rd

;yz{| e3eC 8CQ"6T8 WO 01/53526 PCT/1B01/00077 1 HOMOGENOUS ASSAY OF DUPLEX

OR TRI PLEX HYBRI DI ZATI ON BY MEANS OF MULTI PLE MEASUREMENTS UNDER VAR|E?/zQ j

CONDI Tl O &iAs63d-1 CATI ON 5 BACKGROUND OF THE | NVENTI ON 1. pErms /0077 et

| nvention The invention relates to nethods of sequencing or assayi'ng™ ~ -

nucl ei.c acids, and nore particularly to nethods of accurately assaying

tr| ex nucleic acid 10 hybridi zati on conpl exes. 2. Description
% M‘ mmmmmlﬂt has been understood for a nunber of years that biol ogical

i sol ated and characterized through the application of an
eI ect ri C!Pi#l d to a sanpMecENOUEl assrypber BFPLEKS OReTRAPS.EXhe nDSt
wel | - known exanpl e of argyswlEtzo0Rr@ncse hamaed eir a8dLrpLechni que based on

the influence of electrygabuRESENG S l@h@bﬁgbﬁﬁ&Eﬁvb@ﬁ@&QQoﬂsn gel
el ectrophoresis, a unitormnatrix or gel is fornmed of for exanpl e,

pol yacryl am de, to which an 20 elecééﬁéigéézig.ﬁ applled M xtures applied
.to one end of the gel wll mgrate according to their size

and interaction with the el i %; M&ﬁi;ébéggigﬁigendent upon the

uni que characteristics of t tion, size and
charge. Mbilitiesgp¢angbgr2oni/ehltysnaced by altering pore sizes of the gel,
such as by formation of a concentration or pH gradient, or by altering the
conposi tion of theTbafﬂ@NqﬂﬂJOmﬂxﬁlixiﬁ gpymam@odﬁu@§ seqeengagy or

t wo- di nensi ona elect ore5|s ar irl L. ur, st
30 research | 3Bo? %%89| CI'CLgar 8 lsubs ancesrggR%£§ dﬁi%ﬁéﬁ?ﬁ% ﬁ%;&é?%ﬂ

t hrough and/ ogf plysiaalt eaxt r@@@a}@mér@mpmexg@m SMB[SIH::TUEECSHEET a(cﬂLa,E 26)
WO (11/~3s2G 2 PCT/1Bill/UUU77 A nore recently devel oped process in which
anel®tric fibvBridiappiredceBPacBesl-ogi cal sanpl e isdisclosed in U.S.

Pat ent No. 5, §24 45ZSE91§E§ghegf Eggg%galg¥tpatent di scl oses a process for
detecting the a predeterm ned nucl ei ¢ aci dsequence
in a sanple. The pEOc@s$ mMﬁnlBn@erﬁe¢dén£bunaupumbampbé Jeayise-Htatanded
nucleic acid anso voIt I| to the s a solution by
neansof an elgnggaécaEbmeﬁﬁ ﬁg ?ﬁ%%ngﬁgléﬁﬁﬁﬁégﬁfﬁﬁ?

ol i gonucl eot i dgrgh§ Hetﬁ@raﬁ)?ﬁlé&gﬂéﬂcéf aﬂdépéc@@i@rf&@wgtmtémﬁpwe
hybri di zati on has occurred. The Stanl ey patent discloses the application of
anelEgtric field tBleperophpiresis bésasPeysdpsor thige MAAT edirkbdsrowt
denaturi ng the, LAEOEt SCUUENGEASA B e B! Lrk00NCLYDS QlnUELL dhatd o
assay i sbased “HRAPhE Jse © uorescent mar Ki ng agen hei rnos asic

form f|U0reSB§Bédlﬁhemﬂd)&ﬁﬁ&ﬁﬁh@éSﬁySemauetyﬁlG&bﬂﬁscaﬁpmuﬁﬂngmﬁhctlng
a target with afl uorophore-containjing prope, renDV|n%Hgny unbound,

pr obe20f r om bBAAECPLEBe, aifH IRt 1 PRRLPPIOFEELRNCE PRIERE TAHEdSa DT e.

Hormogeneous aﬁé@ﬁs'f@f@é@ é‘iporfogru‘\ebcalﬁti‘ﬁ'ecaﬁéﬁy'ﬁcry@ah@a% thg §RiABraglo not
require a washing stepor the provision of a non-Iliquid phase support. Sone

assays have eﬂﬁboyedC|ﬁueldaialap@ﬂi¢®or@bh@n33256@pdeﬁ@ctOnQnEee@da@fd
hybri di zation,_. based on.the ability f su h uor St nd

strands of nuEPglg g(Yﬁ%} m%%ﬁﬁ? g %?uﬁh n%lgx For%EQgﬁp q}§§¥§€tent
No. 5,824, 557sEQeB§ﬁ&elﬁ&@£acdi§ﬁ|@§ﬂ$ alem%tlh@@ra@dfkeudformdmmtyngs
and30quantitating nucleic acid nolecules. A preferredenbodjnment relies on

the intercal afEBANEENE HPED| HR® WicTR cheregt@dd sdQ%ePE hBrFHRPEINGR
single-strandgdapcLel 6oA¢bdmatiendy§:1bbUQnESERI-GLL eTnbBl BEC 2L EOR B

25 influenced by altering pore sizes of the gel, such as by

formation of a concentration or pH gradient, or by
altering the composition of the buffer (pH, SDS, DOC,
glycine, salt) . One- and two-dimensional gel
electrophoresis are fairly routine procedures in most
30 research laboratories. Target substances can be purified

by passage through and/or physical extraction from the
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gel.



WO 01/S3526 3 PCT/IBII1/11(1077 the intensity is a direct neasurenent of
the anobunt ofnucleic acid present in the sanple. Wile the nethod of Burke
et al. igydH{/PRsded to be useful for nmeasuring theanmount gfbphe@l@hs acid in
a sanple, the non-specific' 5binding between intercal ator and nucleic acid
upon whi chthe nethod is based renders the nethod inpractical fordetecting
specific binding, particularly under cond ti onswhere non-target nucleic

aci d dupl exes are present. U S. Patent No. 5,814,447 to Ishiguro et

al . 10di scl oses an mss@yrevhirdtdri Ipur plateitbged | MfaespanassapdsH hain rely
on non-specific interaction betweenintercal ati ng agents and nucleic acid
dupl exes, suchlecBitke fdeldl . ignPRRI P! it &sshicledérprbeFHPI®hilgur o
etal . in Japagese Palentn PUDLI c pDksGkosy e Noua 23/PP0( 19831510 eald er
devel opnent conpri se ad%ll ng an I ntercal atingfluorochrone ﬁaw g a tendency
to exhibit | reabead paersitt ydbsclbaesestemoeosdsan Eorerdet ettethd o the
sanpl_esol ution before a specific region of a target, nucleic acidwas .

anpl B P ed by PRFECRERI Mas BERRG e Ofnt Bndt TSP 0f STRHRA cSLEREEq 1 Giiithe
reaction sol uidQRerdle 9i YRN Li NRiRfArval Stho dgtestsandcanphtkkate the
target nucleic aci dbefore anplification. The 447 patent attenpted

t oi nprove upctendieueknd iersaimnde cprEnte 1L e dineg el assayth &y mgan®r oved

specificity, characterized_in that the25probe is _a _single-stranded

ol i gonucl eot i % a\f)oejletea@%vi afl??rhalnef%tteor B:g'featsiaﬁ“ %Tei ot & ﬁrog‘rlrlgt Whi ¢ TS§XE be
intercal at edidt 0ad cAEIteREI ar Yobi hgbhddpeingontet egacarear geidliei ¢
acid and a single-stranded oligonucl eotide probe.In the ongoing search for
nor é Osensi t i \VACIAcELF At ¥B0RhETPAPFHCaE3E) PECRRI §0&s Fhen&RSE&Gh agibup

devel opedan a?é?)’d&(?@?&&ﬁkﬂg MY NE UL 0L E£61 52 0] cANHELEYJhGiiR] d on

the fluorescent intensity of nucleic aci dhybridization duplexes. See U. S.
Pat ent Appl i cElte orstiNosley \dau@r{t 1/&38(eosd2CT/HHB0 1 EGO7AL k081 8®WE 9Gh and

08/ 870, 370, respectjvely filed February 27, 1997 and Jupe 6, 1997., Th
resear chers i fdfeEt£d é?r/%&é t45 tfhleuc?raé’?ﬁgnﬂz'oi ﬁ?eﬁ%‘??%%fﬂ&r I a&%tﬁﬂer

ni smat ched dyplgxosh fderashiremihatnof carper f seghynngt ched dupl ex. Thus,
S the applications purport to disclose a nethod for detecting a nucl eotide

sequénce, wherein Anmerectweéll fkeddni £ymspl P&d vbrd diizquiidredsaayprisor to

or concurrenty i th etectin t ngei | nt i Qf a
fl uorescent ek?ngss%\%lo%n gcskg% 1fstcjenc ]?o%%%?%;g%?e"g rll%q |%%&1% i gﬁge %ecjt(}fed as
an i ndi cati onmeét Wbesher fohe, proliereschybr iititzed ity -dacedleistlye have
conpl ementary nucl eoti de sequence_or an inconpletely conpl enent ar

y
nucl eoti de seeRReR! 1 DesHAB TR or SGRTRS TdeiR| opnentdrIgtnectt Has B5

continued to fi(;ﬂrléioﬂ)ﬂowec@ﬁ&aiﬂingi skapke. r@h\ak}lﬂsgzgw Rl ;pgfr‘csﬂé/e and

rapi d net hod anal yzing 1 nteraction between nucleic acids and nucl ei c
aci coanal ogs. f#th bafret gncds cianeddhéreicnngr éliatespenaeetin HEteiwatedy
reference in thei{ enti rsg)ti es. SUVMARY OF THE | NVENTI ON The_i nve ta{So.nc

provi des a metABR For asSRNITGSRtueACEAYSeci FPECKYbr R 2at 70w, SHIY Sret hod
conprising: pioyigkNoia tAAGEtheOMBinsirndoahdteasiqudne RUGRIE D @i
sequence; providing a probe conprising a nucleic acid or nucleic acid

anal og sequeneg; tl&%ldpﬁ‘@‘”s%%‘anpggbé BAd-shrdidapPgacet 8UBPRYbri di zati on

TR L0 O 9 oSy B dLALS AL st il Lo
fromsaid first ddteat ated digstacsiadhplybridiersionsabdstiren sShgraiilsty
of such 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
30 quantitating nucleic acid molecules. A preferred
embodiment relies on the intercalation of a dye into a

double-stranded nucleic acid helix or single-stranded

nucleic acid. The dye fluoresces after intercalation and



WD 01/s3526 5 PCT/I1BII11/(1U077 correlated wwth a binding affinity between
said probe and said target; calibrating said first signal against a

pRRbe exhibited by a reference sanple ' 5 conpipicgjip@ b1 east

referenceygi
one referenc
target, each

e probe conbined with said target, wherein relative to sa
of said probe and said at | east one reference probe is a

d

di fferent nenber selected fromthe group3consisting of a perfect match, a

10 one-base
one- base de
det er m ni ng
mat chi ng bet
to said firs
sanpl e; and

m smatch, a two-base m smatch, a three-base m smatch, a
efth®ningehwbbgase sded edi pecandeasulreaentase dehet amopnandt

fromsaid calibrating a first determna Lﬁn of an extent of
2hd HH

T es” s3F HA pPbBeeRhd i Babact 8RYRLE - ap

etecting a second signal fromsaid second stinulated 20 t

. : ﬁgt§e$@€598dsfﬁnulus
éeﬂw%@t g1 test sapBLechorBr BYi fge2u3eeaRd mabisiiabed Heest

est

sanpl e, wher eimowdi d ofecondleignalciids tor reel abeglei t tlsai dobi-seieg fafcf i nity
bet ween sai d ,probe and said target; determning from said .detectin f
SOk st gnal P SRR AT EP rf HAEFSR BF S CcRPENELE: 2o habeRl HOS

sai d probe anthsandthaggeals WL orpAALRY $dled dédlsdd dehpratbathdn fajid said

second deter

m nation. Al so provided is another nethod for assaying

sai d
ween

hybri di zat i orf?eg,%ﬁ@mtw&mrbiﬁdﬂg}gemﬁt&m&i%% WEISFe CO8EHFLSishg at
PG R ST oI RueRteY 40 Bull 888 (7R BP0 117

addi ng sai d probe @ngl. sapdténtgelNot 0 B, Bybr hdi7zatbon Iskdiowrot 0 etr o\dlde a

measuring a first signal of a first condition of said test
HelREPT i ABr P IRA%r AR diF SPHERAFERAg TR/ biTBF %I SR PBet ween

| east one nu
acid or nucl

test sanpl e;
sanplle to pr
sai d probe a
hybri di zati o

15
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25

30

R
intercalating agents and nucleic acid duplexes, such as
Burke et al. and an earlier assay described by Ishiguro et
al. in Japanese Patent Public Disclosure No. 237000/1993.
The earlier development comprised adding an intercalating
fluorochrome having a tendency to exhibit  increased
intensity of fluorescence when intercalated to a sample
solution before a specific region of a target nucleic acid
was amplified by PCR, and measuring the intensity of
fluorescence from the reaction solution at given time
intervals to detect and quantitate the target nucleic acid
before amplification. The ‘447 patent attempted to
improve upon the earlier development by providing an assay
having improved specificity, characterized in that the
probe is a single-stranded oligonucleotide labeled with an
intercalating fluorochrome which is to be intercalated
into a complementary binding portion between a target
nucleic acid and a single-stranded oligonucleotide probe.

In the ongoing search for more sensitive, accurate
and rapid assay techniques, one research group developed
an assay comprising analyzing the effects of an electric
field on the fluorescent intensity of nucleic acid

hybridization duplexes. See U.S. Patent Application Nos.

th



measuring a second signal of a second condition of 10 said test sanple to
provi de a secondary determ nation regardi ng hybridi zati on between said
probe angy@ai/gssb@r get, wherein said second signal is correfaigstomizh
hybri di zati on between said probe and said target, provided that when 15
said first condition and said second condition are alike, a stimulus is
applied to said test sanple after neasuridng said first signal and before
measuring said second signal, wherein said stinulus significantly affects
i nperfectly 20 /R0l Eiermmar P 8HBENI, di72at respbet weehy sk e d ebevang 84i, d

target and does not significantly affect perfectly conpl enentar
hyb?i di zatior%%ge%\ﬁééiirgléied%ré%é);and““%%i 1< ?y%ﬁdl%?ﬁaeﬂt %ﬁ?l%ait&e

.primary det ergmi patd Qe d 1 148, $2CANGRE Yo Aat 81 M Matii=aR RV alipaks

whet her any i nconsistency therebétween warrants retesting. In addition, the
i nvention proViffesred i fromnolderohydrpeiract by wssahpedetdhpdesonpihsisng:
providing a target_c rising at_least, one nugleic 30 acid_seguence,
provi5di ng a pt&b e W?astfjh A n%‘é?%?]ctacﬁa o] l%ﬁ?ﬁ?@?c 4ci Eegﬁgﬁog%or
sequence; et & 11532 Gu 1Bt ikdBUs dqlid bk 1 vh @eldli i thrs @l1¢ qirake raed dsai d
target to a hybridization mediumto provide a test sanple;, neasuring a
pre-el ectrifikat?BALiedolrescent 1gnt @ngrpejuBf PFdioF t%togaﬁéﬁpéuﬁféeﬁﬁ:gm de a
primary ' 5 det i i i ridj i.on.he i r abe _and
o G R N i e g
correl at ed wiftlhuduydsdeal iz admdas beh weena shudcpiobeo@indhesakdetarget fikeQd
applying a voJtage to said test sanp]e; neasurin aﬁ)ost- | ectrification
fl udPescent i eRSEEFTEE 3F d 2PestRELFRT ¥OR d@Fi MPSrRES t ERSsBTPRBI t8ge
appl yi ng, to 1ppovifez&g SeeONdAr Y c8RbeERENYL | BBnpbegRERHERSyNY Blicdiszatigen

bet ween Z5 sai'd probe and said target, wherein said post-electrification
fl uorescent iFRGURHICY i®r cony eliaammpdicte Iy biciotipZ sreat alyat waeie Leaitd der obe
and said tar%et' and conparing said primary determ nation and said 20
secondary det STIHHNFon to eval uate whet her any inconsistency therebetween
warrants retesti nhedh5ioe prigvé detbisgainet e, di@pnaasayl NG need has
sequence-speci fic hybridization, said nmethod conprising:, providing a target
conpfi si ng atCoaktuefhe tfuckEilet251Aci the egdéncEOTprdviditRt e phépely
conprising a ci %@lc,y [ [ OGS SRHENGE,~ add i
probe and sai%%%%%{@’t odeafl%i/ ri diézg%r?%nq:r@}?dumg[{o provi é: ag?lgsglzgglr?gl e;
30 applying amtetemttrical bedviemge hoec$aid teestdsaapbéprdetecteinyg acsidgnal
of said test sar‘g)l e during or after said applying of said electrical

vol t age, analogs.
All references cited herein are incorporated herein
20 by reference in their entireties.
SUMMARY OF THE INVENTION
The invention provides a method for assaying
sequence-specific hybridization, said method comprising:
providing a target comprising at least one nucleic
25 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
30 applying 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



WO (11/~3521~ 8 PCT/1B01/ 00077 wherein said signal is correlated wth a

bi nding affinity between said probe and said target; calibrating said

si gnal agah 0ptsses reference signal exhibited by a referencecsasnl®orr
conprising at ' 5 | east one reference probe conbined with said target,
wherein relative to said target, each of said probe and said at | east one
reference probe is a different nenber selsected fromthe group consisting of
a perfect match, a one-base 10 m smatch, a two-base m smatch, a three-base
m smat ch, a one-base dei®tiaipted twi-thas dideliely et famd ty Heteechasaid
deletion; and determning fromsaid calibrating an extent of matching

bet ween sai d probe and REGRF t2hGetd 1A -3 9EE DESCRI PTI ON OF THE DRAW NGS
.The invention wll.De wescribedain GOYANCEiGRaW Lhytihgf ok | ewiragegdi-awi ngs
in which Iike reference nunerals designate |ike el énents and wherein: Figs.
| A and 1B are graphs ofsignakent exhidpiftedcti by 208 of nsififerenme  sample
.conpl ementarity; Figs. 1C and 1D are.graphs of current as functi.on .of
terrpeE?r ature and conpl erﬁé%%ﬂ?%g l—éﬁtg&. Ak, 0B VISR &° é‘P&S‘ns of
current as a function ofidenperiat Utargelnpl sRERERAT t¥e BiEi wddidd orali 325
factors; Fig. 4 is a graph of current as a function _of tine and

conpl enentarity; and Figgrosn, sgh of gaddepapbef pudrextemt ilaaatsong
spectra. 30 DETAI LED T ED. e i;on
provi des a rapid, senEiE%qvﬂe]Fe%%i%%%ﬁ%ﬁgy%E?g%#%%zgafga\é&?ﬁgg for
assayi ng bi ndi ng bet weefram ttigeirauns coryidenave’ @ pedfedangeich, WO
111/s3s21~ 9 PCT/1B0OL1/ 1111077 conprises a nucleic acid sequence or a
nucléi ¢ aci d anal ogsequ¥HEE TR t%%s%?B%E'coﬁer@@ébasﬁucﬁé?@a§€Pd a

sequenceor a nucl ei ¢ aciyh-40ab 0% SEURNCS Ual bke-685L adh SELOK, & kwdssays,
the invention not5only detects the presence of hybridization, but

al soprovi des qualitativEesadelienton andeni tiveedbtdonrdghetiog; t avdnat ur e
of hybridization b tmeen.ajgigbefandtar etd Thusl. he_invention %nabkes t he
practitioner todi S5HYUMEH%Fong" 5 Per f 82t mat cRT 18 8hé"Fase® 18

pai r10m smatch, a two hfsteRtifatisiebehanackbege bas@apahimys MitRem one
base pair deletion, a two base pairdeletion and a three base pair

del &5 on. Enbodi ment s of 3@ PHMeAt2A tdhPri’8Iehli brati ng t heneasur ed
signal (e. g., el iC.curre / Qr . esce i Gt i - I i rst
probe-target m xtur ia%lal#s% ?%%glggreg%%gyg% glgg%%%aegtﬁ?%i%t %)llr)@qgtt%gr
probes conbi nedw t h t hetssiresdmpetto whereide eaceadhnhd ke iatdierted test
probesdiffers fromthe firsi probe by at | east one base.ln certain

embodi nents, a | ow vol t3¥YE+S/ apPpti ed t 020t he sanple prior to or concurrent

W th measuring saigsiahdd ng ERIRHY sibha1velbausais FIRE ed isnah tidmt
itis high enough to destabilize inperfectly matchedhybridization partners

but 2%t so high as to destlabisaufer f ederpirat eaéd hyeeeadzatigmbaritners.
In certain2spreferred eé@??éi‘?@%&’ w0 Vs%litcfjlgr?jhﬂéi OHﬁgf%}{iEg %%C&R!Je%%v- A
calibration curve can bé generafted,” Wherein e magni tude of the neasured
signal (e. g., electricsaidrgndtbanshdrsiidoresgent intensity) is a function
of the binding o , , , ,
determining from said detecting of said second signal
a second determination of said extent of
25 matching between said probe and said target; and
comparing said first determination and said second
determination.
Also provided 1s another method for assaying
hybridization, said method comprising:
30 providing a target comprising at least one nucleic
acid sequence;
providing a probe comprising a nucleic acid ox

nucleic acid analog sequence;



30 affinity between the target and probe. As the binding affinity between
the target and a plurality of different probes varies with the nunber of

m smat chego hpses, the nature of the m smatch (A-G vs. A-Cpgsusdideoys. T-C,
WO 01/53S21 10 PCT/1B01100077 etc.), the location of the m smatches) within
t he hybridi zation conplex, etc., the assay of the invention - can be used
to sequence the target. The signal neasureed can be, e.g., electrical " 5
conductance. I n such enbodi nents, the binding affinity between the probe
and target is diresidingoaiel amsberartd tded dragigeid e cofa hiybrdidgrzalt.iothat
is, the electrical conductance incr easq?s al ong with the extent of matching

bet ween the probe and tSFYELT P HEPEHTy dvETSH FAAGES10 i ncl usive of 0-2
.nismatches and/ or \del 8t 00§ .o M PEeERRADLY VeI &t aNeei t NGh Usd wief 0-3
m smat ches and/ or del etions. In other "enbodi ments, the signal measured can
be the fluorescent intere$tysaipheftaopvphvde anpradedyi aetipaemifnatdsn
.sanple. In such enbodi nents, .the bindin fLni b t:h b d
targgt can be directly ]6?9?%%%?%e]i’}§b%%)crhrgzé éi“lé f\?\fgjfwg%ﬁg%%ﬁ%ie §::%trb% A
dependi ng on whet her theafduoropher e sitgnedsn hydaidi zatdaon tdirgpegh sisgnal
guenching or signal anplification. Thus, the flugrescent intensity 20

generat ed by intercal at¢PEratpied Widthhhyeed ) zasire) BReEUeRit 21t dbeher get
bi nding affinity, V\heregﬁdtggi&n{gpg%{y of enbodi ments enpl oyi ng
non--intercal ating fluorophores covalently bound to the probe is inversely
correl ated wth pmobmstatget absedond afifgnsilt yof Thesétondesoadt tilomensi ty 25
i ncreases (or decreases for non-intercal ators) al ong i th_the extent of

mat &% ng between the prd®dEdandSEhr g8 et €rAbI 5 Ve Ca PangEdMIU ve of

0-2 nismatches and/or deletiRiSat IBA € RIRHRIIMY YnP¥eidaza8088 idedmsdve of
0-3 m smatches and/or deletions. 30 Al though the 1 nventors have previously

di scl osed the advant agesadd probe cxrdriaidtt@rdaly, adwisin orald medindt i on

(see U. S. Patent Application,No. 09/4 679, fl|H! C?%%S %?. ?1359 t he
application of an el ect?ll%nalvb'g lﬁ%rfs%?tic? ?%’ka%eﬁ ibe Efg%n t he
sanpl e appears to increagedtpeobesahtt sandotbhgedssayrovdsieshmdatd wHamanpl e

6 bel ow. Moreover, in particul arl g preferred enhodi nents ofthe i nvention,

t he issay conprises neal@tfn§laet| 698E1E4E8sPGRare 16 SHROTEhRAMEL AR 1 st
signal is preferablyflugpesgenteint gnsity,and the ;500qR4 I id Scest |
preferabl ysel ected fromseveral electrical conductance neasurenents(or vice
versa).ln the preferredsaupleplad tmeasueasmeni n@ nsedicneiht 851 0shanéilr sandi gnal
can be the sanme as or d]iaf %erent from.t hesecogd si gnal . V\h%Q the fi rst and
second signal s neasur ed3PECTfie "SARMT e S8¢OnFSTYRR Sedhbe CHT TR ed
agai nstthe first signal gand/ ofipgahHsdidher sadee T efof fneesi g sedtsed to
calibrate the first signal. Inl5addition, a condition-altering stinmulus is
pr efd) abl yappl i ed to t heonpiemsafpry Avbeidigatippsediwged SRR and
before the second signal_j:s ur estismu i eferabl y: il ent
to significantly aff ect%ﬁ%er%%%?l yte%tﬂ‘r%q]e%r?t aégéﬁyg?%i zsglt%n%b%%ﬁv\éej@?\ t he
probe20and the target aafifeasufpéerfeatlyo somgridneamaty difectdierdtebiny
conpl ementary hybridi zati on between the probeand.the target.Faor exanple, in
a particulariy prefer rggeEWBSBi ﬁ@ﬁBoPrPﬁg F‘H@eﬁ??én%affﬁ@%f'i 1’5‘§‘;%t si gnal
measured i s25pr e- eLggbEifhgat isan d | yoraseept hetepsihdtibne. and said

i ntensitynmeasured before a condition-altering voltage is applied tothe test
san%®) and the second segaatanrFadaredminpbspneteceysivebei vhcthebrartent
intensity (i.e.,intensit ui r.atter 1 ;

condi tion-altering30vol %é§§%%§§E§§8% %%%?Fgﬁttaggghggi}gs? tssaﬁﬁtee)s.t“ﬁg'

addi ti onal measur emBnt=fiditidie, f ehegdinvgertiodi nendeidasr exdd 1t henother
reliability of the assay andenabl e i medi ately retesting suspect results.

WO Ul/ S352C hybridization assay method comprising:
providing a target comprising at least one nucleic
30 acid sequence;

providing a probe comprising a nucleic acid or

nucleic acid analog sequence;



12 PCT/1BUL/ UU1177 I nconsistent results achieved by the at | east
twoneasurenents wll typically warrant retesting..The invention enabl es
quanti f yiw@oei/s2pi ndi ngaffinity between probe and target. pggghorgeler mati on
canb5be valuable for a variety of uses, including designingantisense drugs
with optim zed binding characteristics.Unlike prior art nethods, the assay
of the inventionis preferably honbgeneoug. The assay can be

conduct edwi t hout separating the probe-target conplex fromthe freelOprobe
and target prior tadiei®adding gdubaragn isede ebrgeeneasur agbsidnabtithe
assay does not require a gel separation_step, thereby allow ng a great

i ncrease intesting thr L QRIMTINR i & Sal SR @ e sinpl e

.andaccurate. Consequenttynd RepPl N B8 ASE Y2 SRYEF 1 d s MOt hFRndAd

expense, and can be easi |y automated. Furthernore, 1t enabl es binding

vari abl es such as bufferf pHaidnitesgonceamplat | ¢, Pewyeda uke, pirigalrat i on

time_relative concentrations of probe_and target ﬂ%g#;nces i nt rgal at or
dt Ge

concéntration, |ength & e’i%lfrﬁje?a‘gje%eﬁggg,r%fl n TF O e GGENEER. and

possi bl e cof actorrequi refedt sptepde saRi dbyidet eavhaed. Theeassay eandbe
conducted ina . g . , a solution withina well, on an inperneabl e surface

or on a biochi p. Mor eover¥e e it ¢atel ais s fif Uor gasrdy abinfensity  is

conduct ed25w t hout provj dj i I I e t. r. on
t he probe. Preferred em%%]%&é%gﬂ?ﬁleﬂyﬁgg%?%ﬁilgg%??‘fr}ecéglsyadlgc{ g%%) £ i pl ex
hybri di zati on between tdmed pgob® wamhdthedoubl e-stranded target, thus

obvi ating the need to30denature the target, \Wile PNA fr obes have been
knowd tof orm tri plaBRY IR P R IR tAsSEE dfetarg@tRl¢see, e.g., Eghol m et
al . , 365 Nature 366:(ri993 ) 5 abJONBG Al B icarddd J. AT Chem-ga¢. 5544
(1996)), the inventors were WO A7/s3S2C 13 PCT/1BI11 /00077 surprised
that they were able to pezidital ¢l sasdytest pbanpsef odnednpetweadter

si ngl e- stranded nucl ei c ac%d {Dgt ., ssg%ﬁ and tF{NA]% robes_and

doubl e- st randed nucl ei ¢c3tT dV .ag‘?, 2RPORATSY arrGetRE O TPI Bx SFSPRERT SN
and/or 5 stabilization dét@ﬂﬁﬂﬁ@@.ﬁbrbyré?érﬂﬁ.ﬁ@em}}ﬂoﬁdﬂibtmﬁr Balt@ieleRg
agent in the sanple being tested. Suitable probes for use in the inventive
assadp include, e.g., ssthid RNOLPNAEBRAD Behér Ratpebe abvin@rgall o§9ikavi ng
uncharged or partially- . 10 nt | pr.obes
are preferred in certaiég%n%%%%ﬁ,%o%rg%égggﬁgﬁ%soiﬁgé%%%I gls.
Probe sequences havi ng anyré kamged windm@btrdd2@abasesbateepnefaird edodience
this is the range within ich the snall e% uni qgue DNA sequences of
prokaryotes and 15 eukad@yot?R2Are?¥IThd. @8 obes of 12 to 18 bases are
particularly prefeiggshsinge thig | priihRdendidt ofmihe soml | 888 uriadee
sequences in the human genone. In enbodi nents, probes of 6 to 30 bases are
mos®0pref erred. Howeverseeopdiarnl datemiingHolrare it ¢ resrdsiats whe tiead any 20
detect a nucl eotide se havi n | ur.al i f n-unjiq

sequences therein, whi 2%1%&(;%?;%% neelfgy %ﬁ%ﬁ%%t‘%%eeﬁtygﬁr?ﬁgé ng%%%{’lgﬁé
sequence. The | engils®f tpeopiabe cansbe sel ecliethd® matfeh t haslsendly of
the target. 25 The invention does not require the_use of radioactive
probes, whi cIFEFEEHAT HFRBTAL 1 ¢ Y BEs BARC 1 P%re - T0HS URT HgCH oCOBRT 1 8RR heed to
be constant |y regenaslethg PhOBESRE dafdrlvenld o, a1 £ Bt cbREAbLIgAle to
use and stable for years. %\ccor |(h;gly, probes ¢an be made or ordered in
lar@® 30 quantities andastdreequénceés preferred that the probe and target
be unl abel ed, but in al(%er native enbodi nents, .there is i nt er%ati ng

agent coval ently HOURGE0"?he pRSbes | FOPHhS e s3s 784S BeT/ABOL Gdu77

such enbodi nents, the inh€Ientadtig ageNdg i Seqli€hesably bound to the probe
at either end. . In other enbodinents, the intercal ating agent_ is not

_coval ently bound t2A¢Heg praid, PEPhdARgh Said &phdaterto @ SvibrdéizagdReen

t he probe and target d é@gur;lhgo Sa¥1ad N, a- sepsghgpding to the probe in a
non-coval ent fashion. Preferred intercalating agent or use in the

cinvention include,appbyinyCiD 4dledHOd] mhtalgemtbr.saideteethwinpﬁre;

homodi mer - 1, et hi déé@aé‘t?{rr?g' gers_:ngr?a[]fj g%“sda!inde' test sample during or

after said applying of said electrical voltage,



10 In general, the intercalating agent is a noiety that is able to

intercal ate between strands of a duplex and/or a triplex nucleic acid

conmpl ex. w@opiskerred enbodi ments, the intercal ating agenpct@go@osemponent
thereof) is essentially non- fluorescent in the absence of nucleic 15 acids
and fluoresces when intercal ated and excited by radiation of an appropriate
wavel ength, exhibiting a 100fold to 10, 0@0-fol d enhancenent of fl uorescence
when intercalated within a duplex or triplex nucleic acid conplex. 20 In

al ternative embodi ment syhéiein rizeircC ali ghbigiagentrabyt edhibit aabdhbfingi n

fl uorescent wavel ength upon jnt er cal ation and excitati on b rad| at| on of an

appropri ate wavel engt h.2FhP ExARC IR 3EhPTRRR | Byt P HAy-HePehd on the

.structure of the nuglgic acid g%@& k$gRall %tg%rl%ltataedreTsefeﬁéénellena@NA Vs.

RNA, duplex vs. triplex, etc. e eXC|tat|on wavel ength iIs selectéd (by
routi ne experinentati omﬁmmmealohyent |r@rf@Ird<mM@jgeT)etoomprnespgndtt 0
this _excitation maxi num for_the flu ore 30 e|n and

preférably 200 to 1000r9n‘?‘ﬁsq nPEFca"ir%qrr%dlcaegeﬂfg ar & Hi% b‘f”ytlgerc‘@&fied to
have an eni ssion wavel efditde®©f WwRG-die XAQLAMe tB Pieherdesbienedinest s, an
argon ion laser is used to irradiate the - WO (11/5326 15 PCT/IB(I | / U0077
fl uorophore with |ight $&dmyrabavand eagehat nleaamye seflagence probem and
fluorescent emssion is; defe 7 h ay of
the invention can be per%jo%ngéi%g\?aefrgng é]%%ge vséei?egct%/e%oféfeﬁpmekr%t grlg%?) such
as, e.g., from5 to 85GofEtsing prodr aar tpeassays memmre al evaketase

tenperatures, adding cost and delay to the assay t he ot her hand, the

i nvéfti on can be condudtEtMatchoom tEWﬁePé?@re‘“b?m%"e‘F]Bw . &reeapage
tenperature bel ow 25C) .Gy e | nvgntéﬂ@ Basay. aélees&&ﬁrre' % Sensibhye
t her eby obviating the need to conduct PCR anplification of the target. For
exanple, in at |east tf@lé@m:@s&m@tmtﬂmW%QMMS and is p055| bI e

to assay a test sanple haV|n a_volune o mcraliter whi ¢
contains about 10 et ohbL offﬁ{?gegta]a%d fgﬂtﬁ Aot EntBholS é(z: B pP be
Enbodi ments of the i nveRtemi sy epbsORSdt | ¥£1i @NELEbe ton@ssayat eaegés. at a
concentration of 5 X 10- 9M pr ef er abl Y at a concentration of not nore than
5 x150-1 M Enbodi nents &ERiHie DERRAHTE d 4 enough to enpl oy
probes at a conce t 9 y.at a of
not nore than 5 xﬁ%gli%?e%oﬁgﬁﬁ%gllt%@ngégé?regrgﬁt %ﬁcg?lmgl(a%ﬁéﬁé& yﬁ%garrpl
havi ng as |itille fsladwihgl dpewlieacel ipr oliel @ndl ikenmpeéeobntar getmeira 140
mcroliters. Decreasi ngjet he sarr\?l e vol u 25 woul d permt the use of even

smal | er amourf&S FENHrobk ShdctaRgRES 31 ‘?%‘T:Pr%ll’@o wi t hout saying that the

foregoi ng val ues aéfgélotmnaﬁad@ﬁ LPeSygagaL bRatulhentehilRod GamRel Hetect
hi gher concentrations. 30 A wide range of intercalator concentrations are
t ol @0at ed at @hchroneedtcanpbemehtprbe; and target tested. For exanple,
when5X10-1Mprbea 5_X.1 a zed, .t i mal
concentration of t V%C@L?gSQP faLgJi 3295&5 of QX% Hlt 8¢ ol BentRYdIP

of temperature and complementarity;

Figs. 2A, 2B, 2C, 3A and 3B are graphs of current as
a function of temperature, complementarity and additional
25 factors;
Fig. 4 is a graph of current as a function of time
and complementarity; and
Figs. 5A, 5B, 5C and 6 are fluorescent intensity
spectra.
30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The invention provides a rapid, sensitive,
environmentally friendly, and safe method for assaying

binding between a target and a probe, wherein the target



PCT/1B01/ 1111077 intercal ator YOYO-1 ranges from25 nMto 2.5 nM At a 5 X
10-8 M concentration of both probe and target, the preferred YOYO 1
concent r ¢ @f)sfsange i s 1000 nMto 100 nM The assay is subtigR@iiiohy
sensitive to distinguish a ' 5 one base-pair m smatched probe-target
conplex froma two base-pair m smatched probe-target conplex, and
preferably a two base-pair m smatched pr®@be-target conplex froma three
base-pair m smatched probe-target conplex. O course, the assay is
sufficiently segsiidee 4 audiletiicngui §hsdfuanperdedd Inudirdiched it abhelar get
conplex fromany of the above m smatched conpl exes. _The hybri di zati on

nmedi um can beSHPREMRIME | BRI PRYRF URPRIIBIPE ® 02 bBUSLPEShPE 10 FSANEREEYI Ny

| eoti des. . t~al . I Cloning: A Lab 15
“nucl eoti des Oggea( fg%‘%elé%@% ogat%eeqlfé\fpéépu ar oni ng a

Manual ," Vol . or exanpl e, I qui d nmedi um can conpri se
nucl eot i des, wat erynhiifd ecsriaain spandar drsalasssomcenthat iomsntHphr nditzat i on
bet ween conpl enentary bases, occurs under a _w de variety,of cqnditiagns
havi Rg vari at9"ons %ﬁ¥§6’trgenf)]§?at3ﬁee?e%ﬂtoéon}ﬁgkﬁﬁgf’izﬁﬁ,l?g}’ eg?lf sfatc
strength, ang,Rufifets COnpsiidAveExanples lLahitasRtGerdi tiiongrang iRt hods
for applyingthemare known in the art. It i's preferred that hybridization
conpl exes be fagawding the evgers wie ybrifouatimo thetatran 2PCobsr agsl about
1 mnute to ghout 5 mput es.tLon er rgacti oga%)' oes, are notctri%quinrgd,tobut
i ncubat i on f orSsver al T RoTr sTUT | FASEE BaV e FRRPYC5f FESE PERS SHYBPPET 240 on
conpl exes. |tdisk ipapsi st e {rddrddoughpupieeessasychparai cohar Ipadeor paix
enbodi nents containing an intercal ating agent) to 30 facilitate ,
hybriCdi zat i orffisMafetiue i 8n TP LRIHY PeAEai™ FRHgeht s3 HiHIRS reasex®ipifes of
these reagenty dgoude ol ndhe StdandadiDi ndbng: P50f OIS alc oA, Reg i
protein, T4 gene protein, E. coli“single stranded bi nding protérin,
Ul/ 3521 17 PCEIBUIMIANT adjloreorbasengraimodeletaend groove bi ndi ng
proteins, divalent_ions, polyvalent ions, viologen and intercalatin
LSt ances such A URHE AT DianEaE, LBEERROH Ty L He 1 S s ity The
angel i cin. Sygdy Sacdd idiafdag ("e‘??;g?né%&‘@i‘ié A evEntsaidf of F1eMHRMRnt
operating conditions, for exanple, under abnormal pH |levels or extrenely
hi g5t enper atiyrtesnsifte) | Aoenti d rass ayr e terdgfedni st ueegagaigeit ithe
accessi bl e regions,in_folded. nucl eoti de. uence ' nmber
of m smat chedsg&b %etﬁg?r SOfidnsdlagrfLagL h%%frl?%llgggi %ﬂ’ c%trrkb‘%rgx?g%ﬁ%gl %%r?gog%geéwnones.
I n enbodi mentwisthetRen samdorement, | Whensihyebghdeifectled vsheg arobes
intercalating_agent, intensity jncreases with increasi 1ralg‘ab'éndi ng affinity

r

bet ween t he pt dtTAR gele " Fhr iR ety Hhet 8RACT d888nt intensity
Is 15 detected usifig @ PERiHhNEREEALALLPY, L UPEAPRBLRagkNL@NSIIM i@RCHRASES
as binding affinity increases between the probe and target. Regardl ess of
whetlfer the fthorephpile ipntisrcatat e oronourreht iwidthannegsuhdagdees dhot
require the rreasurfrren of tgg po @ri zaghon ofisfl ugrescence, 2 ur%J i.ke

f1 uorescent am&5tt opyCRRERBUSY  THESi WOERTESN & FPISEET G atdd i i ror e
detail with redergnge tendghf oldow dgstxaipl es, bhbekFesRoy dnl&ched

understood that the present invention is not deened to be I1mted thereto.
hybridization partners but not so high as to destabilize

perfectly matched hybridization partners. In certain
25 preferred embodiments, the voltage is about 1V to about
20V.

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

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

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



25 EXAMPLES Exanpl e 1 Sense and anti sense 50-nmer ssDNA target sequences,
derived fromexon 10 of the human cystic fibrosis gene (Nature 380, 207
(1996)) wiap e1/83¢0¢ hesi zed on a DNA 30 synt hesi zer (Expedit ec8988/00lPer Septi ve
Bi osystens) and purified by HPLC. Equi nol ar anmounts of conpl enentary

ol i gonucl eoti des were denatured at 95C for 10 mn and all owed to anneal
gradually as the tenperature cooled to 1WD Ul/~3S2G 18 PCT/ |1 BO1l/ QU077 21C
over 1.5 hours. Double stranded DNA (dsDNA) ol i gonucl eotides were di ssol ved
in ddH20 at @tc.Qancente atlicgra tofor] pnrfol ghg . nSequdnde f0r mhéhdenséhst rand

of the wld- e target 5 -T C CAT TAA AGA AAA

AT AT O R S oo RO 8RR TASE RBSAIRE TBE LR ctenae
.Sstrand of theM Il tyhes tes oed é&ﬁgl@f\@_&) 5' - TAT ATT CAT CAT AGG
AAA CAC CAA AGA TGA TAT TTT CTT TAA TGG TGC CA-3'. 10 The predicted nelting

tenperature (Tm) ofhelsDRAGESEQ mgaﬂgrgyl i $365. 22, SEO- b, N0 e@4s iga30- ner
.mut apt dsDNA e uenc i C ty I

NO | ) except %{(ﬂlacttoaflne ase?pagﬁgﬁrtlut glfbl on r?(&lt érlﬁ%d?agﬁan%g(fggg&f
posi tion 507 dtwddrc hthdepybibel- azy@etaeguend:e G:Mem3ycha>mgedaﬁ:@d0(51ith

Sequence for the sense strand of SEQ TD NO: 2: TGG CAC CAT . TAA AGA_AAA
TAT CGT CTT T&S TergnTEuesa ofcat ﬁ%ASA?RaiA 3' Th%é Setuehle rdectrdcal

antisense str, I P 1omBT ALEL GAle AAA  CAGH AGA
CGA TAT TTT Cﬁ%ﬁ%% T&‘Jj\pc%f e? th ér edi ct ed rrec%gl %gj%;terrpglr atgu?g@( ™

of dsDNA ( SE@dtDnd¥h 2 hees ;&83}:&(:. ap8 SEQJdD mpﬁeﬁasahlﬁoamr nait anatmoeks DNA
tar et sequence jdentical 1 d-t SEQ LD,NO: 1) except for
glqsecutl ve- 1S Hase p%f.r ?r%%at‘i“b%‘g Eﬁ%@gl i ﬁggA %t gr‘?\lr%lé’& °d pd&HS ons
506 and 507 glrofiedbiperwdd & wagewﬁ@@ﬂgevwf vs3 Ghiaigacthid: AR/ o30
Sequence for 'the sense strand of SEQ I D NO: 3: TGG CAC CAT TAA AGA AAA

TAT ACT CTT TE3eEPIsC CTA

In other embodiments, the signal measured can be the
fluorescent intensity of a fluorophore included in the

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

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

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

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



TGA TGA ATA TA- 3 WO 01/5352G 19 PCT/1B111/ 00077 Sequence for the
antisense strand of SEQID NO: 3 : 5 TAT ATT CAT CAT AGG AAA CAC CAA AGA
GTA TAT W of@352dAA TGG TGC CA-3'. The predicted nelting perpgsdonse (Tm
of dsDNA (SEQ' S ID NO:3} is 65.2C. The PNA probes used in the Exanpl es
wer e synt hesi zed, HPLC purified and confirnmed by mass spectroscopy by
Commonweal t h Bi ot echnol ogi es, Inc. (Richibnd, VA, USA). PNA probes were
first dissolved in 0.1% TFA 10 (trifluoroacetic acid) to a concentration of
10 ng/ M, andidieh b lthedanplle mppdatyy tche raddiascornchef reéid2Ot iBnnalf PNA
stock sol uti\cl)éi wer e pregarekgl in ddH20 atla %%c ntration of 1 pnole/ul.
Probe No. 1 Wet€ £9%3%erdAntiPar att et PR proue® 18" desi gned to be

.conpl etely conpl enght&dyetO dnlpapigleatirds sesmestrod bRBo8eMeRL St Ignd of

<

the 50-nmer wild-type target -DNA"(SEQ ID NO:'1), overlapping am no acid
positions 505he BTN IBBES 7 OMI9B)Ses MeRRUpIMsheé thddasite two

follaowi ng structure (SEQ.I.D NO:8):. 20.5' - H-CAC AGA TGA TAT-.Lys- Hz- 3'
The %ybri di zasflr%rhaf%aggi o’ﬁh‘?’n’ STl %e( 8&,5}{16'1) f%%ﬁF%&il%tﬁhel?oﬁrgﬁ%ﬁ@

pnol es of tarfRiossEN t 21 pr@hebrpfariNA Y eheorll B IBE adnd p2e@ <alafy t he
DNA intercal ator YOYO-1 (Ml ecul ar Probes, Eugene, OR USA). Sanples were
pl aced 25 i nt%R kG o6 FRM 152 taRA (o ofitd Widle COSTUSHARFR GICRSHTTPdIS s DC

(V) electrifi (:@fi\pfcgo\; Ij.?a)s_econds. The anperonetric assay consisted of the
nonitoring of current WA e the voltage was being applied to the sol ution.

A tenperature probeEnwabeplpaegerinedeanhl 531 | neaborepastr e diewmersat ur e

at the tine of anperonetric assessnent.. At 1 volt, a current ak S
obsdved dur i TRE UHETTE 11932 5 e e e AHG 199 O (Bt SRR (it he

decl i ned Sharé)éaomegi%t@lfow%w BHe18i $8E006S s E XD | RS ARilaped VO
Ol/ S3s2G volts stable PCT/1BA /011077 20 gave rise to currents that

remai ned rel areetlye ovane t hehemecand|sanadl jwat ikeh qedriilomters agedasds) . 5
the first signal and/or against the same reference
signal (s) used to calibrate the first signal. In

15 addition, a condition-altering stimulus 1is preferably
applied to the test sample after the first signal is
measured and before the second signal is measured. The
stimulus is preferably sufficient to significantly affect
imperfectly complementary hybridization between the probe

20 and the target and insufficient to significantly affect
perfectly complementary hybridization between the probe
and the target.

For example, in a particularly preferred embodiment
of the invention, the first signal measured is

25 pre-electrification fluorescent intensity (i.e., intensity
measured before a condition-altering voltage is applied to
the test sample) and the second signal wmeasured is
post-electrification fluorescent intensity (i.e.,
intensity measured during or after the condition-altering

30 voltage has been applied to the test sample).

The additional measurements in the foregoing
embodiments increase the reliability of the assay and

enable immediately retesting suspect results.



10 15 20 25 30 A series of experinents were carried out where the

conduct ance val ues were observed when no DNA or PNA was present (control),
or when widdrtxpe SEQ I D NO: 1, nmutant SEQ I D NO: 2 or nut apeTSBs/doby7NO: 3
were reacted with antiparallel PNA Probe No. 1. Figures 1A and 1B plot the
dat a obtained for conductance in the individual experinents. Figure 1A

di splays the results of the application 2 1V electrification and Figure 1B
the application of 5V. Double stranded DNA: PNA hybrid tripl exes consisting
of perfectly Donplehener y sesubneesa¢isEy¢® NOoyl &herobée Ndeag)r altvowed

maxi mum i ntercal ati on of YQYQ 1 j eldjng the highest conductance val ues
(depi cted on WFRAEHTYUFES® a"%l]%g Jv%a]gjtﬁfaé?ﬁr 1f8"(5%15“3‘?'f‘quIE)Sﬁlghout the entire

.15 seconds of 1V applicahi;eAtidhe RenMBldszedynaaki spnict anee behdtihg

<

triplex hybridization of the antiparallel PNA probe with a 1 bp m snmatched
dsDNA ( SEQ | »NOtpi by Fpebecedld. PUfbanandi FATgAE -2 Bpchi $rarenad 1g8DRAY SEQ

| D NQ: 3 + Prqbe No were_resp, i y _£9 9 t .
obsgl(r‘g’ ved wi tﬁo% h\éa%)lé% %gt If;%/) et cﬁ%%i%gm:%PW’i pfe%iﬁ%%?dﬁ%%égﬁégm: 1+
Probe No. 1) furidswhddedfigstwbee onsk Dhived tlaged appl thataotetfEgicsd) .

Simlar percent decreases in conductance between perfectly cqonpl enentary
triplexes and tri giek¥se Qntr Mg IR the Sedech&s \Eé‘feelélﬁﬂeé‘itﬁ@dl when

t he conduct a r i 15 o] tage [ i on
wer e aver age&%l%éé?§?a§§?t ﬁltecm%g%%%gﬁl% 2 brgﬁ?gri s%%n%ta%eé/ ds%%lAC%%% cyq/:%rl ds
resulted in awverlager comphuct @noe bled peoHdrdtangrte Givhland O theerfree
respectively, than those for the,&erfecélg rratcheg dsDNA: PNA hybrid. All
expefi ment s &XpPRR TR | RPEIQr BY A wkP e AR PP F &R0 bl SalaEFd i deWB Ut S35 2G
21 PCT/ I Bi | Ipnd JAd2 0T 7 dRfmar at urené 23QsaAs ddee dageee o kst clydiet ween
the probe and the doubl e stranded target increased , the l[evel of _

i ntercal ati ors¢nenaYlrn @itepni shieirelld BRdoWanEl df JEerducikeEeagecridased.

These rel ati gnshi ps e al.so . 5 ved when t ri referred to
2bove wer o r APSATBIE AR ALAIOHer OO A A s o ¢ BB PhS v
application thecuedt@l | zedhaygiagel govdachandenyabueayf eavebeal llofp of
m smat ched dsDNA: PNA triplex (SEQ ID NO:2 + Probe No. 12 and the 2 %p
mi sAdt ched dsEMBE PNARED tPFRFRSE ( SEORFD NP3 +D8r obe2RblY 1) apgraated.
respectivel y @200, 0 hai - ed, I
mat ched dsDNA: PNA trlég)]fzeék J(%\é%{ag%%:%l@lﬁﬁg%o%ll% (éléli[bgl. %%IB;b%%tf&'
Experi nments epdpr essedd ncéigrmerdBiorr e tpepkoaredeat incubaehper dtioee
(23C). 15 When ihe. experi mengr_s,ﬁ&ere repeat ed. wi t h hg tﬂer‘rPerature i ncreased
to 50C and 65€S&F T aFCRpEFSREtPIE uBEOREr & bskPUEA" ACBEEC e
application ofndd-EQTadSrsecardatiacibe, pardrai Yot ahgdrdselidd,ri pl ex
(SEQ ID NO:1 + Probe No. 1) produced an 20 average current of -0.25 uAnp as
compdr ed to vheR@Ehof of. 179Re (aS2dvcReEREet | G andPs8ibbeuARYTEs tres
reduction) fo h i h ; ipkhex (SEQ ID NO:2 + Probe
No. 1) and th%e(;uﬁrpé%&gﬁg%ﬁg%&ﬁ%@%?ﬁ%ﬁ&@ SEQ I D NO: 3 + Probe No.
1), respectively (Thg.a&my@an Ae 666dusited an ebger vatdains: iwer evirtdtied when
1V of electricit s applied for %_g seconds. Perfectly matched nucleic
acid hybrids %r‘ﬁ%hﬁd"%n BvEPRGETEIP T enfUbFACH. 9% QAnD Bbﬂﬁﬁ?@d with -0.16
Amp (a 57% reduct i g9)redh8r; Gk i%@lt&ar@z%%bgdyggpmeﬁﬁm ARG bp
m smat ched . 30 hybrids, respectively (Fig. 10 . The application of 5 volts
at I#5gh tenpeviatiees prodiudédganabogbas aesurhingwackeateogetiheefagrget
performed at 50C Igegggate average currents of -0.27 mAnp, -0.13 mAnp (a
520 reductionyt FMd-" W T S352G 22 PCT/ | BOL/ 00077

Preferred embodiments of the invention specifically

detect triplex hybridization between the probe and the
double-stranded target, thus obviating the need to
30 denature the target. While PNA probes have been known to
form triplexes with certain classes of targets (see, e.g.,
Egholm et al., 365 Nature 566 (1993), and Tomac et al.,
118 J.Am.Chem.Soc. 5544 (1996)), the inventors were



-0.08 mAnp (a 700 reduction), for perfectly matched hybrids, 1 bp

m smat ched hybrids, and 2 bp m smatched . hybrids, respectively,

experi meyGopsisiorned at 65C resulted in average current yarygs b7 0. 31
mAnp, -0.14 5 mAnp (a 55% reduction), and -0.10 mAnmp (a 68% reduction) for
the sane three respective groups (Fig. 1D). For all of the foregoing
experinments, dsDNA was not denatured pri@B to triplex hybridization with
the antiparallel PNA Probe No. 1. 10 Sim | ar experinments were done at
varyi ng tenpegsatptt £Sed@f ttefat heHaybr wdireat abhem &es dysek bitbrn heat edsday 65C
and inmmedi ately allowed to cool, After coopling to rogm terrpe%%turecgﬁq,
appl yi ng 1V fieFinEede odddMSs t RETYEL ecF LI hat EhEanEaHpl RUGSET | B 1+

.Probe No. 1) %é,%r,ody B 2808V RRAYC peBEEEN NGl it AN cRipAison,
val ues of -0.06 UAmp (a 67% reduction) and -0.05 uAnp (a 720 reduction) for
the 1 bp m snatithededsDNA: GNINAT i plaegengbr i d TESEQeD forpatippomndi®r | )
.and the 2 bp m maiched,dsDNA: PNA tl_(r]ai&fl e h]\ébri \%%(QSE%]I D NO: 3 + Probe No.
1), were 20 r%ts%éjc 172 4OBbs éfve EMHISE Dot PEhoWl)E  WERTTRES sathl e Hher e
cool ed from G%é@céﬂ&iﬁginaééﬁtobﬁetuatg@@wenemgt edswban 1V was
subsequently applied for 15 seconds. The perfectly matched sanple (SEQ I D
NO: 1 + Probe No. I1§uptadleedorpPeverfie &§erehf ofhe. TBVERPRPS c ofFeded
with 25 -0.11,/ (a b2 or io andsg . u a red i ON)
observed for Jflﬁgﬂing%b aeri§'2 b%gbrrjiﬁisha?gﬁédd%%@rpg}elg %ggehs%lec?l?\?gleig(ﬁét%&not
shown). Wen &Yalegsahalviad ahtearged! omg phat33Q lgr- GGEgdd davidranss .
current generated in the perfectly matcged triFrpI ex brid (SEQ 1D 30 NO1 +
Probd No. 1),2He04dbp FhtdRa e ®l r PEPERShydTT d PESESHISNOIB “Brighd! No.
1), and the 2.hp. g1 38Rt chedbnA | pk-ereByhidd 6IBQ 15k NGada1 R0be Noroxd

were: -0.15 mAnp, -0.09 nmAnp (a 40% reduction), and -0.07 mAmp (a 53% WO
Ul/ s3s26 23 PEEgL8LcEs/ OODT7IMg eduyt | dengthespreomi vl yaat 223Cbaand -3

mAnp, -0.09 mA a 61%reductign), and -0.09 mAnp (a.6lo_reductio .
respectively ng%%’ér? at A hot s%) L5y E?ﬁ%a?ﬁ‘@%? o\"lﬁébpi d‘lg%l?%lonrgl}ﬁ xes
at 65C (the Tgng190ksthe Bl dofNA sequences) fof | opedkbyverelsi ngatd d not
significantly affect the ditfference in conductance observed between

perflet |y conphkasrebes daTNATNRG 1| Frekes afl thosdontai RRA§S1 ¥FS2 bp
m smat ches wh dir. 238 OF (i t t atq 10
65C) when an §%f%§§;%FgV Iglﬁ%cfi)ér%t?g% was ués)eg.ﬁggl é\grlé;}?élt %ghggﬁi tgafqug‘f%l PNA
probe in the pnetkase ofnidmee DNfequderesl atror tYOYChlimaas gbhemeo f orim
triplex structures,with the dsDNA targ%'fors]. Agfalfication of |ow |evels.of
electricity (SHBRIAEERYSyr PEGPES| Powdd tohe Spdtasedt IFF L5 Aot et TEERA: PNA
triplex sequefggsyte, be dhstiaguished foomidpsgresataidingbd Riyed 2obp
mut ati ons, wthout prior denaturation of sequences. Exanple 2 Figure 2
denm2Btr at es thbectheaanpecbaetifle assayenee20hanengnvent Powrabatydl sef

di scrim nate between perfecil t ' i x_hyhri nd.t hose
containing 1 Bﬁné}’miqgs ﬁ%%%%%gg§%%ﬁ%%h%%%bb§&%% ilas?hl?)%n% p%t(rrbal | el
ori entation wyhhghespettieheifhether gat1Bbididequequencer obThéloleRgasof
15-mer PNA probe identical in 25 sequence to Probe N%t 1, but_was
synt hesi zed t 6hfatRFPR%heCpar 19 eFEB?FEﬁgattioonm%’FC]Phé: Sr YEEIBRACT nEf8ad of
t he conventio g}: apti-parallel orientation. Probe No. 2 had the follow ng
structure (SE% % NO: 9): 5'-H TAT AGI AGA AAC CAGC-Lys- CONHzZ-3' 30
Expezbnments with aSseyivvadttpondoedamt ciduire hbseugesefi brdliPacEuapl e 1
were carried out. with the sole .difference.that P 2 |
pl ace of Pr ob@rﬂg.esl.wb\ﬁg]ﬁ 3r§/gra(z%io% nl5% ,O%%gplgvgr?gaecgﬁ?’}@zggf %?
use, and need to be constantly regenerated. Probes of the

al

invention are preferably safe to use and stable for years.
Accordingly, probes can be made or ordered in large

30 quantities and stored.
It is preferred that the probe and target be
unlabeled, but in alternative embodiments, there is an

intercalating agent covalently bound to the probe. In



WO U1153S2G 24 PCT/ | BUL/ 00077 bp m smat ched dsDNA: PNA triplex (SEQ ID NO: 2
+ Probe No. 2) , and a consecutive 2 bp m snmatched dsDNA: PNA tri pl ex (SEQ

| D NO: 3 wonpksza2dNo. 2), were respectively 25% and 32% | owpcTaBo14i8637
respectively 300 and 23% | ower at 50C, and 5 respectively 280 and 530 | ower
at 65C than that observed with the perfectly matched dsDNA: PNA tripl ex (SEQ
ID NO1 + Probe No. 2) at matching tenpetatures (Fig. 2A). Similar results
wer e obtai ned when 5V (instead of 1V) was applied for 15 seconds. Perfectly
mat ched dsDI\VSLmhA b dybrédiss at tRBCLBSECcAId 850 garntat bd pvefagebdyrrents

of -0.15 mA 4 0.17 respectively (Fig. 2B).

| nconpl et el g%c gtr?e@r%)yp]ﬁd?eplae&ees{%?% ci bp msmatch and a 2 bp

.m smat ch produced @y t@Es EHdRInteithat t\wq&‘é%daq%m(ngo abenPAIR) nard 53%
| ess (-0.07 mAmp), 15 respectively at 23C, 21%]ess (-0.19 mAnp) and 460

l ess (-0.13 mmlemé@pebpwél yat tB@CPrm'un%Hélfh@;‘éﬂh(lG 1FRNpRSEEE 180

-less.(-0.14 rgﬁ By £ AV h t % b pecfectly
mat ched hybri arrpl es 2 %%)ﬁakgg%earggﬁégg d rgggdgsgg& ggﬁles 2A
and 2B indicat escértsimtbcwhﬁmg heo pattel prsdbdNm Fazammvﬁms fiseldi ot he

di fferences in conductivi t% opt ai ned. bet ween erfectlé mat ched . dsDNA: PNA
triplexes and t hos& ESHERDI MPUCHRHRE D FYSHEE che8TwelECl edd dif&fati c

than that achiguer i Hn%id&ée éngga eg&bei %&rpb%e}ﬁal%n( BirGmi bk,

However, experiments Involving pa Probe No. 2 and the applicati'on of
5V after the esFrip] iesn Hamw@seenrmat edni@l@ﬁdlamddumdﬂaaadyaa:trlldw@ to

cool_ di scl os an%ironﬁ {;\g urerr;eL s_whi_ch _denonstrated enpg

si g8l i ng di FerEmES %nlﬁ Ff&e F%’lﬁﬁt SFEFTdsSONG PRAT EFY pF8REs lEnd t he
1 bp or 2 bp dA1sBic hiatk ssdds PN & £hdbexesréfig. o2Ch. dﬁb@e&eéhaqrokrya

mat ched hybrids (SEQ ID NO;1 + Probe No. 2), the 1 bp m smatched hybrids
(SEQ WO Olymigxles 151¢cTi ¢ BRI doravyled- NoIn prpfebEeso emMPPddAgntife 2 bp

m smat ched hy, d I%%QI be v ndyct ance
val ues of -0. d nﬁ:ngé%@a& rﬁz ?Pgl(r%d %IQOGg %ﬁé res%egt{ Ive cg/‘ﬂatli 3C,
-0.17 mAnps, es&.é)ﬂ:mms m--fau@%e&crmmps;nr edpectbeehygeatoS50Gucdrd e 0. 23

mAMps, -0.13 mAnps and -0. 08 mA especti vel 5C Thlstras ated to
reddet i ons Hfic&r}ﬁ’duEPFivﬁ];P%’?e aW e@8%%’ie’?%%l Qﬁ‘g ARG sTOLEE . and

43% and 65 0 813830 &PTof N bl G A DRFISIBRIFNED SANM 8Sind %sa%@t-i vely,
when conpared to the 10 val ues achi eved by the perfectiy conplementary

sanpl es (Fi g.f@@ toThaPePEPefoBdt henhanpamahtel ofind JpmneseEnENAWRESbes i n
ol oment aryHEERGR (4rget & Na 16 RGBT et oYy EONHF Bien aryE HEDRA hr get s
contai ning 1 dfmglres?. bp nutations. Exanple 3
20 In alternative embodiments, the intercalating agent
ma& exhibit a shift in fluorescent wavelength upon
intercalation and excitation by radiation of an
appropriate wavelength. The exact fluorescent wavelength
may depend on the structure of the nucleic acid that is
25 intercalated, for example, DNA vs. RNA, duplex vs.
triplex, etc.

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

30 being wused, and 1is preferably 200 to 1000 nm.
Intercalating agents are preferably selected to have an
emission wavelength of 200 to 1000 nm. In preferred

embodiments, an argon ion laser is used to irradiate the



Probe No. 3 was a 15-mer ssDNA probe identical in sequence and orientation
to the 15-nmer antiparallel PNA 20 Probe No. 1 (SEQ ID NO:8). Probe No. 3
had t he fvahbhpwdstg structure: 5 -CAC CAA AGA TGA TAT-3' Thecsnseidovei ty of
the anmperonetric assay was further investigated by reacting ssDNA Probe No.
3 wth the 50-ner 25 wild-type and nutant dsDNA target sequences in the
absence of prior denaturation. The assaylfonditions were identical to that
described in Exanple 1. Enhanced by the DNA intercal ator YOYO 1,

dsDNA: ssDNA tilivalrepdsonee el flor hisgh th e aveemg 39 Cvamel €6G:-h Uponalreabe 3@
treatnment, the Ozerfectly match&d ENA trigl ex, consisting.of SEQ 1D NO:1 +
Probe No. 3, 4A%ITRPtheRi gPBSt T LOREGRETUFt YUVEPLRE {8 §St8RFed An 2
.contrast, in ettt v ef@intghy probe and target conbinations
generating a O 111 /s3520 26 PCT/1B111100077 1 bp mismatch (SEQ I D
NO: 2 + Probe No. 3)he amsisay cofstbet ilvweRthpmicaratieh PSEQTBEA0O8e® Brobe

- No. g), resulv}ie in ai/\e(,a\éage C nducetrag:ce vsal ues t hat wer e 140f and Q4%olower
at 23C, 300 and 70%%tover gtf Pd Y56 ’andugjﬂﬁ'l SWEr" ‘at " B3C, ©
respectivel y,ggman t hateobsenvegrtoth the peidecidy ceaniesenkakyagsequences
at matching tenperatures (Fig., 3A). The application of a higher voltage

(5V) to thesd SRPIALFRTuIIEY 1IN PFard &R0k Mhe @FF%6tendes tobser ved
bet ween per f eqty. 1 arH%f,Ch%%eangn%ﬁﬁﬁ&ﬁhegaﬁaa@%escoﬁdl?&éclﬂatat()b%'oﬂmed at

1V, particularly at lower tenperatures. After V treatnent for
seconds, the twamgrage s rentlsefar tdhey ], BE m Sreatochred A Haligpt @8 °and t he 2

bp m snatched DNA triplex were 54% and, 78% | ower, respecti,vel t 23C, 68%
onaTP00 15 Tower T PR SUEI Ve o bot. L 4na baomany GR0oLoNTE . FLEHERY, vl y

at 65C, than dhatatohser vRd Wdda the pshlget! yomataied AN E1dpl 8X @he
mat chi ng tenperatures (Fig. 3B). In simlar electrici t?{wexperl ments, the
r

hybri di zati ort®2eti xes Vig®e wsamadea.o 63C atd wepstei t Faluergiswed tat
this tenperat.ure or. . nmediat.el llo co9l ..tg 50C or 23C priqQr. to
application i aTas b AV Oﬁm & gt’rr\éﬁ{j %gr pfésslebgoendgotoa S p%r%ggttl y
mat ched DNA tddmpllex meqtences {(SEQueDNO: dbdufr alte dberd) ipepdyceathiiche

hi ghest 25 conduct ance val ues _at 23C, 50C and 65C (Fig. 3A). The DNA

tri pfexes coAHRHYE a dPBY nit8mat RRLPEEESF D N0: 52FIPFobr 0. 22 ur 18 2 bp

m smat ch ( SE : o] 3) : C oY a 63%
respectivel yQa%&Z%%ﬁ%i ?go%gr%M% Eérﬁg{s)gggig?égl ﬂﬁéoc?ng%ﬁg%gnlg‘%eand 30

106% r espectdearsd it iate 650 YF g0 IMsasiratgat sy atwee BN amdrme tappl icdd 5f or 15

i st ched DA 11 Bl e b SHELHe S Bb An SRCed BUAT: A See hers S o
111/ 83S20 27 PCTHIBOM .011@8hbodiments of the invention are sensitive
20 enough to employ probes at a concentration of 5 X 107° 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
25 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.

30 A wide range of intercalator concentrations are
tolerated at each concentration of probe and target
tested. For example, when 5 X 107 M probe and 5 X 107'°

M target are hybridized, the optimal concentration of the



reduced by 240 and 1040, respectively at 23C, by 420 and 44% respectively
at 50C, and by 38% and 1020, . respectively at 65C, when conpared to the
aver age eamoijsdsadce val ues generated by the perfectly nat phedpiiNdoD
triplexes (Fig. 3B). The observation that the antiparallel PNA probe (Fig.
1) and ssDNA probe (Fig. 3) behaved in a simlar fashion in the
anperonetric assay, suggested that the bHckbone of the nucleic acid entity
used as the probe was not 10 particularly inportant. The presence of YOYO 1
al | owed t he dsquae]rajals D theraasBNA Traobe2d oM oton 2. 5l e Akl ax5

conformation_ca ener ating different electrical es dependi ng
on the |evel Xtc)f Béleq ence SOt ﬁ&?@%}"‘ar PEy &5 &%Bﬁ e ‘—E‘%ﬁigg:t t hgﬁﬁrobe
in 15 sol uti ke s idie vdawr-ae cehcahsratebnbehngeni & heo ®d abe tnd olohemt ar get
i ncreased, the Ievel of conductance decreased, proving the reliability of

the anperonetric d3¥a@sfseh i ﬁaltféﬁélleDNAYp%Bél\mgeu§@ddﬂﬁtﬂﬁ§ua§§eﬁce of

-priog denat urg a Ll ust ed in
ExanfE’)I es 1 toq’%é CH}% g%ﬁﬁl mrcdtl }%)('I} W%%é d%%rgg? H)lln u%?’%n
cont ai ni ng t e dedpadidi rdtgnen adiede probet-encalkeat bompbnyOh{@dlp’raﬁetrabayed t he

formation of the 25 dsDNA: PNA tri pl exes and dsDNA: ssDNA tri pl exes. The
possibility & 9| PEPRGPEAT Mishahcitest RoPReyERBIEF efOMplicst heF @B fo a

SSDNA probe gy the gaper gg%&“ﬁléﬁéexh@ﬁs @it épos%g;g@eééc 4 e :f': ?5

is an alternative dsDNA intercal ator 30 als
to intercal attmumsten thiephegagucs esu:fmncérmlrwcstamsas,lwdwebeﬂyssnaguhshl ng

the triple helix f [ tiaon ee. e, Kukr Extensi on of the
BB of DA GRIG R AU S S s 111 S her Tie Toih et PAYs 96 he

PCT/ 1 B111/ 1) By & fngrgmﬂ@fbd sdca@lej}z@gl on of msmatched tripl exes by
acridi ne-contai ning oligonucleotides.” 25 Nucleic Acids Research 4264-4270

(1997). A ssDNA pr bBERrAfARAG§LER deeddihe CaBl deal &Y EANREBEAPERL

Sterling, VA, I ed on a
DA synthes: TN iRHE! EB0EY BMIEERRR T M SheflhdniuatabpRaLEE
HPLC. Probe Mee,4 ®#ag.a EanierocksDNA prlobe 'lmtelécmbérl Cleeduenced aneb
orientation to h 15- mer ProRe No, 3 (and 10 thus also identical .in

seqtiénce and’vﬁri at it 02t he288her &G FERR LS PRRE P b8 RoMeEiusEQ | D

NO: 8)) but widd) thgpaddie hQEl@Bt%Heécrwgté‘P r@i@fé’r@taﬂcf'%t%.nd}&% khep. The
probe had the follow ng structure: 5" - CA GA TAT-acridine-3 15

The hybri di zatdrgrenvtemdticors m xt ure (80 uI ) cont ai ned the following: 2

prnol es of target g\lA nol es of SSDNA 0. 5X TBE. Sarrpl es
were placed into gr? lqzu‘—’gcrltz cuve Weenan&owg?‘eme%aéré’t eg)ats(?SSVOBEu

el ectrificat piidwora ldigecondsesy &Ccoﬂmtqtﬁrrserﬁaxamb 20at caPEOEALURG Were
noni tored as described in Exanple 1. As shown in Fig , the ssDNA Probe

No. 24 was abl*EMRSAABIIHI z%alv/\‘;'rt‘l’Plf-q’l%nWWe?npe?%%%?F?sFrﬁFéﬁeatH§BﬂAht'arget
(SEQ I' D NO: 1), 88 1R el donffo 48 o3f 2D IE& Ay %rC%EaEh%Qeothﬁ?tFﬁ%i%lséﬂ%np

he%
tethered acridine noiety, dgenerating an %average current o
By conpari somettheld e‘scsr Sl vl iNA Ham Hex éshavontial nilngy artd. bp mi smat ch

(SEQ I D NO: 2 + Prahe a bp, nmis ch (SEQ D NO:3 + Probe No. 4)
produced aver age g]ﬁ:r r &t sp%ﬁgFrﬁE e ¢ aﬂ"g’ 3 on . SHRHEREH y P& han
t hat achi eVE@d%mé&l&aQOapﬁéf’{lgétrb}iuﬂ‘@t orechdik t1d % ybent nosnel irzed
agai nst the control (Probe w thout target DNA) (Fig. 4). Therefore,

t he28cri di ne aQUWc Hediryrte dsDRROMtoSe MiARtes. Longer reaCtlon times

are not required, but incubation for several hours will
not adversely affect the hybridization complexes.
It 1s possible (although unnecessary, particularly
for embodiments containing an intercalating agent) to
30 facilitate hybridization in solution by using certain
reagents. Preferred examples of these reagents include
gsingle stranded binding proteins such as Rec A protein, T4

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



equally as efficient as untethered YOYO 1l in formng V1' O O1/ S3s2G 29
PCT/ 1 BOL/ 00077 triple DNA helices that generated different electrical

current s yigppdbng on the | evel of sequence conpl enent ari pyrhgiveesy t he
target and the probe in the anperonetric assay. ' S Exanple 5 Sense and

antisense 15-nmer ssDNA target sequences, derived fromexon 10 of the human
cystic fibrosis gene, were synthesized, purified and anneal ed as descri bed
in Exanple 1. DsDNA ol igonucl eotides were dissolved in ddH20 10 at a
concentr at i omagforl peolwimbr SHRUdId\NOadidasgrodde MyirdsiDNA pabgetinsequence
derived fromSEQ ID NQ:1, designed to be conp|etely conplenentary to Probe
No. 1. Sequefde et ROPSenBel¥VAARBL0FORhe W RISFHERAGELTE5LBRATESEQ | D

NO:4): 5 -AT JTTG GG 3 f ant i :and of the
Wid type tarser BUAToES D N TR AR R ea TR SRl

predi ct ed neltsionmlteenperrat lrrgd Tigimf dSDNA (SEQLLDabing) resg4ft8Cma0 SEQ
I D NQ:5 was a _15-ner ant ds target sequence..identic to wild-type
ar g8t DNA (BEGVRDURETH. SRCEREIPBF SETR” L e Iiise O COATELE neq)
at whi ch the srruenrghoila Mas changes 40 hidh-entely afgh f @Emp&La6enss . st rand

of the nutant target 25 DNA (SEQ ID NO:.5): 5'-ATA TCA TCT ATG GIG 3'.
Sequence for the &Hg seméentivyandsspyt Ranmpearisachriget BNA. ( SEGendiNy: 5) :

o L PAGSRIAL SrogiOere sl TS S TRE LT

sequence | derddteaimitree Widhd- t ypabear gef DhPeSEEhED NOade extiepd fiar a WO

01/ S3S21 30 _ ,
10 hybridization complex, and to map genomes.

In embodiments wherein £fluorescent intensity 1is
detected using an intercalating agent, intensity increases
with increasing binding affinity between the probe and
target. In embodiments wherein fluorescent intensity is
15 detected using a non-intercalating fluorophore, intensity

decreases as binding affinity increases between the probe

and target. Regardless of whether the fluorophore

intercalates or not, the instant method does not require

the measurement of the polarization of fluorescence,
20 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.
25 EXAMPLES
Example 1

Sense and antisense 50-mer ssDNA target sequences,
derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were gsynthesized on a DNA

30 synthesizer (Expedite 8909, PerSeptive Biosystems) and
purified by HPLC. Equimolar amounts of complementary

oligonucleotides were denatured at 95°C for 10 min and

allowed to anneal gradually as the temperature cooled to



PcTnsonooo~~ a consecutive two base pair mutation (underlined), at which

t he sequence ATC was changed to GGC. Sequence for the sense strand of the
mut ant t a¥@ef/sIMNA (SEQ ID NO:6): 5 5' -ATA TCG CCT TTG GIGpdrupsiampence for
the anti sense strand of the nutant target DNA (SEQ ID NO:6): 5'-CAC CAA ACGC
CGA TAT-3'. The predicted nelting tenperature (Tm) of dsDNA (SEQ 10 ID
NO:6) is 44.0C. SEQ ID NO:7 was a 15-nerl8utant dsDNA target sequence
identical to wild-type target DNA (SEQ I D NO: 4) except for a separated

t hree base palr°Grutcatdron Y dnhdédunmsed), WBeskdien stireededy Diilt at(deidAler e

separated by 3 base pairs, each. 15 The sequences ATC, T d TGS were
changed to ACEAH TAS® r edfefi ve‘fﬁf%&‘ﬁ?fzncell?orgﬁfg%sen st Pand of
.the nutant tageieAVadHR oD Nnfdie bt ATA CCA TAT TTA GIG 3'. Sequence
for the antisense strand of the nutant 20 ta%get DNA (SEQ ID NO:7): 5 -CAC

TAA ATA TGG TAT- 3'Sedurigr ddictée rensengtrenpephittiie Wikg- tafpelSBNASESEQ | D

.NO: 7). is 38. T yhridization,r ti m e . C ai t he
foll )vai ng: Z%F%Tpi)l Q‘iEcgfﬂ?aqugé }ds[E)NA,%g prrl)ces)&f)‘731‘l'kr Zéﬁ%gr a##%l % Prl'}(%%e No.
2, 0.5X TBE amr 25frnMTdc t iecONArT@t erTRl ator YO laTAheTneact i on

m xtures were incubated at 95C for 5 - 10 mnutes to all ow denaturati on,
and then nai nt ai netfPBteBEE Rt Fhas sarddenssnse@nteret pkhee#ilft-&y®Pequart z

covette |rfadagnd i oy A 0N, |pseias0 Meamday! igna weyel apgth of

488 nm and noni tore or fluorescent em ssion at 65C. Concurrent
t enper at ur e MFESUrGRntACARrEGRACHIAY edl'liy aCEDf t Wek e-TGGL r dECedCReBper at ure

| aced di |y into, Je. Th WO (11/3521). 31
DCTARB0L, 00077 rasd AT ot St ai LT HIS TSP TR i elifalt OF FEPAPrSER of
536 nm indi cad inee 0f idtesca@tion of YOYO-1 in the PNA'DNA hybrids. As a

second assay, following the initial |aser irradiation of each sanple, the
same sanpl es wer e SEQU d¥r:@dwes a\bOaner dedtant HEIN, Yasiget secmedse

During the fi. econd of .electrifi i.Qn e ere i i d a
second tinme vﬁr%n%hcg a%goo#lﬁgﬁ%&ggekggﬁggngﬁ?t (géggp#]gﬁqﬁ)oré%%%ﬁ{ %teo% ssion
at 65C. Fl uoreseeset bakenspiies merst ighot t(etldaslankdict son ahinavelsrgt h
for 10 each sanp] e anal yzed. SsDNA: PNA hybrids consisting of perfectly

conpPenment ar PIBGui e S OUSERS | WONGEY ther e NEYES  SPRYREF Snekd Fuwas

intercal ati Oflﬁkping@(%&cdf.e' ding the highest fluorescent intensities (Fig.
SA). The 15 fluorescent intensities for a 1 bp m smatched ssDNA: PNA hybrid
(SEQ I D NO: 5 + PrdmyiNmce)fqr & lvormsamsd isteradhd p iidsHmtichel :2sDISA -GS

hybrid (SEQ I : 6.+ Prabe ) and._a ar d p e

sSDNA: PNA hybcg}‘gb(cg“% %‘%\Mﬁw é%%‘be@%g. §§9mﬁfalf6$ov@f% t %&Pﬁ
observed w t hp@0 tiven pexfectty-3at ched ssDNA: PNA hybrid at 65C (Fig. 5 and
data not shown). As the degree of m snatch between the Erobe and the target

i ncPfased, the | eVBFIWRNEAIRT ANR PO UFPDPOYOL raBAnPAi SHRATRAMNP Hende t he
llevel of flucsgsceniyintensidyy deereaggd CRbY BREKIKE@ANd 4LV el Sr Ofprr
CTT TAA TGG TGC CA-3'.
The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:2) 1is 66.0°C.
25 SEQ ID NO:3 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for
a consecutive two base pair mutation (underlined) at amino
acid positions 506 and 507 at which the wild-type sequence
CAT was changed to ACT.
30 Sequence for the sense strand of SEQ ID NO:3: 5'-TGG
CAC CAT TAA AGA AAA TAT ACT CTT TGG TGT TTC CTA

TGA TGA ATA TA-3'.



25 fluorescence were observed when no DNA or PNA was present (YOYO- 1 al one)
(Fig. 5A). When the perfectly matched ssDNA: PNA hybrids were subjected to
1V of el edni/gdsky for 4 seconds at 65C, the fluorescent i prgngataoofenai ned
relatively constant, 30 decreasing by only 2% (Fig. 5A). In contrast,
application of 1V to the inconpletely conpl enmentary dupl exes containing a 1
bp mismatch (Fig. 5B), a 2 bp mismatch (FPg. 5C) and a 3 bp mismatch (data
not shown) produced WO O1/s3~21 32 PCT/IBI11/0lI1U77 fluorescent
intensities that dEFeiddse 380 thwedartlskower stresgect i SED VLD Noars :t Bat-

achieved with, the sﬁne I i rr.adi d Lph,the absence of electricity.
Treat ment wi tH4 ot evé:%?ngpg‘jl eé? i C (@ﬁ%h 1\%) urdfer 8 difdhed 5
.the stability®f tfen sSEMNA P hydkigls containing bp m smatches. As the

degree of sequence conplenentarity between the probe and the target
decreased, the |evite @redigieddentting dmnnsrafiviai hed odr &sRNACAISER i n

.the presence ectricity, oviding a highly reliable and 10 accurate
seco%d assay ﬁolﬁ'f erle%t(%%’tzecp%'et ween perfectly nmatched sequences and those

containing 1 bp, 2rip mon Prperutiabtions. t ix @R Ik T hehy byndhzatized , assay
in Exanple 5 was performed 15 after denaturation of the dsDNA target

sequences and'ffasied SSNAFPRA RYBFIETPEr naY | RS} SREGTPEGHARE &bove
the nmelting pgj oer(uﬁgl@ﬁ EEStQé%lB?EQ@ES-In@?‘gH%JE%ﬁn 4l ggnogghr)e}te t he

reliability of t uorescent I ntensfty assay i absence and preésence
of applied 20°PMH ectpriabasy t ovadid f erfentsitat e dietswdereder fiect mati¢hes T&dd base
pair n‘ismatchFS w .t hout the requjrenent for grior denatgration The

1}1;31\_}01[

hybrldi zat i on YYPFFSELT & Q7 COREEPhEACLRB PHIIOWHT 4 35l es
of target dsihan LPIRtes ©b 3?5%@&28{/&&@' a8 tRebe MNQyad,0. 0. $XnkBE and

250 nM of the DNA intercal ator Sanpl es were placed i'nto a quartz
cuvette, irr&NAatedtafkh selatdgonsi owdrngserpirpanedvi by addével eagt haof 488

nm for 80 nse nadﬁedné'@ané{g ecgffi)repru é)&%pent em ssion at 23C. Concurrent
tenperature measur enent s” wer € achi‘eved by a software-controll ed

t enperat ure probe pt@EsedNdi.r ect yad nko 1sactersaapt épafhe leaxi PFRAN flrebeescent
intensity occurred at a wavel ength of 536 nm indicative of intercalation
of ¥OYO 1 i n d8feonsy GALPE reBB Gt§§YP€9mlilB‘P?liﬁ%F¥JO‘?9 PNE BNRlWlSﬂid&s. As

a second assayeqf it QY R Renk@l btabnhasereid Al on 1f- t%@g@t& the
sanme sanples were subjected to 20V DC electrification for 4°Seconds.
| mredi at el y diNZer( SEGEF0NGs 1of, everlirppingt awhno hecsdmgdestions 505 to
510 (Nature 380, 207 (1996)). The probe had the following
structure (SEQ ID NO:8):
20 5'-H-CAC CAA AGA TGA TAT-Lys-CONH,-3'

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

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

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

seconds of electrification. The current declined sharply

over the following 13 seconds. Experiments applying 5



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

pl otted &goay/kitpecti on of wavel ength for each sanpl e anal ypegduplnfagiced by
the intercalator YOYO- |, dsDNA:PNA 10 triplexes were fornmed at 23C. The

hi ghest fluorescent intensity was achi eved when the w |l d-type 50-nmer dsDNA
target sequence (SEQ ID NO:1) was hybrid2@ed with the 15nmer anti parall el
PNA Probe No. 1 (Fig. 6). By conparison, the fluorescent intensities for a
1 by mismat chegltkt debNA: PARet rigl exqufSEQsl D-NOt 2 renRriohed N@rella):ialﬁdya
consecutive 2 bp .m smatched dsDNA: PNA tri NO: 3_+ P

were 600 and Sd_’fgﬂleowe? eFeSngtl VAN TS ha Xra{ %%aetijv%rd V\PFﬁlP éggf ectly
.mat ched dsDN@,éDd\équgypl ex at 23C (Fig. 6). V\hen no DNA or PNA was present
in the 20 reaction m xture containing YOYO-1, only background | evel s of

fl uorescence were fobseried. ofhexperfiacakee W%Q‘IW%@@n@utnwb%Et itée
-obtaigned by the periseld v, cpnpl epenLapk LELBLexss And, (hoseacoptal ping 1 b
or 2 bp m sma es Wer e S|gn| icantly greater {fan at achr eved bet ween
perfectly rrat;ﬁf@brwpt@me&@nﬂ | e owpeet vl YdcoppeesEDt aby Ndupl, exes apeonpar e
Figs. 5 and 6 CI ear the fluorescent intensity assay of triplex

fornmati on po el}ﬁa%c@&' dMaedihi F&Cor FPaliq i wa36ede]f%%‘ft%sé’l§§‘l r

mi smat ches. d\{gfa?pa’ﬁel SR brobbeio di ger pabnatlonabshueqn wildt ype and
nut at ed sequences was possible wth t%e secondary application”of
electricity. datz0V pbéatimedt fbHor3 secchdsareed heiper figoe | y imgiohediads DNA:

PNA_tri pl exes produced a S2C, .34 PCT/ | 1/ U077 fl uores nt
i nt éfsity spe“?? U VT Tal Ié//%'g’é%tl %ldg];lll%}f acti%vEF IR the an%%seanpl e
not subj ect echd®l b Leism Cidy (R gel6btrb@m@ae&onap@hacaﬁi§@r@f 2Viter 3

seconds to the inconpletely conplenentary triplexes containing a 1 bp 5
m smat ch and @Qlltﬁ)atm%fﬁrat@ﬁ pbdduc &Pulgor exfcieanndedht eB¥At PHA tﬂ?&ﬂar\ﬂo@re 230

and 71% | ower, cti t t
irradiated in IEJP‘Pe eg)gsé’enéé%l% Séﬂgt r?%ﬁr%ély%&%%‘ewe r(ft%ssof
el ectricity disEqatD aid ect+ theksd ali | i)y a0fl cwedl pesdienid ¥ nt@reenpltameant ary

tri pI exes, but_weakened the stability of the dsDNA: PNA tri pl exes cont ai ni ng
baséSpai r ni Mat cHe¥Cat: a Yé@%‘fh’a@peg]a%nt higheRE JEgRENCHRISEquaRdees

conpl enent ar | #de;?f‘éi‘!\@&” derReobe; @ndkd he ot anggh e i FACr&l0EEnt t R 1ues)
application of electricity to the Tl uorescent |nten5|ty 15 assay prOV|ded
an even nore tth:gifmg'hmletlabeeeafssay i aesondgup§hlﬁeaménqmtll@m yp&he
sequences and t Wi t hout, .pri ar

h
oo o Ao ek bR il THL L e eI B Son i

and 20 with ref eﬂﬁn%@ltthamqél @W@B‘Bbésw‘ihﬁrﬁoi Jop tmidnd @ RRONANt tO
one skilled in the art that various changes and nodifications can be nade

t hedi n wi t holRE/HRArNPng frBHPPReNSpi ) t 2BAdWdEBpEener & Mismppabeds352G

35 CLAI M5 PCT4d t.h sayj n i o
hybri di zat i on sal dPQEJ(? é gygrrp@'rsl sf%éﬂc&r 552 9e§8q%@5‘%c%&%1§) 9%

and 96% lower than that observed with the perfectly

matched dsDNA:PNA triplex hybrid (SEQ ID NO:1 + Probe No.
1) during the first second of voltage application (Fig.
25 1A) . Similar percent decreases in conductance between
perfectly complementary triplexes and triplexes containing
base pair mismatches were obtained when the conductance
values over the entire 15 seconds of voltage application
were averaged. In Fig. 1A the 1 bp and 2 bp mismatched
30 dsDNA:PNA hybrids resulted in average conductance values
that were 65% and 91% lower, respectively, than those for
the perfectly matched dsDNA:PNA hybrid. All experiments

expressed in Figure 1A were carried out at room



providing a target conprising at |east one nucleic 5 acid sequence;

provi ding a probe conprising a nucleic acid or nucleic acid anal og
sequencew@ddsiizg sai d probe and said target to a hybri di zatiraegi-um to
provide a test sanple; 10 applying a first stimulus to said test sanple to
provide a first stinulated test sanple; detecting a first signal fromsaid
first stimulated test sanple, wherein salt first signal is correlated with
a binding affinity between said 15 probe and said target; calibrating said
first signal tegmearsiture ef28°éhce 8bghhe dsdirde tell nbysea traf dretneers aigel e

conprising at | east o reference probe conbined with said target, wherein
relative to $4i% EZ@Q({;?%& ,doé*}g‘r‘? #r@&}%@%}:&&‘@e&n&nﬁe@s&d,l & H&f(é’l.
reference profe isterdhibeient vienerosel echedi Ehe thRy K 9LIP160881 e ng of
a perfect match, a one-base m smatch, a two-base m smatch, a three-base

m smatch, a cHEBHEERE efeeicagetuwo 2Fhesse delationshapsa eweecaBsoe

.del eti on; det 1.0] Say [ I a_fiur termpation_of an

ext e%t of natogﬁgr#é}ébbgt RV\@%EP sg%l% %&%ﬁé sai etfg%éfgt%? ngI yl%\@e a"séCond
stimilus to sapmbdtiagdtandi auhdghdr3@diesigesaimil)e was papylieda sewercy
stinmul ated tesr; sanple; ., WO O1/ S%%Zﬁl PCT/ 1 BOL/1.10(177 36 detecting a
second si gnalt eroﬁVsa‘Iﬁ‘E.EPJsJe%tﬁﬂo%jti . aF%HmfééFeéarﬁ)‘f%?a%ef@inﬁ@éia@%conq
signal is corsahated g tihhsa @bdp'rﬁﬁérﬂgtéﬂé&naétm ebygen ig!léxpr(%%% gpd said
target; 5 determning fromsaid detecting of sal secona i gnal a second
det erm nat i oN®@f2 sai Pradeeiio of Limtactd nghdebwdan sasdapchbé dsdNaaiPiiat ar get
, and conparing said first_ determnation and said second determ natiqn. 10
2. %ﬂ_e met hod p%tei’%li ‘I‘ﬁ@ IfDu(ﬁCi"re}r +cg> Sy (}3a|’?’ﬁrfeyirr?§’_pseﬁt&vtﬁll¥di5ﬁ§
affinity. 3. atie emBt hothedf tBhal fhde S LFad Sadd vt RRd-fle-ta N aERgeReoUS
assay conducted without prior denaturation of said target. 15 4. The net hod

of claim1, WHENE PNt HRkeed(FEQ alMody@neokisohssHyp - cdnduétied Wa)hout
o b A Sl b e S BT N0 0 ek S5 i
dsDNA and saitbrpreatze- dyydbr (28 2®)s. specifically with said target to forma
trlggex. 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
20 average current of -0.25 uAmp as compared to values of -
0.15 pAmp (a 40% reduction) and -0.06 uAmp (a 76%
reduction) for the 1 bp mismatched dsDNA:PNA triplex (SEQ
ID NO:2 + Probe No. 1) and the 2 bp mismatched dsDNA:PNA
triplex (SEQ ID NO:3 + Probe No. 1), respectively (Fig.
25 1C) . At 65°C, similar observations were noted when 1V of
electricity was applied for 15 seconds. Perfectly matched
nucleic acid hybrids produced an average current of -0.37
uUAmp compared with -0.16 puAmp (a 57% reduction) and -0.01
uAmp (a 97% reduction) for 1 bp and 2 bp mismatched
30 hybrids, respectively (Fig. 1C). The application of 5
volts at high temperatures produced analogous results.

While experiments performed at 50°C generated average

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



6. The nethod of claim1l1l, wherein said probe is ssDNA or RNA. 7. The net hod
of claim1, wherein said probe has a 25 partially charged backbone. 8. The
met hod ofw@hasszegl, wherein said probe has an uncharged baek®ap&/oo§7 The

met hod of claim8, wherein said probe conprises a ssPNA sequence. 30 10.
The nethod of claim1, wherein said probe is ssPNA prepared by antiparall el
synthesis. 11. The nethod of claim 1, wh@&2ein said probe and said target
are of identical |ength. WO 01/ 352G PCT/ 1B111/11U1177 37 12. The net hod
of claim1, wher@ nmgaird prob@0ks BedwcBDomugc! ey desedtfng. 113 mathbkedet hod

f claim?7., duct ed _i | uti i thin . || i, |
Surface. 5 1R e RocPior TP hRRtCGWHTART ORPS 61 Rkl B SS CoRRe ¢
.met hod of cl aiyBAidd Ur thesp£Oprd 5} Ng dhaferd igbra: £ OHAf ] Sl d glsiorst

stimul ated test sanple prior to said applying of said second stimlus,
wher ei n sai d 5esUd¥rp | snsaveragencursesitgviafliveeted aff bt mAOD) npér-fldct | y

.conpl.enent ar brjdizaji bet ween said pro d said_target. and
i nsufsfi ci ent Xrtm(b)é(%i gani%?%:aﬁg(lhﬁgé% Bt %%crgf eéf?@ %%WBI r‘—’rleﬁ:aei‘r %eﬁ%ttil&nﬁati on
bet ween sai d fiwhthanshsai ehtes geespdbt iFhegaetiped (ghgcl abm. 15 Fowhernai n
said varying 15 conprises applying an electrical voltage to said first
stimul ated t &3k SBApIOTeFH A §7bERdrRItarf i FFENA T Y¥oF reet | yeagitigiest ed

with a differ bet wepp,sal dndib sk shonah gndpsakd $66¢9 [ | o/ The
met hod of claim16, wher{e?n saP% e?(tle%trlgcgiill 20 voiet ggeﬁ?sggé%&tq% \l/D(I)\Tt to
about 20 vol tBrolde8. NJhel net hod of claim 16, wherein said electrical voltage

is either a direct_curyent or an alternati current. 19. The nethod of
cl aitth 1, wherein s%}rﬁli?lfs‘?x%?ﬂﬁ%ﬁn%W&Fesggﬂes@&ovrﬁfys]i%a‘ﬁe“\pser ures
el ectrical copoust alke hyddridea teiogh &fs dal ekh nehral e aisbeleet ri cal

conduct ance indicates an extent of matching between said probe and said
target. 21. ThHenegiaerlvf 2loweR0,taharastin sdifdet ectadlcalg 3G ord@dt ance

5 compar ed (il sl aLec aLent Al saughaag, of sUIuY | phegor
perfectly matched sample (SEQ ID NO:1 + Probe No. 1)
15 produced an average current of -0.18 yAmp. By comparison,
values of -0.06 uAmp (a 67% reduction) and -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
20 respectively observed (data not shown). When the samples
were cooled from 65°C to 50°C, similar observations were
noted when 1V was subsequently applied for 15 seconds.
The perfectly matched sample (SEQ ID NO:1 + Probe No. 1)
produced an average current of -0.23 uAmp compared with
25 -0.11 wAmp (a 52% reduction) and -0.01 wAmp (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
30 NO:1 + Probe No. 1), the 1 bp mismatched triplex hybrid
(SEQ ID NO:2 + Probe No. 1), and the 2 bp mismatched
triplex hybrid (SEQ ID NO:3 + Probe No. 1) were: -0.15
mAmp, -0.09 mAmp (a 40% reduction), and -0.07 mAmp (a 53%



WO O1/ S3S2G 3s PCT/IBIIIT/fIflIf177 22. The nmethod of claim 20, wherein a
maxi muminitial anperage achieved is neasured. 23. The nethod of claim 22,
wherei n avoai/essed decline of anperage from sai d nmaxi num i pctriigdi/@eak 5
anperage i s neasured. 24. The nethod of claim 20, wherein anperage over a
period of said application of said electrical voltage is neasured. 25. The
met hod of claim 20, wherein said nethod 28 10 sufficiently sensitive to

di stingui sh a one base-pair m smatched probe-target conplex froma two
base-pai r m srmtwdietbmpr obeespegetivedupbéx 2326, Tl ned hdd whmpl ai-M.20,

wherein said nmethod is sufficiently sensitjve to distingyish a perfectly 15
conpl enent ar y“piRdb -t@r‘ge’fe B BX 4 radﬁa'do'no . 0& %q'rﬁ §ﬁgfl€%é8n%’
.probe-target ©£o5dexieaty f 40N @t Wadesendal Endisat ched probe-tar get
conpl ex. 27. The nethod of claim 20, wherein said test sanple further

conpri ses an i nt erRedfeagnegentt babyifdipgbions maegsplA &fE sHile pFobe

-hybridi zes spegificald i i o] tLip . 28, 1 t hod
of clsai m 20, ] eérﬂeei %Osjg}e\g‘ ISF‘E@% gg&gé%ﬁﬁst} 25&9%%§%§%0%§%1f1@8§1§1%?
wher ei n sai d gigpbefisaRblPNAafBectThelret it féreth@d m in f wohldekctance
conpri sing: provi di%g a_fluorophore in said test sanple; and calibrating

sai d second SPRFRIVeGai RACWeeTecoRETFBFE!¥nc S IMRIRICN BT Nihe C6PNA :EAP sai d
conduct ance, Saa S5tord et [ BUTbe PR Bk [Tng AdiatTon SRG Sard coed
, g radiatifon and said second
signal is flumrascesd dihteosliyyatoR3f8)osabd i et thoUOpWElhea8ifiy 3%
PCTG%BU1/C]|%%JJE) when an antiparallel PNA probe was used. Clearly,
the antiparallel PNA probe in the presence of the DNA
intercalator YOYO-1 was able to form triplex structures
with the dsDNA targets. Application of low levels of
electricity (such as 1V or 5V) allowed the perfectly
15 matched dsDNA:PNA triplex sequences to be distinguished
from those containing 1 bp or 2 bp mutations, without
prior denaturation of sequences.
Example 2
Figure 2 demonstrates that the amperometric assay of
20 the invention can also discriminate between perfectly
matched dsDNA:PNA triplex hybrids and those containing 1
bp or 2 bp mismatches when the PNA probe used is in a
parallel orientation with respect to the target DNA
sequence. Probe No. 2 was a 15-mer PNA probe identical in
25 sequence to Probé No. 1, but was synthesized to match the
parallel orientation of the target DNA, instead of the
conventional anti-parallel orientation. Probe No. 2 had
the following structure (SEQ ID NO:9):
5'-H-TAT AGT AGA AAC CAC-Lys-CONH,-3'
30 Experiments with assay conditions identical to those
described in Example 1 were carried out with the sole
difference that Probe No. 2 was used in place of Probe No.

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



stimulus is exciting radiation, said first signal is fluorescent intensity,
said second stinulus is electrical voltage and said second signal is

el ectri cavooppduct ance. 31. The net hod of clai m 30, whereipaTaighoo77
fluorophore 5 is covalently attached to said probe such that said

fl uorophore does not intercal ate between adjacent bases, and said intensity
decreases as said extent of matching bet¥en said probe and said target

i ncreases. 32. The nmethod of claim 30, wherein said fluorophore 10 is an

i nt er cal at i ngprageiranatchedi PR A t yripterasSBQalBnYOwkt b Bxpldeeivent of

mat chi ng between said_probe and.said target. 33.. The 0 f . cl.ai,m_30,
wher ei n sai d ¥1'udtd h%rgoflsc’egﬁgilﬁ’ e%cakfpat Jn%m%‘b%%?gcgggﬁgn% 65&?&%’{0 sai d
.probe. 15 34.(gHie mreiiod of pebBenkg0, 2 Wheieid Saighdd s BPIE angl 30 %
intercal ating agent added to said hybridization mediumin a formfree of

sai d probe a?ﬂ«pwerre@toms%i,drteapgétt.lvséy A& Aedhdds ofowenian 36,° Cvhenei n
-said_ test sa f £ IS@s | r caloat i a , I r get
is dg’DNA andr%asi%ﬁcrlo ehﬂ%sr‘i I zess%ggpelﬁeﬁfggl%l )%%WQ% ﬁrﬂg{erlll %%t%tgr Sgt%e?gte orm a
triplex. 36. witeh netehqubmfeat lai malhshefdird<TeTA I rhrsiprigepr (GEHQ TRy NO : 1

fluorophore in said test sanple, wherein said 25 varying conprises applying
an el ectri calt VAIR{N? 0 %aidfF Mattiry rﬁﬁ%@%’ﬂa?‘é’é?ss&ﬂ’%e g&ii d first

stinulus and sai d sgeond- StdJquilis W@ erehthag %ﬁghaﬁto(&néﬁ@aé(ﬂﬂj 1flyr st

signal and said second signal are fluorescent intensity. 37. The nethod of
claim 36, fuvdmrapphpedsfoy B9 satobdat i ngeriedtipcond chieghalsDigaiPhdt sai d

first signal .tg determ £ent_o tching _between Said probe _and said
tar g8 o ERS Eh 0T B At S E TR Rl e PR et s
wher ei n sai d d4 uop ophoramps caval enbhppatin@cher, 10 saing, prebeestdheiRat

said fluorophore does not_intercal ate between adjacent bases, and said
intensity dectBabe2Rs sanf@Rlaitely GRRRIAHRN TR He hiidn S8 Widbe dnd

said target i rrﬁaﬁr?asccﬁgancirghesj;b?i i s(?rfat(al‘f"iprf'o%ce"&ﬂ'%R/gfé%aicﬂljrle?ﬁrsophore

is an intercal@ating agent an ensity I ncreases wth sard
extent of natidhdtngreast e leaisd (poohe ahdp$aaddt a3 Yetesd 0 -40.0 TThdmat,hod of
claim 36, wherein sajd {I uorog'ggre LS, ag i ntercal ati ngpﬁgent coyal.ently
bourtd® to sai FFIRPEEIVALY THe Aethod?oF LPEPm 38, TinhBA &Rd 4Priudeishor e

is an intercalafing agepb)addedshrcsa@iRybrddi zageen medigumunddqdn free
of said probe and free of said 15 target. 42. The nethod of claim 36,
wherein said f1uckopape esdan 8t kesal dt-i0ng4ageipsel sespdctivmlyhétgr oup
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said test sangdmpiest RigcopPyises an intercalating agent, said target is
dsonn and said proge, IVLELdizes specl[Leally WINAZI LA g Lo for e
tri flx. The "r g
indicated that when the parallel PNA Probe No. 2 was used,
the differences in conductivity obtained between perfectly
matched dsDNA:PNA triplexes and those containing 1 bp or
2 bp mismatches were less dramatic than that achieved with
25 the antiparallel PNA Probe No. 1 (Fig. 1).

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

30 signaling differences between perfectly matched dsDNA:PNA
triplexes and the 1 bp or 2 bp mismatched dsDNA:PNA
triplexes (Fig. 2C). The perfectly matched hybrids (SEQ

ID NO:1 + Probe No. 2), the 1 bp mismatched hybrids (SEQ



44. The nmethod of claim 36, wherein said nethod is 25 a honobgeneous assay
conducted w thout providing a signal quenching agent on said target or on
sai d prolyeo odsss2ifThe net hod of claim 36, wherein said exci pcmgso@@ati on is
emtted froman argon ion |laser at a wavel ength from about 200 nmto about
1000 nm 30 46. The nethod of claim 36, conducted at tenperatures within a
range of 5 to 85C. 47. The nethod of cl al® 36, conducted at tenperatures
bel ow 25C. WO O1/ S3S2(r PCT/ 1 BO1/ 00077 41 48. The net hod of clai m 36,
wherein a relIbi0i2y+offPreled Naet hod RBdi fdepehdant mppmprebedohybariget base
sequence and | t,of t ef . i N yt osi.ne ntent. 5
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concéntration of sai ar get anple 1s not mor€ than 5 x 10-
52. The net hahdf-0cltd mi&ps  Wrespieata vedgteant 688 Con i s dimhneleied rtosai d

sanple i s not re than 5 x 10-1 M ,15 53. The t of claim36 wherein
sairrg fl uoropﬁ?ﬁn‘g“"‘"itsl% it éﬁpéjé}%qw&]‘ﬁ’gé’%[ 5§%dagsv\g§%| %Bg%#gé't ‘%% A%ai d
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intercalation, a difference between said wavel ength and sai d second
wavel engt h i ndioetichpdhepnple20 arotrgdekvell wewhesaiapnpraotrsd ahd ddiad

target is a duplex or _a.triplex a et her .sai d rget i pNAor . 54 .
A mqa“t(:?)hod for ‘éagisuaeﬁ nac iS’P’F@i goti gﬁ?vgaelr?en%ﬁ Odc%x% 9§?§#§a:yprsgﬂp§:>%g a
target conpri&ing. atc) east one nucleic 25 acid sequence; providing a probe

conprising a nucleic acid or nucleic acid anal og sequence;. addi ng said

probe and sai d t arRTEEOLE hyPRE i S IRAF etk LD B et PN esrRawm e;
30 nmeasuring g, finst 2b@naeehid fddsdly CORdi LhapmPl 81 ¢ilst r3id R 16.d O
provide a primary determ nation regarall ng hybridi zati on between sai 3] pr obe
and sai d tar gettweder epersaict 1fyi r stomspberaéntary VIODNA / SB&2gets and
15 incompletely complementary dsDNA targets containing 1 bp
or 2 bp mutatiomns.
Example 3
Probe No. 3 was a 1l5-mer ssDNA probe identical in
sequence and orientation to the 15-mer antiparallel PNA
20 Probe No. 1 (SEQ ID NO:8). Probe No. 3 had the following
structure:
5'-CAC CAA AGA TGA TAT-3!
The specificity of the amperometric assay was further
investigated by reacting ssDNA Probe No. 3 with the 50-mer
25 wild-type and mutant dsDNA target sequences in the absence
of prior denaturation. The assay conditions were identical
to that described in Example 1.
Enhanced by the DNA intercalator YOYO-1, dsDNA:ssDNA
triplexes were formed between 30°C and 65°C. Upon 1 volt
30 treatment, the perfectly matched DNA triplex, consisting
of SEQ ID NO:1 + Probe No. 3, vyielded the highest
conductivity values (Fig. 3A). 1In contrast, incompletely

complementary probe and target combinations generating a
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correlated wth hybridization between said probe and said target, provided
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respectively at 65°C, than that observed with the
perfectly matched DNA triplex at matching temperatures
(Fig. 3B).
In similar electricity experimentsg, the hybridization
20 mixes were heated to 65°C and were either maintained at
this temperature or immediately allowed to cool to 50°C or
23°C prior to application of 1V or 5V. A 1V treatment for
15 seconds to the perfectly matched DNA triplex sequences
(SEQ ID NO:1 + Probe No. 3) produced the highest
25 conductance values at 23°C, 50°C and 65°C (Fig. 3A). The
DNA triplexes containing a 1 bp mismatch (SEQ ID NO:2 +
Probe No. 3) or a 2 bp mismatch (SEQ ID NO:3 + Probe No.
3) were less conductive by 21% and 63%, respectively at
23°C, by 18% and 74%, respectively at 50°C, and by 12% and
30 106%, respectively at 65°C (Fig. 3A). Similarly, when 5V
were applied for 15 seconds to pre-heated samples, the

average conductance values for the 1 bp mismatched DNA

triplexes and the 2 bp mismatched DNA triplexes were
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Acridine is an alternative dsDNA intercalator, that

30 also possesses the ability to intercalate into triplex
nucleic acid structures, thereby stabilizing the triple

helix formation. See, e.g., Kukreti et al., "Extension of

the range of DNA sequences available for triple helix
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sequence and orientation to the 15-mer Probe No. 3 (and
10 thus also identical in sequence and orientation to the 15-
mer antiparallel PNA Probe No. 1 (SEQ ID NO:8)) but with
the addition of an acridine moiety at the 3' position.
The probe had the following structure:
5'-CAC CAA AGA TGA TAT-acridine-3°
15 The hybridization reaction mixture (80 ul) contained
the following: 2 pmoles of target dsDNA, 2 pmoles of
ssDNA Probe No. 4 and 0.5X TBE. Samples were placed into
a 3 mm guartz cuvette and were subjected to 5V DC
electrification for 11 seconds at 23°C. The current and
20 temperature were monitored as described in Example 1.
As shown in Fig. 4, the gsDNA Probe No. 4 was able to
hybridize with the 50-mer perfectly matched dsDNA target
(SEQ ID NO:1) as a result of the stable intercalation of
the covalently tethered acridine moiety, generating an
25 average current of -0.53 mAmp. By comparison, the less
stable DNA triplexes containing a 1 bp mismatch (SEQ ID
NO:2 + Probe No. 4) or a 2 bp mismatch (SEQ ID NO:3 +
Probe No. 4) produced average currents that were 52% and
66% lower, respectively, than that achieved by the
30 perfectly matched DNA triplex, when normalized against the
control (Probe No. 4 without target DNA) (Fig. 4).
Therefore, the acridine attached to a ssDNA probe was

equally as efficient as untethered YOYO-1 in forming
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triple DNA helices that generated different electrical
currents depending on the level of seqguence
complementarity between the target and the probe in the
amperometric assay.

Example 5

Sense and antisense 15-mer ssDNA target sequences,
derived from exon 10 of the human cystic fibrosis gene,
were synthesized, purified and annealed as described in
Example 1. DsDNA oligonucleotides were dissolved in ddH,0
at a concentration of 1 pmole/ul.

SEQ ID NO:4 was a 15-mer dsDNA target sequence
derived from SEQ ID NO:1, designed to be completely
complementary to Probe No. 1.

Sequence for the sense strand of the wild-type target
DNA (SEQ ID NO:4): 5'-ATA TCA TCT TTG GTG-3'.

Sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:4): 5'-CAC CAA AGA TGA TAT-3'.

The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:4) 1s 40.0°C.

SEQ ID NO:5 was a l5-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for
a one base pair mutation (underlined), at which the
sequence TTT was changed to TAT.

Sequence for the sense strand of the mutant target
DNA (SEQ ID NO:5):

5'-ATA TCA TCT ATG GTG-3'.

Sequence for the antisense strand of the mutant

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

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

SEQ ID NO:6 was a 1l5-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for
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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 5'"-ATA TCG@ GCT TTG GTG-3'.
Sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:6):
5'"-CAC CAA AGC CGA TAT-3'.
The predicted melting temperature (T,) of dsDNA (SEQ
10 ID NO:6) is 44.0°C.
SEQ ID NO:7 was a 15-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for
a separated three base pair mutation (underlined), wherein
three 1 bp mutations were separated by 3 base pairs each.
15 The sequences ATC, TCT and TGG were changed to ACC, TAT
and TAG, respectively.
Sequence for the sense strand of the mutant target
DNA (SEQ ID NO:7): 5'-ATA CCA TAT TTA GTG-3'.
Sequence for the antisense strand of the mutant
20 target DNA (SEQ ID NO:7): 5'-CAC TAA ATA TGG TAT-3'.
The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:7) is 38.0°C.
The hybridization reaction mixture (80 ul) contained
the following: 2 pmoles of target dsDNA, 2 pmoles of
25 parallel PNA Probe No. 2, 0.5X TBE and 250 nM of the DNA
intercalator YOYO-1. The reaction mixtures were incubated
at 95°C for 5 - 10 minutes to allow denaturation, and then
maintained at 65°C until assayed. Samples were placed
into a gquartz cuvette, irradiated with an argon ion laser
30 beam having a wavelength of 488 nm and monitored for
fluorescent emission at 65°C. Concurrent temperature
measurements were achieved by a software-controlled

temperature probe placed directly into each sample. The
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maximum fluorescent intensity occurred at a wavelength of
536 nm, indicative of intercalation of YOY0O-1 in the
PNA:DNA hybrids. As a second assay, following the initial
laser irradiation of each sample, the same samples were
5 subjected to 1V DC electrification for 4 seconds. During
the final second of electrification the samples were
irradiated a second time with the argon ion laser and
monitored for fluorescent emission at 65°C. Fluorescent
intensities were plotted as a function of wavelength for
10 each sample analyzed.

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

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

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

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

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

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

(Fig. 5C) and a 3 bp mismatch (data not shown) produced
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Example 6
The hybridization assay in Example 5 was performed
15 after denaturation of the dsDNA target sequences and
measured ssDNA:PNA hybrid formation at a temperature above
the melting point (T,) of the dsDNA targets. Example 6
will demonstrate the reliability of the fluorescent
intensity assay in the absence and presence of applied
20 electricity to differentiate between perfect matches and
base pair mismatches without the requirement for prior
denaturation.
The hybridization reaction mixture (80 xl) contained
the following: 4 pmoles of target dsDNA, 4 pmoles of
25 antiparallel PNA Probe No. 1, 0.5X TBE and 250 nM of the
DNA intercalator YOYO-1. Samples were placed into a
quartz cuvette, irradiated with an argon ion laser beam
having a wavelength of 488 nm for 80 msec and monitored
for fluorescent emigsion at 23°C. Concurrent temperature
30 measurements were achieved by a software-controlled
temperature probe placed directly into each sample. The
maximum fluorescent intensity occurred at a wavelength of

536 nm, indicative of intercalation of YOYO-1 in the
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PNA:DNA hybrids. As a second assay, following the initial
laser irradiation of each sample, the same samples were
subjected to 20V DC electrification for 4 seconds.
Immediately after 3 gseconds of electrification the samples
5 were irradiated a second time with the argon ion laser for
80 msec and monitored for fluorescent emission at 23°C.
Fluorescent intensities were plotted as a function of
wavelength for each sample analyzed.
Enhanced by the intercalator YOYO-1, dsDNA:PNA
i0 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 intensitiegs for a 1 bp mismatched
15 dsDNA:PNA triplex (SEQ ID NO:2 + Probe No. 1) and a
consecutive 2 bp mismatched dsDNA:PNA triplex (SEQ ID NO:3
+ Probe No. 1) were 60% and 91% lower, respectively, than
that observed with the perfectly matched dsDNA:PNA triplex
at 23°C (Fig. 6). When no DNA or PNA was present in the
20 reaction mixture containing YOYO-1, only background levels
of fluorescence were observed.
The difference in fluoresgcent intensities obtained by
the perfectly complementary triplexes and those containing
1 bp or 2 bp mismatches were significantly greater than
25 that achieved between perfectly matched duplexes and
incompletely complementary duplexes (compare Figs. 5 and
6). Clearly the fluorescent intensity assay of triplex
formation possessed enhanced discriminatory ability to
detect base pair mismatches.
30 Moreover, even further discrimination between wild-
type and mutated sequences was possible with the secondary
application of electricity. A 20V treatment for 3 seconds

to the perfectly matched dsDNA:PNA triplexes produced a
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fluorescent intensity spectrum virtually identical to that

achieved by the same sample not subjeéted to electricity

(Fig. 6). However, application of 20V for 3 seconds to

the incompletely complementary triplexes containing a 1 bp

5 mismatch and a 2 bp mismatch produced fluorescent

intensities that were 23% and 71% lower, respectively,

than that obtained with the same samples irradiated in the

absence of electricity (Fig. 6). The 20V treatment of

electricity did not affect the stability of the perfectly

10 complementary triplexes, but weakened the stability of the

dsDNA:PNA triplexes containing base pair mismatches at a

level dependent on the degree of sequence complementarity

between the probe and the target. Therefore, the

application of electricity to the fluorescent intensity

15 assay provided an even more highly reliable assay to

distinguish between wild-type sequences and those

containing 1 bp or 2 bp mutations, without prior
denaturation of seqguences.

While the invention has been described in detail and

20 with reference to gpecific examples thereof, it will be

apparent to one skilled in the art that various changes

and modifications can be made therein without departing

from the spirit and scope thereof.
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1. A  method for assaying sequence-specific
hybridization, said method comprising:
providing a target comprising at least one nucleic
5 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
10 applying a first stimulus to said test sample to
provide a first stimulated test sample;
detecting a first signal from said first stimulated
test sample, wherein said first signal is
correlated with a binding affinity between said
15 probe and said target;
calibrating said first signal against a reference
gsignal exhibited by a reference sample
compriging at least one reference probe combined
with said target, wherein relative to said
20 target, each of said probe and said at least one
reference probe is a different member selected
from the group consisting of a perfect match, a
one-pbase mismatch, a two-base mismatch, a
three-base mismatch, a one-base deletion, a two-
25 base deletion and a three-base deletion;
determining from said calibrating a first
determination of an extent of matching between
said probe and said target; .
applying a second stimulus to said first stimulated
30 test sample to provide a second stimulated test

gsample;
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25 partially charged backbone.

8. The method of claim 1, wherein said probe has an

uncharged backbone.

9. The method of claim 8, wherein said probe
comprises a ssPNA sequence.

30 10. The method of claim 1, wherein said probe is

ssPNA prepared by antiparallel synthesis.
11. The method of claim 1, wherein said probe and

gsaid target are of identical length.
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12. The method of claim 1, wherein said probe is 6
to 30 nucleotides long.

13. The method of claim 1, conducted in a solution
within a well or on an impermeable surface.

5 14. The method of claim 1, conducted on a biochip.

15. The method of claim 1, further comprising
varying a condition of said first stimulated test sample
prior to said applying of said second stimulus, wherein
said varying is sufficient to significantly affect

10 imperfectly complementary hybridization between said probe
and said target and insufficient to significantly affect
perfectly complemeﬁtary hybridization between said probe
and said target.

16. The method of claim 15, wherein said varying

15 comprises applying an electrical voltage to said first
stimulated test sample, and said binding affinity is
directly correlated with a difference between said first
signal and said second signal.

17. The method of claim 16, wherein said electrical

20 voltage is about 1 volt to about 20 volts.

18. The method of claim 16, wherein said electrical
voltage is either a direct current or an alternating
current.

19. The method of claim 1, wherein said first signal

25 or said second signal is an electrical conductance.

20. The method of claim 19, wherein said electrical
conductance indicates an extent of matching between said
probe and said target.

21. The method of claim 20, wherein said electrical

30 conductance is compared to a reference electrical
conductance of said hybridization medium prior to addition

of said probe and said target.
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22. The method of claim 20, wherein a maximum
initial amperage achieved is measured.

23. The method of claim 22, wherein a rate of
decline of amperage from said maximum initial peak

5 amperage is measured.

24. The method of claim 20, wherein amperage over a
period of said application of said electrical voltage is
measured.

25. The method of claim 20, wherein said method is

10 sufficiently sensitive to distinguish a one base-pair
mismatched probe-target complex from a two base-pair
mismatched probe-target complex.

26. The method of claim 20, wherein sgaid method is
sufficiently sensitive to distinguish a perfectly

15 complementary probe-target complex from a one base-pair
mismatched probe-target complex and from a two base-pair
mismatched probe-target complex.

27. The method of claim 20, wherein said test sample
further comprises an intercalating agent, said target is

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

28. The method of claim 20, wherein said probe is
ssDNA.

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

25 PNA.
30. The method of claim 1, further comprising:
providing a fluorophore in said test sample; and
calibrating said second signal against a second
reference signal,
30 wherein: (a) said £first stimulus i1is electrical

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

signal is fluorescent intensity; or (b) said first
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medium in a form free of said probe and free of said
target.
35. The method of claim 30, wherein said test sample
20 further comprises an intercalating agent, said target is
dsDNA and said probe hybridizes specifically with said
target to form a triplex.
36. The method of c¢laim 15, further comprising
providing a fluorophore in said test sample, wherein said
25 varying comprises applying an electrical voltage to said
first stimulated test sample, said first stimulus and said
second stimulus are exciting radiation, and said first
signal and said second signal are fluorescent intensity.
37. The method of claim 36, further comprising
30 calibrating said second signal against said first signal
to determine an extent of matching between said probe and

said target.
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44. The method of claim 36, wherein said method is
25 a homogeneous asgsay conducted without providing a signal
guenching agent on said target or on said probe.
45. The method of claim 36, wherein said exciting
radiation 1s emitted from an argon 1on laser at a
wavelength from about 200 nm to about 1000 nm.
30 46, The method of claim 36, conducted at
temperatures within a range of 5 to 85°C.
47. The method of claim 36, conducted at

temperatures below 25°C.
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is an intercalating agent and a wavelength at which said
intercalating agent £fluoresces shifts to a second
wavelength upon intercalation, a difference between said
wavelength and said second wavelength indicating whether

20 a complex between said probe and said target is a duplex
or a triplex and whether said target is DNA or RNA.
54, A method for assaying hybridization, said method
comprising:
providing a target comprising at least one nucleic
25 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
30 measuring a first signal of a first condition of said
test sample to provide a primary determination
regarding hybridization between said probe and

said target, wherein said first signal is
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> S 5 determination regarding hybridization between
sald probe and said target, wherein said second
signal is correlated with hybridization between
said probe and said target, provided that when
salid first condition and said second condition
10 are alike, a stimulus is applied to said test
sample after measuring said first signal and
before measuring said second signal, wherein
said stimulus significantly affects imperfectly
complementary hybridization between said probe
15 and sald target and does not significantly
affect perfectly complementary hybridization
between said probe and said target; and

comparing said primary determination and said

secondary determination to evaluate whether any
20 inconsistency therebetween warrants retesting.

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

56. The method of c¢laim 54, further comprising

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

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

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

providing a target comprising at least one nucleic

acid sequence;
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said test sample to provide a primary
determination regarding hybridization between
said probe and said target, wherein said
pre-electrification fluorescent intensity is
10 correlated with hybridization between said probe
and said target;
applying a voltage to said test sample;
measuring a post-electrification fluorescent
intensity of said test sample, during or after
15 said voltage applying, to provide a secondary
determination regarding hybridization between
said probe and said target, wherein said
post-electrification fluorescent intensity is
correlated with hybridization between said probe
20 and said target; and
comparing said primary determination and said
gsecondary determination to evaluate whether any
inconsistency therebetween warrants retesting.
59. The method of claim 58, wherein said voltage
25 applied to saild test sample is varied such that said pre-
electrification intensity and said post-electrification
intensity are relatively constant when perfectly
complementary probe-target complexes are assayed, and said
post-electrification intensity differs from said
30 pre-electrification intensity when imperfectly
complementary probe-target complexes are assayed, and a

difference between said pre-electrification intensity and
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said post-electrification intensity indicates an extent of
mismatching between said probe and said target.

60. The method of claim 1, further comprising
detecting whether said target contains homozygous or
hetefozygous alleles.

61. A method for assaying sequence-specific
hybridization, said method comprising:

providing a target comprising at least one nucleic

acid sequence;

providing a probe comprising a nucleic acid or

nucleic acid analog sequence;

adding said probe and said target to a hybridization

medium to provide a test sample;

applying an electrical voltage to said test sample;

detecting a signal of said test sample during or

after said applying of said electrical voltage,
wherein said signal is correlated with a binding
affinity between said probe and said target;
calibrating said signal against a reference signal
exhibited by a referencé sample comprising at
~least one reference probe combined with said
target, wherein relative to said target, each of
said probe and said at least one reference probe
is a different member selected from the group
consisting of a perfect match, a one-base
mismatch, a two-base mismatch, a three-base
mismatch, a one-base deletion, a two-base
deletion and a three-base deletion; and
determining from said calibrating an extent of

matching between said probe and said target.



