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THE I NVENTION 1. Field
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Fluorescent dyes have Dbeen used to detect and
quantitate nucleic acids for decades. In their most basic
form, fluorescent intensity-based assays have typically
comprised contacting a target with a fluorophore-containing
probe, removing any unbound probe from bound probe, and
detecting fluorescence in the washed sample. Homogeneous
assays improve upon such basic assays, in that the former
do not require a washing step or the provision of a non-
liquid phase support.

For example, U.S. Patents Nos. 5,538,848 to Livak et
al. and 4,220,450 to Maggio disclose homogeneous
fluorescence-based assays of nucleotide sequences using
oligonucleotide probes in solution. However, these patents
require the use of a quenching agent in combination with a
reporting agent, so as to distinguish between the signals
generated by hybridized probes and unhybridized probes.
Livak et al. also requires the use of enzymes in its
disclosed method. Quenching agents and enzymes add
complexity and expense to the methods.

U.8. Patent No. 5,332,659 to Kidwell .discloses a
method for detecting nucleotide sequences in solution using

probes comprising at least two fluorophore moieties. The
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PCT/ 1 BO0/ /01930 fl uorophores nust be selected to electronically interact
with each other when close enough to vary the wavel ength dependence of
their spe&eod beuesbinhybri di zed probes are much nore fl exi bl eptiaBoopriedses
hybridi zed to the target 5 sequence, and consequently the two fluorophore
noi eties on each probe are nore likely tg9 be close to each other when the
probe is unhybridized than when the probe is hybridized. Thus, a change in

e 2 e

5, 846, 729 t avith edaclh . obhep dhenl adeschomyegieots Thuyr ddeeneerdlagwtassays

for nucleic acid bridization. So assa have inte | at i.0g

. f1 uor ophor es‘fe_l%erf et & %i%péarti‘f}%a hyé?rllh&?bz%tcf%%ggase%é]éonéltc%enﬂg%}?l ity
of such fl uqisEhorEsetibbé ndthehweppobesantybaef.dizedei toacitthe n target

hybri di zati on conpl ex. For exanple, U S. Patent_No. 5,824 557 to. Burke et
+al . discl os#%‘%%mﬁ%ﬁ&%ﬁe Ny jikl“? g Ark HEFRT LT | T ot Fuct i ¢

aci d nol ecul @seh APkiss eaF&dnepbodi ey, tel bes cabsihed Maticalwidomwipdna dye
into a doubl e-stranded nucleic _acid helix or, single-stranded nucl eic, aci d.

The dye fludit®sceBrabeer 1Ent sdyPIiiHreshd #HRR i nYRER| t {Pes PTRR%ct1S
measur enent 1fp £ 41e; A0PUNt  OfnHC! ehC ABGgR eSeNt dnfi s drhe kPl engtihi |
t he net hod o@bBu{EE’LeEée? al, is purported tg%[)e useful for, measuring gtjhe
amount of nuederelaled i‘mléhsag(ﬁﬁ@, PEELRONCSFecidd ¢ MHEHEDetd®e P

| nteygal at or; gid. f&?iSf achd HReAnkhbehribe gféﬁ@dihstﬁésﬁngQB?ers t he

nmet hod 1 npracti ca or detecting specific binding, 30 particular under

condi ti ons wher e Wo®- t Batgent el eF c84€i B2 Aupd esetral prabeptdiseiasepat ent
No. 5, 814,4 LqQur i scl a Lchi Jf.po to
i nprove upoﬁ%‘é@%é%géﬁgt ¥ ﬁ%ﬁ%?&?%%ﬁ %0%/ Olgggc rglhélggrz hitd

non- speci fi chylmtedazdtbonbet ween i ntercal ati ngagents and nucleic acid

dupl exes, such as_Burke et_al, _andan rliger. i b L.guro et
al. in JapanesePat@ft POBRYE BRAYS & flg’ylﬁode ]fg%%q%@{é Tﬁfelll$)¥()ﬂjl§(r31£gé"l
ear | i®r 5devetopiepéceonpeistd adildngylanidintet tahat baged| aor coarapehavyng a
t endency to exhi biﬁ} i]ﬂfreas d intepsi .&(r%iffl u'greesltl:en %a\r/\l/gen Oiéﬂltla]‘rlcj"zltlaia(t:ed to
a sanpl e sol Oti GH Bef'ortEd FPELIFT ¢ ?eg%/l PR TH gBE TR ei T AT RaS
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VO 01/ 46467 method impractical for detecting specific binding,

30 particularly under conditions where non-target nucleic acid

duplexes are present.

U.S. Patent No. 5,814,447 to Ishiguro et al. discloses

an assay which is purported to improve upon assays that
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4 PCT/1B00/ 01930 Al references cited herein are incorporated herein by
reference in their entireties. SUMVARY OF THE | NVENTI ON The invention
provi des wio ipidied for assaying binding, 5 said method compciragmgiiogr ovi di ng
a target conprising at |east one nucleic acid sequence; providing a probe
conprising a nucleic acid or nucleic acid anal og sequence inperfectly
popplenFntary to 10 a&hleast a portion of said target; providing an

i ntercal ati ng agent, erein either ;said probe or said infercal ating agent
conpri ses a ¥¢4br GFhoren-#REFE i dNEPEBEELETi PEEYHEE aHir S&F atthg

i ntercal atingydpr 2090 L0 e I¥bsE diZabh DoxaB i Stk CaProVIHE S LBl Srdp! €;
irradiating said test sanple with exciting radiation to cause said

f1 uor ophor e a2l eariierusrearefescadived &Y. PRI S hdhn ht SHRFMSGSof

sai d fluoresgenlyd aghalion pele1skixsai | nkensbbyabsaa dinaet dagication
of a binding affinity between said probe and said target; and determ ning
from%ai d i ndensloyment exowptised2addiBande hinehed irbhng af HUPFRPRraRd sai d

target. BRI BE DESCRI PTI E Eg%Ng&g%ET e | Qyent i W i @escpEbed
in ponjunctf%%vﬁn?h heg%%ﬁggz'ng ramnngsl?n ﬁﬁ?cﬁé%?ﬁe rg#%ﬁgﬁgg ngﬁerals
desi gnat e | i kbueteseahseantenhéntencalotefgse aAsanple2soutigp bafose 6A

o arer /% 3 BRI SR T oS B by
PCR, and measuring the intensity of fluorescence from the
10 reaction solution at given time intervals to detect and
quantitate the target nucleic acid before amplification.
The ‘447 patent attempted to improve upon the earlier
development by providing an assay having improved
specificity, characterized in that the probe 1is a
15 gsingle-stranded oligonucleotide labeled with an
intercalating fluorochrome which is to be intercalated into
a complementary binding portion between a target nucleic
acid and a single-stranded oligonucleotide probe.
In addition to the aforementioned developments which
20 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 polarization as a function
of binding can be unpredictable, and interpretation of data
25 to conform inconsistent data to theoretical expectations
can require more effort than is desirable in an analytical
method, particularly when the method is to be automated.
Despite the foregoing developments, a need has
continued to exist in the art for a simple, highly
30 sengitive, effective and rapid method for analyzing
interaction between nucleic acids and/or nucleic acid

analogs.



WO 01/ 46467 5 PCT/1B00/ 01930 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
The invention provides a rapid, sensitive, environnentally friendly, and
saf e net walof/encassayi ng bi ndi ng between a target and a peoiapoonhiesoei n t he
target 5 conprises a nucleic acid sequence or a nucleic acid anal og
sequence and the probe conprises a nucle%c acid sequence or a nucleic.acid
anal og sequence. Unlike certain prior art assays, the invention not only
detects the pres e _of. hybrjdj i_on . _a ; j ifative and
quantitative inf %rqﬁatﬁegr?r?églgdé%d%%%et%h}ele%g Br%§§fgﬁ§%§#€§?ﬁlon ée Ia/eﬁ n a
probe and t afegfdrenideisin tttiesimnvemt iost Beabl es the practitioner to

di stingui sh anong a perfect éﬂ Idgsnatch, a two base
.pair msmatch, a three base ) pair 15 deletion, a
two base pair delmie oihwditk fort e bdse palatitsl etdmwrasdEyhiody rentdinf, t he
invention conprise caljbrating the fluorescent intensity measured for a
“firstd probe-%rg;‘r%é‘ie"rcﬁ“?é Ur & H¥¥ intensities exhibited by other probes 20
conmbi ned with the,sspeaidgoat wihdthecsapeisthgr el alé4ér agast nudieset n
each of the other probes differs fromthe first probe by at | east one base.
The fluorescent intens?®yd dee@EEREin the nethod of the invention increases
Wi th increasing RQindingiadfd Plobdebipen sike Braheland 28ibas®atucildic

i nstant met hod does not require the measuremnment of the polarization of
fluorescence, unlike fREHH @RI SHBGCSpFIREFABAS LY ACCBP T PP FBRY i ve
can gener at ed, whergin i gt i [ Ct i f the binding
afffﬁ?ty bet ween the -§%01%§§5e€ gﬂgti¥%béfa%éy?hgé%?%gfng affinity between
the target and a providing a tmwecr@ﬁat:bm@me%m&emm e Hehew ripekd of

m smat ched bases, the e mi; S| 1689 B3V Sa i€ ¥SmpTiGe¥sS-a 1- G
etc.), the location ofﬁfégé C@é)%#ﬁ?l&.?%%gg %@%ﬁ?B%ﬁ?OlQSE wpsﬁafché%)
within the hybridizati bhucoophexe;etc., the assay of the invention can be
used to sequence £§§i£§r§§£a probe, said target and said intercalating

15 agent to a hybridization medium to provide a test

sample;
irradiating said test sample with exciting radiation
to cause said fluorophore to emit fluorescent
radiation;
20 detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
a binding affinity between said probe and said
target; and
determining from said intensity an extent of
25 mismatching between said probe and said target.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in conjunction with
the following drawings in which 1like reference numerals
designate like elements and wherein:
30 Figs. 1A, 1B, 2, 3A, 3B, 4, 5, 6A, 6B, 7A, 7B, 8A and
8B are composite graphs of maximum fluorescent intensities
plotted as a function of temperature for each sample

analyzed.



The invention enables quantifying the binding affinity between probe and
target. Such information can be valuable 5 for a variety of uses,

i ncl udi ngy@efi@p? Nng anti sense drugs with optim zed bi ndi ngcehasabdsri stics.
Unlike prior art methods, the assay of the invention is preferably
honbgeneous. The assay can be conducted ?ﬁthout separating the probe-target
conplex fromthe free 10 probe and target prior to the fluorescent
intensity detecting. The assa t requiLLe.a.ge I.on step,

t her eby al | owi ng aﬂ%i%%%EPﬁBEégggsiﬁBgvgﬁ;ggh..F%ﬁ h%ﬂ?ngygﬁﬁgtative

anal yses are si nptige andi @eeneabe. Fprbhedest heaassayppisl,pr efssahityive,

conducted in a honbgeneous 15 sol ufi on, elinuggtin% hg%rﬁguirenent.for

.separati on GENGHRRINeM DI BXed % ¥hboBRE pides™ 5&‘0 t h&F 3993%t%%n and
numer ous Vashy i\ .54 eRst REeRY ad@lareerCtdapher pebbe, Cahseguenttihe ttherdendi ng
assay saves a lot of tine and expense, and can be easi]y, aut omated.

. Fur t hr nor e, COMPRDS@ | BEChe 1l ¥ 9 F FAPFRCE eI B Ferac E anahee
concentrat i 0.t SIPET A A the IH¥THRACRD iR, ar ghalbye senaesésashossopt
probe and tard%t sequences, intercalator concentration, |length of target
sequences, |aznge¢leicprobé aeebedces8duaR@epossi bl e cofactor requirenents to
e D Ol 25, det G B colRR Sy § SRCa BV AU ASERY | srRrftlieiADhy:
conducted wi thout providing a sigdgnal quenching agent on the target or on
t he probe. Poelgerréerenboditient prefseanae | @ﬁengvbﬁiébéétﬂp@allyu 0 ¥ksect

triplex hybridizati . d ~strand ,
thusigbviatiﬁﬁoYh e%ggggi%ﬁﬁgﬂ%$§¥§{%ﬁgn?gﬁsgggevﬁﬁﬁéEB%k&%?dge éﬁ(gglgébeen
known to foruhér npltexes af t hybeidazatibasbeswsent aa gprobesadnd etgrget . WO

(1503) . ant ABREc B ATV HRHIRE S5 Aoy L 185 FO FRe" ANt ars

were surprisgflohfas péefevermatath o 4 mrepeisk palirymassay ctr,i pl ewesbasened

bet ween si ngl e stranded pucl ej c_aci e._0.. SS and R p S..ak
double-stranE@arnﬂ&F@?Ecgcia %ﬁ?eﬁ.gaégdﬂgirt3%%%?E?HSU??§%Fe£%$§bB§Q oX
use h§ the ipguentiva, assawd sddulepatrgdelssDbh, aB¥Aa Rfremdoasdepanuc! ei ¢
aci d anal ogs _havi ng uncharged backbones. Probe sequences having any |ength
from8 to 209B48E3%Rre preferred since this is the range within which the
smal | est uni que DihnLsaqHeneeas oef tReokaiyat esnasdmpukaeyebesbaneihgunie
Probes of 12 to 18 bases are particularl¥ gre erred since thig ig t he

| ength of th&ElSAEPPESRELRRNSHGeREasIFRYt HE hufarf geitonBEOPR - target
enbodi ment s, npyeRes Ohkg8iR8rbasesers er peef anneihindd hvkb bases bpiropesost
preferred. However, a plurality of shorter probes can be used to.detect a
nucl 86ti de segubaBechaviitly el 8RBei LPTELENGMY T es?‘a?géflt%aé‘éﬁgéEg
therein, whi ‘égeﬁﬁf}biv}i‘%ﬂ&dﬂéa@ﬁ&ﬂ yfi 688t chverhropele i feeseqae8Ge thEhe

i nvention doe5 not require the use of radioactive probes, which are

hazar dous, t&dirstis REEPEI NBY coRBUMSRSE 0 e, PARE -need THE bé1EORELSRTLY

fegener at ed. ;Brabes tf abReckBuenhi ORe e b E T abley isdbationisacaedsekabl e
or years.

with increasing binding affinity between the probe and

25 target. The instant method does not require the

measurement of the polarization of fluorescence, unlike
fluorescent anisotropy methods.

A calibration curve can be generated, wherein the

intensity is a function of the binding affinity between the

30 target and probe. As the binding affinity between the

target and a plurality of different probes varies with the

number of mismatched bases, the nature of the mismatch (A-G

vs. A-C wvs. T-G vs. T-C, etc.), the location of the



Accordingly, probes can be nmade or ordered in large 25 quantities and
stored. The inventors were also surprised to discover that parallel PNA
probes ow@er/d@sm nore conventionally synthesized anti - parafrliBéo/@bs probes.
When the nucleic acid target sequences were nore than three-fold | onger
than 30 the PNA probes, the parallel and_antiparallel PNA probes were

equal ly efficient in distinguishing bet ween perfectly matched nucleic acid
hybri di zati on, conpl.exes, and fhose,contai ning vari ous one base, pair, .t wo

Fheg o £

base pair oM} hi]fp OfF&ins LOrY30°BRE R palt Crii's et hes.
However, whepddie danaat RNeseosencas venesdda s ampang tles thegdiNA

pr obe sequences %‘it.e._, 15 nucl eot | des Iong%,, gar all el PNA Probeffs were much
preferred than ami$dryERE PNETGPIFEs AUBBEAEEngr e RtRIIBI REF R Entes in
observed fl ygacantyddiensid irasdeet.weslicRe Ae6thit IBhCHLH 5O BxasLand
one or two base pair m smatched conpl exes. Although the exact mechani sm by

“whi cIB par al 1%9T PNA SIS @ a197%f @A et s AR HFRPFS HotI%nown,
10 these Obwe@%ﬁlﬁnfmeéinamg therai-eaBi hedsparal | el PNA: DNA

hybri di zati on conpl exes are | ess Stabl e than the anal ogous m smat ched
antiparal | el PNADNALkgbprier astumethgden ltaes aisspar @ dihnimfenthon

nucl ei ¢ aci d, J n{.er | ower e I esge i gty 15
val ues. It ilsé p%gfa g%%%‘i& hg?%ﬁgé%g%%% andﬂt?%r éét% nge %'E%Fagjgl gﬂ?ﬂ%@?%

al ternati ve whtioslitresesarahing ktheaprobeeteabati npmdent ool @ | §réeund
to the probe. I,n such.enbodi nents,.the jintercal atq I S; |y
bourt? t o 20 RFPPr oBed at " 3T FRer BhEOT négot ﬁ%ﬁge?b%%nﬁ?%tt h%lw&flg{@?

i ntercal ati n@etgettings natheccxasent Bpeboundt twveqhierer eabgyelal $dpamghtioncan
insert itself between the pro and target__during the assay,_in ense
bondi ng to tHEHr ob‘éﬁ?ﬁegynoﬁgg&%flgnt af aSHiSS. g"anciffree%s:er redin %??:%ﬁl ting
agents for userdlighpet i N\EANOITdtNclaldmaly s a¥@YRithpleéGifd lacethadeum
brom de, ethidium hon'g]gi mer-1, ethidi.um kﬂ)g_tm)di HE'E"% %gd acridine. In
general ., theFPRERPEal BBT RFSENS PEef Sy CPREPCEE hhPedt BOTRISPEAMEL &
bet ween stragdsueion, dunliens raitd/iyf 8ha0 ddquilrnaitc] ebe aripheirexof | n
preferred enbodi nents, _the intercal ati ng agent (or, a c_onigonent thereof) is

' essenti al | HoweR- EPUBLEEEENE O URP REORSTS R e ELART gt ihfation
fluoresces Woggs ifilfdcRht ML Xstbpd byrrafi agkdn electrophoresis.

Consequently the binding assay saves a lot of time and

expense, and can be easily automated. Furthexrmore, it
20 enables binding variables such as buffer, pH, ionic

concentration, temperature, incubation time, relative

concentrations of probe and target sequences, intercalator

concentration, length of target sequences, length of probe

sequences, and possible cofactor requirements to be rapidly
25 determined.

Moreover, the inventive assay is preferably conducted
without providing a signal quenching agent on the target or
on the probe.

Preferred embodiments of the invention specifically

30 detect triplex hybridization between the probe and the
double-stranded target, thus obviating the need to denature
the target. While PNA probes have been known to form

triplexes with certain classes of targets (see, e.g.,



wo un.tc~ 9 PCT/1 BIl11/1119311 of an appropriate wavel ength, exhibiting a
100-fold to 10, 000-fol d enhancenent of fluorescence when intercal ated
within awlypl/ggeer triplex nucleic acid conplex. In alterpatriig®/01930

enbodi nents, the intercalating agent 5 may exhibit a shift in fluorescent
wavel ength upon intercal ation and excitation by radiation of an appropriate
wavel engt h. The exact fluorescent wavel edgth may depend on the structure of
the nucleic acid that is intercal ated, for example, DNA vs. R dupl ex vs.
triplex, etEIhOLit adeit &GDNANRMNE Rt H1|9§3ggl BeteloPRy foudtne 118
experi ment alg o, ALAT sSONVEBLAONabokgYl @REC) nkRrtdie SR ki fed
excitation maxinumfor the fluorophore peln%_used, and is preferably 200 to
.1000 nm | ntehaal théngreremblarko prréek hibtal kel arday tolmkseeant agred

em ssi on wavel engt h - : pr r nmbogld t gon
ion |laser i sb%%%%é? og{'rrlgg%i %?éﬁﬁgdﬁ%ﬁ%%%b o%(téﬁévi ?ﬁ?l 'g?\%é%i a;%;d me@)r
»wavel®ngt h iprebeangndf ddbleo BaGmind amicllledor escéft €&+ 9si ordsNA)
detected in a range of 500 to 750 nm 20 The assay of the invention can be
performed oveP % Wde variety of tenperatures , suchas , a. g . , f rom5
to 8 5 C. Certai$uptabiearprabsaysfoequise elmvatle timypenbaiveesassridi ng
cost and del a 0.t he assay. he er nd he_J.nvent.i n .
conduct ed at1¥‘6 W?enpeeTgat’urgg)@N%‘bel%\E/IVQZS €. %n& acfﬂﬂéélfe}r%gr&aeg%r eé)gle(liow
25C). The rehhabbyistyaving hendliterentd dadkdddepeRdebe séqguegueai nevang
cytosine content_i1n said target. Since G C base irs formthree hydrogen
bonds0 whi | ea’AYTI%ESEgp P8 BoR ?rﬂ }aﬁ&? tﬁﬁﬁc?@g Hon ,SFA‘F%e'feh%i%dl%robe
sequences 30Kkt PaRghi Gheri S Wiidh A eftaldles tmane gsleabhe, spgasnsesngf

hi gher nelting tenperatures. Caonsequently, base pair ' msmgtches th é

i ncrease t hePERkeBHPERE NG HEMRMBIGIRS - Dr B And PERPEE! eg]iQOnt‘?;\bst?)1 e

that present phgoReLkectae MY dhEreh-L RGHdo ALY 1930nant ehedh
S

hybri ds may o et the binding weakness associated with a m smatchedlgrobe.

Hybri di zati onfcthpl erad legit AMHTNE SRIVLTESS i 1t S s TRR r IFRYRRL ch

bet wegn the B{rﬁggiﬂggtweﬁﬂ&% & oyedlot pabesmane yistmhhed hapith515
perfectly matche yobrids,” always resulting. in |lower fluorescent

I ntensities bhansdildepegf aeesy mrﬁf!%flﬁﬁ@t-ary HQ¥RYRS: TFhe Bilivédtitye 88say
I'S eXtFe”E!ysﬁsgﬁk%'ﬁﬁ phierehby pebyikati pg hbecpeed hacteBdyat ECRuence
anplification o e 8 target. For exanple, it is possible to assay a test
sanpl e having a plurality of non-unique target sequences therein,

which combine to uniquely identify the nucleotide seguence.
20 The 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 years.

Accordingly, probes can be made or ordered in large
25 quantities and stored.

The inventors were also surprised to discover that
parallel PNA probes outperform more conventionally
synthesized anti-parallel PNA probes. When the nucleic
acid target sequences were more than three-fold longer than

30 the PNA probes, the parallel and antiparallel PNA probes
were equally efficient in distinguishing between perfectly
matched nucleic acid hybridization complexes and those

containing various one base pair, two base pair or three



havi ng a vol une of about 20 microliters, which contains about 10 fentonol es
of target and about 10 fentonoles of probe. Enbodi nents of the invention

are sensiwjo ¥pi@pough to assay targets at a concentrati on etTRBa6/11830° M
preferably 15 at a concentration of not nore than 5 x 10-1 M Enbodi nents

of the invention are sensitive enough to_enpl oy probes at a concentration
of 5 X 10-9M preferably at a concentratfon of not more than 5 x 10-1 M It

shoul d go wi.t hout saying.that the foregoing valu r t e 0
suggest t hattehF t B8 et %Utf"@&r‘?}?&s ‘det eg?wﬁgﬁﬁér ‘g% ceﬁ?ﬁ%ti%#ﬁe&hgﬂp‘
hybri di zat | eqRdicue caerderiBayssneVeshionaksmelieuPNRN @roHe srensuides| e

for preserving nucl eotides. See, e.g., Sanbraak et al., "Ml ecul ar C,oning:
‘A'Lab Manual (¥~ o .12 TIGERELdES  @eRe g1 G RN ks FCh

conpri se nuglRotddess Madelan®ifd Bl AN gl S ddcnone et Itdaresr
Hybri di zati on between conpl enentary bases occurs under a,w.de :/Pari eté/ of
.condi3ions Hiifrreneest ilensopserEpdefdigrescentt tBREBRLFAEFoPEtWEEn

| ectrostati h, i e
el ectrosta gedﬁrréeﬁ%%s qé’&k?é?:ﬂ buhbeexeamasit igie Bramphes Bisé fifeﬁlrs

condi ti ons or applying themare known in the art. '
preferred thatsthytbhehed zaonphexespl exes be formed at a tenperature of about

15C to about 25C iﬂ’i{%ﬁgﬁﬁ the %%étllmé‘:ﬂgﬁgm”"fﬂ%?l?(e Ho9323V pryaut e

to about 5 m nutes. reaction tinmes are not re 2d, but incubation
for several pwobesswakk potfadredsaindesf fawch t GendybiPabzats @1PtcdmpP¥xes.

Provjded that, a suitable fl.uores Lnt | atyd 0g. 5 I35 Hded in
t he 1’ acti o?]tlf‘r‘?% ur S(egsva&lls%usss‘gégg%%%?i g?’)%,% 3‘%\Hermt§ g‘g{?%tédnﬂ?%ty of
cases, otherpfiachiAt aybrddieagénhs cmplextes cue r bess Howebde, titan sthe

possible to facjlitate hybridjzatiion in_ solutipn, by A T ert.ai gents.
Preferred ex%ﬂ%jr%%md? th‘ééﬁm‘?tﬁgﬁﬂts Tbtjrlﬁ%?%%ge%i ng e‘*‘%‘%mé@%{% i hg
protei ns suchegslfeAgA Photeéss Ti#ngeneaBatpont evh, thecohuckehgl easidanded
bi nding protein, major or mnor nucleic acid graqo bi ndi ng, prot ei ns

di val ent i onsRtpBFFvaFeRt aﬁq%:}éffn% 3106“’5’%Ogﬁarigﬁge}fli‘é?’é?ﬁﬁsggu R EEeE such
as eihi di umpsopede, 15 actinonycin D, psoral en, and angelicin. Such
facilitating reagents may prove useféll in extbeme operatin Eondi Ii:i ons, for

f
exanpl e, under abnorrdl pH IRKRIErERd odmeF§enhiRFPR e mtht GPESStTHRS

inventive asgayagafele used @, £ terndtend i bbdAiaeerssi btkeregiiensann
fol ded nucl eoti de sequences, to determ ne the nunber of m smatched base

pairs in a hiBEPEFRARFARAICRERNEXCORRLERE! P YehdiRe SReTRE G rent PR UG | be
|| ustrat ed Lnlgs fedetal Lol e sAELTENGR, ydilte bl awenapbyanphag, tout it
e

shoul d be 25 understood that the present Tnvention is not deened to be
limiged therehe. pEXARPRESeither end.

In other embodiments, the intercalating agent is not
covalently bound to the probe, although it can insert
itself between the probe and target during the assay, in a
sense bonding to the probe in a non-covalent fashion.

25 Preferred intercalating agents for wuse 1in the
invention include, e.g., YOYO-1, TOTO-1, ethidium bromide,
ethidium homodimer-1, ethidium homodimer-2 and acridine.
In general, the intercalating agent is a moiety that is
able to intercalate between strands of a duplex and/or a

30 triplex nucleic acid complex. 1In préferred embodiments,
the intercalating agent (or a component thereof) is
essentially non-fluorescent in the absence of nucleic acids

and fluoresces when intercalated and excited by radiation



Exanple 1 Sense and anti sense 50-ner ssDNA target sequences, 30 derived
fromexon 10 of the human cystic fibrosis gene (Nature 380, 207 (1996))
wer e synwesi/gaer on a DNA synt hesi zer (Expedite 8909, Per SemtiBdato3o

Bi osystens) and purified by HPLC. Equi nolar .anounts of conplenmentary WO
OL/-11nGr 12 PCT/1 B(10/ (11930 oligonucl eoti des wer e denatured at 95C for
10 nmin and allowed to anneal gradually ag the tenperature cooled to 21C
over 1.5 hours. DsDNA oligonucl eotides were dissolved in ddH20_a

concentrati &f oDl FPRIPLIALE SWRNELEBHSE st EMHPBE L1 RHe i Faot'%idt drYet

DNA had the e ol
R 19 (e GRS EEREAOR 0D Mllestnentis I agea

i | d-type tarigatimna diselen ehaFilewn Micketticpetd (SEPLEENO 1) 5' - TAT
ATT CAT CAT AGG AAA GRC-CHALAGR Eﬁ&dBEEéEEE<ﬂ§hJAénI@§c£@Gt@ﬁ§3agéhéo ner

mut ant dsDNA target sequence was prepared be 1dentical to the wld-type
‘targei DNA (BEQ |&xiNdpi} 15 egbdpt fan afémrﬁmnﬁal wanglangd upon

(under | ned), ot ari no. 25} 4, AO41100 50K B PARSHCLBE V| datygsSespence CAT

was changed e Sense stran mer target sequence had the
fol | owi ng secueritengiSEQ IMha\@xart 51lubEesCagtCAIVEAANZOhATAY AdoeRd @GT CTT

TGG TGT TTC CTA TGA TGA AT - 3 ant..se s ' 0-

target seque e HaPTHE S S }%enaugggggngéaésgﬁg]:Diﬁloa{:%(g%%?#%éﬁx%T
CAT AGGdAéﬁI\A A mENA, A Ch\. TMATTd’up]]’é{xTM. TEE RbeXECe€A-3' . A 50- ner

mut ant ds target sequence was red 0 be identi.c d-t

targk? DNA (SEQ I e% %&@ﬂnfg (‘?BHE cut?veS t:b%s (§X| rr%'?%%?%on
(under |l i ned) ebe Alfh&0L @€LENPOSEhHPES 50G0aneéntddnall vmlmbwmigu ) d- type 30

sequence CAT was changed to_ ACT. The sense str,an t hi s equence
had the fol I%%’F@SE%‘geHEetPSEQeP‘SlﬁétS‘Pn @a"ﬂﬁ@‘h&;@ gorof?hgre

being used, and 1is preferably 200 to 1000 nm.
Intercalating agents are preferably selected to have an

15 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 540 nm, and fluorescent emission is detected in a
range of 500 to 750 nm.

20 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 delay to the assay. On the other hand, the
invention can be conducted at room temperature or below

25 (e.g., at a temperature below 25°C).

The reliability of the invention is independent of a
guanine and cytosine content in said target. Since G-C
base pairs form three hydrogen bonds, while A-T base pairs
form only two hydrogen bonds, target and probe sequences

30 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 perfectly



foll owi ng seeRRFRENITEQEVBTNO PSS D Ler DaseTPEAT BAFT

-

WO |11/ .1 G-Gr 13 PCT/1BI1 QO 0193(1 AGA AAA TAT ACT CIT TGG TGT TTC CTA TGA
TGA ATA TA-3'. The antisense strand of this target sequence had the

foll owi ngvecegrece (SEQ I D NO: 3): 5 -TAT ATT CAT CAT 5 AGECAABI0AS30CAA AGA
GTA TAT TTT CIT TAA TGG TGC CA-3'. A 50-ner nutant dsDNA target sequence
was prepared to be identical to wild-type target DNA (SEQ I D NO: 1) except
far a consecutive three base pair nut at i bh (underlined) at 10 amno acid

posi tions 506 and 507 at which the w | d-type sequence .CAT was changed.to
h00  The: st Gred iy ri ity 4 Hret i L ITES MR Fi T s ok Ehce
(SEQ ID NO: 4)it1®" - HCG h¥md¥AdhddA PLBLAAA TATHADL i diza€lonl Cledfglddés CTA

TGA TGA ATA 15 TA-3'. The antisense strand of {his targe equence had t he
A AR KIRE ARG

GTA TAT TTT G;QJb%A%n?ﬁt_E@C Hrder A - wer But d¥rdsBNAchBget tsaguence
was prepared to be 1dentical towld-type target DNA (SEQ I D !\IO:Fli except
for a5 Consecpeifecthy cempbcoepaipylei@si onalvade caredubyiag  elPi psPYsT at

amino acid pppl 008207 18RUn208 & WILGD LhE Wd.ddos, s ddrd S

del eted. 25 Thée sénse stran n%? this 47-nmer target sequence had the
fol | owi ng selgulent@s(SEQ | D NO:5): 5'-TGG CAC CAT TAA AGA AAA TAT CAT .

TGG TGT TTC CTA TGA_T ATA 3 e; ant, rand af: Lhi S Ade0BL
target sequence 3§ﬁ%a§éyﬁétﬁ§él%ﬁ%%?s%%u%%%§%®%g¥Iﬁgﬁéggﬁqg%'Fﬁ%ﬁgggT CAT
CAT AGG AAA @A¢i&Aing. theA AGAATAD Taandidt TRCRTGBnFECf BraBion ofl~time
Ol/-46.1C7 14 PCT/ 1 111/11 3U .The PNA pr.qbes .us i h a wer e
synt ﬁgsi zed, CREER puri 7Y e%f{aamélg%bnjfti rlﬁg%s%l%ﬁses ts%pggtsrag}s%og?/%ygglhsfe
Commonweal t hh8irohgchnotebims, oEnabouRi chorond crYAitesa), . WwNAprobesanese
first dissolved in.Qlo TFA &5 (trifluoroacetic acid) t concenfration of
10 mg/ i, an@PPHEN 1§ IFREPIY e n‘@}% n’FaB%thE‘@d&ﬁ%’toﬂ%n R i S T
stock sol utigpspuer e EpbeRdmeatisn cfdii@ dinveroiaeendrat sems b ite pembeghul .
Probe No. 1 was a 15-nmer antiparallel PNA pnobeﬁéo desi

n

| | el ped to ge
conpl etely cBRpREFRNIEREOSS #1158 RGPLEBLTEE 1 S8yREN? }Sfu?hg'sgﬁg SERPL¥d of

the 58-mer Wit datydecdis 88t NSL SRR MBr0thhn gveri@pping Brbseinehds
positions 505 to 510 (Nature 380, 207 (1996)). The probe had the follow ng
structure (SE® Ebendnyentgon amec SeRs IAGH T @RI | {Q 18RRI ProRes at

a concentration of 5 X 10°M, preferably at a concentration
of not more than 5 x 107" M. It should go without saying
that the foregoing values are not intended to suggest that
20 the method cannot detect higher concentrations.
The hybridization medium can be any conventional

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 ligquid medium can

25 comprise nucleotides, water, buffers and standard salt
concentrations.

Hybridization between complementary bases occurs under

a wide variety of conditions having variations in

temperature, salt concentration, electrostatic strength,

30 and buffer composition. Examples of these conditions and
methods for applying them are known in the art.

It is preferred that hybridization complexes be formed

at a temperature of about 15°C to about 25°C for about 1



Probe No. 2 was a 15-mer PNA probe identical in sequence to Probe No. 1,
but was in the parallel orientation, instead of the antiparall el

ori ent at vomn1/4d¥e7 pr obe had the follow ng structure (SEQ | PCROBH)ya1980

5'-H TAT AGT AGA AAC CAC-Lys- CONH2-3'. Each hybridization reaction m xture
(80,ul) contained the follow ng: 4 pnoles_of target dsDNA, 4 pnoles of PNA
probe, 0.5 x TBE and 500 nM of the DNA i htercal ator YOYO 1 (Mol ecul ar

Probes, Eugene, OR, USA%W The reaction m xtures 25 were incubated at 95C
for 5-10 m nuEBYtEotal PERMGeRafMbSSh, P YHerF TR A netet 36T URti |

assayed. Sanpbg§iwen¢ pbacedihstiBagigHar Earcudeibeali rhadrat ediiit hnen
argon ion | aser beam havi ng a wavel ength of 488 nm and nonitored repeatedly

avi ng
for fluoresceAVeErri¥i BALEST: kBC3OYPEHHRRPAIE FEMPEETES with ti me.

Concurrent tenper at.Ug¢BRASHELITERL SsUBE &b BE hifavRA-ditetS ol hvaereataningl | ed
tenperature probe placed directly into each sanple. The nmaxi mum f | uorgscent

‘intensity ocedentd i@ bnehvdedndth tdie reporien mipture 7("1% gegrysse
BOO/(119311 2401 0m,)| ndiipld.ve el nbakeal #ldjef i0ly YOMO lodfed ne BbePNA

hybrids. Maxinum Orescent intensities weré plofted as a function of
t enper at ur e facidathtdagpl reagentys edres Mie Feqviesdent Howedieyit i s 18

observed when nq. r. PNA, .wa 1_only) r MW |,d=ty%pe
SEQ ID NO 1, Pr?ﬁ?égt%sgﬁ ﬁ%*%%ﬁ%aﬁ{ee%’}%‘%%ﬁ%%ﬁﬁ mé)ﬂ 3%2?%%%%3%5%
anti paral | el ceMAaPhobseddpentis or FaraefldmtedPNaxPnpbes Nof Xhesge sheagenhsFi gs.
| A and 1B, respectively. SsSDNA:PNA 10 .h ' i.Stin petf y
corrpllgment ar )}né"zhl%nc }s/n%%EQSItﬁ%efo +b#r%ctﬁ)if)%§ Ng)%%%e%zﬁﬁsl gs\/\]g%ih né% i re;]géné A
L\EF eLcaI ati O@Igﬁ;e\ﬂa\{g T4 ygeheli rBp tgﬁoltieghlezt E]E:I mﬁcgl%?lmf leEsSir'a'nds,d

ich increased as the tenperature decrease . N e fl uorescent
intensities POREARGEIREEE Nal'P )Rt sHat BHaT" 1%\{%%%@\: ES %%Eél‘?‘% NO: 2
+ Probe No. ced s, t Waibasenpai oms s Mplodlyec 1e$BNAL B, hyhid bdeSEQanB NO: 3
+ Probe No. 1) were 81g and 890 | ower, res e}(gtlvely, t.han, t he Berfe%tly
mat ched ssDNATSREGAMAGIRS: HRSERRGES1A)SUCKS nPfar | SERVHEI paPAPMEterNA

ProbgsNo. 2 vag ihiiddirzed tadda dmr geld BNgaA0 Sequerses fhbelaratdmnd t wo
base pair m smatched ssDNA: PNA hybrids exhibited fluorescent intensities

that were 70%SRIETHEFIEOWSOS amedUly ity SXUTENS PRSFEEES ICPREdAPPaTent ar y
ssDNA: PNA hyhrd.d & 10 Nondet RIGRS-NOL %ﬁl alveds (5 JextBimely hhGH

degree of m smatch between the probe and the 25 target increased, the |evel
of intercal atiempPapMIES 1 di m ni shed and hence the | evel of fluorescent

intensity decreased,, Thhseheiobi QREAD Agh dpbr RRRRECED Vee0d . Whalkkelt idy
antiparallel or paraﬁ | el PNA probe was used. Interestingly, when the target

DNA $dquenceaaasss ithe 3oesdmns et hfasdere TRAL PPBHEE sSRBIEETi . &9 15

nucl eoti des | i A Aldied ENBRLODESE Wef SrBtCdhddl eIl el in a
anti paral |l el probes, because of greater differences in observed

fl uorescent ihthenisiijadsi pretoren.ex WERd/ta@gp genomes.

The invention will be illustrated in more detail with
reference to the following Examples, but it should be
25 understood that the present invention is not deemed to be
limited thereto.
EXAMPLES
Example 1
Sense and antisense 50-mer ssDNA target sequences,
30 derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were synthesized on a DNA
synthesizer (Expedite 8909, PerSeptive Biosystems) and

purified by HPLC. Equimolar .amounts of complementary



16 PCT/1BI 111/ 019311 perfectly matched conpl exes and one or two base pair
m smat ched conpl exes (data not shown). Although the exact nmechani sm by

whi ch pamad bgle48NA probes are preferred under such condit pongsicaiost known,
5 these observations suggest that the m smatched parall el PNA DNA

hybridi zati on conpl exes are | ess stabl e than the anal ogous m smat ched

anti parallel PNA:DNA hybrids, resulti n91| | ess intercal ation of the

nucl ei ¢ acid jntercal ator and hence_l ower ci)served Jlugrescent intensjty 10

val ues. ExarfphiganuglipotidrsonetPatdnatiied natnybt ii Z8Fi df aBily t he
invention canm alai dtécghmeaqt %ﬂ&@h\é@@_!} ReS fraed | yetﬂgéggedrgsawe1BMA daybrids

and those containing 1, 2 by 15 msmatches, as well as a

.del etion, wisk’ (hormmlll él hPMASprolB%DN% W@Vé@l W%W%M%‘iw wer e
i denti cal to t 1T jescent i nt enS| ties for
al by msmajtc% 25 E&q’ﬁe@r%ac Ngﬁzd(+ robe No. 2)

‘consexutive 2 by Tfmsnaenﬂe(SEr}an@ ~D: Bhe wnédetypeN@ars)et @h@oﬁ%&hﬁ/e 3

by m smatch D NO.4 + Prab d 3chy | et ( I 5 +
Probe No. 2)’43&%‘”%1% S?%/enggoe(aﬁ% 9%% ]l@(?) 1? ?esgggtl vd , ?E?n ﬁ'{gQ
perfectly netehedass DNEAPNACAY brCHT ( SEEE | EICNO ITRC Pridtfe NGA 2)TGR U As

t he terrperatjg%e decreased from 70C to 60C, 25 the degree of discrimnation
between perfect” natch and the various base pair msmatches increased. As in

Exanpl e 1, increashegahbesdrgeestobndi siatdle batl\dearyptmaamgﬂte DivRl han

TRy e SR A POSRE S IS S 5 ol anesERy g

when the nutget sgamences disRn! ayed ar@er CERT GITONIENt TAFheTGE halGC hat
of the wild-t pe sequence (Fig. 2). WO (I1/-1(~.1lr7 PCT/1B(IU 01930 17
When a paral F2t3PNA probe was used, separated 2 by mismatches (wherein two

1 by m snmatches V‘ﬁr§05ﬁ9§rﬁlggn@yd§Dﬂm-S@a§§étESéed_i_@@ﬂﬂéé athé Npsdpghéd yed oner
fluorescent intensities than consecutive 2 bzem snmat chest(édat a_not 5

shown) . Si miPar ifentdsalated §hey whilindtfes pnlEF et ht €821 16y N? shht ches

ver e; gepar at gd.0y 3£B2sg Pakr %a%%cfﬁa:)fl ehded igdd ghidgedomesa)f | aor aacest
|ntenS|t| es than consecutive 3 by m snmatches (data not shown). These

results suggesidt pasisapar 20dd Abasdiishi (tha SHedHeP e Ars AT VPt i ve
of ssDNA: PNA.QyhgLd £@rpagion than consecutive base pair msmatches.

Exanpl e 3 .
The sense strand of this 50-mer target sequence had

the following sequence (SEQ ID NO:2): 5'-TGG CAC CAT TAA
20 AGA AAA TAT CGT CTT TGG TGT TTC CTA TGA TGA ATA
TA-3'.

The antisense strand of this 50-mer target sequence
had the following sequence (SEQ ID NO:2): 5'-TAT ATT CAT -
CAT AGG AAA CAC CAA AGA CGA TAT TTT CIT TAA TGG

25 TGC CA-3'.

A 50-mer mutant dsDNA target sequence was prepared to
be identical to wild-type target DNA (SEQ ID NO:1) except
for a consecutive two base pair mutation (underlined) at
amino acid positions 506 and 507 at which the wild-type

30 sequence CAT was changed to ACT.
The sense strand of this target sequence had the

following sequence (SEQ ID NO:3): 5'-TGG CAC CAT TAA



SEQ ID NO: 8 was a 15-mer dsDNA target sequence derived from SEQ ID NO 1,
designed to be conpletely conplenentary 15 to Probe No. 1. SEQ ID NO:9 to
SEQ I D Nvd.diyeee 15-ner mutant dsDNA target sequences i degtriis@/o1bm
wild-type SEQ ID NO:8 except for a one base pair mutation (underlined).
Sense and antisense 15-nmer ssDNA sequences were synthesized, purified and
anneal ed as above. DsDNA 20 ol i gonucl eotides were di ssolved in ddHzO at a

concentration of 1 pnole/,ul. The sequence for the sense of
wi | d-type t et (B 1A RO CH FEIATAFEA ﬁngT é@gThe
sequence forpd hge anti sense strand of the w | d-type target DNA (SEQ I D NO

B) was: 5'-CAC CAA AGA TGA TAT3'. The sequence for the sense stra d of the
‘mutant target DNAhSEmtisenpeoytasd of. KRASTERTEEE PREUSAES hag( hee

sequence for a nt gt apget S D 9
was: O fohiahiy REaeRrEaGn) Apngu) AT St TR Y 815?1{1 R

: sequace forAG(he BMseCACt!rdﬁﬁAofA@he @TA arTAT arGBE R ( SER | OF'¢é@ 18§Cwas:
5'-ATA TCA TCT JJTC GIG 3'. The sequence for the antisense strand of the
mutant target DNA" {SEQ I D NO: 10) was: 5'-CAC GAA AGA TGA TAT5 3'. The
sequence for the mensemstrmutdant ASRNAUtanget ssegueDid YSEQTEpADedifowas:

ARARNOR e LRI ST S XERE NG P
for a consecutive three base pair mutation underllned) at

10 amino acid positions 506 and 507 at which the wild-type
sequence CAT was changed to ACG.

The sense strand of this target sequence had the
following sequence (SEQ ID NO:4): 5'-TGG CAC CAT TAA
AGA AAA TAT AQQ'ACTT TGE TGT TTC CTA TGA TGA ATA

15 TA-3'.

The antisense strand of this target sequence had the
following sequence (SEQ ID NO:4): 5'-TAT ATT CAT CAT
AGG AAA CAC CAA AGC GTA TAT TTT CTT TAA TGG TGC
CA-3'.

20 A 47-mer mutant dsDNA target sequence was prepared to
be identical to wild-type target DNA (SEQ ID NO:1) except
for a consecutive three base pair deletion (indicated by an
ellipsis) at amino acid positions 507 and 508 at which the
wild-type sequence CTT is deleted.

25 The sense strand of this 47-mer target sequence had
the following sequence (SEQ ID NO:5): 5'-TGG CAC CAT TAA

AGA” AAA TAT CAT . . . TGG TGT TIC CTA TGA TGA
ATA TA-3'.
The antisense strand of this 47-mer target sequence
30 had the following sequence (SEQ ID NO:5): 5'-TAT ATT CAT
CAT AGG BAAA CAC CA . . . A TGA TAT TTT CIT TAA

TGG TGC CA-3'.



The sequence for the sense strand of the nutant target DNA (SEQ I D NO: 12)
was: 5'-ATA TCA TCT ATG GIG 3'. The sequence for the antisense strand

t he nmut amobvesg@et DNA (SEQ I D NO: 12) was: 5'-CAC CAT AGA PGNVIBNTIS303' .
sequence for the sense strand of the nutant target DNA (SEQ I D NO: 13) was:

5' - ATA TCA

TCT CTG GIG 3'. The sequence for the antisense strand of th

mut ant ta;get ENA (SEQ I D NO: 13) was: 5'1TAC CAG AGA TGA TAT20 3'. The
sequence for the sense strand of the jutant tar DNA ( SE: . 14

5' -ATA TCA TCT GRRGIRYS PT %ss%?én’éé d wftihes s"éenlgee %At%eﬁ%%e%h
mutant tar ggipNA LSEQ TRINGaAd) ¥6sEiPefAGEAGAGA Tapedtiasc@y Tihe

sequence for the sense strand of the nutant_targef_ DNA (SEQ : was:
T e S B BiptedapiatieT or 1PRe aﬁ%%?é%;st &%Wih

mut ant tar gegONA (SEQLID NQll) Wasrs? - CAEseMAWEA CGh TATBOLS' . Tiw

5" -ATA TCG

sequence for the sense strand of the nutant target

“5' - ATA TCA
for the ant
5' - CAC CAA

for the ant

10

15

20

25

30

DNA {S :
TirifBiareagetic apid)/ t@@~@%@“'¢@”%o‘i’glgg&‘ﬁqﬂgys
ﬁﬁéﬁ&ﬁ%@%&_%ﬁﬁe *Erf;g/'?ﬂit 2t thar 9641 OMWn (SEQUEMANO: #6havasia

of
The

e

was:
e

S
e

16) .was:
e

nce

equence for the sense strand of the nutant
target 5 DNAStSED sduthond)wanks PrEpaxesl ToAIGED BETaGrengent¥RE18BgRENce

ifeggglgyﬁfpd of the nutant

Probe No. 1 was a 15-mer antiparallel PNA 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 probe had the following
structure (SEQ ID NO:6): 5'-H-CAC CAA AGA TGA TAT-Lys-
CONH,-3'.

Probe No. 2 was a 15-mer PNA probe identical in
sequence to Probe No. 1, but was in the parallel
orientation, instead of the antiparallel orientation. The
probe had the following structure (SEQ ID NO:7):

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

Each hybridization reaction mixture (80ul) contained
the following: 4 pmoles of target dsDNA, 4 pmoles of PNA
probe, 0.5 x TBE and 500 nM of the DNA intercalator YOYO-1
(Molecular Probes, Eugene, OR, USA). The reaction mixtures
were incubated at 95°C for 5-10 minutes to allow
denaturation, and then maintained at 80°C until assayed.
Samples were placed into a quartz cuvette, irradiated with
an argon ion laser beam having a wavelength of 488 nm and
monitored repeatedly for fluorescent emission as the
temperature decreased with time. Concurrent temperature
measurements were achieved by a software-controlled
temperature probe placed directly into each sample. The

maximum fluorescent intensity occurred at a wavelength of



target DNA (SEQ I D NO:17) was: 5'-CAC AAA AGA TGA TAT3'. The specificity of
the hybridization assay was further 10 tested by reacting parallel PNA
Probe Now@owadsby a 15-nmer wil d-type target dsDNA (SEQ | D RoTS8posandswari ous
15-mer 1 by nutated target dsDNAs (SEQ ID NO:9 to SEQ ID NO:17), that would
generate every type of 1 by m smatch possible (Fig. 3). The assay
conditions were identical to those 15 des®ribed in Exanpl e 1. The hi ghest
fluorescent intensities were achle ed, with s y S .consi s g of
perfectly comblemdht afpdeqteices atllé??r?%ﬁ?}'e’r%?uréﬁ ?rgél% uotlf;ljéé"slcence
I ncreased asp%ﬂ‘éaﬁﬁ”ﬁﬁ}‘l?ﬁiﬁ@ de ot Sfi%e@é%dtybrind&naﬁlttbat wesel t ed
inlby TT AL CGCA GA GT and CT m smatches |e ded
f uorescent ph@@n@dtlae% |2oWERTCRART haf JHERRSKARE YRR é’rrfeSf"Fg

ssDNA: PNA hyQﬁéi’g 5 3A and 3B). The fluorescent intensities for the 1
by m smatcheS ra from 64%to 960 | ower, and 570 tQ 95% 25 | ower than

"t hosesobserved f oThehéM@qenmtlerrt%nsm%n@b$%€’e@e§’5‘€& inFe | KNA THE
variability the fl nt ensi r b vigae ipps 1
by m smatche‘sjﬁée gﬁd %%%%goAYPEQ IEl]arotdl ?3I ai&ﬁaeséggnaﬁﬂﬁegnatch an_t he
change in pernceni @Gtaoht 8BQ P Iﬂ(he.?rmtamtagéq@&%é@ N@hénWS@earBQFEF@eI
PNA probe was 1 I sted
ina sinlar égge??ﬁﬂs gfai%iglg\?ﬁgerﬁg%%gzﬁ?n I uo%rgel%%qi %é\nglrﬁﬁgshé
observed bet peemet tmlcpa{fmtFﬂrgsch1andtnﬁhelaﬂarne€ﬂlssqtlbye]rﬁsrraﬁéﬁ@% RERe

| ess WO 1111 ~1~+17 20 PCT/ 1. B00/Q 930 ra tlc chi Lt h
the BAral |l el DPRALIBEoLEORGLSHITA ﬁg?ogg u?l%r&er};g?agrf Bﬁg}eﬁrggf léllrse
(data not shqwmp 1Phe&cassay M@ﬁblcl%‘l bBBtaIBsuézﬁsmbanmn1thﬁ€raadia6@@n when

an antiparallel PNA probe, was, used ar.al | el robe.j fare
preferred whek tWQé’geYlBP\algﬂq&@ﬁcéglgé}eeStt h%aé%’ﬁ%s ﬁngghFEEEE%A
probe sequenggs chlhendéLsakéd als Rime Seﬁpaiatﬂeé rdwxree.lsan (Fig. ofLAf he

hybridi zati on assay to identify all possible 1 gl smat ches wi th %rh
accuracy. 10T'B@a#ﬂk@rﬁsﬂﬂ¥1%mqed15£§t¥e@n fz%‘sé'ygnle BRgnprdd TiPgek

per rred af temn E%?WAUWBﬂ@ QlsEh @ pdaahiA napg@ﬁemuen)cemcanad Umbwsed
PNA hybri ormation at tenperatures above the neltin éqTrr) of
t he dsDNA t apgetrs mlﬁﬁ%tqlgeéang REORER ¥ 32 e 6SFRe P eNPaBi ?I E g’fe e

assay of the . inyenti gast andi Bber egléal er@@a@@iwwfemam}@@m@@mse
pair msmatches W thout requiring prior denaturation.  The hybridiza I on

reaction ni xmwtezl‘.(@(ssal\ljpn GO 521Y ddt ak 6919 dRilely: 18) pnot et by yhen

dsDNA, 6 pnol e P5oRgsNaybh2i d9zaaX thBEnNE enidnaf t he
DNA i ntercal ap[ WOMA#CE% th% ngctl onlvolzurre was sl i Sﬁt@%é gpr eat er

than 2dat in deqamplaess 1 thOHEhQnQNAWOPNASQn@aSF@Y@lf
accordingly t,o,mai it al.f, GONSI AN fAGRUH AL HeBAsIt 183MBhEE. wépgrrtwand

results were
86% lower, respectively, than the perfectly complementary

SsDNA:PNA hybrid (SEQ ID NO:1 + Probe No. 2) at 60°C (Fig.
1B). As the degree of mismatch between the probe and the

Alst ed

25 target increased, the level of intercalation by YOYO-1
diminished and hence the level of fluorescent intensity
decreased. This relationship held irrespective of whether
an antiparallel or parallel PNA probe was used.

Interestingly, when the target DNA sequences were the

30 same length as the PNA probe sequences (i.e., 15
nucleotides long), parallel PNA probes were much preferred
than antiparallel PNA probes, because of greater

differences in observed fluorescent intensities between



25 obt ai ned when the reaction volunme was 40 ~cl, 80 ~.1 or 120 E, tl. The
reaction m xtures were incubated at roomtenperature (21C) for 5 m nutes,
pl aced | M@op4@eRrtz cuvette, irradiated with an argon i orciraBavoitbmam
havi ng a wavel ength of 488 nm and nonitored repeatedly for 30 fluorescent
em ssion as the tenperature increased wiith tine, in a heated chanber.
Concurrent tenperature neasurenents of tH%e sanpl es were achieved by a

sof twarecontrol | ed tenperature prob | aced directly_ into each VWO
Ol/ - 4G | G7 E’Prlf@F'/tllBOOF@fé"%’@dsaﬁﬁl“Bfe Ri f 1T eé?fen?wf’nt HET t P& wer e

plotted as g ifdspatdin dodEr@esat e aiottasibwdnpl e anal yzed. Fig. 4
illustrates that even in the absence of prior

denat yration, t i ghest
fluorescent interdsithaghefbes ediﬂﬂtev‘é%lcmhs‘f‘hgym"f -ql}pBaEGEﬁﬁE g’é\%\m

target sequenchdsSEQ-&DpMarblr RS urRRE! it tdoidEr ISngel spaba! liglowiA
Probe No. 2°trom 30C to 85C. At tenperatures below 65C, the Tm of the

50- mgr wi | d-thase debRAr vasDRESPNIVIFeHH ekBatndme B awatcasdr mataehnlsel at ur e
i ncreased a%yﬁ,lﬁ]@% : i ple f r t gdabhPeSSENA RIS

dupl exes. Cearly &%ﬂ%%g%&%{aé ?g%%%#&%%a%;egog%’% Ci eﬁt I 5 in both the
triplex and ahgplagoss r uorismatcitdseqriniparaliel f | RVeddnt iMienikigd es

for a 1 by nismat.c d%‘ tyi D NO: 244 Pr N Zoid
consecutive ?%lf/ltl%?% sl?ratc e tr{%?éeié?%gf% I\%E:)CBZ':J}1 robe No. 2),?18.
consecut i ve intyraaatedr el thenuleet owSEQbEeNoed Elpodecent 2ntansiEB by
del et& on tri\g%ﬁ%eé SEQ I D NO:5 + Probe No.2) were 830, 930, 990 and 99. 50

| owet respe Y, than the perfectly matched dsDNA: PNA triplex (SEQ ID
NO: 1 20 + Prmxbemioe 2) at 30C. As the tenperature increased from30C to

85C, the degree of, discrijnation between perfect. mat.ch_and t e pair
mi smat ches decr edStd: At ,nﬁtﬁe@%so\;/ﬁ?ﬁrksnﬁ?%hﬁygrﬁgg%ag%apch%,%%%ﬁyop

m smat ch andcide byirdahetiom hydr i dd sy elidedrihinaescenetvabrngpdtBsctthbp,
76% 25 940 and 95% | ower, _respectjyely,. than that observed fgr th
perfectly corptehedtaFyNAcElR g%“%%é%@ S& KPR At | gnoﬁsgalﬁpof
the {gventi opi bfaBbh8st 0a8i $&1Nak: sh bepwaenewibd; t ¥aensaqpenseseaneiNA hose
containing 1 bp, 2 by or_3 by nutations or deletjons, wthput prio

denat ur at i orPBOPSf18eaUBAEREd - EXERBI @582 GPRANOLORS TS ’i‘ge-?r’gjrc§£[5l_’®

probe identigalolnisegueneq aAUEREMSIEAL | ONTRE MA@t alhtdRsaties PNA
WO 01/ 464677 PCT/ 1 B00/ 01930 ;
for a 1 bp mismatched ssDNA:PNA hybrid (SEQ ID NO:2 + Probe
No. 2), a consecutive 2 bp mismatch (SEQ ID NO:3 + Probe
20 No. 2), a consecutive 3 bp mismatch (SEQ ID NO:4 + Probe
No. 2) and a 3 bp deletion (SEQ ID NO:5 + Probe No. 2) were
41%, 71%, 87% and 95% 1lower, respectively, than the
perfectly matched ssDNA:PNA hybrid (SEQ ID NO:1 + Probe No.
2) at 60°C. As the temperature decreased from 70°C to 60°C,
25 the degree of discrimination between perfect match and the
various base pair mismatches increased. As in Example 1,
increasing the degree of mismatch between the probe and the
target resulted in progressively diminished levels of
fluorescent intensity. Moreover, this pattern of
30 fluorescence was consistent even when the mutant sequences
displayed a percent GC content higher than that of the

wild-type sequence (Fig. 2).



22 Probe No. 1 (SEQ ID NO:6). The probe had the followng structure: 5 10
15 20 25 30 5' -CAC CAA AGA TGA TAT-3' The specificity of the hybridization
assay waswd oriidier investigated by reacting ssDNA Probe NopC®iswotchoiohe
50-nmer wild-type and nutant dsDNA target sequences, in the absence of prior
denaturation. The assay conditions were i7denti cal to those described in
Exanpl e 4. Enhanced by the DNA intercal étor YOYO 1, dsDNA: ssDNA tri pl exes

were forned bet n 30C and C., Perfec hed [NA £r] ,

consi sting of SE eiﬁﬁ‘ N ?a¥a§i8%e Pel&@‘ %]?é%?e é%dq%ne ’hi% %%trg??éorzes]? ent

![ nt entsi ti ﬁ;_n(iFsitn_&tcﬁies I mm@mt_ irastuioi ncbppinésmhychggpmmn[) mt@gﬁrmﬁﬂﬁe kyhd 3
arget conbi nations generating a m snmatc : 2.+ Pro : :

.a cgnsecuti Ve Page ni%é‘géts h (‘%E@lFBng.l‘é %%ﬁ‘g&oi%‘iﬂ gfl(}loér:%ee%celﬁ%e 3

by mi smat ch (SEQd {3 NOs 4 thaltr obsndecuBivand abg misdeltetlicon (8&QalI BiD: 5 +

Probe No. 3) resulted in fluorescent intensities that re 57%. .940,. 97 o

and 98 0 | ov@towat) 30C, SHRrHavly, ‘F@P@,raé’?%g %ng’%lmﬁsr‘\g&@ﬁegt flerein

respectivel yoptham those: ahsesnes witd ddganard@aty y3 rivd obeph ses) usnciels

(Fig. 5). As the tenperature increased above 65C, the de%rsel%.of
di scri m nat ke biedees 1AFBLAYT f ekQWatat chl ArResRERbas & &S Y& Tat cHAP

decr eased, indli i f 4he. gr kd f BNAwWi.pl exTh
Bé‘yé’%%%&u%’ﬁég 1 he, g1 aduahtbheakdpnm &f rde ) ese

structure. fluoréscent intensities achieved by a 1 _by m smatch,
a 2 by ni smatednlias 3shgaeistnatit aneparatpg dASE | BPALReIE HEHCES 2T 92 o
and 83 0 lower_than.th ai b ) f eglpraich dofdt ior® )thardhe
presje(ﬁce of %1%?@ tgga srsbgﬂlA %Sr%ﬁgg'lf&g}&beﬁgsed instoead of a PNA probe
to differentéaheebetiveenbpseef patkyméempteheat ary sequences and those

containing 1_b N by or 3 by m smatches or deletions, wthout the
requi r ement %g—%f—?oi denat ur ati on. WO 01/ 46467 23 PCT/1B00/ 01930 Exanpl e

6 To ensure that she hPlmodb zeds an Wessey dsPN ssbNAtppotusngRdias bRRd
and rar et DREEMsSERs RS RN o Rl 157 dFf reht cETLY AR BReK ey P o0
(andigonsequest byodief fey.ent. nmeskdngDt BoOper abuiSES) , ITheVP 157 meeresDNAMBrobes
25 above. | BOPHCSBNACDBECE ARt SRENFNTSH gt dre iR sBDIRL:
10 concentrafbhol MxdepOkel, W . one base pair mutation (underlined).
Sense and antisense 15-mer ssDNA sequences were
synthesized, purified and annealed as above. DsDNA
20 oligonucleotides were dissolved in ddH,0 at a concentration
of 1 pmole/ul.
The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:8) was: 5'-ATA TCA TCT TTG GTG-
3.
25 The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:8) was: 5'-CAC CAA AGA TGA TAT-
3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:9) was: 5'-ATA TCT TCT TIG GTG-3'.
30 The sequence for the antisense strand of the mutant

target DNA (SEQ ID NO:9) was: 5'-CAC CAA AGA AGA TAT-
3.



SEQ I D NO: 18 was a 50-nmer dsDNA target sequence nodified from SEQ ID NO 1,
wherein the percent GC content was changed from 30%to 52% The sequence

for the sepsesakfand of the wild-type 15 target DNA ( SEQ Ipot8oddbimas:
5' - GAG CAC CAT GAC AGA CAC TGT CAT CTC TGG TGT GIC CTA CGA TGA CIC T&3'.

The sequence for the antisense strand of the wild-type target DNA (SEQ ID
NO: 18) was: 5'-CAG AGI CAT CGT AGG 20 AG® CAC CAG AGA TGA CAG TGT CTG TCA
TGG TGC TC3'. SEQ I D NO: 19 was a 50-nmer mutant dsDNA target seguence
identical to SEQTTE Neeagnexdait ther sgnesesbxsadpafr thatmerapt target

(under i ned)ny t e CAT YRS chapgedrip Cglg-Ihe sequence
for the sensp st éIz'aﬁ:rlt?i ﬂ? Iﬁﬁt%ﬁ?u‘gﬂél l\%rY‘%Q ﬁg% 5&- G '@CAC CS’\TIGAC AGA CAC

- TGI' CGT CTC TGG ThGie G@éq@EAceGﬁo'fGﬁhEFGﬂnﬁensﬂ'hétgéqde@cfe the W“h"eant

anti sense strand of S ACA
CAC CAG AoA abiea DS (oho R N 20y Pag 2 4P C%EQ G o I
-mut arg dsDNAR t arget sequence identical to SEQ ID NO: 18, except for a
consecutive two WO 0/ 46467/ /1 BOO/ 01 i
(underlined), at W’?cﬁe?‘ﬁ%n%% %%cg %ﬁgﬁtg&g?f% Qﬁ%\&ﬂy%ﬁ% és)%]a 2hce
for the senspnst(epd 0D KNOtany ®&Q:| B! NQTBO Taa: FETGABTGACGTAT3IGAC AGA CAC
TGT ACT CTC 5 TGG TGI GIC CTA TGA CTC TG 3'. The _seqguenc he

anti sense strand B‘f‘enﬁFSHanﬁQ%%% @%Oa%,};segsecﬁér @%I]' %fl’ ‘&fﬁ&A CAC
CAG AGA GTA N dETDRAG(SEH TOENFCLLTCGrds: SEQUAD NORRL mas aTEA- nEATdsDNA

target sequence 10 nodified from SEQ ID NO: 1, wherein the percent GC
contEht was hanged from 30%to 72% The sequence for the sense strand of

Lhe wild-type targsl DEMEREO +O Nk Benis st ar(@GrCRRORTCARE BREEAC COT
CGI' CCC TGG TGC GAC CTC"CGA
DNA (SEQ ID NO: 12) was 5' ATA "TCA TCT ATG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:12) was: 5'-CAC CAT AGA TGA TAT-
15 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:13) wasgs: 5'-ATA TCA TCT (CTG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:13) was: 5'-CAC CAG AGA TGA TAT-
20 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:14) was: 5'-ATA TCA TCT GTG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:14) was: 5'-CAC CAC AGA TGA TAT-
25 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:15) was: S5'-ATA TCG TCT TTG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:15) was: 5'-CAC CAA AGA CGA TAT-
30 3.
The sequence for the sense strand of the mutant target

DNA (SEQ ID NO:16) was: 5'-ATA TCA TIT TTG GTG-3'.



The sequence for the antisense strand of the wild-type target DNA (SEQ ID
NO: 21) was: 5'-CAC GCT CGI' CGG AGG TCG CAC CAG GGA CGA CCG TGC CTG GGA GGG
_TGC TC3' wdoRk@1 D NO: 22 was a 50-ner nutant dsDNA tar get peeqB@naeso
identical to SEQ I D NO: 21, except for a one base pair nutation
(underlined), at which the sequence CGI was changed to CAT. The sequence
for the sense strand of nmutant SEQ ID 251 : 22 was: - GAG CAC CCT CCC AGG

CAC GGI' CAT CCC TGC GAC

anti sense strand-l:lge n‘ﬁ?g}*?ng%gf)%%% é'}%éci&}_%'fﬁ %T%%nk%ﬁr%(; CAC
CAG GRA TGA (X¥gdtCDNA G S\ BEAT EH T Grads : 30" SEAL | OCAD: ZAAasTGh 50FATRTY

mut ant dsDNA target sequence identical to SEQ ID NO:21, except for a
_consecutive 1wo base pair nutation (underlined), at which the sequence CGT

was changed to ATfhe sd¥hédddIE30 RET/-BY 8123Rd261 Thire Sequanc ecd10yet he

sense strand of nutant SEQ I D NO: 23 was C GGI ATT
. CCC T6G TGC e (5% cEA ¥oal Boaaes: 3b | - Iif“h"g ?ﬁeﬁf TCC?[T{E%GQ?GPSCQnse

strand of nutant §8Q LB ﬁeh@ezgddzasthé a%éﬁge Celread® ABG tHG fafaiAG GGA
ATA CCG TGC CTG GGA GGG TEC TC-3'. Probe No. was a 15-ner ssDNA,Probe

desi gned t o BRrERRPPER el FEQoRBI Bawht hr ja€o 2’ 1§Aﬁuc$%t|]éi@serﬁ% - the
sense strand; of the 50-mer wild-type target DNA (SEQ I D 10 NO: 18). The
probe had the followi ng structure @%SEQ | D_NO: 24) 5'-CAC CAG AGA TGA CAG 3'.
Probe No. 5 was aThs-s@ecEEDNAYr & hie divirddigg tienc arprat ¥py further

compj gmentary.Lo.g f9 BUGLEPLLIP-369MRAL K HiRpk> \RENSE FiErng P5-hae
?ar e? QE% ?’% %

50-ner wld-type 21). The probe had the.follow ng
structure (SEQ.dE):meZE)irQEtCA@DNAG (GBR GGA NSCE)3'andrhearipis dl Zare®nlassay

condi tions were | dentical, f0.204LHRRE d88eS | Rpdd o BXBMYERD 4D N0:17)

that would generate every type of 1 bp mismatch possible
(Fig. 3). The assay conditions were identical to those
15 described in Example 1.

The highest fluorescent intensities were achieved with
ssDNA:PNA hybrids consisting of perfectly complementary
sequences, at all temperatures tested. Fluorescence
increased as the temperature decreased. SsDNA:PNA hybrids

20 that resulted in 1 bp T-T, C-C, G-G, A-A, C-A, G-A, G-T and
C-T mismatches all yielded fluorescent intensities lower
than that observed for perfectly matched ssDNA:PNA hybrids
(Figs. 3A and 3B). The fluorescent intensities for the 1
bp mismatches ranged from 64% to 96% lower, and 57% to 95%

25 lower than those observed for the perfect match at 55°C and
75°C, respectively. The variability in the fluorescent
intensities observed between the various 1 bp mismatches
depended more on the particular base pair mismatch than the
change in percent GC content of the mutant sequences, when

30 a parallel PNA probe was used (Fig. 3). When antiparallel
DPNA Probe No. 1 was tested in a similar experiment, the
differences in fluorescent intensities observed between the

perfect match and the various 1 bp mismatches were less



When the ssDNA Probe No. 4 (with a 530 GC content) was hybridized to the
50-nmer wild-type dsDNA target (SEQ I D NO:18) and mutant dsDNA targets (SEQ
I D NO: 19 vamndi/$26Y | D NO: 20), dsDNA: ssDNA tri pl exes were foPgEdBaroibw 25

t enmper at ures under non-denaturing conditions (Fig. 6A). Wile perfectly

mat ched DNA tripl exes achieved the highest fluorescent intensities,

i nconpl etely conplenmentary triplexes wit4dP a 1 by mismatch (SEQ I D NO: 19 +
Probe No. 4) and a consecutive 2 by m smatch (S%'%I D NO'%Q + Pro%e I\]lé) 30
4) produced dnamstest creanntBAset pediced W 6895 aRAT LIS L oRER Probe

espect | vel o ! handdiasgualieary otk Wi Idienfpaldupdiaiiafiag emmenges at

30C (Fig. 6 e tenperature increased, the gradual breakdown of the
"DNA tripl ex shay®)01/ 01980a26aPCPrPBocLI1 PeGL( TSt RREWREN AR raf

resulting i jmni.shed f| ty dnt idi 85 apd | assy di seridwdwatdon
bet ween per %e%i@nﬁ"flg% ganrg #ﬁ{al ase lpéall rﬁ\fr]r?sﬁrratches. By 85C, veﬂry little
“di ffeg ence iPNA| gporokscence bhsrsfenebaneierped f edidgny Sheat EREdCSedftfhces

and those contai ni ng_base pair_m [ 6 Labbagb¥uehRekhe
presence of Wﬁ?ﬁlc,g%ls ‘g@%@%‘?%ﬁgg@ émgrgh?orﬁ*n%d&m%%_%héugsﬁ Pr obe
No. 5 (possessi ngrke WBss @ <ot éhitg. Basonddcmed whehreheakdl &by rel po@li ng

50-nmer wild-type, ds target (SEQ,TD NO; . and an t arget;s, ( SEQ
| D NO: 22 an&é&@&ﬁ%%@) . a‘?ﬁ{(—f"yfl F& eslcdegn%%f%tpenglygi e?og%r@gg\el bly Be
m smat ched OhNAshat@hey ¢SER §P=d0: 2@curRegbe No. 5) and a consecutive 2 by
m smat ched DNA trjiplex (SEQ ID NO: 23 + Probe No. 5) were 15 480 and 640
| owek9 respeB¥a®Rle 4t han those obtained by the perfectly matched sequences

at 30C (Fig. 6B) Thé&l Q%F&Sﬁﬁnmﬁn abksagepl b5 decimedsed as tdie 3t empeeat ure
increased from30C to 85C, indicative,of dimhis nt ercal ation

ed _YOYO- 1 |
and DNA trippexfereaddefher2derapurarése of the aﬁP’één?a’&%e{éo%?%‘h?m&?st he

sSDNA probes,agd (@sihA-dBr 88bRa - ¥XOnbvsass abbemboibacidd t eétpdblctirepl ex
formati on under non-denaturing conditions, to allow_accurate di scrjlrmégati on

|
bet ween perfabeve Ebepmetrits P uentes FhdtERoSELEANTRTHSTE 1 o by

mutafkons. 29, gge' Qemolie YL diat ioDni assayseyi BrExarplassdy avEl Ehpr oved
the reliability the 1 nvention to distingu

( i sh between w | d-ty
sequences andnvhoséovohoathf figroastapaibe WasmRHELGr "@é'flcé’ﬁsoﬁg‘% %@ﬁout

B e e e e R e T i il A
targets. Moreover Thephiybelddizetriion naacsiobeMi&ERTR I(42Ppelandontpraned
sequences Wa%h%(:hkgilfgw%tlg::so% bﬁx%l'e%""eéf target dsDNA, 6 pmoles of
20 parallel PNA Probe No. 2, 0.5 X TBE and 500 nM of the DNA
intercalator YOYO-1. Although the reaction volume was
slightly greater than that in Examples 1 to 3, the DNA, PNA
and YOYO-1 amounts were adjusted accordingly to maintain
constant concentrations of samples. Identical results were
25 obtained when the reaction volume was 40 ul, 80 ul or 120
ul. The reaction mixtures were incubated at room
temperature (21°C) for 5 minutes, placed into a quartz
_cuvette, irradiated with an argon ion laser beam having a
wavelength of 488 nm and monitored repeatedly for
30 fluorescent emission as the temperature increased with
time, in a heated chamber. Concurrent temperature

measurements of the samples were achieved by a software-

controlled temperature probe placed directly into each



WO 01/ 46467 27 PCT/1B00/ 01930 tenperature neasured. To determ ne whet her

t enper at ures bel ow 30C woul d be even nore beneficial for the assay, the
15-mer ssiNdv/Ruebe No. 3 was reacted with the 50-nmer wil dpypapelsddidy t ar get
(SEQ TD NO: 1) or with the 50-ner nmutant 5 dsDNA target (SEQ I D NO: 2)

between 5C and 30C. In Fig. 7A, 2 pnol esnof dsDNA target was reacted with 2
pnol es of ssDNA Probe No. 3 in a 40 ,cll"reaction m xture containing 0.5 x

TBE and 500 nM of YOYO L. In Fig. 7 0 (_J h -5(§mc|es)
of dsDNA tarsgaéqpqv%'s I’g‘(‘iﬁ"& vé:]tt%rfoﬁqﬁfg: %%q%é&%l%%mr%%%%& in a 40
,ul reacti orfuriotidre criempergrrd fod Bacnds2h0l eModlYoy®d. 1. The
reaction m xtures_were, i bat ed at om t enper.at ur e 10 for m nut es,
‘transferred to a‘gfart% J{;ﬁt‘é?’f’é‘—f‘tﬁ‘?‘ldggﬂg}neynga&fla#@& \(ﬂ%ish TET at'gdit T on

| aser beam aerd3@as 19if orurd h¥gheskExafphesedcent6. idbenstivbésesvere

cont ai ni ng the sanpl es. were_subsequent | | aced qQn_ji.ce. Wien the
“t enpéx at ur e AFLIENIA sURAPR e thEa ‘f@p(%sé)%‘éf‘%lf REHADF AIEE Y SHBHERTR e

probe pl aced(gkidg e¢bl Yad N0 RAEH 1 RTUR) , wi bR %%@'@—M@fepb&&fl&feqr rehto
t he neasurenent chanber and nonitored 20 repeatedly for fluorescent

eni ssi on as R¥rbe d¥peratfuian it Ce&9ed5nft h BF neSPPRRRAERres BBEOWNER| Frum
f1 uor escent s ensids Gs,es 6 ALt kedaasyBef UBBNAON RIS 3ttt 1 Lés each

sanpl e anal yzed. Opti I scrimnation tween the perfectly 2f
conpl ement arwe A ermed ex et (SED) top@raturer bperepsed) ahauet hie pnathe

tripgxes C%f@}’c‘g ar oY s Mt e 35RQd D N9: 2 shpRabgiaNo. a1 ¥es

observed at or both concentrations of DNA tested (Figs. 7A and 7SB)
However, theCHedflky e¥@¥0ih wasorlebecip imtercilabe ¢fweentbyplietlepyhand

30 i nconpl et.gl onpl-enent ary [ lg_zgg Ld. not i,cal as
t he tenper attgl?l% %r?clrpelae;%dgggom% %% % i %%%bnce%?#é?gggﬁg?yi the
pnol e/ 20/ . cl £ biobe¢dept ohetend ittdegetfot ha I byp ninssaadiodeDONASDNA pPX es

produced WO 01/019 8 .PCT/ | BDO/ 01930 fluorescent i I ti.es thal were
84% and 77% oWt 4t %ggaar}g) é{séf;?rés EePEVARy, Than®t ﬁ%&%%o%ﬁlt alsrfleeai]vé?h t he
perfestly nahidedcckegdencespl&kg. (). DO Nardy, + at ProbeurNéol d2} pwea
concentration of probe and.target, a.5 difference 639 | 50% Ln
f1 uor escent ?ﬂ’f‘%ﬁ&”ﬁ?“é@ %?%5@&%?%%95?% ’éoé,%??egﬁec i vel {7, “bereen
the perfectiyomml chad and3 mbpredehedi dNALELppeexeSHI D ¥B):5 HheProbe
fl uorescent ities of all_sanples nmeasured at 30C before and after

: b SRan R

cooling to SIg’]:/é?ZW\?Erey &% 1 3PS (dafa it CWEA t hoT RS HhXY TraY !
di fferences yrag ohsepuedeat 19CmalteheCOMETNANGER i Te0- (Emat IDi Ng: 1
hybri di zation assay may be reliaply perfornmed at roomte eraturg. fEx%npl e
g 20 + Probé No. 2) at 30°C. 'As the temperature lhcrease o)
30°C to 85°C, the degree of discrimination between perfect
match and the base pair mismatches decreased. At 85°C, the
1 bp mismatch, 2 Dbp mismatch, 3 bp mismatch and 3 bp
deletion hybrids yielded fluorescent intensities 65%, 76%,
25 94% and 95% lower, respectively, than that observed for the
perfectly complementary  sequences. Therefore, the
hybridization assay of the invention is able to distinguish
between wild-type seguences and those containing 1 bp, 2 bp
or 3 bp mutations or deletions, without prior denaturation
30 of sequences.
Example 5
Probe No. 3 was a 15-mer ssDNA probe identical in

sequence and orientation to the 15-mer antiparallel PNA



The sensitivity of the hybridization assay was tested Z5 by reacting
decreasi ng concentrations of parallel PNA Probe No. 2 or ssDNA Probe No. 3
wi t h decwa@si/pg@econcentrations of 50-nmer wild-type or nut aotrgel@dsd ar get s
(SEQ 1D NO1 and SEQ I D NO: 2, respectively), under non-denaturing
conditions between 27C and 32C (Fig. 8). 20 The hybridi zation reaction

m xture (40 |,cl) contained the followig 20 fnoles to 2 pnol es of target
dsDNA, 20 frnoles to 2 pnoles of ssDNA Probe No. 3 or_ parallel PNA Probe No.
2, 0.5 x TBEPzohke 2N6.nM t GEDOIPMGE 6YoyoThe |preler hadaihite, L heo Y et
sequences arglgjcﬁlﬁﬁg:equences were 25 maintained at identical

concentrati ons. e assay conditions were identical to those described in
.Exanpl e 4. Wien 1 pnol e/ 205, ulFAgf Eakal ReR PNAAPr dB&-Rd. 2 or ssDNA Probe

No. 3 was hybridi ; / I e ugpses,Atndpe
normal YOYO 1 con%%%t%gg?#%%{%#aég% gglenﬁ}&btg%%sa%?%hiéggd dsDNA: ssDNA
“triplexes rebuwésnigdted ay lréycoisgasshiihrbdooedNe | udrestlnthe ft@rBeX | es
01/ 36467 20 WENPT DR VB0 HoLe SRR Vi o SeARERSEE et thiaiorette

e observ romthe perfectly matche
triplexes atof#rior IRGdwlate fmi. sSMbwnhssAy aondhténhsavena bierdBical
f ol e/ 20, ul of both probe aﬂd targ a 100-fold | ower concentration),

t (i.e.
the 1 by 5 nFSnEReRBdIBEBRA %Alﬂyg?‘f‘&p%\@hfleved fluorescent intensities
rangi ng from 850 £gh83%H0WT thidamNzhain trtc gy rYoNG He, pésDrRt £ yDNA

compl enmentary triplexes at 27C to_32C when 25 nM YOYO 1.was used_(Fjg. 8A).
Siml@rly, m%éhplﬁxﬁﬁol“@/fﬁ) foppedy %§’§Bﬂ§nPr3tfbg: l\i‘)r.lg36\%a§@r ea ?Eﬁéﬂk?}ﬁ 10
10 frol e/ 20 wut -REat bRadEH st souEncnsy of bBRe Hregence of PE6beM
YOYO 1, the ‘PI uorescent inténsities generated by a 1 b% m syat ch were 90%

to 84 0 | owelot hdn tH&ldadbdekedbbghpett &dtioyerced F15HpexéEidt 27C
to 32C (Fig.5$B), PROVALIG £d16: EXtLEeMRpIeRelll Vidip Péméheadp Mulidedi 2a8i on

assay, even at very |ow concentrations of probe and target. A wi de range of
YOYO 1 concehargetonemipanatbPBf agererdt £ag e coife ALSRFtEHR JFES 6BeN9nd

targel tested. fgol eg/ - yRObhpRr Abemapent 86t THeR6 : 3
hybrlféi zed, ?hlé’%ggo%?r nag?’c%négﬂtsgg??gxg ofb OYoﬁgri1 vvereQZSQnM to 2. 5+nM

(for a paral PebbBNNopr Ghe) andongeqitive 235bpMriisge tehs SRR pklopliP: 4 +
ielding differgnc of, \fl S i j {1 e } feom OnA&1%
y 9 EPE ﬁ% 3& a"fl(g% £ Ccﬂéef‘é\gie%%e%}f@n?%nﬁo.ﬁ ¥ QQQbE No61%

bet ween perf ? mat'ched "and m’s nces ata not shown).
Col | ectivel y3)t hesal2bdr esulfisorestentednthaséktieenthasnyereypl/y afAds .

reliability L he .ngn-.denat uring . hypridi za} Lon sayghe di§t bRguhsh
bet ween wi | d%)?p@ngeg@é’ngggearnatt ﬁrgsg’c%héaézi%gé}\%ér‘i 8%5 ggebpai Forer
mut atbons. WAkl esthle,i nvespeanifradyheebhdescthbed i nbdetraield awdtB0 &heh

h the art CREFTORFISuS ERRIne SRS 111 e cantpeRmais PR
wi t hout depafhichrgabkdmabosres@is’iCt, ahd segpeet bér dobcrimination between
the perfect match and the base pair mismatches decreased,
indicative of the gradual breakdown of the DNA triplex
25 structure. By 85°C, the fluorescent intensities achieved
by a 1 bp mismatch, a 2 bp mismatch, a 3 bp mismatch and a
3 bp deletion were 40%, 63%, 92% and 83% lower than that
obtained by the perfect match (Fig. 5). The presence of
YOYO-1 allowed a ssDNA probe to be used instead of a PNA
30 probe to differentiate between perfectly complementary
sequences and those containing 1 bp, 2 bp or 3 bp
mismatches or deletions, without the requirement for prior

denaturation.



WO 01/01930 30 CLAIMS PCT/1B00/01930 1. A nethod for assayi ng binding,

nmet hod conprising: 5 providing a target conprising at

| east one nucl eic

sai d

aci d seqwamegiespr ovi ding a probe conprising a nucleic aci gcenpiabsy ¢ aci d

anal og sequence inperfectly conplenentary to at

target; 10

test 15 samExampke i ating said test sanple with exciting radiation to

cause said

intensity of sai

| east a portion of said

providing an intercal ating agent, wherein either said probe or
said intercal ati ng agent conprises a flub¥ophore; adding said probe, said
target and said intercalating agent to a hybridization mediumto provide a

fluor8ﬂ$oéﬁshgee@ﬁaélEﬁée% dﬁ%ﬁeﬁaﬂﬂbs eqkiihg aspNA

| uorescent radiatio 20 wherein sai intensSity 1s a

-direct indi gatdles aind GsHNR ntga:agétampeyrmm@@nmaﬁlue prlogrnea dos guiear get ;
fron1sa|d i nt.ensit e ent S Chl t ai d
eé%ﬁ%%ﬁ E L5 5°u$ﬁ ﬁ%%h CI% %1 %ﬁgre in é&ﬁ et

'determ1n|ngApdssémgﬂmgl6h@ﬂabycahlybdaff@genajpbrwmmenyrtqommﬁmtst(and
exhi bi ted g% 2%§ onblngd Wi th sald tar fgd sai d
h

and determn
probe and s

intensities
intercal ati
at | east on
target, eac

a two-base

10

15

20

25

30

nPARRELSN ot"heelr Bi%b

§"HPFFEFER sald %?%be by

Es NG . }SesTh@ncmétB@dn@f cdshma 2, tam@é@ nsas@h@rhcte@ twesai d
h of sald robe an id her S dlffere e
sel ected froWRHReHB 6 cBH§Fgﬂﬁggaﬁé :%%f ﬂ%té °vVe- onékggk %$§%atch

heswéEn.ard dsDNA targets were digsolved in ddH,0 at a
concentration of 1 pmole/ul.

SEQ ID NO:18 was a 50-mer dsDNA target sequence
modified from SEQ ID NO:1, wherein the percent GC content
was changed from 30% to 52%.

The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:18) was: 5'-GAG CAC CAT GAC AGA
CAC TGT CAT CTC TGG TGT GTC CTA CGA TGA CTC TG-
3°'.

The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:18) was: 5'-CAG AGT CAT CGT AGG
ACA CAC CAG AGA TGA CAG TGT CTG TCA TGG TGC TC-
3.

SEQ ID NO:19 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:18, except for a one base pair
mutation (underlined), at which the sequence CAT was
changed to CGT.

The sequence for the sense strand of mutant SEQ ID
NO:19 was: 5'-GAG CAC CAT GAC AGA CAC T@eT CGT CTC
TGG TGT GTC CTA CGA TGA CTC TG-3'.

The sequence for the antisense strand of mutant SEQ ID
NO:19 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA
CGA CAG TGT CTG TCA TGG TGC TC-3'.

SEQ ID NO:20 was a 50-mer mutant dsDNA target sequence

identical to SEQ ID NO:18, except for a consecutive two



WO 01/ 46467 31 PCT/1B00/0193(1 three-base m smatch, a one-base deletion, a
t wo- base del etion and a three-base del etion, provided that said probe
cannot b&veei/gshiperfect match. 4. The nmet hod of claim 1, fwectrheeomeswprising
5 quantifying said binding affinity. 5. The method of claim1l, wherein said
met hod i s a honbgeneous assay conducted githout provi di ng a signal

quenchi ng agent on said target or on said probe. 6. The nethod of claiml,

wherein said nethod._is Q sa t

denat ur at i o%a(?te FHE %Y @jettl @u%h%é%%t%ﬁ%é % cﬁglﬂ%%l%% g%%né sai éﬂrret hod
is a hormgemaws:mmﬁ aondu@t.ed without PCR anplificati on of said tar get
15 8. The net hod claim1l erei sal targ S

- hybri di zes speci frlt | FSTUFLRS sAPE (A GeteR DT forﬁtagat %%@ngt $F§ %:?hod
of claim8, nhereiwasaisl rmbe ¢&C ss@NA OCABNAAGRO tAC Themetda ofT&l ai m
|, wherein said probe has ajﬁngrtl ally hagcgﬁéj ﬁilégone 11. The met hod of
‘clai®1, whei® n & d $robd s%ﬁ"?‘ur%ﬁé b ne. 12. The method of
claim 11, wherei kax%a's‘éqQ{é?Q% 2%1CeRRr heessanBhAsseqnanse. midand heegetmod of
claim1l1, wherein said probe is ssPNA prepared b paral | el %nthems 14.

The net hod é\tocaoaMﬁsm SW@%u nA%“éu dCF obféG“émolA Gi dAtAr gét

| ength. 30 t@fgmtl#p ar(ml Tahergs® sphs probe is 6 to 30
nucl eoti des e d of claim 1, wherein said probe is 15
nucl eot i des Iong SEQ ID NO 21 was a 50-mer dsDNA target sequence

10 modified from SEQ ID NO:1, wherein the percent GC content
was changed from 30% to 72%.
The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:21) was: 5'-GAG CAC CCT CCC AGG
CAC GGT CGT CCC TGG TGC GAC CTC CGA CGA GCG TG-
15 3.
The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:21) was: 5'-CAC GCT CGT CGG AGG
TCG CAC CAG GGA CGA CCG TGC CTG GGA GGG TGC TC-
30
20 SEQ ID NO:22 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:21, except for a one base pair
mutation (underlined), at which the sequence CGT was
changed to CAT.
The sequence for the sense strand of mutant SEQ ID
25 NO:22 was: 5'-GAG CAC CCT CCC AGG CAC GGT CAT CCC
TGG TGC GAC CTC CGA CGA GCG TG-3'.
The sequence for the antisense strand of mutant SEQ ID
NO:22 was: 5'-CAC GCT CGT CGG AGG TCG CAC CAG GGA
TGA CCG TGC CTIG GGA GGG TGC TC-3!
30 SEQ ID NO:23 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:21, except for a consecutive two
base pair mutation (underlined), at which the sequence CGT

was changed to ATT.



WO 01/ 46467 32 PCT/1B00/ 01930 17. The method of claim1l, wherein said
intercal ating agent is covalently bound to said probe. 18. The nethod of
claim 1, whet/si4p7 sai d i ntercal ating agent is added to sai @chybed bamat i on
mediumin a formfree 5 of said probe and free of said target. 19. The

met hod of claim1, wherein said intercalating agent is a nenber sel ected
fromthe group consisting of YOYO 1, TOR>1, ethidium bromnide, ethidium
honodi nmer -1, et hi di um honodi ner-2 and acridine. 10 20. The met hod of _claim
1, wherein said pPeseausnses foyschite aPePSef s&&iadich et eMEtaafrd FiQ sh? d
nuclei ¢ aci dianal ag, seauenage 2iacThecte! bee Ohed aidndl, aher el sabec
exciting radiation is enltteﬁ froman argon ion |l aser at a 15 wavel ength
.from about 208G NMTEO a®sOt CDO0 @ER 2QGATHECEet FGd34f claim 1, conducted at
tenperatures wt t 0

conduct ed at tenggga?%rggg%ég ¢5§§%¥§%§- %%n%ﬁggﬁgﬁﬁgggg RgggﬁﬁrﬁéQm%greln
“a reld abi | i tyood3 sead: mBt ROACI sCGCAdeF6Ade FGGof AFCOLE &Y t%@etCMseGGA
sequence an de of ob r ge uanpneg,and cytosi ne content.
25. The netﬂ%%Q 8§€a|ﬁ¢C mﬁére?ﬁgsaﬁgéteggasa@blg 25 has a vol unme of
about 20 n1croI|tBr6béomba|mlwpgﬂmnm51ﬁefeasbﬁﬁl@gdmétdﬂ%ﬁgn&ﬁmt@bbat 10

f ent onol es of 25. Th od o cla ni.ra n of
said target ?9£%§?33§¥nﬁP@p$§mﬁB aﬁﬁrg tﬂa n§c¥%8£?8%l§§§85§§ bf Fh%d of
claim 23, wheegia %t@:%@faeﬂ’éf athen s30nefr saildl{uake targatd mmrp(mcu sInot

nore than 5 x 10-1 m WO 01/ 46467 PCT/1B0Q/.01930 33, 28. t{EﬁbeE
assay@ng blhﬂ@hbs)saldTH%tR§9be had the following structure
NO:24) :

-CAC CAG AGA TGA CAG-3'.
Probe No. 5 was a 15-mer ssDNA probe designed to be

completely complementary to a 15 nucleotide segment of the

15 sense strand of the 50-mer wild-type target DNA (SEQ ID
NO:21) . The probe had the following structure (SEQ ID
NO:25) :

5'-CAC CAG GGA CGA CCG-3'.

The hybridization assay conditions were identical to

20 those described in Example 4.
When the ssDNA Probe No. 4 (with a 53% GC content) was
hybridized to the 50-mer wild-type dsDNA target (SEQ ID
NO:18) and mutant dsDNA targets (SEQ ID NO:19 and SEQ ID
NO:20), dsDNA:ssDNA triplexes were formed at low
25 temperatures under non-denaturing conditions (Fig. 6A).
While perfectly matched DNA triplexes achieved the highest
fluorescent intensities, incompletely complementary
triplexes with a 1 bp mismatch (SEQ ID NO:19 + Probe No. 4)
and a consecutive 2 bp mismatch (SEQ ID NO:20 + Probe No.
30 4) produced fluorescent intensities that were 63% and 95%
lower, respectively, than those observed with the perfectly
matched sequences at 30°C (Fig. 6A). As the temperature

increased, the gradual breakdown of the DNA triplex



conprising: providing a target conprising at |east one nucleic acid
sequence; 5 providing a probe conprising a first fluorophore and a nucleic
acid or muehbeiqmeaci d anal og sequence inperfectly conpl emertanpodmomt | east
a portion of said target; providing an intercal ati ng agent conprising a
second 10 fl uorophore, wherein said second fluorophore and said first

fl uorophore fluoresce at different maveﬁ%%gths; addi ng said probe, said
target and said intercalating agent to a hyhridization diumto provide a
Lest 15 samAtGuqiER SEPHETSRA d TeSELsLAg] dny SAMERLFRFTg TAAZRIGIY o
cause at |easleQne Ofesaldaficst fiuerophaneiandbetivdeseerntddiiaraniore to
emt fluorescent radiation; 20 detecting an intensity of said fluorescent
-radi ation, weteitiiesaibdsient pAsrt ynismatehedct iﬁﬁﬁcﬁéf@n of eBY ndk ¥ig-1e

af finity betyean sald prabe At 3l 0fhs aBleACUSlhabAg JdnMsal
Intensity an extent o m smat chi ng between sali d probe and 'said target.
'29. The net hmatdied|seqnencahensi thesgavensagnhngt bage cba 55w P eeles at i ng
agent quoregfes q&&Jts to a second wavel ength upon intercalation, a
difference b enSai d wavel ength and said second wavel ength indicating 30
whet her a conpl exshet eehy saiith ptbbe mrebeadce odr gEOYDs1la dighe: 93DNA

triplex and whether said target is .DNA.or RNﬁ, 30 of, claigm 1
conduct ed i ""SRoFHET onVRF Ehi %ogn\?& | BN 9 n%%gﬁg‘ag}%g&%%rféqcoeﬂ é;'nV\ID
01/ 46467 34 B6I+4E0041034938 73% GC content) was reacted with the

10 corresponding 50-mer wild-type dsDNA target (SEQ ID NO:21)
and mutant dsDNA targets (SEQ ID NO:22 and SEQ ID NO:23).
The fluorescent intensities for a 1 bp mismatched DNA
triplex (SEQ ID NO:22 + Probe No. 5) and a consecutive 2 bp
mismatched DNA triplex (SEQ ID NO:23 + Probe No. 5) were

i5 48% and 64% lower, respectively, than those obtained by the
perfectly matched sequences at 30°C (Fig. 6B). Fluorescence

of all samples decreased as the temperature increased from
30°C to 85°C, indicative of diminished YOYO-1 intercalation
and DNA triplex breakdown.

20 Regardless of the percent GC content of the ssDNA
probes and dsDNA targets, YOYO-1 was able to facilitate DNA
triplex formation under non-denaturing conditions, to allow
accurate discrimination between perfectly complementary
sequences and those containing 1 or 2 bp mutations.

25 Example 7

The hybridization assays in Examples 5 and 6 proved
the reliability of the invention to distinguish between
wild-type DNA sequences and those containing base pair
mismatches or deletions, without the requirement for prior

30 denaturation, using ssDNA probes. These assays measured
DNA triplex formation below the melting point of the dsDNA
targets. Moreover, optimal discrimination between wild-

type and mutated sequences was achieved at 30°C, the lowest



31. The nethod of claim1, conducted on a biochip. 32. A nethod fox
assayi ng binding, said nethod conprising: providing a target conprising at

| east ongvaupkAst 5 acid sequence; providing a probe conprCsiiBg/mosucl eic
acid or nucleic acid anal og sequence; providing an intercalating agent,
wherein either said probe or said intercalating agent conprises a 10

fl uorophore; adding said probe, said ta@det and said intercalating agent to
a hybridization nediumto provide a test s iatin sal t est

sanpl e wit h toREekatyTadned s ereds t T LR Wf'f’%%?gﬁﬁort 5 -Em - =

fl uorescent \H]e%@t:a'o@@: woghBChENgvan hoteNsehys Déi SR ﬂbflme&r@ljt the

radi ati on, rein said intensity is a direct |nd|c n of a bindi
~affinity betl/%ﬂneISeﬁaﬁl‘ﬁ deohen dEaid e haagded é‘Qitl 'é%ﬁrd WiiEnsity
agalnst 1 nt Gl Bt YEQ! BET NOE Ohes cabined wgdlm dmitarget and
sai d |nterc |ng ageh% %ﬁgrgln@relatlveptorsald tare each of ;g?d

probes and 251skNA] tmmt ptBERSID NQ: ) fb@?‘é@ﬁ‘nn%r%e?n% Qec,q ed fromthe
group consi sting %er,h@ct %&ﬂes I%Qf%ﬂg%@tvféb Fedesdasanh
se ase

m smatch, a three srat ¢ a one et1 oh, a two-base del etion
and a three- basro et ed oasDEAJPBObdeNer nmdniing af AOmSaiteacd i A %

TN & A0, RO RIS A R, T VR CCAVE S AT, A R AT TREE N, A
g&/AEIg.LH'IA\OfLer& %‘s’\n&é‘s AP, A, AYRY S Auded) SAEIsDN¥. target was reacted with
o0 ol e ot gt cacosai legb s ok gl e ol el e o
I]J]XL 9;6*$8$ S| SOOI W Z S mka s sl /\(Z’E}@/&\\hl}'lca]fca'pd@] da] caltenfeadciel cal ca
IR iR AR QZM] A C%mc & crabeel cahsalsal el caher capsra
NHNKNQN] Nz uog d_it¢edd calealdsrmdraald " abcad c ajuwda] < ajuoadtes] cabficatioet cal] ¢
?ng#ﬂpgg%?—]@?i]wm;%;ﬂgcg!@%?] Ca]acr?]a(i:ag]o(ila 1%a] faglzralleam at 30°C as performed
15 in Examples 4 to 6. The cuvettes containing the samples
were subsequently placed on ice. When the temperature of
each sample reached 2°C (as determined by the temperature
probe placed directly into each sample), the samples were
transferred to the measurement chamber and monitored
20 repeatedly for fluorescent emission as the temperature
increased with time from 5°C to 30°C. Maximum fluorescent
intensities were plotted as a function of temperature for
each sample analyzed.
Optimal discrimination between the perfectly
25 complementary DNA triplexes (SEQ ID NO:1 + Probe No. 3) and
the DNA triplexes containing a 1 bp mismatch {SEQ ID NO:2
+ Probe No. 3) was observed at 5°C for both concentrations
of DNA tested (Figs. 7A and 7B). However, the difference
in fluorescent intensities between completely and
30 incompletely complementary DNA triplexes did not vary
dramatically as the temperature increased from 5°C to 30°C.
At a concentration of 1 pmole/20ul of both probe and
target, the 1 bp mismatched DNA triplexes produced
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for convenience, the non-denaturing hybridization assay may
be reliably performed at room temperature.
Example 8

The sensitivity of the hybridization assay was tested

15 by reacting decreasing concentrations of parallel PNA Probe
No. 2 or ssDNA Probe No. 3 with decreasing concentrations
of 50-mer wild-type or mutant dsDNA targets (SEQ ID NO:1
and SEQ ID NO:2, respectively), under non-denaturing
conditions between 27°C and 32°C (Fig. 8).

20 The hybridization reaction mixture (40 ul) contained
the following: 20 fmoles to 2 pmoles of target dsDNA, 20
fmoles to 2 pmoles of ssDNA Probe No. 3 or parallel PNA
Probe No. 2, 0.5 x TBE and 2.5 nM to 500 nM of YOYO-1. 1In
every sample, the target sequences and probe sequences were

25 maintained at identical concentrations. The assay
conditions were identical to those described in Example 4.

When 1 pmole/20 ul of parallel PNA Probe No. 2 or
ssDNA Probe No. 3 was hybridized to 1 pmole/20 ul of dsDNA
target sequences at the normal YOYO-1 concentration of 500

30 nM, the dsDNA:PNA and dsDNA:ssDNA triplexes resulting from

a 1 bp mismatch produced fluorescent intensities ranging

from 93% to 94% and 56% to 54% lower, respectively, than
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(Fig. 8B), proving the extreme sensitivity of the

hybridization assay, even at very low concentrations of

probe and target.

A wide range of YOYO-1 concentrations was tolerated at

each concentration of probe and target tested. When 10

fmoles/20 ul of both probe and target were hybridized, the
optimal concentrations of YOYO-1 were 25 nM to 2.5 nM (for
a parallel PNA probe) and 10 nM to 2.5 nM (for a ssDNA
probe), yielding differences of fluorescent intensities
ranging from 90% to 71% between perfectly wmatched and
mismatched sequences (data not shown). Collectively, these
results confirmed the extreme sensitivity and reliability
of the non-denaturing hybridization assay to distinguish
between wild-type sequences and those containing various
base pair mutations.

While the invention has been described in detail and
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 thereof.
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A method for assaying binding, said method
comprising:
providing a target comprising at least one nucleic
acid sequence;
providing a probe comprising a nucleic acid or nucleic
acid analog sequence imperfectly complementary to
at least a portion of said target;
providing an intercalating agent, wherein either said
probe or said intercalating agent comprises a
fluorophore;
adding said probe, said target and said intercalating
agent to a hybridization medium to provide a test
sample;
irradiating said test sample with exciting radiation
to cause said fluorophore to emit fluorescent
radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
a binding affinity between said probe and said
target; and
determining from said intensity an extent of
mismatching between said probe and said target.
2. The method of claim 1, wherein said determining
ig accomplished by calibrating said intensity against
intensities exhibited by other probes combined with said
target and said intercalating agent, each of said other
probes differing from said probe by at least one base.
3. The method of claim 2, wherein relative to said
target, each of said probe and said other probes is a
different member selected from the group consisting of a

perfect match, a one-base mismatch, a two-base mismatch, a
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' 30 15. The method of c1a1m 1, whereln said probe is 6 to

30 nucleotides long.
16. The method of claim 1, wherein said probe is 15

nucleotides long.
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27. The method of claim 23, wherein a concentration

30 of said probe in said sample is not more than 5 x 107'° M.
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15 sample;

irradiating said test sample with exciting radiation
to cause at least one of said first fluorophore
and said second fluorophore to emit fluorescent
radiation;

20 detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
binding affinity between said probe and said
target; and

determining from sald intensity an extent of

25 mismatching between said probe and said target.
29. The method of claim 1, wherein a wavelength at

which said intercalating agent fluoresces shifts to a

second wavelength upon intercalation, a difference between

said wavelength and said second wavelength indicating

30 whether a complex between said probe and said target is a

duplex or a triplex and whether said target is DNA or RNA.
30. The method of claim 1, conducted in a solution

within a well or on an impermeable surface.
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31. The method of claim 1, conducted on a biochip.
32. A method for assaying binding, said method
comprising:

providing a target comprising at least one nucleic
acid sequence;

providing a probe comprising a nucleic acid or nucleic
acid analog sequence;

providing an intercalating agent, wherein either said
probe or said intercalating agent comprises a
fluorophore;

adding said probe, said target and said intercalating
agent to a hybridization medium to provide a test
sample;

irradiating said test sample with exciting radiation
to cause said fluorophore to emit fluorescent
radiation;

detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
a binding affinity between said probe and said
target;

calibrating said intensity against intensities
exhibited by other probes combined with said
target and said intercalating agent, wherein
relative to said target, each of said probe and
said other probes is a different member selected
from the group consisting of a perfect match, a
one-base mismatch, a two-base mismatch, a three-
base mismatch, a one-base deletion, a two-base
deletion and a three-base deletion; and

determining from said calibrating an extent of

matching between said probe and said target.



