P

; ghi j e3e\ FH6~TWD 01/ 53526 ~ PC/ I B01/00077 . . .1 HOMOGENQUS ASSAY OF
DUPLEX OR TRI PLEX HYBRI DI ZATI ON BY MEANS OF MULTI PLE MEASUREMENTS UNDER’ !
VARI ED CohgJd36S SPECI FI CATI ON 5 BACKGROUND OF THE | NVEN#¢ Ml /00é7el d (of . /
I nvention The invention relates to nethods of sequencing or assaying .
nucl eic acids, and nore particularly to nethods of accurately assaying
tri ex nucleic acid 10 hybridi zati on conpl exes. 2. Description
of 3@ mﬂmm mt has been understood for a nunber of years that biol ogical

i sol ated and characterized through the application of an
eI ect ri dlSPIS%’I d to a saEpMOGENBUEl assavpbsr BYPREKS OReMRAPLEXhe nost
wel | - known exanpl e of ammyspiptzarcendsyEmrs eF 2860LTIPLEChNI que based on
the influence of electreabusktitnes PiOERIVARIESD COMIEFONSN gel
el ectrophoresis, a uniformmatrix or gel is forned of, for exanple,

pol yacryl am de, to which an 20 el ectyherfi@l (51@ applled M xtures applied
«to one end of the gel will mgrate T according to their size

and interaction with the el dO Mmmgendent upon the
uni que characteristics of t tion, size and
charge. Mobilitiespgangbgr2dniBhtysnced by altering pore sizes of the gel,

such as by formation of a concentration or pH gradient, or by altering the
conposi tion of theThef fiewenyHonsns: 1oaes gpy@IertélOdﬁal@i}' seqeengfgg or

t wo- di nensi onal oresiss are o aitly Loyt r st
30 research | a%ségg%ggl gg&i%g? ggig%bsﬁggcgg&%ﬁ)a%g pc“&;r%_la?c’l%% n?%%lgcg%éém
t hr ough and/ oof physivaalt edxt ra@mpﬁnc_f;r emiphexgaeind SHBSTéd UTECIEEET {dd E 26)

*Cc00002* WO (01/53526,2 PCT/ 1 BO1/ U3(177
10 hybridization complexes.

2. Description of Related Art

It has been understood for a number of years that
bioclogical molecules can be isolated and characterized
through the application of an electric field to a sample.

15 Electrophoresis 1is perhaps the most well-known
example of an isolation and characterization technigque
based on the influence of electric fields on biological
molecules. In gel electrophoresis, a uniform matrix or
gel is formed of, for example, polyacrylamide, to which an

20 electric field is applied. Mixtures applied to one end of
the gel will migrate through the gel according to their
gsize and interaction with the electric field. Mobility is
dependent upon the unique characteristics of the substance
such as conformation, size and charge. Mobilities can be

25 influenced by altering pore sizes of the gel, such as by
formation of a concentration or pH gradient, or by
altering the composition of the buffer (pH, SDS, DOC,
glycine, salt). One- and two-dimensional gel
electrophoresis are fairly routine procedures in most

30 research laboratories. Target substances can be purified

by passage through and/or physical extraction £from the

SUBSTITUTE SHEET (RULE 26) L )
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gel.
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A nore recently devel oped process in which anelectric field is applied to a
bi ol ogi cal sanple isdisclosed in U S. Patent No. 5,824,477 to Stanley.

TheSt anl eyo petxspd di scl oses a process for detecting the ppresamoerior
absence of a predeterm ned nucl eic acidsequence in a sanple. The process
conprises: (a)denaturing a sanple doubl e-stranded nucleic acid by neansof a
voltage applied to the sanple in a solution by neansof an el ectrode; (b)
hybri di zi ng the denatured nucl ei clOacid with an oligonucl eotide probe for

t he sequence; and(Xx) msteer Meaviang Whetdesre idredyiaioss | om hadiisdcum@mred. The
St anl ey patent_ disc) os e application of anelectric.field to the . .sanple
to be assayed¥urtite Ffﬁrﬁatr}ledbgr pRRRLbF dedrtat Srilﬂboiﬂgl?ﬁigeﬁa@% uence. 15A
more wel | - knowsd yhe=@f 1Ry 5di pakieor agsays | shaseny ofot Beadseyof The
fluorescent nmarking agents. In theirnost basic form_ fluorescent

i Nt ensi t y- bastepabany Parandt ypiealpgesonpr iFaFessnt aeti ripkeeaig@t thie h

af| ugrophor e-Gonl 3 DL NG,,Pr aRe e[ &ITDYENG, any, LABOUNK, RLEDEAOIT M baund
probé&, and det'ecting fluorescence inthe S edsanpjfe. Honbgeneous assays

i nprove upon sepieb@si cassags, damdllzat tiies f opreceds nebpmpedoiese a washi ng
stepor the provision of a non-]iquid phase %gcfgcﬁrt . Sone assa have

enpl oyed i nt E1RRAELTIRE 13 FREDHOrEEB S ekt R QGG hyBr MG i on,
based on the idi I i R, +Sit

nucl ei caci d i(?‘lj%)aéL h@%ﬁaﬁ%%ln%ﬁgﬁaélfﬁﬁeignrg%,wﬁug dI:I’%'j{?)(eilflthJI\alon.S
5,824,557 to &ur ke elactmlidscl o$les ayietihodiagd ke fenatvredt imwgleic
and3Qquantitating nucleic acid nolecules. A preferredenbodi ment reljes on
the%l%nt ercal a?(fjo(% ‘61‘&3 %eofh98n‘éa§58|:é-a§t Pgﬁégd%ﬁﬁc% % “adFE i XS

si ngl e-strandegnugkebemagi g W tdye fduoregsesdatsel ohnhascdiimaedand

VNO O1/S3S2G 3 PCT/1B01/000/7 the intensity is a direct, nmeasurenent of the
anount of nucl Bie aRianlresarrtent t HEL SIS e e 3Rl IR hRR ofABurde et
al. is purpor . f ri e o MG .acgigyin a
sanpl e, the n%ﬁéj%%glé‘?%ﬁ%#on&?%g%g@&geﬁgi fﬁ?e?%%#g%%rf%ﬁ neﬁcclen?lgeégici d
upon whi cht hepuepbos o8 deseturengetiet hergethesdguepcacti cal fordetecting

speci fic binding, particul arllsi/ under conditi n}wher_e Jnon-target nucleic
aci d>dupl exes are %ré‘?é‘"ﬁt YeE-Papent BNPe 5o081 AVRFARIFAEIRyuRreSeY 1S

al . 10di scl 0se5; 883 3¢ Ahdigd & PUIPAELELhE Gnd FPLRY CagiONRSSAYS iy rely
on non-specific interaction betweenintercal ati ng agents and nucleic acid
dupl exes, suchossBoakécefoalm, Hadoxsscenti éntaensayvdbscechadaays dHIro
etal. in Japanese Pﬁient Publ ic Discl 0s rectl\io. 237000?1%@% 15T‘Ak711etl§arla{er
devel opment cof®t 3t addi HF = Tht erCAI&S gt uofocht 8RES havi fig-a t énhdency
to exhibit ingreaseghstensbhyaohihfupreseeneemséng Bingr aalbaied tmrdbe

sanpl esol ution before a specific region of a target nucleic aci dwas

anpla% i ed by Porn ReRRGEHRe nGhESERCEASRt §LBPOBFFEBFEsERNER® sthGhe
reaction sol uti t gi ar=Y rwal an anddgt a4
target nucl ei%:éa }%Ilbef o\rﬁgﬁa #ﬁ‘ﬁit ;é%r?%j'?ﬁeq‘ﬁ%%%bpe)atg%tgﬂaﬁ%%%t g%l &

t oi nprove upoassagseathi ehatdevbeofmenerb@opmor diegyiae & swaibviigstiemr oved
specificity, cha{égct erized.in that thegz?rogg i 8,2 Si ngl 8- st randed

ol i gonucl eoti @t FabePed" WP th=ant nfel'C4r at FHG“f PUBPScRr8Me Wi ch is to be

i ntercal atedi nt 0o ageREPAEIBPE Atyvdi &l NGy &Or in iy del ey of haygaiisiedei C
acid and a single-stranded ol i gonucl eoti de praobe.In the ongoing search for

nor €5ensi ti ve? deieeratuBRir rapid RdFayiradimnquissegnenr BRe bl Hroup

devel opedan assa 1Sl |y zli I ri.cfq on
the fl 5or esce(?lf: %H%gggilt@)fé%h%%%%&g%%%%y%%fi'g%gt ?’fgﬁ%gﬁ%l (;%)iftesr#&ésjé%%. S.
Pat ent Appl i catidanihos. hybWD102453636cémPCEXI.BO1/ 00077 08/ 807,901 and

08/ 870, 370, respectively filed February 27, 1997 _and June 6, 1997. The
resear chers indicafed F%&f“p Re fq'L?Greps% Liftenst fy4or4 gﬁe]Bd’fé‘ee- p%‘?r

m smat ched duphex gdiEtergdsiram thahodl adzer fkgat | yedmt chadsuplex. addus,
S the applications purport to disclose a nethod for detecting a nucl eotide

. sequthce, whegeRntahabliagt ringciliedlcd iacibpl hedeewlasti qui d mRMEFFHFEDr to

or concurrently, wi.th a _detectin t n n in.an_i nsi.t,y. of a

fl uorescent eﬁﬁEgﬁbweﬁg geﬁﬁﬁﬁ&%ﬁﬁ gﬁetﬁg%gﬁé%@%F%%¥ﬁéﬂﬁ ioa&g gg#é%t%d as
an indi cati ongefipnhethenntibe proebeeis hydird dhzeddxt oo coOimy Bt edtyranded
conpl ement ary nucl eoti de sequence or_an inconpletely conplenentary

nucl eoti de seBHEhE:EC BEIMi-t gh@hé%rfé@anﬁf%/é%@m@e%c%f&%sa&%
continued to exist in the art for a sinple, highly sensitive, effective and
rapid nmethod for -analyzing interaction between nucleic acids and/or nucleic
acid analogs. All references cited herein are incorporated herein 20 by
reference in their entireties. SUMVARY OF THE | NVENTI ON The i nventi on

provi des a nmethod for assayi ng sequence-specific hybridization, said nethod

. g, ~ - .
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provi ding a probe conprising a nucleic acid or nucleic acid anal og
sequence; adding said probe and said target to a hybridization nmediumto
provi de s®egizss@nple; 30 applying a first stimulus to saipdThuBstoosanpl e to
provide a first stinulated test sanple; detecting a first signal fromsaid
first stinulated test sanple, wherein said first signal is VW O 01/ S3521
5 PCT/1B01/ 00077 correlated with a bindig affinity between said probe and
said target; calibrating said first signal against a reference signa
exhi bi ted by tthe efetensigtyanpl & 'dbreonpmessngeaenteast tipe awbenencd probe

conbined with sajd target, wherein,relative to saig target, ea f id
probe and sai®# eW%aigl%h%r?%?%Feh%eéﬁ?oﬁampgea d%PFzFeﬁkenEﬁ%EF%% %icted
fromthe group,cansdsting of gupbghiees 8t BA, udekl10merbase siirsmat ¢he a
t wo- base m smatch, a three-base m smatch, a one-base del etion, a twobase

del etion and anaunteecfaseudbebei @eicanindet epamplag filoen s@nd spacifdsting a
first deter mnaldan, Ao An-ex! ehlooba TRLED! D0aPELIGEY 13 7 dORE A sai d

targét; applying econd”s us to sard frrst Stinullated test sanple to
provi de a seaans séthnubatied vaesdd saepiersanthedaiediodgiapsacohdadi geal from

said second stinulated 20 test sanple, wherein said second stggﬁl,is
correl at ed widereeh s sREH B IV DeRiddn SHiar bf oBlein FO8GLF ehFet ;

det er mi ni ng f&%&%g}%%&gﬁ%&%@ie§@i 9@@%@@@9@%@ 586004t .

determ nation ext of 25 matching between said probe and said
target ; and conpdii®ig sBatehtrs¥Nodet B AilAat#dn &od dahdgseconet al.

determ nation,, Also provided is anpther .method fo ssayi ng hybridi zati on,
sai d%et hod c%’n%‘?f%‘?’%@: 280 HHHRA di"’ﬁécg t'at gQPr€8ﬁ%ngistr% éﬁpféggt RS
nucl ei ¢ aci d seepipncanay OvlediyNgod PHOREsHOEPELST Nhiteriet BE aEithein
nucl ei ¢ aci d anal'og sequence;
intercalating agents and nucleic acid duplexes, such as
Burke et al. and an earlier assay described by Ishiguro et
al. in Japanese Patent Public Disclosure No. 237000/1993.
15 The earlier development comprised adding an intercalating
fluorochrome having a tendency to exhibit increased
intensity of fluorescence when intercalated to a sample
solution before a specific region of a target nucleic acid
was amplified by PCR, and measuring the intensity of
20 fluorescence from the 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
25 probe is a single-stranded oligonucleotide labeled with an
intercalating fluorochrome which 1s to be intercalated
into a complementary binding portion between a target
nucleic acid and a single-stranded oligonucleotide probe.
In the ongoing search for more sensitive, accurate
30 and rapid assay techniques, one research group developed
an assay comprising analyzing the effects of an electric
field on the fluorescent intensity of nucleic acid

hybridization duplexes. See U.S. Patent Application Nos.
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WO 111 /532
hybri di zati o

a first samei/ssson of said test sanple to provide a primarpCdeBavaoiriat i on

5 regardi ng
first signa
target; neas
sanple to pr

sai d probe afB/HY 1&F gard ORKE78i A78ai Hespeohtvely

hybri di zati o
said first ¢

appl i ed to sadidesdcaamire caafdiery wEasUshe paad i i shisgraledaddpbekor e

measuring sa
i nperfectly
targgt and d
hybridi zatio
primary dete
whet her any
i nvention pr
provi ding a
providing a
sequence;
target to a
pre-€lectrif
primary '
said target,

1 6 PCT/1B01/00077 adding said probe and said target to a

n mediumto provide a test sanple; neasuring a first signal

of

hybri di zati on between said probe and said target, wherein said
is correlated with hybridization between said probe and said

uring a second signal of a sécond condition of 10 said tes

t

ovide a secondary determ nation regarding hybridization between

qr%e} el Jrs%lglied P’ 9957?”%&@%%eaa{lg:%ergrjﬁl-i%’%q:etcﬁ%ﬁqa %He.l

0 tion a sai'd seécond con ion are a a stimul us

5
S

11led Fedr@itat d wi t h

id second signal, wherein said stinulus significantly affects

@RI Ydy bPT dR ZBET 6AChEY WBBRCEER dIPPOBE - and P84 d
”%pﬁiﬂé‘ééi&ﬁé‘t | yugbbect psrfaebbyoc@mphemratany for
n between sald probe and said target; and conparing said
rdw treat ti lomg andiusdiedtiSeseegndary, dehereimatn el aak wvalfieild

inconsiite$c¥ therﬁbet en g@rrants retesting. In add%&ﬁon
A REPSEER TGt het IRy DBr PEFZEE & 1e¥sayP nBt hG@PESBFRS g
taldeta caopedeing atepeaghgonecnlasel §n39naezh;éeﬁgqu?n@@; a
probe conprising a nucl eic acid or nucleic acid anal o

D Oy S35t 7ePOTEioBLRY 2 1Twner¥ondefnghsardesitabe égd!_l;dai d
h%’sb”d%'té%tt'e%” é@d'a‘fjl”? dfégn%’i&? Bt i‘”xgﬁ? H | Ehe Pr&S i 2

0 provide a
5 deperidiwdéd ontoegar deogphybeildi zabinphehehveen saudleoabieeand

icatron tluorescent intensity of Sa

sanpl

wherein said pre-electrification flyorescent intensity jis

correl at ed wiS3AUTE diYat iBh BESKEH LS Y prop®langrdary « frgeeotide

15

20

25

30

sequence.

Despite the foregoing developments, a need has
continued to exist in the art for a simple, highly
sensitive, effective and rapid method for analyzing
interaction between nucleic acids and/or nucleic acid
analogs.

All references cited herein are incorporated herein
by reference in their entireties.

SUMMARY OF THE INVENTION

The invention provides a method for assaying
sequence-specific hybridization, 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;

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

applying a first stimulus to said test sample to
provide a first stimulated test sample;

detecting a first signal from said first stimulated

test sample, wherein said first signal is

t he



10 applying a voltage to said test sanple; measuring a post-electrification
fluorescent intensity of said test sanple, during or after said voltage
app!l yi ngwad g1/8958yi de a secondary determ nation regardi ng pghnssiioagtsi on

bet ween 15 said probe and said target, wherein said post-electrification
fluorescent intensity is correlated with hybridizati on between said probe
and said target; and conparing said prinmgry determ nation and said 20
secondary determ nation to eval uate whether any inconsistency therebetween
warrants retesting. A sopredtted] witla aretihgd ook faddsdyivndpetween said
sequence-specific hybridization, sajd nethod conprising: providing a target
conprising at |east ondIRRE e’i‘rtd Z%ala‘%i?)a%%‘%]%énce; provi di ng a probe

.conprising a nucl &0 864 Qg nughai Gacid gNghoy SLAUSRGE: a addirRg cs@id

-

probe and said target to a hybridization nmediumto provide a test sanple;
30 applying an el ectri calgnal t agehtididaidd t byt sanplmwsfadatent i ngaapdiegnal

of said test sanple during or after said, applying of said electrical
vol tage, WD 01/53526 %ﬂ‘é&ﬁﬁ&og??s\‘kﬁgg&%‘a TR R éjr%fa?%q SOREHFE At ed

with a binding affinityiet ween Gaicdrpeehe andreahd tergeive cald bisatiiang
sai d signal against a reference signal exhibited by _a reference sanple
conprising at ' 5 | easttafget efer@n@E srdferEohBi aed SRi% 3aileash g

wherein relative to sai of _sai d. n i I one
reference probe is a di%fegfe%? %eﬁg(g?es%?egt gé?hggrgnnt%hgleg%g%p%tggr??%tl ng of
a perfect match, a one-tese ke Msoms cdonsl dtvind ase anpereiesdt, matdir,eer base
m snmat ch, a one-base del etion, a two-base deletion and a three-base

del i on: and det er ni ni RE TPIFE saf#SBAFFBr at RngtUR-BREENt TGFMRECENT NG
between sai d probe and sl g 118k 88tn: 5B F5 DESOBLETI &0 OF: THE DRAWNGS

The invention will be described in conjunction with the follow ng draw ngs
in which like referenceassmedal st tesi gndta thkeedbamendslandonheariin: Figs.
| A and 1B are graphs_ of current as a functi,on 20 ogrg%me and

conpl ementarily: MYSTTEHR 10758 gr 3phE of CeUFPERFLES a Punctidif o
tenperature and conpl eregdt@rmiyat Fbgsof 24n 2RBter€, oBAmandhiBoale tgisaphs of
current as a function of tenperature, conplenentarity and additi onal
15 said probe and said target;
applying a second stimulus to said first stimulated
test sample to provide a second stimulated test
sample; and
detecting a second signal from said second stimulated
20 test sample, wherein said second signal 1is
correlated with said binding affinity between
gaid probe and said target;
determining from said detecting of said second signal
a second determination of said extent of
25 matching between said probe and said target; and
comparing said first determination and said second
determination.
Also provided 1is another method for assaying
hybridization, said method comprising:
30 providing a target comprising at least one nucleic
acid sequence;
providing a probe comprising a nucleic acid or

nucleic acid analog sequence;



25 factors; Fig. 4 is a graph of current as a function of tine and
conplenentarity; and Figs. 5A, 5B, 5C and 6 are fluorescent intensity
spectra. wi9oAzE4 LED DESCRI PTI ON OF PREFERRED EMBODI MENTSp&hgpd et i on
provides a rapid, sensitive, environnentally friendly, and safe nmethod for
assayi ng binding between a target and a probe, wherein the target WO

01/ 53526 9 PCT/1B01/ 00077 conprises a nud eic acid sequence or a nucleic
aci d anal ogsequence and the probe conprises a nucleic acid sequenceor a
nucl ei ¢ aci d anal egidianyencied Wrhdbkee et tsaiinl preirgretartto asdaysidilzatimrent i on
not' 5only detects the presence of hypridization, but al soprovides
qual i tative and quanti t®8FVE"| 1P FFRAFTSRr2gET T Pt heShat ure of

hybridization betvygen.a-prohe mndiasgeha1TBESa £ hest Vi ©foeBILRs d he

practitioner todistinguish anong a peffect match, a one base

pai r 10mi smatch, a two baset pagdmphe shat phovadeheeprbagsypdiatmranmeadiota one
base pair deletion, a tw base irdeletion.and a, three_base B

del efi on. Enbodi nent s ofr?%%y$h%£ﬁ%Y%ﬁl%%ﬁ%?%%% %%FWSFEtF%%ﬁtﬁ§%%§%6¥E%
signal (e. g., electricsg&ldremdraag/ orwidmonesertd Siftwensi tafgdfar adirst
probe-target m xture agai nst_thesane type Qf,sggnal exhi bi ted QX ot her
probes comnbi nedwi t h thec%ﬁﬁ%l%%?%éﬂﬁﬁh%§Péﬂﬁlé Ropr beRWesthgsid probe
probesdiffers fromthe fiks o] at | east one base.ln certain

enbodi nents, a Iom1vo|t%%% %%P%pgg?i%thZOthe sanple prior to or concurrent
wi th measuring saintsagmalng Ganeeabhyl, stiltmadoldfage secerflecedisichm tdfat
itis high enough to destabilize inperfectly matchedh gridization rtners
but 1fot so high as to d@’t biFFpreF?@EﬁF? Hﬁ?cﬂ%ﬁoﬁ¥ Fi dPzatiG?P et ther s.

I'n certain25preferred egbpdifeRieiohheRlHRR iByBBIEzaViba ahauieddy. A
calibration curve can be generated,' wherein the nmagni tude of the neasured

signal (e. g., electricsaudrencbamitdrsdidicraeaatht Whresist t391d secdntheti on
of the binding 30 affinity between the ta . be. : i.ndi_ng
oS St Tod AR AR R

affinity between the ta?b ura 0 eren s varies with

the nunber of m smat chegabasgsobéhannakuia ebryhe, Mpsraticled AHat/svhek C vs.
T-Gvs. T-C WO [ 01/53526 10 PCT/1BQ1/00077 etc.), the location of the
ni st ches) within the Bgbdi irati 6ANEsFPPEX 216t €31 Fecryhyr JrditHen

invention can be used tg segyepce the_target,s The $8nalg neasiy€d cad be,

e.g., electrical 5 conductance. [n such enbodiments, the binding affinity
bet ween the probe and taagplei sfiierectéyseningl sedd Wihst heigugdi tame of
the signal. That is, the electrical conductaéce ianfases ahon wi th, the

extent of matching bet viBEhCFRe MUY HI targettSPEt ePaBFy tovel E FHhge 10

inclusive of 0-2 msnmatghes aNdMEIuded B DRSca®l¢ PFf Bder abinpevRicEl ¥ ange
i nclusive of 0-3 m smatches and/or deletions. In other enbodinents, the

si gl neasured can be €RABPIPUSRESEENhYPHEEAZRLYOBf DLMaREY FFHGH PTPRE uded

in the and said target and does not significantly

affect perfectly complementary hybridization
between said probe and said target; and
comparing said primary determination and said
25 secondary determination to evaluate whether any
inconsistency therebetween warrants retesting.
In addition, the invention provides still another
hybridization assay method comprising:
providing a target comprising at least one nucleic
30 acid sequence;
providing a probe comprising a nucleic acid or

nucleic acid analog sequence;



15 test sanple. In such enbodi nents, the binding affinity between the probe
and target can be directly or inversely correlated with the intensity,
dependi ngv@m/sd3ed her the fl uorophore signals hybridizati opctrhsaushrsi gna
guenching or signal anplification. Thus, the fluorescent intensity 20
generated by intercal ating agents is directly correlated with probe-target
bi nding affinity, whereas the intensity &f enbodi nents enpl oyi ng
non-intercal ati ng fl uorophores covalently bound to the probe is inversely
correlated with praahEtriarsetd prubengral fsadidt yarfes tlouar bybentizatewsi ty 25
i ncreases (or decreases for non-intercal at ors% along with the extent of

mat chi ng between the pr WRdEP BRI Dref Erabl SAVET/ a range i ncl usive of

.0-2 m smat ches andﬁé)ats&ei&g!g l:0PSe - ODEE: BY LI 85 8DbY OMBIrasdange nklelsysive of
e

0-3 mismatches and/or del etions. 30 Although the inventors have previously
di scl osed t he advant agesf ofsdidiortestentsanptiensitioy ayeaisief o hpligiryat i on

(see_U. S. Patent Application No.,  09/468, 679, fil e 1 , the
appIPcation of an el ect ?%?rm%&?Eh?%3§§8af%138Tﬁﬁ§6§$35%£§{?geFﬁ%%% the
sanpl e appears to incressedt hersiesol ghdonsaidt heaagsay, aheskawn ismiBxanpl e
6 bel ow. Moreover, in particularly preferred _enbodi nents of the invention,
,the assay conprises neRERTeHRCEIITERELIMo B USGTHRRIP of WHERSIHY e 25The
first signal is prefera@éé’réié‘@%&%{iﬁ‘dﬁ h%rBEFHi'zE)éi@ﬂ%é@ﬁeéﬁ%‘hﬁ?z%%‘ I'S
preferably selected from several. el ectrical conductance neasurenents (or
vice versa). In the prededresidutdrgete; measur ement enbodi nents, 10 the
first signal can be the, sane as_or different fromthe gecond signal . Wen

thefirst and secARPEIPHAIZ WRhsFed“ArPthetSameS e second signal can

be calibrated agaifsishPendirsh si gnadt aadofragpbaisiohhe Fam@icierence
signals) used to calibrate the first signal. In 15 addition, a

condition-altering stinihtensstyref esabfytappl fenprte. t Beriagt csamiiteraf t er

the first signal is nea d f se i LS The
Uil Us i o pref er ably Sorti SooHEOR0 SEEB et Y IrTLar PSarie
conpl ementary hybri di zadéosrhehseeon t iegardiag? thandi dheat dogebeancen

insufficient to significantly affect perfectly conplenentary hybridization
bet wden the probe and t$@l€arBEPPeFoRrllexafipte, FATESpart VOGS Fecerred

embodi ment of the inventiop. {be-fifstasignal-iRAsNRAd SidPensity is
pre-electrification fluorescent intensity (i.e., intensity nmeasured before

a condition-altering vottagelasedppltifetybritheatdsn banpeeh said tivwbsecond

signal nmeasured is post-eéectriftcation fluorescent intensity (i.e.,
intensity neasured duridgof2aft EPTERE’ cBRGiti on-al tering 30 vol tage has

been applied to theohgstisgnpkalid Thea-iaddiii ot e ARasat 88BNt antn theld
f oregoi ng enbodi nents increase the reliabiljty of the assay and enabl e
i mmé® ately retesting sB8pRREaFEsifEermingiyy it/ Hsyrluate ‘whether any

inconsistency therebetween warrants retesting.
Also provided is a method for assaying
sequence-specific hybridization, said method comprising:
providing a target comprising at least one nucleic
25 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
30 applying an electrical voltage to .said test sample;
detecting a signal of said test sample during or

after said applying of said electrical voltage,



12 PCT/1B01/ 00077 Inconsistent results achieved by the at |east
twoneasurenents wll typically warrant retesting..The invention enabl es
quant i f yiwgotmadi ndi ngaffinity between probe and target. p8paBotodor mati on
can" 5be valuable for a variety of uses, including designingantisense drugs
with optim zed binding characteristics.Unlike prior art nethods, the assay
of the inventionis preferably honbgeneous. The assay can be

conduct edwi t hout separating the probe-target conplex fromthe freelOprobe
and target prior to detwwdrerp tdes dregainaddas oforhehebed rwiklsisghandinge
assay does not require el separati on ste t her eb | L owm ng_a_great

i ncrease intesting thr o{}fgﬁ]p%%t.y%fﬁtrn‘f?‘?%tﬁfgd an=t e%nir%aj\;\%lrg?gggt’
.andaccurate. Consequerttyr-ihe Bhndi Bagassawcaves a | pbret-dhteneigndl
expense, and can be easily autonated. Eurt hernmore, it enabl es binding

vari abl es such as buff eexlpibitehi by cancafiargmicsn, saepder GPUPELSLAGUBEL i on
,time,_relative concentrations of pro nd, t se es, | cal.at.or
concéntrat i on, length g#e‘?sa? ggpeserqe%r%ens?%g}ggﬁé?h cg#Jr%pr.5'(rhoeod[e ‘gjtég%e%(?gs, and
possi bl e cof act orr equi resedéss, tivhdieirapiedly idet eonsaed. Jhegaiss aadanibe

conducted ina . g . , a solution withina well, on an inperneable s%rface
or on a biochi p. Moreovetalq REGHE &fd Feldsahyl $3sh e gfigrence probe

conduct ed25wi t hout provjdi 0043 r$lgRal FUGREY NG 1RGN OPrbiethar geblp on
t he probe. Preferred enbodi nents o?’ t he 1 nvention specificallydet g?t ?ri pl ex
hybri di zati on bet ween tdenpiebenandof hedoys eresttr amded-it ar get onehbase

obvi_ating the need to30denature the target. Wiile PNA probes.have, been
know? toform tripl exes WP EERt aih %W8§E8§eofmlf%’?%lb\l$}§’ (saee,%hg.e&_b,aﬁﬁhol m

et al. , 365 Nature 566G,{Jdm2O3), andodemBEset akletidhd JaAMGheWasec.
5544 (1996)), the inventors were WO 01/53526 13 PCT/1B01/00077 surprised
that they were able to épbetitnabng asshycerbpiexeslebiand dedween

single-stranded nugleic acid (e , . . pro
doubl e- st randed nd%?%ﬁ%m%%%gg(efr%m, %Eéﬁxsé%%;%ﬁggiﬁgT?%fex é?ﬁﬁtfgh
and/ or 5 stabilization hstenhagced:byeh hea pd esetice ahdasaidt eacgeati ng
agegL';5 in ]thg sanpl e being tIesteE Uir;[ ab e pr oTbes or use idn thfa inVﬁnt! ve
ass include, e.g., SSDMA--SENALDNA SRS i3 £+ d anal ogs havi ng
uncharged or partighd y;6hahgednbaekhopesqesBrAbEROYGh RRRR A iRIPDeS
are preferred in certain enbodi nents, PNA probes can al s6 be parall el
Probe sequencgss hfwlhgwany lKdergtimgisr dm 8vhicl20l bhseredeaepcef eyamedadisnce
this is the range wthi .mhicf t he snaléest uni que DNA sequences of
prokar yot es ater1F 2ukat VEE S GPEFOURAY BPOhEEYHf 12 to 18 bases are
particularly prefefigd. sincgnihis hset feabapgbli elirirbetrsmR leFundvtiiqie
sequences in the human genonme. |n enbodi nents, probes of 6 to 30 bases are
most2%r ef err et HoURVRRD GOPPURPBETEFTDHEY shorter probes can be used to 20
detect a nucl eoti de; sequenc ayjin i unique
sequences therein?ﬁﬂigbhfgo%%?ngbtgrgnggﬁgﬁé Fge%Pf?%BFh%%ﬁiﬂégﬁﬁgign
sequence. Theof engtheodittthe pndbeocvphebensaretyed to natch the | ength of
the target. 25 The_jnvenfjon doeg nq% req¥ﬁ#§ t he use .of radi oactive
SAffitre-

probes, which are Wa3%r dolis, “Fedf bu i acrp%s‘iﬁﬁl?%s t%PLfs”eI:reélntd Heed to
be constant!| y; regenelshest RERbesa0ird hedopenidainmie, pref eicablnisafle to
use and stable for years . Accordingly, probes can be nmade or ordered in

ar 30 quantactessand stored. It is preferred that the probe and target

| ar g&p quanfact d d is pref dth he prob d g

be unl abel ed, but jn_alternativ ﬁﬁpo 'r@g%% here.i Lntergalating
agent coval ently b%ﬁ%d %ol{ghea p‘fro e. C?En T%l%%ng%u%%tﬁ /IO Olt/a%%é(;??

such enbodi mreah&, cdhel enkataakati; ngndagent is preferably

LA ca-a a¥a = an £,

Figs. 5A, 5B, 5C and 6 are fluorescent intensity

spectra.
30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The invention provides a rapid, sensitive,

environmentally friendly, and safe method for assaying

binding between a target and a probe, wherein the target



bound to the probe at either end. . In other enbodinents, the intercal ating
agent is not covalently bound to the probe, although it can insert 5 itself
bet ween twW@opissbe and target during the assay, in a sensepbongim@eiro the
probe in a non-coval ent fashion. Preferred intercal ating agents for use in
the invention include, e.g., YOYO 1, TOTO 1, ethidiumbrom de, ethidium
honodi mer -1, et hi di um honodi mer-2 and ac®i dine. 10 In general, the
intercalating agent is a noiety that is able to intercal ate between strands
of a dupl ex ariorised rd phed educkeiid aegdevoapbexe durlwisf eraied analog
enbodi nents, the intercal ating aﬁgnt or_a conponent thereof) is

essential |y risilIRoT eRBntls nPTTRE abYBREESSF RUBPELE T525¢d§ g ce

fluoresces whgh 4 nhgd td &t £6i @nch£xsd tdybndadi ati on of an appropriate

wavel ength, exhibiting a 100fold to 10,000-fold enhancenent of fluorescence
when intercal at ed Unltie aeduplexpsiorr pplte@dfay®i cthei dnvenplier. n2¢ | n

al ternative enbadi nents, the intercalating.ag Al it hift, in
fl uoPescent ﬁggéfeﬁ%Fﬁc&ﬁbngPﬁté%%%%%ﬁ%%nggndﬁgéggﬁégsggbﬁy H%g?aﬁﬂoﬁ of an
appropri ate vsuahens h. Jel exactvd | uenes cerfuandvielaerigieh mayfdeped con t he

structure of the nucleic acid that is 25 intercal ated, for exanple, DNA vs.
RNA, dupl ex &egardifiexthetnatumme of dioatidr a8t RFIESTS & A dthy

routine experd ientati op,and/ of o cORVERt | gRaknknoukedae) ha £9rnesRING 4 0

this excitation XIWUH]?OF t he #ﬁorop ore 30 being used, and is
preferably 200igtoirdfddshmaniorter @al geirfigcagenaschr e pr edme alllasselpedtred to
have an em ssion wavel ength of 200 t0.1000, nm_I.n pref rredcﬁgbodinents, an

argdf i on | adErSTattRedq &HT rB3dFat 83the ™ SRS 1Y 538265 PCTAT Bo PPIG0 77

fluorophore witdhdé&h! havbAge Bywyebargt hiéle@ibanges Ok wd00pd e S4AiHM and
fluorescent emssion is detected in a range of 500 to 750 nm The assay of
t he i nventi ordekst ben perd oz nelgres dpase ' PELY delebtPRty of tenperatures,

Cemporat ur oo, addi MPRSSTSH by raTehetaluayERYe G AN

i nventi on carmdsweaducigthlat(er.aom ekaperat ureroenbeloly ¢ flgigreadicemt
tenperature bel ow 25C). 10 The inventive assay is extrenely sensitiyve,

t heléby obWaﬁW?ﬁP%%@ghegﬂrté é&ﬁﬁiﬂ?qﬂﬁ@”_ gqﬁcﬁffBHrﬁfaﬂﬁé“ﬁ&r&%Fﬁ_For
exanpl e, i n aéarh@aﬁgFEh%ff | borescenkni B easi by, ebadl "BRbsesi todnhiRRESI DI €

to assay a test sanpre having a volume of abodt 20 mcroliters, which 15
cont ai ns abouwitl tket sanleestafgetar gehenntnakech 1Of feheowshes afrghesbe.

on ai 00 et orul =
concentr at | o i S A60BNF Ay b EFAONOHY B CORCEREPA: iR’ BRCRGC more than

5 x 10-1 M Enbodi ren¢srehihhenbbienthes, aselsansollitkge2Q £nr@ahi dd wpl oy
probes at a concentration of 5 X 10-9 M preferably at a concentration of
not 2for e t hantse x saEopleMPIEREUEP A% yCRBEYEF BRENTE tdanMBREBFABEI IRIChnpl es

having as |1t &.2p abeul %aw%lbetﬂé poebagand sl el of d@0findd 40
mcroliters. reasi ng the sahpl & vol une 35 woul d permt the use of even
smal | er anbunis ohighoberaudit arget . déstahdli de go iwperdectdayi mptdied t he

foregoi ng values are not intended to _suggest that the t ho annaot, det ect

hi gher conceﬁ?fgf}%h%?tQ@nAPﬁfB%eFﬁnﬁgtogoﬁnF8r%&ﬁ%tSfﬁgﬁhégﬁﬁ Jors are

tolerated at wacheODFEMI AL H?beﬁa@@aament paetndest ed. Tiorcxam €,

when 5 X 10-1 M probe and 5 X 10-T0 Mtarget are hybridized, the optina

con®ntrati orpodfehsed embodiments, the voltage is about 1V to about
20V.

A calibration curve can be generated, wherein the
magnitude of the measured signal (e.g., electric current
and/or fluorescent intensity) is a function of the binding

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

nature of the mismatech (A-G wvs. A-C vs. T-G vs. T-C,



WO 01/ 53526 16 PCT/1B01/ 00077 intercalator YOYO- 1 ranges from25 nMto 2.5
nM At a 5 X 10-8 Mconcentration of both probe and target, the preferred
YOYO 1 coygitisag i on range is 1000 nMto 100 nM The assayciragsufohici ently
sensitive to distinguish a ' 5 one base-pair m smatched probe-target
conplex froma two base-pair m smatched probe-target conplex, and
preferably a two base-pair mismatched probe-target conplex froma three
base-pair m smatched probe-target conplex. O course, the assay is
sufficiently esengitivend o Ihcsttingui sif 1@1e perifsgettdch m)che\dtmd@betﬂ'@r get
conpl ex from.a t he, above mat ched c | exes bri,di zati.on
medi um can bé! gﬁf‘ T onarP ﬁruﬁFEnOmzﬂfoaﬁﬁaﬁﬁl?ng ef&PV' d&Vi ng

.nucl eoti des. (88.bef Whed BHELPKe8de A he "MEgetl ar Coning: A Lab 15
Manual ," Vol . 2 (1989). For exanple, the liquid mediumcan conprise

nucl eoti des, wat erTheuf $egBaindmepstdedd san demcener gt i onsleiricdilzat i on
-betwgen compl enen; Ay, bases rgceurs, unders s, uide vapl eby gt gondiians,
enper at ur e,

havi ng vari atl ons In concént rati on, ct I’OSt at1c

strength, andbduwdet Cloapesobé oandExaﬁgéeslef d&lﬁé&@l@/o@dirtrle(llate@n@m hods
for applying themare known in the art. referred that _hybridization

conpl exes be Ff n§69§ﬁt&dﬁerﬁfer'é]flﬁrélﬁpaébout Tg%é tie abblit BBEFGEES about
1 minute to ghoy, écﬁ?é%t fﬁcxé&??gr aﬁ%ﬁgt LARH RS akecnpt ']feq{é.'tgq'ﬂ’ngbm

i ncubation for several hours w not adversely affect the hybridization
conpl exes. | thatsvgmssichlee grddroagh Ltrmm,sapyefpaabﬂyulca«rdly dorrange

nmb t t | at 30 f | t at
ybRCal 20t orAGLLGHTEi GHE byPUSi B EBF LR RCr cHBORPE, SRORER exdiffies of

these reagentsrd fctamsie, dnat & &bh@@deﬁcmua%egoﬂr@lﬁln@srﬁa@é}l@é JRRY/
protein, T4 gene 32 protein, E. coli single stranded binding protein, WO

|11/ S352fi 17AeXEYIWHR/ 00077 maj or or minor nucl e| c acid groove bi ndi ng
proteins, dival ent 0 n i r
oo e DLl Sl 905 0l oN ICLLILET A Al 1

subst ances such as et actl norry al en,
angeI|C|n.fiﬁiudféméemﬁtuﬁgeheaggnkﬁfmmyfluorophore included in the

15 test sample. In such embodiments, the binding affinity
between the probe and target can be directly or inversely
correlated with the intensity, depending on whether the
fluorophore signals hybridization through signal quenching
or signal amplification. Thus, the fluorescent intensity

20 generated by intercalating agents is directly correlated
with probe-target binding affinity, whereas the intensity
of embodiments employing non-intercalating £luorophores
covalently bound to the probe is inversely correlated with
probe-target binding affinity. The fluorescent intensity

25 increases (or decreases for non-intercalators) along with
the extent of matching between the probe and target,
preferably over a range inclusive of 0-2 mismatches and/or
deletions, more preferably over a range inclusive of 0-3
mismatches and/or deletions.

30 Although the inventors have previously disclosed the
advantages of fluorescent intensity assays for
hybridization (see U.S. Patent Application No. 09/468,679,
filed December 21, 1999), the application of an electric



5 prove useful in extrene operating conditions, for exanple, under abnormal
pH I evel s or extrenely high tenperatures. The inventive assay can be used
to, e.g. wobhdssseé fy accessi bl e regions in fol ded nucl eoti geTapgumotes, to
determ ne the nunber of m smatched base pairs in a 10 hybridization

conpl ex, and to map genones. In enbodi nents wherein fluorescent intensity
is detected using an intercalating agent]llintensity increases with

i ncreasing binding affinity between the probe and target. In enbodi nents
wher ei n f | uorfeisglahttd rittensianplies apeadetse diced neyiadgea tien riemcducdlcat iofg

fl uorophore, .intensity decreases as indiﬁg ffiyity i ncreases between the

pr obe and tartd'éet.aSF% r of 27O whidt Fe? ™R Ilﬂ% %‘ﬁhore i ntercal ates or

-not, the instant nmesresk&eesinohareduneriiie praseres@nembbdifents of
pol ari zation of fluorescence, 20 unlike fluorescent anjisotropy nethods. The

i nventi on wi ltheenvenisiont ddie mafde WEREiised fMeasidivhes tleaste two

.foll gw ng Ex . D i h e er t t-he, pr i tion
s ngt deered TEDE | 06 (i ( RAPEFS, JEEARPLES Bom o Sratesah

anti sense 50-fieforssdint algednstopentehaerdaed foiomaaxds Prederbha ynuman
cystic fibrosis gene (Nature 380, 2Q7 (1996)) were synthesized on a DNA 30
synt hesi zer (Exehied B0, SPE R E IR B IEE s GRS g S5uMerised SHEIsLC.
Equi nol ar anoynt s, 0fc coapsenentary ol i gonucl eoti des were denatured at 95C
for 10 mn and allowed to anneal gradually as the tenperature cooled to wW
O 1 /53526 18 PCT/IBOLthelprefer2eC oweltipke hoarsurbneble estosiided tHNA

d i | eot i des. di ssol ved in ddH-O ion,of 1
porE) ) ul - SOTHRericE Tore 1+ Ceridt 1 Fi DS 1 01 ALY/ T G075 DR ( SEQ

ID NO:1): 5 -J&dord\ iGia TAAWNGH AAS FATsEAINETdeddRa HIGNENG GBAsT@RATGA
ATA TA-3'. Sequence for the antisense strand of the wild-type target DNA

(SEQ I D NO: 1?ar%'tha\1saaqer, CATe Grer ones AR GAGC AR AGR TGN LA FERICEE TAA
100, el QTP B0 A U {Togl BRI 10
identical to sddmhlype twesget TNA (SE@Ad2dNO:the extiepit f arignaine bage pai r
nut%%ion (unqgééigﬁg%,a%iaggg%i%ggg-altering stimulus is preferably
applied to the test sample after the first signal is
measured and before the second signal is measured. The
stimulus is preferably sufficient to significantly affect
imperfectly complementary hybridization between the probe
20 and the target and insufficient to significantly affect
perfectly complementary hybridization between the probe
and the target.
For example, in a particularly preferred embodiment
of the invention, the first signal measured is
25 pre-electrification fluorescent intensity (i.e., intensity
measured before a condition-altering voltage is applied to
the test sample) and the second signal measured is
post-electrification fluorescent intensity (i.e.,
intensity measured during or after the condition-altering
30 voltage has been applied to the test sample).
The additional measurements in the foregoing
embodiments increase the reliability of the assay and

enable immediately retesting suspect results.



15 position 507 at which the wild-type sequence CAT was changed to CGI.
Sequence for the sense strand of SEQ ID NO:2: 5'-TGG CAC CAT TAA AGA AAA
TAT CGI @IJoila3s¢TGT TTC CTA TGA TGA ATA TA-3'. 20 SequencecCtiaBoitdoer?
antisense strand of SEQID NO 2 : 5 TAT ATT CAT CAT AGG AAA CAC CAA AGA
CGA TAT TTT CTT TAA TGG TGC CA-3'. The predicted nelting tenperature (Tm
of dsDNA (SEQ ID NO:2) is 66.0C. 25 SEQ IO NO:3 was a 50-nmer nutant dsDNA
target sequence identical to wild-type target DNA (SEQ I D NO: 1) except for
a consecut i velnawndisrepai rrasnbt$ ona¢ubheeedi neg) aheankbo aerdtposwo ons

506 and 507 at which the wild-type. s ence CAT was, changed to ACT. 30
Sequence for PHEEESHYE ST ik o%lﬁ@é@ W%?a%t-%%ﬂﬁg%AT TAA AGA AAA

. TAT ACT CTT TGG TGEhd TG aFénEGhn TGARATA eFA- Fuant MGy idd/ S8hél binding

<

PCT/1BI'l1/011077 19 Sequence for the antisense strand of SEQ ID NO: 3 : 5
TAT ATT CAT GNTEHEENARCTIESTAN AR TFA FATITHT CPRCRAANFEETREECBACET The

predict ed nelitin ature (T S s2EQ 54 : i The
PNA Srobes uskgeéd ?%iﬁﬁggéx;f#ﬁ:l e&(s g\%lrﬂgéggn??ésllgzed’, %Elcﬁghﬁ%f :dggqgﬁggg
confirned by amisksapestdosgopyitly Gonimhwed|bindi oy echaohogeesstios.

(R chnond, VA, USA).. PNA probes were first dissolved in 0.1o0 TFA 1Q
(trifluoroacetic a&:ﬁﬂd:)k‘f %l%rﬂ:‘étnt“ieé’(k}‘?ﬁis oft PR RGN Cakde ASY @SR ed t o

1 mg/m by the; additibpRpel ddieCendondl. PN, st %%ksasamgléaﬂ o8 WehenRieRar ed
in ddH20 at a conhcentration of prmol e/ ~t1. Probe .1 was a 15-ner
anti paral | el Whqubobrepsralewiqrist trordire domdet aloplerpfementtdrey fimgea 15

l.eotid t of .t trapd of, the.50- il d-, t t DNA
(SE6%D M- 1yEEoR 1 ER RS anPFo hord potPErons 508 Meobib RRair S50
207 (1996)). déesprebe diathdihe forhew agssfr uidy enbSEQ-éHuiNoe8)a 221

5'-H CAC CAA. AGA TGA TAT-Lys-CONHz-3' The hybridi zation reaction mxture
(80, ul) cont aFFRILARECR oISEER NgERST PRI 84 LOWiNgr gt IFEBNA, 1DCHADFRs 16F PNA

probe, 0.5X T, @%% heQEa\lcé | tar g%pc{l%@@ I r

Pr obes, Eugen‘gjgs@,gg : uttf'es wer eElp aclgg% Into a%e(m%lq a%![ %néiuvette
and were subjszcterht®. 1 OonSeygobhslPCh¥) behdihygi Asealyi saviesr al3cteadnds.
The anperonetrjc assay, consi sted of the nonitoring of current while fhe

vol t@ge was DetPy afpici e XRERFR’ soPTE onS2A t &fper &Rt & pr G AWEE S5t -aced

in each sol ut#@A-kOrNBASUI £ I 4IIRe A hRtvdhedide ffcramee ireidd ¢
assessnent. At 1 volt, a current peak was observed during the first 2

seconds of el®it rilfondat | coRCTheratieRnt tEEPCTREG TShar pryubeet ORhd Ml | owi ng
13 seconds. E%gfééﬂth%o%E%£¥%ggi%ns of probe and target sequences,

intercalator concentration, length of target sequences,
20 length of probe sequences, and ©possible cofactor
requirements to be rapidly determined.

The assay can be conducted in e.g., a solution within
a well, on an impermeable surface or on a biochip.

Moreover, the inventive assay is preferably conducted

25 without providing a signal quenching agent on the target
or on the probe.

Preferred embodiments of the invention specifically
detect triplex hybridization between the probe and the
double-stranded target, thus obviating the need to

30 denature the target. While PNA probes have been known to
form triplexes with certain classes of targets (see, e.g.,
Egholm et al., 365 Nature 566 (1993), and Tomac et al.,
118 J.Am.Chem.Soc. 5544 (1996)), the inventors were



WO (11/S352(. 20 5 10 15 20 25 30 volts gave rise stable over the seconds).
PCT/ 1 B01/ 00077 to currents that remained relatively entire electrification
period (Woo fy/&88d es of experinents were carried out whereptihapeaanouct ance
val ues were observed when no DNA or PNA was present (control), or when

w |l d-type SEQ TD NO: 1, nutant SEQ ID NO:2 or nutant SEQ TD NO: 3 were
reacted with antiparallel PNA Probe No. 13 Figures | A and 1B plot the data
obtai ned for conductance in the individual experinents. Figure | A displays
the results ofutpei sppl itdett onthefy 1Weskecabiléi caei apenidf FHgulte EBgde

application of 5V. Double stranded DNA: PNA hybrid tripl.exes consisti.ng of
perfectly conﬂ%‘f%ﬁy fsc&ﬁrt?éﬁcg@tf"gﬁé If)l%.i/?'_ﬁ-tﬁ?]aggdl\br}ui CHFI &ﬁeﬁg
-maxi mum i nt er galat i opsofia YENG &nayi phdbeg bhe bicakast- sterditdanas el dles
(depicted on the figures as negative current values) throughout the entire

15 seconds ofaddd appl-idcat i @8DNFhe tagiaedls -zed Tpdad sdonfasrahéent gt

.triplex hybridizatjon of fhe.anti el PNA prehe w by m s ched
dsDNR ( SEQ | RSl 52 b3 NG S 1}e0r§f¥1a§uvﬁ“%h %kﬁAe f%tbéy wmﬂ’%%sa‘tg%%eed S?DM?’% SEQ
| D NO: 3 + ProbecdNocalldt g ecagenpethi yréysad@plande 96§ Leweedthan t hat

observed with the perfectly matched dsDNA: PNA tripl ex hybri d,"%SEng NO: 1 +
Probe No. 1) duringu%%%b¥¢r§?r%%%ndf‘%ﬁ V6t adgB appfi CHRTYTRYER g 2959Y

Simtar percefoflesLeases N SONGUC! ARRC DAACEAAPRIIREE | ueaBRLeRI ! Y
triplexes and tr1plekes ‘cortaini ng’ base pair m snatches were obtai ned when
t he conduct ansealvadgsiesaovry thehemyiede ot psetdrds yofcheotgeah oapfbdroes i on

were averaged._In Fig. 1A the %and % by m smat ched dsDNA: PNA hybri ds
resfied in abbr3ges or?dlftf‘tpﬂﬁ?é uBSOPREL FeY e PESY AT 910" ower > +"
respectively, otibaRihoQe8, f e hgrBeebecidy BRkohere dPAWAIRANA hybritbbéll
experinments expressed in Figure | A were carried out at room_ VWO 01/53526

21 PCT/ | BO1/ 09€qTeneaperza vy ( 280) lepgtbhefdeyr e &O nrdnabPefehetd®n t he

b d the_doubl t t t i ' he_ L i ti
Dy YOYO 1 di rPATERER A LRE | dut™ ofl Fondiet ARG detr Bheed. "Hhese e "

rel ati onshi pssmel egt so unichser veura Wwherdileecessper o frenpsokefrgoted t cambove
were repeated and a hi gher voltage (S\é) was apgl ied. During the 5V
appliTation tBekABYRBEFz Ay drAGE coRdePESncRvattied S ot & nB2gehy are

m smat ched ds : h Dl e T+RE QD -hd) he 2
m smat ched ds%gkﬁl%gh?r %ec(afég(gsellgg éI\%’lcl?\% %H&gPﬁgggdll\léo. l%?g\%}elr g)f e

respectivel y 5284 hadt 6790 iguer sérarendes obsethied homanhegpapmect |y hat ched

dsDNA: PNA triplex (SEQ I D NO:3 + Probhe No., 1 Fig. 1B), eripent
expressed in V‘Bﬁﬁiémf CRer Brﬁgﬁsopﬁeg &€ r3é)o%%at(seer*ﬁcgear% ut?%%%@ﬁ%g%en
the experinenjjgy¥pee, repegiedaVith Uie dieppesat giebesCreasedet adxiC and

65C, simlar anperonetric values were observed. At 50C, the apgl, i cati on of
1V f20 15 sec8AlsCto ®hePPEtEeEify nBEEHBRCASDNAYPRA t7i pPERF¢SEeY TOPRO: 1 +

Probe No. 1) Bgﬂgﬂﬁgau@n target sequences therein, which combine to
uniquely identify the nucleotide sequence. The length of
the probe can be selected to match the length of the
target.

25 The invention does not reguire 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

30 quantities and stored.

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



20 average current of -0.25 ,uAnp as conpared to values of 0.15 Amp (a 40%
reduction) and -0.06 /.cAnp (a 76% reduction) for the 1 by m smatched
dsDNA: PNev hi/&sex (SEQ 1D NO: 2 + Probe No. 1) and the 2 bpciissmiogiyed
dsDNA: PNA triplex (SEQ ID NO:3 + Probe No. 1), respectively (Fig. 25 10).
At 65C, simlar observations were noted when 1V of electricity was applied
for 15 seconds. Perfectly matched nucleitdacid hybrids produced an average
current of -0.37 ,uAnp conpared with -0.16 /,cAnp (a 570 reduction) and
-0.01 , UANp (sucd7 celmotlichéng , f bhel imgeaea 12 thynariagrniched Bueligbribdy,
respectively (Fi 10).., The | icatiqgn of 5 volts at high tenperatures
produced anal e didis éjrc}?%)laete tg? 3 perfornmed at 50C gener at ed
.average currents qf dneh b d infbnkd MR &@t@fbarl%ctlﬁrg AYentai@ nodO

01/ 53526 22 PCT/1B01/ 00077 -0.08 mAmp (a 700 reduction), for perfectly

mat ched hybr iafyalenht i baunehdd h‘]b@l #¥obsnd @1%19/0%19rr&ttchfé@1 lﬁ)ﬁil@lrtds

Vol hge of o b PR IR RS 8 aR3 R EUt | Gl L AgTERECHEASYT IR . 6s0
reduction) fof ddigsesandhicecs aspegiiolee givupsndit govddnt Foskhidnof the

foregoi ng experinments, dsDNA was not_ depatured prior to triplex

hybridi zation wit t?ﬁe}fée%i'?ﬁ(i patl ¢ e FNAL Y obRIRRES 1. £28 SPﬁ\eI arPex &S ment s
wer e done at r1ﬁeur saf tepybhe, hy@fd)ﬁi ZddiB X ©3-chadbeen
heated to 656 %{ﬂ%ﬁ IHaalae B 8\/\/ed t% cool . After cool |lng toor oor%

t enper at ure (ét&ﬁ‘)dnarpmqmmr@prﬂeﬁ:# br &ﬂlsécwndbomodmerpar Badt Iayzrrm}il@haed

sampl e (SEQ I.D NO: ﬁ E % g Eroduce aver age, currgﬂt -0.18
, UATY. By conpa r'-:i‘%‘berira al bBE HPteECgse r]rfilg(éf1 rjé:tjﬁt BhyCEnGhas. 6§ uANp
(a 720 reduction doridterdabycai saBtshedsesDhAsPHA br tabexxhubai/éx( SEQ I D
NO: 2 + Probe No. 1) and the 2 by m smatched dsDNA: PNA tr i pl ex hybrld (SEQ
TD NO: 3 + PrdbelNeEx mucleie 2014 espapt el yléb%ﬁiﬁ@areéateatb@@tl ).

Wien the sa S A I o] t 0C, s S e
noted when 1 masm%&%g(eé%(}eﬁgé Ig;?I I gd ?8? 1% séeé(}}log%gs r(Pé?he per Cse%gtu\?&r

mat ched sanplesdSRQ al NOnbn+ fRUehesNentl) ipr aducedbapnaeerafje neuwlednt  of
-0.23 ,uAmp conpared with 25 -0.11 ~CAnp (a 520 reductio and, -0.0 Arrp (a
96%lbeduct i orfCishs ePPed £ 51o%9RE QS byP&Rd PUERT R SHeREhéd a‘?‘Pﬁ‘F’e’éed
respectively i )z \QVE%& QS af, I t 3C or
50C, the averﬁa%glazculr%n@%etpg |ln%\ét he v%?f@eﬂ%e&y %ﬁl&ﬁ%@l‘% é;boﬁybrl d
(SEQ I D 30 NOEdlcr RroobéON@OOE)foltiheemhbyCﬁmsnat ched fliqtescdnds | WheSEQ | D

NO: 2 + Probe : ndthe hed tri Iexhbr SEQ | 3+

Probe No. 1) Ji/\%* éﬁ%]fc) }fa EO(VQr eauc%é 111‘? fan% a%%

(a 530 r@ﬁﬁé&@ 23 PCT/IBOl/ 00077 reducti on), respectl vely at 23C, and
-0.23 rrArrp -0.09 mAnp. (a 61%reduction), and -0.09 mAmp 6lo reductl on),

respéctively at 50@;(@%§%r%%§1gﬁogﬁ?odlments, the 1nterca atlng agent
may exhibit a shift in fluorescent wavelength upon

intercalation and excitation by radiation of an
appropriate wavelength. The exact fluorescent wavelength
may depend on the structure of the nucleic acid that is

25 intercalated, for example, DNA vs. RNA, duplex vs.
triplex, etc.

The excitation wavelength is selected (by routine
experimentation and/or conventional knowledge) to
correspond to this excitation maximum for the fluorophore

30 being wused, and is preferably 200 to 1000 nm.
Intercalating agents are preferably selected to have an
emission wavelength of 200 to 1000 nm. In preferred

embodiments, an argon ion laser is used to irradiate the



Pretreatment of hybridization mxes at 65C (the Tm5 of the 50-nmer dsDNA
sequences) followed by cooling did not significantly affect the difference
i n condugy@ofsssepser ved between perfectly conpl enmentary dePAsiMNdoi | pl exes
and those containing 1 or 2 by m snmatches when neasured directly at 23C or
50C (without preheating at 10 65C) when an antiparallel PNA probe was used.
Clearly, the antiparallel PNA probe in th® presence of the DNA intercal ator
YOYO- 1 was able to formtriplex structures with the dsDNA targets.

Appl i cation dfluowwdlewst swith el Bght i tating sachaesléavgoh 5X¥) aakbawed ctthe
perfectly 15 matched dsDNA: PNA tri pl ex sequences to be distinguished from
t hose contai fi%fy @° RABrEB. b@nﬁirufg‘te?B%FeWt ﬁ@ﬁ?sbPPoFSdgﬁﬁﬁﬁgﬁﬁ oft 6f
~sequences. BExaiple & Rayr€ Zysenmpstrates that the anperonetric assay of
20 the invention can also discrimnate between perfectly matched dsDNA: PNA
triplex hybrids arthe hessayonfachengnivemrion Zdsy e sparfhesedhenerhe PNA
.probe used is .ip a parallel corientation wth respect to the targe

sequgnce. Pr 6’f)lec{1ﬁ\lo‘.’ 2 iad §f15t-er1rné)re]1§l\tn&lrperso’be81ilcenfalséale i ’ZSEE%%uén(I:ggAto
Probe No. 1, dufic.was sgetbeshzegriormatait t hespayal | ekgatirent aliiesateld t he
target DNA, instead of the conventional anti-parallel orientation. Probe

No. 2 had th&qTRIAGE LSt raRdne (SHQ A NIy Up--Gherapsear AGR ARe
CAC Lys- CONFy51376,30 M gRLS S %Bt%ﬁayc Andhd | Abnd 4 e taddpose

described in anpl & 1T wWere carried out with the s erence that Probe
No. 2 was userknpeyd@aces obr Braber Ne . d. , \Wernn Tagdrams apmlied,23% .
average current for a 1 WO, U1/ 352%> 24 PCT/IBOJIIO 1077 b\gl’ m smat ched
d_sDIQJR: PNA tripl ex ?@d?ﬁ%?‘ée +12PP3Bel RoSXETeMely, §eRsd favse uliiGd SYhy

m smat ched dsDINA o VY t £hBl @%3SEQ ZBoh8idt + PO ANO: £ Pdat YW €of the

respectively 25% and 320 | ower at 23C, respectively 30% and 23% | ower at
50C, and 5 rdspeattvel y B8% awbEg30e .| oWey At 63€atstan thisat fdbomessenii t h

the perfectly, match d P r.ipl . SE NO: 1 #+ Pro ) .at
mat chi ng terrple‘{r%rhefle (%Bgédi%é&gi’m%rg?egtﬁ%sl%\%e%etgbtaaéljsﬁa d %/héﬁn's %

(instead of 1dmps applined 4 ofrolbmsecsdsboler ecthicoal cheds ds NACGANA 10
hybrids at 23C, 50C and 65C generated average currents of -0.15 mAnp, -0.24

mAmd-5and - 0. IGPHYRANS r ST | ¢8I yERRFGrObes . AfhcbApEETtel R0t EHentldr v
triplexes wt i d a . t ug

cur rpent st hatfh\/\%aem@%ﬂ éggtp?}b&aél]l n%ﬁ;b)?&éﬁ%ﬁg%%%?egﬁ%- %ﬁggﬁ}{r%%g?%rl%
respectivel y san23C veldhdess o RdymArggaial A6G leessantlrat3 anAmd) 5

respectively at 50Q and unchanged (-0, 17mA and 18% | ess (-0.14 np) ,
Feapect i vel y it Gafl, M TRLAGH & SPIRPIRE TR &bt P mat Gifod Hybr o
sanpl es (Fi g.x 2Bp:1°2@1 The gr@sidlitn@nitls! ust r ahed iinvdritdibesazd ahs2B ive

indi cated that when the parallel PNA Probe No. 2 was used, the differences
in &nducti vieRPEP af AclBEPHeBROPEET 8Et Py CRRCEREF2FIONAENA % i%dl etbs and

those cont al NiAged- b1 07a DYJHABLAEDRSE oS fodeaBRLLCs! Rafy bh3f,
achi eved V\At%é%f%lh%yagt? pa%acﬁHe NA Pr obe Ng 1 ?Fi g. 1). However,
experinments invol viogdpatalriel RragsiiNmert andanhed appl ngat slon sefmb\ésaf t er
t he sanpl es have, been heated to 65C and i di at el | | oned to caol
di scl osed angé?w r?%hjrﬂe%E F eferft3° i%@%ﬁr&ﬁerﬁ;ﬁ% @rﬂfﬁﬁcé’d‘l% of
signal i ng di f{ grencesnbeiwesnparifieGld y n@é@f‘@@'sﬂﬁ%’%h@%ah@l@ e@sumnd the
1 by or 2 by msiatched dsDNA:PNA triplexes (Fig. 2C). The perfectly
mat &¥ed hybr iwisul SRR IO NCGLe fuFe obl NER Buatinr Bngu s milf cieePsyand ds
(SEQ target.
It should go without saying that the foregoing values
are not intended to suggest that the method cannot detect
higher concentrations.
30 A wide range of intercalator concentrations are
tolerated at each concentration of probe and target

tested. For example, when 5 X 107° M probe and 5 X 107*°

M target are hybridized, the optimal concentration of the



m smat ched hybrids (SEQ ID No:3 + Probe No. 2) yielded average conductance
val ues oiyg fysb2¢gmMnps, -0.08 mAnps and -0. 06 mAnps, respepergldoaty 23C,
-0.17 mAnps, -0.09 mAnps and -0.07 5 mAnps, respectively at 50C, and -0. 23
mAnps, -0.13 mAnps and -0.08 mAnps, respectively at 65C. This translated to
reductions in conductivity of 580 and 68 at 23C, 47% and 59% at 50C, and
43 o and 65% at 65C for the 1 by and 2 by m snat ched sanpl es, respectively,
when conpar ednt@ rded. at®@ v Qs lactsirgest fyon S pet flest2 y5 colipl eAdengaby

sanples (Fig. 2C) _ .Jherefore, bath antiparallel and parallel PNA probes in
the anper omett | @ assay “ArES &Tof O;Ei gjé)rtl%}n Hﬁ?gﬁg %é‘irivé@ﬁgﬁé:r'f e E‘Fy

. conpl enent ar y, AR Kaehs 1aB8ndant P ABheL £hye COSPI B HMILS d9PNAME ar get s
containing 1 by or 2 by nutations. Exanple 3 Probe No. 3 was a 15-nmer ssDNA

probe identical i fhseqseace igngubficaeatiivnsessthévestpediantingaighl el PNA

.20 Probe No. 1 ( | D _NQ: 8).._ Pr.ohe Na. had the fol | ow ng-structure:
5"~ CAC CAR AGRTERMAPT THE BRI driSP O T arBrorer 1 T2 hegay "ins

further inveslasgaiped yiceacidheg psbha-PaehetNoomplekt hahbBepb@farab2$
wi | d-type and nutant dsDNA target sequences in the absence of prior
denat ur ati on® THE aB88¢ PBAdI tHGHS i EPRE e r oot t Rerpdeseri By An

Exanpl e 1. E@mc‘eedbgget-gsi%i%gﬁa%at ro\ﬁgtceér%gé%ﬁh@%”iekexes

were formed between 30C and 65C. Upon 1 volt 30 treatinent, the perfectly
mat ched DNA toouplsex, tbenssseyngs cfuSEQildntNG. EensBritdbe No. d3stynghded t he

h ot conductii val s R0 Lo enly LnEOnRl S chs
PCT/ | BO1/ 0004hove mismatched complexes.
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
15 Manual,” Vol. 2 (1989). For example, the liquid medium
can comprise nucleotides, water, buffers and standard salt
concentrations.
Hybridization between complementary bases occurs
under a wide variety of conditions having variations in
20 temperature, salt concentration, electrostatic strength,
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
25 about 1 minute to about 5 minutes. Longer reaction times
are not required, but incubation for several hours will
not adversely affect the hybridization complexes.
It is possible (although unnecessary, particularly
for embodiments containing an intercalating agent) to
30 facilitate hybridization in solution by using certain
reagents. Preferred examples of these reagents include
single stranded binding proteins such as Rec A protein, T4

gene 32 protein, E. coli single stranded binding protein,



26 1 by msmatch (SEQ ID NO: 2 + Probe No. 3), and a consecutive 2 by

m smatch (SEQ ID NO:3 + Probe No. 3), resulted in average conductance

val ues t wad omessss 140 and 640 | ower at 23C, 30% and 700 | orer/iBi1/®0C, and
25% and 5 720 | ower at 65C, respectively, than that observed with the
perfectly conpl enentary sequences at matching tenperatures (Fig. 3A). The
application of a higher voltage (5V) to these sanples resulted in greater
anperonetric differences observed between perfectly 10 matched and

m smat ched sawgloas, orhanindmt wistlgitedagidl\greeire | AMHing aprpéeédns,
tenperatures.. After .a.5V treatnent for. 15 seconds. th v rrents for
the 1 by ni siat gﬁwnﬁriﬁ?é%vg%ang h%oasbsf ln?r]lsorgeﬁr%:ﬁgléia bﬁl&g? ?’la(pi)lfig%% re
.540 and 780 |somftardRspechicte! waat «23G4i168a ardmid¥, 15 akevwabmyicdspect,i vel y
at 50C, and 33% and 610 | ower, respectively at 65C than that observed with
the perfect| Pspardirst BS (309 EXCH - nef ePl nfREehpeRrEENFeSSEBRRESIBRY | n
~sim lLar electpigit ri 1 di IO +2Q,4d X ted to
35C Snd ver o PAer S AL o o e Aoy Al oved
to cool to S5@der 23@@qmadr ¢l bpplicar eaxofedal wrhityh Peddetraeateent for

15 seconds to the perfectly patched DNA triplex sequences (SEQ. D NQ: 1 +
Probe No. 3) prod Jtrl’iée%tfJg‘ﬁ%s?s?%YCSﬁﬁ‘uéeaﬁbseecgg‘f%taseag'23(‘3,‘1‘35‘(’5& dnd 65C

(Fig. 3A). ThedhAtdidl exesoeant & nifdd sedl BMcTtsraieh dSRQRAN: 25t
Probe No. 3) or a 2 by msimatch (SEQ ID NO:3 + Probe No. 3) were |ess
conduct i ve byleXkrymme 63de r aspberi velfy mispldcrheg Igsandsiey, in a
respectively.at 50C, and by 1.2 o and 1060, re ively at 65C (Fig.
3A) Q%Si m | ar Ihgytbw Reres ?)f’eaa?g)o%aﬁn%%c%%rg%ﬁ%%' pre- heat ed sanpl es,
the average conduciraneapst iemtdor wharel by Alhwreisehkedt DNAtlonigiltgxed sand
the 2 by m smatched DNA triplexes were WO 11 /53521r 27

PCT/ | Bl | 1/ Of Belrrtadi YE6ddh 2494 arae 198349 rasgreet iSRSt R 3EC IR S£5% and

ad4% respectiuehy 2hcr0leiARd dhnalGy apd: 2020, LeEReehl valy gxé?géc,an;&ﬁen

conpared to the average conductance val ues geherated by the ect |
mat ched DNA ZFanggi exemn (&nigod BBent Thehebsenv il iioneshantt hetansiigar dld el

PNA probe (Fig. 1) and ssDNA probe (Fig. .3) .behaved in.a sim., ar fashion in
t he Y&nper omt%t@%tﬁgﬁs%&WéHW&ﬁl%aﬁgtﬂﬁ&%\éH@rﬁp Or?ee'n&&%ﬁn@l}é’i d

entity used gedheduOhes Washdelg e malitde uhidda ddP Wedaden TR pregRNCe Of
YOYO- 1 all omed the dsDNA targets and the ssDNA probe to forma triple helix

conf or mat i on agwbablaerastt geneRadargldiss eradnt whledkdey cdlhec h&lgey APEIRII ng
on the | evel .of C n it r.ge nd. .t obe
"n 15 sol uti i ot R P e S et AR PR S o i get
i ncreased, ththd ewelasafresentucbdncehdecsebseizatpiavi rgf t HE woeldsadgiridet,y of

t he anperonetric, _assay when a natural DNA probe s used in the absence of

pri @0 denat urthiidie DHBEFPPRE 2P HECRY BT b8tPi ¢ assays illustrated in

Exanples 1 to 3, tfig, ONRddHR$3)iat0he YOV Cudtvaseaddgdnd e tdar 01 WhitaD
contai ning the hybridization m xes. Intercalation by YOYO 1l facilitated the

formati on of neferdnasDNA: PNKe t Epplewésgarkkaiggs ssbNA tit pbgudd Hee
possibility of utilizi an_intercal at o . COV. Ya t r.e 0 a
ssDNA pr obe |W$§fé3ta%c2r Y r e%%eai/er\a{asl%%%%?rgdla% ﬁp%adrﬁﬁ%e&g.toicﬁﬁ di ne

is an al ternatinve-stsDONfetr@tercal ator, that 30 al so possesses the ability to

intercalate into triplex
25 EXAMPLES

Example 1
Sense and antisense 50-mer ssDNA target sequences,
derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were synthesized on a DNA
30 synthesizer (Expedite 8909, PerSeptive Biosystems) and
purified by HPLC. Equimolar amounts of complementary
oligonucleotides were denatured at 95°C for 10 min and

allowed to anneal gradually as the temperature cooled to



nucl eic acid structures, thereby stabilizing the triple helix formation.
See, e.g., Kukreti et al., "Extension of the range of DNA seguences

avai | abl evé or/s3s8é pl e helix WO 01/ S352( 28 PCT/ | BO1/ 0007 Bcirasaainion:
stabilization of msmatched triplexes by acridine-containing

ol i gonucl eotides.” 25 Nucleic Acids Research 4264-4270 (1997). A ssDNA
probe containing an acridine nolecule (Ad&n Research, Sterling, VA USA) 5
covalently attached at the 3' end was synthesized on a DNA synt hesi zer
(Expedite 89(M,°CPerCSa31i Ve Bi dopgtsens) Qodoger i fSit@@nlsﬂyed—lPID@A Pricis®NRa. 4

was a 15-ner robetljcfgentl cal_in zg uenlglee nd orie Cicgﬁl ©on ta t he
15- mer Probe UE) THhus G0 i F¢al®Tn s]erbuen 2and 5"r| entati on
to the 15 nerccg{ttérp@f@icgh cﬁj\lﬁgl}srwpeml 1 (SEQ ID NO:8)) but with the

addition of an acridine noiety at the 3 position. The probe had the
fol | owi ng st ruct urseaBnCAC TARNARGAETER FATaRdr¢Hitee rilds tyme target

Carost deona Pt oS Mt B BN O o, s ae ChanirBs Here T C
pl aced into &z mumUartes cumettermd UEX € Bl em;.ed ADASVIRES !

electrification for 11 seconds aé 23C. The current and_20 teg;pgr ature were
moni tored as descriBBERTE ExGhpFac1 20Ad SR STF 3y, ©%, tPRe ddBONAYBobe

No_ 4 was ablea, e hyhed cf gy Wi Ivd by G mappenfiect Iopamaicafied sPNAbar get

(SEQ ID NO 1) as a result the stable intercalation of the covalently
tet hered acri@ite GMetAGAgéHé%atTMQ anirR5 GVEr dgEA cuteent TGE - OAS3' mAnp.

CSE00ID ND: 2+ ProBEE MFSd b 419 b i S (e | DNt SR B, )

produced averggeyEury eig se¢ hadc wer e 520 and 66% | ovver respectively, than
t hat achi eved by the 30 perfectly matched DNA tripl ex, when normalized
agai nst the contrdEQ DB Howas @i ?honeT tirfrnt NP( Maggeh) semwerereor e,

e s oS PRENER L% sy Sl s pRAU T 25 R Spledt cox
a one base pair mutation (underlined) at amino acid
15 position 507 at which the wild-type sequence CAT was
changed to CGT.
Sequence for the sense strand of SEQ ID NO:2: 5'-TGG
CAC CAT TAA AGA AAA TAT C@T CTT TGG TGT TTC CTA
TGA TGA ATA TA-3'.
20 Sequence for the antisense strand of SEQ ID NO:2: 5'-
TAT ATT CAT CAT AGG AAA CAC CAA AGA (CGA TAT TIT
CTT TAA TGG TGC CA-3',
The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:2) is 66.0°C.
25 SEQ ID NO:3 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for
a congecutive two base pair mutation (underlined) at amino
acid positions 506 and 507 at which the wild-type sequence
CAT was changed to ACT.
30 Sequence for the sense strand of SEQ ID NO:3: 5'-TGG
CAC CAT TAA AGA AAA TAT ACT CTT TGG TGT TTC CTA
TGA TGA ATA TA-3'.



triple DNA helices that generated different electrical currents depending
on the level of sequence conplenentarity between the target and the probe
in the ampeopssetd i ¢ assay. 5 Exanple 5 Sense and anti senseciABmanoms DNA
target sequences, derived fromexon 10 of the human cystic fibrosis gene,
wer e synt hesized, purified and anneal ed as described in Exanple 1. DsDNA
ol i gonucl eoti des were dissolved in ddH20190 at a concentration of 1
prole/,ul. SEQ ID NO:4 was a 15-nmer dsDNA target sequence derived from SEQ
ID NO: 1, desi gned S&Hmmrﬁmrettéﬂeyaabﬁrpﬁeﬁensargndoopr%ﬂi)@ Np NOE: 3 Séquence

for the sens r pe Q ATA
TCA TCT TTG %@39‘ ﬁcgﬁf A{Eﬁ %%ﬁ? ‘Z]%% @Aﬁﬁg gﬁéh@ﬁ F?Ee
.target DNA (SH@ | aﬂzi‘jo 41)(;@.5TC§Z7AC@M3AGA TGA TAT-3'. The predicted nelting
tenperature (T~") of dsDNA (SEQ ID NO:4) is 40.0C 20 SEQID NO: 5 was a
15-mer nutant dsDi#Re @xpdl %@ﬁléﬁﬁ:@i%rﬁqwr%@wmrﬂ ypé C&P§ét (BRR (SEQ
4) exc r3 @ pair rmutation (underlined), at which the
seql’:gnce TTT%\%asl\fdghBange%e?%afl'&cr Sequence for the sense strand of the
mut ant target 25 Oitfe (P$Etherl§@; nsed bh -ATA ERGAPIETS Az‘E@eGE@rﬁhesSeqdence

for the antlsense stra 0 mut ant target DNA (SEQ I D NO: 5 5' - CAC CAT
AGA TGA TAT- 3PLG0 Piye ?Fﬁ‘@e?erﬁ%ré‘ﬁé% %ﬂﬁ sd%ﬁ‘m PEEQ 1D
NO: 5) is 40. Kommbzhd D AW ﬁlwélécﬁné@o és”UtI?a'&t dsVhgH @et vacaeenge

identical to wld-type target DNA ( D NO: 4) except for WD 01/5352G 30

PCT/ 1 BO1 / O0OCNA a qurmsest i weneno lfasxstpal dimscdtviesh (umder 106.A&d) , T&R whi ch
the ?qrgpggt@%ﬁﬂﬁfs chqggﬁg: Jgﬁcgp A uencgﬁﬁg%?%ﬁgﬁéf se/ptrand of the
then diluted to 1 mg/ml by the addition of ddH,0. Final
PNA stock solutions were prepared in ddH,0 at a
concentration of 1 pmole/ul.

Probe No. 1 was a 1l5-mer antiparallel PNA probe

15 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:8):

20 5'-H-CAC CAA AGA TGA TAT-Lys-CONH,-3'

The hybridization reaction mixture (80ul) contained
the following: 2 pmoles of target dsDNA, 2 pmoles of PNA
probe, 0.5X TBE and 250 nM of the DNA intercalator YOYO-1
(Molecular Probes, Eugene, OR, USA). Samples were placed

25 into a 3 mm quartz cuvette and were subjected to 1 or 5
volts DC (V) electrification for 15 seconds. The
amperometric assay consisted of the monitoring of current
while the voltage was being applied to the solution. A
temperature probe was placed in each solution to measure

30 temperature at the time of amperometric assessment. At 1
volt, a current peak was observed during the first 2
seconds of electrification. The current declined sharply

over the following 13 geconds. Experiments applying 5



Sequence for the antisense strand of the nutant target DNA (SEQ I D NO: 6):
5' - CAC CAA AGC CGA TAT-3'. The predicted nelting tenperature (Tm of dsDNA
(SEQ 10 M IPs8) 1S 44.0C. SEQ ID NO: 7 was a 15-ner nut anpcggBiNaobar get
sequence identical to wild-type target DNA (SEQ I D NO: 4) except for a
separated three base pair nutation (underlined), wherein three 1 by

mut ati ons were separated by 3 base pairs2kach. 15 The sequences ATC, TCT
and TGG were changed to ACC, TAT and TAG respectively. Sequence for the
sense strandwflitshegameantisar get DNArESEQ | Thad: HemeBneaATAreCAtIAELIPTA
GIG 3'. Sequence .for the antjsense strand .of the nutant 20 target ( SEQ
ID NO: 7): 5 SCREMAA QTN TGEPATERE T Phe St Tt ot Het 9 ngpFéﬁggrat& e (Tm
~of dsDNA (SEQdd2k)7) is 38.0C. The hybridization reaction mxture (80 ~1)
contained the follow ng: 2 pnoles of target dSDNA, 2 pnoles of 25 parallel
PNA Probe No. 2, G 5seTBESanfl 2BRSHNMERCEh&PIRA Gaiieedl aubr weye- theThe
.reaction m xture I d 9 - ) o]

dena%ur ati on,ég;lnndgl#\%er%énan‘?%?‘g%%eg%? gg&regﬁ{fa |a| nge%a;ﬂed;%@n%?egh%\‘ewg SpI aced
into a quart pxapeit e(cdrtasl B edr wilhdn ani bd goppeosEDager NBQ 1heamthavi ng a
wavel ength of 488 nm and nonitored for fluorescent em ssion at 65C,

Concurrent t &fRer aPur¥C aSir eehtRt weEe athi e byexesofeaelred c¥ittiol | ed
t enper at ur e %&%@ﬂ@f dbgRChlYpd Q9. eAChr$aIPLS. 1AN8na M@ LiLh32431

PCT/ 1 BO1/ 00077 maxi mum fl uorescent intensity occurred at a wavel ength of
536 nm indi citliave obtiantnedcal &1 on condvO¥ertd n the RNfe DNAnkhivdidgsel As a

secqnd assay, following the initial |aser irradiation of ch s le, the
samg%sanpl es_%@?ee“é“%%%f ECt?Eéchlf%e 1\;‘L‘BDCd(r:;1|S NS | % 9 oﬁefsdjrelatf s %g_ﬁ&gl.e
During the figisdlisegonsh oforel ast reflkeatienchiecsanphes vegers r ragli ated a
second time with the argon ion Laser and nonitored for fluorescent em ssion

at 65C. Fl uorapwlditatigensPfi e§Vwer ®opida eds @2 deUncPNBAPYR whydrdsgt h

for 10 each . I . , ' ISt f I

conpi ement ar v SRR T TR0 4 HE o s iy siertee

i ntercal ati on(sHQ QY@ 1 yi etxbbyg Nche 1hi ghdstveld vaxdsoenti ntetrerdiatiies (Fi g.
5A). The 15 fluorescent intensities for a 1 By m smat ched ssDNA: PNA hybrid

(SE®SI D NO: 5 Of PrHB¥EOnh: 2YleldiBdasekbhiei vBLaPEFthi SRROUREFTSEDNAPNRShybr i d

(SEQ I D NO: 6 E’c)iéol%ﬂp@ecﬁ\b-or?) th@Ndf S Sanar aledndghy i fk SralLhsg: ssANAGA
hybrid (SEQ T 7 + Probe No. 2)"were all |ower than that observed with
20 the perfecthyoumliohedths DAL PRA hjbsedonfs6sE (VM gprrs imad icat.a e

Show) £ {IEoERLeE Ayl TRLEL, REVET NS SIS0, IR BN o
|l evel of fluasesgentardiensilileldenzepsebe Pty Har ke onintnd wiied S GDN2S
fluorescence were observed when no DNA or PNA was present (YOQYO 1 al one)
(Fi 0 5A). (SEQ ID NO:2 + Probe No. 1) and with the 2 bp mismatched
dsDNA (SEQ ID NO:3 + Probe No. 1) were respectively 79%
and 96% lower than that observed with the perfectly
matched dsDNA:PNA triplex hybrid (SEQ ID NO:1 + Probe No.
1) during the first second of voltage application (Fig.
25 1A). Similar percent decreases in conductance between
perfectly complementary triplexes and triplexes containing
base pair mismatches were obtained when the conductance
values over the entire 15 seconds of voltage application
were averaged. In Fig. 1A the 1 bp and 2 bp mismatched
30 dsDNA:PNA hybrids resulted in average conductance values
that were 65% and 91% lower, respectively, than those for

the perfectly matched dsDNA:PNA hybrid. All experiments

expressed in Figure 1A were carried out at room



When the perfectly matched ssDNA: PNA hybrids were subjected to 1V of
electricity for 4 seconds at 65C, the fluorescent intensity renai ned

rel ati velwpo ¢ofxsi@nt, 30 decreasing by only 20 (Fig. 5A). pargenidast .
application of 1V to the inconpletely conpl enentary dupl exes containing a 1
by msmatch (Fig. 5B), a 2 by msmatch (Fig. 5C) and a 3 by m smatch (data
not shown) produced WD 01/S3521 32 PCT21B01/00077 fluorescent intensities
that were 180, 390 and 71% | ower, respectively, than that achieved with the
sane sanpl es tempadiadtuate i (23t°H8 .ab3encke addegteectal ciitgnatirle damerternithie | ow

| evel s of electricit uch as .1V) further dimnished 5 the stability of
the ssDNA: PNRYRRSY iaﬂé1 gtcs?r‘?t giioh‘i%&& By £ CREGE AL T ENFE e 16T 188G dence
_conpl enent aridsy petaeen1hheoRr ehe wivb 1heqi @i Aekhdgcrersathe t Devbevelr of
fluorescent intensity dimnished dramatically in the presence of

el ectricity, qgrelictianre Beghiepsedl.i abfaesed 1o0latéonghépsecoick agssp to
.differentiate rfec che e t hose .containing 1
bp, by or 3 b%;e/e%%eted;t ?’glﬁé &%np%%%‘e%;bggglzfﬁé :éonpgss%]%loYen &gﬁpl e 5
was per f or red-ebdzaafd®ranenat igheen vofl thiye dENA wag gepplegaencesrdnd

measured ssDNA: PNA hybrid forpation at a tepperature above the nelting
poi nt (Tm oftReheSUsHPPEFYetQ . tBeanPPEmBl el RVRDIFRIS aronchetance

reliability fd4 uor enty b Nt eHs) S R, b R presence
of applied 28;ae]1t%(%t I‘éldCl-LI tfﬁ%o d?é%r%ﬁ%%%?%ébgigﬁgh ggr ?gg‘? %n%t 2%@8 alﬁ)?i base
pai r m smat chNgs: 2um + h@uiobieheNa eqli) r ement tier 2pihipormilenat dhatli disDNEh@NA

hybri di zati on r,eaicti on. mxture (80 ,ul) contained the follow.,ng: 4 pnoles
of t8rget dsDNMAP @’bn&ss% I N5 3t FFAR MO PRAYEEShE P eE VG 1aX SPBE and

250 nM of they{dNE7isnt eivedl ahah YRYEO dpsSandh oMl RIAFREHIN fad clidal t Z
cuvette, irradiated wwth an argon ion | aser beam having a wavel ength of 488

nm for 80 nesatslifd B tokelex of SEQ ubP @ eht + eRfebRoNoat 123CFigond&r-ent
t enperature t hi eved b f re- rol_le
tomper at ur o A AR SR P B R R Poses cent
intensity ocadnpedradure wnEi@ngth of 536 nm indicative of intercalation
of YOYO-1 in the WD 01/53526 33 PCT/1B111/ 00077 PNA: DNA hybrids. As a
secéfd assay, fol "B¥ithg FRE | PESHINEEST | VPEBI afiSRP0eachi Sanplt&e the
sane sanpl es were SUhiRCt ed 02U DC ehectyydd caphan fosod secqnds.ay
| medi ately after 3 seconds of electrification the sanples

amperometric values were observed. At 50°C, the

application of 1V for 15 seconds to the perfectly matched
dsDNA:PNA triplex (SEQ ID NO:1 + Probe No. 1) produced an
20 average current of -0.25 uAmp as compared to values of -
0.15 upAmp (a 40% reduction) and -0.06 uBmp (a 76%
reduction) for the 1 bp mismatched dsDNA:PNA triplex (SEQ
ID NO:2 + Probe No. 1) and the 2 bp mismatched dsDNA:PNA
triplex (SEQ ID NO:3 + Probe No. 1), respectively (Fig.
25 1C). At 65°C, similar observations were noted when 1V of
electricity was applied for 15 seconds. Perfectly matched
nucleic acid hybrids produced an average current of -0.37
UAmp compared with -0.16 puAmp (a 57% reduction) and -0.01
ubmp (a 97% reduction) for 1 bp and 2 bp mismatched
30 hybrids, respectively (Fig. 1C). The application of 5
volts at high temperatures produced analogous results.
While experiments performed at 50°C generated average

currents of -0.27 mAmp, -0.13 mAmp (a 52% reduction), and



5 were irradiated a second tinme with the argon ion |aser for 80 nsec and
nmonitored for fluorescent em ssion at 23C. Fluorescent intensities were

pl otted &g au/dnction of wavel ength for each sanpl e anal ypedapfnbenced by
the intercalator YOYO- |, dsDNA:PNA 10 triplexes were fornmed at 23C. The

hi ghest fluorescent intensity was achi eved when the w |l d-type 50-nmer dsDNA
target sequence (SEQ ID NO:1) was hybrideZed with the 15ner anti parall el
PNA Probe No. 1 (Fig. 6). By conparison, the fluorescent intensities for a
1 by mismatched 06 debidA: RRA 70%pl exdSEQ@mD NERr + tRrdlectNy.  tptabheda

ti nj smat ched dsDNA: PNA tri pl, SEQ. | 3.+ P No. 1
\(I:vce)pzeggol \;ﬁd%%ul Sn?,lcﬂ%%pﬁ?i‘%izg?dt h“&lﬁprt%’( of)lggr ?e?@m’ {1 = (rg%g‘%rdf ect | 2/
-mat ched dsDNAwRNA dd | plessmdcZB3fe ) 0.ex9er R8Nt 10 JdWE imddNA awas gpresent

in the 20 reaction mxture containing YOYO-1, only background |evels of
f | uor escence LeFEl it et vedveThgedichracdic 3 lnes uof esCedl MATERsi0i-d¢

‘obtagned by theperf ectly, campl egrnt agxyt [hplgxasand.t hase Lantainno 1 by

or 2°by m sma s were significantly greater t 25 that achieveée et ween
perfectly natftdiedskiptexestiande i negppteietygeonpkeneatar yDiupl éxes aldonpar e
Figs. 5 and 6). Cearly the fluorescent intensi tﬁ{%assay of triplex

formation pos¥esSBg eifPERReNUi SEPRATAAISPY «FPIRy PG deplcOPasE s r
m smat ches. 30 My e@e/eérilglyg]ieeﬁ%sw& desehi ik pAt LR Bekweenwhlat yRe and

nmut at ed sequénces was pos th the secondary application of
electricity. Px&@/ Noeatnent for 3 seconds to the perfectly matched

dsDNA: PNA tri pl exg,%s. roduced a, WO (NI 1 /53526 34 PCT/I%Ol/ 001177

f1 udfescent inten 3[‘61 e IR BSHFRMSY Si 48RET TaI VA YA HRRTAET Iy t he

sane sanpl e nptrspbjlectioght i piecidn Giided il BHen HdamRMEroo appld eaid on of
20V far 3 seconds to the inconpletely conplenentary triplexes containing a
1 by 5 ni smatistmetibely byadeved cHEdr stfded AffGes @@l ind ertst t iTOPT hat

were 230 and r ectiv at takn i t
sanples irr aag%[?%éolo%(\ﬁﬁlf%engsg%ée%ﬁpl@?{e@rﬁgi tfy&t()F?l:d. P%)d.%&l#e gggv%qlrge
treat ment of mdefddtTyt madichadot safpeet (SHQ stbbiNa:tly ef Rdubependectl)y 10

conpl enentary triplexes, but weakened the stability of the dsDNA: PNA
tripPexes coRERMIRA RIS A VR399 SheitHe LTt~ & 1% vEIMRte Foh FEMP 3G SOk

degree of sequences COFPLENBBL pRibY (Rek¥BeRblELREANE sdkd N st anget - (a

Therefore, the application of electricity to the fluorescent intensity 15
assay provi detRanredent hone Abghtier él babié sagsaerdo dSiDAR :FYB St ipdtareen

il d-t t tai ni 1b tati i & t
b o7 Hnat arRETor of KRGUOATES VAFPESUNE i bl o oriRas ‘Bed SHESRAE | n

detail and 2Q3ywiA: ek ef £N6E=t tvaped figEexampbes therebé, Not Wi | lwdie
apparent to one skilled in the art that various changes and nodifications
can29e made tFRFREACIVEHEUPPHRPERE | PET PG REPYPRY i t YHIRP dd¥p & RerSsof .

WO (11/53; 26&&%3@ed from 65°C to 50°C, similar observations were
noted when 1V was subsequently applied for 15 seconds.

The perfectly matched sample (SEQ ID NO:1 + Probe No. 1)
produced an average current of -0.23 pAmp compared with

25 -0.11 wdmp (a 52% reduction) and -0.01 uAmp (a 96%
reduction) observed for the 1 bp and 2 bp mismatched

samples, respectively (data not shown). When 5V was

applied after cooling to 23°C oxr 50°C, the average current
generated in the perfectly matched triplex hybrid (SEQ ID

30 NO:1 + Probe No. 1), the 1 bp mismatched triplex hybrid
(SEQ ID NO:2 + Probe No. 1), and the 2 bp mismatched

triplex hybrid (SEQ ID NO:3 + Probe No. 1) were: -0.15

mAmp, -0.09 mAmp (a 40% reduction), and -0.07 mAmp (a 53%



PCT/ 1 B01/ 00077 . 1. A method for assaying sequence-specific hybridization,
said nethod conprising: providing a target conprising at |east one nucleic
5 aci d seqpiensse provi ding a probe conprising a nucl ei c aeca/iBe1/motd ei c
aci d anal og sequence; adding said probe and said target to a hybridization
mediumto provide a test sanple; 10 appléing a first stimulus to said test
sanple to provide a first stinulated tes#3sanple; detecting a first signa
fromsaid first stinulated test sanple, wherein said first signal is
correl at ed windducthion ngraspeariyebet ade? 3’4 .d A5 pr ®be3 amdupai d Ot-&Cget ;

calibrating sajd fjrst signal ai\nst I si gnal. .exhibi y a

ref erence sar?%i c{)arrpérli%ixged?ua(ft edst aélgie fo‘;.fdéfgrnﬁgné) p(%o%é} °c)ogr%€’| r?tézgq’vr\lﬁt’h sai d
.target, whereidsped @ivaBy ta: S OC 203404 gedt eBskmpf said probe and said at
| east one reference probe is a different menber selected fromthe group
consisting of a peffeleredenent af oR¥bpadézAt iRt BHXCE Alo-uide hilGmatch, a

-threg-base m smaheh.s A QNeRRRR ng%'hees)afépﬁg%éd, ec&?ifﬁg% A A0t

t hree- base del'etion; determ ning omsalid calibrating a firs
det er mi nat i oreicfnafi exhehy obffetchi mdebetdetfesenck pr obhe amhdsaitdnicar get ;

applying a second stinulus to said first_stimulated 30 test sanple
provi de a secdmRFEY$ul dstyassst BERpFECLY VK??ﬂQ%ﬁﬂﬁﬂ¥?ﬁ§’PC%F&@%TF%%b??

detecting a secofthegdgnahaf Eﬁ&éakgnﬁﬁﬁﬁﬂﬁgsﬁi Bwl at %g;f e shmatamelse whaher ei n
a

sai d second signal is correlated with said bindin inity between said

probe and saintkasuped;dbrdetey nihi Ag°E€rom §8°E detéboutg paeheaitd nge@dnd
signgl a second, determ nation. of sai X t_of chi et i.d probe
and sai d tard%g;gﬁﬁgh%%n%%r?ﬁﬁlggF i???s%E e 5P%gﬁgﬁlo%%§%h 2§ﬁ%ﬁ§e dnd
determ nati onchd Oadtipheaneiehode N phaben Ln ftihé hetegetipel sohgtHaamna yi ng
said binding affinity. 3. The nmethod of claim]l, wherein said nethod is a
honpgeneous a§%%%r%®ﬁﬂﬁ%¥egoﬁprHo&@spﬁhﬁec%ﬂafﬂ?@tF5ﬁpéﬁxsﬁﬁfqﬁ%%ﬁ9$

with the dsDNA targets. Application of low levels of
electricity (such as 1V oxr 5V) allowed the perfectly
15 matched dsDNA:PNA triplex sequences to be distinguished
from those containing 1 bp or 2 bp mutations, without
prior denaturation of sequences.
Example 2
Figure 2 demonstrates that the amperometric assay of
20 the invention can also discriminate between perfectly
matched dsDNA:PNA triplex hybrids and those containing 1
bp or 2 bp mismatches when the PNA probe used is in a
parallel orientation with respect to the target DNA
sequence. Probe No. 2 was a 15-mer PNA probe identical in
25 sequence to Probé No. 1, but was synthesized to match the
parallel orientation of the target DNA, instead of the
conventional anti-parallel orientation. Probe No. 2 had
the following structure (SEQ ID NO:9):
5'-H-TAT AGT AGA AAC CAC-Lys-CONH,-3'
30 Experiments with assay conditions identical to those
described in Example 1 were carried out with the sole
difference that Probe No. 2 was used in place of Probe No.

1. When 1 volt was applied, the average current for a 1



15 4. The nmethod of claim1l, wherein said nethod is a honbgeneous assay
conducted without PCR anplification of said target. 5. The nethod of claim
1, wherewonosBssszh t est sanple further conprises an intercakPariiByg/®Mgent, said
target is 20 dsDNA and said probe hybridizes specifically with said target
to forma triplex. 6. The nethod of claim1, wherein said probe is ssDNA or
RNA. 7. The method of claim 1, wherein s&td probe has a 25 partially
charged backbone. 8. The nethod of claim]1, mhereln sai d probe has an

unchar ged bam@n@m@cm@ GRRWOPYA eriphes, (Sher EPnNQaRd+pPsBEecRpri ses
a SSPNA sequ d Lof a SSPNA
pr epar ed bg tlparal ggﬁFﬁgépg. Eyfﬁ% &%%M%E ?bﬂy%lﬁﬁ%pEwggggﬁh sai d

.probe and sai (tEtczarIgJelNoaeemPrbHenmbcai ) ) eﬁtgtrél respi Hilvei3b 26 $PETA BOE/ 00077
37 12. The nmethod of claim1l, wherein_said proge is 6 to 30 nucleo%égfs
long. 13. TherdthGd 6 °QraFREPSCESNEEt 88%1 ARG 2BF LhTWH Vit 7 or
‘on ag i nper gec%w ace. 2% Kha B meiad f celoal nhn ¢oREUELEd R
bIOChIp 15. thod 'of claim1, further conprising varying a condition
of said fir stw:slih mh@mrftmlysmcrhqﬁ iIdeDNAx RGN d:Iaimdleﬁ NPES ISailN@ :decond
stimulus, wher said v yiq? is sufficient tOESI E cant affect 10

i nperfectly co% Qa‘rf/ghfb i TS TER B TRREh Lé d sai d target
and insufficient tsarﬁiwifﬁésamayv@&fee@bta@htegc\tvhéncmlﬂmaad Ybof 1V)
hybri di zati on between said probe and said tar 16. The nethod of claim
15, wherein stadl arplied for chbpeesesdappl yeﬁgeaﬁlw @@ﬁﬂb@é{ d@@ﬂ\*ﬁa&émto
salgorirst Sy AL oA & AR S UNIRLALNIIE ordichitd |y
correl at ed mn h™™a di fference between said first si naI ds5aid second

signal. 17. o retbsdwdinggl a+(m2]£ mahpr end sai dl”elmﬁmpl,caiesg@cxmh/t@dge IS
about 1 volt (to about, 20 volt

ig. 2B). Incompletely complementary triplexes with a 1
bp mismatch and a 2 bp mismatch produced average currents

that were 27% less (-0.11 mAmp) and 53% less (-0.07 mAmp),

15 respectively at 23°C, 21% less (-0.19 mAmp) and 46% less
(-0.13 mAmp), respectively at 50°C, and wunchanged

(-0.17mAmp) and 18% less (-0.14 mAmp), respectively at
65°C, than that achieved by the perfectly matched hybrid
samples (Fig. 2B).

20 The results illustrated 1n Figures 2A and 2B
indicated that when the parallel PNA Probe No. 2 was used,
the differences in conductivity obtained between perfectly
matched dsDNA:PNA triplexes and those containing 1 bp or
2 bp mismatches were less dramatic than that achieved with

25 the antiparallel PNA Probe No. 1 (Fig. 1).

However, experiments involving parallel Probe No. 2
and the application of 5V after the samples have been
heated to 65°C and immediately allowed to cool disclosed
amperometric measurements which demonstrated enhanced

30 signaling differences between perfectly matched dsDNA:PNA
triplexes and the 1 bp or 2 bp mismatched dsDNA:PNA
triplexes (Fig. 2C). The perfectly matched hybrids (SEQ
ID NO:1 + Probe No. 2), the 1 bp mismatched hybrids (SEQ



18. The method of claim 16, wherein said electrical voltage is either a
direct current or an alternating current. 19. The nethod of claim1,
wher ei n @b 6/£3s5st signal 25 or said second signal is an etegBéi@alr
conduct'ance. 20. The nmethod of claim 19, wherein said electrical

conduct ance indicates an extent of matching between said probe and said
target. 21. The nethod of claim 20, wher2%n said electrical 30 conductance
is conpared to a reference electrical conductance of said hybridization
medi um pri or I NeId2 t FoRrobesdial p2bbendndhsaidd brargésmatc@l0byb33 d38

PCT/ 1 B01/ 00077, 22._Th thod of claim20, wherein_a maximumi.nitial
anper age achi &F&Y % gguf*e%.ro%?. I\%I”fe zﬁ’ettﬁbﬁﬁé‘f’ CFXFW%%, C\?\)ﬁ:gful H?nger ate
.of decline ofyanpesage fromsaifhd@xi Mum .ol t ndhpBeadnd® amperadannps,

measured. 24. The nethod of claim20, wherein anper age over a period of
sai d appl i catdeapasitiset by edtec23 1 €al -Vl 7 agBMPS, nelsOPedAmPS. anke -Yetfod of

-claim 20, wher.ein, saj i 0 i clentl ensi tive to.di sti ngui sh a
one gase- pai rmAﬁlnpsr]s rﬁat%'l ceﬁsﬁ %&gg%i}fa%tgeﬂédn%ngd; f0¥()2§1 a S'basoe'-léa?ﬂrp‘n%

m smat ched praahe--toarogemaens)| exsp2erileeymathedoof citai sntAhnatharesi nosai d
method is sufficiently sensitive to disti ngui sh a gerfectl

conpl ement ar Y HEHELF get ORI Witomod 6fé BaSe®Pai Rt rﬁ%°n‘ia't5c§”n7e°“‘d and

o obe-1 1950 SSRGS L anPsss. e bl T oheg beiarog
conprises an midrertodied | sgmagest, smmbdtEingely i swaendsiovdpaaratl saod giroobe
bl zes Snec 4 SoL Ly 581 aT 8o 4.0 ki LBLeK 28 s it hod
wherein said prabe 2@) .

Therefore, both antiparallel and parallel PNA probes
in the amperometric assay are capable of discriminating
between perfectly complementary dsDNA targets and

15 incompletely complementary dsDNA targets containing 1 bp
or 2 bp mutations.
Example 3
Probe No. 3 was a 15-mer ssDNA probe identical in
sequence and orientation to the 15-mer antiparallel PNA
20 Probe No. 1 (SEQ ID NO:8). Probe No. 3 had the following
structure:
5'-CAC CAA AGA TGA TAT-3!

The specificity of the amperometric assay was further

investigated by reacting ssDNA Probe No. 3 with the 50-mer

25 wild-type and mutant dsDNA target sequences in the absence
of prior denaturation. The assay conditions were identical
to that described in Example 1.

Enhanced by the DNA intercalator YOYO-1, dsDNA:ssDNA

triplexes were formed between 30°C and 65°C. Upon 1 volt
30 treatment, the perfectly matched DNA triplex, consisting
of SEQ ID NO:1 + Probe No. 3, vyielded the highest
conductivity values (Fig. 3A). 1In contrast, incompletely

complementary probe and target combinations generating a



25 PNA. 30. The nethod of claim11, further conprising: providing a
fluorophore in said test sanple; and calibrating said second signal against

a secondw@hpiRnrce signal, 30 wherein: (a) said first sti pairgBotd®o77
electrical voltage, said first signal is electrical conductance, said

second stinulus is exciting radiation and said second signal is fluorescent
intensity; or (b) said first WO 01/53526 39 PCT/|1B01/53526 stinmulus is
exciting radiation, said first signal is fluorescent intensity, said second
stimulus is dl ebdpri odbmatakhagéSBEAd sai NGerord Pirghel Ns.el®ciriaga a

conductance. 31. The nethod.of claim3 O wherein said fluorophore 5 is
coval ently atIRIFEHt S af dPpr S tFéEngpdeﬁéoﬁbb%nged 8s %8?

intercalate Q%é’*@ﬁib@diﬁcgvérggéeéonaaetgﬁ'té_ LAl 8881 thadegikeasas sas i d
extent of matching between said probe and said target increases. 32. The

met hod of cl &@4fk 3Qwathertei 3B Sai BT ENDpHYr d @ ftak 4% eragd@ &A5h@dyent
.and said int jty increases,along with.said e t of in ween
: L TE gt oo 38 “HREPRREAERL: “Eh e B e R

sai d~probe an erein sail

f1 uorophore ighan petrgeedllst i ngorgeahesON A} eNtdeyiukord t 0asai thapodligg 15
34. The nethod of claim 30, wherein said fluorophore js an intercal ating
agent added tEERETRHYHRST di FdG on3fbdi unThe RBRYIFFTER oPfsa? d BHBFEF and

free of said{araele Spsylhecgetbadsal ehaiiedl dabehecn said el e
20 further conprises an Intercal ating agent, salg target is ds and said
probe hybri diagsespectfical By ffetrensaisd tcrgetvdd fbenbwaehri pleexfed6ly The

nmet hod of claim 15, further conpri si idi fl h, i 1d test
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were 54% and 78% lower, respectively at 23°C, 68% and 70%
15 lower, respectively at 50°C, and 33% and 61% lower,
respectively at 65°C, than that observed with the
perfectly matched DNA triplex at matching temperatures
(Fig. 3B).
In similar electricity experiments, the hybridization
20 mixes were heated to 65°C and were either maintained at
this temperature or immediately allowed to cool to 50°C or
23°C prior to application of 1V or 5V. A 1V treatment for
15 seconds to the perfectly matched DNA triplex sequences
(SEQ ID NO:1 + Probe No. 3) produced the highest
25 conductance values at 23°C, 50°C and 65°C (Fig. 3A). The
DNA triplexes containing a 1 bp mismatch (SEQ ID NO:2 +
Probe No. 3) or a 2 bp mismatch (SEQ ID NO:3 + Probe No.
3) were less conductive by 21% and 63%, respectively at
23°C, by 18% and 74%, respectively at 50°C, and by 12% and
30 106%, respectively at 65°C (Fig. 3A). Similarly, when 5V
were applied for 15 seconds to pre-heated samples, the
average conductance values for the 1 bp mismatched DNA

triplexes and the 2 bp mismatched DNA triplexes were



WO 01/ 53526 40 PCT/1B01/ 00077 38. The nethod of claim 36, wherein said
fluorophore is covalently attached to said probe such that said fl uorophore
does not wahhesesd at e bet ween adj acent bases, and sai d i nt pasiiBoi/decr eases
as said extent of matching 5 between said probe and said target increases.
39. The nethod of claim 36, wherein said fluorophore is an intercal ating
agent and said intensity increases along@2® th said extent of matching

bet ween said probe and said target. 10 40. The nethod of claim 36, wherein
sai d fl uor ophredecest &y RAtercal avkkg agepectdvalgntky2B8Gndbyo48&i dngr obe.

41. The net hod of claim 36, erein said fluoraphore is an inter ating
agent added 8 %sai & FRHTT Y Yonaﬁedgangrn 87%For KY r e of F4Fd Eﬁ%ﬁe and

free of said ladaaitdele1 A2 atTheswet hogneh ckainpa2éd wher etReSabderage
fluorophore is an intercal ati ng agent selected fromthe group consisting of

YOYO 1, TOTOdondayctriadiagmvisrlamaisd generpitgicubvhshedpaeiect L&t rarhat DNA
~honodi ner-2 and _gcr.j dj ne.. 20 . The nethod of claim36, wherein said test
sanple furth%ﬁjégﬁﬁ%%éégdéﬁ f% ercal ati ng agent, said target is dsDNA and
sai d probe hybri ditzes obpegivhitdan yhatt bhe aimt 1igagel 140 FNN wrabier i(Bigx. 44.
The nethod of claim 36, wherein said nethod is 25 a honpgeneous assay
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wherein a relﬂr@idémmOEa§?édsmh@00tﬂé saoenepdepnt oo Fohe Qrckapget base
sequence and i ndependent of probe or target guanine and cytosine content.
helix conformation capable of generating different
electrical charges depending on the level of sequence
complementarity Dbetween the target and the probe in
15 solution. As the degree of mismatch between the probe and
the target increased, the level of conductance decreased,
proving the reliability of the amperometric assay when a
natural DNA probe was used 1in the absence of prior
denaturation.
20 Example 4
In the amperometric assays illustrated in Examples 1
to 3, the DNA intercalator YOYO-1 was added to the
solution containing the hybridization mixes.
Intercalation by YOYO-1 facilitated the formation of the
25 dsDNA:PNA triplexes and dsDNA:ssDNA triplexes. The
possibility of utilizing an intercalator moiety covalently
tethered to a ssDNA probe in the amperometric assay was
evaluated in Example 4.
Acridine is an alternative dsDNA intercalator, that
30 also possesses the ability to intercalate into triplex
nucleic acid structures, thereby stabilizing the triple
helix formation. See, e.g., Kukreti et al., "Extension of

the range of DNA sequences available for triple helix



5 49. The nethod of claim 36, wherein said test sanple has a vol une of
about 20 mcroliters containing about 10 fentonoles of target and about 10
f ent onol &0 of/speobe. 50. The nmethod of claim 1, wherein sacwis@stoosanpl e
has a volunme of about 40 microliters containing about 1 10 pnole of target
and about 1 pnole of probe. 51. The nethgd of claim 36, wherein a
concentration of said target in said sa eis not nore than 5 x 10-1 M
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target |s a GAFIEETH FOUAESx ARBSRhCIREr=Sard trgel 1% DR ‘or TROA. 54 .
-A meghod for Rssawdia huddirza i@nchsabd 884 ek COMIhds 524@ dH Qviptiang a
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conpri si ng a syadltsise zey d (Brkpadébei S%RG.d BRuFegtizguepcesydrmay sadd

probe and sai ar.qgef .t bridization mediumto provide a test sanple;
30 neasuring pgn#l?ﬂ;l%ié s]?}gn}g%ﬂ%’f a first condition of said test sanple to

provi de a pri mary mdefles niloat korwaegar Uk ngeby lssDiinz gt stve bétiwaehcadi dnpr obe
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proézéde a secon a%&gggggieg?r}icﬁét ?gngggggﬁg%n%&ﬂyﬁ]i%%%%%ﬁ tbczfcrm%e%SSai d
probe and saimkit angetpamdkelrel PR Brolee ofid. si ghaEQI EDcVOr:8l) at ek bwintitth

hybri di zati on ., bet n_said probe and, said tarqget, praovided, that .when said
first conditi a?\qgg%té?ﬁnm@%or‘?dl c%?‘f'djr%frb% T@l§E¥ 31% %&e agst PRI O
applied to saift tfRsdbs HEY e 19d t s 1 IRASHY | Hrsedgh-di rst signal and before
measuring said second signal, wherein said stinulus significantly affects

i nperfectly conpl emental yCAGbr F8RzabGdn BebweBATsaryipgisBe315 and said
target and does n sihgnifi y..affect .perf (o]0 ntar :
98 A %gdl&pl éﬁ’oﬁa &feeacttdl%er{ nﬁ%ll{%aen d@o%@ .tc%rﬂ:an_ngd
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second signalyis appel gehitcal o eARAUCt BNLE. were subjected to 5V DC
electrification for 11 seconds at 23°C. The current and

20 temperature were monitored as described in Example 1.
As shown in Fig. 4, the ssDNA Probe No. 4 was able to
hybridize with the 50-mer perfectly matched dsDNA target
(SEQ ID NO:1) as a result of the stable intercalation of
the covalently tethered acridine moiety, generating an
25 average current of -0.53 mAmp. By comparison, the less
stable DNA triplexes containing a 1 bp mismatch (SEQ ID
NO:2 + Probe No. 4) or a 2 bp mismatch (SEQ ID NO:3 +
Probe No. 4) produced average currents that were 52% and
66% lower, respectively, than that achieved by the
30 perfectly matched DNA triplex, when normalized against the

control (Probe No. 4 without target DNA) (Fig. 4).

Therefore, the acridine attached to a ssDNA probe was

equally as efficient as untethered YOYO-1 in forming



56. The nethod of claimb54, further conprising 25 applying voltage to said
test sanple before or during said neasuring of said first signal. 57. The
met hod ofw@basszed4, further conprising retesting said testcsappl@owhen said
primary determnation differs fromsaid secondary determ nation. 30 58. A
met hod for assaying hybridization, said nethod conprising: providing a
target conprising at |east one nucleic ad?d sequence; WO O1/ S352fi 43

PCT/IBIII/1111U77 providing a probe conprising a nucleic acid or nucleic
aci d anal og detjueirePNAddislg asd dthrbbaeasdadaidd dbfferend &lie@daiigiddati on
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wi th hybri di ZRRGPHEE e 3% - probe and said target; applying a voltage
‘to said test £ dreasuring a post-electrification fluorescent intensity
of said test ,during or after 15 said voltage applying, to provide a
secondary determ rednsa aedarditigempsler ildi-zedy oA weangséi ¢deoneneeand sai d

target, wherejn sai ost-electrification fluorescept intensity is

correl ated wi E?F‘h‘gﬁf?i gFQ‘ﬁt Fﬁﬁ_nbé]'t_ &g &W%ecﬁﬁgéﬁd%§§lﬁsﬂ§r getS and
conparing saiyh i gphyndgtetdl Natire® i2ad -5/ thiSRCOTERr ¥ sdelegrinalbl Gh t o
eval uat e whet her any inconsi stency therebetween warrants retesting. 59. The
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varied such that_said preelectrification intensity and said
postﬁ)el ectrifd aﬁi%%?%?%ﬁ%ﬂ?na%g J?e?"é?}%/&l‘g constant when perfectly

conpl enent ary proherd ariget noorpl exes ar esassayedsDEAd S&rget sequence
post-electrification i ntensi%‘tgxépdi ffers fromsaid 30 Ere-el ectrification

i ntensity wheteTpe f &ty | eRediQiry prEsdIrgfgetocdipl SR Lgtely
assayed, and &ﬁfé&éﬁ@gﬁb@é@@gbéaﬁg_ pye-electrification intensity and
Sequence for the sense strand of the wild-type target
15 DNA (SEQ ID NO:4): 5'-ATA TCA TCT TTG GTG-3'.
Sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:4): 5'-CAC CAA AGA TGA TAT-3',
The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:4) is 40.0°C.
20 SEQ ID NO:5 was a 15-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for
a one base pair mutation (underlined), at which the
sequence TTT was changed to TAT.
Sequence for the sense strand of the mutant target
25 DNA (SEQ ID NO:5):
5*-ATA TCA TCT ATG GTG-3'.
Sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:5):
5'-CAC CAT AGA TGA TAT-3',.
30 The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:5) is 40.0°C.
SEQ ID NO:6 was a 15-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for



WO 01/53526 44 PCT/1B01/ 00077 said post-electrification intensity indicates
an extent of m smatchi ng between said probe and said target. 60. The nethod
of cl ai mylg of/sssidrer conpri sing detecting whet her said tar getnsanieins
honbzygous or 5 heterozygous alleles. 61. A nethod for assaying
sequence-specific hybridization, said nethod conprising: providing a target
conprising at |east one nucleic acid seqd@nce; 10 providing a probe
conprising a nucleic acid or nucleic acid anal og sequence; adding said
probe and saia tanget:utccwa thMI baz;atlpmllfredlettl@npr Ovderbinedt  sapl e;
applying an el ectri volta aid t a detecting a signal

of said test “SHigl etcl—bfﬂr?‘an uptf? Zﬁﬁ kY- if dcela ?/(?’p Oééal d el ectrical
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sai d probe and said target; calibrating said signal against a reference
si gnal 20 exfﬁ%t%‘ﬂ%yﬂa N@f@) ence sanpl e conprising at |east one reference

probe combined with said targ ei el ve aid target, each of
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sel ected fromthe QNS @S| shengofisepes f edirarat chf atlomenoasat

m smat ch, a two-base msmatch, a three base m smatch, a one-base del eti on,

a two- base detaRIen R E5¥%r ER-¥As®) tel eti on; and deternining from said
calibrating an extent of 38:oghehi @gAbeA@@encggi drprrobe and said target.
.AL. Al U&. Al U&. Al h& Al h&. Al A& Ah9Y. Ah9. Ah9TAhT Ah9. Al h&. A. & Ah. A{ & AL. Ah& Ah&
. A{ & Ah. A{ 9. Ah& AHBnelb D1 A AfEL I 18y ALETIST AT AULT AALTA ISRXPAASEAUE. A9.

AAl . AU&. AU&. Ah&. A9, AU& & q, 8, EGAK, -. zztojd_ZU ca]ca]Jc allc

a] caL]OcaU] ca] C@U]%a} Jc%Lé%a?cg] c”a] c"a] cj’\a] cg] c’\}a] c}a] c’\g] cal c™a

U c”*al] ca] ca] cal C@ﬂ: B) XO:7 was a 15-mer mutant dsDNA target seguence
ajc<alUca! (. 13<>M"" #####) ))))ytoid Y] cal] ca] ca] cal] ca] ca] cal] ca] ca] ca] caj ca

] ca] ca] ca] caUl@enEGah] e ajic [FeaPE&UPYA] éa']ﬂ@a]leaq]%a‘} b %38

& 2/ 4/ Cl /60 :
)5)5555 <<UK(< %?3%} %@éjﬂt@ﬁéﬁ!ﬁ ]ecgifl a?%%]’%a]%%c] ca ca?j] c'a] cg] ca]nca] cal
c™a] ca] ca] ca]tc}a]@@]ra@pmmﬂra]sa]@aéﬂsmgmm]ma]xaoase pairs each.
6<7<>>CCC$C C6Cl 1JJJ) AN d ke  Z
ca] ¢d] ca] ca] c@]%af%ﬁfgﬁ%ﬁﬁgﬁa@@]% c‘%ﬁ”c%]zgg?gaf a]teaj}D‘&? szgégﬂ 22}
cal] ca] ca]ca!, S oACIEYN? oLpgagas! @rJsesXs[ sl sQvvawxy2y{vqgl gb] Wke" ZU] U] ca

] ca] ca] ca] ca] ca) cdJ ca] caUj ca] ca] ca] c”a] ca] cMa] c”a] ca] ca] ca] ca] ca] caU] ca] caU
] ca] ca] ca] cal] ca] ce¢ga¢rae for the sense gtrand of the mutant target

2y5yy||"' . u' *9Q) ~ 04=y1 O] él] ca ésa] ca] ca] ca] ca]
ca] cal] ca] ca] céﬁ%é] t‘g]% 22 @% ﬁ;*? -]3—*] cglr"?i’ i pv*- 2| wal gb]
We ZU U ca] ca] ca] Mﬁ@ﬂl@ea]ﬂc&ﬂl &al]ecaiﬁaigaﬂlga] CE&:]xfE&‘lcEaU}ECaﬂ:l@@.Uhﬁﬁ']aﬂﬂﬂ cal ca
] c~a] cal] ca] ca] ca]ca ca] ca U%
o{vd@% a\Vj e ZtXF2a] %-]“cé @a Ea]J aftalpcafea) cabfcafdd) cadbfcaltitfca) cal cn
a] ca] ca] Ca] ca] call lacgl: at]néfﬁﬂﬁé] €8hf8rature (T,) of dsDNA (SEQ
| vFEETn{ upkfa\We" Z cal ca] cal] ca] cal] ca] ca] ta] caU] ca] c*a] cal] ca]
ca] cal] ca] ca] tia] ¥@j @a] ta] aaupea}ca] ca] ca] c™a] ca] ca nmy$cf nor vwb
The hybridization reaction mixture (80 wl) contained
the following: 2 pmoles of target dsDNA, 2 pmoles of
25 parallel PNA Probe No. 2, 0.5X TBE and 250 nM of the DNA
intercalator YOYO-1. The reaction mixtures were incubated
at 95°C for 5 - 10 minutes to allow denaturation, and then
maintained at 65°C until assayed. Samples were placed
into a quartz cuvette, irradiated with an argon ion laser
30 beam having a wavelength of 488 nm and monitored for
fluorescent emission at 65°C. Concurrent temperature

measurements were achieved by a software-controlled

temperature probe placed directly into each sample. The
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laser irradiation of each sample, the same samples were
5 subjected to 1V DC electrification for 4 seconds. During
the final second of electrification the samples were
irradiated a second time with the argon ion laser and
monitored for fluorescent emission at 65°C. Fluorescent
intensities were plotted as a function of wavelength for
10 each sample analyzed.

SsDNA : PNA hybrids consisting of perfectly
complementary sequences (SEQ ID NO:4 + Probe No. 2)
allowed maximum intercalation of YOYO-1, yielding the
highest fluorescent 1intensities (Fig. 5A) . The

i5 fluorescent intensities for a 1 bp mismatched ssDNA:PNA
hybrid (SEQ ID NO:5 + Probe No. 2), a consecutive 2 bp
mismatched ssDNA:PNA hybrid (SEQ ID NO:6 + Probe No. 2),
and a separated 3 bp mismatched ssDNA:PNA hybrid (SEQ ID
NO:7 + Probe No. 2) were all lower than that observed with

20 the perfectly matched ssDNA:PNA hybrid at 65°C (Fig. 5 and
data not shown). As the degree of mismatch between the
probe and the target increased, the level of intercalation
by YOYO-1 diminished and hence the level of fluorescent
intensity decreased. Only background levels of

25 fluorescence were observed when no DNA or PNA was present
(YOYO-1 alone) (Fig. 5A).

When the perfectly matched ssDNA:PNA hybrids were
subjected to 1V of electricity for 4 seconds at 65°C, the
fluorescent intensity remained relatively constant,

30 decreasing by only 2% (Fig. 5A). In contrast, application
of 1V to the incompletely complementary duplexes
containing a 1 bp mismatch (Fig. 5B), a 2 bp mismatch

(Fig. 5C) and a 3 bp mismatch (data not shown) produced
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fluorescent intengities that were 18%, 39% and 71% lower,
respectively, than that achieved with the same samples
irradiated in the absence of electricity. Treatment with
low levels of electricity (such as 1V) further diminished
5 the stability of the gsDNA:PNA hybrids containing bp
mismatches. As the degree of sequence complementarity
between the probe and the target decreased, the level of
fluorescent intensity diminished dramatically in the
presence of electricity, providing a highly reliable and
10 accurate second assay to differentiate between perfectly
matched sequences and those containing 1 bp, 2 bp or 3 bp
mutations.
Example 6
The hybridization assay in Example 5 was performed
15 after denaturation of the dJdsDNA target sequences and
measured ssDNA:PNA hybrid formation at a temperature above
the melting point (T,) of the dsDNA targets. Example 6
will demonstrate the reliability of the fluorescent
intensity assay in the absence and presence of applied
20 electricity to differentiate between perfect matches and
base pair mismatches without the requirement for prior
denaturation.
The hybridization reaction mixture (80 ul) contained
the following: 4 pmoles of target dsDNA, 4 pmoles of
25 antiparallel PNA Probe No. 1, 0.5X TBE and 250 nM of the
DNA intercalator YOYO-1. Samples were placed into a
quartz cuvette, irradiated with an argon ion laser beam
having a wavelength of 488 nm for 80 msec and monitored
for fluorescent emission at 23°C. Concurrent temperature
30 measurements were achieved by a software-controlled
temperature probe placed directly into each sample. The
maximum fluorescent intensity occurred at a wavelength of

536 nm, indicative of intercalation of YOYO-1 in the
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mer antiparallel PNA Probe No. 1 (Fig. 6). By comparison,

the fluorescent intensities for a 1 Dbp mismatched
15 dsDNA:PNA triplex (SEQ ID NO:2 + Probe No. 1) and a
consecutive 2 bp mismatched dsDNA:PNA triplex (SEQ ID NO:3
+ Probe No. 1) were 60% and 91% lower, respectively, than
that observed with the perfectly matched dsDNA:PNA triplex
at 23°C (Fig. 6). When no DNA or PNA was present in the
20 reaction mixture containing YOYO-1, only background levels
of fluorescence were observed.
The difference in fluoresgcent intensities obtained by
the perfectly complementary triplexes and those containing
1 bp or 2 bp mismatches were significantly greater than
25 that achieved between perfectly matched duplexes and
incompletely complementary duplexes (compare Figs. 5 and
6). Clearly the fluorescent intensity assay of triplex
formation possessed enhanced discriminatory ability to
detect base pair mismatches.
30 Moreover, even further discrimination between wild-
type and mutated sequences was possible with the secondary
application of electricity. A 20V treatment for 3 seconds

to the perfectly matched dsDNA:PNA triplexes produced a
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fluorescent intensity spectrum virtually identical to that
achieved by the same sample not subjected to electricity
(Fig. 6). However, application of 20V for 3 seconds to
the incompletely complementary triplexes containing a 1 bp
5 mismatch and a 2 bp mismatch produced fluorescent
intensities that were 23% and 71% lower, respectively,
than that obtained with the same samples irradiated in the
absence of electricity (Fig. 6). The 20V treatment of
electricity did not affect the stability of the perfectly
10 complementary triplexes, but weakened the stability of the
dsDNA:PNA triplexes containing base pair mismatches at a
level dependent on the degree of sequence complementarity
between the probe and the target. Therefore, the
application of electricity to the fluorescent intensity
15 assay provided an even more highly reliable assay to
distinguish between wild-type sequences and those
containing 1 bp or 2 bp mutations, without prior
denaturation of sequences.
While the invention has been described in detail and
20 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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35
CLAIMS
1. A  method for assaying sequence-specific

hybridization, said method comprising:
providing a target comprising at least one nucleic
5 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
10 applying a first stimulus to said test sample to
provide a first stimulated test sample;
detecting a first signal from said first stimulated
test sample, wherein said first signal is
correlated with a binding affinity between said
15 probe and said target;
calibrating said first signal against a reference
signal exhibited by a reference sample
comprising at least one reference probe combined
with said target, wherein relative to said
20 target, each of said probe and said at least one
reference probe 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-
25 base deletion and a three-base deletion;
determining from said calibrating a first
determination of an extent of matching between
sald probe and said target; .
applying a second stimulus to said first stimulated
30 test sample to provide a second stimulated test

sample;
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detecting a second signal from said second stimulated
test sample, wherein said second signal is
correlated with said binding affinity between
saild probe and said target;

5 determining from said detecting of said second signal
a second determination of said extent of
matching between said probe and said target; and

comparing said first determination and said second

determination.

10 2. The method of claim 1, further comprising
quantifying said binding affinity.

3. The method of claim 1, wherein said method is a
homogeneous assay conducted without prior denaturation of
sald target.

15 4, The method of claim 1, wherein saild method is a
homogeneous assay conducted without PCR amplification of
said target.

5. The method of claim 1, wherein said test sample
further comprises an intercalating agent, said target is

20 dsDNA and said probe hybridizes specifically with said
target to form a triplex.

6. The method of claim 1, wherein said probe is

ssDNA or RNA.

7. The method of claim 1, wherein said probe has a
25 partially charged backbone.
8. The method of claim 1, wherein said probe has an

uncharged backbone.
9. The method of claim 8, wherein said probe
comprises a ssPNA sequence.
30 10. The method of claim 1, wherein said probe is
ssPNA prepared by antiparallel synthesis.
11. The method of claim 1, wherein sgaid probe and

said target are of identical length.
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28. The method of claim 20, wherein said probe is
ssDNA.

29. The method of claim 20, wherein said probe is

25 PNA.
30. The method of claim 1, further comprising:
providing a fluorophore in said test sample; and
calibrating said second signal against a second
reference signal,
30 wherein: (a) said first stimulus is electrical

voltage, said first signal ig electrical conductance, said
second stimulus is exciting radiation and said second

signal is fluorescent intensity; or (b) said first
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'109%Q 0& ()-- " 108 The method of claim 30, wherein said fluorophore
is an intercalating agent covalently bound to said probe.
15 34. The method of claim 30, wherein said fluorophore
ig an intercalating agent added to said hybridization
medium in a form free of said probe and free of said
target.

35. The method of claim 30, wherein said test sample
20 further comprises an intercalating agent, said target is
dsDNA and said probe hybridizes specifically with said

target to form a triplex.
36. The method of c¢laim 15, further comprising
providing a fluorophore in said test sample, wherein said
25 varying comprises applying an electrical voltage to said
first stimulated test sample, said first stimulus and said
second stimulus are exciting radiation, and said first
signal and said second signal are fluorescent intensity.
37. The method of claim 36, further comprising
30 calibrating said second signal against said first signal
to determine an extent of matching between said probe and

said target.
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10 40. The method of claim 36, wherein said fluorophore

is an intercalating agent covalently bound to said probe.

41. The method of claim 36, wherein said fluorophore
is an intercalating agent added to said hybridization
medium in a form free of said probe and free of said

15 target.

42. The method of claim 36, wherein said fluorophore
is an 1intercalating agent selected from the group
consisting of YOYO-1, TOTO-1, ethidium bromide, ethidium
homodimer-1, ethidium homodimer-2 and acridine.

20 43. The method of claim 36, wherein said test sample
further comprises an intercalating agent, said target is
dsDNA and said probe hybridizes specifically with said
target to form a triplex.

44, The method of claim 36, wherein said method is

25 a homogeneous assay conducted without providing a signal
quenching agent on said target or on said probe.

45. The method of claim 36, wherein said exciting
radiation is emitted from an argon ion laser at a
wavelength from about 200 nm to about 1000 nm.

30 46. The method of claim 36, conducted at
temperatures within a range of 5 to 85°C.

47. The method of claim 36, conducted at

temperatures below 25°C.
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48, The method of claim 36, wherein a reliability of
said method i1s independent of probe or target base
sequence and independent of probe or target guanine and
cytosine content.

5 ~49. The method of claim 36, wherein said test sample
has a volume of about 20 microliters containing about 10
femtomoles of target and about 10 femtomoles of probe.

50. The method of claim 1, wherein said test sample
has a volume of about 40 microliters containing about 1

10 pmole of target and about 1 pmole of probe.

51. The method of claim 36, wherein a concentration
of said target in said sample is not more than 5 x 107*° M.

52. The method of claim 51, wherein a concentration
of said probe in said sample is not more than 5 x 107'° M.

15 53. The method of claim 36, wherein sgaid fluorophore
is an intercalating agent and 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

20 a complex between said probe and said target is a duplex
or a triplex and whether said target is DNA or RNA.

54. A method for assaying hybridization, said method
comprising:

providing a target comprising at least one nucleic

25 acid sequence;

providing a probe comprising a nucleic acid or

nucleic acid analog sequence;

adding said probe and said target to a hybridization

medium to provide a test sample;

30 measuring a first signal of a first condition of said

test sample to provide a primary determination
regarding hybridization between said probe and

said target, wherein said first signal 1is
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correlated with hybridization between said probe
and said target;

measuring a second signal of a second condition of

said test sample to provide a secondary
5 determination regarding hybridization between
said probe and said target, wherein said second
signal is correlated with hybridization between
said probe and said target, provided that when
said first condition and said second condition
10 are alike, a stimulus is applied to said test
sample after measuring said first signal and
before measuring said second signal, wherein
gaid stimulus significantly affects imperfectly
complementary hybridization between said probe
15 and sald target and does not significantly
affect perfectly complementary hybridization
between said probe and said target; and
comparing said primary determination and said
secondary determination to evaluate whether any
20 inconsistency therebetween warrants retesting.

55. The method of claim 54, wherein..said first
signal is a fluorescent emission and said second signal is
an electrical conductance.

56. The method of claim 54, further comprising

25 applying voltage to said test sample before or during said
measuring of said first signal.

57. The method of claim 54, further comprising
retesting said test sample when said primary determination
differs from gaid secondary determination.

30 58. A method for assaying hybridization, said method
comprising:

providing a target comprising at least one nucleic

acid sequence;
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medium to provide a test sample;

measuring a pre-electrification fluorescent intensity
of said test sample to provide a primary
determination regarding hybridization between
said probe and said target, wherein said
pre-electrification fluorescent intensity 1is
correlated with hybridization between said probe
and said target;

applying a voltage to said test sample;

measuring a post-electrification fluorescent
intensity of said test sample, during or after
said voltage applying, to provide a secondary
determination regarding hybridization between
said probe and said target, wherein said
post-electrification fluorescent intensity is
correlated with hybridization between said probe
and said target; and

comparing said primary determination and said
secondary determination to evaluate whether any
inconsistency therebetween warrants retesting.

59. The method of claim 58, wherein said voltage

25

30

applied to said test sample is varied such that said pre-
electrification intensity and said post-electrification
intensity are relatively <constant when perfectly
complementary probe-target complexes are assayed, and said
post-electrification intensity differs from said
pre-electrification intensity when imperfectly
complementary probe-target complexes are assayed, and a

difference between said pre-electrification intensity and
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said post-electrification intensity indicates an extent of
mismatching between sald probe and said target.
60. The method of claim 1, further comprising
detecting whether said target contains homozygous or
5 hetefozygous alleles.
61. A method for assaying sequence-specific
hybridization, said method comprising:
providing a target comprising at least one nucleic
acid sequence;
10 providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
applying an electrical voltage to said test sample;
15 detecting a signal of said test sample during or
after said applying of said electrical voltage,
wherein said signal is correlated with a binding
affinity between said probe and said target;
calibrating said signal against a reference signal
20 exhibited by a referencé sample compriging at
least one reference probe combined with said
target, wherein relative to said target, each of
saild probe and said at least one reference probe
is a different member selected from the group
25 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

30 matching between said probe and said target.



