WO 03/ 010506 PCT/ 1 B02/02788 HOMOGENEQUS ASSAY OF Bl OPCLYMER BI NDI NG BY
MEANS OF MULTI PLE MEASUREMENTS UNDER VARI ED CONDI TI ONS SPECI FI CATI ON
BACKGROUN®O®B/0THEs | NVENTI ON 1. FI ELD OF | NVENTI ON The i nveatriiBoe/2essat es to
met hods of assayi ng bi opolynmer binding, and nore particularly to nethods
of assaying bi ndi ng_Q [ gets _conta nucl eobases and/ or
am no acidg, 2. DESCRSF —2F ARFOPOLENER LR erstood for a
nunber of years—that-—Bretdihds SUREMENTS ;UNDER VARIED cgONRETIONS
characterized through the appligghbepreiragyel ectric field to a sanple.
El ectrophoresis is perhaps the nost weFI -Enown exanple of an isolation and
characterization techni quBABESBAUNR PHeTHENINUBNEEONf el ectric fields on

bi ol ogi cal mal eculggssrd @ngINVEqJ@ﬁ ophoresis, a uniformmatrix or gel is
formed of, for exanple, polyacrylamde, to which an electric field is
applied. M Xt gt ied relahesend ofetttindsyedf wabbaniigoated opwlougtr t he
gel acceydidngdt,0 ej i i r i i4.h - kh (o .
VoI 1y e ey et i (e ehar PR o defafEh piind B Bt
such asPEORRSr Pad drrrasitse cmid adidimge nuvBisidbiatsiess andadiprbeniimd wericed by
altering poreg siz t lor FGH formation of a concentration or
pH gr adi ent,gor b%ﬁ%ﬁ?ﬁﬁg COWDT%‘?I ?%éoTn of the buffer (pH SDS, DCC,

gl yci ne, sal . ©as- hrent wonderehsopénafoyel a elmotbephoresivearse ftaiad y
routi neys [eS,d researc r I rget .substances.can

be puri ﬁl%%%?%%&s 2“591% C{%}%tc?ug Sha%{?/ gLr ' g%‘;&s? %:%Iﬂdg%hra-al;%qq;c?tﬁ: %reglfnt%}rﬁélg&el . A
nmor e r e&&et PPrddvaltdped ofr eoesd dat il dhiedid dlceet miamplisi.eld is applied to a
bi ol ogi cal s | & A i : i S, Patent , 824, 477 to Stanley.
The Stanl ey %glr:é ec‘r??tIIO ihgjlcrl% o(ésl %: e"%a pp%rrct%{é—’1 g’s?’ S tfh(;%r %g)és’tts&ﬁlﬁd %Og"npreécs‘?glﬁcee &
absenceasf asopesderer ahdedchatketeracatisrqueacenigua Semged. Skhe threocess

conpri ses; e igg . oubl ezstranded nucleic acid__b ans
of a voﬁ?lgglg@élg%l i%gj%{lo %%:‘ﬁ%gdgng% §%?%?g%%agymo%%g}%ge8f aﬁne?/g§§rode;
(b) hybeldiczimophoresdenat ar ethifosireimatdix 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 dependenf upon the unique characteristics 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 (pH, SDS, DOC, glycine, salt). One-
and two-dimensional gel electrophoresis are fairly zroutine
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 patent 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



WD 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 wetoaf105dé scl oses the application of an el ectric fPcahdora7gshe
sanple to be assayed for the Iimted purpose of denaturing the target

sequence. A nore well-known type of hybridization assay is based on the
use of Fdsr &5ceht®af Fﬂ@nHSiEPEFanéﬂég% éﬁ%tg@%s?ﬁqu?BFﬁi pRdor&cent

i ntensi ythasttiagsansthavec hy My ¥i z 0O iHsed oeel-aeti. Naride tagatey th a
quorophore-coqiﬁl in probe, renoving any unbound probe from bound probe,

and dePatEig nceS | APPh&CRELRBd afit Sl eBrbhenébatdaseaydie

| Mpr ove sHRR] eS e PRASISE /TR YDr ithd Naniltke IRl OMNendt@AUIHE the
washi ng step or the provision of a non-liquid phase support. Sonme assays
have enpP&PES SRE¥EE&Rati ng 1 uorophores to detect nucleic acid

hybri di zati om, measeeean -idewdbithidey o¥f H$#EN difdHARPRYRS e Barddeieen
strands of nucleic acid in a hybridization conplex. For exanple, US.
Patent R8e 39240557 lugrBgrREtetmayking | 3g¢B58s a ffbt HaRl BnBOREL Mg c

detecti mgraNd aEAMFéAEdMY AUHELOIsS t§Chd Bl ecitas,s A preler neghiemhadi ment
relies on the intercalation of a dyé into a double-stranded nucleic acid
hel i x &PYSITHFIEE stPahdetindclei BaBErH. WiHd d9e Flumsiaphare gangpining

i nter calaidpan ardnblengnt aRS t ¥nbsuagdi ][aﬁege MeASUh EMEAIn®f Jlisbe aMRuet  Of
nucleic acid present in the sanple. Wile the method of Burke et al. is
pur por t €g¢testiacu§érorepeengeasurihyg washed ol cof HRRPISREQUS QIS YS

sanpl e, .ih%%o@%n'élt%ﬁ' fauerbi PAL DY Delgen LAt ehkal atRe arflucl ghe Ry d
upon which the nethod is based renders the nethod inpractical for

det ect i A§WPRES a4 Wahing ngtepaP¥i Ebeaprgviifder edndi ficend iadde DisrEe ar get
nucl ei ¢ g, a0jddupl exes are present. U.S. Patent No. 5,814,447 to Ishiguro
et al. disCloses an assay which is purported to i nprove upon assays that
rely on nonSo¥ecidsgayst éaaet e Usetage ent e er ball 81y n§lugearbonnd bteucl ei c

ﬁci_d duple@xes, 3R 125 2BYEKE B&iahzseggn@nbsgéai §h 8RS AWb1 HRSErdoed Ay
shiguro et al. 1 n Japanese Patent Public -
fluorophores to bind between strands of nucleic 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 gquantitating
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

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

described by Ishiguro et al. in Japanese Patent Public



WO 03/ 010506 PCT/1B02/ 02788 Disclosure No. 237000/ 1993. The earlier

devel opnent conprised adding an intercalating fluorochronme having a

t endency wo 03@xis0bi t i ncreased intensity of fluorescence waeanBixiesscal at ed
to a sanple solution before a specific region of a target nucleic acid

was anplified by PCR, d i t i ntensit f. fl f th
eacti DR LBraenEn So- of D2R0BT REbeneerhe) eREE oS hctieRe gt hhar o TP aLE Phe

target @@J@iﬁc_i;cha@mi drﬁfﬁfx@a@;@ﬂg i Eﬂqaﬁ:‘ganrofﬁa_edﬁ&éj?n@ataenteaﬁte@nspt_ edot 0 .
i mprove upon the earlier, devel opnent by providing.an assa ving, | nprove
speci f i ¥R MR AR T T2 S TRttt Oﬂfh”él‘ﬁ?g%%c‘?%c%%ﬁrhdpé- CRIfIE to

ol i gonugl gaipde Labetednokhoas hnégééﬂfﬂbiBQgi&hUQEOthaﬂgeﬂhhﬁhléict0 be
intercalated into a conpl enentary i nding portion between a target guclelc
aci d an@cdd 3%l BURLAAAGEd Y | §oRucl 3BE i FEIPTBHEI |Ehf*he1r&r?g*b°ilr¥gf sBarch
for nmore1sepsktiMee BEEMI EhE BdMbtiswidshaasah tackivisesimenentegealsh
group devel oped an assay conpr|5|nq8$naly2|n the effects of ag %Iectrlc
field oROt hdeteFhioraRd erfUant Hrate y Wi ndAIE adUF U5 i @25t | BRTAERI exes.

See U. Sypbat entafApehi, catien Moy Gt Wiserpt &t £8biwgryve Tupod99heand
U.S. Patent No. 6,060, 242. The researchers indicated _that the fluor%scent
a

i nt ensi B§THLCH FRVDHIRIPEF r BY s RECYREERIJuplex@ IF Y e &Y DM TRACVE

perfect Ly-mat¢hed, dupl eXardhdarizthe appl i cahions yne porgrdpe di S@ ose a
met hod for detectlna %e nucl eoti de sequence, wherein an electric field is
e

appl i edsiBIde-pryap Gldgopucdeatddsr IGhelag ertty ant AnkSgspeting step

and a chapgeckRrdRel MBRS ) Ao d | LFLSELTALEM $ALBNaATcAplEHRELESR Of
the electric field is detected as an indication of  whether the probe is

hybri di étdinga @amiiiarel yPebwpeRneRt arf2rIric| eBEFdE1SeqiEHce ofdn @

i nconpl gt gLy -COPPLARRAL 8hY Jouekeebidte peapence. Despite the foregoing
devel opnent's, a need has continued to exist in the art for a sinple,

hi ghl y sensi Ehveshef pagpiing @fpratapfer nFered J6s idridiSzi AGCHRERBR adfPn
Egﬁg?ﬁnggggbﬁkgf% (¥%c ﬁgsfuwﬁgifeééégcﬁn§£89§-débélbﬁé@rﬁﬂc%%F%&tEd
por at e erein by reference in their entireties. -3

comprising analyzing the effects 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
liquid medium prior to or concurrently with a detecting step,
and a change in an intensity of a fluorescent emission as a
function of the electric field is detected as an indication of
whethef 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.



WO 03/ 010506 PCT/1B02/ 02788 BRI EF SUMVARY OF THE | NVENTI ON The invention
provi des a nethod for assaying sequence-specific hybridization, which
conpri seswomBoOwisdé ng a target conprising at | east one tar @ET/IBR/@ps yner
sequence; providing a probe conprising at | east one probe biopol yner
sequence; adding the probe and the target to a binding mediumto provide a
test sanple; applying a first stimulus to the test sanple to provide a
first stinmul ated test sapuEs stsMeRY oF aHE mtvesmoa fromthe first
stinmulated test sanple, wherein the first signal_ is correlated with a

bi ndi ng affiﬁ%ﬁy bég&@§¥ﬁﬂﬂaFNQERY%QﬁFtheatarﬁﬁF?OapplfPﬁg a 3SECoHAY

sti mul useoehbe -bpbest fsici Mybated zaeSon, Samla Tc@rr?’r@éie@e. a second
stinmulated test s | e; detecting a second signal fromthe second

sti mul at ed tB§PV§§gESe,QMuﬁ%ﬁQ?qPmF%ﬁR%ﬁﬂl%$gn%F i $S88Fr ePREed BAITIEE t he
bi nding affinity bebpeepmkhespymbacand the target; and conparing the first
signal and the second signa to acconplish the assaying; wherein at |east
one | abel ispﬁpgégagﬂ PnPrRBSt STPELAPTS, 2L akRPt hePs mutohg haRed yiske
second stinulus, bkhegubhest; signal and the second signal are

electronagnetié_radi tion, provided_ that when the first stinulus and the
second sti nuP& 1§9et%ﬁho?6ﬂ?% pRG &tontasget nter fedPirdind eBepdhme to

stinmulus is applb@@vaqetaetbg%tsgg@g@g after the first stinmulus and before
t he second stinmulus, and when the first stinulus and the second stinmulus
are el ect r onPEPLYAPGt Port I TERe SELFRLUS §Ralthendaste sagBdend s mgvalids &

electric current. rArge Rtawudedess e srelheghilar assayi ng sequence-specific
hybri di zati on, the method conprising: providing a target; -4 WO 03/010506

PCT/ | B02/ 02788teFtdwadianhgt Brpt oBéInhedaion dihe ehb¥rsbnetamudpeepr diwstand

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
sample to provide a second stimulated test sample;
detecting a second signal from the second stimulated test
sample, wherein the second signal is correlated with
the binding affinity Dbetween the probe and the
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 signal and the
second signal are electric current.
Also provided is a method for assaying sequence-specific
hybridization, the method comprising:

providing a target;



the target conprises at |east one biopol yner sequence; adding the probe
and the target to a binding nediumto provide a test sanple; applying a
first stiwoloa®iasost he test sanple to provde a first stinmelCatiBeR/a2esst

sanpl e; detecting a first signal fron1the first stinmulated test sanple,

wherein the first_signal is correlated with a bindin ffinity between the
probe and t RFYSYEY ApBF9PRg y 5@6ﬁda§t1ﬁﬂ§E;QQ?t ?s?rg??nﬁﬁated

test sanple to priwittergetsecandisidsntal edst egie pdplorymedeseglienged
second si gnal %ion1the second st #@ted t est sang ereln he second
signal is cA?EEE elNG BFORNABE ndPRg 9IS t§°Pb t%&gg " ah@ t he

target; and conpaéf@gla@eaftégt sh#l F@é and the second signal to acconpllsh
the assaying; wherein at |east one_label is provided in the test | e,

and the firstPRITIRE (3, FiRECsBEOMBLYE| hDl e Fﬁ%tfﬁ?§Pl§|5ﬁaPr°Kn et e

second si gnal arefgfggtg@ﬂagngté@ tagdtata@pileprovided that when the first
stinmulus and_the second stinulus are %hOtOHIC radi ati on, ernedi ate

el ectroni c sEEFRFEANFsa fdFSteFiFahelre®t toandl &S t BF1HH a¢¢$ Fe8Fi nul us

and before the sggaptestimit-asn ansl mhest tdiyddr sts Forrdlsseanditheasecond
stinmulus are electronic radiation, the first signal and the second signal

are electric currehpdipm £ELPESER PFFERCRFEBEVERAPSVREASTEE FREIBRAW NGS

The inventi ogodi{ingeadesddRedst inGPAE UBG! itPR W {4kt het 1hel dovsngedEawi ngs
in which Iike reference nuneral s _designate_ |I|ike elenents and mhereln

Figs. 1A and 1B af@"gtaphe BFO¥uffeft S§SCRIf GREMIOALEE FPFE Sample;

conplenentaraéyecéiﬂ§ |§éé8ﬂdlghéhglgfﬁaﬂstﬁé @@Ebﬁatseamelaueath@atof
tenperature and co enentarit 2A, 2B, 2C, 3A and 3B are Rhs of

current as a fun%@mﬁﬁeﬂfWb@ﬁﬁéﬁa?b?eéeééﬁéléﬁ@ﬁ@grﬂﬁycgﬁﬁeééﬁﬁglwﬁé
factors; -5 WO 0§ﬁ910}§9§dfggr/ | BP2{ Q2¢ 88 p&ieerd Ithd PrIHe Ofareur kedt as a

functlon of tine and
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 1is
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.

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 complementarity;

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;



conplenmentarity; and Figs. 5A, 5B, 5C and 6 are fluorescent intensity
spectra. DETAILED DESCRI PTI ON OF THE | NVENTI ON The i nvention provides a
rapi d, seweimsiowspe environmentally friendly, and safe net irod/IBayvo2asssayi ng
bi ndi ng between a target and a probe, wherein the target conprises a
nucleic acid eqyence or _a n glc aci d anal o uence and the p

conpri ses a ﬁbgl ei*c Htid FEFRENSE STV THic %Fc Caifr’ré?nogo s%hﬂ%né&geThe

assay ototmpkemexeariefn;i andl SO sui tabl e for assayl ng bi ndi ng between a
target and a obe wherein the  tar §End/ or the probe conprises an an no

acid sequencg ‘T’hugA PRe PhveRti 6n? PPEBFESTSr 1&§§§§Fﬁ§ BPREFHE - of

bi opol yners, whi ch msramsesb rmmmpfmﬁm&xa SO UBREENERGY ai ni ng at | east
two amno ag am np acid apal ogs, nucl eic acids, nucleic acid _anal ogs

and/ or conbi Hé?l Hﬁge?ﬁe?]é‘o?ro'lﬁh PREA CEA m SSTSAE ey §5¥aysnmeREAlAvVent i on

not onl §ridategt SahlesPreseeeRo@f £ SPatddd e i HifinP Hetdlerd Br O¥Ees
qualltatl\ée and antitative information regarding the nature of i.ndi ng

bet ween®89prdb&@TERE 1t aFHETS1Rhusle | (F3dsSdi RERPE1SESnpR i U S| é6Bsse to

nucl eobaegubhpédi rtgraSasaylaclbﬂe AOVentdrn Rnabkeschbe pirgt 'ttHé)n?Frob@
di stingui sh among a perfect mat ch, a one base pair m smatch wo base

pair nfSWRELASTa & hPBELBASe F5Hid APIWBRER, OF ofeWALE15ai FCHRI BEPORI a

two basgeBabhcdel ettRa ardag toF eenbaseraidisiel ebi %ﬂs&n@@gﬁmszE the
invention conprise calibrating the neasured signal (e.g., electric current

and/ or FPEBY%E@erﬁlnqltﬂgengi‘—’?&)’?eﬁora atf#reet ﬁt‘%eaté’lr@@@rm‘ﬁlﬁ%ﬁ@%gﬁhﬁst t he
sane typeqgeft sha@yst exdididird npitikels ahoaﬁneog@i@eéiaqﬁéﬂbé heTﬁage

target, wherein each of the other probes differs fromthe first probe by
at | easthBnénygBEiONNigeFLALAPERL SO NBRESY 18T BdaNgagE PIORPBIYTEES 0 t he

sanpl e priieh L8 ageeOHe%&ant méhhl Heé%kih'eﬂ%esébﬁtﬁ'lﬁ'ﬁ - 22886l kyo the
voltage is selected such th at it is high enough to abilize inperfectly

mat ched2{BPI GCZ&SEI o AR n@@édbétnalﬁ’@ﬁrsé“’fﬂl(ﬁicasacﬁﬂ%es?ﬂ‘aﬁiﬁ‘—geaﬁéﬁf ectly
mat chedagg@n%gl aaki/ep coﬁlby\gag%g;p@g@rggy | BO2/ 02788 partners. In certain

preferred enbodi nents, the voltage is
Unlike certain prior art assays, the invention not only

detects the presence of specific binding, but also provides
qualitative and quantitative information regarding the nature of
binding between a probe and target. Thug, 1in embodiments
comprising nucleocbase to nucleobase binding assays, the
invention enables the practitioner to distinguish among a
perfect match, a one base pair mismatch, a two base 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 f£luorescent
intensity) for a first probe-target mixture against the same
type of signal exhibited by other probes combined with the same
target, wherein each of the other probes differs from the first
probe by at least one base.

In certain embodiments, a low voltage 1is 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



about 1V to about 20V. A calibration curve can be generated, wherein the
magni tude of the neasured signal (e.g., electric current and/or
fluorescewbD omoisnsi ty) is a function of the binding affiniPCy/IB@ai2assen t he
target and probe. As the binding affinity betmeen the target and a
pluralit f different probes variges w nunber of m smatched bases
in nucl B%EEQS TRucl e grggtggysgreﬁ%rreé OQFmFHESm &gt creteesvds A-C
vs. T- GakeutTiC, tetabbutthev | ocati on of the m smat ch(es) within the
hybr|d|zat|on conpl ex, ., etc., the agg of the_invention can be used to

u

sequence the® ¢ at iR SgHRaICaTe gucEahePe, Wherpin dhscppprdfude

conduct afice.thd n maduesdodiigabs, tee ghi,ndidikaffidi tyubsbreenahh ?OEF obe
and tar et is directly caorrelated with the magni t ude of _t he si That

is, thefdPBEBFFERF COMEIRICe 1R ed¥BSTAPBNG qmﬁthendeQQeﬁF%éﬂlﬁﬁtchlng

bet weenbtbRephOBReaBE rha@tdahd pi-eberabhy ewer piadiagdarirRehug yetrgked- 2
m smat ches and/ or del etions, nore preferably over_a range inclusive of 0-3

m smat chBS LAYEEE aH@IétP@H§alPﬁYbPﬁeﬂ1§§§6&PﬁeRF@be§h¥a§F§ﬁanﬁ@a§ﬁﬁed can

be the niinberesean! sthat ER8HNa8ds aird IHANQRIMYR IR 1udad dd R IESthe
sanple. In such_enbodi pnents, the binding affinity between the probe and

target BahUKe afrekelPlevaraletlefWweorhed afed TG WS t Fe G neéssity t

dependi mgcae1Me5he&hehalfstnu%mael)ew&_tltaeal %hehyl%e@taaatalt%nt %%qexsl gnal
quenchlng or signal anplification. Thus, the fluorescent intensity

gener at 88Chy thEerdBR3f 9§ thgehbyensian: 668 Peot9ed at @ISRREANEEOBES: ar get
bi ndi ngraafEinity, whereas the intensity of embodi ments enpl oying
non-intercal ati ng fl uorophores coval ently bound to the probe is inversely
correl ated whR piebpalt Begeursingangbss f enttry. SIRETICGdr €9B8ERCLRRCENSI ty

I ncreases LQEndenbsashsntal £RE- biﬂ&ﬁﬁé‘%@fﬂ{ﬁe%%%éﬂ thhe B ey of

mat chi ng between the probe and target, prefera l'y over a range inclusive
of 0-2 targehtéRedinpaldy derselansd wokl fhefemabituds @f sheagdenal.

i ncl usi w f 3 / I S / 6
PCT/ | BO? 8%781% Atrtﬂ iﬁgggg? %eé?gv%ntn glr%g% tagl\%% pll’ne%rle\c%gsﬁ St ovad t he®

extent of matchlng 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 wmismatches 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 is
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.



advant ages of fluorescent intensity assays for analyzing hybridization of
nucl eobase-cont ai ni ng sequences (see U S. Patent Application No.

09/ 468, 6 /90 oBioltsde Decenber 21, 1999) and the advant ages @CTiBenresscent
intensity assays for analyzing pepti de: nucl ei ¢ aci d bi ndi ng (see u. S.

Pat ent Appllﬁﬁ E 09/224 505, filed Decenber 31, 1998) an

pepti de: pept FHERBYARI nghe ( sHE IR TPathite AFHSERYTY N@ls(?épé"&li 58be il ed

June 25advaﬁ9@@esth@fapERU§ﬂéb@€an antehsetyl cabkald thEheaﬁQEQEQng
appears, to 1€crease the_resolution of the assay, as shown in Exa

anpl e
bel ow. WPED H«at%ﬂnpa?%. ﬂ%?@bﬁ%ﬁ’é?rﬂwr&%dl%@cﬁs t H&es n¥efti on,

t he aSSB&téﬂmpﬁﬁﬁc@Eﬁéﬁrmég ¢4 /4 685473 WO Sl N BeeAibed BA SaABRIS. sTRE
first signal |segreferabl f1 uorescent |nten5|ty and t he second signal is

prefer abl'y SEVEEregerr &  Stverarcerkciprearitgndnriafcel #easurduenns (or

vice vepsp}idé nnﬁmepéeae&ae%lmlhgpleé@aﬁtg enieaﬁeﬁebﬁzﬁbmeaemhhﬁo first
si gnal be t sane as or different fromthe second i gnha When t he

first aﬂa?%%%oﬁ@55|ﬁﬁkﬁ ¢ Dacssihesd 3ar el PHR) %ﬁﬁnPeHﬂ%§ESééﬂﬂﬁidﬁ @ﬁaﬁl@Sn be

cal i br a{gde agaisnstpddend i i ?bll%‘agﬂ%h‘l apgl/ 069?9@4“5&& hesane Fehergace
S|gnal(s%H used to calibrate the first signa ddition, at [east one

condi t i 528 t erihfy SPPMEFAS1PE mlef erabtleappic edited d heot ddte samplle after

the firgpp éagaakol %r@%%l-geed:@é‘erEI)Pu@léﬂeo?e%@i%d asidnal o SsABRsuLgd. The
stimulus T1s fre erably sufficient to nmeasurably change 'binding, as

i ndi cat&deBylat 61 easeWeone signal. I n nucl eobase- nucl eobase bi ndi ng assays

of the invenysp be | f f | nt |
af f ect |nperfe§?Y§ R%{e%§%F§?§§ﬁ$%?| zat|:§§£ek&g§§&tggt§ e an% the

target hRECRRBEERT | themagay g@@iﬁh%tﬂﬁﬁsaﬂ?ﬂe@t apekeagt | two @@gmae‘t@emfar y
hybri di gati og, hetaeen the profeand thet arlget %E@e‘i%tl ”f? EEHES of

the invention, at |east one stlnulu I's appli once o u |ty of
times. Theessiful and cdpe beecondi sty appoinef egrelion- e@h@cvmu@uswm

ot ecti 30 of 51 ghar aaf et rontaBg b B0 e HER  MaBo7 6558 801 t bl e

stinuli can be, they. prphervadc madi mieonmésgohensnt embodiments, the

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 1least 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-nucleobase 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.



| aser light) and/or electronic. The signals detected can be, e.g.,

phot oni ¢ and/or electronic as well. For exanple, in a particularly
pr ef er r edwermdodisnent of the invention, the first signal meagBoREL788S
pre-electrification fluorescent intensity (i.e., intensity neasured before

a condition-al.terin ol tage is lied to the test s | e)_and_ .the
second si gnals%égi)&reg \éilg““g sE28 gg‘?r?f?cat?%ﬂt?ﬁ]%rre%‘gg%lg? n{j%‘h%}i‘ T
51 i eb, iltaisem?]lightﬁam@,tb:d%l@@tﬁ@nﬁét er Thhe signadist idet-<altiedr idagh ke t age
as been appli to.the test s |.e). ., The addi tional neasurenents in the
f or egoi ﬁ"gggr’rbé) OrERS %r’r‘ffll%é:afgr%)q*\:éﬁ)%q &5 MV of the assay and enabl e
i mredi ately Foet esbinpdesuspeat ppestiibtilarinconsferestl &wisodigere b evadt by
the at  (least .two surenents will _typically warrant retesting. The

B g 4

i nvent i oA VERLHO fit i%YiSty ERENBEndISREWST nitfy Pt o

t arget . fluehestttmtimemdnpe (aldigbl & dieins i wameeigtdd usesEortdclaidi ng
designin nti,.sense drugs with optjm zed. binding characteristics. Un]ike
pri or arc?’n?ﬁé{tﬁé)&,aitﬁéa%%a‘ﬁpjdﬁ‘aq et n@BHH‘Sa Fe t%?eﬁ@rsz}bliﬁ gear%{)us.

The assa&heCardanidc idpeilethad Sl 1S qRadatd Ng-Her idaheod aflge3roarex

fromthe free probe and target prior to detecting the magnitude of the
measur ed "SEGTALY ‘I(Heeds'say”g’c?églrﬂ MERAYE d@wg“srlﬁ)ar%f?i Gt tG%p, ER%her eby

al | owi ng:odddtaah -aNeeaasty vbltegl Nestbeanghitiedfanthbatbye sansla)ses are
si npl e and accurate,, Consequently the bindin assay saves a _lot, of tine
and expense, Lafd 33H PRk PR UEeBRREEd INFHChFIRGITOINS ERATF L H f1di ng

vari abl gscéelzeaschduib el applti ti,/0RYFC {RNCLHELAL AR, LRIMEQY atkiieiiddweupation
time, relative concentrations of probe and target sequences, _intercalator

concent F&LSET 1% FYERESE FEFYAESseqiaRIESt stigfesUdft SHpEhdc¥eduYide® and

possi bl @ tCaled@tOk W G d RISt WieL1 raRidian detwediad. rJhasdsgpy can be
conducted in e.g., a solution within a well, on an inperneable surface or
on a bi ochi pThe) WoVEBEd PO FTITS BIRADE 88 ingbridiy ePLREREY dehtt Ve assay

I's pref gjaaliaert rdied addvcbhepl .pravdi drarakbgiah GHENEEI Y @IeTE @kt he
target or on the probe. _
a variety 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.



Preferred enbodi nents of the invention specifically detect triplex and/or
quadr upl ex hybridi zati on between the probe and the doubl e-stranded target,
t hus obviwDiagitshe need to denature the target. Tripl ex ®0d/1GeAR7E8| ex
formati on and/or stabilization is enhanced by the presence of an
intercalatin agent in_the sanple being tested. See , U.S._ Patent

Appl i cation ﬁB?eg§F§85 a3 IV 1ihe 25622001, BRAE %qﬂﬁiy’sconé&Féﬁ@

Appl i cawiiohohavppgvibengt toeignaDogkehcNongELgéAt2085¢he eBkbklkedy’ BARALLEL
OR ANTI QRALL , HOMOLOGOUS OR COVPLEMENTARY Bl NDI NG OF NUCLEIC ACI DS OR
ANAL OGU BF TO FORM DUPLEX, TRI PLEX OR QUADRUPLEX COVPLEXES', fil ed

July 20, 200freSuiri-abl emnuamehageogomelﬂhf&trar&b%@efcq_rfll@aqllyn debect
|nvent|ve ai%%yahgﬁlude e, g., SSDNA, RNA, PNA and other nucléic acid

anal ogs “hw; SFg St ks JFXVW@&P%%‘R%%%% the| prekgh and

ant i par ghkefiopbdbestaradpaet arget, | theerdid Mt BB Hof akascear al so
be paral]el. Probe sequences aving_any length from8 to 20 bases are

preferrEBCsi f&&FIHis is THPIShge Wit hi AR he SHENR 591 unPHLE OBNA

Sequeanﬁabﬁl1&&@&@&1)/(1'[59%&{%&&(%9’0&1@@ %r»es&%réldofF’r;alrsrbe_r_etetfc?ﬁatt@rn%8
bases are Eartrcularly preferred since this is the length of the snmallest

uni que 286BENCEL FRSt AR P§eRIEEeStE@nbodient € -9 -pr dbe3- ofagens 30

bases apgpMBshtRbal & .edo Mawevery,, a&idarakid 20 5he1t eLnar epesycan be
used to_detect a nucleotide sequence having a pIuraIrty of non-uni que

target SefBBRcBBPliRBrdPR DANILEH EHRbARECKESYNDeGERF NgenElO} 7/RE057,
nucl eot bge; +$8QUEBERATTRE bﬁ%ﬁi“‘x@iﬂﬂﬁmf e T eehed shanTiireh the

length of the target. Suitable ami no aci d-contai ni ng probes can conprise a

si ngl e BANPANCaOFd NUGIFAG AGADD i ANAHFWES THEREOF (80| FRBMa REPSEX ,

pepti doirfly pRERt bHOBUABRUPL.EREROMIEEXFIPEPL;deq tﬁﬂgfeafo' deggo1Rol ypepti de,
protein or a multi-protein conplex. The invention does not require the use

of radi oacti V8itppdBesnughrehagrechBiaitbng, Peabeds & tidee- déhstlieng to
use, iﬁv@@c@%oéggg? PEI{LBO2/ 07788 o afgh NRRE  t SNRELEPNAAN IYic1eic

regenerated. Probes of the invention are preferably safe to use and stable
for yeaRr§idAesedednrglhaving oechzegedeornperbiadlderbarordl brg&bgusastiti es

and stop@fnough 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 1is 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
gsequence 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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I n enbodi nents of the invention wherein the target conprises am no acids,
the target preferably conprises a peptide sequence or a peptide-Ilike
anal og sewoepoe)so0cuch as, e.g., a dipeptide, tripeptide, PoolIBEaRU$sde,
protein or a nulti-protein conpl ex. More preferably, the target is a
protein i east one receptor S|te for the probe. In enbodinents of

h {
t he |nvgﬂav%% ﬁﬂ%?é?% TIRSTIGRY TR nuépégﬁﬁ%ééft@ﬁélpa?@§ﬂ§nare

pref eradky BreédedaBly 38%e basespakhd kBHBIcaARBrCHBaRE.SI AGLBrAingly
doubl e- strgnded seguenc nycl ei.c .acids and/ of anal ogs thereo?

s of
pr ef er r BEOPH&t “Bhe Er@Bg €aRd P£g§€?dbénuﬁP§S§l@HantbﬁﬂeﬁnaaﬂtéFﬁﬁﬁﬁve

enbodi nent s, ThheegbbgiaBniet ebgal @hkng iagenk ioa0vaherthy bewad ta bhe
probe. In such enbodi ments, the intercalating ggent i s preferably bound to

the proB8WBFiSFFHEPINR RELdS &%Faéﬁﬁédpﬁ%ﬁ%a ﬁ@@W@wapﬁ@tw@nt i's
not coxahashby l@@ursd d@@pﬁmepxm@,aﬁbneguwéquferﬁ%n ifNgaltadt sel§. , bgtween

t he proae and targ urlng the assa in a sense bonding to the probe in
a non-c %BFEHPdFasﬁFﬁﬁeppﬂ FerP@&YpﬁpéﬂééhaPFﬁée&@eﬁﬁsaf@FlﬁéePFﬁt?H@

inventi @Bmp&éﬁ:' udeore Gore My, TALO %ar%%lﬂ' digug %P@ié’ﬁu ﬁébhﬂ{gu'@t

honDdlnE et hi di um honodi ner-2" and acri di ne. In general, the
interca ﬁﬁﬁhgoaaeﬁ?0?§t8rnﬁﬂéﬁyfPﬁth?sP§§b§ to intercalate between

strands of argupk@kodtmbpkeX amrd/ ehea quadLURLEX %@&@1& 2ikd %%gle%x
preferred enmbodi nents, the intercalating agent or nponent t héreof) |s

essenti EPWthﬁﬁsfmﬁ%?L@@]é@ﬁ?Sv nth¢ & argrieheg PR @FfébéYaél e Zarid X LQSr esces
when inbeseabated 806y, exchtesh e radiatd O abudled &%&He@t 8e }@%\éﬁ'c%rggt h,

exhibiting a 100-fold to 10, 000-f ol d enhancement of fl uoresce
|ntercaPﬁt@HC%FFﬁlﬁcédéuapéioéraﬂﬁﬂﬁgéxthégﬁéﬁc acid complex. In

al ternative en@edhgepkéfewedl ehsrcceh@t %b@gsﬂb 'E%che‘éx%' bhhl%g%'i'efdt in

fl uorescent wavel ength upon Intercalation and excitation by radiation of
an appr BpEi Anealpsenehyvh. empedbnerts, - Uhiem i38/201 0506 rRGT/AtBORY agm

fl uoreses%uéﬁwgteggm?@wode%ed gRckoe st&ﬂctgugﬁofexﬁﬂzfd intfl L C e

that is intercal or exanple, pl ex vs. trlplex etc
intercalating agent is preferably bound to the probe at either

end.

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

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 gquadruplex 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

-11-



The excitation wavelength is selected (by routine experinentation and/or
conventional know edge) to correspond to this excitation nmaxi mumfor the
f I uor ophowe obmiesge used, and is preferably 200 to 1000 nmpCIrnBex@assat i ng
agents are preferably selected to have an em ssion wavel ength of 200 to

1000 nmg rred._egbodi nts n_ion_Jaser is used to irradiate
the fl uoro oré:ev{ﬁlect %fa ;‘o nlaaié %%pe r&ﬁgf’ﬁ i rsﬁdlé:td*r%oﬁg %40
nm and rqul@mesc:antd et:rhs*sl s iistdeteedtaed,n for asgemple, SONAL 6rs/SRNE) The

assay ofg i nventi n can be perforned over a wide variety of
GEbIE Sk

terrperatu ex sich 'om5 to 85C. Certain prior art assays

require el evaumd texrqmb.tatim:es wadeue@gﬁzhst and sdekayelio t(s assaycikd the

ot her har;{d the nventlorll_‘gga cor%ducteid at ﬁg é erature or bel ow

(e g . APEETIIRREARIG S o, CORE Rt B FORMLEESEchh FOrBSTPERAI 57

sensiti \Iﬂ],lst rm«oamatmlmtxmm Mo etk tﬁnmmbmr@%mlmée&atam o the
east the fluorescent intensit

o et &2&%&0 R AL A G LIt s Ml

m crol i tsermcwa o ¢eitaians anioidick) Jerdlumdes of zt@cvg&s Bogh @houtzd0
femormles rob bodi ments of the jnvention are n5|t1ve noughto

assay t zBr Tefti AP AT QR olaggr p‘r%f‘é‘? ajtr%a

concent radd mu@ﬁco@@lbﬁ@wethhamgﬁtma@lﬂ@ Mwar RTRadHreAins aOEahﬁé bAVERG i on
are sen%: ti ve enough ?eng gr obes at a c;oncentratl on of 5 X 10-9 M
pref er ai®y 20 M oFR n{f YPFBR°S tnSi“lﬁﬁiL@nt k&n9stected1gve R tSVi ty
measur et S ams odirsd | ngw sh sanples having as |ittle as about 1 pm)l e of
probe and 1 pnole of tar in 40 mcroliters. Decreasing the sanple

vol ume woul d AISTHe© Eheoflnéﬂ?éﬁ%lqae?‘ %%Bﬁif§°6f“eﬂr SIETar YiiQet .

I't shouhghrie oy biFfodempayaitirelat shba £8regogng maddles &y @5°00t ¢é\1§@a§1ﬂ@d to
suggest that the nethod canngt detect hi gher concentrations. -12

03/ 01050 1SET R B0 SEF2TES TRINLHE eéﬁgetefi FRTBREAFHESR  cBACERT &PFH ren%r e
tol erategkl8f @ACHhE0RERRAYT At I e PhOREr aREnbAr g8k tiesied:iJrorcaxapdl e,

when 5 >§:olnodulc0tel\£ %tObreooan?dteSmX 10-10 M targlt are hybri di zed, the
perature or be (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 fluorescent intensity 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 1077
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 107!° 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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optimal concentration of the intercalator YOYO- 1 ranges from25 nMto 2.5
nM At a 5 X 10-8 Mconcentration of both probe and target, the preferred
YOYO 1 cowoanir@bé on range is 1000 nMto 100 nM The ass®¢TiiB0x02$8 ci ent |y
sensitive to distinguish a one base-pair m smatched probe-target conpl ex

froma two base-pair msmatched probe-target conplex, and preferably a two
base- pai r sHat€héd gfole- t ag@ﬁﬂreﬁ%%t&attﬁtoé’@ Fdse Hodisrated

m smat chedepenbeohaegetatohl 68 pbbE MG L atder assed S i TG,y
sensitive to_distinguish erfectly matched probe- target conplex tfhr om any
r e

of the ¥B6Pe’nishBt cHEPTEIPI¥xEs® Fhkd b1 AHitFFIrRtdiars campme

convent bphahmaledbHaEkRQWR ibA oBetEYi { AbdLch D&t OF CEEYYI NO-dWed £ atifes sand/ or
proteins, See 5e6’?’[ Sanbrook et al., "Ml ecular Coning: A Lab Manual,"
" 9F

Vol . 2 11§80y -’exé’ﬁpﬁeﬁt?ﬁel@“?qmi BORERPERPEARNC SfpOSE DFeREe s des,
water, buirbers and phamdanedsFoyocaneRAldeditaRS onRiHod zal 1o dbeieen

conpl enentary bases occurs under a wde variety of conditions having
variati oA8 Pi-t enperature, salt concentration, electrostatic strength, and

buf fer conpeskt hekayExahest Qfidhese sonditipascandinethgdsshorn RP!Yying
themare known in the art. It is preferred that hybridization conpl exes be
fornmed RBSSaPRAKPBLSIGLENSE BEOPE-15CIes SoBW e ETPBY aakoit PRSH-RAEE t o

about SmikRtefiedl BREBE -E82GELOBOIDTBS , 2584 Ot FEAMBIH Y pbadaciRatd on
for several hours Wi ll not adversely affect the hybridization conplexes.

It is pBISMBEEhEd! t IIRie Uretis saFgPbakt | GOy | 3 f oFhrepbodiamentoair
cont ai NkAGmAR chBker S8LBEL PErg8ENt ol d-ACT | 1 HAL &o Py | diczal i o4 sQf ution

by using certain reagents. Preferred exanples of these reagents i nclude
si ngl e SHEAAGéENBLldPAYSipivect afifichasl shee PepEecbln, mauchyh orape-
prot ei Ny sEqet0bbmpdkR9le o5l LaRded Ridi o6l Eels 18,2Qr nucl eic
acid grgogee bi nf:lnf)ng.pro?ei r?s@’dg)l vaIHél'nta%ig)(;’%;, po ytva entcoi Engﬁ%- 13 WO
03/ 010506 PCTheBb2nhd2mggmedivmogen badiyit eowednitierp b uted dne dnawtitcas

LIV IRy . UL UL e PROE DS 305 AL SHBcRHEN s

f or e.g., Sambrook et al., "Molecular Cloning: A Lab Manual,” Vol. 2
(1989) . For example, the 1ligquid medium can comprise
nucleotides, water, buffers and standard salt concentrations.

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

It is preferred that hybridization complexes be formed at
a temperature of about 15°C to about 25°C for about 1 minute to
about 5 minutes. Longer reaction times are not required, but
incubation for several hours will not adversely affect the
hybridization complexes.

It is possible (although unnecessary, particularly for
embodiments containing an intercalating agent) to 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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exanpl e, under abnormal pH levels or extrenely high tenperatures. The

i nventive assay can be used to, e.g., identify accessible regions in

f ol ded nuwbasbiwdes sequences, to determ ne the nunber of ®mCTMBROA(EB base
pairs in a hybridization conplex, and to map genones. |In enbodi ments
wherein tlﬁorescen intensity is detected wusing an intercal ating agent,

i nt ensi VyCirR8FBaBY ERTCH-ART £BYi FiEP B FRFPRY SHIF A PhbdCieen brraigeobe and

target. abdinefbedhem! s paeetaich,f | 408 eseR1 iLENSI tyudis dgbegtedrysiyng a
non-intercalatin% fluorophore, intensity decreases as binding affinrty
i ncr eas&82BEPhEe MY hBTPVELESRAYLt dRgEKITREGaPREESS 188 CRREiRapnshe for

f I uor opb@egplBY er Gahdd£S QAbrdinal he?ﬁns'[l@ﬁ;el@t hgd dogs Oty eqﬂiiggﬂ the

measur enent of the polarization of | uorescence, unlike fluorescen
ani sot r 5pPPREERBYEES - The i nvention will be illustrated in more detail with

reference toThae {albaviog FAaRYessanulne L il ddhe Wider st oadnclgt the
present invention is not deened to_be Iimted thereto. MPLES Exafnpl e 1
Sense aRACEAEIBLRSECHDOREr 18sPnkded iyt l erigida EegueRgIGedo esrranss 10 of

the humgRecyshberfbbrpshsiagened (Nald!NSs 3891207 hyit %)k tWBke guistl'éﬁéi zed
on a DNA synt hesizer (Expedite 8909, = Per Septive Biosystens) and purified
by HPLCAREqhPnBREr 98ASMEEs of conpl enentary ol i gonucl eoti des were

denat ured at 185erbekikntd Rk Al | e1ed-d e |}
t enperature cool ed ;3 510 over 1.5 hours.gfgﬂglg#%%éggggdh%Ngéfgggﬁ%
ol i gonuBF@Bei déf! weketergababeagi nag¢HRO atindesurident rancoeaeds 1with

"o T S A B R AR TR AT P o FTECTA T8 TOA
ATA TA- stibodégaahge wheretime Hndraseemtstintrhaity p'zeswﬁeue@y@@ vaiget a - 14
CAC Can A TEACTRT HE GEPoPAR Foe T AT Y TR arat i &9 pereieg
t enper atffent Fi) inerespra bSE@RED the probe and target. Regardless of
whether the fluorophore intercalates or not, the instant method
does mnot require the measurement of the polarization of
fluorescence, unlike fluorescent anisotropy 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 amounts
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:1): 5'-TGG CAC CAT TAA AGA AAA TAT CAT CIT
TGG TGT TTC CTA TGA TGA ATA TA-3'.

Sequence for the antisense strand of the wild-type target
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NG 1) is 65.2C. SEQ ID NO 2 was a 50-nmer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ I D NO 1) except for a one base pair
mut at i on Worderdsbeied) at am no acid position 507 at whi clrctrhBoa2igs-t ype
sequence CAT was changed to CGI. Sequence for the sense strand of SEQ I D

NO 2: 5' T A TA T TTC CTA T ATA
TA-3' . eqﬁs%a@cf%ﬂﬂeégm? ﬁé@ tA-r[Egnd %c%r E%A%D Fo. ABA. TﬁE’i*%A

CAT AGGASM 082 CAATAGATICA AT THRR CTGAAAcd GEA-GO .CA-3' The predict ed
melting tenp atur ( D NO 2),is 66,0C _SEQ ID NQ 3 was
a 50-nmer nut n%?‘gefneigNAgn%%ﬁed:?rﬁulr@al (Té ¥et dgﬁylﬂé t(§|E@etI]bl\lA

( SEQ | DNUQ1D) i@((ﬁﬂ}ltzfif@.r a consecutive two base pair nutation (underlined)
at am no aci t| 506 and 507 at which the wild-type sequence CAT
was changed A h%e'?ft:e‘ﬁ%ﬁ Por>Y MBS e ABE 281y a‘(i%m}rﬁ‘ §g Iei5 NG BLenee TGG
CAC CATLJdEAA iAGA AAAWIAH AChe(Fdrd&s DI (19K GTANTGA ) TERcePEALIA-3 one

Sequence for the antisense nd N 3: 5' -TAT ATT CAT CAT AGG
AAA CAC R TGRSR 95T %ﬁe Mneggaaﬁfeéméﬂos'a"lﬁh@oﬁé&oa &f ettt i ng

t enper atwltiec BHe ofi s SFQUdhcdN@I) wess Gha{ged e Ry probes used in
t he Exanpl es weru%‘;#%gt esi zed, HPLC urified and confirmed by mass
spect r oscopy I IS5 Y ¥s, SEQAD N chiond 1685, WSA) .

PNA prolggsr wane  hienst adiassahvedeg? 0t Tféc;(tmtl upr@aceti ¢ eed d)rdo a
concentration of 10 ng/m, and then diluted to 1 nmy/nm by the addition of
ddH20. Alfal TBNA 'st ock sol utions were prepared in ddH2O at a concentration

of 1 pnole/jlse QD £13¢ 0dRS08nPLIEhBO2602488 oh?r N Nowas g Ipyfrer

anti paral l el PNA probe deS| ned to be conpl etel enentary to a 15

nucl eot ifder sé@r%n CAdt A eC8fr afBPof AERe @Arre AQi | HTTyger T arfRt DNA
(SEQ I D2 | )Jpac ca-3¢.

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

SEQ ID NO:3 was a 50-mer mutant dsDNA target segquence
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 AAA CAC CAA AGA GTA TAT 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 (trifluoroacetic 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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overl apping am no acid positions 505 to 510 (Nature 380, 207 (1996)). The
probe had the following structure (SEQID NGO 8): 5'-H CAC CAA AGA TGA

TAT- Lys- GONH3/0B50dhe hybri di zati on reaction m xture (80luPrTaBo@ssed t he
followi ng: 2 pnoles of target dsDNA, 2 pnoles of PNA probe, 0.5X TBE and

250 nM of thep erc tQr Nbl ec [ bes ene USA)
Sanpl es were pI ace ﬁntlowg%gn%ng{qx%r - R uig ]anﬂa &g]%gé%lﬁg%ol or
5 volts e Qmpl@ft%bttfrcbmpéernentamy to aedmdmcmmm&@gmémt CoASERY
consi st nit o g f r mhlle the vo g s_hein pplied
to the g%futl on. A g s etlrzllé u?g nﬁ%%be wast\{;?%cté% PR é&‘ﬁ ?éﬁgups 09 ?'
measur e Qmﬂpbammg amlnbe atdine misianperon®0si o d9vesEmiire Asd, VQbU, a
current d t he rst_2 seconds of ,electrification.
The current d)ecI i ﬁﬂgg ﬁs{ cgalkr)plulgl/aovté St %ﬁ%‘f“r%%n ﬁ‘@r’i%t‘é’é%orﬁg@s @p@?fﬁ&ahts
applying 5 volts gavel+Ge tGAXUrAGIt sSTahatTABRrnerbNiel-at'i vel y st abl e
over the ent & |f| atlon eri.od (1 ) series, of

experi nent s v?elge @%f&f—.&g tlo\ri\lhérregact n c%ﬁﬁ%&‘f%ngéo(f&l)U&OW@'@%SEP9ed
when no DNA@rimRNA was gmoé.sentof (tangeiol dsDNA, Whe brailled tyPePISEQDEELRO. 1,
mut ant 2 tant I 3 were reacted with Il el
PNA PrOE?(EQ‘R}I%)I:)J'ﬂl%i3 llj—'gga?‘gu Ogggﬁle%?ﬁt%t%t%?%%dlf Moigﬁﬂ gFance
in the BProbes duBhgexnper iORgNt BSA) Fi gLBa&np_LlAeﬁl ﬁékéyqaltaf&d estitd s a0f3  fhe

I t f LV I trificat 1B th I t f 5V.
Doubl 6 S{YHre ERR PRA FYbr Ey | BREABEE=Horidt sti 1RF oF pEFLeR iRy (V)

conpl emesitextyr stiquenites (SEQSI Bedbhlis + THS éﬂibmel')rlfﬂ beweg 88xEMYARd

i ntercal n of Y YO-.1, él el di ng ‘I?}é ﬂ I}l onduct ance val ues depl cted
on the f?a%& R REEia V& CHFFERE WAl hesiis aEhBeaRgi per5ed
seconds wf t¥e agplucadnon. Xhetét@@émétaﬁ@l RaEJbeC ORdHCtgE®ed Ofirt h8athi pl ex

hybri di zat.i gn, of the antiparall el r obe vmthalb m smat ched dsDNA
(SEQ | D & 1°1br bBe G SUHE aB%mEIFJEﬁtPfﬁJ@ 28 pthey §ﬁfﬁl€cr%fd ACPRECTSEDL £ D

NO: 3 + Riobesd¥eentl) Vet €1 respects vehyrent 6pdMk 034918596 PEd/ :BP24 21?58 79%
and 96% | ower than th%él obsgrv d with the perfectl}i/ mat ched ds
triplex ’%‘Py‘fﬁ’ § d2( SERFP lI‘ﬁc}cai:)l%hrl ngt #$he CULLERt s@%ﬁ%ﬂnﬁfi

vol t age st ioatdwsr (Ehe. fbﬁlow&@l 13 fiGeId. Experiments applying 5
volts gave rise to currents that remained relatively stable over
the entire electrification period (15 seconds).

A series of experiments 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 YOYO-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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decreases in conductance between perfectly conplenmentary triplexes and
triplexes containing base pair m smatches were obtai ned when the

conduct arwe o3aloses over the entire 15 seconds of volt agePappBixarsson were
averaged. In Fig. Athe 1 bp and 2 bp m snatched dsDNA: PNA hybri ds

resul teg condu]%t ance val ues that were 65% and 91% | ower,

Ln_aver age
respect | 981 909 PRANLPHOECRIR Rl RRIFCITY ettt Fdie el mpbched Al |

experi nesbNAerRpressegler hiBuie 1depers Nalii£hile afo ! A9Mau@MRekakuUr e
(23C). As the deg feie gf nm smat ch between the probe and the doubl'e stranded
target FhEFPEaSBACRENRT|BULEade 2Pt BPRiat o | Gt?‘ﬂ%y Novo Bigidiedi orEgeand t he

| evel oae@@agg@banqel Q@ﬂcﬁf@@@hcéfh%étwséﬁtl98%&@%1%%&4@%&&%@%
when the  experinents referred to above were repeated and a higher voltage

(5V) waSTaBpFred. any i mglk+exey gppLpéBingn base mriml Miematghepayere

conduct aBegiMalUREehOE he heoAahet #he8Bh £hess dSFNARNA e riRl 9% GSERNR NO 2
+ Probe No. 1) and the 2 bp msmatched dsDNAPNA trip

Probe N8t TPlhepe peRgdcatiery vessopyRFagesh.| ow@r FiRan 1ﬁh§§'1eoﬁs§>ipv@@df or
the pertecuoby it Shet-héls DNASBNA ; bihp! elﬁé/ﬂélé@ | DN B g Prohe Moerble(Fi 0.

1B). Experinents expressed in Figure were performed at room
terrperaFGP@uGEBGFe WReMeEhdEhatpefanferfi s e Pépedpearwi tRsprRetivmdenat ure

i ncr easgfaho 2RsANELE5EheSi ﬂ@erctqrpo%%&%acd\é@me%w @bﬁ%er vg\}il AL

50C, the application of 1V for 15 séconds to the perfectl’y nmatche
dsDNA: PREPEELPRELS( SPRUPID 110 PigbseNclA 1yerer @é@f@é@darpletveahgefom rent

of -0.2bekt agreonpak t gga? | and
-0.06 uingm(?g ?g(’g@ rwggugfl o%é/q%‘ﬁdé?af e gf]@nj’%natc %A PNAL'LI?);%I ex
(SEQ | D2NG 2thepr gpublRo. sj;)ram@dt héazgl@ﬁ; ml@me@ﬁ@d dslpm Pﬂlﬁtvﬁﬂl ploéx ( SEQ

1D NO 34+ PEaRE§: N8R ﬂ% g\gg%p%}ﬁo sl(lg&lgan&q')he AlefRCo 81 ?n f§‘ Seconds.

observati ons were note ectr| city was applied
Per f ect fgcraeskdd nuthese a@l@tlimrsilfd@é?prmedlan Ghagmgel cuheentthef

- euct | GRS b 0T GARS (B Feduat opPEr L ba Ard By "t ched.

hybri ds (5Véspest | aepyi¢di g. ma)lngl'h@hapﬁlv caiploiragfiors Vibet soamalliigied

tenpera&Ué?ﬁgBrQQHﬁﬁ§E€gﬁﬁ gﬂgﬁuégsfggstkMpllebp 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) 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 puAmp as compared to values
of -0.15 uAmp (a 40% reduction) and -0.06 pAmp (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 uAmp compared with -0.16 pAmp (a 57%
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experinments performed at 50C generated average currents of 0.27 mAnp,
-0.13 mAnp (a 52% reduction), and -0.08 mAnp (a 70% reduction), for
perfect | ywoasohwsds hybri ds, 1 bp m smatched hybrids, and PChpBon/@nsst ched
hybri ds, respectivel y, experi ments perforned at 65C resulted in average

current I " - 55% r educt 0,10 mA
(; 68%r\?/ ue??BL) af‘ér Ph&lsmpt h‘rlaee9 sfpf‘égi reo%ﬁﬁloga %)2 BBr aﬂ’

of the méﬁgacngdenpemagnt sesgebNAveasy net dem@our@-ﬂepap?alcbelbhl pleex
hybri di zat i ?n with the antiparallel PNA _Pr oge No. 1. Si ar experinents
vere doneVatt¥aryi ngFeHﬁE‘PSFBFE§e§f PEPIUERE APBLPEPYSt FEAYM Res WRadSheen

heat ed &gp&bCmantsi perdbakely ataldpwedidieknodd NéLigeoehipants Heom
tenperature (230, aggl ying 1V for 15 seconds to the perfectly matched

sanpl e {SEO "PBPNOT 9 - +3PFBBR NB. SEF predGEEETANn aier a@eoéuF‘iA@ﬁt (8f 706. 18

/'t Anp. Bédﬁ@ﬂpaﬁb $0rﬁoﬂa¥>'é@:$e@ftl¥0 08t c HAID Hydo 8 & r eduad Nf OR) sABEchelB. 05
, UAnp (a 72% reduction) for the bp m snmat ched dsDNA: P triplex hybrid

(SEQ | DPKPF29%, Frfe? NP M3smairhar hyhyd dsy SRePered VEdDNASPRATEFEREEX
hybrid $SEELRNO:8 tsRicobeNa.tel ,in V@\F&ré%éSP&Eﬂé/ﬁiyVQPﬁéévéﬂ (dasa not

shown). \Wen the sanples were cooled from®65C to 50C, simlar observations

wer e noPREP: weh 1Ay M@Psu%eéééntq%ﬂ%ﬂqr&d f 8Rd15 S ebnAAMPThER péPfect | y

thhedrééﬂEE@oﬁ‘P‘E@achﬂ@ Sarte FF9RSe Nobsd ctpi\%débcﬁﬂ;g?é‘ (Q:\&%jaq CU’FE;%M of
-0.23 ,uAnp conpared with -0.11 , uAnp (a 52% reduction) uAmp (a

96% r edBeti OF) topskrTRECI Ry eRReNiITRNERd GEIYR Wﬁ%mtcﬁi@@afralﬁfﬁldewwr
respect fyel ¥; fdak anpoti §0ouR) on Wieon Mhaas, + APl ed Afo@l 509 R .19 23C or

50C, the average_current generated in the perfectly matched tri pI ex hybrid
(SEQ | D NO 15imippghexppringntsene iong ahavnetng rignmecaysidd afseo | D
NQ. 2 +tﬁé°ﬁ§bi}@d1%£tléﬂdmm§s ZhQ@ Bgétfﬂﬁ{é%hf‘éh td pls@e Ryhy 'ﬂm(aé'::cgtte@y N0073

+ Probe No were: -0. np, np (a 40% reduction)

mAp (aa%weédlrcm eapl.r ey i v:@p;lnlalg tzzcroszﬁu C RS IS @36§)mAnp (a
61% r ed d %;ﬁggg eigach d-BSpect i t C
(data n%?bllg %} fog 99 10%%@%% BOZ/é0278>?3 Pretr easzét teacgs%

hybri di Z8t mﬂmﬁ(egr@beGN@ (tlhe mredtcedeasaverageDNAEeaieneEs) 0f- 18| owed

g%s g?g'elc/{ﬂ&pc.“ HyN0bmpsL98bh! cagihysabiecs s, Al f & &g Fducendugt ance
-0.05 uAmp (a 72% reduction) for the 1 bp mismatched dsDNA: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 observationg 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 uAmp 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), respectively at 50°C (data not shown).
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bet ween perfectly conplenmentary dsDNA: PNA tri pl exes and those containing 1
or 2 bp m smatches when neasured directly at 23C or 50C (w t hout

pr eheat i fgoaB/06B@ when an antiparallel PNA probe was us@dT/IBhxerssy, the
antiparallel PNA probe in the presence of the DNA intercal ator YOYO 1 was
able to formtriplex structures with the dsDNA tar ets plication of | ow

level s of eFd@TEHRFYs vth Rydriligation slipsiedtt 5 °Gertéet Ty ohtidre

dsDNA: PNA tnidxp| edsBRAUENESSudede) di &Um@weahedb{froreadl%ﬁg Cemaa' %\9 1 bp
or 2 bp nutations, wthout EI‘I or denaturation of guences anpl e

Figure 2@&iseridys shiec hé%‘p@i‘gﬁﬁfﬁﬂéeas@aycﬁﬂ tlﬁ'éanpﬁvé?ﬁ$@ﬁv%<%m
al so di &férﬂw&e@ﬁt;%ﬁeéd@m @&ﬁé?@ﬁéﬂt CH@@NAd§QNAt@%§lteFx‘e%l ehdybidds and

those containing 1 bp or 2 bp . m smat ches when probe used Is Iin a

par al | elCOBEEMIAT dn O%nid PR stiFeratahe g Heammpas Bl shigirAcl, #% obe°®o. 2
was a 1%r'EﬂdeWMiﬁﬂgﬁt'ﬁﬁ%ﬁéé@inéna§egge@§ew%%np%%p%ﬂ%ipébaﬂﬁglVﬁﬁA

synthesi zed to match the parallel oOrientation of the target DNA, instead
of the EBRRENtYThatlSERti - fakeATEY . okhenpatiparaplsde PN, PZohad JJcnhetl’le

fol | owi RE-cstdrieGt B&'etﬁ@E&KTAQﬁ&@éalé@ohﬂ%ﬂ%a%%bﬁéct%%g 7

Experinments with assaé/]hcondl tions identical to those descri Exarrpl e
1 were CHIICEFTHR WikitththgedsBiNa ‘éﬁufgféﬁ%nc@xpptlh&tatlll%b@fl\lbowzlmglﬂseﬁ in

pl ace ofz1R¥Qhs Na 1&81)(@@%% vl to ‘@@) ag%gﬁgg Eﬂébg\é%f%%ec)lgﬂrrﬁagiﬁhéci” al

bp m smat ched ds triplex
consecutispalA B WEB&@Ehe&f—W?NAOt rbel ei(lS(tSElgulBl'N@ 3fxomr diwodd. 2),

vere respechinely 126% QR Bl 2HGenbBEPEEl Y Cadndb NGRS

| ower at 50C, and res ectlv I"ower

wi th thes@iersss-.y mat ched dsDNA. PNA trlpl ex (SEQ 1D NQl + Probe No. 2)
at mat chi,ng. femgeratures (Fig. 2A). Simlar results were obtai ned when 5V
(instead O was applied for 15 seconds. Perfectly matched dsDNA: PNA
hybrids at FIQuae %/@I@@%‘ZW% BokA 02788 apBEroBeCrined BHEEwearerEied

aver age ;G LNt Ofayr0- 13 N ZLSCI‘? ﬁa%ﬂp}ﬁg&geég: ]%eﬁﬁﬁl@ 19 SSRGS e ¥

(Fig. 281) Incorrplete corrp enentary triplexes with a p- msmatch and a

2 bp m siwdl@y PNA trlplex hybrids and those containing 1 bp or 2 bp
mismatches when the PNA probe used is in a parallel orientation
with respect to the target DNA sequence. Probe No. 2 was a 15-
mer PNA probe identical in seguence ﬁo 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
wag 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. 2A).
Similar results were obtained when 5V (instead of 1V) was

applied for 15 seconds. Perfectly matched dsDNA:PNA hybrids at
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produced average currents that were 27% | ess (-0.11 mAnp) and 53% ess
(-0.07 mAmp), respectively at 23C, 21%less (-0.19 mAnmp) and 46% | ess
(-0.13 mwp)o3/otesspecti vely at 50C, and wunchanged (-0. 17miep)iBeai27883% | ess
(-0.14 nAnp) respectively at 65C, than that achieved by the perfectly

mat ched_hybri d sanpl es QFlg 2B The results iIIustrateg in Flgures 2A and
2B |nd|%§t ed PRat ef? Xtre 389 PRI e~ Nor e B HiaSTt usBdlot FETP:

di ff er engess idiame eiducto vt ma@t areggeeew@@y peidecis)y. Wﬁh@bﬁa@lésaﬂ& PNA
triplexes and those contaj ni ng

2 bp.m smat che | ess mati ¢
t han t hGPTRERIEHEAT Vi ‘E’ﬁl%‘%}‘%ﬁt"i”p%ﬁaﬁ ItePP SF‘?‘BSE 3 ?ﬁ GLSPRE C%

However predneel Meiteal @VQMWI%t%artﬁialtawé:iFé)bﬁ%\blegsafodotmQ AR FI)I g@ali on of
5V after t he sanpl es have been heated to 65C and i medi ately lowed to

cool d|§%%o§§§sadbé}6HbﬂWFEPheagﬁﬁéﬁﬁﬁ%gelﬁhﬁéhzﬁ%ﬁbns%¥até88%nﬁaﬁcé§

si gnal 'ﬂﬂmﬂ)ffaﬁfnﬁn@§§ hetdeen-opesf eplddy ,metebsd-dsid, PNA t5d ot exesgand
the 1 bp or bp m smatched dsDNA: PNA trlplexes (Fig. 20 . The perfectly
natchedunﬁ?ﬁﬁgﬁé (SEQ TPARR) 120d Brédhéers. (29 ; 1¢ AP hp FASRAAREL hithr i ds

(SEQ | D6§|QIZ #h&h 008 N crde vl bg/h%hg @@rﬁééﬁfﬁ?q{?@@:ﬁ%@m 1(<§|§Qmp|1@sNO 3 +
Probe No. élelded aver age conduct ance val ues of - mAnps, -0.08

MANPS aﬁﬁlge B) mAnps, respectively at 23C, -0.17 nAnps -0. 09 mAnps and

-0. 07 mAnps, TE@SPéguwg'ylﬁSséP&&edam m%u%%swﬁpénd B LhdWRseRRGat0. 08
mAnps, respectively at 65C. This translated to reductions in conductivity

of 58% when 6B rera3telsPhPaRgcbeydiar S0WasaNgeslyhitd BIHECTESE o the

1 bp aneoﬁdﬁet Ce%@a%@al e%et%%aecgeﬁleﬁetl\ywe%a&@l@aar e e
val ues ac |eve perfectly conpl enentar nples (Fig. 20).

Ther ef otélpngﬁsaﬁndpﬁh%@ @O@WW%IJI &P PRA gpbﬁﬁélssm%tff}h%s “@ﬁ%rl@r?ét ric
assay aﬁﬁagéﬂﬁglﬁhﬁeteréﬁréghﬂ LBGPELVELD aPefdLed] Ve L AR eRIBAMNS dSDNA

targets and inconp conplenentary dsDNA targets containing 1 bp or 2
bp nut afli dAgg- 120 WO 03/010506 PCT/ 1 B02/ 02788 Exanple 3 Probe No. 3 was a

T oo HRKRVE ), ERLLE e b RS VST Png LRI SN MY  itnd Steer
application 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 mAmps, -0.13 mAmps and -0.08 mAmps, respectively at
65°C. This 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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ID NO8). Probe No. 3 had the follow ng structure: 5'-CAC CAA AGA TGA
TAT-3' The specificity of the anperonetric assay was further investigated
by react iwQ 03sDIN#6 Probe No. 3 with the 50-nmer wld- type &ou/1Buents dsDNA
target sequences in the absence of prior denaturation. The assay

conditi gns ﬁre identical to that described in Exanple 1. Enhanced by the
DNA i nt YOYO- 1, dsDNA:ssDNA triplexes were fornmed between 30C and

65C. Upon 1 vebbe Kbeasmeas, athe-nper feahty grdd el dd1 plifseg@psiest i Ng
of SEQ ID NO, 1 + Probe i el ded the highest conductivity val ues
3 %%’f?

g No. 3,
(Fig. 3APS PRiEBhEFASE tPnEJBﬁ‘p]r%f‘@??'a%W arsNrimPeady - tarl§EQ

combi natDONS : ggner ai-ohg &ol BP hElss FRkC 1 I6WRihE Nerdcturobe No. 3), and a
consecutive 2 bp msmatch (SEQ ID NO3 + Probe No. 3), resulted in average
conduct ance val ues that ererC1485AndAEu% TSer TAT-23C, 30% and 70% | ower

at 50C, and 25% @peci2felopelomt tR8C anashatddMel Vaskhan Fhat observed
with the erfectly conplenentary sequences at matchi ng@%errperatures (Fig.

pert, Y. . ; ‘
3A). The ¥pRFieatronbyr TR hf e rsIA dreRslp 18 vheBdkamfl@er Wdddted in
gr eat er tapperaREhttandi Hkenaneasqeks ayednbelnaen  neerhaetlx Wt ¢hed.and
m smat ched sanpl es, than that obtainedat 1V, particularly at |ower
t enper afGPBEUTAELER -a TREt raedFENCONBIL iPRNsseWEHEs, 1dpRet hoat ade ctihednt s

for thegdsbpipbanahchedBiNA 1triplex and the 2 bp m smatched DNA tripl ex
were 54% and_78% | ower, respectively at 23C, 68% and 70% | ower,

respecti vel yEahansed, Brd 8890 PR 6108t vRalates pdNiGrdly SsDEBCssDiAn t hat
observed Wt Bxkhe perd el shese ONAGRID! £Xg a%s“%t.Ch:j{ﬂ%orf efrpeiatures

(Fig. 3B). In simlar electricity experinents, the hybridization m xes
wer e hehteatmenssCthfdPaEFecElyhert aaedt A ddr irlehi sonsipama wie SO

i medi atel joak! gwe ol sto K L@l ot lJrgati f or
5vV. A1V t‘rgat mqaznt g?%))r% %% sgcor}{g%@td%d %ﬁg %éL ggttl %O%%gﬁgﬁlﬁ%z@rliu%gex
sequencéEigSEGA) D NG GOFEReL , - ZNCewp bet 61p506MPEEMERDALT2 PE8LeNend3)

et e o e GG A SRS NE 0

2 bp nigwgbgthSEQNJDaé£3a+cogsecutive 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.
3A). 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 oxr 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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Probe No. 3) were | ess conductive by 21% and 63% respectively at 23C, by
18% and 74% respectively at 50C, and by 12% and 106% respectively at 65C
(Fig. 3AwoSsmdsas |y, when 5V were applied for 15 second¥craBessseat ed
sanpl es, the average conduct ance values for the 1 bp m smatched DNA

tripl ex’(r\s[s and the ched DNA tripl exes_were reduced by 24% and
104% pebtRERIYF @%@&%Q@E%C?e‘%%@?v@% v HIC566°Capad by

38% and6$©2%(FELg$p3At)l Vel%@tD@c&rmé@n@@ﬁ@glﬁﬂlé hg 1a}5?r fA98match
conduct che val ues _gener at ed by the perfectly matched | exes (Fig.

3B). SHBs&Pv AP 6n *t I?afto%éqoanﬁ p&ttald et WW%@C%F@EQHD Hﬁd3s$DNA

probe (Erebe3mobe§avaerlanlés§l ebhatctaghi 89 bhst Bgg @@@ef%%béb&%éi?y
suggested that the backbone of the nucleic” acid entity used as the probe

was not 2pafer Eul Y1 ¢-83madid alft?, meRpeftesenoe aF YOO 1286 bed2khands DNA
targets1asd, t bespsBNAven ohe texdfcor may trip e é‘f&xifaf?ff %H&E' 89 g;éﬁeéb' e of

generating. different eléectrical charges depending on | evel sequence
conpl enBRPALPEy Ff wdén ERECREBgC apFerheaseshesamptesut itde anmsrene

degree ebnfi:68BHER PL1UEE L Y QbBpraRdhbe-han Iaka ﬂﬂ%fleé%%%d’anhhﬁhleevel
of conductance decreased, proving the reliability of the anperonetric

assay WAeRPa et erhesADNRoba 1 agsetPys rhduabdemve 243 prndr 104%
denat ure&-sgect@%éwl §t425 8t hgy aper iRty nilyei3h LAl 88.h Exapl es

1to3 i ntercal ator YOYO' 1 was added to th | uti on contarl ni ng
the hybPYdidBst iz niQ3%, meseesaliaelon dy ¥EXO 1whesi I9ampaxed the £bemation

of the Q%%gNéohﬁtht@ﬁ%% w@%ﬁ%% g gy PLRxe er}_rggt?g%ﬁl%}ebhle y of

UtI|IZIn% anintercal ator noi ety y tethered to a s probe in
t he anpBNBneripéenssayFidas3Bval uated in Exanpl e 4. Acr| dine is an

al ternat i ve GEONALLALGLEALA! dhuart Mo A0 pD0SIROS S N8B | |

intercalate into triplex nucleic acid uctures, thereby staE ?IZI ng the
triple hefi gsP¥Pmrahe (Fi2. W 0B£DaUSG6 iRCH |H0R/0R788RsISewn eugthe

Kukr et i ﬁf?r]be% etrEX! SQE%& aghpp@stganeﬁagf tBlé'Abagﬁﬂg?xBCB% Zyal hg@h%ﬂ:or

trlple ornmation zati1on m smat tl’lp exes
acr|d|n@c¢dngatntygused as the probe was not particularly 1mportant

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 1level 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 assays illustrated in Examples 1 to 3,
the DNA intercalator YOYO-1 was added to the solution containing
the hybridization mixes. Intercalation by YOYO-1 facilitated
the formation of the dsDNA:PNA triplexes and dsDNA:ssDNA
triplexes. The possibility of utilizing an intercalator moiety
covalently tethered to a ssDNA probe in the amperometric assay
was evaluated in Example 4.

Acridine is an alternative dsDNA intercalator, that also
possesses the ability to intercalate into triplex nucleic acid

structures, thereby stabilizing the triple helix formation.
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ol i gonucl eotides."” 25 Nucleic Acids Research 4264-4270 (1997). A ssDNA
probe containing an acridine nolecule (@ en Research, Sterling, VA USA
coval ent Iwoaswashed at the 3' end was synthesized on a DRATABX (288 zer
(Expedite 8909, PerSeptive Biosystens) and purified by HPLC. Probe No. 4

was a 17-ner ssDNA rgbe identical in sequence and orientation to the
15- mer Probe NG - 13 83 gethustal 86 -/ i JERIGTFIH eEqUuei eTaRgeoreenPHAi on to

the 15-geguantépasahl hbl BNACRT ebephNe. hd1( RSEQLRaNO-B)) Q‘H‘ébY‘L‘lEQaEQ%n
addi ti on_of an acrldl ne noi ety at the 3' position. The probe had t

fol l owiR§ st Pdéemptechad. cac GA/IP];@?%‘GA TRY- acrla(ﬂl?ﬂedBneTﬁf@q’Fyibﬂléﬂgatl on

react i 0pl hshueBebB89dell ) sgnkaknedct heldEOhleezéfaBQh 42@@%9%00“( :Lt9§’7§l<at
dsDNA, 2 pnol es of ssDNA Probe No. 4 and 0.5X TBE. Sanpl es were pl aced

into a B AAPYhaPrePec fRsttad ey it ea @i e e‘ﬁol©c‘53ﬁ DECeprcRestRreghion for
11 SeCQﬂQ@lﬂﬁgZ?’QA Th@s@qrréa%aﬁeﬁtwﬁ%@éé&&@dw%rte EH@' t?”%ﬁ? was

described in shown in Fig. 4, the ssDNA Probe No. 4 was able
to hybfyarbesire toﬁ’e %ODﬁ@r pertlesi rermt(ErpgddsENS 2082 gePetSEDLERe NO 1)

as a resubbyetehbe shabberipiencglaibpp of the covalently tethered
acridine nolety, generating an average current of -0.53 mAnp. By

conpari son, PRePeeNQ- st dtpe DNAE 91D SRR paiebsi Adsgtigal Bp ﬁﬁgntarlch ( SEQ
I D NO 2549 Prd}tl%rm%:tlﬂc)n Ok o @h@p 18-St Cbrogg’E%é D NG 3,44Prahg Ng

produced average currents that were 52% and 66% ] ower, respectl vefLy, t han
that achievetcal Iheeqmra ey auienbatDNA toitdiels-weenanoipakhadl

t t 4 f
The aor oine SPeathed Lo B ShOA B OhE webe Clah |y as Pt Ry hg o o ©

unt et hepedivoveO moiety crtitie Br'i ppélDNAn heTh@&@rQbﬁathagbrl\:éJmﬁeéildwﬁhgr ent
el ectrigal,gupfgots depending on the |level of sequence conplenentarity
between the target and the probe in the anperonetric assay. -23 WO

03/ 010506 PCT/ |1 B02/52788C EXAAp| BCGE SE@3e FAT-anridénse315-ner ssDNA target

sequences, depiVedy fROFLEXAR 1.0k ithe LUWmN.LYEdd C, i) PLOsLS i g8Re Lyer e

following: 2 pmoles of target dsDNA, 2 pmoles of ssDNA Probe
No. 4 and 0.5X TBE. Samples 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 was able to
hybridize with the 50-mer perfectly matched dsDNA target (SEQ ID
NO:1) as a result of the stable intercalation of the covalently
tethered acridine moiety, generating an average current of -0.53
mAmp. By comparison, the legs 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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synt hesi zed, purified and anneal ed as described in Exanple 1. DsDNA

ol i gonucl eoti des were dissolved in ddH20 at a concentration of 1

prol e/, ulwoSBE@dSDE NO. 4 was a 15-nmer dsDNA target sequence PdanBexa78& om SEQ
ID NO 1, designed to be conpletely conplenentary to Probe No. 1. Sequence
for the sensg strand of the wild-type target DNA (SEQ ID NO 4): 5 -ATA TCA

TCT TT e.SSequence for the anti sense strand of the wld-type target
DNA (SEQ I D 86hde: afd-4AEH M &GS Ty TADNR ta u%tn%fésﬁehtewged
tenperature (Tnm) of dsDNA (SEQ ID NO 4) is 40. C. S NO'5 was a 15-ner

nut ant G5PRA E3PBet Weq@ncdhs dmimaial €BSWiFd- fybéosaﬁgegew ( 8EOE! D

NO 4) exgaphebbed, O@arlffaeea R ARHAlIQN d4ndestiNsdd, 1Al eMhph tEe
sequence TTT was , changed to_ TAT. Sequence for the sense strand o

nut ant PEPYRt ONAIBITleeriges) . wereaTAdTeRCTTFAATG BTGB, OSecfirJ?encél f or

t he ant Lgghsgereheand 8k ghgmg%gm target DNA (SEQ ID NO 5): 5'-CAC CAT
AGA TGA TAT-3'. The CF)redlc ed nelti n tenperature (Tn) of dsDNA (SEQ ID

NO: 5) is 40.8eR BEQQ ¥ NO6 anads -Bers ﬁENAnER’éB@t BRNENCE Foriyeguérom
i denti cghot @pWiibd 1t YRR 41238l NA ﬂa%@%@ ﬁsmﬁﬁ%eﬁ%r? t%o'%%%%%t ive

two base pair nutation (underlined), sequence” ATC was changed
to GGCNSeqi:lence for the sense strand of the mutant target DNA (SEQ 1D

?ﬁ’t ant tar gor BACSER| BND T B Peoatvbr03 B1080 BT BOSPOTIER

- CAC GAK A@ RSTEA‘ITAT53 -ATAhe TERedl€Ted THE! t CA§-Beénperature (Tn) of dsDNA
(SEQ D NO 82qhi8nd4 5r the antisense strand of the wild-type target

DNA (SEQ ID NO:4): 5'-CAC CAA AGA TGA TAT-3'.

The predicted melting temperature (T,) of dsDNA (SEQ ID
NO:4) is 40.0°C.

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 segquence 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):

'-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 1l5-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 TCGEG GCT TTG GTG-3'.

Sequence for the antisense strand of the mutant target DNA

(SEQ ID NO:6):
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SEQ ID NO 7 was a 15-nmer nutant dsDNA target sequence identical to

w ld-type target DNA (SEQ I D NO 4) except for a separated three base pair
mut at i on Worderdsbthed), wherein three 1 bp nutations wer ePSEfBRO2ARES by 3
base pairs each. The sequences ATC, TCT and TGG were changed to ACC, TAT
and TAG respectively. $e%é%20e for the sense strand of the mutant target
DNA (SEQ IDNO7): 5 - RTA FAR THRCGTESS | T§épq'€lence for the anti sense
strand of t hehauiparRidite@etmddING nd SEGbE-NGFE: (T ) COE TWMATAJES TAT-3' .
The preﬁ%)ct d.nelting temperature (Tm) of dsDNA (§EQID NO 7) is 38.0C
The hybrPdPzatPoh*rB8ation mixture (80 ,al) contained the follow ng: 2
prol es of tagget 1sDNB: 72 Wil £S 10f-near alh€ant PHADNR' 0berd:  ZegBeh¥eTBE
and 250, nM of the DNA intercalator YOYOQO-1l. The reaction mxturés were

i ncubat e4€BF168E £or W LAYRA ntAkIet t BNA| |(§KRIERaNR )i orkcelld £REna

mai nt ai pegaabr6&C. HREEl bagssp¥ed maeARLes WRhecphaged)i NtBecdeqHalhiee
cuvette, Irradiated wth an argon ion |aser beam having a wavel engt h of

488 nm andP nBHERBAEASE oFe¥e uFeRSEE e enPEsitonbage6Faionearkent The

t enper atdggeABASUREIR NI RL ] a0BE eyade D nAngRl WaY ex€@Nt ¥R | 883 TaG,
tenperature probe_placed directly into each Sanple. The maxi num

fl uoresE@ﬁEeFFl{“é%Yt-y occurred at a wavel ength of 536 nm indicative of
intercal ati 0BegheE¥Ordyrithd N FNALNA R B die MStait BN SEQ

following the initial laser irradiation of each sanple, the sane sanples
vere subPelPed) t 051VABE eCEBt r TRTcafTAn GF6r34.seconds. During the final

second of el seliibhbeatbAn:hBCanERAIRhES YOFEnd [SAUIAL FARCCANCL BRAW 1N

the argon ion laser nonitored for fluorescent em ssion at

Fl uor esé8BR IPnNe@nd) ti B4 -GRFe BRat t 88Ras TRGf uReT8n -of wavel ength for each
sanpl e anal yzgd. A Ry DE{ S egagle%gtﬂgeof(m?rfo%ctdémﬁpngéﬁge&bary
sequences (SEQ ID NO 4 + Probe No. 2) allowed maximum -25 WO 03/010506

PCT/ | BOMP02788s BAt8Ff€al ati on of YOYO 1, vyielding the highest fluorescent
LSRR B et L P o 1) b BB

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 65°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
gsample analyzed.

SsDNA:PNA hybrids consisting of perfectly complementary

sequences (SEQ ID NO:4 + Probe No. 2) allowed maximum

1
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consecutive 2 bp m smatched ssDNA: PNA hybrid (SEQ ID NGO 6 + Probe No. 2),
and a separated 3 bp m smat ched ssDNA: PNA hybrid (SEQ ID NO 7 + Probe No.
2) were awb oBowspe t han t hat observed with the perfectly maraBed23s8DNA: PNA
hybrid at 65C (Fig. 5 and data not shown) . As the degree of m smatch

bet ween the probe and the tar agt |ncr eased, the | evel eﬁgt ercal atj on by
YOYO 1 infishsplHetPanPthe¥¥ Qe | &L | GBPes efﬁ}fle?ﬁt TSRy eased.

Only bagikatumnd devetsg ofs£) uprﬁse@efm@omee@cbsmry@dﬂwe@ for DNAL Osp PNA
was present (YOYO 1 aI one g (FI}%{’ 5A). Wien the perfectl matched ssDNA: PNA
hybr i dSnisratahns] e8EBHA : PHAIMEIT I edBRRciTR) F¥Oio4+s NP-65¢, the

f1 uor esceidechtd-RRSht Yo aRBERSC-HE] abbYRAY PRANSHAMd desmeasonmd% oply 2%
(Fig. BA). In contrast, application_of 1V to the inconp

conpl erdFrke \Waluph kx e3nd ont BEPR LSS 13 bPP nPiFme ephe i @SD%) Pl%% hybpid
m smat Ct‘SﬁC%: b RE) 7aRdpaoBePRN Syl datia NGfeShavdl tRE©JYEEErved

fluorescent intensities that were 18% 39% and 71% | ower, respectl vel y,

than t Haxtlactmeemrﬁmtkix eatsind sERiPePNA fykgilst 8§ PR°ChdFagsencandf

el ectri I ARRNL. Wt BrbOMegl-aueh B n%srﬁ‘e{te&{ Hetlaer %%ehpaébévanaurt her
dimnis edt stablllty of the ssDNA: PNA hybrids containing

m smat ctles. tAS-‘getthell@I@gﬁE@%e@f %eﬁ%ﬁe%orﬁﬂ eh%ﬁ?ﬁ?ﬂ?rtb‘é{lv@é’n gﬁ‘éopFobe

and they ﬁﬁﬂ&l&ecﬁ’e%ﬁaseﬂenéée Lﬁ%e' 18irei| Uefesﬁﬁﬁ&régésﬂﬁl tynﬁléﬂbmt§hed
dramatlca y 1n the presence of ectricit providing a hig %ﬁ reliable
OREE

and accdeateasedonen ks eackaraiind dreamlis lﬁéﬂl\%@ﬁceﬁ@ﬁf é’@i‘-’?y tHed

sequenc t Log 2 L1 31BR athonga) Exanpl e 6 The
hybr i dl‘gﬁﬁqonﬁ alglgﬁay |n§@ ? pﬂ-eQQnt (??g?mladéa t%?mt(de%aturgtl on of the

dsDNA t ar getheq@memreﬁwum@atehedssmAmMﬂﬂﬁ wexs PBRIgetgd
t emper aL 4 ¢ yahoye %Qgtg?{:gt 9 ogowtsé%ga?gf atheisDNA L ar gelisrebranel e 6

w Il dendnstra | ty of uorescent intensity assaé in the
absencelnaadsptgseamelmedarr@lha@drv@lle’ctqqrtﬁﬁ%nttlo IfATHY BE PBLWedR - 26

10, o 842, E517 88 BSA Bt LR BLIRES ot o i apmicheg.
nlxturec@ﬁ@lémbhtenytdupédxehecontalnlng a 1 bp mismatch (Fig. 5B), a
2 bp mismatch (Fig. 5C) and a 3 bp mismatch (data not shown)
produced fluorescent intensities that were 18%, 39% and 71%
lower, respectively, than that achieved with the same samples
irradiated in the absence of electricity. Treatment with low
levels of electricity (such as 1V) further diminished the
stability of the ssDNA: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 dJdsDNA target sequences and measured
SsDNA:PNA hybrid formation at a temperature above the melting
point (T,) of the dsDNA targets. Example 6 will demonstrate the
reliability of the fluorescent intensity assay in the absence

and presence of applied electricity to differentiate between
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follow ng: 4 pnoles of target dsDNA, 4 pnoles of antiparallel PNA Probe
No. 1, 0.5X TBE and 250 nM of the DNA intercalator YOYO 1l. Sanples were
pl aced i rwo oaomsaét z cuvette, irradiated wth an argon i ®aTIBEX02783%cam

havi ng a wavel engt h of 488 nmfor 80 nsec and nonitored for fluorescent

Cof twar BSEGAL BRF EoT HELrATR GaroBh B AC LR dYT ERCRy i 6 CGhE RN e,

The naxﬁmunp%hu&re&&anhramhe@5|ty occurred at a wavel ength of 536 nm
i ndicative o

f cal of YOYQO-1 in the PNA a.second
assay, foll o(ﬁlﬁg&’ty oq FERATIM B o (SQO\IAQ(]: §é’ﬁglaéné§hé:hsearre
sanpl es fvanews kubj: ecme@wmes%\f BG rejetcideDaGal phdles dSes®idmrallel

2 Secondiny HHRE (P 1 b o goR N8R PECbr 10, 800 e bae ol WA At

;I uor esqersr]p -em s§ae@1ﬁ@f e B%we@sﬁemb la:’ltcﬁ&a:lttzl eaﬁmwt? mIQtatcﬁdawd a
uncti on of wave engt or. eacC sanple gnal yze nnancge \'/ th

i nt er cal4t8r APOROIPT FSBNAIBRA (S35l Sedd NInsy éﬂ’afvﬁrElr‘?é@tg’t Ofb 8TH’E“ Highest
fl uoresgent mkBEENShEY WMBSitaLdHeVEeSr WiENubREs ¥eh - te&@_ﬂséﬂoﬂeratﬂstﬂ%d ar get
sequence (SEQ ID NGO 1) was hybridized with the 15-nmer antiparallel PNA

Probe NGONCHIFERY. CEFPErRLULS HaRFIhrNeRFe WaiR PEHIETES RYensidite@sr a 1

bp m snalehed1dsBNARNA I%&m&lee&x(g%%gglladéa Zilte%rtq@e Mo BacGandble
consecutive 2 bp m smatched ds triplex I D NO 3 +_ Probe I\%o 1)

ver e 60%En deFRUTD i UOTRIGRIES | %‘F%ns%ﬁéno?ﬁ‘é{fre b&3Er fedANCLETGHE ©
per f ect Isy et heth GsiNA -FNAGET i1Bl@t- a1 a236n (& OyoBd -1 Whan the B aizPNA

was present in the reaction mxture containing YOYQ- 1, onl|y background
| evel s SWbIidgor edende RBFENELSBPFRY, THelbPYiRPentlei niltiibsdaer

i ntensi tllx%%dqlattalo@ﬁ%fbxéaxd?ﬁ sat?@ﬂf@ctﬂaé R BRIy dddd| Auseaul those

containing 1 bp o bp m smatches were significantly greater than that

achl eve@ovbe@%éﬁeﬁéﬁfﬂéétcla;tlm ched duptes@dand iHewpiately after 3

conpl emejul s ARl @188 tqeTRake o 98e 2aRPlcB) wekdefFtyaified -27sdnd
03/ 010506 PCT/1B02/02788 ftluorescent intensity assay of triplex formation

possessd&dmeeritidit ebhei s&gor niffbr y2adt| £y 189 desett 2PasBOPALPIR%s el Ehes.
Mor eovers; \gyel Jdift Nehi G5 86AT Hchat 1 88, betmBed-dbbshi YRBtabdities 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 dsDNA:PNA triplex (SEQ ID NO:3 +
Probe No. 1) were 60% and 91% lower, respectively, than that
observed with the perfectly matched dsDNA:PNA triplex at 23°C
(Fig. 6). When no DNA or PNA was present in the reaction
mixture containing YOYO-1, only background 1levels 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

=27 -



mut at ed sequences was possible with the secondary application of
electricity. A 20V treatnent for 3 seconds to the perfectly matched

dsDNA: PNAwDrosplesses produced a fluorescent intensity spe@craBoavi2rgsual |y
identical to that achieved by the sane sanple not subjected to electricity
(Fig. 6) However aggl ication of 20V for 3 seconds to the inconpletely
conpl engriasF §ensdhiai AFREY a Af by TAPLRE chOBRATACY RPIFSTRRSh

pr OdUCe(analercBﬁCi@&trllnﬂtrﬁt%ﬂy %ﬂlfi%ty wer 8e23% apdsd 1381 PRI smatches.
respectlvely, than that obtained with the sane sanples irradiated in_the

absence, MFEII t $VER; Eur‘B]?erﬂPeS%W‘W%te‘ﬁrh@ﬁﬂ:W@ﬁneWéé@r FepeyaRrfd not

af f ect tnhﬁa%teaiagb neledt B8s PoESEB1L WwHRIRMBREALYalY/ BbEXESat PYL of
weakened the stability of the dsDNA: PNA tripl exes containing base pair

m smat ct‘?é‘se%r%lqyevel Adép¥ndematdientthef e g? eé%f’ngéql‘l}@n&é'l%d?@?%ﬁ%ﬂml ty

bet ween i@ robesoa: bRE tarigelexetNab&IAI&ed t Be FARRIIGRIIRN Mtensity
electricity to the fluorescent intensity assay provided an even nore

hi ghly rRqETE é(§§§9dat1éydﬂgﬁpﬁgﬁla§htﬁe‘%%*érﬁ%lleﬁlet%/@é’ thegEene cs2BRkE t hose

contai nifg LudP Rited BR BULRLLQRS £y (FRGUL 6) PI i B6wEeaAL U&ﬁ%l?@a@ion of
sequences. Wiil'e the invention has been”described in

ref er endd@t of ¥peti FeecvslanpPesichdnesmp list el |cq§@1@wr‘@ﬁyﬂbr1m@<%% |l ed

in the ardndatli HAri0Us ChaNGRS RGN cgt@n%p camsastaﬁdgp%a@@é@
departi n;% fromthe spirit ‘and scope thereof 28 WO 03/ 01050

PCT/ 1 BO cegtal Nsnmenﬁlﬁé?ﬁod Fhat aswayﬁng 23&quene@- spédi f i kower,
hybri di zatd.qn, tlveslg} ope ed cagpri 6b‘&91neaoth'?19 %Heaf %éméiony&hﬁié@ at

| east one target yner sequence, rovid ro e conprising a

| east oreymdimcasl opol Finer akaspemcet & @pﬁgl§ait& piiise: afd- saithe a%@ét to
a bi ndi rlﬂcé?&ﬁ%ﬂgé tOf Qigﬁgg%i‘t‘rﬁ%&é% e?ffé’& YLRE %t%'brﬁtl ?é'c@'t&‘ﬁeto

said test sa to provi Irst sti ated test sanp e, tect|ng a
first si;gerraﬁecftrlarncsmpdefmerré:tars/t trmibaecegst ebut wealsned wier eEpbSALEYTOF st

Signaliﬁh&°&§ﬁkﬁt§ﬁA“&&Eplexes containing base pair mismatches at a
level dependent on the degree of sequence complementarity
between the probe and the target. Therefore, the application of
electricity to the fluorescent intensity 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 wvarious changes and modifications

can be made without departing from the spirit and scope thereof.
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a binding affinity between said probe and said target; applying a second
stinmulus to said first stinulated test sanple to provide a second

sti nul at eafotoad1038@npl e; detecting a second signal from saCu/1Bex@nEs
stinulated test sanple, wherein said second signal is correlated with said
bi nding affinity between said probe and said target; and conparing said
first signal and said second signal “©81M&cconplish sai d assayi ng; wherein
at |east one label is provided in said test sanple, and said first
stinmulus, said second stinulus, said first signal and said,second signa
are el ect r omagnet PASERPAHEN2SFRBI NG RPTHINAS VRS ot 4 P Prd A12RAGPus  and

sai d segghd attAvhUsoRpeispRgtonic radiation, an internediate electronic
stinulus is applied to said test sanple after said_first stinulus and
before sai dPEE¥SAANSti Ful JLTIRTd WHRIWPREF T i rat siPABFus©BRd $&FdStsecond

stinul us are el echrgphgfd akl@Rnceaid first signal and said second
signal are electric curifent. 2. The nethod of claim1l, wherein said first

stinulus is PPRYLEANS anBTreBPJICSERBHREIEY| 3l 1RASE Ve &ERT C1oRCLlYRE et hod
of claim1, wheregpqsgaingef;irst stimulus is photonic and said second
stimulus is photonic. -29 WO 03/010506 PCT/1B02/02788 4. The net hod of
claim 1, wheréfAngaisgifd msohs ianfd 1kAid eredet ohPcrahdndard BEEdNd $6 nul us

is photonic. 5. ngot\r,q(iléog elest! damphe;Wherein said first stinmulus is
el ectronic and said second stinulus'is electronic. 6. The nmethod of claim

1, wherein appbilyanidon &firsai gtiswdvAdtetsaidusest |AMPasto paaviige ¢

coextensive with li catii f (e WP imulus. 7. The method of
) . f&&%t CalinRf e Vet ?n{pl%,t; , (
claiml1, wherein said fi rslt S|agnea |es psﬁo onic and said second signal is

el ectronic. Gethetimat odf Uistelaiomal Ghenepaidafdretr stigigaged sest
photoni ¢ and said sﬁgrﬁﬁ%d %}I&’l%j]r{ $ARPEYNL AgnHhe i’éetd&qzélfatféo‘??mth

wherein said first gnal 1's electronic and sal d second signal i

photoni c. 10. The anbthddngf aEfankty belftwsen madsl probesand md Yagget;
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 gignal 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 1is
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
gsaid 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.
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el ectronic and said second signal is electronic. 11. The nethod of claim1,
wherein said electromagnetic radiation is selected fromthe group

consi sti rgo®B/opisad oni ¢ radi ati on and el ectroni c radi ati o®CTAR02/0EM&8 et hod
of claim1l, wherein said photonic radiation is a |laser beam 13. The

met hod of claim1l, wherein said electronic radiatjon is electric voltage.
14. The nethdd of TEPaRRTACd\PErel 3Bt d WieneddsSagik TRase stimydsfers

energy &RledtrbRast annesqlibescbahgl stondensr akephbrohgast one of said first
signal and said second signal. 15. The nethod of claim 1, wherein said at

| east one | aPel TEecRermPdneheskait Jor "Hiaxaith@fdm EdfmstesEemuludsisThe

met hod efeetabiid, avhesgiA sakdnat steastusnes! abekrrbpian el ectron spin
| abel . 17. The nmethod of claim 1, wherein said probe biopolynmer sequence

and sai d tarf§et brBBoMARYCk QfueptaiBont aihafisdine crizbkcataien saf d spiebe

hybri di gesoagecktimahhy With sal d iadget po-£PaMya dypkeXns18e Thetpet hod
of claim 1, wherein said probe biopolynmer  sequence and said target
biopplyﬁEPié@ﬁﬁéﬁ@eoéoﬁﬁéﬂnfhﬁéFeé 4dsEdusand sai d probe hybridizes

speci i cal | y7wi t hrgai detaigetort Q1:0mM1 - 3R 03/ 910506; PCT/ LBYRLO2788 a
triplex. 19. The nethod of claim1, wherein_said probe biopolymer sequence
and sai BhoaPgeE BhépspyAeresefdefdanadnigi AlRGEFEHBEses and sai d probe

hybri dizes sgecifipal ktrWolh o2l i3 96! hifef O 521 §URLLUP! 8Xgnad. iEhe
met hod of claim 1, wherein said probe is a nucleic acid analog contai ning
at | easPhorendf andumendr gegopdckRbonal as phetaflly charged backbone, a

cationic moi gly, anglAsghigakig cjagenty, andnssl i pkisoestdechabhaanda

nucl eobase anal og. 21. The nmethod of claim1, ereln at | east one of said

probe beépeLyaricsandesaddangcoaddstiangét 16i ppoLymic -sequence contains an

e et SIS, AR ST £l i BELACE seoRP ok 1o
electronic and said second 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 beam.

13. The method of claim 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. ‘

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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stinmulated test sanple to provide an additionally stinulated test sanple;
detecting at | east one additional signal fromsaid additionally stinulated
test sanpwe,03msnei n said at | east one additional signal PC3/IBar(2essat ed
with said binding affinity between said probe and said target; and
conpari ng sal flrst signal, said second signal and said at |east one

addi t i ofalF*PgRH- to acconplish said assaying. 23. The nethod of claim 22,

wher ei n sai d1fi, rStl’h%t metheD, oS ai1d i aoNqrdrdny %1@%1%@ BlodSBateOne
additional stinulus are different from each ot her The nethod of claim

22, wheFEAHERCE 2Rd{S3H tHTIeh flopplymes| gRarenss| @O%*é%mdusqlgmhaséﬁﬁj sai d

at | easkn@ngaiadgibbenalbeh 8naksi spapPEied] NoNGEEA EUQUSL Yae il o Tﬁafrrﬁret hod
of claim1, wherein at |east one ? said first signal and Sald second

si gnal ?‘sq&ﬁﬁlff“@&e?fon continuously. 26. The nmethod of claim 1, wherein at

| east one of 2%ai drheoherand éﬁl&léﬁﬁmet wh%x%%ﬂ%gﬂdopéoﬁéb%ré‘trﬁlclsé&ré ace,
partition, nmenbrane or el ectrode. . 'A met hod for assayin

S equencécéﬁeépﬁﬂéghyﬁﬁéﬂﬁépgoﬁt 166&‘3 VERe3rh 1@50@@@#9@@%@%&6 sd d

met hod 9amribs_uggc H i bKEiand . g€ ; c9£9a5h%n9\oaee 0bg, MhRI B Al d east
one of said probe and_ said target conprises at |eas "one bi opol ymer

sequenc@gdeaddi Ag c¥aisElandiadarmd degha itargest a g Isiavdissy am'?deﬂn to provide
atest sanples apRi fihdd 'of SIAMIES LRe28if Lestcagiblad Qprovde a

first stinmulated test sanple; detecting a first signal Trom sai fiTst
sti mul abP&gPeefiopedilex; semiier sand fRidt teirgrsl Dispedymelratesiugnde a

bi ndi ngc@hftb'ihtsyaﬁeta‘ﬁﬁ%% S Qi Rbe2rd said target; applying a second

stinmulus to said first stinmu ate test sanple to provide a second
stimul at ed t 88t 55h§|@§th0d of claim 1, further 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 signal 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 signal, s=said second signal and said at least one
additional signal is applied non-continuously.

25. The method of claim 1, wherein at least one of said
first signal and said second signal is applied non-continuously.

26. The method of claim 1, wherein at least one of said
probe and said target is bonded to a substrate, surface,
partition, membrane or electrode.

27. A method for assaying sequence-specific hybridization,
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detecting a second signal fromsaid second stinulated test sanple, wherein
said second signal is correlated with said binding affinity between said
pr obe andweaB@iosb@r get; and conparing said first signal amdTgBia23%cond
signal to acconplish sai d assaying; wherein at |east one | abel is provided
in said test sanp and said first stinulus, said second stinulus, said
first sﬁaﬁé meEHHdS§PHP§é§éﬁ6 ‘signal are electronagnetlc radi ati on,

provi ded thpyowﬁgangabdtghggﬁ stinulus and said second stinmulus are
phot oni ¢ radi ati gn, an intermedi ate electronic stinulus is applied to said
test sanple RFP¥E d4B8Pd 3f ProPest MReIed NaAd BeRGite ongaiod §éé@n@r§bﬁn@m@% and

when said first sghiul usARdSalbmsecand siimubdgsar e gkeci
radi ation, said first signal and said second signal are electrlc current

28. The net hod of SEHHERCZF, wherein at | east one of said probe and said
target is a Bﬁaﬁ.ﬁbnrsaa.ndp‘iﬁtdk@ &g asii@'@ar@@@bféng p2adiABemERL hed +of

claim 27, wherein one of "said probe or said target I's not a biopol yner.
-32 provide a test sample;

applying a first stimulus to said test sample to provide a

first stimulated test sample;
detecting a first signal from said first stimulated test
sample, wherein said first signal is 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 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.

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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