, €3e$4| 6Tl "159159" 1 FLUORESCENT | NTENSI TY ASSAY FOR DUPLEX AND TRIPLEX .
NUCLEI C ACI D HYBRI DI ZATI ON UTI LI ZI NG FLUORESCENT INTERCALATORS?@;'
SPECI FI Civics 61Mi6457 BACKG?WHB‘M“%EW@M[LNVENTI ON 1. Field of poyamio@issThe k“ J
i nvention relates to ne enci ng or assaying nucleic acids, and -
more particularly to nmethodsPYf*"assaying, triplex and dupl ex nucleic acid
hybri di zati on 10 conpl exes enpl oyi ng f | ubr escent I ntensity neasurenents. 2.
Description of Related Art Fluorescent dyes have been used to detect and
gquantitate nucleic acids for decades. In their_ nost baﬁiﬁ %ornl fl uorescent
i nt ensi ty- based assayEL“9353?2 Tt c AN %%T%oﬁ§$$§eﬁogoﬂ 20Efng a target with
a fl uorophor e- cont ai ntig BREBEEX [ HUBLERG ARY uﬁé%ﬁﬁﬁIﬁagﬁngron1bound
N-UBELIZENE hRLUAR N'E N'E .

probe, and det ect INgSOLUBION 2 JORBSEENT B N'E sBg8Raous assays
| nprove upon such basic assays, in that the fornmer do not require a washing
step or the provision of a non20 | ERECHF pGATEONuUpport. For exanple, U. S.
.Patents Nos. 5,538,848 to Livak et al. and 4, 220,450 to Maggi o di scl ose
honmogeneous fl uorescence- baBaGKGROEND OF THE| ENVEN®IONquences usi ng

ol i gonucl eoti de prohe ip ol ution. However, these patents 25 require the
use of a quéhthi ' tion wwth a reporting agent, so as to

di stingui sh bet wegte t havengians gehet&s edobymdtybadsli 2¢d pegbescand or
unhybridi zed probes. Livak et al, alsq requires the,use of enzynmes inits
di 6l osed mEASRRY LG SR T 26561 ARG BALF e GhEUABE L8npP A 1y e
expense to t{esApiAQderidiax Pahantdullesd, 3321638 taciddugidridiiaalieses a
met hod for detecting nucleotjde sequences in, solutjon usin r obes

conpk9 si ng ROTRESEES P 1 6P hbEECTRF SRR esi NHFRS LY neasUremenes o1/ ~G- t G7
2

2. Description of Related Art

Fluorescent dyes have Dbeen used to detect and
quantitate nucleic acids for decades. In their most basic
form, fluorescent intensity-based assays have typically

15 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-

20 liguid 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

25 require the use of a quenching agent ih 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

30 complexity and expense to the methods.

U.S. 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

VAN
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PCT/ 1 BUU (119311 fl uorophores nmust be selected to electronically
interactwith each ot her when cl ose enough to vary the wavel engt hdependence
of their wpenidigg Unhybridi zed probes are nuchnore fl exi bethbanipsobes
hybri di zed to the target5sequence, and consequently the two fluorophore
noi eti es oneach probe are nore likely to,be close to each other whenthe -
probe is unhybridi zed than when the proba i shybridized. Thus, a change in

em ssi on wavel engthcorrelated with fre obe can be ' e

an10i ndi cat ifoPJP rlTfé"":;r“rrorﬂf‘r‘ﬁto i rsfelepcretoeg% FA ?E‘chgﬁpﬂﬁghﬁﬁg ql9a FiNo.

5, 846, 729 t GyiWh edad@h. o8hse wheal eseshomgangouso f aeye stencedEsewyEssays
for nucleic acidhybridization. Sone assays L%r%fj% e.rzﬁ{ o%cgd i tercalI,eat ilp

f I uor ophor eSERNPAR 1O Uit SRETFHybr i SO 2B BT tHe abiiht yof
such fluorophewes tpekimre betMeen propads afbatidieedacitd i rtie hyturghtzat i on
conpl ex. For exanple, U. S, Patent e et al,discloses a

No. 5,%;1, 557 1.0 Bur
.met hdd and KeIYRCRletRd | FRPSRALUERY | 1hE i TR EARARLT dUIpT et € A

preferred ef%%?%& ”%B(It)bé ehi-esmeptheiicphor eal ki @nojfe ad@dtdtlger when
doubl e- stranded nucl el cacid helix or_ single-stranded nucleic acid. The

dyef | uor esceshaf tprobat eisal amtotrantiaate | Hahsi YheRs &8 e®r IREasur@nent
of the amunt Q}i(ﬁly%&:l C aci ugges?nt dh'&%@tehe iSRS s L © \I;ekl\?ei@ﬁ@&ﬁl of
Burke et al. {3 purportedto be useful for “measuring the anount of nucleic
aci d in asanpberetdieedonwiplci freebi pagichg bearee®d nimargdierest aARInwRTPei c
aci d, upon which. t he. net hod, | repd t hod iLamractigal for

det ejcckji ng sple%%‘?%tjo?ﬁd?ﬁg?%%p%r%?ﬁgﬁI g?l ;yf%ﬁd Jrggg%ngﬁt Fg%sg\%m re non-target
nucl ei ¢ aci ddupl e¥es. aPat@gneskot . &), $6 Pa2entoNdu &% 8l 4a¥se odishlgeed et
al . discl osesan assay whi .S [pOr&t i that. s WO
oL/ ~l ~(~7 3%‘6‘??5’%6?%‘/‘% 1 q_r(?%%/g%%-ﬁ%%é(gpem a&:@i E?gagg?gﬁiget%é%

i ntercal ati ngagendszabtonucl ei ¢ acid dupl exes, such as Burke et al. andan
earlier assay described by Ishiguro et. al..in JapanesePate Publ i

Di scl osure No. 237808/ T§§é.ysT g’?arq“ipélr%'fe‘%/e*%tp??g%%]f%tolﬁi g%‘ﬁoﬁ i?%ﬁe%n

i ntegeal ati ngof fepeechnasebayi agia hepdedtyatdorxhbhsedi onr ehsedbibiepsity
of fl uorescence when intercalated to a _sanple sol uti on beforg)gfus ecifi.c
region of a Phr §&CH U RTORRITEIRECaMINT | RACEYPERS L ARG Fedtur PTRGIEAE

intensity of jEigorgsgengrinepnthehOceapiiesn sol ution at given time
intervals to detect andquantitate the tar gqet nucl ei c acid

ef ore
anpl i fication. TheFoR4expEPefr Yt ¥ et &' npr R4 upoh th urke et al.

earlierdevel g@gé%sgﬁ Br QiicBioag a1 aeSaYE favideed PDEQVedapgakhtethying
characterized in that the probe is al5single-stranded o¢|i gonucl iotl de

| abeRed wi t hnualrier eatigt Med dGsochrfoRE SFFEFES sSSTROBEFhE ef B4t &F e nt 0a
conpl ement ar )éhg' Eﬂ%‘é&c@&%&'i@;& Rt weefy@ i @ed AYeheeC3€rEnadBd Aucleic
singl e-stranded ol'igonucleotide probe.ln addition to the aforenentiqgned
devel oprent sashidchRedéxecorf | gdradeet rrRdedsi PIC1sdfe RGVE t odbEd dve

t headvant ageg b, LiuRLesgenl PO A 201 A0 QS A HAECVRIcLhgIeyali® o
significant Fanbacks to pol ari zat1 on- basedassays. The degree of change in
pol ari zat i onddseatf nresusroenbi afi e camowet wihret laigblac ihpgesent 1n

| ntepr etat | piof 430325t rGal RHY hRcARY Becl dal ael Aithaar ghigdireed
expelrati ons an reqdaire noré effort than is desirable in_an o

anal yti cal nethotbe paetfiudulfar yeaserinige tivet hoguns o bacdeicngcdd. BEspi te

il o, R ghPTIBe G T TS ATV Soi o drel Ry foporcataclil Jr @

si mpl e, hi ghl Ive, I've and rap
anal yzi ngi nt gfi@dleiien detdeeponueihdich adielsmandpdr isudlased aceddanal ¢ds. W

O111 /.1GIG 7.4 PCT/1B(10/01930 I f [ ' e .
i ncor por at ed“ﬁéh&dﬁ b§7mp fe éﬁ%g i#(?%re?ggé%?%r?g??eg% ?/ gﬁ"ﬁ}@g’

. | NVENBI ON Theartieniliaal puadiedesoadiretbod tberassayt tardendiug)eic Baa d

met hod conprising: providing a target conprising at |east one nucleic acid

sequence; préix}’ipgﬁﬁi‘fsa ad?eoﬁ)etgecgcﬁ%1 sing a nucleic acid or nucleic acid

anal og sequence i npeyf ecitdentcudn! spentany 7t bollshtghrastt s portiiswl afessai d

target; providing an intercalati nl? a(gent g/ner.ei n either said Br obeC Qr. sai d
i nt er cal at i n@GTRgERFAY oWPrFEes Sa FYIRTHPROr &° ATHTRY SaiRPPr 8582784 4 ar get
and said intercalating 15 agent to a hybridization nmediumto provide a test
sanple; irradiating said test sanple with exciting radiation to cause said

fluorophore to emt 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 sai dw@bgedse7 and determning fromsaid intensity an eptenBooafivids

m smat chi ng between said probe and said target. BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention will be described_in conjunction with the follow ng
drawings in which like reference nuner al ¢ designate |like elenents and
wherein: 30 Figs. IA 1B, 2, 3A 3B, 4, 5, .6A 6B, 7A 7B, 8A an 8B are
conposi te griphé S nBEEMANSA scBREYRAEARTT tPREVHPBt B SECH F W i on
of tenperat ufe-fs £agMmsareie avahydedlexedy Ghthlds|BifHeePTL] and
B1111/ 019311 DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS The_inventi on
provi des a rapi @arkiasi ppFay SRFCrERFENDY IWPPASUENISE 3Hnd YhrPRRRRY for
assayi ng bi nging,petpigan @ bateebsard adr 0bgrovbgnebn .t heThar gedrbier

conprises a nuclerc acid sequence or a nucleic acid anal og sequence and the

. pr obes conpr i devebopmenti cowpr isedqaddind orn Al BRY e Lahing HHAPHRCREFTRNCe.

Uni i ke cer Lk BLLOToarLeASSAKy. Lhe LINEDLL oniACkeOBLy debechaithe of

presence of i zation, but”also 10 provides qualitative and

quantitati vefluboeseenon whgar ihhgrehacahadukre af SaypledeebetbanbeefEd a
probe and target. Thus, in [ ; Eact bl OREh 1 9ed b

di stingui sh %H%%%C%Pb§r¥%£fb%d¥§ﬁ%tgﬂgﬁga%gggeggfﬁeﬁ?Snatcﬁ,ﬁaltmg base

pai r m smat ch¢Ra hhdeechaseipg tha sindtertsity ofe basergrienas fevrttba, a
two base pair deletion and .a three base pair. de ] Eghodi t he

i nveh?i on coﬁﬁ?FEéOEaﬁdléiﬁQRJ?EegFVSBrgggg%tr+§%%ﬁ£}?yq%%g%ufg; f%%da
first probe-gasgetcatst Wi agarget hottestct eed dexds futedabyl of heat poobes 20

combined with the sane target and the sa i ntercal ating agent, wherejin
each of the 8Pﬁer‘%5b@§tﬁ%ftf e?Et?V‘BﬁFah&%i FEPERYShe B a%?ﬁeeag?rgrll “base.

The fluorescgaielBbRBat Y Kiet egredridinghe aret hadsal t heviinuent impronedeases

with increasing binding affinity betweep the probe and 25 target., The
i nstant net hERSEdEICASY ecfﬂ?alf‘@qq?er%@urje?ren{:gart tﬁg‘epol%ﬁql%atib‘?‘l of

fl uoggsCencesnghiaK%tUa‘rh@re%sCenbl@@bﬁ@bl@@t’iﬂ@t hodabdi @@l i brgtdon cenve
can be generated, wherein the intensity is a function of the big%ﬂn%
affinity betdasercadating £argeechrx@ms: ¥BEChALS 4R 05 AGCAF CAAREFY 158t ween

the target agd @l halidy-PiLihdisgepbreishepetadess M thArgbe auahes cof
m smat ched bgses,“RJtlhe nat uﬁyg of theémBsrrat‘ch (AAGvs. A-Cvys. T-Gvs. T-C
etc.), the | ecad emdofa tfismgle-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 sensitive, effective and rapid wmethod for analyzing
interaction between nucleic acids and/or nucleic acid

analogs.



WO Ul/~(r.1G7r 6 PCT/I1B00/0193(1 mi smatches) within the hybridization
conplex, etc., the assay of the invention can be used to sequence the
target. W@oi/muenti on enabl es quantifying the binding af f pgirigocmadsseen
probe and target . Such information can be valuable 5 for a variety of
uses, including designing antisense drugg with optim zed binding
characteristics. Unlike prior art method the assay of the invention is
pref erably honog ou The assa n, be_conduct ed wit hout arat t he
D obe. tar bet _compioe TRERHTNES FetSR0nBrong ahg Pargmromred S B

fl uorescent dndfeangidey ﬁettﬁcéimgenﬂheetas@@.y does not require a gel
separation step, thereby allq ) testing throughput.
.Quantitative anal yses are si iy fer, the assay is
preferably conductes i@@&ﬁ@mé% a@uﬁo@rﬁoxelasnawngwgaﬂﬂmng,
requi renent for_separation of bound conpl exes from unbound probes, by
ceithd filtrsRidMmeltPdERIRESS & hi ng steps or by gel el ectrophoresis.
Consequent |y the bi i DOhQSaar HYas @orhghgin §i R anch &Xpepse makcan be
easily automated.” Furtherhore, it” 20 enabl es bindi ng vari abl es such as
buffer, pH, ionic cono@%%ﬁaﬁ?@men@%hperature i ncubation tine, relative
concentrations of pé&P&ﬁ@da LR SRFHIRGSY of ALETELaLOq CONGRILIGAL on,

| engt h of target sequen I"engt h of “probe “sequences, and possib

cof act or requirenents a@u@manaﬁngﬂsﬁqg§n@@témpﬁﬁ§§0tKMr@Qm@#GNQmﬁﬁrﬁv@%t|ve
ass is preferably copndu oy E d] | quenchi ng agent on
thea¥arget or on the ﬁ$€b£é§% 2% $8P le%b%%lﬁgg?gt%¥ggﬁé.invention
specifically 30 deteciding pduexnmty@rcczdlaiaimg)rag)@mt/\eslrhelt’m@rpr@béﬁ-%mcﬁahé
doubl e- stranded target,_thus ObVI gn r ar get .
VWi | e PNA probes have %5%? kifown”® ?o ng%??Fgﬁ §‘%§§ﬁ9 EPQP&E%F%sggS of
targets (see, e.g., ﬁﬂﬁbfbphoteﬁ.lG 77 PCTIIBOO/Ol J30 Eghol met al.

365 Nature 566 ( 554 1996))
the inventors \Aer%gé%?%rﬁ'é% P’ﬁ%}Pet h%?lg\etr%r%%‘f eal?gh%aplecf &S %s%%%

tri pigxes formed bet weggesit ngdb &x Siymdhchaﬂumremda@mdt(:eprgvldas@me@md

RNA) 5 probes and dOUbgng éanded nucleic acid (e. g., dsDNA) targets.

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 like 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.



Suitabl e probes for use in the inventive assay include, e.g., SSDNA RNA
PNA and ot her nucl eic acid anal ogs havi ng uncharged backbones. Probe
sequencesydhaviqagr 10 any length from8 to 20 bases are prebernssladsnce this
is the range within which the small est uni que DNA sequences of prokaryotes
and eukaryotes are found. Probes of 12 tg 18 bases are particularly
preferred since this is the length of the snmall est uni que sequences in the
human genone. In 15 enbodi nents grred, W th
15 bases bei ng nosPESASEED, BESCREGLLON OF SrafSrriy oFoshert orobes can
be used to detectrie nUCiﬁ@éﬁ@'@oﬁeqlrJTgﬂéeibégi ngaa phapdld,ty ofermitiwe que
target sequences therein, which combine tqQ uniguely 'd%ptif t he nucl eoti de

. sequence. 2@W¢W¥?Wdé€é§'ﬁlweqﬁpiﬂe THe® uTEt aliPbad$A Mdbes,
whi ch are hazatdous. pbegdbeHS aane Addre-HaNsanbgbt ) waerednd nireddgde
constantly regenerated. Probes of the invention are preferq%%g safe to use
.and s§abl e fePmyebees ACRPHEHY 3C1Hr VPEERGH Ve TdE R 1ortLPIH PSr ge
25 quantitie 58 £ HE& B RicRipT 1\ WRIs€ a2h 601 8 ¥EPL £ 880s bQuEhE€ QYET

t hat paralIe%eiﬁgpgégies_outggrforn1nnré conventional ly synthg%ized
anti-paral | ¢ BNAl@iobasid\VealeogesadeeBFe - aci d target sequences were nore
than three-fold | [t t pbesygd paral lielveand t

anti parallel PNA g{#g%]é% %%;}g%g&u;tﬁggﬁf ??ci ents il}r?.a'di_sti r_lgluivshi ngonbel:tleveen
perfectly ' omigheatetrcte clueci pregsmati zefi ohvybshpieredoand PAbsealso
contajining various one base pair, t [ o] . (17 8
PCT/ f%OOI 019%60%5(3%5 poéfe%’)ﬂfﬁ%tf%ﬁ %ﬁ@g\%ﬁ%\%gggg?H&ﬁe%nfﬁéﬁtgg% S}éﬁ?‘%ﬁé@a ences
wer e the sanehéengitiiras dhehPbAi @i pheisnqbeteesn ia eprob®d rarl eoaides.

I : || el ob har i 1le]
o1 0bbs, " becahilsof EaF cHPE ™8 G (VL o PERELE VA P L b aEan o

intensities hatugea perfect |watd Chedmromplsex s iandiematah,t wotivaskapai r

m smat ched conpl exes. Aléhough t he exact nechanisnﬁb% mhichepﬁrallggiENA
probes are pPai&rPadmahdlr 2uERTEBnBREFORZLF s™hETekABune 20°t RELE

obsefyati onsgayggesh, t Ratewderdas npa chedepat abhebnBNA Dfrdyy bvasié zphion
conpl exes are | ess stable than the anal ogous m smatched anti parall el

PNA: DNA hybr f8detie8ulting in less intercalation of the nucleic acid
intercalator and hgpegikewes ebsenvedn{bHorBaCEBIpLNIEENERLYbEStYAGUERe |t
is preferred that the probe and target be unl abeled, but in aJternative
embodi ment s, £lberescensn IHtRTH AL ME§SHEEAt [QvaredtinF hoBREPEG BR8P obe.

In such e”boﬁ&%%%, 1881 hBter cad & é DEs @gentxH b Rref engbl yhewndpiepad t he
probe at either end. I'n other enbodinents, the intercalatin agent i,S not
covaként |y beemdined; el gl obes erPROLERIPE At iTertaTe sdPFeBERMBEA Phe
probe and ta%g%ht.‘?uwr{égcséiﬁ? Yofi Bha Sense harfidig dOFtdes ProbR thed
non- coval ent “fashi on. Preterred intercal ati ng agents for use in the

i nvention inéligés, ergbe Yo¥O-at TOMGH, ®ihi MARA-bron'E, ELHPYPERFNT
hO”Dd'”Er'?’i%k%b%&%&‘ﬁ%@%@k%ﬁriﬁ 2Rd ACrndli nsE thie geReiRlion Recreases
intercalating agent Ts a noiety that is able to intercal ate between strands
of a dupl ex ardhborimcBeasingl éindiciei affEndtr¥ohstaseen ntheefRfehy and

enbodi_nment s, &tg% itnt er Ca{.ﬁl%l _ngn?ggm: (%%t@logonrn&g%_t It“gn@_regg)luii,ge the

essential ly Uorescent in the absence of nucleic acids and fluoresces
when i nt er cahetasthranetnexcof edhey patiant zapion of fluorescence, unlike

fluorescent anisotropy methods.

I = =
o Ci

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

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



wo ol/a~.~c~ 9 PCT/IBU I/ (1193U of an appropriate wavel ength, exhibiting a
100-fold to 10, 000-fol d enhancenent of fluorescence when intercal ated

wi thin awlypl/egeor triplex nucleic acid conplex. In alterpatriiB®/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 fl uorescent maveleﬁgth may depend on the structure of
the nucleic acid that is intercal ated, faor_exanple Emw% RNA, du Iex VS.
triplex, etdistptiie(asdc vAERSR wage MyRAHALZa e FIPLBY - r BEE ne

experi ment atjQn,.ang/ Ctrhémﬂ#‘éﬂﬂi%}@'céﬁﬂ% RAGH) Hod LRfIAsRONthd ad
excitation maxi mum for the fluorophore being used, and is_preferab y 200 to
.1000 nm | nt er calBhe nng&gztm@ @P@%éle@f @PaﬁFyfgépéc’tﬂéﬁ bnGRG ahf sty

em ssion wayel gmtdo cheddenm Sﬁehp{ﬁfé’ftﬁgﬁ ﬁﬁb@%wtxﬁam’bp& gon
ion | aser |s use |rra ate the fluorophore w't Ight having a

-wavel®ngt h iffoma a argslafy 400 usﬁmanﬂﬁudamm fdamrg;mwré‘m%@im dmrugs
detected in a nange 0 0 n 2y of the invention can be
per f or med oJ%r ég%eﬁkéﬁge 1n5$9% g&%ra ures such as, e.g. , from5to
85C. Certain pn(nnrﬂkea§sags aequmEEheﬂsvathd Bewper atfurdss adoiniyl gost
and delay to, the assa On .t he other hand,, .t he_inventjon n duct ed
at room t enpe? a95?§e5¥‘bt}é’l P BRIFRECY - T}};\eten%\é at(J'l'Jre %%I oév)? .eqcl'
r6|lam|It)/witﬁd&tI@dp@faﬂﬂngsthedppebdenhrgétac@m@aemeﬁmmm(nhanﬁrme
content in said targe Since G C base pair ormthree drogen bonds,

whi 10 A- T baRECPRR r%n‘%ortrﬁ%ﬁ/ t%%dr%@ ibeo cfgucflé‘?%%?% d’gb LY’
sequences 3Q¥iddk Bndpi ghameG SEs4y capbeNtcl erdiErst ablgxl possesst Nen

hi gher nelting tenperatures. Consequently, base pair ' nismatches that

i ncrease t heSE®P contateBY t RALRYBRAdI fed Fedhe MFHSATet Yogilbtrbive
that. pr esentthfb\ﬁ?ﬁ]%@@t | YouadQ ddl i-Ad o4Bl vHe PeTe! sBlabi Y 4880asabedesd.

hybrids may of f he bi ndi ng weakness associated with a m smatched probe.
Hybri di zat | ofuEERpT extdde @fftay nishreferpblos §PBF1€CE§§elBaP rhePegRRePUS

bet ween the p g@@ ﬁﬂd N8 fidA8thPr ened r‘e@guli‘%emérn% Ufréfaléle%atﬂa%rioi of

perfectly mat c brids, always resulting. | oner fl uorescent
intensities bh@mddcdmpéﬁﬁeétEyO@oWPb@N@ﬁtéﬁvﬁﬁ¥brﬁﬁ$ effze ¥ nfehEFrseiagsay

I h
oo AT SRR oo BT

r ex IT iS5 possible to assay a test
sanpl e Consequently the blndlng assay saves a lot of time and
expense, and can be easily automated. Furthermore, 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.,



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 sensiwhy¥psQppugh to assay targets at a concentrati on etTABM/16309 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 concentrati’on of not nore than 5 x 10-1 M It

shoul d go without saying that the foregoing val ues are not intended to
suggest t hatE@mlmeetralhod 36 AGtUFe 866 KLGRR) - cBREhPPAE| Bhsd! Thet 18

hybri di zati op qRdilih cancbesany 29¥en} | ORRk TRAIHBNROWELD astidabl o
for preserving nucleotides. See, e.g., Sanbrook et al., "Mdlecular O oning:
.A Lab ManualtHat/othep yaes%blEotro expenplblcakly [agpay Hedplereant agned

conpri se nucl eot i des, . r S d t c t i

Hybr i di zat | etb‘é?%e%ﬁé\%%%l %Frg%{‘é% %?@%%%i%ﬁ?‘g &%Z‘%;' o %/Ig‘?ifgfyf) of
.condi%ions hawolbes vaandt idansbiar stergretent uneiclsdict soAdenfeadi on,dsDNA)

el ectrostatic strength, 30 and buffer conposition. Exanples of these
condi ti ons and*#etRods for applying themare known in the art. ' It is
preferred that hybaitdabaei oprobapl ekes beséorimd e a imwngetaver eassanbout
15C to about, 25C for about 1 C4(j.7 11.PCIT/ 10/ i eto
about 5 mi nutBElu %ngef?‘3'e'acf?’lsg\rggt’ioié@{‘arAei)(i\f otarrjigqucftrljlee?,( &fg%f%ﬁgurt% #%n f or
several hour gnii bys Nehv ey anseharaéd enickidondry br pdbbat sequenapbehesing

Provided that a suitable fluorescent .intercal ating.5 qgsnt.is i ncl uded in
t he 1@actionaﬁYxiﬁPQtPa§r€FSéhé%bd”é%HQ§ﬁ)Qrﬁuﬂﬁékﬁﬁﬁ SRR Y Lo

cases, otherfacihitatiNehigageds aie el IettuiuhadueHOWaY Bequehces of
possible to %acilitate hybridi zation in solution_by using certain reigents.
g

Preferred exanpkasyeteshaddl reulepmietad a#Fe| HavSi n§re et Sfded bFhd

protei ns SucR,assReGARRLR N arldy ¢REIdd Wide thifols Shaglengthanded
bi nding protern, major _or mnor nucleic acid groove binding proteins
di val ent ionef pbeyeaeddesitontniae| BIEHGRE | 1t drhal BNy SeBPancelsuch

as .eﬁEi di um pramide. 15 achiuycin B.3pSeaaken arantagshidd n.wigh1s
faci'ftating reagents may "prove useful in extreme operating conditions, for
exanpl e, undbasabndpeihgpHhd ey elprafrerad-enel JOWRGRT t erﬁ)erpg-tut}‘laéé-.tyl'h@f

i nventive asg an d to, e i denti 0.a Lhk el €9HARS LN
f ol ded nucle8$¥5 e%e%%@#%%sF%%bb e?gnggg Pﬁggﬁﬁ egﬁg?éﬁggggtgggd bgse
pairs in a hybvidgzat pdereditlyerf acd-uoigue gemgetssePunencreehihedRIW || be

Shoul d be 25 Gy CPBBAEnE TREISr BLefen i e, SE Tt e BepleRega et 1!
limped thereto. EXAVRMESHEKanpld@ek 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 wmore 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



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 DNAwaypi/asi zer (Expedite 8909, PerSeptive Biosystenpirapdoodol fied by
HPLC. Equi nol ar .anmounts of conpl enentary WO O1/-4G 467 12

PCT/ 1Bl I U/ 01930 ol i gonucl eoti des were depatured at 95C for 10 mn and

ﬁl I owethS([))NinnFal graflual ly as the t'errpe?ature cooled to 21C over 1.5

ours. ol i gonucl eot,i des re disgolved in ddH20 at a .concentrati on of
1 pnol e/, ul .b@%h@%s@@ﬂa&ﬁg%&- theﬁWFH‘?pre‘“’ %‘Pge‘%ah%NAt%ra%e héﬁ“tp‘
follow ng s dSER IO e 13amb' 1365 RAEs CAle TANAAGA ObRA SEATIeBFRCTT
TGG TGT TTC CTA TGA TGA ATA TA-3' .. The antisense strand qf the wld-type
.target DNA held €0 tHe TWFIeREIES ce %@%ﬁ% .pi)la.rqg"’qsl'ﬂ'ller/?]“f“ CAT

AGG AAA CAC CAK AGA J O TATa T4l 1WA R0 phidb & Becdhidd-drigrasant
dsDNA target” sequence was prepared to be identical to the wild-type target
-DNA (BEQ lj D NJ figrancescdpt ehrervede HagresgantiREEBRILLRBMS 0 at
am no aci L& 0 { C elsd-fyBe SeAuUeRce AT MAse Changed to
CGT. The seﬁéz}%&alrg é?fét‘iﬁ@sﬁ 5%_0% rqe;y'gr ge% @equenc?iﬁadg?he fo?l oW ng
sequence ( SEG¢maiNohed: canpTE&EETAC CAT TAA 20 AGA AAA TAT CGT CTT TGG TGT

TTC CTA TGA TGA AT. -3 ., The i,se : and i Sh 50 r
sequence had theA}%Qf]IIo ngtggqu%%éeé(gééhﬁéi%: 2b§; ‘%ﬁiérnggﬁncl:%\% %%\EI'A AGG
AAA CAC CAA p#b&EAaTAT pTEEeCTEATAMAEGG DECITAOBAL Biona 56 M@t fdtreiwi, dsDNA

R L e i AT

ahm' Eoegcig '[g\pég_srmprﬂzensggﬁﬁidﬁ?aﬁagna;ccﬂgmameam I ];Iesgrpetwlgeqlhamlcetlﬁﬂ was

fol | owi ng se%é%%%OE%Engbg'Rég%??gs -ﬁ%ﬁ%’%ﬁg@%ﬁ%ﬁ?&%@%@gﬁﬁ%%@% 7 13
resulting in 1less intercalation of the nucleic acid
intercalator and hence lower observed fluorescent intensity

15 values.

It is preferred that the probe and target be
unlabeled, but in alternative embodiments, there is an
intercalating agent covalently bound to the probe. In such
embodiments, the intercalating agent is preferably bound to

20 the probe at either 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 in 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. In 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



PCT/ 1 BUU UL' | 3U AGA AAA TAT ACT CTT TGG TGI TTC CTA TGA TGA ATA TA-3'. The
anti sense strand of this target sequence had the foll ow ng sequence (SEQ ID
NO: 3): S5'wdfl4Adm CAT CAT S AGG AAA CAC CAA AGA GTA TAT TPETEBGolssd TCG TGC
CA-3'. A 50-nmer nutant dsDNA target sequence was prepared to be identical
to wild-type target DNA (SEQ I D NO:1) except for a consecutive three base
pair rmutation (underlined) at 10 amino aid positions 506 and 507 at which
the wil d-type sequence CAT was changed to ACG_ The sense strand of this
target sequerceahadRPIEOBBLR M WQV§gq@sﬁ@e (e biegar 500TERléacTAT

TAA AGA AAAi%“@#%%%? d{gﬁhgg%%ﬂgﬂngg @Tﬁo?gécgﬁéeARﬁeﬁ tkcalated The

anti sense stran I's target sequence had the foll ow ng sequence (SEQ ID
.NO: 4): 5'- TATLATN GATMQATE AGHE ARAL Qe ks ARLGATONIIEETT TAA TGG TGC

CA-3'. 20 A 47- o My aatnds R 5“%%&@(; ¥egnReepaned ihg Beyent

identical to w ype target Q1D NG 1) except for a consecutive
threes base peay dekxleibbdn (andebafed by adfleoriessiest atwagifihfnadl d Witi ons

507 and 508 at, whi th il d- ence i el.eted. . se
strand of th*rét%rﬁ%g?t%‘g?\égeljfcgseéc)c?&gr?}g%a%%t ﬁglgﬁ&% %g %ngi}g&ncg (Saé%é]l D
NO: 5): 5' - TG eiifdh TAXAGExaAAALTAGrEAEent. waveBengGh MIC CIpeTGOTCGA
ATA TA-3'. The anti sense st d of thi.s 47- target. se ' .30 d the
fol | owi ng seftRete 1Ly T [9#\18—3?) Ay r:Le'f‘/’f‘('T aﬁ‘-l'geéaﬁ'gcg% %@%ﬁé&f&%@mf% . A
TGA TAT TTT &ldmgPé, TORA T, GANE, .dupVéx Uté ~(eripTek4 EEELIB(10/11193(1 The
PNA probes used 1 n the Exanpl es were nt hesi zed, HPL ri,fied and.

conf+9 med by nassT]%%e&’?ﬁsrgtp’frbyweveZ%Hﬁﬁ%eaﬁhSﬁqﬁ%ol(%& eEOU e
(Richmond, VéwpdiSHihenPAli phobesnwgoe fikshvéntsensad i rkfawleddd) 5 to

(trifluoroacetic acid) to a concentration of 10 rrg/s‘{g, a}_gd Hvﬁin dijuted to
1 ng/ M by tRRrERSPPRENntEf tHAM EXCRLAL! OBNASHIRRT Sittut F¥nst T PRI LhEr ed

in ddH-O at geroncenidad | onaal 1 290l @freFleraigbe oo 1 v&s a0b9- Mefim.
antiparal |l el PNA"probe 10 designed to be conpletely conplenentary to a 15
nucl eoti de stghencabiting SOMEsSstaBRdPsEieRab3y- MRLlsFter t ¥Be PSR DNA

(19557) . Theo i Sheohad e Tl Mo g 2 s uctir o SO D NO-8) : Tor o CAC AR
AGA TGA TAT- eykQ8i@ENER, - a8 'argdyy okt Ne2SOr was HSERt st PRt the
P dentical in:$60U8REE, L0 R1e08 N haPilg WRSwhieli BRGRA 3l & Ldigdt gkl on
i nstead of tﬁe an?ﬁpar al I'el orientati on. gI'he probe had the foll ow ng
structure (SEQI| PoNG4D) nep &hd HE Twar agtepcAemASsEARs- 1hs -dapegted 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



Each hybridi zati on reaction m xture (80,ul) contained the follow ng: 4

pnol es of target dsDNA, 4 pnoles of PNA probe, 0.5 x TBE and 500 nM of the
DNA i nt epe@baigag7 YOYO- 1 (Mol ecul ar Probes, Eugene, OR, USpgrngdwismacti on
m xtures 25 were incubated at 95C for 5-10 minutes to allow denaturation,
and then maintained at 80C until assayed. Sanples were placed into a quartz
cuvette, irradiated with an argon ion | 2@r beam havi ng a wavel ength of 488
nm and nonitored repeatedly fox fluorescent enission t he '

30
t enper at ur e REPReE AVRF 1B (1. Ok bRt R PY a“(‘%ﬁ‘ RS AT der e

achi eved by ﬁlﬁ Rf t war g Lot Ohdgd Lewper.at ur epphehaiphesed didamblaxédto
each sanpl e. e maxi mum fl uorescent intensity occurred at a wavel ength of

WO 111 / f|G<QIiltYalISlP9:TﬁVB(fY1P/0FPE¢!§-Pl Iyge nRR1FNALeHatFE YRS celfRt i on
of YOVO-1 ';bﬂ;'ﬁ e PRGIPNER AT dUEB“tEBOrBéC%ré ”hﬁ@%‘abﬂ@s esg

plotted as unction tenper tur for each sanple analyzed
fl uorgscent peréastlyesm@bsbededhyhendﬁo DN'N@YSPI\DG@&H%tp@ﬁseh@ (lr@@-’l

onI: Y, vve?re \rl\ggg?%ﬁégc% ?‘%gé‘r%t:\g Pﬁ%}}:’r o%gsﬁgﬂé%dﬁygargﬂw% obe

No. 2 are shewnridsFi gs. 1A and 1B, respectivel y SsDNA PNA 10 hybr| ds
consi sting of perfectly conplenmentar q 1)
al | oned maxi mum |%§§r& Va?tnlt&ﬁ" %\})C/} 15 %&g}% Ing“th r% B%V% F%%?gg%\ke)nt

intensiti es,om/ahabmgcrtﬂﬁéeﬂeaa tiee tenmecatmcm d&mpbaﬁeda(:i?og offA) th&he
fluorescent intensities for a one base pair t ched _15 sg :PNA %bri d
(SEQ'PD No: 2t3¥8fEbe ¥ AW a Y Soé’soegsdg‘}lre SHECENed §S ybrid
(SEQ I D NO: 3haviPhgbes Neoldne WBEE abbmtanzo 8&@c&0ﬂﬁter@espﬂﬁtdwetgntahaa t he
perfectly matched ssDNA: PNA hybrid_at 60C (th Si % %

par al | el - PNA2PPBbBe 1o foMERROIR%H PHi F3EIED & Fi#)’& ][9\&1-% YRR ‘?1085

one and two ?ﬁéﬁepa' EnBodTReated oFs R HNArémwaSa@é(hs@msedﬁréueﬁeagant
intensities that were 700 and 86% | ower, respecti Vel)Klol t han the Efict |y

conpl errent ar FOsaBRAY FNIF IS BF i aF esEQRrBnkgat 1Pnppdhs Riot0 23 PTEH

1B). t he %Eg%e@bﬁ%eﬁifﬁgiGH<9§Hﬂﬁ?ﬂm&@5tﬁ%%bg ﬁnﬁbﬁh@125EﬁEbﬁﬁhents

i ncreased evel intercal ation by YoYO-1 di m nished and hence the
level of fl uoife§®@ntlnvr$tnéﬁ§m \BIge FeSHEddL Ve BOWS o€ P 0RER BY hergbes at

i rrespectiveof, mﬁ’eéhﬁﬁét%naek' pak a d-ely o, Rl BNAaPESheWREaYS 8.

I nteresti ngly, target DNA sequences wer e he 30 sane length as the
PNA probe seqfiemogs maree. thaIB el Bot dés Ib‘hg?hoph@agPerPmubr EB¥3der e
much preferr h a e p e b f.gr i ences
e S e e A

PCT/ £B110/ 0198€1 metibec idaynimdit clede cdoindladess contentaadriangd base pair

m smatched conpl exes (fa1,3;89L 2880 nedium 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 liguid 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



Al t hough the exact nechani sm by which parallel PNA probes are preferred
under such conditions is not known, 5 these observations suggest that the
m smat cheyo pas@kt el PNA: DNA hybri di zati on conpl exes are | ess/nBésahb®m t han

t he anal ogous m smatched anti parall el PNA:DNA hybrids, resulting in |ess
intercalation of the nucleic acid intercal ator and hence | ower observed
fluorescent intensity 10 val ues. Exanplel? Fig. 2 denpnstrates that the
hybri di zati on assay of the invention can also discrimnate, between
perfect|y namdnubesSPNAPPNA Ry Biirgdesnd RIS R MRy Bimes RT] B9t 15

m smat ches, ag.wellgas g,8 byndghgtign. when aeparah! ehobtMd probe isot

enpl oyed. The gssay conditions were identical to those described in Exanple
.1. The fl uor sdvenseilnt afifecteshfohyhriddyatkiona CORPd €XEBNA: PNA hybrid (SEQ
I D NO: 2 + Probe a§9§§e ut J 1SI0SR BEQ; 2 BatifHobe
20 No. 2), a conglggatallgg% y m %rra%eéﬁt%%jé% I@El) NO: 4 f&% %%%N%?az?ﬁéﬁ a3
by debetion GS8EQtI ANOisclu@edbdnNd:he) reaebianymirtareg7taandisssseeder,
respectively, than_the r tl t s%%lé‘ h i | D +
Probe No. 2) ég‘ﬂéﬁé ’Asqﬁhéeee"icerr%%érrgt gfgggdecr asljé;zg%]c rgér]g78%£t§%g,600?£\‘g%}t he
degree of di Sewidinatiog betagert peatecnamt céqainded he Havieves bable p&ir

m smat ches increased. As in .Ex le,1,. in¢creasing the_d ].stmLch
bet ween t he Ppﬁﬁéi’jﬁd tton;al%%%rm}ees}&f]?@dﬁ%a Jr%rgr]é%s??/%%f%ﬁhmé%ggb

|l evel s of flueresGentrédyeamssty. ivufouwerd é&kamppast efn tiie8d fkageassence
was consi stent even when the nut a%l't sequences displ ayed a_percent_ GC A
cont &8t hi ghémcdngle (+RIbe Sfdapded &}b% LRFuERCESERSy. ST PG/ 21~c7
PCT/ 1 BUU UL' I3t bd nfhenqa %@xﬁ@' = B¥Ateiehe mas ¢sEN, siepfreat sdrantbyd

m smat ches (wherein two 1 by m smatches, were sepayated py 3 basg.g\gi.r%)
resul ted i n HINGHNY PrORSATH| B8P 8% cRt M+ RPEMYE+R5C t SFPE¥EUPHPE D

m smat ches (gﬁlo%e']_?lt 5 ahownint S 1eh@! | YbolseRaleditedidnby MHidBIgdes and
(wherein three 1 by Sm' s_matchelé1 wer e sep?ﬁat ed by 3 base,(%(_;li rs each), yielded
slightly | ondmtengsleddasg | AUBASARFES t PR on3Ecut AL ALYy nPEREECRes
(dat g .not shaqun): ];Efcg Hes esind S8RAAL edyRasSgpaNH tHcS Kt ches
are ?6’ nor e %:Mg:l’ll?&l ve%of[gs?Dstﬁ%A:a%ﬁghyl?ri I(}%{‘gornnti on t#a.n cgnseéut_i vg@base
pai r ni smat chemgeitamlay Prore THais ina£x4d rERewPdabNAS SoHeitieqFence

derived fromSEQ , L.gn c I I iy 13
Probe No. 1. BEO TOROS ¢ 57080 KA LT vBre T8 e: it Sal Gk arrot
sequences i demnpeatattuores | d-type SEQ I D NO: 8 except for a one base pair

mutation (underlingd). i%@ﬁ@i’ggda%@gyg oveﬁé_[)s%eﬁw SeguengeR\WaIs,

synt hesi zed, purified and anneal e 20 ol rgonucl eoti des were
di ssadowed in adttddsidilea cmgdems atinonfoldeédpnpheleetidaheseyppieiRe f ¢1° t he

sense strand of, L1e Wi | hilyPedBaet BA {SERI BN’ BadlS ol A TAL A TCT
hybridization complex, and to map 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 seqguences,
30 derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were synthesized on a DNA
gynthesizer (Expedite 8909, PerSeptive Biosystems) and

purified by HPLC. Equimolar amounts of complementary



25 The sequence for the antisense strand of the wild-type target DNA ( SEQ
ID NO B) was: 5'-CAC CAA AGA TGA TATS' . The sequence for the sense strand
of the mw@niscier get DNA (SEQ I D NO:9) was: 5'-ATA TCT TedT/id@osis 3' . -
30 The sequence for the antisense strand of the nmutant target DNA (SEQ _ID
NO: 9) was: 5'-CAC CAA AGA AGA TAT' 3'. wo om~. ~c~ PCT/IB(1(I/0O1L J3(1 18
The sgquence for the sense strand of theé%wtant target DNA (SEQ I D NO 10)
was: 5'-ATA TCA TCT TTC GIG 3'. The_sequence for t aptisense strand, of
the nutant tHriganuNeqsEtes Dwﬂé.eldie%g's‘?r@f- éﬁ\c%}'ﬁ? AE%IT TRR 314 The
sequence fox Ns§ Shhand ofradh@1myt el {188 0ebmPha t SEQ LBolRdl o was:
5' - ATA TCA ?%&ﬂ%¥%?GTG-3'. The%géquenggtfpr the ant] sense strgnd qf the
.nmut ant t ar ge31 INQVESE® . EDhNors1) RaRNA pliggmupbeotideyener fgsgolvak
sequence T or, BN §i Il e Rt (il ANA {SEQ 1D NO: 12) vas:
5' - ATA TCA féfrkid% G%&%‘ e sequence for Epﬁ{e ar{ i sense strand of the
‘Ut arg ta][get DNATH SESEn SR Not tahdvnas: the- gAEACAYPAGRATGRETANS had the
sequence for_t sense of tant 11 arget oBNA (SRQ | . I Was:
5' - ATA TCA T’Eﬁ‘{%”@?ﬁ'cfé%g[}gg s(eq enfcﬂle oflzhe anti sense strgﬁ?oof t he
mut ant t ar geAGHONAXSETAD NAT 3)CTAS: TGS - AT CATAGETIFGA TERT20PGA | ATRe
sequence for%ép ,sense strand of the nutant target DNA (SEQ _I D NO: 14) was:
5'-ATA TCA T G GIG 3'. The sequence for the antisense strand of the

mut ant The antisense strand of the wild-type target DNA had
10 the following sequence (SEQ ID NO:1): 5'-TAT ATT CAT CAT
AGG AAA CAC CAA AGA TGA TAT TTT CTT TAA TGG TGC

CA-3"'.

A 50-mer mutant dsDNA target sequence was prepared to

be identical to the wild-type target DNA (SEQ ID NO:1)

15 except for a one base pair mutation (underlined) at amino
acid position 507 at which the wild-type sequence CAT was
changed to CGT.

The sense strand of this 50-mer target sequence had
the following sequence (SEQ ID NO:2): 5'-TGG CAC CAT TAA

20 AGA AAPAA 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 CTT 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



target DNA (SEQ I D NO: 14) was: 5'-CAC CAC AGA TGA TAT25 3' . The sequence
for the sense strand of the nutant target DNA (SEQ I D NO: 15) was: 5'-ATA
TCG TCT W& B' . The sequence for the antisense strandpafi/iBéinset ant
target DNA (SEQ _ID NO:15) was: 5 -CAC CAA AGA CGA TAT30 3'. The sequence
for the sense strand of the nutant target. DNA (SEQ I D NO: 16) was: 5'-ATA
TCA TTT TTG GIG 3'. WO OL/-16-4G7 19 PEr/1B11111019311 The sequence for
the antisense strand of the nutant target DNA (SEQ | D NO: . 5' - CAC
CAA AAA TGA AHY PAATHEABedfehcYor T‘%é %‘Tse(gq arfgr%f 11‘?61% \rlrwflc?%ntATpar get
5 DNA (SEQ I3 N0i 17) was: 5'-ATA TCA TCT TTT GIG 3'. The sequence for the
antisense strand of the nutant target DNA (SEQ ID NO:17) was: %%-CA AAA
.AGA TGA TAT 3'. THeespetiserfeysbranfeChybiigi 3106 SSSUPRRR Har tHe? 10
tested by re | [g. par 23 t BraTil- mexrwi | datypeciar get
dsDNA ( SEQ I%g%&%ﬂgn%labglre?gg? (%E@nglrﬂ\?q% 3yr;/lut gt ed target dsDNAs (SEQ I D
"NO: 9 50 SEQ AGE NOAAX) , CAGatChbul ACHer@EAt T2 erTIT yfel bf TAhy FFSnate
possi bl e (Fi&%&§). The assay conditions were identical to those 15
described in anple 1. The highest fluorescent intensities were achi eved
wi th ssDNA: PNA hyhr b tsmepnsisanhgdsbNBetdrget ysegunphearemarprepatiedces, at

all tenperatures_tested | uor.escence increas as rafu
decreased. LHNRS 1ﬁ?5rfgaswf§%f%éfper eté—’llﬂgt%gd%?% 1(5{)%?#[?'%%%} %f%,ep%\- A,
CGA GA Gioand €ofdsststivehesrad lbysel peilr fhwoaesoent{undeshsnedesatoner
than that observed faqr, perfectl hed s - PNA bri Fi _ nd
3B).1%he fIu%Wé@EeﬁFHQHQﬁﬁﬁE%%%éPgbgtﬁ@diE%@ n?%nggﬁﬁésqﬁgég%gfgrg§?§4@6to
96% | ower, agdqhdAckocRPOwab kawagetihad pbigse observed for the perfect
mat ch at 55C and 75C, respectively. The variability in the fluqre ﬁgﬁts
on

intensities obser B8 bRMERn ST Far Poudte Sy “AF SRkt et depen

the particul ap1ba@enBaidedqicH® ClsEdannt Ko :ahange iTeger cagt @ATontrant of
t he mutant sequences, when 30 a.parallel PNA probe was used (Fi 8 3éT When
antiparal | el AGNA PPBLeTRE. ACEasCTEst 8HCGi nTHTsi Wi far CERpelPhent ™At halh

diff?Eences ipR_Eluorescent intensities observed between the perfect match

and e various 1 by mismatches were |ess _ .
The antisense strand of this target sequence had the

following sequence (SEQ ID NO:4): S5'-TAT ATT CAT CAT
AGG AAA CAC CAA AGC GTA TAT TIT 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 TTIC 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 AGGE ARA CAC CA . . . A TGA TAT TTT CTT TAA

TGG TGC CA-3'.



WO OL/ ~(-11r7 20 PCT/1B00/0193U dramati c than those achieved with the
paral l el PNA Probe No. 2 and seened to be influenced by tenperature (data
not showwe otlf@eAssay produced best results between 40C apdraBésovdeen an
antiparallel PNA probe was used. A parallel 5 PNA probe is therefore
preferred when the target DNA sequences are the sane | ength as the PNA
probe sequences. The results of Fig. 3 cthfirmed the reliability of the -

hybri di zation assay to identify all possible 1 by m smatches viiitth. r eat
accuracy. 10 Exarffie BNARIeRe? | ¢Fedt i ihe SRR ISt SYIthes e
Pl

perforned af denat fon, of the,fsihéyt asgetmsesu SBRS Used
ssDNA: PNA hy 1Grejlﬁccjj fornﬁ%(?\ at tenperatures ab%vemthe mel ti ngwg?i nt (Tm of

.the dsDNA t afgmtenwedhils E5abenmpid agdmshst FRfes (R Vhry B3R he
assay of the_| ven{)iﬁgg?go di,Lharentd;ate betjaeen Ry ectifmat cheg, andrgase
W U

pair m smatc requiring prior denaturation. The hybridization
.reactson ni x{tref{ddfoaddttontaidbdtoha ¢onteningtion padl 8 wa/nhr geed

dsDNA, 6 pnol.es of. 20 parallel P 0 . 0.5 ANde5001 npyef the
DNA i nt er cal 52oF %ﬂdﬁﬁgg %’t%éﬁf#ﬁt Eé( ?ggggi%%t%/g u?r% dlvsgsg slightly greater
t han that i nsEseRmebitidws 3yertd@rRysreNAnaddHYDHD & aapgantragienadf ust ed

accordingly to ma%nzailn constant concentrations of sanples. Identical
resul ts wer el 2BUSHEA#hed when the reaction vol une was 40 ,ul, 80 ,ul or 120

~.tl. The reacti oprgbit WES VEr @aisncabat®net potmiptamidredt uPSA( 200pbéor 5
m nutes, placed into a quartz cyvet ie, irr?di at gd Wi Eh an rgonléggiégser
beantfavi ng 8efAYREENEPhPE! C2BB L RRFANdCRBRT EUFBE2FEpEat 8dF$ oY
fluorescent gaisshencasthhesbapBeEakEhaE bBCtREsSSd-Methwilderyps Bahgated

chanber. Concurrent tenperature neasurenents of the, anBI er,s:.were @Ehi:eved
by a soft war BEBntPERI EB Nenpér aPURE 1 pPBABIpAYLE] BFFécP §irnPBSed °w o

111 /-LG t G ;31 (REF:LBI 59001989 (1996)). The probe had the following
structure (SEQ ID NO:6): 5'-H-CAC CAA AGA TGA TAT-Lys-
15 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) :

20 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

25 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

30 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



sanple. Maxi num fluorescent intensities were plotted as a function of
tenperature for each sanple analyzed. Fig. 4 illustrates that even in the
absence &fgpi/@g7 denaturation, the highest fluorescent inbergBsoi@assmvere 5
achi eved when the wild-type 50-nmer dsDNA target sequence (SEQ ID NOI) was
reacted with the 15-nmer parallel PNA Probe No. 2 from 30C to 85C. At

t enperat ures bel ow 65C, the Tmof the 50tfrer wild-type dsDNA, dsDNA: PNA

triplexes were formed. As the tenperature increased o] 5 t he 10
triplex strugt@r&8n.corveicadt e s@ﬁNA&W%%p?"e&%%. %beiﬁY '&OYﬁll %% abl e
to intercal aﬁﬁA%ﬁ%ﬂﬂBﬁ’dé N bofhxifent ri ke sthtduphenst eliebunesre

Consequent | y, t he escent intensities for a 1 by m smatched ds - PNA
triplex (SEQlorted2 as Praob&uNestigp af cdritReKIWEFS HPT15eAFEmat TR

triplex (SEQaI I\Qg + Probe No. 2), a consecutive 3 by msnmatched triplex
(SEQ I D NO: 4 I-1‘3[l)1‘=¥o%e'No. 2) and a 3 by deletion triplex (SEQ 1D NO:5 + IIgrobe
-No. 2) swere 83% 9BRe Fdmcamssc@Nt50intawsit ¥espeleseyeed, WhREn IhdPNerPect |y

mat ched dsDNA: PNA tri pl ex E NO: + Pr.ob ) C.
tenperature FH ré“’éi‘sc’eéplf?% gogybgoggc?or{%%e) ’degglroe‘gho c‘fla?élgra‘lttr%%%atsl’%% ib]!gteween
per f ect hmatt2 cigoamd fnheahaspEQalD M s2redic es: addc IS8 8. NA: 388Eret heagtag

m smat ch, 1 snmat ch b ) t.ch | ety ri i glyded
f1 uor escent Wﬁ?gkgpFFB?régé?¥7gg§n§§85%&§gh§'8%@?%%&%%?ﬁTE§%EE??SE:??'?han
th hgt_ g_bse{yed hee tdlﬁ;v&ﬁ;\iﬁcﬁ‘igscorml ementld,y sepearivies1Ther 88BNA; PNRAe
ybridization assay of the i pvention i s_ab to distinagui b
wi | di0ype sefybraEs dﬁﬂn§h65én%oﬁﬁaiH?ﬁ&eiLgﬁ,Q?Wg;%ﬂéﬁy%%yng%gﬁggﬁgsor
del etions, Whgutippican denstssation 8P allsegdenarsmuxanpeeclRtaba No.
3 was a 15-mer ssDNA probe identical in se uenge and orientation.

1

Toer ant ] paacHO A Y oA EEs L7 TRt 13 SO9I45BS BREBESR LE - SE
'CRANX-G? ;I_G-£h$rﬁfcgpei1}f@aqeé§§df%|sl MOt shplehtnee ActdebBe) 2BiG0 AA)CAC

The fluorescent intensities for a one base pair mismatched
15 SSDNA: PNA hybrid (SEQ ID NO:2 + Probe No. 1) and a two base
pair mismatched ssDNA:PNA hybrid (SEQ ID NO:3 + Probe No.
1) were 81% and 89% lower, respectively, than the perfectly
matched ssDNA:PNA hybrid at 60°C (Fig. 1A). Similarly, when
parallel PNA Probe No. 2 was hybridized to the target DNA
20 sequences, the one and two base pair mismatched ssDNA:PNA
hybrids exhibited fluorescent intensities that were 70% and
86% lower, respectively, than the perfectly complementary
gsDNA:PNA hybrid (SEQ ID NO:1 + Probe No. 2) at 60°C (Fig.
1B). As the degree of mismatch between the probe and the
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 seguences (i.e., 15
nucleotides long), parallel PNA probes were much preferred
than antiparallel PNA probes, because o©of greater

differences in observed fluorescent intensities between



The specificity of the hybridization assay was further investigated by
reacting ssDNA Probe No. 3 with the 50-nmer wild-type and nutant dsDNA
target segplensAas; in the absence of prior denaturation. TheTaB®am930
conditions were identical to those described in Exanple 4. Enhanced by the
DNA intercal ator YOYO- 1, dsDNA:ssDNA tripl exes were forned between 30C and
65C. Perfectly matched DNA tri pl exes, caﬁmstlng of SEQID NO: 1 + Probe No.

3, yielded the highest flugrescent intensiti | n .contrast,,
i nconpl et el PEHRS q@rﬁe hsidopECHR eFS?ge‘i‘n‘:{jo enaPFongwﬁerﬁafsa‘?l PG 1 by

m smat ch (Sﬁ@énlad\&e?d +ccPrﬁ;9p@xé\@ (Bta GhSONHAGH) Ve 2 by msmatch (SEQ D

NO:3 + Probe No . 3 ) , a consecutive 3 by msmatch EIO + Probe
-No. 3) and a 3 by eligibn theEGHAT tINomSChaR: Fhe NOWI'SI)CI? eEBFF eiln 209

f| uor escent |41 esphbabrvate Bl Uin YIS Levaoralaii and
470, 79% 910 | ower at 65C, respectively, than those observed with
“the pﬁerfect |qhm chbaem@e@@és qtrggges%) thas e BhapBAEEDRE |

above 65C, 1 | Bhgaégga nalhpl Belveqs i Pestapicmieh and the
base pair nmisnatc es ecrease icative of the gradual breakdown of the

DNA tripl ex sstalogous. Bylmclnehé f largrigsoesitl e nt erIA iR acHidveidloy a 1
by m smatch,_a 2 .b st 3 i on re 40%
630, 920 anur t}ilr\}gr ﬁaﬁf%%%t o@?al nﬁ(;g%{) &.tlhe per%ect matle% i |gda 5)

The presenoecafc¥d# aid mmnbealswé)uﬂobsebeedofhmus@demmamsﬁt}a PNA
probe to di ff entiate between perfectly conpl enentary sequences and those

cont:d ni ng VHpP*®2 by or 3 by m smatches or del etions, without the
requi renent g4 mﬂéoz denat ur ati on. W II1/-4GtGr 23 PCT/ 1BI) 0/ 01930

Ex le 6 T t hat the hybridi zat DNA b d
ds%&g tear ge?segzlrjrggrreg ids K tg[?lstér‘f‘ég: I Onpﬁs?s)?xﬁg Eg@?llf?ﬁ \%Olﬁate}’sa%fgl y to

probe and target PNASHSi ROSSREST Ad Y agabeahidadef fiosenéepermantedXly

contents (and consequently di fferent rrel t| terrperatures new 15- nl?Er
sSDNA pr obes"alrelRed- HRPNY PR gk %W’deg'l' d°Tpur¥¥ i ed

and paneal edy fsnAPONEs , Bk hwéﬁ%l%r@,b aamedsam f/AeHes SpAEAF] €1 Smem ved
in ddHzO at a 10 concentration of 1 pnol e/ ~cl SEQ I D NO: 18 _was, a 50- ner

dsDNA t ar getDElRIehe ccHBEPYERd f Fiafh SELRY PRSI HC 1QPe (s Te t HieRet ¢aht tec

content was e % L,0 he seppie d&er spsen st ¢ aag of
the wld- typgﬂ%gtg?éégg%%% %ﬁ Eﬁgﬂéﬁlg % np%é%fG CAC CAT GAC AGA CAC

TGT CAT CTC GG a’c;r I @GR wde @@D@PCPF@?,hybrﬁél {E8QeAPeNPoR thRrobe

anti sense strxand ViRfs TR PNAS Q MAS G AGT
N ot Rae BN A tle kil B, 285 nEPa LR bEQNID o M5 Dol

NO: 1920was a B80- nea n@tmnmm\t%trigebps@éa@ﬁ‘é@hi deRrRi & N 4SEQ Prrhe: 18,

except O ay@ne, pasgspais lig"e;%éein%;l HINGRd HBeRL. 52l BRLeR kBe spaience CAT

was 25 change e sense strand of nutant SEQ I D
NO: 19 was: 521BAG TAE, CAH7BAGIRGA (BAC TOFeCGT CFEPFCLLYETYGTCHFA Cre TGA

was: 5 - cAG REFEArodi R e ik S R B RE Tt o e
TC-3'. SEQ | D) Not 200%as asS@heetempeaatudsDhécreaaged feoueHr€ toehPr€al to
SEQ 59 NO:18thgxgeg%egoEfadggg%g%gkgg1ontetween 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 sedquences
displayed a percent GC content higher than that of the

wild-type sequence (Fig. 2).



W Al ~I~C7 24 PCT/I B00/01930 base pair nutation (underlined), at which
t he sequence CAT was changed to ACT. The sequence for the sense strand of

mut ant Sk hiadr 20 was: 5' - GAG CAC CAT GAC AGA CAC TGT AgETAB(6/08930GG TGT
GIC CTA CGA TGA CIC TG 3'. The sequence for the antisense strand of mutant

SEQ I D NO: 20 was: 5'-CAG AGI CAT CGI A 7ACA CAC CAG AGA GTA CAG TGT CTG
TCA TGG TGC TC-3'. SEQ TD NO: 21 was a 50-ner dsDNA target sequence 10

nodi fied from SEQ. I D NO: 1 rei he rce te f
300 to 720 The SBTbnBeEREPIthe SARRErandosr Wit PRt datod pua
égi?%éz ggg%ﬁ;ﬁ?%?hé%dfyﬁéﬁﬁﬁhCKﬂbCIfbﬁCﬁﬁﬁﬁﬁtﬁﬁESC@Eﬁajééﬁa®af@@-@HC CTC
. e sequence faqr the fi t d of th i.].d-
Carget DNA (SEBPFS NBPATF)aaSesBitedc HiT SO A G (AN TAR B ook ®
%?gl?s%ﬁei% i de {é@ FQF‘% S%%nl D I\&Dﬁéé;DQZpr\lami?n&mS ey
identical . to 121, except for a one b I
- nut at5 on ]gurﬂib?wn)ned) ,SHpL WL, t BEPSEEtEsce’ C%% vﬁésﬁ‘ﬁﬁﬁggﬁ ?@"e}&‘?el.lrrﬁ'he
sequence for SENSE ot sl s At dR2HNY Aagepars GAEIJAC CCT
OCC AGG CAC BT CAT A Mo Al e G%OJT.Gs'.S?T%e e Tor

the antisenseietdedd efightant SEOID NP PRreRGent . ERESHEETEET HEG TCG

CAC CAG GGA . gl‘GbgGAmg;gﬁag C a3 SER | BhNQn33 wasrige H9- ner
mut ant dsDNAJ?C%r%e ls‘g%uence i dent | Ca&}%% S ('31I D NO: 21, excrzlgﬁt for a

consecut | vg :tam.;\hasesp@iges#uttmatz)nsegm@teﬁn&@ﬁe dPaki BH SRE ChEGuee® CGT
was changed to ATT... OL/ . ~(~6
Jstgnsg Iy lerd) ofilﬁﬁﬁhgfl EQ ) T A I BIA U 3823 2% o eSieatenegarh or

t he
consecutive base pair mismatches.

Example 3
SEQ ID NO:8 was a 15-mer dsDNA target sequence derived
from SEQ ID NO:1, designed to be completely complementary
15 to Probe No. 1. SEQ ID NO:9 to SEQ ID NO:17 were 1l5-mer
mutant dsDNA target sequences identical to wild-type SEQ ID
NO:8 except for a 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 TCI 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.



NO: 23 was: 5'-GAG CAC CCT CCC AGG CAC GGI ATT CCC TGG TGC GAC CTC CGA CGA
GCG TG 3'. The sequence for the antisense strand of nutant SEQ ID 5 NO: 23
was: 5' - GG ofeicCGT CGG AGG TCG CAC CAG GGA ATA CCG TCC CpeTasdw/éioss TGC
TC-3'. Probe No. 4 was a 15-ner ssDNA probe designed to be conpletely
conplenmentary to a 15 nucl eoti de segnent of the sense strand of the 50-ner
wild-type target DNA (SEQ ID 10 NO: 18). e probe had the foll ow ng
structure (SEQ ID NO:24) 5 -CAC CAG AGA TGA CAG 3'. Probe No. 5 was a

15- mer ssDNA pr obBhelestquernce e tdenpease gteens efehbaryutang target

nucl eoti de f 1 . Skt ¥ apda of e me i ype target
DNA ( SEQ | Dsfﬁ%ﬁ‘?%?%%“ﬁ%ﬁ%’sﬁ‘gﬁgf it f%'f?ov&”%% Ry (%E% PD No: 25) -
.5' - CAC CAG GGA CEheCseguenThe floybrild zant beerse agteandi Ofotdiewgmetant
identical to 20 th d i in e 4, _ n S b . 4
(wvth a 530 %%%?@ﬁ]t*) ?;E?/\gé ﬁgﬁéd}ﬁg‘@%'tﬁe @g@rméﬂg\n I%@Iﬁpﬁ@gs?ﬂr\%ﬁt ar get
-(SEQHY D NO: 18%. and nutant dsDNA targets (SEQ ID NO: 19 and SEQ | D NO: 20),

dsDNA: ssDNA triplexes were formed . at |o 5 u

non- denat uri ng co ?t?%?\‘ée?ﬁgf.ge%,&)%e \ﬁ%ﬁ% Sté:%ggg ?3% Kﬁgfgcﬂgggmtﬁﬁi% exes
achi eved t hepiph ghesd fhumoestenivabat enshrThes TCANCAGH eT@By CG@GpBeénent ary
triplexes with a 1 by msmatch (SEQ.ID NO; 19 + Praobe . nd a
consecutive 2 by rﬁb@nﬁF@HEngQfl% &)}.16206‘11&119?88363N(?Er?g‘%@od%r%c@&tant
fluorescent {gtgasi bigs (bhet 1vere: 63% wad: 950-tawer CAResSpERt | Yehy, TANan

t hose observed with the perfectly matched sequences at 30C (Fig. 6A). As
the 3@nperat®fe increased, the gradual breakdown of the DNA tripl ex WO

Ul/-46.1G7 26 PCTHhBORdG1830eStoHOINE &afsdlIgtatnd eFfukhiengutand vangebed
fluorescent intensities and | ess discrimnation between perfect nmatch and

the base pai PNKi $FBRCABsNOBY235wasyepy -Alft | €8 f TélenddG n GGidr'escence
was seen between pRELfeellnedBiSHhedhsegHenseasandtiese Sonie Nhiilgahase

pair msmatches (FIg. 6A). Simlarly, in the presence of YOYO |,
dsDNA: ssDNA taigebxB¥RndFEQf 8Pnda : wRenviFe S5SDNACPr 6H€ NBCA5 THBss&84ing a
730 cont egt,) was reacted with the 10 correspondi ng 50-mer w |l d-type

ds target "(SEQ TD NO: 21) and nutant dsDNA targets (SEQ I D NO: 22 and SEQ
| D NO: 23). The fl Tbeesegnencet Easi thessduge Btirand mis wdiec FegapNAterggtex

(915 10 280 TobbE s s onsAsi | ven? e S b BV 11l
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 (GA 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'.



15 48% and 64 O | ower, respectively, than those obtained by the perfectly
mat ched sequences at 30C (Fig. 6B). Fluorescence of all sanples decreased
as the tevpersatsre i ncreased from 30C to 85C, indicative etTdBminimhed
YOYO- 1 intercalation and DNA tri pl ex breakdown. 20 Regardl ess bf the
percent GC content of the ssDNA probes aigl dsDNA targets, YOYO 1 was able
to facilitate DNA triplex formation undéer” non-denaturing conditions, to

al |l ow accurate discrininatiaon p C ary segyenges and
t hose contai ni ng 1ictheorS“iq}ﬁynrcrtuat tgt%%ﬁtg{% qul{thﬁga%rllf#ee gg%lggﬁ% it iz at i on assays
i n Exanpl es tamdsk O OVEED t1e N@llabivasy Df-Che iCAZRNtARA tTCAl sSEATwgui sh
between wil d-type DNA sequences and those containing base pair m snatches
-or del eti ons% W t hout the requirement for prior 30 denaturation, using
SSDNA probes. Theplge assqyend® afor athdDanige plteantioofat he nmiedow tawgerel ti ng
poi nt_of the dsDNA targets. reover, Optimnma i sgrl.m io e en

-wi | dtSpe and¥hit HTEQ %ﬂqﬂ%h%gg %@’aéhfé@%d t‘?gsogﬁt h'g%iomgge'sv\e\'/\l)

Ol/-4G 41i 7 27 PCihd BQeihdhd83(Ebyt efer &t Sei®@syt edndTofdeadiry muncawdet her
t enperatures bel ow 30C woul d_be even nore beneficial for the A5 aY t he
15-mer ssDNALEFgRe MR $SERSIP M@t &d) Wiah: t he~ SBC medPhi | 6% pet T DNERT ar get
(SEQ ID NO:13:0or with the 50-nmer nmutant 5 dsDNA target (SEQ I D NO: 2)
between 5C and 30C. In Fig. 7A, 2 pnoles of dsDNA target was reacted with 2
pnol es of ssDNA PEbaeespeciBiehty o the hykaiddrafiorupresSagntas nf gt ees x
TBE and 500 YRYO, 146 1e70 it -5 es )
of dLDNA targ%%eéﬁs oserching fargiled ?ﬁ%$g§§§¥igngﬁﬂﬁfggéL%5&5§ﬂ?ﬁ a 40
~d reacti onwildtuypectargehi dgDYAS (SEBEIAW 50 il sfamviyes 115-TpRr 1
reaction m xgur r ilggggg%e o] e rad Ug e (2 f i Ayt es,
transferred }g g‘aﬁ\égret%z cu egsgﬁﬁétﬁgﬁbl r}rﬂgdlﬁ%t%dtéﬁ #%banlq%rlg%ﬂi?gh

| aser beam ath80Cwaslgerdfeoramed el everExaype eof4 1t dp6. mifwateelyapogsible
cont ai ni ng t hg. sanpl,es u ) e I t

t enperature (S?l%ac )San\éﬁégréggﬁgfg %@%%%P%gegﬁgﬁeéﬁ%lt%ﬂt e‘%%e?% Ur e

pr obes pl acedddscedbky iint Bxeaphesanpl e), the sanples were transferred to

t he measur enent chanber and itored 20 repea J rfl . { .
em ssion as the tgﬁﬁeﬁ%ﬁﬁ?ﬁti PR tlhnetff?nnéeﬁﬁ%sm&‘%éet 8%31([5%%8 n‘f(’ftr:r%m
fl uorescent kpbEASPNREshyierdp| eoned sadng f o ctdenrf eaft tyenpenpl ementaryeach

I I d. timal _di Lm pat i t th f
Compl omont ar §oBRETERFpI cRbs CSEQ [BRBLRCCr B obECKBL 3) aRISPRESERACe

tripl exes cophairBhBedaal Byentsnpteht(1BEQIEBrdAs2dt PsebEANDNA3NyMasds
observed at 5C for both concentrations of est ed i.gs., 7A and 7B).
Howe?8r, thet8pEf §?—§H&Ee§nlﬁﬂl horRsteht (f'ncf'%c%'i A‘%etﬁ@engéénpgé?eﬂ} and
30 inconpl et ely eomEALmEAryl DNAi bl Bplexauclichdeeit vattyews anpéd cablgras
the tenperature increased from5C to 30C. At a cogcﬁ:rantrati (E))Eﬂxf 1 .

pnol e/ 20, ul &haBothapr 6BECENEt 4PgePeTERECIYLIPRAFERE ERBHA t FYBFades

produced (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
PNA 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



WO OL/~I-11'7 28 PCT/1B1111/ 1119311 fluorescent intensities that were 84%
and 770 | ower at 5C and 30C, respectively, than those obtained wth the

per f ect | wwowsi/¢hed sequences (Fig. 7A). Simlarly, at a fowecThipddibswer
concentration of probe and target, a 5 difference of 630 and 500 in
fluorescent intensities was observed at 5C and 30C, respectively, between
the perfectly matched and m smatched DNRGripl exes (Fig. 7B). The
fluorescent intensities of all sanples neasured at 30C before and after
cooling to 5Gamstsaetlyasi khbae @ggxi@\r@@t wigE 1 o) Parpi hedgFNAad LR

di fferences re, abseryve C, I | , ApNEen i

hybri di zat i (:)&rllg’agzsaail%l rrasyeeg%@é e% ahf) ;ﬁ‘npfélr or rrecgq%? tr%)rﬁot?n% t enp%aﬁjﬁ% r}%(tarrpl e
.8 The sensitslwiwy) of The hgpbeydpratucrdabssy wesuldst hetvealy @43y

decreasing c ntrations of, | |el; RN P. %é&d?sq\lﬁ‘;ffﬂbﬁei\b- 3
w th decr eas%;wg&c&%e@nta&t?%tnl?%%%%lne%w# -ty;l}gasor mut ant dsDNA targets
- (SEQd D NO Ipwmd p3ic®d Dil0: Rherefpeet ivet forreddathaiontienataryay DNA
condi tions between 27C and C(Fig

32 8 20_The_h i di [ ,on
m xture (40 SHEYERGRE AhedtEReSTEFI %ﬁ\?%uféh %% ?ﬁ%l iéiggtgkéﬁgnggggsglg EF ar get
dsDNA, 20 fnol es 119e Z-gumles &f RisNA Boalid riled 8her rehiabieitPNAE Frlobe No.
2, 0.5 x TBE and, 2,5 nMto 500 nM of YQY .. ln every sanpl. the t et
sequences andYR¥bbEZaeHoRnc@SSREr e U5 r?é%ﬁlta)r d gﬁi dgﬁggéﬁﬂe R
concentrati ogssmdPEhesSRYtBoRdEht 0OAscwea eyl dentical to those described in

Exanpl e 4. When 1 _pnol e/ 20 ,ul of parallel PNA Probe No. 2 or ssDNA Probe
No. BOwas hyBxawpiedito 1 pnole/ 20 ,ul of dsDNA target sequences at the

normal YOYO 1 conggat natd00 04 t5h 38 slyst hen dEMNAIINA and s DRA: se DA
triplexes resulting froma 1 by m smatch pr oduceg fluorescent intensities
rangi ng fronpesiproedsssd hay §6BaEBTBRHONoREr EhE S PR VRTFST t FRACHGRS

OL/ ~(al | 7 29, 6T, /n{eg%g{fgc}l%@nhﬂ%momﬁ@ £60mmE henpertf eethye Fat ahed

triplexes at data not shown). At a concentration of 10 fnole/20
~.cl of bot haboube thrd nteditgetg (PoEnt a(TH0-9H| BheoRsPNEoFEHa E i onTR1fhe 1
by 5. pi smat che : e aghl : P £SCERL il ensid 6SF r angi ng
frorﬁlg]S% to g§%§§%e&%ﬁq¥%§te%obt al ﬁ%%g%%%% tﬁz erfectl C(;}}rrpl enent ary
tripl exes ativ€ntdo82Cowhehfbenii ¥y dtween g g\at@%)e.s sidi Pacpy,

wh 10 f ol e/ 20 I : ' 119, frol e/ 20
1,110 143 byt SRR FIORE Vel pracke oG R A

et “sequences, in the sénce of 10 nM YOYO'1, the
fl uorescent i nt enshei bybgedératédnbyeactibp mizgnreh (W8Pe ddoreBt8anefoner

L that pr ofaccp PicRELLECty Y ofRs flodo PR 41l cUBBNAY 26 Cri1%4° G 0
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 wml 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



15 hybri di zati on assay, even at very |ow concentrations of probe and
target. A wi de range of YOYO 1l concentrations was tolerated at each
concent r o 0467 probe and target tested. Wien 10 f nol es/ 2@t/iB®ulo19o bot h
probe and target were hybridized, the 20 optimal concentrations of YOYO 1
were 25 nMto 2.5 nM (for a parallel PNA.probe) and 10 nMto 2.5 nM (for a
SsSDNA probe), yielding differences of flUorescent intensities ranging from

900 to 710 between pejfect] t ched and .m.snat.che t t
houny . ' Col IR ALt § NPT A UG AT ST (o1 oS el W
and rel i abi lfidgetofort hef neemsterat wire nfohydudldi gahpbe asabyzéd. di stingui sh

bet ween wi | d-type sequences and those containin ri oys base ir .
mutations. Vi 1o Fib i bvbhi RBRTAGES bEBACABYER: BBd T FRESHCSRRE RFHRT h

reference t yspaqifdci @xamyirs hhgheek, Fluvkbhcbatappatensitdeenavsieé | | ed
in the art that various changes and nodificati oné can be made therein

‘Wi thdut dep@IhiRyed oW eRe LEF r"‘lltldaﬁd’%otb%"f‘?ﬂér SPNA. t\?ﬁ%/??@ﬁr@e 30
CLAZMS PCT/ | géﬁcp/ 9393k 1) AaBethRdd weeRYiLhe bindhes, peazkbd 16t hoh

conpri si ng: providing a target conprising at |east one nucleic acjd

sequence; prRweRit P a rign g t6i 8§ §~n8%FeF%mB%F@ItBFeﬁu]€f§PU &ei
anal og sequenge + Mgy fEet | yo cagpggﬁ@ateggﬁt QsBival, € 2o A l@f\idﬁeﬁ@é d

target; 10 providing an interc ing agent, wherein either said probe or
sai d i nt er cabate nipayeht chepehe csempéralonnphbrereaged ngbeuedébrébethgai d

target and said jnter i ge bridi zat JEREN U ide a
tes'?l 5 sanp %%ﬂ?’r‘ad%g%?‘%ﬂg&?‘d '?%aos eslg:rrp e %\Agt h%g]?@?\t'i ng rar%]%%?%%yio
cause sai d f¢lLesopphoreYool emas dblertesceontercalate onf £ detentlyigianboth

intensity of_said fluorescent radiatio erein d ity is.a
direct indicatfo r&TpLﬁae’Bi ﬁ‘&fqngd‘é? P t{/h%%%v\%v%%é'sai dégbgggﬂ%ﬁgizﬁi dtltﬁear get ;
and det er m nf hgofeotestai dnteneisiits afoextertt bp mismetcfiady dsbMeeBPNAai d

probe and sajd.target. 25 2. e met hod. of .claim 1, wherein. sai

det er mi ni ng ?‘élﬁﬁﬁ’gnﬁﬁi}géhe@ b@ tal fb?&PPﬁg i dm,i n?eﬁsﬁr’tsf‘:él;‘al:"%stz bp
intensiti es gxbhdtErEdbyLoipRexpr 0BE9 coDbiNed3wi +h BabHet aNget ahd said
intercal ati ng agent, ,each of sajd other,probes dif i f.rom sai obe by
at | east oneCBASECUBHVS, BTED@ rf‘é]t%cg?e%l 51:?1?;‘?}{\/\%%%@ E[%r é\foa{% 2 Bgéﬁi d
target, eachygf2paizggprobe pd &gk Dihetrppobes (sE@ UDf Ner.ent+ nepbbe

sel ected fromthe group consisting of ar?grfecta tch, a one-base m smatch,
a two-base miSrat ciwerg 83%, 93%,7 99% a 99.5% lower, respectively,

than the perfectly matched dsDNA:PNA triplex (SEQ ID NO:1
20 + Probe No. 2) at 30°C. As the temperature increased from
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 bp 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 sequences 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



WO fIl/~G-~7 31 PCT/I1BQ(1/01930 three--base msnmatch, ~ a one-base

del etion, a two-base deletion and a three-base deletion, provided that said
probe carp@hi/pAssai d perfect match. 4. The nethod of clai pciusdoanbier
conprising ' 5 quantifying said binding affinity. 5. The nethod of claim 1,
wherein said nethod is a honmpgeneous assay conducted w thout providing a

si gnal quenching agent on said target or2%dn said probe. 6. The nethod of
claim1l1, wherein said method is a 10 honpbgeneous assay conducted wi t hout

pri or denat RmtheonNof dai BEQrFetNO76) The Tha Heokrle BREi Bhe ek HSFai d

method is a opgensous assay conducted wi thout PCR anplification of said
target. 15.§$n?h nethod of claim1, wherein said target is dsDNA and said
.probe hybridi zes specificabl'yCACt hC3aAiI dAfzar g&8GAt oTRE-mM'a triplex. 9. The

nmet hod of claim wher ei n_sai.d. pr i R T, d of
claim1, wherei naglé‘? FPRFGh FbeY g’fg%?ﬁ %Vﬁ?%é%é&%%éé%ﬁg‘?‘s 1@&%%90 °
-ne%ﬂqg o; c:ﬁ@ﬁ&%ﬁégﬁﬁé@ibySﬁéﬂapim@es@HEAamrdMeHmmgeE wiick bione . 5A-2nefThe

nmet hod of cl aj , erei n sai 25 ' PNA .
Tethod of olHAICYRRae S GRS FateE AP eRSPEs b) LararTerRde e
synthesis. 14f goreidiatfatcien m The wBehgi vosdidipnebeenadidandical get

are the sane length. 30 15, The nethod of claim1l, wherein said probe is 6
to 30 nucIeo%@d%%oﬁ%nﬂ?sﬁﬁ?b?ﬂelﬂepﬁﬁﬁng €raim 1, wherein said probe is 15

nucl eoti des | ong.gnhanced by the DNA intercalator YOYO-1, dsDNA:ssDNA
10 triplexes were formed between 30°C and 65°C. Perfectly
matched DNA triplexes, consisting of SEQ ID NO:1 + Probe

No. 3, yielded the highest fluorescent intensities (Fig.

5). In contrast, incompletely complementary probe and

target combinations generating a 1 bp mismatch (SEQ ID NO:2

15 + Probe No. 3), a consecutive 2 bp mismatch (SEQ ID NO:3 +
Probe No. 3), a consecutive 3 bp mismatch (SEQ ID NO:4 +

Probe No. 3) and a 3 bp deletion (SEQ ID NO:5 + Probe No.

3) resulted in fluorescent intensities that were 57%, 94%,

97% and 98% lower at 30°C, and 47%, 79%, 92% and 91% lower

20 at 65°C, respectively, than those observed with the
perfectly matched sequences (Fig. 5). As the temperature
increased above 65°C, the degree of discrimination 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 Ul/~G-C7 32 PCT/IBilil/01930 17. The method of claim1l, wherein said
intercal ating agent is covalently bound to said probe. 18. The nethod of
claim1l, whei/sgser said intercal ating agent is added to sai g¢chybsodbimati on
mediumin a formfree 5 of said probe and free of said target. 19. The

met hod of claim 1, wherein said intercalating agent is a nenber sel ected
fromthe group consisting of YOYO |, TORK3} 1, ethidiumbronide, ethidium
honodi nmer - 1, et hi di um honodi ner-2 and acridine. 10 20. The method of claim
1, wherein SE¥ammkelfe consists essentially of said nucleic acid or said

nucl ei ¢ aci d analqg sgaueacqnAL RBC HpRhhed Al ehal B day MgLELN Sftith

exciting radiation is emtte oman argon i1on laser at” a 15 wavel ength

.from about 200les tandbdsdNA OGO pet s 2per Townedt Hod-lod avsensd, ok i@t ed at
t enperatures,w t,hin a. rang 5t C. . thod ofe M

conduct ed atd?rég}r%%rr% u?rgs ﬁce)?%\cfiv 2?%.13%%0 2%? T%%gbrrgfhgg of aqgiaér% 1,]DNV%Ser ein
‘a relsabilityosdesalny nétdoat i cal hdepehfienenof perodrt o8C t confeenthaseand
sequence and_independent aof _probe, or_ targe j yt Qsli C nt.
o e ot HEAPSTCTaT Y 1 S erans Tl i, PHaHbrEcaReatY’ BRI
about 20 m cgSDNA erSreloas ai andg Bbouner 10d4EMA onmhsseDf seqgatcend wdoait 10
fentonol es of probe, 2§. The.nethod of claiml., wherein a c ntration of
said target T’WQE%‘F%lgﬁ IBuir%IEﬁ@El r?d’rci: FHGAECY 39 A OW'Z?@% %@%d of
claim 23, wherghés a £HRNCABDNAL | todirgiédk 9 weaied @fobelvadsaird 4dHpD eaits aot
nore than 5 x 1001 M | V\DIll/-ICr-Zé)r? PCT/ I B(1(1/(1113U 33 28. A nethod
for h@sayi ngCPRFRREEAt$andoRet NBUCLS B si ng: providing a target conprising
at |east one nuclgig aghdRBEAUENGARs 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

15 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
20 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

25 changed to CGT.

The sequence for the sense strand of mutant SEQ ID
NO:19 was: 5'-GAG CAC CAT GAC AGA CAC TGT CGT CTC
TGG TGT GTC CTA CGA TGA CTC TG-3'.

The sequence for the antisense strand of mutant SEQ ID

30 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



5 providing a probe conprising a first fluorophore and a nucleic acid or
nucl ei ¢ acid anal og sequence i nperfectly conplenentary to at |east a
portion &fo6sigdetarget; providing an intercal ating agent eofpBécE10% a
second 10 fl uorophore, wherein said second fluorophore and said first

fl uorophore fluoresce at different maveI%ngths; addi ng said probe, said
target and said intercalating agent to g hybri di zation nmediumto provide a

test 15 sanple; irradiating said test .sanple wth.exciting radiati 0
cause at | eX&EFSREST “%a&qﬁr’r S eﬁéﬁéjfhr@r’e a\gnal%s}gﬁd t;héacgjr?@%%n%r op T’(;)re to
emt fluoreseentchaadjed itn,AC0. detecting an intensity of said fluorescent
radi ation, wherein said intensity i s a direct hndi§?ti n_of bingh@g D
.affinity between 8§ FEPIBBRCANGOTi T a7 GRTS SREBEt & BFr ¥ r A%
intensity amedentadf 26-aicnatedi ngabet@ren B6hd pagbeTand @ taw@et .
29. The nmethod of claim1, wherein a wavel ength at which said intercalating
-agent5 f | uor 8¥%es TH f tGTG o0 @heddt wetfel h ¥fpoh i ntercal ation, a

difference betweep,saidhanel ergt knandnsakdnsecepdanaver angtdnt neigatn ng 30
whet her a conpl ex between said probe and said target is a duplex or a

triplex and NMhéttherasaid' t@RGetAFE OMAT or CRRA. A8E. #E mE¥frod GG clffiin 1,

conduct ed i S i i thbd apvel @ ofg@n +d@per neabl e surface. W O
|11 /-IC—1(F; 33hg%7?ﬁgﬁ$(€?(11930 31. The nethod of claim1, conducted on

a biochip. 32. ASROhd® f¥R:3dsayang i Ad-AGT saFBNAet REDSbNMAGEIGRSS
proviging a Jdoele §ORPLESERY 25 LBas! QREBYAl ehe pACUhS tIRient

providi ng a probe conprising-a nucléi ¢ a nucl éi ¢ aci d anal og
sequence; pruas ditenged i fremc0atiag7ayent, wherein either said probe or

2210 1o ooy -nd CERE'FRIFRIRL R0 Do UL IR, 208 Nl abe
provi de a tesirgapbea (SEQIIBt NOg23ai datest'sGAGI e ORI h AXTi tGGY rAEFati on
15 to cause gaid [lyoropporg ko gt fluorggeentnd At 9%a e To-
15 3.
The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:21) was: 5'-CAC GCT CGT (GG AGG
TCG CAC CAG GGA CGA CCG TGC CTG GGA GGG TGC TC-
3
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 wag: 5'-GAG CAC CCT CCC AGG CAC GGT CAT cCCC
TGEG TGC GAC CIC 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 CTG 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.



detecting an intensity of said fluorescent radiation, wherein said
intensity is a direct indication of a binding affinity between said probe
and sai dw@oi/aguget; calibrating said intensity against i ntperaBdi/ @s3o

exhi bited by other probes combined with said target and said intercal ating
agent, wherein relative to said target, each of said probe and 25 said

ot her probes is a different nenber sel ec%%d fromthe group consisting of a

perfect match, a one-base mismatch, a two-base mismatch, a threebase
m smatch, a one- BBse dehuencs, R viohe baeBSHelSETaR M RUtAREe-IFQelD

del eti on; %%%&gr Nt RLARGT r eprsaparcakilr ah@@g Fpcextent ofrratehing

bet ween sai e and Said farget. .AY;.AY. AY&
.. AY. AY&. AY9. TE@. ATGT &. @A& ACT@| ECGAl &YCAA GCA. AT@LEB‘Al & . AE.A . A .ALA

& A & A& A & A& A& Al d of mutant SE
Zn| Xg} xr mhc" XS] ca c%aﬁgég ?A%a]]p(\] Li%ca% ca ca ca]oca claacla] ca ca] cRa]
-ca] c’g] ca] ¢’ ez c&a$ca]5ca]:1;ca G adpEda) @@Fca AC CAG GGA

\ | n#a$0$qSS Y+ +++ éZZi g xrgg ] alc H]_ga] ca] ca] cal] ca] ca] ca] ca]
cal ca] ca] ca] ca(fé ]c % fca ay a?cﬁfca] ca] caJc”aU] ca] ca] ca] ca]c”a
@k GGEGHI MRM MVl\/l\/P%kaNbTTﬁTMsV\é@ZGZzﬂa ZEEPNR~ysobe AR dicfrajd afeabea] ca]
caul cal cal ol ca) cral cal sal sl ealeal oaheal sahsal goplaa) absentood] el cal e
\]GGGi’N a} ah?“@éhé@%%@da@ia)o&ﬁ Ot h U SWi-bettU QA dMVeymrex Z bipkfat WDNg] cedB@] ©B] ca) ¢
a] ca] ca] ca

cajcalc ]éca caj cajcha é gca]
W] ci] ca] ca]]]‘g’\hl?caU] ciire aBreRrEC A1 c%aﬁéa’%%sz{:u{:{:{lfﬁ #SEQ ID
25EDad{ upj e fi¥lbk¢al ca] ca] cay] ca] ca] c’\a] caU] ca] cal] ca] ca] ca] c*a] cal] ca] cal]
caj ca] ca] ca] ca] cafca] ca] cal| c *ca] ca}; ]%
ETWqt X[ dgwAO cci ~yt oj e’ [ VB] cef€a] EAFcalEh] c'a]g%‘}a] Eafca) ca] ca] ca] ca] ca] ca] ca
V] ca] ca] ca] ca] ca] sghpal &l a&&éL&CQECﬁéﬁahéﬁhﬁa ned to be
(58H 69@)} xsmhb\ V\%yt 0] eﬁ[ ‘]p Ul ca] c"a] caU]éca caJ cal ca] calj ca] ca] ca] cal c®
a] cal] ca] calfompietpdy] campéa]nca]t@erycta] gal a]l\éé LeekiegUregoerny ©
Lacod xsmhbl, ¥4 &Olsem{i\{ld ]j?f‘ fal Snkeallealen Eék@é@l el at apcabeal ca
] ca] €3] ca] ca ca] caUl calU ca] ca] ca caj ca
Z| ~@Y3: 10?&.N¢*WW10%& The pmm@a&ha¢ thquﬁ@ ow1ng structure (SEQ 1D
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), deDNA: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
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structure occurred, resulting 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

5 matched sequences and those containing base pair mismatches
(Fig. 6A).

Similarly, in the presence of YOYO-1, dsDNA:ssDNA
triplexes were formed when the ssDNA Probe No. 5
(possessing a 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

15 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
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15-mer ssDNA Probe No. 3 was reacted with the 50-mer wild-
type dsDNA target (SEQ ID NO:1) or with the 50-mer mutant

5 dsDNA target (SEQ ID NO:2) between 5°C and 30°C.
In Fig. 7A, 2 pmoles of dsDNA target was reacted with
2 pmoles of ssDNA Probe No. 3 in a 40 wl reaction mixture
containing 0.5 x TBE and 500 nM of YOYO-1. In Fig. 7B, 500
fmoles (i.e., 1072 moles) of dsDNA target was reacted with
10 500 fmoles of ssDNA Probe No. 3 in a 40 ul reaction mixture
containing 0.5 x TBE and 250 nM of YOYO-1. The reaction
mixtures were incubated at room temperature (21°C) for
5 minutes, transferred to a gquartz cuvette, and then
irradiated with an argon ion laser beam 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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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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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
30 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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43900%8% ()-Y YNlO%)B%@&C(a)Lfsngsaid fluorophore to emit fluorescent
radiation;
detecting an intensity of said fluorescent radiation,
20 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.
25 2. The method of claim 1, wherein said determining
is 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.
30 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 comnsisting of a

perfect match, a one-base mismatch, a two-base mismatch, a
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7. The method of claim 1, wherein said method is a
homogeneous assay conducted without PCR amplification of
said target.

15 8. The method of claim 1, wherein said target is
dsDNA and said probe hybridizes specifically with said
target to form a triplex.

9. The method of claim 8, wherein said probe is
ssDNA or RNA.

20 10. The method of claim 1, wherein said probe has a
partially charged backbone.

11. The method of claim 1, wherein said probe has an
uncharged backbone.
12. The method of c¢laim 11, wherein said probe

25 comprises a PNA sequence.

13. The method of claim 1, wherein said probe is
ssPNA prepared by parallel synthesis.

14. The method of claim 13, wherein said probe and
said target are the same length.

30 15. The method of claim 1, wherein 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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ethidium homodimer-2 and acridine.

10 20. The method of claim 1, wherein said pzrobe
consists essentially of said nucleic acid or said nucleic
acid analog sequence.

21.. The method of claim 1, wherein said exciting
radiation is emitted from an argon ion laser at a

15 wavelength from about 200 nm to about 1000 nm.

22. The method of claim 1, conducted at temperatures
within a range of 5 to 85°C.

23. The method of claim 1, conducted at temperatures
below 25°C.

20 24. The method of claim 1, wherein a reliability of
gaid method is independent of probe or target base sequence
and independent of probe or target guanine and cytosine
content.

25. The method of claim 1, wherein said test sample

25 has a volume of about 20 microliters containing about 10
femtomoles of target and about 10 femtomoles of probe.

26. The method of claim 1, wherein a concentration of
said target in said sample is not more than 5 x 1071° M.
27. The method of claim 23, wherein a concentration

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



[ !v(/6=DkKs@BWs"eM SrxCDWD &8 "$@ X U y&M:"(
a$%+, 1279?@A \ MNURT~V9Z[ 4a%hj LoYqs_uvoxz{ ~| WIwA| 8X@ES9( 46Ti mes New
RomanAri s4&eiids€r New'h Root EntryWor dDocunent PCT/IB00/01930

" #$9R

()*+, - .10123456789: ;

<:>?@ABCDEFGHIJKLNNCPQRSTUVWKYZ[\]A_‘abggffghijklnnopqrstuvmmyz{|}~

10

15

20

25

30

28. A method for assaying binding, said method
comprising:
providing a target comprising at least one nucleic
acid sequence;
providing a probe comprising a first fluorophore and
a nucleic acid or nucleic acid analog sequence
imperfectly complementary to at least a portion
of said target;
providing an intercalating agent comprising a second
fluorophore, wherein said second fluorophore and
said first fluorophore fluoresce at different
wavelengths;
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 at least one of said first fluorophore
and said second fluorophore to emit fluorescent
radiation;
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 said intensity an extent of
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
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.



