RoMit) Rt fntl?l ‘é’oHéﬂsﬁase I;il'fch:ﬁ!t 9% ilRrak!

ot her stran the mul t1plex by a erence to rul es, said
rul es bei¥Rf eﬂﬂﬁerlm s@ﬁr@dcwlﬁaseﬂfﬂﬂal&ﬂ ngfEicaey 0|a€3h0’1'°f]i¥la oBSFEEFEAN ng

base- pal rédiib T ardydx2h1etiaid Rompakedesl (EMs orf Soh! Qoidise Mo L ipl e

to form each strand of said multiplex related to all other strands of

the 5 mul tFPFeBA ARG IRRr S SLPSBa RN | PPl dEigpreni déd (#d, 2RPYhin
the mul timdewa: éMA\Nﬂoﬁgle%!sCEhéepﬁéuwéweﬁh iz 1StRP - nt:..%match (SEQ

heteropol neric with C content between 10% and, 90% A net god of

Caiml M+ thETRREt N 8lor Bal Bl & G MEMASEEx (SFY %‘Péf?'(ﬁ)*
suffici emo nurder a0f Bpnglersilsnitded (SRD| EOWESL i+S PiobaWol e Gt £ (12)>pt he

triplex i or ned . thod of Claiml erei.n the.d substant ally
retains ijg's&cfﬁmaet‘ﬁ%l @9‘9 ]rs]q S{?(ftlur"'e%a'%et é"s?ﬁ&l'e Asdy g’%d?& FREIBEEE I e
resiodes i (SEQ QIDDNCe 10f+ Phrabeddolbl 22)hela O.albpsGr-HcmiJsmteh (QSEQatJm)aNOafl @& aim
3 wher ei ngl.e-stranded ecul e a on angd o

dupl ex bgp’f/é}ﬁ%ﬁ\ O%%eK Bage-gpp(g% “}351 5’3 (gﬁb {[12%](%21 sec;e’t)rrst s'ltilfr%ané‘lgf’ t he
dupl ex bya h(hp)l'mgbutstshialudhngsmtasmpw 1l g ProbesNo3025) , Aamiatahddhwf TECai m 4
wherein t Iex st |ns ts ub al and
t he singl %'Pal’ égﬂﬁo lg:;(;u#g #em dgé n gjgrozcka é?oﬁﬁé%&ddfu %tcléigal

st r uct ur eemﬁsszébmtairtt@dtsdttlelsathnﬂ welrer 63%wi 6T n 18% RBEL | M%X,S'Hh.e 59%,

et BRRRCIHIRY | et lad by’ theC
on ent be% g]'%g'ﬁfn %g?é&%]h"teerslﬁa' % ea ; °
perfectly matched dsDNA ssDNA complexes (Figures 12C and 12D).

The variability in the fluorescent emission intensities
observed between the various 1 bp mismatches depended more on the
particular base pair mismatch than the change in percent GC

20 content of the mutant triple strand sequences (Fig. 12). The
‘results of Figure 12 confirmed the reliability of the triple
strand assay to identify all possible 1 bp mismatches with great
accuracy when antisense or sense ssDNA probes were reacted with
non-denatured dsDNA targets in the presence of the DNA

25 decondensing agent YOYO-1.

While the invention has been described in detail anc} with
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

30 thereof.
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-80 WO 02/103051 PCT/1B02/01972 frequencies therein of purine-pyrimdine
dimers and pyrimdine- purine diners exceeds 25% 7. A nethod of Jdaim1l
wherein steps (1) and (2) are perforned with the nucleic acid strands

and/ or dup . ina 5cell. 8 Anmthod of Caim ‘#&g tep(2)
IS perfornﬁﬁ?ﬂ@gt t he assistance of a protein. 9. A m]e\P 61?(*197&5
wherein in step (1) , the water is added so that it accounts, on a voI urre
basis, for at least 50 10 percentcldMéhe final volune of the mixture. 10.

A method of O ai,mal S Nof NcpbsPind)a hile1vBéendia madagiss,thagaid
accounts, on voI une, basi s, f-or at Ieast 80 percent of the final vol ume

of the m %FGP@ E&mpﬁlﬂﬁ%oﬁ‘%fsfa%ﬁ @EE wherein in step (1), the water is

15 added so thajy |dre%.‘t¢i@.§nt§ mORt@re Obykpr Pend . whekrdl | &f whbsonl cauer
addeg to the_m xture. ., A nethod of Cdajlml, ereln step (l“%h?‘ég performed:

at a> tempPAeHre Br ‘E ’aﬁrﬂ:r eSUTREYe Phe foase
\z/imqueogs s&lequeiziae&ﬂdl@ét%m %mr&ManmS‘ﬁt@lé’ﬁ t.'ll'?at Airmldm ehedgatﬁa;ﬂ.Z 5 o
erein s erfornmed at erature t enper at ures befwe

e So"c R ckiunieRt RATRE, Atadloraithr raetl, thst SOCRERPEP BT are o

t enper at uramountt efrpmn]atipm: vt ohf EadddnZt {pled beimpiahodiplekl arm 1
wher ei n | on I dded as.t he at or e 16. A
met hod of r’rP %%)c(/vh‘élgg @afain&ﬁf s® aﬁ%eré]ovmgfgguf% égclgﬁgeﬁ YTETi on
of %0mv t@rEZEaﬁ\'Iaeclzéd Aacrethabl. oﬁ.fdm na 1ﬁulz\hmleem, s&hdycatudd isaciel ket ed

f th

t(rjozlnSnMe %ﬁgeeag\g%e&lg%tg{econcen rat | on (%'Fet Wrﬁl Q&%}?\?é@ e
provi ded dese pehréngr aules,oba2l@nivules. baingt abther WakpaniCuhekecbasén

t 1 1 | «3rk 4 ahgk sS.1

82/6? og Ogli{g&#flggg%%%r hSmSHSSL P51 136C BhEE DAL r 2§ NEu1e S A

2) incubating said mixture to allow the multiplex to form,

15 each strand of said multiplex related to all other strands of the

multiplex by adherence to base-pairing rules;

provided that, within the multiplex, the Watson-Crick duplex
added in step (1) is heteropolymeric with a G-C content between
10% and 90%.

20 2. A method of Claim 1 wherein the multiplex created is a
triplex, in step (1) the sufficient number of sgingle-stranded
molecules is 1, and in step (2) the triplex is formed.

3. A method of Claim 1 wherein the duplex subséantially'
retains its double-helical structure and the single-stranded

25 molecule resides in a groove of that double-helical structure.

4. A method of Claim 3 wherein the single-stranded molecule
is related to one strand of the duplex by Watson-Crick base-
pairing rules and to the second strand of the duplex by
homologous binding base-pairing rules.

30 5. A method of Claim 4 wherein the duplex substantially
retains its double-helical structure and the single-stranded
molecule resides in a groove of that double-helical structure.

6. A method of Claim 1 where, within the multiplex, the
Watson-Crick duplex added in step (1) is heteropolymeric with a

35 G-C content between 10% and 90%, and furthermore the combined
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19. A nethod of Claim 18 wherein the intercalator is a fluorescent
intercalator. 20. A nmethod of Claim 19 wherein the fl uorescent
intercalator is selected fromthe group consisting of YOYO-1, 5 TOIO 1,

YOYO-3, T O 1, BOBO- 1, POPO-3, BOBO-3, LOLO-1, J ni ne
di ners. gggﬁgﬂﬂﬁo PRO-I, YOPRO3, TOPRO3, TO PRO 59&@@%{%‘&
BOPROl PO PRO 3, BOPROS LOPRO 1, JO ,PRO |, cyani ne_nonope

et hi di um DreeRcies haxaim GfoAurdner byrdmiddng i huews aRd- aerem aim

deri vati mrlmrdmm exddedisn@sdQ orange, acridi ne derivati ves,

et hidium acri ne het rod nmer, et.hi di um_nonqazi de L, di u SYTO
dyes, SYBR Gre d §Es Clsin, & ddier %Wd&%@é nggm nd' czg ‘are
7-am noacpérlfmmedl vD.tthheThacnreﬁ.bochd 6 varmdsl andyioei duplexescadberiat @
agent S alir:on-i ntercal ating fluorophore. 15 22. A nethod of Caim?21
wherei n t A% hon-intercal at | ng fluorophore is selected fromthe group

consi sting of &i & m;thodhoflacr:ﬁaﬂan :lAIw@ea-edneste;BG])P‘iedpesfoMediw:Lthout
conj ugat e t hi ol cti fluorescein and derivatives including
but not ]??n e%llﬁtarf Te < age rﬁr 85‘33 Oregon Green, Rhodam ne G een, QY
20 dyes. 23. AerreAhmeltbcbdGbﬁl @laimhar whleriemnsti.apS(cijpt ha )ac deee st imgent

t h t
Vet son- G Fagah sP o cha8, T AEBobfEE e ol AP bl lieTpalat rok MIARNsE 1D
acdd er atmr@@j@lhtofalttl% fdnad ayolumei ¢f 2bBe mhvtwee hod of O aim 24 wher ein
0 ostep (1) theo . GEGRENSE e A0RMm P PRoALHRNE il (1501 U SrddbaalePr

26. The net hod of alm1l \C/)élerel nin step (1) an accel erator agent that is
a condens?@ded sgehbabsitegarayntfe VBt SorvodMpek bagdedufiask dts kaprfdd.807.

The met hogepbeikt %fnt]hé"’fﬁrlﬁ'l”v'o'iuﬁker( theaRigcgpéerator agent that is a
decondensation agent as regards the Watson-Crick dupl ex I s added. -82 WO

02/ 103051 PCT/3BoA m@#pctsof Acmthoh wrerRite i RESP t ()l e 93 EPTekEhod
cony i si nggaddes8ethal Qt GRidintsanthd Ust H8LuR®NBaESE DY far addi tdfongle st ep

liquid added to the mixture.

12. A method of Claim 1 wherein step (2) is performed at a
temperature or temperatures above the freezing temperature of the
agqueous solution and at not more than 85 °C.

20 13. A method of Claim 12 wherein step (2) is performed at a
temperature or temperatures between 5 °C and 30 °C.

14. A method of Claim 13 wherein step (2) is performed at a
temperature or temperatures between 15 °C and 25 °C. .

15. A method of Claim 1 wherein in step (1), a cation is

25 added as the accelerator agent.

16. A method of Claim 15 wherein said cation is Na* provided
at a concentration of 50mM to 125mM.

17.. A method of Claim 15 wherein said cation is selected
from the group consisting of Mn*? provided at a concentration of

30 10mM to 45mM, Mg** provided at a concentration of 10mM to 45mM,
" and 'Ni*? provided at a concentration of 20mM. '

18. A method of Claim 1 wherein in step (1) an intercalator

is added as an accelerator agent.
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(3) in which the triplex is detected. 29. A nmethod of Claim1l wherein the
multiplex created is a 5 quadruplex, in step (1) the Watson-Crick dupl ex
is a first Watson-Crick duplex, and in step (1) the sufficient nunber of

si ngl e- st r@@:@&)ﬁg}{(ecul es is 2, those single-stranded nol ﬁm/{’lgf}fe in a

second \Wat duplex, and in step (2) the quadruplex Is med from
said first and second duplexes. 10 Preferably step (1) is done with the two

si ngl e- st randetP - nB Sekhed 0F cQlgimn Ifhawherei Vae senterrakatiopl ég. &30. A

met hod ™ of £ Tied £&d bevek 3 e HURIe, said nethod conprising the nmethod of
Claim?29 and further conprising_an additional step (3) in which the

quadrupl ex i s Hot ech sethod of Thadm 39 whegaphi theof Bererfeitst r anded probe

bound to intéleedl£esit raadeelavet@i Exom dHeAIHRVup Wit i%R bHIEPRD-1,
CONMpri ses, .2 het er.o ol_rya_rrerlc nucleic acid or a heteropolyneric nucleic acid
anafog, gjﬁc& Qr}- bé@g‘q irpFeTS -3 BAFA-1riBPRS lar EORONBer 8OBYe? et P tirrom

the groupJoymsi steydnidie Aileks, T-v&-BRAHMA- To-Fré=-1, Y80pRoll A Tdtpkdl3 G C G

and GG tripl f ai_m 3 rej he_doubl e- sty anded _ nucl ei c
acid tar g%?%%% 'ar#qo'aq%q?'egﬁ'ﬁ?q%sw&%ﬁ%h@: hel FgéFRéé%f W drd $97e
get glr opﬁl BR®+1 £ ayanligiec menbale®s, aéﬁhi)@illilﬁﬂibm&f ] élié,neahgdmmeh@ﬁodihtﬁér—l ,

oubl e-helj,cal, structure. 25 33., A tri X_ 0 aim 31 rein the, .,

het er opol %/%Jrc:hcum nﬁ%‘f‘%‘?’cm%"% a%ﬁ‘h%h‘l"gggﬁ’éfﬁawaxfég 'a aac%%rb%ntaecfﬁlddﬁ%en
10fL0and @O86g8A. akridipeexdetithtives3 ditdridlinmm-herddibhee- s¢ terstbioner,

nucl ei ¢ L, ti : [ ' [ tructure
and the %&%ﬁ%ﬁﬁhﬁéﬁﬁﬁﬂ céé%#ﬁﬁngr{%%%#%’ C@é@l gie}lskeg’i ;ﬂaBRgg%rgevéé: of’ t hat
doubl e- he? YRR dyes uRigce Graen, ASYTRX dyeex andp?taminpact inamycigt Dand

containing a fj{Stmaequantsy Yr mgdt?zplia%ﬁ%teiﬁ?’tﬂ@ g@é%fépééolp%gérﬁo%@l?“

a second strand contai ning a second sequence of nucl eobases, ereln said

second st% apeniintergdiakiag filueremhererirst strand by Watson-Crick

boRdi ng; a thigsl, Shr aRG S BENIAR 1 {511 dnRe@YAN G T nONC RODASE It ing
fluorophore is selected from the group consisting of biotin,
rhodamine, Alexa dyes, BODIPY dyes, biotin conjugates, thiol-
reactive probes, fluorescein and derivatives including but not
limited to the caged probes, Oregon Green, Rhodamine Green, QSY

20 dyes.

23. A method of Claim 1 wherein in step (1)the accelerator
agent 1s an intercalator that binds to the minor and/or major
groove of the Watson-Crick duplex. ‘

- 24. The method of Claim 1 wherein in step (1) the
25 accelerator agent at 25 °C is a liquid.

25. The method of Claim 24 wherein in step (1) the
accelerator agent is an organic liquid soluble in water.

26. The method of Claim 1 wherein in step (1) an accelerator
agent that is a condensation agent as regards the Watson-Crick

30 duplex is added.
) 27. The method of Claim 1 wherein in step (1) an actelerator
agent that is a decondensation agent as regards the Watson-Crick

duplex is added.
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5 and a fourth strand containing a fourth sequence of nucl eobases, wherein
said fourth strand is associated with said third strand by Watson-Crick
bondi ng. 36. A gquadruplex of Caim35 wherein each of said four 10 strands

I s heterop with a G C content between 10% and 90
quadr upl exwé’?@%‘ﬂgh 35 \/\herel n either (1) the second andl{?ourtlﬁ s?%rands

are aligned in a paral | 3" to 5 direction_ and bindin c$tween,those 2
strands is acc?ﬁdl%d“ect@%ﬁ’gl G@Bﬁgtl’?)gb%stéflﬁleﬁ'nﬁa?“a "'q'éf? BT S PPst

and thircld rr@étdsocar@f maaﬁkedz anid Euﬁ%hé'ﬂ ebmprising’ arli ddlit ionadngtepndi ng
bet ween t&g)se stragﬂ}q accordin o %ro ogous base-pairing rules or
(3) the oY &fdSSafg SFFB ed in a parallel 3 to 5
direction and 9 ndi ngetitddveEn claiith Sewbrtdedndthouniit pTedndrdated is a
accqrding_to.ho Iogou base ai ruI and rthe r th fig and
thiPd str rﬁ’éﬂ.g By §he i)aqﬁ §H§§ %, 42 blfﬁ%%ﬁ
bet ween sflmwbdn;csztlcanddmﬂsﬂé:d Samdinﬂﬁ ssepadadrdhag sud fioiehbgaugber of
base- pair adrupl ex Qf Lm r \( four
25 stran sII ete’f%'b%c%/r‘r‘@% etsh 8 %’C%%ﬁ?eggn# v\%‘ll'e];nL %{]anc}e%g%
A quadrupinea( am Chai se&ndh@atisoneCiriek (dpltehn sandndin astiepout2h $’Emeands
are alig araIIe onh dir o) d _bisndj t se 2
strands i acc ng o hv’@ eé ésll'c“l‘( f%ggasglf)%rla%g r{gj (ggﬂgr !%t g"f'l rst
and@ot hi r Pxeferalslar estsp gr(édl fis adpmealwith 5theo Bwodigimglendtasqdsidondi ng
between th0&adi et Al 374 dednOnlitbsReAdie kaage pa ring rules or
our

(3) the secon h st rands arealgne In a para 3 to 5
di rection and Qﬁndﬂhg Tf@@ﬂ'wden°§a| detecohd ardd ﬂb‘éFlFHP§F¥anc§>a3r% Fethod

accor di ng, S%’ '?? PSE " (cAgdilul RS and EHfEH@f W%ﬁ\p&*ﬂﬁm& a¥o
02/ 103051 P ' BOZ7 01972 tirst and third strands, are, al ne |n a parallel

5 to 3' additenrah shfP biddiivy whdoke Ehes GHATRLYX Ay eS¢rands is
acgerding to Vit S@@t@rlbq%xbaéapf%ih@gara&:fgae-é@raﬁdaaagfwé epowid @Riam. 39
wherein each of said four
double-stranded nucleic acid target, wherein said probe comprises
a heteropolymeric nucleic acid or a heteropolymeric nucleic acid
analog, and all base triplets of said triplex are members
selected from the group consisting of A-T-A, T-A-T, U-A-T, T-A-U,
20 A-U-A, U-A-U, G-C-G and C-G-C.
32. A triplex of Claim 31 wherein the double-stranded
nucleic acid target substantially retains its double-helical

structure and the heteroi:olymeric nucleic acid or analog resides
in a groove of that double-helical étructure.
25 33. A triplex of Claim 31 wherein the heteropolymeric
nucleic acid and analog each have a a G-C content between 10% and
90%.
' 34. A triplex of Claim 33 wherein the double-stianded
nucleic acid target substantially retains its double-helical
30 structure and the heteropolymeric nucleic acid or analog resides
in a groove of that double-helical structure.
35. A quadruplex comprising:
a first strand containing a first sequence of nucleobases;
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5 strands is heteropolyneric with a G C content between 10% and 90% 41. A
quadrupl ex of Claim 35 wherein either (1) the first and fourth strands are
aligned in anti-parallel 5 to 3 and 3' to 5 directions, respectively,
and bindin the 2 strands 10 is according to Wats

base- pai ri%{)‘ﬁw@og?or (2) the second and third strands a??@”?fgir?éz I n
anti-parallel 3 to 5 and 5 to 3" directions, respectively, and binding
bet ween t hose 2 seqondistrandacentaimig ¢ Facewh SGaUERCBaRE prIaohgsedles or

(3) the first and {Rardih Sbaﬁad%e%ﬁda'é&%%@ |1k aRbboPPded Slvibh bRid and
3" 15 to 5' directions, respectivel ng between said first -and

, |

fourth strands is aE:®HifiFans it %ﬁﬂeﬂrgkl%s@&%qﬁ'ng rul es and

furt hernmore thg ﬁﬁszeadsafwha hédrt StidRds 8herdl béneshdd ofthicleuhaldesl; 3'
g% and 5" to 3 %ectlons respectively, and binding between sai d

sec d and third st?% ds is according to 20 Watson-Crick base-pairing

rules. 42. A quagbuidiexntebnd ébﬂtélﬂnwlhefﬁumcheqhe&&édof&ufcleﬁﬁba@aﬂﬁ is

het er opol ymeri c mﬁt a GC con me &n 10% and__90% adr up|

Of Gl o m 35 wher of BETR PRJA; HoUREReBLERI, AF | BRORLAT 5004 B Gred

in anti-parallel 5 third starghd byt Waisodkcetékmdﬂrgspect ively, and

bi ndi ng betweepn _t hqgse_ 2 . str.ands ccordi.n 0 _honol ogous bas ring

rul es or (2)th§6' FRPIRTP A 1 sfﬁaﬁﬂsqé %hglreéﬁe(faic% a?ljf:l ?a%oé’lr '

tol® andtbandle 3s dieterbpodymerispetthvel B- CandnbénﬂibgtbQEmeén%thmﬁb 30

2 strandsgj bs. according to hormol ogous base-pairing rules or (3) the first

and fourth sfrands are aligned in anti-parallel 5 to 3" and 3' to 5'

directions, re3pechi qergrupbei bhHdilaimhetwebareiai elthext (ndhoweadend

strands '§n365839tpgs£9am§§0&a§ inP8] phegiad epr ang SUdiaECe the

second and thir rands are gned I n anti -paral to 5
3" di rectﬁ@dsbln§$nm§2W§eB05h0m?I sorandy 7is wﬂ;&mgemp hone legadieng

betyeen Sﬁhgesﬁﬁfﬁggnﬁl%iéﬁ 'k Sih %ﬂ@sf%f% aacrfd)"tﬁ'l% 5Or8RaR| £/%1igned

base pairing r uadrupl ex o 3 wherein each of sald f our
strands i #nheét @anfiledersc Wptﬁ adg;recééﬁtleﬁﬂdbbﬁﬁééﬁglb%ﬂﬁﬂn those 2

strands is according to homologous base-pairing rules or (3) the

second and fourth strands are aligned in a parallel 3' to 5!
direction and binding between said second and fourth strands is

20 according to homologous base-pairing rules and furthermore the
first and third strands are aligned in a parallel 5' to 3'
direction and binding between said first and third strands is
according to ﬁomologous base-pairing rules.

38. A quadruplex of Claim 37 wherein each of said four

25 strands is heteropolymeric with a G-C content between 10% and
90%.

39. A quadruplex of Claim 35 wherein either (1) the second
and fourth strands are aligned in a parallel 3' to 5' direction
and binding between those 2 strands is according to Watson-Crick

30 base-pairing rules or (2)the first and third strands are aligned
in a parallel 5' to 3' directidn and binding between those 2
gstrands is according to Watson-Crick base-pairing rules or (3)
the second and fourth strands are aligned in a parallel 3' to 5'
direction and binding between said second and fourth strands is

35 according to Watson-Crick base-pairing rules and furthermore the
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5 909. 45. The quadruplex of C aim 35 wherein each interacting base of the
said first strand interacts specifically with both the adjacent base on
the said third strand and with the base on the said fourth strand, the

base to whi h aid third strand 10 base is bound. 46. pl ex of
Cl ai m 45 \/\h‘ggg%/ﬁ‘)%@ch of said four strands is heteropol y&cﬁ‘g@b&\%ﬂ%ﬁ a GC
content between 10% and 90% 47. The quadruplex of C aim35 wherein each
i nt er act i fg-4ffseand s thir, strandss At datigney 1Rt & R i PilcdlQ y3Wwith

both the afljiilorDasm %&ﬁdﬁ%%&daﬁt&ﬁ r eivhtanghd hehed esbrandle s&i d
third strand, the base to which the said fourth sﬁrand base is bound. 48.
A quadr upl33EWAIBHHR FAtRABr ¥ Hok RIL/TPALL RS SHLSB20 strands i s

heter opol ymeri aoni tA guedfupDek eof lElaieemsdOkhensin 98%chids Towidetbud of
et cBt o, e R ot ROHETDUATRLED, VI P rEthotE Rt here el 30ho® S5 an
addi tionalotkep (3) in which the quadruplex is detected. 51. The method of
0ol m 45, uher st IR Seochl Ikos el ReD; BB (5 e sigat
_m' smat ch cancblgﬂc&muin,strlaaﬂmeanetabiglnmdeic_l aarrtt:ii—lparailﬂu_gﬂ.e5$_t taendédandl| 2tul e
i scr mi nat® baEhEehEanT o mete v aLsy FiRu e e desa Y BEfanas
m sifit ch drs delceidimg andiat fotbetel ok dameepadringlwtiem or He)whensehendi r st
mothod of ST CEbEd PhErpie R S 1apt M S e Ie o B8 e 2 TR et
doubl e- st rahdbdeantdionisc zespeotivriy ciandabinding| krfiveern ihass Bgshrapdget
sequence, MY RIJFaiSd Ho WHIIn TR\ R BEsEOPA IRy Sulle@ast PIF Rife Berbase
and fourth strands are aligned in anti-parallel 5' to 3' and 3'

15 to 5' directions, respectively, and binding between said first
and fourth strands is according to Watson-Crick base-pairing
rules and furthermore the second and third strands are aligned in
anti-parallel 3' to 5' and 5' to 3' directions, respectively, and
binding between said second and third strands is according to

20 Watson-Crick base-pairing rules.

42, A quadruplex of Claim 41 wherein each of said four
strands is heteropolymeric with a G-C content between 10% and
90%.

43. A quadruplex of Claim 35 wherein either (1) the first

25 and fourth strands are aligned in anti-parallel 5' to 3' and 3'
to 5' directions, respectively, and binding between those 2
strands is according to homologous base-pairing rules or (2)the
gecond and third strands are aligned in anti-parallel 3' to 5'
and 5' to 3' directions, respectively, and binding between those

30 2 strands is according to homologous base-pairingl rules or (3)
the first and fourth strands are aligned in anti-parallel 5' to
3' and 3' to 5' directions, respectively, and binding between
said first and fourth strands is according to homologous base-
pairing rules and furthermore the second and third strands are

35 aligned in anti-parallel 3' to 5' and 5' to 3' directionms,
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and at | east one pyrimdine base; providing a probe conprising a nucleic
acid sequence or a nucleic acid anal og sequence; providing an accel erator
agent; 10 adding said probe, said target sequence and sai d accel erator
agent to a nediumto provide a test sanple containing a ' onpl ex
conpri si ngY@4R438lobe bound to said target sequence, V\heé@"ﬁhgﬁﬁzoase
triplets of said conplex are menbers selected fromthe group consisting 15
of A-T- Areppgctivgly.Tand- hipding (petween azidsapagngh@ndctizicd pEradéat i ng

sai d t est; s Ay t8XRbhb18gha dhabd PhiAnd FH3est he test sanple to enit
fluorescent radiati on; detecting an intensity of said fluorescent

radi ati on, 20 4fherki Auagreplex el GLaim b3 r wharetn wearha afi neriy fafFinity

bet ween sixhrdlcObis afét SRIFOIAEE L IATHL L 0G-C 28Gh e B e f 1O 8R4 d
i nt nsMygo%g extent of matching between said probe and said target

sequence; wherein said nethod is a honbgeneous assay conducted w t hout
provi ding a siqgnal ThecaahlirgpRERNGE A Hih B AhHdleiHRCEHOACENOEr &Pt il d
probe. 53’. A g_tq{j of detecti ng%_’%tri plex, said nethod cgggri si ng;

provi di n azfetgf% Shta XSt hramd TRteracts srardghed KaGrngoth

L ar get Zexnmermﬁ,addmr BaBesahdthar geid SR Gt remidt ainds wathl east base Huri ne
ase an

t | east one' ri mdine hase; providing.a doyhl e-stranded probe
conpri si r%‘ea 839 &eurkd; Egrg’éﬁue %b%?s_% i g’é‘ﬁed sa"gr% &§1edqfiknerd 35
prooi di n@pasenyilar bduadt, i on accel erator agent; -87 WD 02/ 103051
PCT/ 1 B0O2/ 01972 addj ng _sai d probe id target. and said hylridization
accel er at or aéént déo&ﬁaér’é'ﬁﬁ’ tSEpﬁ\ﬂlﬂb tgg?rg%ppgchcgﬁ a??ﬂtﬂgkﬁur
Vit son- Cetdards plsexhempopaiyrgrdel dvithole Ghodueshients sbhet weergel 0% eqgu@nce;
5 irradi %toi%ng said test sanple with exciting radiation to

47. The quadruplex of Claim 35 wherein each interacting base
15 of the said second strand interacts specifically with both the
adjacent base on the said fourth strand and the base on the said
third strand, the base to which the said fourth strand base is
bound.

48. A quadruplex of Claim 47 wherein each of said four

20 strands is heteropolymeric with a G-C content between 10% and
90%.

49. The method of Claim 2, said method further comprising a
step (3) in which the triplex is detected.

50. The method of Claim 29, said method further comprising

25 an additional step (3) in which the quadruplex is detected.
' 51, The method of Claim 49, wherein said method
discriminates between a perfect base-pairing-rules match, a one-
base mismatch or deletion, and a 2-base mismatch or deletion,
between the duplex and the single-stranded molecule in the
30 triplex. ,

52. The method of Claim 50, 'wherein said method
discriminates between a perfect base-pairing-rules match, a one-
base mismatch or deletion, and a 2-base mismatch or deletion,
between the first and second Watson-Crick duplexes.
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cause test sanple to emt fluorescent radiation; detecting an intensity of
said fluorescent radiation, wherein said intensity is correlated with a
binding affinity between said probe and said target sequence; 10 and

determ ni n&lé}@ﬂé@gl d intensity an extent of matching betweghnnidg Probe
€

and said t uence wherein said nethod i s a honbgeneous assay
conducted without providing a signal quenching agent on said target
sequence or on 15 said probe. 55. A nethod of detecting a quadruplex, said

nethod conpriss N ritheddbN BRG]} aNdehSléx 2Had OmeBHEE BdnAGiging :
anal ogue haV|n§ awagg et sequence, erein said target sequence 20
VY % 0

contains at | e @ i RFasts dowhd egstrandedonuclels  afif RF pwedeic
provi ding a doubl e-&éi@ndﬁﬁl@é@@ecéﬁﬁﬂibﬁhﬁgaa gt GetfileticeeMHRIIREOr a
nucl ei ¢ aci d anal og sgquence; providing a bridi zati on accel erator agent; -
25 &dding sai d pr oBRALE ek, BEEUSHECSSPRERYIS (5 18APbroNS RIET{HS BRFSagent
to a mediumto provam® #t tlesists el pyrdimitiahei bgse; WAt son- Cri ck quadr upl ex
conprising said robe bound to said farget seguence; irryadiating said test
sanpl e wi th eXeTPTHITAGR T  SOMBIH EHIE @ (G A GSgRerCF) 8oy scent
radi ation; detectimgchaid ricddsiamploly segdehteprescent radi ati on, wherein
said intensity_is correlated w.th binding. affinity between said probe
and said targé?fégﬁﬁé é?lﬁﬁﬁe}§§' rb?ﬂfﬁg051 PCT/ 1 B02/ 01972 det er m ni ng
fram sai d i nt endding maickpeobe pfsamd danget bequemre saiddspidEcaaicradiod

w hout Rrovi di ng et MY & M1 o> BropTRdcaCeds. Hedh ¢ WttElitng
5 sai d pr.obe. a triplex complex comprising said probe bound to said
target sequence, wherein all base triplets of said
complex are members selected from the group consisting
15 of A-T-A, T-A-T, U-A-T, T-A-U, A-U-A, U-A-U, G-C-G and
C-G-C;
irradiating said test sample with exciting radiation to
cause the test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
20 wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
and
determining from said intensity an extent of matching
between said probe and said target sequence;
25 wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sequence or on
gaid probe. ,
54. A method of detecting a triplex, said method comprising:
providing a target nucleic acid or nucleic acid analogue
30 having a target sequence, wherein said target sequence
b containg at least oné purine base and at least one’
pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog sequence;
35 providing a hybridization accelerator agent;
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adding said probe, said target. and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick triplex comprising said probe
bound to said target sequence;
irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
and
determining from said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sequence or on
said probe.
55. A method of detecting a quadruplex, said method
comprising:
providing a target nucleic acid or nucleic acid analogue
having a target sequence, wherein said target sequence
contains at least one purine base and at least one
pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
seguence or a nucleic acid analog sequence;
providing a hybridization accelerator agent;
adding said probe, said target and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick quadruplex comprising said
probe bound to said target sequence;
irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an iritensity of said fluorescent radiation,
" wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;

and
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determining from - said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sequence or on
said probe. '
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