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CONDI TI ONS ~ SPECI FI CATI ON BACKGRO E | NVENTION 1. FIELD OF

| NVENTI ON gntion relates to rret hods of assayi ng bi ndi ng,
and nore Bg(?tlc%arl y to nmethods of assaying binding of Qcﬁﬁg’ﬁég 8% nd targets

cont ai ni ng nucl eobases and/ or am no acids. 2. DESCRI PTI ON OF RELATED ART It
has been understoodl‘I ENEQUEH & P aBTOR weal nol ecul es can be

.!@H@kaN 2006 HOMOGENEQUS ASSAY OF

a sanpl e. EI ectrophore5| S is per%&i &Bﬁ, t wel | -known exanple of an
I sol ati on and characterization techni guée ed on the influence of
electric fields on biol o PAREHCRAYNEC QF e THE | INURNTION| ect r ophoresis, a uniform

matrix or geli] s qurmmdo@f INGQL&TI&xaan e, polyacrylam de, to which an
electric fiel I|ed tures applied to one end of the gel wll

mgrate throug tjh% ra:&ona eﬁ‘g too MBS s pfe agaaYing ebaepdbymesi t h t he

el ectri cblﬂ@mgj, aldbinbi¢ pairs idepanlie o maenoa@ebfuasg&ﬁ ragtagistics of

t he subsiaggss sUen f S|z biLlities.  can be

i nf uenc%d by a ert%nagggrggé%ielgqg ieég?se%&fﬁ/% B?ln?o"f‘%ﬂﬁon of a

concentrati o or PHSGRABTERN  OBHrREPATED BRTng the conposition of the buffer

(pH, SDS, DOGt ghwel nSee§a|&HdergE%odan:fjoxtV\% dhﬂ@é' 0”31-1[ Elgge' %%“)phores' S
a

are fair| }; outlne rocedures in nost researc ora
subst ancREotef cate “BgFFPF%ﬂ B3R e seigd at Re oddh mamtephysdciahrcmgh action

from thtehqeépp]Admrlenr eﬁe@ﬁlé/lét%&@coﬁéler@&eé%dn@ which an electric
field is appl e Is discloséd in U S. Patent No.

égt 9 bi ol ogj cal
5,824, 477 to HFEPRoTREL: 1| ﬁ"p?&seﬁf‘edﬁn%%?d%eé'sl -kpoypoesampIoofdet ect i ng
t he pres@hcela@rla&bsancen@f charpeedei eatddred teghheqte alaedCqYRNGEd N A

sanpl e. T,t;u@lh{g eSE e(‘lggggr&g% {8 de at r| nga?hgl ?L‘?S]regsotjﬁle st randed

nucl ei ¢ aC| means a vo age app Slution by
electrophoresis, a uniform matrix or gel is formed of, for

example, polyacrylamide, to which an electric field is applied.
Mixtures applied to one end of the gel will migrate through the
gel according to their size and interaction with the electric

;-

field. Mobility is dependent upon the unique characterigtics of
the substance such as conformation, size and charge. Mobilities
can be 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 (bH, SDS, DOC, glycine, salt). 'One—
and two-dimensional gel electrophoresis are fairly routine
procedures in most research laboratories. Target substances can
be purified by passage through and/or physical extraction from
the gel.

A more recently developed process in which an electric
field is applied to a biological sample is disclosed in U.S.
Patent No. 5,824,477 to Stanley. The Stanley patént discloses
a process for detecting the presence or absence of a
predetermined nucleic acid sequence in a sample. The process
comprises: (a) denaturing a sample double-stranded nucleic acid
by means of a voltage applied to the sample in a solution by
means of an electrode; (b) hybridizing the denatured nucleic
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nmeans of an el ectrode; (b) hybridizing the denatured nucleic 2 3723ANARCEYS
WO 03/ 010506 PCT/1B02/02788 acid with an oligonucl eotide probe for the
sequence; and (c) determ ning whether the hybridization has occurred. The
St anl ey Qgé%ogkscl oses the application of an electric field to the

sanpl e to be assayed for the |imted purpose of denatur PRYBIRE2788 ar get
sequence. A nore well-known type of hybridization assay is based on the
use of fpabdewithtamaekigonagenitsidel probei ForDshebashend®r Mand | HOy escent

i nt ensi t Yabaseth auseh ' conprised contacting a target with a
f 1 uor ophor e- contigli%f\i ngt %%Igglgmr%@rr%ﬁ/znagtlaoﬁ‘yﬁﬁﬁboowrﬁaobér r SR BHd probe,
and det BRESMy Fiaricsesetde iaPnlticardohedts anpkiectoho gl st ASSRY S

i nprove sPAHLS W HeASkEaPeE WSy HHk tlha{itgae?‘g%%és &0 d%%%t}l{c?e_nm e @

washi ng %J_g {07 t he gr ovision of a non-liqu e  suppo orhe assays
have enployed i eFe&fating fl uorophores to detect nucleic acid
hybri di zat i oy Tisersesedh-khewmbiypd b OhybUehi z4t 40T ARRALESst Babidd bet ween

strands ofs nYgd e ,9,. br.idi zation conp| ex. For example, U 'S
Patent No. 5, %24%’%5?%%”%%?%& gﬁ{ara’fl.ng AR Sees 1 neRSiga BRRE KP3SFbr
det ect i nfPHEMd qffiRYaanenty imfeirsiityabadednl esshps. Raps ef eppecarnpodi ment
' e-stranded nucleic acid
u

reli es Odomy ddt 1 f I
helix or ﬁgﬁ e- sﬁ%%n%cfe}:gr %‘?dm%‘ﬁe%dgfeﬂ%m ?1858?5:03??‘3@?‘1119

i nt ercal®t afg"PHEnY ntANG| Wpbpyng dreke Foasurkomnd pioble ambunt of
nucl ei ¢ getiabtimesehtiorsuddivres aAPtiee wibhke s 18t h%ogf%fne_@%kgs%ysal . IS
in a

pur port e ul_for.measuring the K ampunt of nucleic aci

sanpl e, %I%r%n-‘g%%&i PPER hPRGMfg 2 g"yﬁEer}rﬁ ntRatc aFBe o foEmeET ndel eIt aci d
upon whi%gfitire memesdiing sbepedrrehelepsotita opidfod nBhAF2CknLd! pdde

detecti ngyuspegi.fic binding, particularly under conditions where non-target
nucl eic acid dupl exes are present. U S. Patent No. 5,814,447 to Ishiguro
et al. discl G588 /PsayssHpvighiaswloyeguipseredl abingpf byeragimresssays t hat
rely on dewsetspeeléie ddiienyblian-heideenhddabebaalad 10130608 ang, nucleic

aci d dupl.exes,.such as Burk t al. and an earlier assa
pfluorophores 6}t:o Bb:{ng %etween strands of nucleicy acid in a

hybridization complex.

For example, U.S. Patent No. 5,824,557 to Burke et al.
discloses a method and kit for detecting and quantitating
nucleic acid molecules. A preferred embodiment relies on the
intercalation of a dye into a double-stranded nucleic acid helix
or single-stranded nucleic acid. The dye fluoresces after
intercalation and the intensity is a direct measurement of the
amount of nucleic acid present in the sample. While the method
of Burke et al. is purported to be useful for measuring the
amount of nucleic acid in a sample, the non-specific binding
between intercalator and nucleic acid upon which the method is
based renders the method impractical for detecting specific
binding, particularly under conditions where non-target nucleic
acid duplexes are present.

U.S. Patent No. 5,814,447 to Ishiguro et al. discloses an
assay which is purported to improve upon assays that rely on
non-specific interaction between intercalating agents and

i nucleic acid duplexes, such as Burke et al. and an earlier assay

described by 1Ishiguro et al. in Japanese Patent Public



described by Ishiguro et al. in Japanese Patent Public -2 2 3 JAN 2006 WO

03/ 010506 PCT/ |1 B02/ 02788 Di scl osure No. 237000/ 1993. The earlier 23 JAN 2006

devel opnment conprised adding an intercalating fluorochronme having a

t endency RfooﬁﬁiFgoFit increased intensity of fluorescence when intercal ated
a sanpl e solution before a specific region of a tarB5eV %018 c acid

was anplified by PCR, and neasuring the intensity of fluorescence fromthe

react i oPiswlesuge ¥o. g2V/E0DA/U9O3i Nt Phe adarl itexr developmarit Giapidikatie t he

t ar get el [ | if] Lon. The 1447 patent .attenpted to

i npr ove%&%?fh%ﬁ gglr% %%gyﬁ‘fﬁ‘ég’?o&%ﬁ? E;%f;r% eovﬁa?’ﬁﬁgar? a %%@erh%r?@ i npr oved
speci f i @¥Ribighinereangd; dotemsitnoft fluquesicencs whersiingkreslatantied

ol i gonud] epivigde kabet ' i ti f LWOL O lch is to be
intercalated into a cg%p}%eér%rft%g? %E{Jﬁg%%gfé%&ni (lgg %e?%e%r?él\qy%r%ggt nucl ei ¢
aci d an®E9 s¥3Ryl BMBLi5HRRdPE ipééﬁuc‘?%t rERSWrsE. the dREepayey ngfsearch
for noreflseireisteriee B tdieeraadt idmRiodu@ssayat RERRNJVESe B FAIGAr Ch

group devel n assay ._C risi anal yzing the effects.of el ectric
field oﬁsot hgeggfgorae%%e#‘alnggg <7 t ﬁﬁ%?‘é c r’éﬁﬁei iy bPFHH Zi?[q%g’ﬁedupl exes.
See U. S.ampdddacanppni caThen' 4401 106/e807 286&mpted eto Filpumarey w@bn thed7 and

U. S. Patgyty 1he. @ewﬁ@ibp%ﬂa%t_ Tgfﬁ é&g@@ﬁgﬂg gml ngé(gﬁ; ??mvﬁﬂ&t { qro&)eaor escent

intensity of a one base-pair m Smatch upl e ered-fromthat of a
per f ect |13PSFaeREHY dupl @@raptgsizedhe Hppl thati orddhegur pspbet o i sckose a

met hod fdimgdet-gerhnged oDi@drﬁiHlie@QiaéqmﬁﬂéﬁedWﬂl?i&ha{ht?éx%%tlrait(ln%i eld is
applied to a H gui d ge%éum pri ci%rft,o or concurrently with a detecfing step,
and a cHAMGEOCATERS| KEEFRi 15 0 B¢ AitiGrealahfdedE]| D eneniacyi on of

t he el edtimidingi elpbritdodet detedens an itadiyedt i ancdéicwhather the paobe is
hybri di - t el nucl eoti de sequence or an

y zs%ﬁg{}% 3eoBka &iggo%%%ﬁgsgggé A dond q

I nconpl ete conpl enent ary” nucl eo sequence. Despite the foregoing
devel opnent s Ina theeconaaingoeanedd far wmodestsdenspittiarear tadcwraesiamdl e,

highly sefsid iageayeieenhi ¥@e@Nbnd aRigdaFhh8dchir a8l dFdd % HeRdgCt i on
bet ween nucl ei ¢ acids_ and/or nucleic acid analogs. Al references cited
her ei n éggmpﬁgapgopaﬁégzh%geypptﬁﬁfects of an electric field on the

fluorescent intensity of nucleic acid hybridization duplexes.
See U.S. Patent Application No. 08/807,901, filed February 27,
1997 and U.S. Patent No. 6,060,242. The researchers indicated
that the fluorescent intensity of a one base-pair mismatched
duplex differed from that of a perfectly matched duplex. Thus,
the applications purport to disclose a method for detecting a
nucleotide sequence, wherein an electric field is.applied to a
ligquid medium prior to or concurrently with a detecting step,
and a change in an intensity of a fluorescent emission as a
functiqn of the electric field is detected as an indication of
whether the probe is hybridized to a completely complementary
nucleotide sequence or an incompletely complementary nucleotide
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,



reference in their entireties. -3 23 JAN 2006 WO 03/ 010506 PCT/ | B02/ 02788
BRI EF SUMVARY OF THE I NVENTI ON The invention provides a nethod for @gsgan 126
sequence-speci fic hybridization, which conprises: providing a target
conprisin t one target biopol yner sequence; providing a probe
conprisingwgﬁy+§%§t one probe biopol ymer sequence; add?ﬁﬁ“?ﬂgrﬁ¥obe and

the target to a binding nediumto provide a test sanple; applying a first
stimulus to the test sanple to provide a first stinulated test sanple;

detecting a first si gnabﬁgpr@ﬁ%;{? ot ikl A est sanple, wherein
a

the first sing\aI is correlated wtl bi'nding affihity between the probe
and-t he tar geth® appiyeR§iansecbrevidesul & t anathedf i r fbrst i amtaysay t est

sampl ¢t sequenielpecaes 0y bEidalAien, | GRloRAM; slst eCting a second
signal fromthe second stinul ated test sanple, erein the second signal is
correl ated WPV EHB%i Rdi A§¥IPE i nFOTPHetiieen athe Lgpsbe ane tbergetar get ;

and conpari ng t hebfiopslyseqnedquasititet;ne second signal to acconplish the
assayi ng; whejein I one label.is prqvided in the test sanple, and
the first st ;i{rrul ug?h?hgaﬁséeo&engog?ﬁﬂfﬁ%,% ﬁr&a‘PFr%’?e F5PRS PigRRLymE second
signal are el ectr 8REgRBESL radi ation, provided that when the first

stimul us and dddg nge&ehd paul 4433 & lﬂf@t ni,c. r.adiat i an..internedi ate
el ectronic stinulus is p?dpl i ed tolfehe t setqE s%np%ce%gﬁie%?g tr?lee':hﬁ“}'s © stinul us
and before the sBEBHHIStF mfidks SaRdeihen the first stinulus and the second
stimul us are appdgtingnactivel atigmlukheof théttsdWnimpardbhgroefgond signa

equence- speci 1 . Fybr ol BAART CPRE ABERDRF compri si ng.  pr ovi ding a
target; -4 detecting a first signal from the first stimulated test
sample, wherein the first signal is correlated with a
binding affinity between the probe and the target;
applying a second stimulus to the first stimulated test
gample to provide a second stimulated test gample;
detecting a second signal from the second stimulated test
sample, wherein the second signal is correlated with
the binding affinity between the probe and the
target; and
comparing the first signal and the second s8ignal to
accomplish the assaying;
wherein at least one label is provided in the test sample,
and the first stimulus, the second gtimulus, the first signal
and the second signal are electromagnetic radiation, provided
that when the first stimulus and the second stimulus are
photonic radiation, an intermediate ‘electronic stimulus is
applied to the test sample after the first stimulus and before
the second stimulus, and when the first stimulus and the second
' stimulus are electronic radiation, the first signal and the
second signal are electric current.
Also provided is a method for assaying sequence-specific
hybridization, the method comprising:
providing a target;



23 JAN 2006 WO 03/010506 PCT/1B02/02788 providing a probe, wherehpn S‘I\leﬁl%St
one of the probe and the target conprises at |east one biopol yner
sequence; adding the probe and the target to a binding mediumto provide a
test sanpl 'oa?nggéo%/i ng a first stinmulus to the test sanple to provide a
first stinulra est sanple; detecting a first signal PEHRBRIAZEE| st
stinulated test sanple, wherein the first signal is correlated with a

bi ndi ng affi prbyldbmc_sx\mrpntdkm,prmi&eandathge&at961Ee SPPENE -cbes @gnd

stinmulus to the f d&st i de_a second
stimul ated test s%ﬂétta%e Jf&acq iHg A Eejgc?;% 8?533&1 :iBWFFh%eqé’@E’Gﬁd
stimul at ed té§@1§§n§hé prpbecindt irthes ¢aogdtsitonal Hismddewnr elediad wWoth the

bi nding affinity ngéy\ﬁféng%S@rgQ i‘é‘d the target; and conparing the first
signal and the second si gnal E lish the assaying; wherein at |east

one | abel is2BPoViRFP |1?%1%9r$e sFé&‘fllEanfﬂ’ ebhe fieftt Bampie sto sirgmildes a t he

second stinulus, fhest igtsimgageal teaadsam;qesecond signal are
el ect romagne%iegeradl atio grovl de #Ten the first stinulus and the

second sti nu g p?no?%)’ﬁ © iR nt e o e atest tesitc
stinulus is applﬂ!@mtﬂtea Mhertaeattlsarqj]mtabignal hies Eb&%élaté@witt% and before

the second sti nul ' nulu and .t econ stinulus
Bing a%%l%? %é&één Sﬁt

are electronic radiation, the Si gha eange% hd 3 are
el ectric cur PERFYIMSR EFSERESTR S wal OF @EVEW\LfM@A&muWHEeBRAWSNGS The

invention w il besdlgsis |ﬂa,eg,rb{}laen41ug§éérgp é@l;nlalgggd fold ?M\Rﬂ)g_ edrawings in
er

which like reference nuneral e5|g at e i.Lke el enments an éin: Fi gs.
1A and 1B ar g FEpHE & s&sPrdnpige ?’{Rﬂ:tqh@n sgropfingt imMertasimsesivent ari t v:
Figs. 1C and 1D asammireaphdieabiauthensedsnd didmeli 08 SbrrdBimer alivhe and

A T S L TR SN
target; and
comparing the first signal and the second signal to
accomplish the assaying;

wherein at least one label is provided in the test sample,
and the first stimulus, the second stimulus, the first signal
and the second signal are electromagnetic radiation, provided
that when the first stimulus and the second stimulus are
photonic radiation, an intermediate electronic stimulus is
applied to the test sample after the first stimulus and before
the second stimulus, and when the first stimulus and the second
stimulus are electronic radiation, the first sigmal and the
second signal are electric current.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

The invention will be described in conjunction with the
following drawings in which like reference numerals designate
like elements and wherein:

Figs. 1A and 1B are graphs of current as a function of time
and compleméntarity;

Figs. 1C and 1D are graphs of current as a function of
temperature and complementarity;

Figs. 2A, 2B, 2C, 3A and 3B are graphs of current as a

function of temperature, complementarity and additional factors;



2 3 JAN 2006 WO 03/010506 PCT/1B02/02788 Fig. 4 is a graph of curp@njang008
function of time and conplenentarity; and Figs. 5A, 5B, 5C and 6 are
fluorescent intensity spectra. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

I nvention | a rapid, sensitive, environnentally _friendl and safe
met hod for‘pggigaggﬁﬁg bi ndi ng between a target and a proBgr,“W@?é’?n t he
target conprises a nucleic acid sequence or a nucleic acid anal og sequence
and the prob&itorforises grapiz| ef coactehts empienCEwOst i WH &iiteaGird anal og
sequenceconpleenmsitayief,;t Beqi nventi-on is also suitable for assaying binding
bet ween a tarig],Teﬁt and a Brobe, wherein the target and/or the probe

conpri ses an ‘Zfl%058¢i dBsedfticHtd 6 PAEs flueresdenterititensity sapdattae f or

assayi ng bindi ng of mETIIENTEESCRT MG ﬁsﬂﬁegﬁbﬁl&ﬁ#d}q means a sequence
cont ai ni ng atrﬂeegﬁ;,eltlg\oo am nq .acids, am no acid anal ogs, nucleic acids,
nucl ei ¢ acid _anal ogs- and/A°ve8fbi fiatd PRR? Hofve  Ushyieoresntalivpri or art
assays, fwenduenendnsabe metlhpd fot endsmting pirsans detlvesnesiddGdy ndi ng,
but al soypg oYl ualj j.ve d ntitative information, regarding the
nat ure of b%n | néjéée?%v\%éeﬁégﬂp}:g%e t}lr%%e%ar%%qpnﬁ?ﬁs,ai ﬁ‘uégﬁbﬁi &S

conpri si Y Q% oPhas @ tBuatRi®obas@ kinadogg ssBmyse tdied thyenidode enabl es

the practedg:aeee @ Hus1dn9Ubsld aBRGkercs PEE " ECIMLED. 240NG Dsg Pai T
msmatchs aetvc\:/o bas air mspatch” a three base pair m.smat({’h, 3 one base
pair del BT oR-C a t W b38B2YaPf Hbpetlinyienihenaichmdechavdtphie deiret i on.
Enbodi nmevreaydingt Heiridivngntbeyweeny | 6€rgatl | Brdt bNgBe, WRRSWIA tHegnal
(e.g9., & Li t or flugrescent intensity) for a first -
probe-targg'tmgﬁaé%etglfa %géet%oé"p§&ﬁ§s FHEIEP FHHAICRILRFBI t FUSy ot her
probes c@ibilmsention inessimblet Fogetssapieibingdal of bivpdlihRrapr Obes

di ffers JHiom bheubbgSherdiPb a e e..ln certai mbodi nent s,
a |l ow vol t%a e i s,uappl i%]a trg' Erheleaylssgnéggﬁ%?clo%rcot%%%%fu%%n%ﬁr]ree?rﬁ% "Eh

measur i MR ddidgnarming. aeidl ppalege, vonebesc  acisld ectededoclactidat it is
hi gh enaugilogsoad@gdabedmzindtipest eabldofmt ched hybridi zation partners but

not so high &3,4R.dekablL! 28; BT Lot LY ot chgd nybridization <6,
detects the presence of specific binding, but also provides
qualitative and quantitative information regarding the nature of
binding between a probe and target. Thus, in embodiments
comprising nucleobase to nucleobase binding assays, the
invention enables the practitioner to distinguish among a
perfect match, a one base pair mismatch, a two Dbase pair
mismatch, a three base pair mismatch, a one base pair deletion,
a two base pair deletion and a three base pair deletion.

Embodiments of the invention comprise calibrating the
measured signal (e.g., electric current and/or fluorescent
intensity) for a first probe-target mixture against the same
type of signal exhibited by other probes combined with the game
target, wherein each of the other probes differs from the first
probe by at least one base.

In certain embodiments, a low voltage is applied to the
sample prior to or concurrent with measuring said signal.
Generally, the voltage is selected such that it is high enough
to destabilize imperfectly matched hybridization partners but
not so high as to destabilize perfectly matched hybridization

-6~



2 3 JAN 2006 WD 03/010506 PCT/1B02/ 02788 partners. in certain preigrr 2006
enbodi nents, the voltage is about 1V to about 20V. A calibration cu can
be generated, wherein the magnitude of the neasured signal (e.g., electric
current aaﬁégg,omgokuorescent intensity) is a function of _the binding
affinity between the target and probe. As the binding &FTIB08Bet ween
the target and a plurality of different probes varies with the nunber of
m smat cheYrRexss | nThucrsbhis e preterobdsembsdiymt o, hechanatdlivagef tde

m smat chakhduts M8 tolaboue. 2dvG vs. T-C, etc.), the location of the

m smat ch( es) wittji,g t he hybridization conplex, etc., the assay of the

i nvention cad® G&*LBERACIY S¥Gentan tiscgenarafad, Whereinmdle magsitneit can be,

e.g., elettribal weaslucddinceigndln swcly.enbedicsepts. gﬁ)_er%il@dig}giﬂigi nity
bet ween EP_@-O ?ltarlglte%larigeL s di rectlg correlated w th the negnitude of
the signal. iﬁa is, ot YectPi BafvBGhioRt QhcEhenbiedies afbinitwith t he
extent oPehkasEhithg bergetnandipyubehbe asdthargeiding efeiabty PMefeed Iange

i ncl usi vigndfe = ' o r etions., nmore preferably over a range
i ncl usi ve qf %Q%t%glarrg%c ggrangl orOfdgLeL%?F%%%.pﬁ%eﬁt %@Fl‘éﬂb%h‘%/bretrh%, the

si gnal rﬁﬁ&ﬁreéffc'ﬂhs%%t‘fh@ bepgsr s gweil eohneasitgleafbamef hapappharte i ncl uded
in the testuresampthe fuirisdh qabedi Py veherhsnll ng ol fLpity, hatyeen the
pr obe ar&joéagtr.%et %a hbe di rectlgﬂar inversely correlated wth ' the

i nt ensi tV,°aepends ng BrhFea i (a8l e i FRER o rvbriidd ars ionyepmefiesat i on

t hr ough &ignalthpuemshiyngforthel daslenatiphi £af abé Oiised TEdISsedlndd UgfeLscent

I nt ensi tyalg%eer‘l_qrat ed by intercalating agents is directly correlated with
probe-target binding affinity, whereas the intensity of enbodi nents

enpl oyi ng ndkei ALERak| BeasHrdd wanophor esg covalleatidiyabovandist e probe i s

I nver sel yh GRiIchebab&d; id p indl | 1. & The . f1 uoyescent

I ntensity increases (%%ﬁ%béc?:gggg;é@%g ﬁ%ﬁﬁqu?e%%%éagtnoiégf %f%l?ﬁ'g a\ﬂc{ h the
ext ent of24BEc AP g Bt sk Formelabed el tdh fheareeni tudeebdr bhe yeigrarl .a range

i nclusi VEhatf 13,2 the Sebddtideadn Gonbudehsbs ONserdiidy NIRJHY ahlch QiY@ range
i ncl usi Ve%ct%tntoéé mrgtsc%.tncghggtv?ggrlx q:'i‘xedgll:‘glt:é %.rlll%. té.::?get, 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.

In other embodiments, the signal measured can be the
fluorescent intensity of a fluorophore included in the test
sample. In such embodiments, the binding affinity between the
probe and target can be directly or inversely correlated with
the intensity, depending on whether the fluorophore signals
hybridization through signal quenching or signal amplification.
Thus, the fluorescent intensity generated by intercalating
agents is directly correlated with probe-target binding
affinity, whereas the intensity of embodiments employing
non-intercalating fluorophores covalently bound to the probe isg
inversely correlated with probe-target binding affinity. The
fluorescent intensity 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.




2 3 JAN 2006 WO 03/010506 PCT/I1B02/02788 Although the inventors have
previ ously disclosed the advantages of fluorescent intensity assaysJAN2006
anal yzing hybridization of nucl eobase-contai ning sequences (see U. S.
Pat ent AppRl ' No. 09/468,679, filed Decenber 21, 1 t he
advant agey%@?%ﬁgrescent intensity assays for anal yzi ng&g/%)ﬂé%ﬁgﬁse: nucl ei c
acid binding (see U S. Patent Application No. 09/224,505, filed Decenber
31, 1998) andlpbpugle:flept ideebtors ndaves epréroudlat edt sdppsedatthen No.
09/ 344, RBRrankbled JYype £h, , | catd of _an electri.c field to
t he sanpl ear,lap%ea[s tfo Ji?ncorree?f%%%%hewggo U # o%égggﬁhef(ggsa%ﬁa&a"flgﬁom in
Exanpl e BRFrdRRtIBR e Ver NUFheplrae wAkelipipgef ssquancesbodsernts sof t he
i nvent i (FatdnteABSTRYa LI oS €69 fBES 7910 £at ol SFStentii: §h9“f§§9)°faéxdt Ee

e

sanple. The first signal_is preferably fluorescent intensity an
second sti-gbel‘ua"’rdvr Eﬁ?&%er"fbl@‘“é’é’?@ﬁ?%ﬁ 1ReRe K Aetavs k% i i lygdmduct ance

measur erpEptddeenuvieke vaesd)bindinghg speeliesr edatuht | RHS1 TERASIGHE KNL

nbodi mal fdasts Si b, \ di ff t f th
Second C/z24; 985, ia BpOlRe 3T, Mode)CoBA Reti Rl pbnk e Pl e,
t he secolftfssifal Ratieribe Apnlisesgtion Alpai s/ 3He SRB sifiledgdaneard/,or
agai nst 194)5arghd Chep PCA ShONak (3h WiRlilde G A thE: LAl STonal.

In addition, at |east one condition-altering stinmulus is prefe qt?ly
appl i ed FRPLRE FOsnCTEAPrethPt ERSPHE Y Qf Sihfhasday  nids mreynana bef ore
t he sec®mpdiegsabeiswneasured. The stimulus is preferably sufficient to

measurably c e _bindi,ng, as.indicated by at | eas ne signal. .In

nucl eobase- nt%?gg a5k B'Fn(ﬁa,%d'célgg‘ﬁ £ 8F9¥ﬁ£r?$kvéﬁlﬁ>f°8h‘?e? Oft i%Rf us is
pr ef er abinyegfibhci @ aseayi gongticest hyamifiog ati hpesdf eotl yigmad efent ary
hybri di | 0 en p a e r hpsufficient to
signifi gﬁ I 3?@?%& pg?l ec??’g& c%q é?e.n%%r %q{?%?ga?'gat‘lg%lno e c\ﬁélté:n t he
probe arfdteREit¥r §8f. the caqoxdn siansdi nienterefendirdyl madected, fxom east one

sti nul Ussdverappbi 8 £16£ VorRuBkHhak | hdadirdndiRe (dPeyvBLi dtks) can be
continuously _applied or_non-continuously agplled. The stinulus can be

appl i ed bef ofg, i PEeEaTrRs Wit lende nEn eogiigratedett®@ i on. -8

first signal can be the same as or different from the second

signal. When the first and second signals measured are the
same, the second signal can be calibrated against the first
signal and/or against the same reference signal({s) used to
calibrate the first signal. In addition, at least one
condition-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
measurably change binding, as indicated by at least one signal.
In nucleobase-nuclecbase binding assays of the invention, the
stimulus is preferably sufficient to significantly affect
imperfectly complementary hybridization between the probe and
the target and insufficient to significantly affect perfectly
complementary hybridization between the probe and the target.

In certain embodiments of the invention, at least one
stimulus is applied once or a plurality of times. The stimulus
can be continuously applied or non-continuously applied. The
stimulus can be applied before, during and/or after the
detection of signal detection. ‘



2 3 JAN 2006 WD 03/010506 PCT/1B02/02788 Suitable stinmuli can be,28. (AN 2006
phot oni ¢ radi ation (such as |laser light) and/or electronic. The signals
detected can be, e.g., photonic and/or electronic as well. For exanple, in
a particul‘%b% Lo ferred enbodi rent of the invention, the first signal
measured i's p/el-e ectrification fluorescent intensity @CTEBO2/0278Bensity
nmeasured before a condition-altering voltage is applied to the test

sanpl e) and SwdtaEcondishghatamiesueed. | Sopasiniel esdisfisatizornf Aaor escent
intensityad PRI ' cduri or,after the condition-altering
vol t age has %;ﬁg%ﬂ&pﬁ}gid[%o%ﬁ%éu%gg%géa %)?lqrhaelsadiﬁtﬁ"&ﬁgl CARaREr enent s
in the f8r@goiRhPtEicderedes electronie wlsewedliability of the assay and
enabl e i Mmedi gé:€lekamx2besih g onsi nt .results

achi eved.b¥ the at 'fgast, tm%%ggggﬁgﬁfgg %mesﬁﬁﬂlié)%plgrz%‘?“ﬁlﬁne rf’in{"he

ret esti n§™ Thet Ty ehBe off i&AEbISHEgdamMaamyiteg tite Brerdilnytaifinatyonbet ween

probe anflueregmtentSudhtienbotyat (Dre.can ibeewak bpbl feddifred® ¥aELELY 9f uses,

i ncl udi ng glesi g .l.sense_drugs with ., optim zed binding

char act e??st | CJ%I.H %%tl%%t'éh%riv ?ta?? Het ,ecfﬁé’ VoSt EREPLIAVedRdon is

pr ef er abFe HsaRshedgnal Theaassed capdse -edrduei £ibay idipEluogepasat i Ng t he
probe-t aj gednSHagpl e krom § pr. arget prior _to detecting the
magni t ude o 1:lt,he nlee(asuned s?g?l%f& Tﬁ‘%g%é‘ggg d%"ég t Orreqﬁﬁgra bes

separ at | PSP EHERERPI WitRden§2a kpesuepbhieddsethe terst sagplé) oughput .

Quanti tati ve THaNalgaes cake Sie%h@eﬁéh@t@cﬁwﬂé-f@&%ﬂ#i%ﬁ%}ég&oﬁg?g% ndi ng

assay s ot_,of timme.and,expense, and can be €asl . .
Furt her %Ir?%feaal & etrﬁaolléeslltﬂbﬁ‘g'ilﬁé' \P%Pi"‘j’& S8y 1Rgs ergdhileeimmpdiatehy ¢
concent reetient ineapepetunesulteubatricemetisient féglﬂttisVﬁcﬁwbzaﬁﬁéns of

probe angh t t q | r.gal ator, _concentration, |ength of target
sequenceésj% %a%g:t ﬁ%o#‘ g%ggggm%ﬂé%&%g&%y%aa s‘?’?)lfréargoF&‘fFBFg?%qui renent s

to be rapi dI'IiheUei-JéY‘FﬁWem Fheb ey aguantri fiei ngonde t bdnding. gEfinisgl ution
W Lhin doetildn peBLANahdDAFRAN! esibh § A MatdBnlclh WdlR11aB14 Fod AN 2006

WO 03/ 010506 Pg?/I892/02788_ .
a varlety of uses, including designing antisense drugs with

optimized binding characteristics.

Unlike prior art methods, the assay of the invention is
preferably homogeneous. The assay can be conducted without
separating the probe-target complex from the free probe and
target prior to detecting the magnitude of the measured signal.
The assay does not require a gel separation step, thereby
allowing a great increase in testing throughput. Quantitative
analyses are simple and accurate. Consequently the binding
assay saves a lot of time and expense, and can be easily

-automated. Furthermore, it enables binding wvariables such as
buffer, pH, ionic concentration, temperature, incubation time,
relative concentrations of probe and target sequences,
intercalator concentration, length of target sequences, length
of probe sequences, and possible cofactor requirements to be
rapidly 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 w thout pré)yiﬂiNnﬂmba
si gnal quenching agent on the target or on the probe. Preferred

enbodi ments of the invention specifically detect triplex and/or quadrupl ex
hybri di zati on bet ween the probe and the double-stranded target, thus

obvi at i ng YhE/HEEY t o0 denature the target. Triplex andPELEIZAFBEX
formation and/or stabilization is enhanced by the presence of an

intercal at i ng{or&g@ét i mﬁmelﬁﬁ@ﬁ)&ﬂ@ebﬂga&e%'fsedpr@%abqw coﬂémﬁte%at ent
Appl i catj 9%5?%5 731, fil cid June 0, 2001, and_t S. Patent

Appl i cat | on WV PEGERERA } JHeRplpguRBeh ?\Bg a@l%?P?OGB? ta‘éﬁlﬁ’fr 9% PARALLEL
OR ANTI PARARIBbe . HOMOLOGOUS OR COVPLEMENTARY BI NDI NG OF NUCLEI C ACI DS OR

ANALOGUES THEREEE Ig)gl = nu%“lgel“gé of Tifﬂ Eﬁéeg&_%JADRUP &Fagzg\/P EXE ", filed

Jul'y 20, 200Q1. Swt ase- cont aini ng pr
i nvent | EFIRISHy anfd Pﬁdsuaérgple%mi@mtlmbamem higlte ke candacu d

anal ogs mﬁ/uagbmacbaf&ﬂled)rtaﬁ%t' s Wﬂ%n@ﬁﬁ?%@ toA&éfﬂbes ~an al so

anti paral,l el probes are rre in certain di ment s
be par aqi % ‘sequent ’ﬁav?ﬂ aﬁya‘ﬁ%‘ﬁ&‘ﬁ‘frﬁﬁﬁ‘@tﬂ@nm asu/er are

preferre&j:aemdmaltlibs iis ehh&nd&@dngﬁy WHigkeseinel bieasMht&sdalHt Gide DNA
sequenceacgqj n% eukar‘?/ot e%t are, found. Probes of 12 to 18
bases are parti cuﬁarl y Br &f 1789 hi sSP&’ t Re9Irendl' -ofPAYREE smal | est
uni que FeRIdraEionnNehel fl88H, anorfdlednJenbodDd pends], aidhas af.sh to 30

DS, Al ABhELELtath VRS EnodacPLUIA) Iddl RROTLES, AN, can be

used to ﬁrt a_nucl eot i de ﬂgence non-"udi que
t ar get seé%dé; €8s " PRRANIEL, ORANTIPARMAEfe H@M%(P‘éﬁléﬂ )QRI G@W@HI‘SENWY
nucl eot iBADINeqOENNECLEDE AETE mmfmﬁmmbﬁmﬁﬁoﬁ%éeﬁ@gﬁ esbBrkxat ch the
| engt h t arg E@g ﬁc:]g*co taini ng probes can conprise a
single Oganépggxag%{d&t"w%ﬁ rﬁ%ﬁ’%%g"ﬁ ]cﬁjf| ér‘léfeﬁ r 8291 ke anal og,
peptidoi d, pépitdbie nBtuqieqbapterdentaﬂrpﬂm | geobksi PRt | d8e 9! YpRRPt |hde,
protein jQfeftAYbtis Pl PLeLR LS ti doe i r.e the use
of radioactive pro e}p \AE“ % ?Ha oUsiﬁﬁ% gﬁ cgﬁgg?ﬂ% uming to
use, -1(cd 3a31Aﬂd°9809aV‘B’1931ﬂ0qm43©W IBO2/ie21g8charged backbones.
Although antiparallel probes are preferred in certain
embodiments, probes can also be parallel. Probe sequences
having any length from 8 to 20 bases are preferred since this is
the range within which the smallest unique DNA sequences of
prokaryotes and eukaryotes are found. Probes of 12 to 18 bases
are particularly preferred since this is the length of the
smallest unique sequences in the human genome. In embodiments,

probes of 6 to 30 bases are most preferred. However, a
plurality of shorter probes can be used to detect a nucleotide
sequence having a plurality of non-unique target sequences
therein, which combine to uniquely identify the nucleotide
sequence. The length of the probe can be selected to match the
length of the target.

Suitable amino acid-containing probes can comprise a single
amino acid, single amino acid analog, a peptide-like analog,
peptidoid, peptidomimetic, peptide, dipeptide, tripeptide,

. polypeptide, protein or a multi-protein complex.
The invention does not require the use of radiocactive

probes, which are hazardous, tedious and time-consuming to use,
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and need to be constantly regenerated. Probes of the invention N. 2006
preferably safe to use and stable for years. Accordingly, probes cfﬁ b%m
made or ordered in large quantities and stored. In enbodi nents of the
|nvent|onva # the target conprises am no acids, the target greferably
conpri ses pép de sequence or a peptide-like analog 3 such as,
e.g., a dlpeptlde tripeptide, polypeptide, protein or a nultl-proteln

corrpl ex. amnbmeegdr Ebebabiqnsttahelyarg@éneﬁt&dpr obebBe Bt BHedinvd:RA%, ONE

receptor l.n, enbadi f the invention wherein the
t ar get %%é %ﬁe];f%ga%ggl agteos &M aFge}fis F PEEFEr abP R HFH Y3 X 109

base paIQ%OhIQﬁ‘IQ’anahﬁ @aﬂeb@r s:rrdglr@donndb@m@ -glamarideds Send esteased .of nucl eic

aci ds and/ or mnalaBsaiReredl of t t'h% Pt &Y prgbe and target be
unl abel ed hut in alter natlvoe enbod |rrenfglgt€§9rﬁere |rr§'|£§n {I:_h? erCHI ng agent

coval ent"f‘i’“ﬁfdﬁ‘?&' TBLAR EGIO6hethe kazgeh RiRfaTaRRit compticesi atrartdldat i ng
agent i ssegneeralpry b quet ilde tlhkepraﬁhmo@t s8hldde, @fitkh Jdy,0ther,

nmbod t lently bound™t th b
T houprer e, BLEhERl 8 P AR LS Mot E hh Vabkbcnariy he

assay, i¥PWlsEnse Mdyendinefereblhe phebtaigeta twna coyiein! HaAsRgORL

Preferredddit gheal-a the invention include, e.g.,
YOYO- 1, TOTO. 1, et h%(éjﬁg%]@geslo@rﬁsggg t#% #%bm hormodi mer -1, et hidium

homodi mer- 2 4Rd SEPPEiRRNES n Qfendhsl , invention embelreihngtigentarigeta noi ety
that is chigtilses! ieTéaialds, eﬁé%e%tsragéspﬂfe@aﬂgg'é%o SUa Ppsand/or 2

quadruplex nucl.eic. acid | ex n preferred ment s
i nt er cal AT E488n ’m-i'or"=‘1"<'§1 ggﬁp%%eﬁ‘?t“%ﬁe?éo‘i?“l?]se‘%§éﬁflﬁélﬁl‘%ﬂuences
non- f | uerfesweAeicnathds aluia/encanafloguctm:eeoaﬂzl ds and fl uor esces when

nt er cal ated a on_of, a 0 nat h,

laxhl bitin ng Xﬁgiaéﬁ%é%i 6_8%'1: 8 ﬂ%%%cég%g%ta %FL?]it’ﬁo 'Wnen

i nt er calt énV\H‘Fﬁ’W%FJd{ﬁ)Ie@kodtmemw &hemacieian dntdrcabpt g dgent

a ternaldsie1enbes] s Eoe chll SpLapal | Nor0glls M BIRERLL, 2 3l T 11

fl uorescent vvax ggth upon intercal ation and excitation by fa ation of
an appr Ry . im,prefgEpbly boursi ymtbeoarm@svmm

PCT/IBOZﬁﬁQ788

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

Preferred intercalating agents for use in the invention
include, e.g., YOYO-1, TOTO-1, ethidium bromide, ethidium
homodimer-1, ethidium homodimer-2 and acridine. In general, the
intercalating agent is a moiety that is able to intercalate
between strands of a duplex, triplex and/or a quadruplex nucleic
acid complex. In preferred embodiments, the intercalating agent
(or a component thereof) is essentially non-fluorescent in the
absence of nucleic acids and fluoresces when intercalated and
excited by radiation of an appropriate wavelength, exhibiting a
100-fold to 10,000-fold enhancement of fluorescence when
intercalated within a duplex or triplex nucleic acid complex.

In alternative embodiments, the intercalating agent may
exhibit a shift in fluorescent wavelength upon intercalation and

excitation by radiation of an appropriate wavelength. The exact
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fl uorescent wavel ength nmay depend on the structure of the nucleic acid
that is intercalated, for exanple, DNA vs. RNA, duplex vs. tri pI(%(, JAN 2006
The excitation wavelength is selected (by routine experinentation and/or
conventioq% hﬂgg/&edge) to correspond to this excitation naxi mumfor the
fl uor ophore Bé ng used, and is preferably 200 to 1000 RFI/BROEBEal ati ng
agents are preferably selected to have an enission wavel ength of 200 to
1000 nm flHorpsesnt r wavehbondihemay, depeadjooni ehel aserudthiresest t @pir r adi at e

the fluongpheie il Lhghtibayiog.-& | ength in _a.ran of 400 _to 540
nm and f,| ugrescent em ssi%)n I's det el\(lzg\éé%’i moa reéir?gglﬁ %glﬁovtgo B nm The

assay of PRESFn{RntiGPLedn BECperformed over a wi de variety of
tenper at ur es, TseiCheRSit & ibn fwAB1RHRH85Cs C‘é‘g'etl%icl@edpri(% art,@$5ays
e

ay to the assayc On the

require d .t enperatyres, adding cost: an
ot her ha%%?g]?{ﬁ@er}tna\%elrﬁrﬁ SHHéaﬁ %‘V%ﬁ%ﬂﬂéﬂe@%{’ﬂ% tenperzaspandotobel ow
(e.g., athéstenpidrattione malzémony 26F) thel I Ut bPRb-¥ eb@HsR Yuded , € %hleAB! ¥

iti byi.a4 t nduct PCR i ficat f th
Carget | PESTCEnY AP LTI LT BRESH A Roorhe el peRRs et s,

it is poS&tpfeed Fadeyy ant enissiem wavedengghaof ol WOretmfl Eioowin. 20n
mi crol i t prefemiud henti@iakns sabatt 201 60n0kes of LalPsl, ad,43heut 10

f ent onol robe. Enbodi nents of the invention are sensitive enough to
assay ta?%%?gsh%tro %85ﬁc‘§hﬂ? gﬁﬁ%‘ﬁ Baving a1 wayelangidh dinepabingeatofa400

concent r hoi B0 aimnoindrfImdriearehtXeh@sdfoM 1 FEIQEILERNGS QT rLHGei g¥ention
are sens%éév&ao enqygh, to employ probes at a concentration of 57X 10-9 M

preferably at a concentration of not nore than 5 x 10' 10 M Conductivity
measur ement s T aBsay mfuittte siysEned onaviang bas pelrEbir-hed asvabost wigenol e of

probe angayj b ekmbas | lcrolifers, reasi.hg the sanple
vol ume milhﬁpgrmt the ﬂg%r%d;'f ZSl’(é’l\(/ﬂt'alnr%%ma 'Ig:a'r’ gﬁ%un ézooégp(?bbgeﬁﬁaggarget. .
It shoul B BhBEF2ER e ittaelenat ed riamriorgtuakaesadding worti aténded t o

suggest dskdy tihe ‘%ﬁ%g%ﬂ?g% defee e Rng, CRReeNhiaht 998 cad?p8 3 JAN
g@%é&éﬁ%%ﬁat room gemperé%ure or below (e.g., at a temperature

below 25°C) .

The inventive assay is extremely sensitive, thereby
obviating the need to conduct PCR amplification of the target.
For example, in at least the fluorescentlintensity embodiments,
it is possible to assay a test sample having a volume of about
20 microliters, which contains about 10 femtomoles of target and
about 10 femtomoles of probe. Embodiments of the invention are
sensitive enough to assay targets at a concentration of 5 X 10-°
M, preferably at a concentration of not more than 5 x 107%° M.
Embodiments of the invention are sensitive enough to employ
probes at a concentration of 5 X 10° M, preferably at a
concentration of not more than 5 x 10-° M.

Conductivity measurements can distinguish samples having as
little as about 1 pmole of probe and 1 pmole of target in 40
microliters. Decreasing the sample volume would permit the use
of even smaller amounts of probe and target.

It should go without saying that the foregoing values are

not intended to suggest that the method cannot detect higher
concentrations.
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A wi de range of intercalator concentrations are tolerated at each
concentration of probe and target tested. For exanple, when 5 X 28-JaA% 6
probe and 5 X 10-10 Mtarget are hybridized, the optiml concentration of
t he |nter%9§/ OYOl ranges from25 nMto 2.5 nM At a5 X 10-8 M
concentratl On OF ot h probe and target, the preferred YEWB®R0F8hcentration
range is 1000 nMto 100 nM The assay is sufficiently sensitive to

gu stinguish & ovigle basgepatr intarailcites abﬁb@n%ﬁdﬁﬁnscgglgl eesléfgg@b@ two
ase- pal t t, Cco an rerera ase- pa| r
m smat ché%l épgr E rc’tﬁ grggté?‘glg%r%rlploafr %%Pg?n %’%%ﬂg eﬁaggs'b% SPRTEPERY

pr obe- t aVigeR %afrrélo‘”’ M gfrahsuBsd, 5t hel s iy tasgets Udfd mmtlayzé@nsuﬁé ve to

di sti ngUb§f‘1rﬁ’alD%B@%hE¥a€§ér§W tﬂéohgcefcail%ectogc‘fﬁ%ei‘ 1rom ag%% ;néehe above

i smatchmq conpl exes. The bind |n8 ium can be any conventi di um
known to it Ml-e Aér 2pPedeldi'ny aortennitatdenand/ botprprebesandee,

e.g. Sah@rgmk athealprefédbbd rd - 1000008 rd icth Mijeakis" 1580 -nd £ 1989) .
For exanp(g@ he liquid medi umcan conprise nucleotides, water, % fers
and standard salt concentrations. Hybridizati on between corrpl errent ary bases
occurs under Tee wisgayvdsi suffbéientid tdecord thaei R FABLBAGONSHh i) one

i t d buf f
compos: 1 g Tt i ERRE SR Tt cRrBeL SShEtes Shie kEp BRRTRAT < hem

are knovRt§TRtARedaPrObe 1tagel cpapley, and pmﬁﬁrdb]mta dwochasd epeeisr be
fornmed ahiswaticeirsder airebe-ehrgbeut cdRGid0 apayh 25C Eggegbog%sgﬂg te to

about 5 HI'H nut.e Lon?%;\b%react lon tines are not required I"ncubat i on

for severdi™HsHEs WP 112t rer QUL ERF-f ec Ot HEPULHRDY | Elh%atalséﬁYcoinﬁpl exes.
it is p(ﬁsﬁﬂﬂcae@aﬂymmuﬂmtemngp%hlacple@EleMtigfmat%HEa Oh B S
cont ai ni ng-ai 'c%h?igﬁl ﬂ‘&g e Lyt a%am I |1at hF ridi iat ion in solution

by using cértain reagents. ferre eSBMPeEefht s i ncl ude
si ngl e strand&g bi’-ﬁ@%lﬂ@ mestigrecan lseu(dnyasoﬁeenmqma)]t arieid i ufidkgene t3:2

DOt 81 Dibd- il Il 935630944 MU LBl or BEGLeHa 1 e " C! 010

acid groove hinding protelns ent 1o0ns ion's, 13 23 JAN
2006 WO DF 015368T PN /atee2+ 02 1gBlecular Cloning: A Lab Manual ,” Vol 2

(1989) . For example, the 1liquid medium can comprige
nucleotides, water, buffers and standard salt concentrations.

Hybridization between complementary bases occurs under a
wide'variety of conditions having variations in temperature,
salt concentration, electrostatic strength/ and Dbuffer
composition. Examples of these conditions and wmethods for
applying them are known in the art.

It is preferred that hybridization complexes be formed at
a temperature of about 15°C to about 25°C for about 1 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 Ffor
embodiments containing an intercalating agent) to 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, major or minor nucleic acid

groove binding proteins, divalent ions, polyvalent ions,
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viol ogen and intercal ati ng substances such as ethi di um brom de,

actinomycin D, psoralen, and angelicin. Such facilitating reagent2 3mdN 2006
prove useful in extreme operating conditions, for exanple, under abnor nal
pH l'evel s \wp oSxlokgme! y high tenperatures. The inventive assay can be used
to, e.g., | den?&l §y accessi bl e regions in fol ded nucl eotfCd@BERAOEBENces, to
determ ne the nunber of m smatched base pairs in a hybridization conpl ex,

Snd to gﬁﬁob@@h@d_ Lntembalhtneny subbessids fdusdr gg_c&ﬁidi%leg%&%dé',s

et ect edactShdtg,&%, | Bt e g nt, intensity increases_wt

i ncr easi Rg bi% ng affi ﬁ%?;%g%éﬁ(/\e%% e éland FYrgetfacihitardngli nent s
wherei n FRITRIE dRY PRO¥RSHB9IRL ietetireteuspataitind) @bndat 8664) a¢dNJ

f1 uor ophexampld)t enshéyr deghaasRs: as Hii ndi affinity increases between the
probe angel%r@%zgaﬁ{u Regar dl ess of V\hg?heglétq%elsfl (BT op 'f’ée"ﬁityer g es or
a

not, the’l Y%&hod does not require the neasurenent of the
pol ari zati on Bfe finweneseencezsaynl cke fﬁéjor,ﬁggengognies.%t_r opyd%gaé qﬁ,ds. The
i nventi ogcMiddiie E‘Elgyéfléa{r?qfoilﬁ gqore detail with ref &rénce to J1E e
fol | owi ng Exanpl es, DUt It should be" oBEIUERRE 1 ffe PelegEming nventi on
is not d rb‘éfl‘F*ﬁmaefdi‘l'telcﬂebese.paEMNBLE&ﬁmszatloﬁe@&%,@g
10 of the human

ant i sensendGdTRfaps §BNAmEA! get sequences, derived from exon
(1996)) were synthesized on a DNA

cystic fi brosfés< ne.(Nature 380, 207

synt hesi zer ( EggﬂiémSQGgﬂh%ﬁ%pﬂweamysﬁamhshﬂﬁ parddtestday HPLC.

Equi nol arsianpurds Dt xRt a@ge%i,goqﬂggﬁgiégesix\g{eea o(laenat ured at 95C
I t enperatur e ‘Bl ed to

21 over Tk dn, B inp caBF il Pebuacpa b brAPTobe | gohuoixast degrier o
di ssol veainbadig¢rRe ah_eaetnnfhmdsrﬁdm[)ﬁfﬂtei}gmap: gDé %t%g@@éoaéha_r
?225 i&tﬂﬁq%ﬁ%rgaga%ﬁ- W&%& &ﬁ&eﬁl(ékggd\e%ﬁéﬁ #s wagience for
the anti Lt +aFEEITeY Retivern- thp entcliegend - tar it .J ANeZOHGL M3 B3 010506
PCT/ | BO2/He2h8& the fluorophore intercalates or not, the instant method
does not require the measurement of the polarization of
fluorescence, unlike fluorescent anisotxropy methods.
The invention will be illustrated in more detail with
reference to the following Examples, but it should be understood
that the present invention is not deemed to be limited thereto.
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 synthesizer (Expedite 8909,
PerSeptive Biosystems) and purified by HPLC. Equimolar amountsg
of complementary oligonucleotides were denatured at 95°C for 10

min and allowed to anneal gradually as the temperature cooled to

21°C over 1.5 Thours. Double stranded DNA (dsDNA)
oligonucleotides were dissolved in ddH,0 at a concentration of
1 pmole/ul.

Sequence for the sense strand of the wild-type target DNA
(SEQ ID NO:1l): 5'-TGG CAC CAT TAA AGA AAA TAT CAT CTT
TGG TGT TTC CTA TGA TGA ATA TA-3',

Sequence for the antisense strand of the wild-type target
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DNA (SEQ ID NO 1) : 5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA TGA TAT. TE&@T
TAA TGG TGC CA-3'. The predicted nelting tenperature (Tm of ds 3(§ D
NO 1) i's 65.2C. SEQ ID NO 2 was a 50-nmer mutant dsDNA target seguence

i denti cal ‘Lﬁ %II ?O-type target DNA (SEQ I D NO 1) except for a one base pair
mutation (U §EpP ed) at amino acid position 507 at whiPERIBR&2IEB| d- t ype
sequence CAT was changed to CGI. Sequence for the sense strand of SEQ ID
NO 2: 5' PNAG(EEQ IDANOTAN: AGA-TRNA AT CERICTTATGGAEGT RR& CEACTGARZGA ATA

TA-3' . Seguenegaf ofat hep@nt icgens trc,q#g %QCSE&I_ /NG 2: 5" -TAT ATT CAT
CAT AGG AAA CAC CAA AGA C%A TAT T T GC CA-3'. The predicted
mel ting t enpeF3atuPEefiayedfmekining (SE@earBtuNe A),] soH6d80NA SEQGDINO 3 was
a 50- mer Noutanisdsed . arget sequence identical to wild-type target DNA
(SEQ I D NO 1)SE cht for a consecutive two base pair nutation (underlined)
at am no acid éo t PEHE StRE afdS80ment Mihreh CNBNR [tdroype seeuesnee CAT

was chaddedticalACE wSkqueype taagethons enan shruet PlbxSER | RN 3;.5' - TCG
CAC CATplhéd é%r%ﬁ%rf\(@’tﬂg; TGGdTGT TTC CTA TCEA TG ATA TA—g .

Sequence for The antisense Strand BFOSES | HS Roisl PpaEtigYTSEATALAT AGG
AAA CAC FRACA@IGTHR IEATYPET seTTeios\ CAIGBaEGEh&AgRa . td hegmr edi ct ed nel ting

L he, Examhl e St s Sunthest Te iy e bR B8 B Al {6 R T

t he Exa S re_synt hesi zed, HPL puri
spectr orsr%gy % C@ﬁ‘%onﬁ%%l t HT BiC§TechfB| dffi®s TCINCTTE RiCIMDAGA VAGA USA) .
PNA probaTawerze-3f.irst dissolved in 0.1% TFA (trifluoroacetic acid) to a
concentrati o%eli%erq/om . and then diluted to 1 /m by the addition of
ddH20.  Fi nal st ock Sol"tfi SR51GeRRe ek P PEQJIR, B04R: aS¢oEBENt rat i on
of 1 prof&T, WAT - CAT2 BGCANMZRO0EAND ORA 0 206 cBRT/ +BP2/BRV8@ T Tan

TGG TGC CA-3',

The predicted welting temperature (T,) of dsDNA (SEQ ID
NO:2) is 66.0°C,

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
consecutive two base pair mutation (underlined) at amino acid
positions 506 and 507 at which the wild-type sequence CAT was
changed to ACT.

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'. '

Sequence for the antisense strand of SEQ ID NO:3: 5'-TAT
ATT CAT CAT AGG AMAA CAC CAA 2AGA GTA TAf TTT CTT TAA
TGG TGC CA-3'.

The predicted melting temperature (T,) of dsDNA (SEQ ID
NO:3) is 65.2°C.

The PNA probes used in the Examples were synthesized, HPLC
purified and confirmed by mass spectroscopy by Commonwealth
Biotechnologies, Inc. (Richmond, VA, USA). PNA probes were
first dissolved in 0.1% TFA (trifluorocacetic acid) to a
concentration of 10 mg/ml, and then diluted to 1 mg/ml by the
addition of ddH,0. Final PNA stock solutions were prepared in
ddH,0 at a concentration of 1 pmole/ul.
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Probe No. 1 was a 15-ner antiparallel PNA probe designed to be c?ﬁpl‘@%ﬁh%
conpl enentary to a 15 nucl eoti de segnent of the sense strand of

wild-type target DNA (SEQ ID NO 1), overlapping am no acid positions 505
to 510 (m%;,gwmgé]?, 207 (1996)). The probe had the followi ng structure
(SEQ I D - H CAC CAA AGA TGA TAT-Lys- CONH2-3' PR 93788i zat i on
reaction mxture (80,ul) contained the followng: 2 pnoles of target
dsDNA, 2 pnol EX°BF Bra hiveBer 150MBX FBE pawhlls) m@frdﬁmedawgméa ekcal at or

YOYO- 1 ( M emnipaéteE’yObeﬁpl&t@ﬂﬂﬁﬁy R aU%) nuég ﬁ %ac%d gpato a 3

nm quart v ubjected to
el ectrlfls'(zzeat%:éo(r%E 1%f\,\§'b%n%° “{e’FhHliE m%q%taé’géy(ﬁﬂﬁlsﬁ%tl\@j 1)of the

moni t ori n‘gfeéflapmnenammhol ectlepusit bgts veoss bal g appldi’de BRgt hggsol ution.

A t enper atiis@) pr 0 each, splution to neasure-tenperature at
t he trrlprrea(ggggr)rgerg?rhe ﬁc eggjgagisg:ﬁ ? f%\?wzlng/(ﬂt[rucgugar,(%m IR &0 Rag

observed during the' H1CGRC 2CAacoh@s GIGRe| atAﬂ‘r-LirsemmqnalThe current

decl i ned shawnéyhgbeﬁdibgt{&{lpg\éagl Jents a plying 5
vol ts gaye currents that remained fe at| (A sta%’ltglf)‘?g t¥‘F

entire el e%??wf'fl%atl nPPeL£8dOf 15258l ndehNA A X amadesofofe s ipreibes were
carri ed GuBXwEBEeahfie250omdust afiee mial LiQ?ce‘&%%QaEQn?efdﬁg-l"mﬁﬂal%% 8@? or

was pres co wild-type SEQ I D NO 1, mutant DNOZ
or nut a%{%gﬁ%’ Bh%é \A@%émjggét'ed %’%/pﬁeént"fed%?r RYaqedpNater ohed Nom 1.

Fi gures FRaghg TBVetde tdrel dwexe obubiaetled Okocandyet an%llt@ e ¢ynpdi vi dual
experi negtigcELg lespl esmld s of  the a i cation of 1V
electrificati onygﬁa%rglf?g %%e%%ﬁdg 1CatPehott J\?pgﬁﬁﬁf’élcémft‘lséﬁeed

DNA: PNA R %b’f}il%l “’t°F’11|§I°’e”>}B§ °’?:cﬂ1§f|r§ntn‘ghb1‘-e [sévef voltage ompl babmy appliequences

SEQ ID Ko *the &pDheid¥o. 1)a akk t al_at of , YOYO 1,
§/| eIle ngg 5@@10 glegst condu&anclgﬁ%%ﬁe%l nﬂ%b(%t g,éﬁ rFﬁthC%r&h%ures%s

negative SCUF Fen | TE&PYEfir SEGRELRE YRR éFlt the 1dmngefndymefromgtric
appl i cat RSResTmenthor el izedlpeak congbin aees fnaé bBBetFdPI®X-inBy BHEdI zation

Probe Now E8e aad G TR thecs b IR 2Rbam s DAY SEBFFERNOSSCLPRRbe No.
1) were P §5@%¥.%¢J§/ thes Q:ellmsunmaa w@coaaelomﬁemﬁdtao%gz;ﬁﬂg 5

volts gave rise to currents that remained relatively stable over

the entire electrification period (15 seconds).

A pgeries of experimenté were carried out where the
conductance values were observed when no DNA or PNA was Present
{(control), or when wild-type SEQ ID NO:1, mutant SEQ ID NO:2 or
mutant SEQ ID NO:3 were reacted with antiparallel PNA Probe No.
1. Figures 1A and 1B plot the data obtained for conductance in
the individual experiments. Figure 1A displays the results of
the application of 1V electrification and Figure 1B the
application of 5V. Double stranded DNA:PNA hybrid triplexes
consisting of perfectly complementary sequences (SEQ ID NO:1 +
Probe No. 1) allowed maximum intercalation of YOY0-1, yielding
the highest conductance values (depicted on the figures as
negative current values) throughout the entire 15 seconds of 1V
application. The normalized peak conductance for the triplex
hybridization of the antiparallel PNA probe with a 1 bp
mismatched dsDNA (SEQ ID NO:2 + Probe No. 1) and with the 2 bp
mismatched dsDNA (SEQ ID NO:3 + Probe No. 1) were respectively
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79% and 96% | ower than that observed with the perfectly matched dsDNA: PNA
triplex hybrid (SEQI1D NO 1 + Probe No. 1) during the first second %\N 2006
vol tage application (Fig. 1A). Simlar percent decreases in conductance
bet ween p conplementary triplexes and triplexes containing base
pai r ni snﬁéﬁ%@bé\%re obt ai ned” when the conductance val GEXTFE?* he entire
15 seconds of voltage application were averaged. In Fig. 1A the 1 bp and
2 bp mi sTRY @ned 96§ DNaweNAHarbithds clesererl wi Rhawies aue- £ @NGURL 8RS Val ues
that wer@ssipdopnad +21% L g t .. .than those for, the perfectly
mat ched dsDNA: PNA hygri d%ﬁﬁmez(%%gr ?:I?rgbkr‘\ & dxpF Egg\g‘)‘i H FPYELRY h%er e
carri ed st ereBM of sfpidiagieupppl PeT) iomas(fige tahr edinfi larspatadntbet ween

the probdecmimbdde Woubldaictanded bafgeln i t {
intercalati nﬁ%é_ YOYO- 1 di.m ni shed and thne In%f/e o) yco% ﬂ%?éﬁ%%gaﬁ’ecr eased.
|

These relath SRSH pEherd Blss50 5S8R BB eRasRebaR pBl FMebeles cfere ed t O

above werktaigpedawbdnatie acdridyeanvel tages CT¥r ¥AS aifldeds LuEdng t he 5V
appl i catd 0 b . _average_conduct ance values for the 1 b

m smat che%%iﬂ% : PE&B&% %.gg’r%x 1 alvﬁrﬁi@fg' +n%9 o%’eg N2 FPeahdR haen‘g bp

ni smat ched PRIs DRemached pl dsDNASESA| DhiMor3ds Prebeltdsd 1)n weseersspecti vely

52% and d@xt4iewaket RaMukBat r Rerfget!y s DNA: PNA
triplex '%SEQ I.D Na %‘P +uPr ob%QQNoS@éil@ng%pgé&dI%)l.i 1@)%%%( [ %g%égg%?&sed in

. F
Fi gure TB3frd9ns oehetiat P?B%?ﬁtlzlég*bjﬁi‘éﬁﬁr AR CPNAWhybride exjddr i nent s

were repsaieedmanth thpreespar ahure guirBChaasSRY o 593G ean 585Gt Sfc@ni ar
anper o At 50C, the application of 1 or 15

' ues obser.ved. ]
secondgq{%dpt%ﬁ\eé% 5&1‘%%{(&' ngfc% IBRA: PRALSMREFE g men Bhr@uobe Probe
No. 1) gdbdided dnubler agierandacentaefet(. XcAlgbeds CORRAr B&véD V¥ ues of
-0.15 A %t [ nd.-0. 06, u 76% r eduction for the 1 b
m smat c%&%gé D%A%%ﬁ&u%}#i%{%)x&( éﬁ‘b??%%%ﬂ( gP%g]eev .°%1f°ﬁ WeEIHES bp P
ni smat cIARFTESORA: PNAThes )| eeltSEpshdpROWRre dyrsheotdervey, whespedtd vel y

(Fig. 1@xpeAiimehCa Hé&fdhald t8DSIMALLRBS NI A JIOLE q! ctricity
was appld'sqﬂ fvpr 15 seconds, Perfectly rrfa%%\ed nupﬁe%{\@l %glég vﬂ{%%%s
producedan "Rer T enPUBt0g ot RS Alp2EBHbeR e e - o ligRd a 57%
-17 2 3 ay&ahage0eondueBaAnde5081wed/ FEP2tAR788bp mismatched dsDNA:DPNA

triplex (SEQ ID NO:2 + Probe No. 1) and the 2 bp mismatched
dsDNA:PNA triplex (SEQ ID NO:3 + Probe No. 1) were respectively
52% and 67% lower than that observed for the perfectly matched
dsDNA:PNA triplex (SEQ ID NO:3 + Probe No. 1) (Fig. 1B).
Experiments expressed in Figure 1B were performed at room
temperature (23°C).

When the experiments were repeated with the temperature
increased to 50°C and 65°C, similar 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 average current of -0.25 uAmp as compared to values
of -0.15 uAmp (a 40% reduction) and -0.06 uAmp (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. 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 pAmp compared with -0.16 uAmp (a 57%
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reduction) and -0.01 jAnmp (a 97% reduction) for 1 bp and 2 bp m snatched
hybrids, respectively (Fig. 1C). The application of 5 volts at hi2ghJAN 2006
t enper atures produced anal ogous results. Wile experinents perfornmed at

50C gener age currents of - 0.27 mAnp, -0.13 }[g 52%
reductlon)a&la%@%g}% 08 mAnp (a 70% reduction), for perfg}gjtT 02188 hed

hybrids, 1 bp m smatched hybrids, and 2 bp m smatched hybri ds,
respect i ¥efyctixperdndentos 01pghhpr e doz& :ﬁs&iﬁdt&&hl)t €dri 1 BYEL RIS Oéﬁ rent

I AR 1 %, ed and_-0. (a 68%
\rlgdﬂgtsl gﬁ;sga%ehe saﬁédtgﬁréeé ges lé%t ?’Sé%ggoﬂ%{é fB)llc B?onaq’? of the
f or egoi ng Jg e idte ol B§W@H@r%@r@énagérwmws resultipleile
hybri di zetperimdrids tdeerarinkaasgl 664c Pé\lﬁlé?!a%ah'élge éﬁeshﬂ?c{éﬂ e £XRer] ment s

d ratures after the zation m xes had been
\r/]vg;tee(jotng %@@Aar% mg@g'@?y 2 b meduebienb af)ﬁ t-& 08oBRIAG (3 07¢0om
t enper at Be@UE23M),, Eppl perfeddl o?a&Shé&CﬁgﬂﬁlaQ t he H%?r;(@%éi%/cﬂgfﬁ Cheg8

I 1,+ Pr ced an average current o
SR%% eBy(/ Co ldaérgl slgo%l1 2 %‘Fn&gﬁlayg hﬁéot@%ﬁ@ﬁ ' (BeVRE T RIS 6RPeERHIERE®. 05 RAND
(a 72% rwﬁqnm ato 65 e reshpted simt atrarhots DNATBNA valig axE h-yd).rsld (SEQ I D
NO 2 + Raafye, Noo.i4d gmglpt he Zsd4p rga@(g@,to%l)ed gﬁpNAbP af“é ﬁoe(x o%nl d (SEQ

| D NO 3 he were respectively'observed When
t he sanp¥e£‘°QRbé’F’8 586|‘é%ef%aa}ﬁ 658 rstRECtdivRi greuRbS@igat iBhs Viene not ed

when 1V awk @thequ&gm:@p%ediﬁn@ﬁtéw md NQgs Vrgtg dlé%féﬁ%%ﬁrl Ched

u an
oA conparadBheeh i LAY wtke BEne aREdpans Pl F macbe At e 6%
reducti on) olﬁs"é‘rl\lééf ¢menmn1:squemcﬂoaebqﬂ: VA iral ahegbesaknk-es  afitespect i vel y
(data nothes s aiheson Yises hﬁa%ée%f HLEEh £0%a400 .0 pfrgrs%%m ,(t he

average current generate ectly ma SEQ ID
NO 1 + PriBeoNGEo 15004 heAftpp mog Anghde t7q eletyerathreSEQIMING 2 +

E + Prob
Pr obe Ncappﬂ)ylr@ﬂdvt Pér 2 PReFonaBt @@Q’_‘ilet S%Q‘ft%?rﬁt%#)gé %@%%mr ?ae

3%redmﬁE| e ’Fe% %*g‘}t)i”k‘/%? yggtgﬁ%%rﬁ? RV SERIPARITESRE0PEmAD 1B 61%
reduct i AP .aBet G@I\misnﬁwpvéauéﬁ%f edudisi pRp (LPIRCLedEEYic) 3G (data
not showy .os 1&g 3at7P% 20000083/ 849506, FCL B2/ 027881 sapwa: pna

triplex hybrid (SEQ ID NO:2 + Probe No. 1) and the 2 bp
mismatched dsDNA:PNA triplex hybrid (SEQ ID NO:3 + Probe No. 1) '
were respectively observed (data not shown). When the samples
were cooled 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 -0.11 uAmp (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 or 50°C, the average current
generated in the perfectly matched triplex hybrid (SEQ ID 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% reduction), respectively at
23°C, and -0.23 mAmp, -0.09 mAmp (a 61% reduction), and -0.09
mAmp (a 61% reduction), reaspectively at 50°C (data not shown).
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Pretreatment of hybridization m xes at 65C (the Tm of the 50-ner dsDNA
sequences) followed by cooling did not significantly affect the d? B AN AR
i n conduct ance observed between perfectly conpl enentary dsDNA: PNA
tripl exes @8‘3351?517%6 containing 1 or 2 bp m smatches when neasured directly
at 23C or B0 (Wt hout preheating at 65C) when an anti PAT4B120278BNA probe
was used. Cearly, the antiparallel PNA probe in the presence of the DNA
i ntercal at or ROyOréatmentalulfe hybriaf Pad idrd hikesSAE USd i QGpY &',Q\%th%h SDNA
targets. spppki-caty of vels o electricity (such as 1V or 5V)
al | oned the gg[ftgcs?lﬁ;]} rra%%édl%e%gmé%w??i plké’x s‘é?f&]e‘rf&-?as gpd penot
di sti nguPSABYL It BhodEfeebnthenidifferbpcer i2 hpnuicahineas obkekRayt pri or
denat ur abetweoh peLEREIIGE SeonPidan Fij . nst rates th t he
anper omet.rj ¢ gﬁsfga/ of the innl{:ﬁ\}entigﬁlg alrilgg?%bﬁdgscrjip%eﬁ‘&se Bk &b@ﬁe
perfect!y natchel dsBNA PRATEEIBEehes e Seagured odbreiyaiani aged bp or 2
bp ni smarchesCwheithder Rivehuatiaguaedsksci Wﬁeﬂaéﬁléﬂigﬂrjaﬁﬁteg}\lkﬂﬂ with
respect Fgoggewggr ggngNAlgs_Lee%ucince.t Probe No. 2 was a 15- ner pr obe
i dentical in sequence to Proba Ke. tie BRFiRatalieht REA| pEebe oirmtbh t he
par al | el PEpPertaifonhefDNhdntergelafidid Yovionst was 0 <t B8 £90Y %&&%QQ@'
anti - par gtiedt@FdLntati e had t he follow tructure (SEQ I D
NO 9): 5'=H TAT AG%%&%C@ gﬁ% E?ggiﬁj%w-g@?i“&%% ﬁgn{egw iSvelgsehy
condi t i ofitSFHEHtI Al (Furh R elV des cFVbeall Jovwesk syl ek fisetaycanctrédout Wwth
the sol edabikemmceripher BeqRndbs 2oWase USedhifnplded ofrff obgol. 1

p ¢

Wen 1 v plied, .the average current for  a m st ched
ds DNA: PNﬁgﬁ?ar#pﬂﬁ‘éi'p‘(}%%cﬁ B Eb’?ltﬁté%ﬁe Wthout paRex demmasationeo? bp
m smat ch8edeRIB&-PNA triplex (SEQ ID NO 3 + Probe No. 2), were
respect i gy and 32% | ower at 23C, respectively 30% and 23% |ower at
50C, and respectively 28% and 53% | ower at 65C than that observed with the
perfectly maticifddredLDSTPRACERE ot elhtSEGe |ddd@ohet rRPeobesip. of) tid
mat chi ngisesmeioal Uesh (Fidh MbcrShihhd FRILLS QR nede el oY
(i nsteaddé)gN I.Mq:s . a_"pfg%i %&gi%r 15 seconé’% I%erf\é@lfffyec%a]tychré%t% - PNA
hybri ds &t 1 YARLst0 S Re 198 @rdstboper/aomGaiotrg8l 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 sequence to Probe 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!

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 bp mismatched dsDNA:PNA
triplex (SEQ ID NO:2 + Probe No. 2), and a consecutive 2 bp
mismatched dsDNA:PNA triplex (SEQ ID NO:3 + Probe No. 2), were
respectively 25% and 32% lower at 23°C, respectively 30% and 23%
lower at 50°C, and respectively 28% and 53% lower at 65°C than
that observed with the perfectly matched dsDNA:PNA triplex (SEQ
ID NO:1 + Probe No. 2) at matching temperatures (Fig. 23).

Similar results were obtained when 5V (instead of 1V) was

applied for 15 seconds. Perfectly matched dsDNA:PNA hybrids at
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23C, 50C and 65C generated average currents of -0.15 mAnp, 4?1 rrAn&g%d
-0.17 mAnp, respectively (Fig. 2B). Inconpletely conplenent ary Si

with a 1 bp msmatch and a 2 bp m snmatch produced average currents that
were 27% I&Sg ‘% 0.11 mAnp) and 53% Il ess (-0.07 mAnp), respectively at 23C,
21% | ess ( 3o ﬁArrp) and 46% | ess (-0.13 mAnmp), respe@?ﬂ%ﬂ@ﬂéﬁ 50C, and
unchanged (-0.17rnAnp) and 18% | ess (-0.14 mAnp), respectively at 65C,

thanI t haa3°ar,h|swedahy1 %Eecpgéﬁeg&Awd r@&e&*&@é @m&bgtgag@ eghlg F:hzﬁn 2B) 3 Tlhe
results i S n S an hat en the paralle
PNA Pr obed Iﬁgl F“é é/as duseda‘g i FF@PEﬁE&eﬁﬁ (F&End%l%)h vERGOBBtehSIdd bet ween
per f ect |qommmmausmmest wii ph exdsbpnti izt andtaRiNbBOmdsddtdr 2 bp
STt SR ARER beSSaod! SIPLLEJ WA NkeRghheveow LD 1heanty paral el TP

Probe No. ( However, experi ment & i'nvo e No. 2
and the 3a%pp]|€f5tsat -&noﬂf TRPDA fr t érresphetsm@ €&t ha¥C be2ht hkeg=ed(4®. 1B65C and

i mredi atneaalnf)}«__-,)alélga/vetilsﬁ5 olgggl (dlosqbomlpgrrp e%%%b%h@eﬂ?a%}ﬂr YL S 5 i ch

dem)nstrat ginced Si erences tween " perfectly mat ched
dsDNA: PNA! 530 ot in plet%r 288 p{ - GrildnBbEpbd KESORACLPRIY tati pl exes

(Fig. 2cgsoc,Thhapa:Haanabyleaé@hgdthéy;h&rﬂ&:t(l@aﬁht&é@h&bharé&ﬁpll\& 2), the
1 bp mS(%L hybrlds (SEQ ID NO 2 + Probe No. 2) and the 2 bp
m smat che ybr| ds (SEQ ID NO 3 + Probe No. 2) yielded average conduct ance

val ues of - Gheoreswldss 1ldusgravepsiraRdgubed@PmAnEsIB iesieatedaihatat 23C,

-0. 17 MRS, AP Ps 7 | d -0.23
S, the Bar ﬁﬂg Fx%b% NBNPSyad ﬁ\?/é(ﬁ%:t [ éégkez?_%%e% AR o ed

nps and -0, respect
to reduc‘fqrér\’é’tlff 1Egndﬁlé'ﬁ§’v‘i‘%§/ @Ftﬁl&%anﬂer%%%]at Z@GChﬂlﬁ% QPN IMPat 50C,
and 43%&%1@%6&n@5ﬁd§¥ cohhﬁlﬁlr@ 1288 & BPLPI alEhANEL SREPE s

compl oSty 4L ERpr OGR4 985 W 6 BACBRTALRY SaPaPFere aiRt paral |
PNA probTes(FIug t he . arrperonet r| c assay are capable of discri m natl ng bet ween
Pargets Zoﬁfﬁ%ﬁégi S AR e S S w02 B0 D050
PCT/ | BOZPliggtion of 5V after the samples have been heated to 65°C and

immediately allowed to cool disclosed amperometric measurements

which demonstrated enhanced 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 ID NO:2 + Probe No. 2) and the 2 bp mismatched hybrids (SEQ

ID NO:3 + Probe No. 2) yielded average conductance values of -

0.19 mAmps, -0.08 mAmps and -0.06 mAmps, respectively at 23°C,

-0.17 mAmps, -0.09 mAmps and -0.07 mAmps, respectively at 50°C,

and -0.23 mAmpsg, -0.13 mAmps and -0.08 mAmps, respectively at

65°C. Thisg translated to reductions in conductivity of 58% and

68% at 23°C, 47% and 59% at 50°C, and 43% and 65% at 65°C for

the 1 bp and 2 bp mismatched samples, respectively, when

compared to the values achieved by the perfectly complementary

samples (Fig. 2C).

Therefore, both antiparallel and parallel PNA probes in the
amperometric assay are capable of discriminating between
perfectly complementary dsDNA targets and incompletely
complementary dsDNA targets containing 1 bp or 2 bp mutations.
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Exanpl e 3 Probe No. 3 was a 15-ner ssDNA probe identical in sequengg JRA %006
arientation to the 15-nmer antiparallel PNA Probe No. 1 (SEQ 1D NGO 8).
Probe No. 3 had the follow ng structure: 5'-CAE: CAA AGA TGA ;I'A'Cli'g The y
specificit anperonetric assay was further investigated by reacting
SEDNA Probogo(lélfg?ltogﬁw trrﬁ the 50-mer wild- type and nutant PGIERIE/OPHE get
sequences in the absence of prior denaturation. The assay conditions were
i denti caEXg@pleal described in Exanple 1. Enhanced by the DNA intercal ator

YOYO 1, dsDNApsshiNAo .t Ki M f d_bet ween 30C and 65C. Upon 1 volt
treatment, .t he, erfé_)c'tlé Qﬁgﬁﬁle%sgéﬁIpé?‘,%ecbﬁg??r??f’g_16’f SSEEENEH NO 1 +
Probe No2P3, O%}edttddd obh Eonf iy it -mean dntipasall elaPNASPrdbs glo.34) (Si@

contrast IDi Neosip) etrdloe ®BNDBERRAtEHY AY1906+1 dst%\l]gdrtg%e:conbi nati ons _
generating a 1 bp m smatgch &SEQ D NO.2 + Probe : ., and a consecutive
2 bp mismatch (SEQ ID 3T@HC pPfe RBA JHCGA  @T-B4d in average conduct ance

val ues that \Ee speed Ehci6A%oEowtie 4RI omeeYa b eldYo e, ALn OC,  and
25% and; 4«2 YR spec an at opbServed Wt}

per(1Z ect | lgge(fgn‘%)l en&f%ﬂ%ﬁ%’-{ﬁﬁ?%@ﬁ%%&ﬁﬂg 5| é’ﬁﬁ@r%@%r@smﬁﬁ‘gﬂ_d%& . The
appl i cat ?{XSPF Gindy RitgmEr dﬁBNBag@rqaw)setquehbeseixfsauﬁal %Seflagugﬁ%&ai& gr e?t ﬁr .
anper onedlén£r S iRRENCeRe ORSRLVEd / per f ect, ched and m smat che
sgpnpl es, .t han, tgh l?rgbtglﬁ%e%%gﬁyele, pl\g"rqt Feul 51 éflx'?gg\%? t ERperkatur es.
After a BVPTrRfhdm ExppPleslseconds, the average currents for the 1 bp
e Do L A T el e A T L s S
78% 1lo oo ctiye at ' 0 an ol ower, resp : '
and0 33%\/\%?11&)1&%0 i o‘\%\%‘%{e, ¥8’§'B% tg\‘?gf”?.eﬁt 385€, apRarfX%at gpser vedaiitth t he
per f ect | {rentmentd DNA perfradyamatehediDN thepRek AtabiRS stFhg oB8Bmg | N

im i Gl I npnt.s, 4t brjdi,zat,ion xes ,were heated to
B5C and Tarol i kB T Pis R BRE hEhE SRR BN AP ol 1 oved

to cool 9S50 23@ giomsraste épmmmb&ﬁ@y‘(ﬁon@WemEnﬁé/ryﬁpﬁdberﬁ &gna 1; or
I I pls u i
1o secomdarger dmpipaeient| yormiahad ONG b plheasenuengs sl R4 R

Probe _ZLJ‘ro%eS NJOANB%O,Ogn\éDaO c/o%]é%%gtive 2 bp mismatch (SEQ ID NO:3 +
Probe No. 3), resulted in average conductance values that were
14% and 64% lower at 23°C, 30% and 70% lower at 50°C, and 25%
and 72% lower at 65°C, respectively, than that observed with the
perfectly complementary sequences at matching temperatures (Fig.
3hA). The application of a higher voltage (5V) to these samples
resulted in greater amperometric differences observed between
perfectly matched and mismatched samples, than that obtained at

1V, particularly at lower temperatures. After a 5V treatment

for 15 seconds, the average currents for the 1 bp mismatched DNA
triplex and the 2 bp mismatched DNA triplex were 54% and 78%
lower, respectively at 23°C, 68% and 70% 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 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
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No. 3) produced the highest conductance values at 23C, 50C and 65@3(@“9. 006
3A). The DNA triplexes containing a 1 bp msmatch (SEQID NO 2 + Probe lﬁo
3) or a 2 bp msmatch (SEQ ID NO:3 + Probe No. 3) were | ess conductive by
21% and 6 ctively at 23C, by 18% and 74% respectively at 50C, and
by 12% aﬁ%@ofg@%&% respectively at 65C (Fig. 3A). Simila{BRARBE sv were
applied for 15 seconds to pre-heated sanples, the average conductance

val ues f¥9?- theprodpced dihet bhgheBNAdndupkeanes wdidshar 25 4ap Bosaaighed DNA

tripl exessvyer griieduggd byr24%@n 9 respegti.vely at_23C, by 42% and
44% res R at e}SOC, h%n?@bgrég%/%ensd q qlntlggpéchi PRI piepatBe, when

ectivel
conpar ed%%Q tHe I‘}/O&\?er*ag’j’éoéﬁnﬂeet Ahcer vaal 2w gempeated (bpot e mers ect |y

mat ched PBiYe INd.pBEX@Bré&Flgss IDnauthevRPEET ¥AL 1 Q1 that thg antiparallel PNA
be (Fig. 3) behaved in a'simrar Tashi on in

probe (Fig. nd DNA .pr.
t he arrpée‘?o%rﬁcr'i g)yag'?g’y,anguagést APt MY B&cRBSRe andthe WRiklaid aci d
entity useak.asraspecgivbdywat 85¢Cp&Fid.cumr.l BiARaEL aNt whed NGy REESENCE Of
YOYO- 1 adhomeds th d@N'A}F s,and _the SsSDNA probe to forma triple
hel i x con%" of nat i oﬁrcg ab éeg%rg:e%eﬁ%r rleﬁgeag?‘flf @rag‘ﬁ&eﬁr edths care%ass ges
dependi riPYIARECEE 21Uy feoaqbbece bpcnhphamiedaDiva ythigilees dhe i get and
the prole by SObkmit&Hed mAtpg-Lglfgg ggm et n th gbe and the
target increased, the Iecvel o% corﬁc@gﬁ?e eg%gasé’dyf%oﬁﬂqﬁgﬂ{%‘e
rel i abi ITS3PSSFIVREY afhet Difet PYc4a%sand Witdn aeppechiselINALpFObE, ams used in
the absdnce3gf smd OLO0ZRNALeKPEdIRelRX M| @5t | RyHE &g@g Eeld Giassays

(0)7

illustr i I to the DNA i.ntercal ator 1 was added to
the sol ﬁf%ﬁ%o%gﬁﬁf’%né? h‘éaﬁ%? i FPEAL6H fYxtle PRrEreRbwtmairhsg YOYO 1

facilitdANA txiipdekepmifion 3¥) .t he dsDNA: PNA tri pl exes and dsDNA: ssDNA
triplexes. Theepepabbi-hti Iy Z1 . ' C tor .noi gty cqvalently
tet hered tdo a SSDNA robea{rilgél%ﬁ d&rﬁié?%&@?rr%giggs%ﬁ %%beevgltll?até'g I n
Exanpl e ¢ A0 pFore dFigrt é) nkehsvedsbiiai aini bat afashidrhat albeo

{oﬁssessw\gelrpm_ebtid:tasé@y,i HRjgeakabechat O id iﬂé!c%oﬂlé%gi %‘ﬁﬁ&%&ﬁ%‘m ures,
er eby alabiliaio.Lhe LI pLE Dl formaui on 13222
03/ 010568 BcTPFibY/ B598s P particularly important.
: The presence of YOYO-1 allowed the dsDNA targets and the ssDNA
probe to form a triple helix conformation capable of generating
different electrical charges depending on the level of sequence
complementarity between the target and the probe in 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 in the absence of prior denaturation.
Example 4
In the amperometric amsays 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 daDNA:PNA triplexes and dsDNA:ssDNA
triplexes. The possibility of utilizing an intercalator moiety
covalently tethered to a ssDNA probe in the amperometric agsay
was evaluated in Example 4.
Acridine is an alternative dsDNA intercalator, that also
possesses the ability to intercalate into triplex nucleic acid
structures, thereby stabilizing the triple helix formation.
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See, e.g., Kukreti et al., "Extension of the range of DNA sequenc%sé
available for triple helix formation: stabilization .of m smatched JAN 2006
triplexes by acridine-containing oligonucleotides.” 25 Nucleic Acids
Resear ch {ggﬂ-,ﬁg;og (1997). A ssDNA probe containing an_acridi ne nol ecul e
(G en Research & erling, VA USA) coval ently attachedPSEBRE%8 ond was
synt hesi zed on a DNA synt hesi zer (Expedite 8909, PerSeptive Biosystens)
and purifeed BygHPLEukPebbe eNo.ald ,nasEstekionr DM Pralgei dentmgal in
sequenceseqikhddd ' t 15-ner. Prope ... 3 (an gh s al so

i dentical _in sﬁuggggigﬁgeo%%%a%ﬁggﬁ %1¥h€°ﬁf!€a%ﬁ1=anﬁg5 ii’r?%‘POfPNA Pr obe
No. 1 (St I DNeFBIGChad withriptesdeiti doyof amcradindi-pentaiiefinagt the 3
posi ti onolildenuyerlebeifiad. t hes figldi@Wicngd 1§k T h 2oreGA TGA
TAT- act i i g5 d _The hybr di,zati&%\Mfeggf%nk%%%hei&??%gﬁ?‘ﬁ%’m ned t he
fol | owi ng: TS LAIBLN sPRCOLGiRs aplerudeDNALen oResed:h,4 and

0. 5X TBESt<Sdiimiges Vs e Ushic atbvallentdy3 s00a@HaG! Zat Ceyet t£ agﬂdwa%

subj ecteé,i‘,r;,._q,l ectrificati for 11 _seconds at 23C. The current and
t enper at Uf e v(e/e%yezggog%nt oér eéﬁés Syagg%?’r%%’a (i 3909 AsPR¥RRRE e Fig. 4,

t he ssDNNHYSHemRY. agdvperifjes by HRYOri di ze with the 50-nmer perfectly

mat ched dsDNArobargst 4 SEQ LDisNR.l) | {a Qe ;108 sLabl e
i ntercal atjon_of the coval enﬁy%%t%@éﬁ%@%dﬁdﬁ@tﬁﬁfzt v HEHSES ng an

aver age r ShtSHfatipnssto mikks. - mesnpBrokmnNot hé | éasd stabke a8

tripl exeslemmcalningequehcband oFabaRaf SERLDAD 12 R %Maﬂ% jor a 2 bp
m smat ¢ hpya( 1:]eDl\[NoO 31+ E#@b? N% _431 pﬁoduced average currents hat wer e
52% and éqg% ower , r'espeé etd, NPrEn) t RUE ¥ikhetde Bydikdonpefs e |y

mat ched ANAdPEpreketvaentherhaporttdiagai e bhcbe G RE fEYRRBANO. 4

W t hout dian@eLrPNA) (Fig. 4). Therefore, the acridine attached to a ssDNA

probe was equally as efficient as untethered YOYO- 1l in formng triple DNA
hel i ces that gener aP EtCRf f (BPenfCa| eTER| (BAT-cwmidine-sepending on the

| evel of sequesCRyBeI®)esEidmidtciehWeeRcths (849 a‘F% Lhe Prehe in the
anper omeg yic_assay. -23 2 3 JAN 2006 WO R5F8S L8 9gh e d il
olléwing:-’ 2 pmoles of target dsDNA, 2 pmoles of ssDNA Probe

No. 4 and 0.5X TBE. Samﬁles were placed into a 3 mm quartz
cuvette and were subjected to 5V DC electrification for 11

seconds at 23°C. The current and temperature were monitored as
described in Example 1.

As shown in Fig. 4, the ssDNA Probe No. 4 wae 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 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
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 triple DNA
helices that generated different electrical currents depending
on the level of sequence complementarity between the target and
the probe in the amperometric assay. |
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Exanpl e 5 Sense and antisense 15-ner ssDNA target sequences, deri ‘%e'ﬁJéWﬁ?P
exon 10 of the human cystic fibrosis gene, were synthesized, purified an
anneal ed as described in Exanple 1. DsDNA ol i gonucl eoti des Werlg di ssgl \[/)ﬁldA
in ddHZO centration of 1 prnole/pl. SEQ ID NO 4 was a 15-ner ds

t ar get se%gﬁ:g%ﬁ%ri ved from SEQ ID NO 1, designed to BETABRRBBe| y
conplenentary to Probe No. 1. Sequence for the sense strand of the

wi | d-t ypExamglgets DNA (SEQ ID NO 4): 5'-ATA TCA TCT TTG GIG 31. Sequence

for the anti of the wld-type target DNA (SEQ ID NO 4): 5'-CAC
CAA AGA TGA ?A#Ih% gh‘tl‘ﬁgeg%’rseeﬂscet &gﬂ'%ﬂ%’%ﬁﬂt ERPEPEIIRVITRSE  oflenEBNA (SEQ | D
NO 4) i sEaem0E*TEQYD NG 5thes AubSanecystiants aONAst ?bgﬁé, Seﬂé&e@bce ,

i denti j 4l it : @k get NO 4) except .for a one ase pair
mutat | one osor T aeup et o A et A Ao RERH unchdnelS rar
Sequence 4Wth81§%‘ﬂ%‘é°]s§9%‘i’@sof wére nudaasolvedjet iDNAJEEED) bBP NG 5)

5' - ATA T&hEGErAtGoGTEF 31 . priverigiice for the antisense strand of the mutant
target DNA ( quq 5): 5 -CAC CAT AGA TGA TAT-3'. The predicted nelting
t enper at ur e (S?r% 18+ cgg}l‘g&s( JEF ST NEepPEh Garaey. eeTuSRy Idorieed fwmn a 15- mer
mut ant OFANALR HQet, segigned todbst bempléteW |nipiBRehasspt t PN JEQ | D
NO 4) exgept;y for a consecutive two base pair nutation (underlined), at

whi ch the " sequence ATC was changed to C. Sequence for the sense strand of
the mutant t£SGEEPERALPSEe |9B1MNE BErand’ oATYL GG IACEyPEG: &8 pnaSequence

for the mswm,agga@d_ﬁ%g%gggg@t L& 9k dNA (SEQID NO6) : -24 2 3
CT,
JAN 2006 WO %%QQ%QEQGfg; 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 1ID
NO:4) is 40.0°cC.

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 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!',

The predicted melting temperature (T,) of dsDNA (SEQ ID
NO:5) is 40.0°C.

SEQ ID NO:6 was a l1l5-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for a
consecutive two base pair mutation (underlined), at which the
sequence ATC was changed to GGC.

Sequence for the sense strand of the mutant target DNA (SEQ
ID NO:6):

5'-ATA TCG GCT TTG GTG-3'.

Sequence for the antisense strand of the mutant target DNA

(SEQ ID NO:6):
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5' - CAC CAA AGC CGA TAT-3'. The predicted nelting tenperature (Tm gé JAN
(SEQID NOG6) is 44.0C. SEQID.NO 7 was a 15-ner nutant dsDNA tar§get
sequence identical to wild-type target D:\IA (csi)EQ \IME) NO 4)tﬁxcept 1fgr a
separ at ed se pair nutation (underline erein ree p

mut at i ons ‘?Ag?g&sgebgar ated by 3 base pairs each. The seqf&REBB/OABE TCT and
TGG were changed to ACC, TAT and TAG respectively. Sequence for the sense
strand of the nut ant taSQeCA@NA:p(pSE@GQ Dch) 79AT.8 AT:[A % TA'SI'EBT,IADGTNS» :;)
Sequence for e I f t tan e

5' qCAC TAA AT%AHE} %%1 '“ﬁﬁ%tgp‘g % PSE"“E’E f‘.ﬁn HSRNGy e{S(EﬁnIIbf dsDNA
(SEQ 1 D NRgg)7)is §439°GC The hybr| di zation react ion mxture (80 1z1)

cont ai ned thQSE oj;ﬁ oMbg: wasPED! d ar aI | el
PNA Pr ob q 5X TBE gnangﬁang o@s%ﬁie Iﬁ%t%?%m{at By The
reaction" S t\ﬁer“@%dn(FéfBSt &arget oBRAT (PEG ID 1NO0 mnutsxeseptt cfca:i Iaow

denat ura$¢mat@rddthhea mat;&am%@htﬁéﬁ '(lﬁhﬁaérll yeﬁhfg aLse éléte;eam
| aced int p2 oL irra an argo

an ng ai]wgvel engﬁ%%n% X%&f i e - 36r3d l?a(?re fRRidresedPR - eniBis on at

65C. Comi&fiuanses M@peﬂ'@ﬂ‘ua&dnﬁaguwemnbhan@é& BeshAGyedrAyy shd Tac,

sof t war er&gidtQhle®y. tenperature probe placed directly into each sarrpl e.

The maxi num fluorescent intensity occurred at a wavel ength of 536 nm

i ndi cative offSEHEBFEafe ithe sens@rdrandnof HeePNAL DA HarlgedBNA ASER second

assay, fin INmmr)g bEihearai tde@d ImerTlmr agt@t4on of each sanple, the sane
sanpl es vveress ect eg 1V DC el ectrification for 4 seconds. During the
final second gﬁu PEEt ?ﬁ%&ft IaBﬁlFﬁ%ses%rﬁﬂné‘soﬁe‘FIEe imMutantataget $¥ond ti ne

with the(SBQad® Non7) aser-czamnd 'm!slzmlt Amgeggcﬁ@;r f-ilﬁjplnqugrngﬁcg][lt wg\TeiS:Inotnha; o?Sg:ach
sanpl o anal yacd. PEeBRER RS L PG et ERatin ") DT AR BRI dRent ar
sequencé%o E&RI PBNRP Q- + Probe No. 2) al I owed maxi nrum-25 2 3 JAN 2006 WO
03/ 010506 The hybridization reaction mixture (80 kl) contained the

following: 2 pmoles of target dsDNA, 2 pmoles of 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 6&5°C until

assayed. Samples were placed into a quartz cuvette, irradiated
with an argon ion laser beam having a wavelength of 488 nm and
monitored for fluorescent emission at 65°C. ‘Concurrent
temperature measurements were achieved by a software-controlled
temperature probe placed directly into each sample. The maximum
fluorescent intensity occurred at a wavelength of 536 nm,
indicative of intercalation of YOYO-1 in the PNA:DNA hybrids. As
a second assay, following the initial laser irradiation of each
sample, the same samples were 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 each
sample analyzed.

SsDNA:PNA hybrids consisting of perfectly complementary
sequences (SEQ ID NO:4 + ?robe No. 2) allowed maximum
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PCT/ 1 B0O2/ 02788 intercal ati on of YOYO 1, yielding the highest fluorescent
intensities (Fig. 5A). The fluorescent intensities for a 1 bp ni sdrditdANPI06
ssDNA: PNA hybr i d (SEQ ID NO5 + Probe No. 2), a consecutive 2 bp

m smat ched,, g PNA hybrid (SEQ ID NO 6 + Probe No. 2)P and a separated 3
bp mi smat ched SabRA: PNA hybrid (SEQ ID NO 7 + Probe No. CE’S[B‘WQF'@saII | ower
than that observed wth the perfectly matched ssDNA: PNA hybrid at 65C

(Fi g. 5 imercdatsiont csihom){o 1 t;k&]ﬂlﬁ@lgeet]@é migtebeh faiovessehnfie probe

and thqr;t%ﬁgghégc ﬁf&? theT gvﬂu resc clgl:g%t | ogle%g YOYO di m ni shed

and hence t I"'evel rescent eney T a@?ground
| evel s d‘flﬂmalt}éfhéécéﬁ@émw@l“é bM!;ENedSEQhQ@ rNQ BNA- OPTRNA Nas 2) gsant

(YOYO 1 drie@htcfFedz 20 -midhieRchba %b&ﬁ%ﬁ% HgBE L C(éﬁﬁ'\lﬁ?Pﬁé gyhrids were

subjected to 1V of el Ectricity for secon | uor escent
i nt ensi tRFPEHPned) r e?Rd |4 I9Pagaketant bP duksmatehag BSDWM BNRDdyhisdg. 5A) .

I'n cont r@sg mpgbl gati QHoBé MY, tD) thaed r&qrmb%gl Vhaﬁﬁﬂ(E&Fte%%vﬁddgpl eéez
cont ai ni_fy smat ¢ and a p
i smat ch' é ng? r%%c% %Fggﬂ %531% %We]é‘}fgﬁj?é it EnsFt f %’ggt Mat™er e 18%
39% and daﬂ% nbbwel’rowrr)especthw@egreehaf\ nilmtatabhbewetenvthb pisbes amd sanpl es

i rradi atggl ngs 41% g{%ﬁ el gct 1LGLT Y, fTrﬁmgga@% LoWydevgl s of

electricity ur'ther dimnrs 't y*of tThe ssDNA: PNA
hybri ds HéHEdshrag fbfbdm]%ﬁ*m%hé@e Asevehe efegrfdacsbscentenicdensity

conpl e%@b&db%ﬂwmﬂk@reﬁﬁéﬁmg be £iddSichRer G858 bbddigehevel of
fluoresc |ntenS|t%/| dimnished dramatically in_the, presence of

el ectri d"f . 0 BVR P I‘éAH‘fa(‘?nlpfeSFBFl FPEOHnF LR r AF & set®nd assay to
differenti at thﬂtW&e@er}ﬁebfzwhﬂa}tdﬂﬁHCJilﬁni\TIS@mAenﬁlﬁﬁchmdleTrB%j@BUeal ning 1
bp, 2 bp or p anpl t.i on_assa Exanpl e 5
was per1&orrrle‘{:l % t%?gé%%incgrk fxonn&)o ecfcl?'n s%géfﬂ‘# g;h%e Eys Xd

measur ed-ntesBNAY PREMAYhed drélﬁrmalo/n camsganenpdeatensinghdye afigr 28l ting

poi nt (T(fﬁlgOf shhe dsPNaLargRt, S ap ngl@ﬁ?o:@ iy @%”Eﬂét A 1'1aece1

reliabi I%%/ of the fluorescent in nsity assay in the absen a’ presence
DIERERFPEY t JURIFXAT CONEALPARS Dok \Pébﬁ‘lﬂﬂetth(?]m ﬁ?d

2 bp mismatch (Fig. 5C) and a 3 bp mismatch (data not shown)
produced fluorescent intensities that were 18%, 39% and 71%

of appli

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 the
stability of the seDNA: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 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 after
denaturation of the dsDNA target sequences and measured
gs8DNA: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 electricity to differentiate between
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WO 03/ 010506 PCT/1B02/ 02788 perfect matches and base pair m smatche§

W thout the requirenment for prior denaturation. The hybridization Sadhl 3pps
m xture (80 /zl) contained the following: 4 pnoles of target dsDNA, 4

prol es of ' I1el PNA Probe No. 1, 0.5X TBE and 250 nM of the DNA

i nt er cal at‘g?%/%%(%l . Sanpl es were placed into a quartz FEJIBYH2788; | ¢ adi at ed
with an argon ion | aser beam having a wavel ength of 488 nmfor 80 cosec

and noni PEFEECY Firtehgsr ¥at dasecpr &5 imismat cREE. wi tBoutut he Meche FReEAL Ur €
measur emeok Spmse dhiteradiBy.a software- controlled tenperature probe

pl aced di rect{,ﬁ/ 0 each sanple. The nmaxi mum fl uorescent intensity

i.nt _ ,
occurred at a VeV EHGHFAGAON5 $62AHOF MRt RETS, (89 Hldt sicmgranEGntbE YOYO 1
in the PRAIDNAdbrd gmolds ef sesryst awdip, A0bhOVeA b NeitiRathal o4 aser
irradiatp sappl g, ane I re subjected to 20V DC
el ootr i1 Pl PepBe oo TR Siok o Wi S 98 d et e chaeropator
electriffeiPrbn tfrdgspiveseviplaced riaticabeduarsecomekbt id, e rvlatiiatbe ar gon

ion | asewitBraBhrese iand 1888t RESH KR indf LU em ssi;an_at _23C,
Fl uor escggt i nt ensi Li es Wer e qcﬁl otte a:glgagf 8%%??0 & omf;\g}esfgeﬁré't ASFor each
e

sanpl e aRal YSRF BRAaBREIRFShe EPRL of LegrassenyOyemiss HDNALPNAZPE| pl exes
wer e for fedcutret3Ct efiberdt whe fleabliveneses Werkh @NSivaa N s@%&ahsﬁsg when
y

the wild- 0-Jrer _ds t arget. sequence (SEQ 1D  NOT) was ridized
wi th theczi%&err%lfleadr%eb‘??&? BFS FREORS FIECRE diyeetly inpo epghcgapaieson, the

f1 uorescBhe harxiamui tflewresceat 1 inbene gnesehadeds BNAaPNAvELERGEX §SEQ | D

NO. 2 + PegbendNo. ;43:and: NSS! i ched d - tripl
(SEQ I D BN%@SIEIO P%%be No.eaﬁpmere g@&?&ﬁﬁggf@ ?%f?e%asgggﬁg f I}T{\Itﬁaﬁx
that obB¥PTEIE wi BAF t e FRITEE PPSAME cheel lbsdNg: PRt rimpltealat 188€ (Fig.

6) . Wienineaddh it BEAeUSE PARSES! dH: LhGel 82GH1ON wéﬁéts%ﬁegfeagawi ng
YQYGO- 1, Q%ynga%légr gun levels gf fluorescence were observed. The
di fferente in-fIUSrEEtahtaFHtRnsPYi &s B55OR0Red bimeriatedyt cafifer 3

conpl enesecondst ofpkésesrafibdticse thensaiplidty werbDipradZathya & saBLRAES Were
R R T
C early fHeoxeprent3 emigsigos at 23°C.  Fluorescent intensities were
plotted as a function of wavelength for each sample analyzed.
Enhanced by the intercalator YOYO-1, dsDNA:PNA triplexes
were formed at 23°C, The highest fluorescent intensity was
achieved when the wild-type 50-mer dsDNA target sequence (SEQ ID
NO:1) was hybridized with the 15-mer antiparallel PNA Probe No.
1 (Fig. 6). By comparison, the fluorescent intensities for a 1
bp mismatched dsDNA:PNA triplex (SEQ ID NO:2 + Probe No. 1) and
a consecutive 2 bp mismatched deDNA: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 reaction
mixture containing YOYO-1, only background levels of

fluorescence were observed.

The difference in fluorescent intensities obtained by the
perfectly complementary triplexes and those containing 1 bp or
2 bp mismatches were significantly greater than that achieved
between perfectly matched duplexes and incompletely
complementary duplexes (compare Figs. 5 and 6). Clearly the
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WO 03/ 010506 PCT/1B02/ 02788 fluorescent intensity assay of triplex 3 2006
f.ormati on possessed enhanced discrimnatory ability to detect basg e{f‘?‘
m smat ches. Moreover, even further discrimnation between wild-type and

mut at ed segygseRssNVas possible with the secondary appli ' f
electricity. A 20V treatnment for 3 seconds to the perfe%?&b&pz@gpéhed

dsDNA: PNA tripl exes produced a fluorescent intensity spectrumvirtually
i dent i calfligreRaentac inéengiby taswayanef sampbiex ndorsebjient asbesesskact ricity

(Fig. ©) entlaneearasanmhiieakbed #bi14QYcboketed RSP, Wil leqDl et el ¥

conpl enent ary tricg?.exec containing’a 1 bp m smatch™and p m sSmat ch
produced fl ubPESCESH: ENEBnIREher dhegrimination, ketwermyi bdetype and

respect i weitytetl heqnidnate sowh Aigdee ivl Ehvi e thanPe SHINSSaphi { At Al edei N the
e

absence qf ricity, (Ehg. .6)..  The 20V treatnent oOf ectricity did not
af f ect t%&egi:ggl T‘?’?'y of ?hg tﬁé?‘f“%%rftr yfo%r{spl%?f’é?ﬂdé‘rfot s Sesfeckhy
weakened Melsehs@ aBsPNR yPIA  trhpletlsdNpRidudead P eXBsortisaitni g chaseypai r

m smat ch at +Hi pesdant . gn eqree of .sequence conpl egentarity
bet ween f.é%g rr%Be l?r‘lc?atlﬁg ?gr g.etcfaqTﬁEeJt%ag-'r gc EEL ‘e’e%g:ﬁ’l ?%g?lt?aorﬁe 5’1‘3‘““1’gg

el ectri cPPy FUPI%RFY Gor edeekricHieddiioy 6ksafopeverdeappiiaataon nbr e

hi ghl y relovatibe 3ssayonds dis!inguiibnpelreep Ybhhdudift a:3P@ARILR.80 LhoSE
cont.ai ni Q:gm%\ﬁ?ﬁir?r 2 bg g}é{tatlons, wi t hqut ri.or denaturation o
sequences. Wi T h& i hvélkt | BReECheaRddds cri BRI MAswatel | predusedh
r ef er encéluorepeent i ciekampiteied hartenf |, wérev | 23be appar ong thw@Bﬁ skilled
in the ardghbat ¥ ousehan an dificatigns .can be nade W thout
departing fsfr)or.n% e %’pi rsclﬁg}gng:%s%gopgb ﬁ%?%%f WL AR 2GR W0S8P£8506
CLAI M5 PG?}“PQ@Q’W}%??B the aheencd 061 elesayimifysetRigncesspecthéc2ov
hybri di z&ke8Bment S&f Je 1BEHWOL G RIS ifdG: a&*f%%!tdltﬂg thgﬁﬂﬂ: CQPPLL3I Ng at
| east one tgrgg{ b|0ﬁohéner sequence; providing a probe conprising at
| east on&°pFBHE HiCHPRISRERL ALY fiFdRdexeq dhurgwaakensst sbe arbildity pirget to
a bi ndi ngheredsDNAt BNA ptpiplexes t@sitaSaipbebase 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 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 with
reference to specific examples thereof, it will be apparent to
one skilled in the art that various changes and modifications
‘can be made without departing from the spirit and scope thereof.
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applying a first stimulus to said test sanple to provide a first

stimul ated test sanple; detecting .a first signal fromsaid first 23 JAN 2006
stinulated test sanple, wherein said first signal is correlated with a

bi ndi ng afé b4 etween said probe and said target; applying a second

sti mul us P%bggﬁ%ﬂﬁirst stimulated test sanple to provi&ﬁ*&mg@g@ﬁd

stinul ated test sanple; detecting a second signal fromsaid second
stinulated test sanple, wherein saictagMsond signal is correlated with said
bi nding affinity between said probe and said target; and conparing said
first signal and said second signal to acconplish said assaying;, wherein
at | east one %-abel et Ergapsayisg sequencessppréfic ybridigationt.

st i mul usgasdintktIREOBGNBIE BUhgs, said first signal and said second signal
are el ectromagnet,ic radi ation, provided that when said first stinulus and
sai d second §8Fﬁﬁﬁﬁ§gar3 ﬁﬁﬁ?ﬁgicc?%Rﬁ%ﬁ%QEL atn ilRREFMeARat etaYLRY roni ¢
stimulus is appl ibdebpbdymardségsinsgnpl e after said first stinulus and

before said t nd_when said first stimil us,and said second
stimulus are p;%grgﬁig%i %%%?eaﬁ%g' rL8al'd ‘?ati (rls?tasgi 3%9%#& géSP‘al%‘&%nd
signal are el ectriseagenrent. 2. The nethod of claim1, wherein said first
stimilus 1S d00kNisa1andr38tdan@coth XdBde! d & SiBALAGEa 1y dp1e Method
of claim1, wherein said first stinmulus is photonic and”sald second
stimulus i s phot oRFEVidsgastesty Aamd®6 WO 03/ 010506 PCT/ | B02/ 02788 4. The
net hod of cl applyingher eifstsaitdmuiliust totdand eskSsafbBS tv0prevaad sai d
second stinmul us i%igggtgggﬁu15. Jhe jrethod, of claim 1, wherein said first
stimulus is electronic an S%E%FsuﬁﬁgnaagP%ﬁulus is electronic. 6. The

met hod of cl glehectingepeifiirappbignil ofrof smid fisetosdistiiateédistést at | east

partially coext engokiwh ! fneAPHl I6A 30,8k SAba] {5 lootbbiULUT yfen ThE
met hod of claim 1, wierein said first signal Ts 5hoton|c.an sard second
signal is el ectrof pin@ingad fidni hydoaiiwasnapaid puglher ahd spdiddtarget: si gnal

i's applying a second stimulus to said first stimulated test
sample to provide a second stimulated test sample;
detecting a second signal from said second stimulated test
sample, wherein said second signal is correlated with
said binding affinity between said probe and said
target; and
comparing said first signal and said second signal to
accomplish said assaying;
wherein at least one label is provided in said test sample,
and said first stimulus, said second stimulus, said first signal
and said second signal are electromagnetic radiation, provided
that when said first stimulus and said second stimulus are
photonic radiation, an intermediate electronic stimulus is
applied to said test sample after said first stimulus and before
said second stimulus, and when said first stimulus and said
second stimulus are electronic radiation, said first signal and
sald second signal are electric current.
2. The method of claim 1, wherein said first stimulus is
photonic and said second stimulus is electronic.
3. The method of claim 1, wherein said first stimulus is

photonic and said second stimulus is photonic.

-29-



phot oni ¢ and said second signal is photonic. 9. The nethod of claim1
wherein said first signal is electronic and said second signal is 23 JAN 2006
photonic. 10. The nethod of claim1l1l, wherein said first signal is

el ectroni Gw@i?ﬁ?ﬁﬁkd second signal is electronic. 11. The nethod of claim1,
wherein said el ectromagnetic radiation is selected frofCtiRO242E8p
consisting of photonic radiation and electronic radiation. 12. The nethod

of claim1l, 4sher 8be metibdld elhtm I Adikdiiedn bSid #1A&A sheamwd 3 The

met hod of; &l@didnikl ! ' Lectronic radiation is electric voltage.
14. The method of (?Pé??gnéﬁnsvﬁ?%rné %tgg‘}léiug\tl?ﬁﬁq:oﬁé"l abel transfers
energy to at J-easfThénkeheof] ghaimtb gdweecdnesatd fligadt seheubfissiad d first

si gnal asTecAichizeeaddssi@dcontd st IRE1HB DL Qe Gldli 1, wherein said_at
| east one Iabsel 'Lr%ﬁ;heg%hgm nescent or el ectrochemTum nescent. .16. The

nmet hod of clai'm 1, h&F s8FdCipiPedst WhRESLAbaPPL | Gatuipre|afct#aid spi n
| abel . 19ecorite mtimpdusef dhai atl, 18det eighxaﬂiaqlPr 0bBekt Rl WdTery4 §EQUENCE
e

and said s .hiopol equence contai n nucl eobases and said probe
hybri di zaelgsﬂsl%%%il?’hcgﬁl %gav?\nét 1‘3":2% &“r8'98% to form a duplex. 18. The method

of claim1, whereifhesnpthed ob® dlaipollymethersdqueatd Abhests asthrigr gel

bi opol ymekotsRade ' I e I.d _probe hybridizes

Spoci 1 oy hrd i e ey SApRaT "0e Pl H006 VO 031 010506

PCT/ | B02/ 02788 a Fpﬁpl'“%;(boc?g?f Tt thodhered hapmid, fivhet esiorsd dispr obe
bi opol yngHiotsdguanaesaid Sedchd digahlbiORMhIEBIiSequence contain

nucl eobases _and iﬁi d g&ob{g ?r;%br' i zes speci fi cal Ig with said target to
form a quadrupl ex ®2BSCHR t MHhilcverein faédefhretisignadbds s a
nucl ei ¢ elagitdoanal egdcemidisdaepdaibrabt i®nshdfordr .unchar ged backbone, a

partial ly chgpgedqhac catini.c noiet a_crosslinking _agent, a
crosslinkin s?degﬁgi ﬁgﬁﬁd 58 [ é’ﬁemglr?gf%a. 5314 Hi B ot RRE O | ai m 1,
wher ei n gkeqteggicoprdopakdigpcond signal is electronic.

11. The method of claim 1, wherein said electromagnetic
radiation is selected from the group consisting of photonic
radiation and electronic radiation.

12. The method of claim 11, wherein said photonic
radiation is a laser beamn.

13. The wmethod of c¢laim 11, wherein said electronic
radiation is electric voltage.

14. The method of claim 1, wherein said at least one label
transfers energy to at least one other label to generate at
least one of said first signal and said second signal.

15. The method of claim 1, wherein said at least one label
is chemiluminescent or electrochemiluminescent.

16. The method of claim 1, wherein said at least one label
is an electron spin label. A

17. The method of claim 1, wherein said probe biopolymer
sequence and said target biopolymer sequence contain nucleobases
and said probe hybridizes specifically with said target to form
a duplex.

18. The method of claim 1, wherein said probe biopolymer
sequence and said target biopolymer sequence contain nucleobases

and said probe hybridizes specifically with said target to form
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probe bi opol ymer sequence and said target biopolyner sequence con&ey &N 36
am no acid sequence. 22. The nethod of claim1, further conprising:

applying at |east one additional stinulus to said second stinmulated test
sanpl e rovide an additionally stinulated test sanple; detecting at

| east oﬁg)géﬁ?gf’gonal signal fromsaid additionally s®PCEBBAOEStest sanple,
wherein said at |east one. additional signal is correlated with said

bi ndi ry tafifpleikt.y between said probe and said target; and conparing said

first signglg and s | east one _additional signal
to acconpl ?ish sgﬂllLl agggg&l%%gc%m Frie ¥ %@Fﬁgﬂ grid | REoRe Pioprérurs sai d

first Sduanagsand faldbsogdt skimdpmllgrmeanﬁb@ﬁrd:eaboheﬁﬁﬂ :ﬂl&@eéﬂﬁbébonm
stinmildm 388 ghbbengirid 1%SG?§ fo.ft'cfeéll t-{lz thod f§(E:’| i m 22,
ST |

wherein at | east one of sa fis and sai d
at | eds5tIURTEUPABY ti onal stinulus is appli ed non- cont| nuousl y. 25. The

et hod' of - @hai e mcﬁi orab1ABRL, %%refmsé’al%pﬁrkfhét chhf 1@nd said
second, dltgu gs i s non- cont'i nuous *Claim1,
wher el i oat Teas? %?fé n% GEpleptt fnre oF Gnt unReearged b@@&bdn% a

subst mErEladdyf abergeg@abackbome, N® BB nQJ;L%G; - 0de crédsl Aniethod for
assayig eque y ri.di,zatign, -3 "JAN 2006 WD 037 010506
PCT/ | B(r%]%/ 027888g§|s%Pﬁ%#(l)% El(}onprhlalpn nd Brivs ‘?‘F&‘sf £2A4eE;: providing a
probe, wheréi-n Epel BakkRodnef oflaki dl,prwhm:ea,lmd atsdiedstaoget ocospidises at

| east paekebibappbyiRér S& &£ addld id. target to a

bi ndi ng_pedi um to rovi teast sa&&fst'a'El eg‘{yl na%li%?r%sg equ‘?us to said
test SEMPFE"F0R R %Fl ﬁ@%?wl ated test sanple; detecting a first

si gnal froﬁﬁsalﬂhélméﬁhddldﬂﬂdwbﬂﬁ 8 @SEurther comprising:

applying at least one additional stimulus to said second
stimulated test sample to provide an additionally
stimulated test sample;

detecting at least one additional signal from said

additionally stimulated test sample, wherein said at
least one additional 51gna1 is correlated with said
binding affinity between said probe and said target;
and

comparing said first signal,.said second signal and said at

least one additional signal to accomplish said
assaying.

23. The method of claim 22, wherein said first stimulus,
said second stimulus and said at least one additional stimulus
are different from each other.

24. The method of claim 22, wherein at least one of said
first stimulus, gaid second stimulus and said at least one
additional stimulus is applied non-continuously. |

25. The method'of claim 1, wherein at least one of said
first stimulusand said secondstimilus ig applied non-continuously.

26. The method of claim 1, wherein at least one of said
prqbe and said target is bonded to a substrate, gurface,

partition, membrane or electrode.

27. Amwethod for assaying sequence-specific hybridization,
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sanpl e, wherein said first signal is correlated with a binding affinity
between sai d probe and said target; . applying a second stinulus tozgszyAQ_zggs
first stinmulated test sanple to provide a sepon? sthn?lated tefé sagglgin
detectin signal fromsaid second stinulate est sa : :

sai d secgrygog?‘ggg isgcorrel ated with said binding af f Fhfr§020¢BReen said
probe and said target; and conparing said first signal and said second

si gnal t®riddeadhsid Sempaiidiagsayi ng; wherein at |east one |abel is provided
in said test maplfng anfdasgld, first stimulus, said second stinmulus, said
first signal =~ and saird second 'signal are el ectromagnetic radiation,

provi ded t h&R¥SHEANGapdrrebet whanainuatahdasai che eordiat bAtb&ISa €

oni c radi ati oggi@n i dj tronic stimilus is, applied to said
Fggt sanpl e after Iihs’a(;iad ;tlaggtéggt%ﬁ%uﬁ%%ld a%gf glreé—’lstsaloﬁese%ﬂ@g&_f‘f‘%l us, and
when said first sfRIPFS®and said second stinulus are el ectronic

radi ation, saddifigr shidi gpebe amid Sidl R 3 Q”%‘in&&ﬁg%&& dhcegurrent.
28. The net hod of gggk%Zg,te erelmnlaft. | east one of sali probe and said
target is a protePn, a peptldse SAR i pi d ~menbrane. 29. The method of
claim 27, whérslyipgeaotizsti stpmobesoro sdidlteat gedmile ROl pRoPigRQ yNer.

-32 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 probe and said target;.

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

detecting a second signal from said second stimulated test
sample, wherein said second 8ignal is correlated with
said binding affinity between said probe and said
target; and

comparing said first signal and said second signal to

accomplish said assaying;

wherein at least one label is provided in said test sample,
and said first stimulus, said second stimulus, said first signal
and said second signal are electromagnetic radiation, provided
that when said first stimulus and said second stimulus are
photonic radiation, an intermediate electronic stimulus is
applied to said test sample after said first stimulus and before
said second stimulug, and when said first stimulus and said
second stimulus are electronic radiation, said first gignal and
said second signal are electric current.

28. The method of claim 27, wherein at least one of said
probe and said target is a protein, a peptide or a lipid
membrane.

29. The method of claim 27, wherein one of said probe or
said target is not a biopolymer.
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