WD 01/ 53526 PCT/1B01/ 00077 1 HOMOGENOUS ASSAY OF DUPLEX OR TRI PLEX
HYBRI DI ZATI ON BY MEANS OF MULTI PLE MEASUREMENTS UNDER VARI ED CONDI TI ONS
SPECI FI CAN® 053526 BACKGROUND OF THE I NVENTION 1. Field of pChwmmtoo@m The
invention relates to methods of sequencing or assaying nucleic acids, and
nore particularly to nmethods of accurately assaying triplex and dupl ex
nucl eic acid 10 hybridization conpl exes.12. Description of Related Art It
has been understood for a nunmber of years that biological nolecules can be
i sol ated and characterized through the application of an electric field to
a sanpl e. 15 El ect r oph8OMOGENCY Sp&S8a¥s OFt REPEBEt OReTRIREEXN exanpl e of an
i sol ati on and char act er | E¥BRIPIZATION (B® MEANS OBHMUKEIRPLE| uence of
electric fields on biol MEASHREMENITSC UNDER WARGED €ONDITAPNSr esis, a uni form
matrix or gel is fornmed of, for exanple, polyacrylamde, to which an 20
electric field is applied. M xturesgepplrathto@ne end of the gel wll

m grate through the gel according to their size and interaction with the
electgic field. Mbility is BQ@@?@@@@&.@POﬂHéE@ﬁé@@ﬂﬂﬁﬂCharaCFeriStics of

t he substance such as confornma , SiZ ge. bilities can be 25
i nfluenced bylal t eFiegdpofelaversiof the gel, such as by formation of a
concentration or p radient,, or b altering the co sition of the buffer
(pH, SDS, DOC, gl %gne‘,nvseé’itﬁqn L1aeq) ERo NGNS o | S§gpencing or

el ect rophor eshgsayenfahibychieubicigspr aeadubes parmeh13@1re$RAME hods

| aborat ori es. Target “substances can be purifie by passage through and/ or
physi cal extraét ia@rﬁ!UfIractmlt‘/hean@@Yi.n%UBSTPT@XEaSIdEE¥uE¥§JEEn26§LeiC acid

10 hybridization complexes.

2. Degcription of Related Art

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

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

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

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

30 research laboratories. Target substances can be purified
by passage through and/or physical extraction from the

gel.
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WO 01/ 53526 PCT/1B01/00077 2 A nore recently devel oped process in which an
electric field is applied to a biological sanple is disclosed in U S

Pat ent NWwOB1/8%4¢ 477 to Stanley. The Stanley patent di scPOFEBI1ANEPTOCESS
for detecting the 5 presence or absence of a predeterm ned nucleic acid
sequence in a sanple. The process conprises: (a) denaturing a sanple
doubl e- st randed nucl ei ¢ acid by neans of2 a vol tage applied to the sanple
in a solution by means of an el ectrode; (b) hybridizing the denatured

nucl ei ¢ 10 aci d wi® h BRED| iXRFRIebt idRY PR f HraaeeSsedien¥E1Clnd 3 ¢)

det erm ni ng V@féé\;%l.t 1 NG T dLzalhon; 8@ RFCU! et odNEs B Aty Pa gNt

di scl oses the a cation ctric field tot sanpl e e assayed
for the Iim tcﬂaﬂscmﬂmsenoﬂ Henabiienhg Nohe 3 ,882et4 Sequengeanléy A nithe

wel | - known ty hybridi zati.on assay is based on_the use qf, fl ugrescent
ot ki o agentSEaTIEY h: Sriras A BSOPEeF ordn ERPCGRESCERt  I9RAB A babed

assays have {ypi&abdy GOMBLsLeEeCOBEACh] NYrdididMinM t luRleic acid
f I uor ophore- contalnlng probe, renoving any unbound probe 20 from bound

probe, and de$©@m¢¢@Ffly@reéceﬁ@@@h@ -t hé'hgas hedoceaspl eompisiBg8neous) assays
| Mpr ove upon gengﬁ 5§ %ﬁ%? S ﬁfgﬂ tJE%J‘ﬁ““ﬂbfé%cﬂ%%ldeggghéaﬁs

washi ng step oVi'si a non-1 T phase sdpport Me assays

have enpl oyedbf g afcﬁadaa;e nanﬁJJ:LtQI ahaltes saaﬁgﬂieo whetae@blmidloaj byagkedns
hybri di zati on, based on the ability of such fluorophores to_bind betmeen
strands of nuef ePB %%n%ea hylbh By P&t PR LRGNk . AEr tekadpPECleLs,

Patent No. 5, 8243 Spit aﬁuéfngEucﬁéotﬁ&éCbQéSé EoEEEHst%QQeEbE fahd

detecting and 30 quantltatlng nucleic acid nolecules. A preferred
enbodi nent re[¢bsdeherm@nnngew®at@5mo¢hﬁ hyllyedizatoien Hesbbecutrradded
nucl eic acid helix or | ngl e- tsetr{tand ldscl%uscelsel cchaeci %‘ 'm%a i%nfl uaresces
after intercatafion PP
electrlc field to the sample to be assayed for the limited
purpose of denaturing the target sequence.

15 A more well-known type of hybridization assay is
based on the use of fluorescent marking agents. In their
most basic form, fluorescent intensity-based assays have
typically comprised <contacting a target with a
fluorophore-containing probe, removing any unbound probe

20 from bound probe, and detecting fluorescence in the washed
sample. Homogeneous assays 1improve upon such basic
assays, in that the former do not require a washing step
or the provision of a non-liquid phase support.

Some assays have employed intercalating fluorophores

25 to detect nucleic acid hybridization, based on the ability
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



WO 01/53526 PCT/ 1B01/00077 3 the intensity is a direct nmeasurenent of the
anmount of nucleic acid present in the sanple. Wile the nethod of Burke
et al. i woor/pseé ed to be useful for neasuring the anmounpCoiBm®ed7@i c acid
in a sanple, the non-specific 5 binding between intercal ator and nucleic
acid upon which the nmethod is based renders the nmethod inpractical for
detecting specific binding, particularly3under conditions where non-target
nucl ei c acid duplexes are present. U S. Patent No. 5,814,447 to Ishiguro et
al . 10 discldsesinrenasshy whi éh 45795l pBreedreBeRipPéy &RfpAMOwREa9s t hat

rel'y on non-specidic ;@&gﬁéé&& bfr&"\@ﬁé‘ sérﬁ%féca' fhi ng eﬂg%étﬁ g dag;' eic

aci d dupl exes, SUch as e et al. and an ®arlier assay descri
| shiguro et mRirke retlaphnese Pateotteiibtoco® ssebslir EoNome28UD00H1888. 15
The earlier devel opnent conprj sed aggiﬂg an intercalating fluorochrone

d

having a tend8M&PY 0CexHPbTtSTNcPES i At eR3TPySof F1uolB8cERtE I WhEn

i ntercal at ed 0, & %M GyeSP! Uit OP-DRIOEL angPRGEILECT 88LQNuPEnaVhaEHEL
nucleic acid was anplified by PCR and neasuring the intensity of 20
fl uor escence fhomeheodedst imeesh| venderat thevarttiorke inpraetidtal t §odet ect

and quantitate the target nuclei i.d r.e l-Lfi.catio ne. 1447
patent attenp (':étaecfecoln %ﬁeo%l?lucp(?%rﬁﬁél géa%%&%rlc&g\%l%kﬁéﬁte Ebgoﬁgggfé{l%g an
assay havi ngyldmpys aved- speget itidleichasatt@ip Zeted midatrddent?25 probe is a
si ngl e-stranded ol igonucl eotide | abeled with an intercalating fluorochrone

which is to be interal &t nt¥Pa conplenthl ar§obi AERRGUESr tPbn Bétween a
target —nucl &l addand,a Aldg eupl tANded SaLgonueh eRLl CanPi ARe. ubdnt he

ongoi ng searc more sensitive, accurate and rapi say techni ques,
one research agous déreltopedlyancas say cagrgrd Si g latainpzitignt heeeWéent s of

o elertrl e Lhebean dhe T yoresoent LiLenol v oy el .62 fucn ne
Burke et al. and an earlier assay described by Ishiguro et

al. in Japanese Patent Public Disclosure No. 237000/1993.

15 The earlier development comprised adding an intercalating
fluorochrome having a tendency to exhibit  increased
intensity of fluorescence when intercalated to a sample

solution before a specific region of a target nucleic acid

was amplified by PCR, and measuring the intensity of

20 fluorescence from the reaction solution at given time
intervals to detect and quantitate the target nucleic acid

before amplification. The ‘447 patent attempted to

improve upon the earlier development by providing an assay

having improved specificity, characterized in that the

25 probe is a single-stranded oligonucleotide labeled with an
intercalating fluorochrome which 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

30 and rapid agsay 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.



WO 01/ 53526 PCT/1B01/00077 4 08/807,901 and 08/870, 370, respectively filed
February 27, 1997 and June 6, 1997. The researchers indicated that the

fl uor escavo oi/msensi ty of a one base-pair m smatched dupl erCT/@BO1foee7ed from
that of a perfectly matched duplex. Thus, 5 the applications purport to

di sclose a nethod for detecting a nucleotide sequence, wherein an electric
field is applied to a liquid nediun1pri6r to or concurrently wth a

detecting step, and a change in an intensity of a fluorescent em ssion as
54 ne Ped

a function of &Mk A Pd01870s HRTRREEHVRLY dr iqtHFeRIT8AYoR Twhet her
the probe is jdypri Zﬁ]‘i’aet g,21699D! E‘ffﬁé &%‘HH%‘&@@ %%i%‘é‘?c'e%o‘chg‘é tRgquence
C e sequence. te the

or an inconpletely conplenentary nucl eoti spite

f or egoi ng devElwommentent dnteecsitas of15 aonthansetaic edisshtichethéuptexfor a
sinple, highly _sensjtive, effective and_rapid nethod_for analyzj

nter acti on BAGEAEhUETON Tt oot andborROEHbi BREREY GHRTBgs. RRES.
refemences cied ﬁlfb@tffoﬁ@clc\)ﬁ_ ated hereiNscPOsby sef geensg i potheir
entireties. SUMVARY 'OF THE | NVENTI The invention provides a nmethod for
assayi ng seqlrire-bped tuglephidg sadaience saikerrihed edeprirsicngield
providing a taf oet oIR8 N0 2ol £ash Q0E,NUSLELC 25, ACkd sEaLENCE:,
provi ding a prob %onpr|3|ng a nucrei coacrd 6 “ohucl®ei ¢ acrd ana 0g
sequence; addiitth saidepsobenanst @) dahdrgethénga tybandizathebtynedi amto
provide a test sanple; 30 applying a first stinmulus to said test sangle to
provide a fi rstuQEesesnt etMte3ton il @; Fuget el pf Bhei pseCEr§Rafiftom said

firsty stinmul afedgbestre@mie, whergiitsaish f bestydnad L8e probe is
hybridized to a completely complementary nucleotide
sequence or an incompletely complementary nucleotide
sequence.
Despite the foregoing developments, a need has
15 continued to exist in the art for a simple, highly
sensitive, effective and rapid method for analyzing
interaction between nucleic acids and/or nucleic acid
analogs.
All references cited herein are incorporated herein
20 by reference in their entireties.

SUMMARY OF THE INVENTION

The invention provides a method for assaying
sequence-gpecific 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



WD 01/ 53526 PCT/ 1B01/00077 5 correlated with a binding affinity between
said probe and said target; calibrating said first signal against a

ref erencavosi/fpsaé exhi bited by a reference sanple 5 conppPCHIBIY/0aM77] 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

di fferent nember selected fromthe group consisting of a perfect match, a
10 one-base mismatch, a two-base m smatch, a three-base msmatch, a
one-base del etion, a tvwRrissiek|witlbe Madanohpééibasy getwerBnsaafd

determning fromsaid ;F@}ddkpé A&gségiéig% fdeterm nation of an extent of
%e

mat chi ng between 15 s pr obe and sali ar'get; applying a second stinulus
to said first sti mdatiechtiest ssadplfadsx psbyhae agsdnend st refibatadet est

sanpl e; and detecting a second signal, fromsaid second. stinul ated 0 test
sanpl e, wherein said seComPsi gﬁéﬁ%l%&teéorr Yat 6t Wit SS& & i nﬁi”‘ﬁﬁ%e

affinity between said psghe; andy sal debatoshe Hal&FdHdY P UOBLRBEHed
detecting of said second signal ~a second deternination of said extent of
25 mat chi ng bet ween saiwiitpr ols@ighdtezipgtt argeeredind wlpdariag toai dafdr st

determ nation and sai d second det errEi nat i,on. Qlesor%r ov.i(fl%q: ano%h r
0

LS
nmet hod for assaying hytbal’]f%‘? ’ate?aocr%l, Osaigal%ofﬁ8 conprisi ng: %&"’\Lﬁ’rtovic1 ing a

target conprising at |esstefecdUstehe iachddseguesse; mpnbeirdsaleatpaobe
comprising a nucleic aC:‘IEJ:qon?rthenugCrloede c%%sdisetl:nierlllgo%fsgq%eegqfee;ct match, a
10 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 a first
determination of an extent of matching between
15 said probe and said target;
applying a second stimulus to said first stimulated
test sample to provide a second stimulated test
sample; and
detecting a second signal from said second stimulated
20 test sample, wherein said second signal is
correlated with said binding affinity between
gald probe and said target;
determining from said detecting of said second signal
a second determination of gsaid 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 or

nucleic acid analog sequence;



WO 01/53526 PCT/ 1B01/00077 6 adding said probe and said target to a
hybri di zation nediumto provide a test sanple; neasuring a first signal of
a first owoodi/sisetq of said test sanple to provide a pri maPgT/@®pori7nat i on
5 regardi ng hybridizati on between said probe and said target, wherein said
first signal is <correlated with hybridization between said probe and said
target; neasuring a second signal of a sécond condition of 10 said test
sanpl e to provide a_secondar det erm nation regarding hﬁbridization

bet ween said prolFEERE s REWA 2nkhEReICh teaP§tsECoRdRY B gHARALdON

correlated wth hybridi j t . I said target, provided
e d @@rﬁ!‘gﬁx@dé?& dcé’éto%%l re

that when 15 said first conditio sai d seco tion are alike, a
stimulus is appli etcdssang ¢ dgdtrstsaigheladf ex feasurdangidaioch fifr seidi gnal

and before neasuring said second sjgnal erein ,said stinulus _,

TGN £ cantly affects | e FROUTYR 60 CorpT Lhant Py gy | QF5aETOR2bCReen
sai dgprobe and said targed-&eh do@sr 1@f z 5t Do fheansdy satfiegtoperbaatly
conpl enentary hybridi zation between said probe and said target; and

conmparing said primary SRt@rigrdéton afersdind =28 dseddndd y sdenadni Aati on

to eval uat e whet her anyCO£P&£é§%ﬁrﬁwhg%ggﬁgr%@ﬁ§% YL rant s r.ef gg}%’bgg. I n

addition, the invention provides sti ridization as nmet hod
conprising: providing aart@rgetdcoapgéssj ng at | east one nucleic 30 acid
sequence; providing a probe conprising.a nucleic acid or nucleic acid
anal og sequence; \WSIAYLHED62 PEFFPRE1FGG07F Of a second condition of

10 said test sample to provide a secondary
determination regarding hybridization between
said probe and said target, wherein said second
signal is correlated with hybridization between
said probe and said target, provided that when

15 said first condition and said second condition
‘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

20 complementary hybridization between said probe
and said target and does not significantly
affect perfectly complementary hybridization
between said probe and said target; and

comparing said primary determination and said

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

In addition, the invention provides still another
hybridization assay method comprising:
providing a target comprising at least one nucleic
30 acid sequence;
providing a probe comprising a nucleic acid or

nucleic acid analog sequence;



7 adding said probe and said target to a hybridization nediumto provide a
test sanple; nmeasuring a pre-electrification fluorescent intensity of said
test sanpVeot/ssspé ovide a prinmary 5 determi nation regardi POT/IBGODE7Zzat i on
bet ween said probe and said target, wherein said pre-electrification
fluorescent intensity is correlated with hybridization between said probe
and said target; 10 applying a voltage td said test sanple; neasuring a
post-electrification fluorescent intensity of said test sanple, during or

after said vol t aged@ld i nxehs gWiddeadds Easaghr o dehBPhiAdERBRON
regardi ng hybridi zati oqné)cgltly}ﬁe&f Jgr?:@llcge I qheand said target, wherein said
n 1 Nt ensli ty IS

post-electrification fluoresce correlated with
hybri di zati on bet weets @i probe- e badc saf tod @l getf;] vand scemai nhgnsatd
primary determ nation and said. 20 secondary determ nati.on to eval uate

whet her any i nconsi st éicy 3t elfétShee MR Eant® r BEEYEARg. 2A BELBREY ded

I's agmethod for assayi ngtSSAUSNCEsSPeeyhi-ai AYbI -zl Ab i Gl HeBREBAD
conprising: providing a target conprising at |east one nucleic 25 acid
sequence; providing a pobd conpré siagd a st ei taneed, or whanelri csasild

anal og sequence; addi ng_sai r,0be. and said rget to.a hybridizati
mediumto provide a te resa%p%)%tfr%lcaapplﬁﬂ ngftlglr?%eqsé:cetnrtl ca \6761% égfe ?%-sai d
test sanple; detectinkdrsdHadd ofitsahdbtesi zaanphesktinddg serid ptbpe said

appl yi ng of said el ect r;gglsgioét%aa?reéeé/tp 01/ 53526 PCT/ 1B01/ 00077 8
10 applying a voltage to said test sample;
measuring a post-electrification fluorescent
intensity of said test sample, during or after
sald voltage applying, to provide a secondary
determination regarding hybridization between
15 said probe and said target, wherein said
post-electrification fluorescent intensity 1is
correlated with hybridization between said probe
and said target; and
comparing said primary determination and said
20 secondary determination to evaluate whether any
inconsistency therebetween warrants retesting.
Also provided is a method for assaying
sequénce—specific hybridization, said method comprising:
providing a target comprising at least one nucleic
25 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
30 applying an electrical voltage to .said test sample;
detecting a signal of said test sample during or

after said applying of said electrical voltage,



wherein said signal is correlated with a binding affinity between said
probe and said target; calibrating said signal against a reference signa
exhi bi t eav®y1/85e€f er ence sanple conprising at 5 | east onkCT/&Bmrerice 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 sel ected
fromthe group consisting of a perfect fatch, a one-base 10 mismatch, a

t wo- base m smatch, a three-base msmatch, a one-base deletion, a_two-base
del etion and a three- badeerRietgadnt sagaadet 2GR NG FedMiddl 8 BaNdbREti ng

an extent of matching i : i . EF
DESCRI PTI ON OF THE mﬁ%ﬂés‘?ﬁ%ﬁﬁ%ﬁalﬁ ﬂ?ﬁ%eedcféﬁ?ﬁle% tljénrd??n'j uncti on
with the foll ow ngpdilawd ingsy | saidli ehghakeagefiesénce mferabtse diegnghat e

| i ke el ements and wher ei :,ths 1A and %B are graphs of current as g
function 20 of tinme aﬁ?&ﬁﬁﬁa%ﬁmHYa?iF§,eﬁ?§§? & 15°BR e YrAphS - of

currgnt as a function pf;denpaeatid@ @R eCopRbiISaeRbADI WG Riidsh 34id2B,
2C, 3A and 3B are graphs of current as a function of tenperature,

conpl enentarity and addiaiasial wiEsdilacredstiregtossdisd daganth ébcbupfent as
a function of tinme and, complenentarity: -a Figs. DA n re
fluorescent intensity %%%€p9§3EQSHBE%%}EE%96§§%%1ﬁ%ﬁtﬁggﬁrggE%EgﬁgB

EVMBODI MENTS The inventiig fraviEdeseatr aphberserdicdred, f£w@hvitlommgnbabl y

friendly, and safe nethod for assaying binding between a target and a
probe, wherein the tar &Y 0I$356 PCTPEBSELG00PRALCY, a One-base

10 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.

15 BRIEF DESCRIPTION OF THE DRAWINGS

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

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

20 of time and complementarity;

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

Figs. 2A, 2B, 2C, 3A and 3B are graphs of current as
a function of temperature, complementarity and additional

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



conprises a nucleic acid sequence or a nucleic acid anal og sequence and
the probe conprises a nucleic acid sequence or a nucleic acid anal og
sequence wW@ni/fIses certain prior art assays, the invention POT/IBBG/000TTY
detects the presence of hybridization, but also provides qualitative and
guantitative information regarding the nature of hybridization between a
probe and target. Thus, the invention eflables the practitioner to

di stingui sh anong a perfect match, a one base pair 10 _mi smatch, a two base
pai r m snat clromprifes hagelpdicr achilsHeTEINCca Yhe Basd o34l Acddl @RadAd a two

pai r - m St oifO repce o L
mvantton comitl SaRaTH AR TR FORLCC o ghar Cegr g BeRRPR i v ent

and/ or fl uor escentnudfeintanisd taalfay seduarsie probe-target m xture agai nst
the same type of signal exhibited b¥ ot her probes cqg%%ned with the same
target, wherein e e t Fer bR Har Pht 8he8T tdiffRaYE /f roif t HRVERT £ piBbe by

at | gast one hase. gkl et ai Re FRQAUIRY Sora AV VOl $8960h S aRRl | gdsbo 20
the sanple prior to or concurrent with neasuring said signal. Generally,
the voltage imresldes ed gudhittatdtve t ang hi ghashdtighive desnéprinpizéon
inperfectly matched hybridization partners _but no o _high as to

destabi|i 7o TRASES T AHOTH G B PAL aRoSaPInrL Yo BePTaPh 98]
preferred emhogigemnt s, Thihe, vehd apevést Bhowndd1 49 Bheupra2b¥ridneal tbration
curve can be generated,' wherein the nagnitude of the nmeasured signal
(e.g., electFistdrgerth aMME #l uBPESRERt THEERsi tF) 9 alPsRct PBATOf the

et aden the CargE and & oTGr ATty B8 11erSnt  or abee At 1ot W PAthe
nunber of m smenchech basesonéhhédaswat peérofdelet ivsmaechtd- Gass palrvs
T-Gvs. T-C dvéq e0t11/05r§ 5a2r(15d Pacr’clkil'r%oellboaosog7pai1r0 deletion.
Embodiments of the invention comprise calibrating the
measured signal (e.g., electric current and/or fluorescent
15 intensity) for a first probe-target mixture against the
same type of sgignal exhibited by other probes combined
with the same target, wherein each of the other probes
differs from the first probe by at least one base.
In certain embodiments, a low voltage is applied to
20 the sample prior to or concurrent with measuring said
signal. Generally, the voltage is selected such that it
is high enough to destabilize imperfectly matched

hybridization partners but not so high as to destabilize

perfectly matched hybridization 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 wvs. A-C wvs. T-G vs. T-C,



etc.), the location of the msmatch(es) within the hybridization conplex,
etc., the assay of the invention can be used to sequence the target. The
si gnal nmyeqQur/sd2€an be, e.g., electrical 5 conductance. POT/ERIAIN0077

enbodi ments, the binding affinity between the probe and target is directly
correlated wth the magnitude of the sigpal. That is, the electrical
conductance increases along with the extent of matching between the probe

and target, preferably over a range 10 inclusive of 0-2 m smatches and/ or
del etions, m& - pr eftdtablhPcRidora ©dngétencmdsmaé chiles )3 witkRakchEBeand/ or

del etions. | ey Lihod he_slLgna n ; :

fl uorescent :hr}}'?%allr}gl'ty o%%n?%u%%%%ho?gb?hc:tgggﬁ%\a?h%@ Elggt %gt@erslg%r&ne. I n
such enbodi mersrs,bd hesdail ndh ngp@fdnas thhddtavgpet t he probe and target can be
directly or inversel corre#at ed with the intensity, depending,on et her
the f1Uorophore Sitflal STHYBT | dRaEFERG hEGtgh 5 gnat - Guenchi-RGE oFasi gnal
anpl isf i cat i onvonitssartdie. fl uar esedntenivdid@mrnts , 2 1Benei ety by ffinity
intercalating agents is directly correlated wth probe-target binding
affinity, wh arhethat Rpehe yandgf targedi hentsremplvyragradatrat ¥iEhl ati ng

fl uorophores _,cov - o] t be is,.ipvarsel o] ith
pr obe-t ar get tbk}endﬁﬁégﬂg\l:%g% 'ltéy%d EIJ%% Eﬁgg%gs'cen?héﬁt gﬁéi t%h§5gli‘§%r@§éggg¥n (or
decr eases forcdiudtdrereai atpesgeal abgny wWhtht heexd:endntof ofranehchgnbet ween

t he probe and target, _preferabl %over a range inclusjve of 0-2 m smatches

and/ or  del etiHESHpEESpRARALFHS o0& IS trankyeS T FERRSY vOVEF (R 3range

m st ches and{or, d8}&tigps. 039 Ahiboygbnibe LANEBLOr §chaveoREeVi AUsky
di scl osed the advantages of fluorescent intensity assays for

hybri di zat i orpsrdhly Ferent rApgei tatlesi’e. oD L6816t chkisl addbetenber
21, 1999), thdeelaégcp:ﬂci)ﬁ:sg.ti on of an electric WO 01/53526 PCT/1B01/00077 11
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 fluorophores
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



field to the sanple appears to increase the resolution of the assay, as
shown in Exanple 6 bel ow. Mreover, in particularly preferred enbodi nents
of the iwoensiseh, the assay conprises nmeasuring at | eastPCWBOIBIGITgnal s of
the sanple. The first signal is preferably fluorescent intensity and the
second signal is preferably selected fromseveral electrical conductance
measurements (or vice versa) . In the pteferred nultiple measurenent
enbodi ments, 10 the first signal can be the sane as or different fromthe
second si gnalfisfferEq H&'S e8P gn@rPeesind i gﬁ§¢§aﬁ€a§h?e§esﬁlét%ﬁ€ Shne,

the second signal, be t t rst signal and/or

agai nst the sane r§%en%%a§%%rﬁ ﬁ(j ; ﬁcsiétoﬁc}gll |V%rate the first signal.
In 15 addition, a Narebteon- zhht eniringcsflarliyupres prefceratibydimppts edft o the
test sanple after the first -signal is neasured and before t e second

signal is meddtf é‘dlveﬁ}'elo%'tl GERY FPEPEr&EESy "EGFHEEFENEtt 6S8FnFYPcant | y

affegt i nperd gald ¥ COFPI BN AhY18Y brind Z@ﬂ@@ @@?y&%@n ideppepbeaidyand
the target and insufficient to significantly af per f ?

conpl enment ar y£ hydwre st eralt | ot sstMsemnché her @l@elonéinélgnélt aSgErefF@abéxarrpl e,

|napart|cular f rred enbodi f th venti h r i gnal
nmeasured is pre (gltgc ri cantaﬂonﬁfel uoré: ce%fmlgﬁ'?gﬁl?lgty % Su' ,m&t’l %nm ty

measur ed bef ofgr azmdvér@dlyal tering voltage is applied to the test
sanple) and the second signal neasured is _post-electrification fluorescent
intensity (i.e., 3IhtERSi wel#éaéf@fie@%wge JreasLePneRe EBRAFETBRLENteri ng

30 vgl tage h%@%ﬁ%ﬁ gggrgalt e d €3 S ek o}halg@gﬁe engkom the

measurenents in t enbodi ments I ncrease the re Ity of the
assay and ersddand meghiat el Whest ebei hr stuspet tsecesyl 3 gnADs01£58626d
PCT/lBOl/OOOZJrejéae same, the second signal can be calibrated against
the first signal and/or against the same reference
signal (s) used to calibrate the first signal. In
15 addition, a condition-altering stimulus is preferably
applied to the test sample after the first signal is
measured and before the second signal is measured. The
stimulus is preferably sufficient to 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, 1in a particularly preferred embodiment
of the invention, the first signal measured is
25 pre-electrification fluorescent intensity (i.e., intensity
measured before a condition-altering voltage is applied to
the test sample) and the second signal measured is
post~electrification fluorescent intensity (i.e.,
intensity measured during or after the condition-altering
30 voltage has been applied to the test sample).
The additional measurements in the foregoing
embodiments increase the reliability of the assay and

enable immediately retesting suspect results.



I nconsi stent results achieved by the at |least two neasurenents wll
typically warrant retesting. The invention enables quantifying the binding
af finity vwebwsssns probe and target. Such information can BCh#&suabarabl e for
a variety of uses, including designing anti sense drugs with optim zed

bi ndi ng characteristics. Unlike prior art nethods, the assay of the
invention 1is preferably honpbgeneous. ThE2 assay can be conducted w thout
separating the probe-target conplex fromthe free 10 probe and target pri or

to detecting HFHOHRGH SRide BF5Y neeteeed si Brial thdhedhssag2dbes bt
require a gelm%éﬁpﬂé AOD S £P, 0L afdom,ng %tggsegltdné_ncrease in

testing throughput. antitative analyses are sinple and ~ accurate.
Consequent |y t he bilmali njnasshyosavesnadlest ofudf itfiymmandtiexpehsediagd can

b ily autoppted. Furth it_enabl es, bi ngi i abl h
put for, ph, T BorERETat | BFOD? o CEERRS | nalnd: LBROETRELODy GFaL T ve

concentrati onse 0GaPrabEaRS ! &f ORhr SEEYHCRECised Nt BEEBLEL QY @@Qﬁzgﬂf_ﬁ_ﬁ?t ion,
| engt h of target sequences, 20 | ength of probe sequences, and possible

cofactor reqpitisamts doide WP 0P Hekzedn kel inthchasrgt @i beconduct ed
lhe.g.  a SO'IS‘EUEJh LW o8 Weldh 0 %%e!f '5%%%1@5%@ ?a%ggtégggg%non a

bi ochi p. Moreover; € i‘nventive assay I's preferablry condu W't hout
provi di ng a signpleqeeabbhingoagerheconst.he Thegeksagr cam the poaliacted
Preferred enbodi nents of the invention specifically _detect triplex

hybri di zat i oW beteikersERRF Prighe i AP doaied- S RGed Trargehe fhEs
obvigf i ng thre%]ln@&@ 49430 fenat Yreotheot arget e 1 MW L 8o PNASRE Phgs Bavenheen

known to fo triplexes with certain classes of targets (see, e.g.,
Eghol met al .me385rdét wigreds (19898%, amahyTodwesetnat. ,require). Am ¢hém Soc.
oo44 (1996))’ségg%égwggt%E%ﬁ”ﬂ§%é¥%é§jgi?%%iggTQ}Bg%éggoﬁécfg%se in
testing throughput. Quantitative analyses are simple and
accurate. Consequently the binding assay saves a lot of
15 time and expense, and can be easily automated.
Furthermore, it enables binding variables such as buffer,
pH, ionic concentration, temperature, incubation time,
relative concentrations of probe and target sequences,
intercalator concentration, length of target sequences,
20 length of ©probe sequences, and possible cofactor
requirements to be rapidly determined.

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

Moreover, the inventive assay is preferably conducted

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

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

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



surprised that they were able to specifically assay triplexes forned

bet ween singl e-stranded nucleic acid (e.g., ssDNA and RNA) probes and
doubl e- stwandsx2éeucl eic acid (e.g., dsDNA) targets. Tri pP€RIBIONETI ON
and/or 5 stabilization is enhanced by the presence of an intercalating
agent in the sanple being tested. Suitable probes for use in the inventive
assay include, e.g., ssDNA, RNA, PNA and3other nucleic acid anal ogs
havi ng uncharged or partlally charged backbones. 10 Although anti parall el
probes are prefep¥ieedn W@t alt@eYeW@aierreﬁ]P se PN pFRsisest i o sé‘Slé*élY

paral | el . Probe; ;sggsnc[fc%&adv' Bgta@g gﬁhglgggignagd%&ase%a

preferred since is TS range W th: smal I'est uni que
sequences of péqgary@kBHAaaﬂdlENBMkprybéesaadedbubﬁé sPrahdedohut2 etia 18

bases are partjcularly preferred since this is the | th of the. snmall est
uni que sequent®&d |ﬁetﬁg Ren&REISES - enfiGdPHER gz%#%%ﬁ%“oﬁn§/95 30

bases; are mséta%fiféé@ﬂon H%feveernha@h&&dﬂ%ytytgfe Shordfindd obgs cam be
used to 20 detect a nucleotide sequence having a plurality of non-unique

t ar get sequenmetserch@l@tnngv\m@mtcmbm@ sanplei ooy teehedfy the
nucl eoti de sequenc e len o be. ca t t he
g hE%eT |nvent|on gsg ke Wj? 5§%é%ﬁ§¥b agh

| ength of the tar 0€s not require e use

radi oactive prebese, Wi, eh ,aresiarar dups, medi au8 athdd ﬁﬁu@DQSumamgdto
use, and need to be constantl regenerated. Probes of the  invention are
preferably saﬁ@a%%Bﬁs@aﬁhﬂgsﬂéﬁhérﬁﬁg 9§ap§rtlﬂ&éarﬁpﬁ§9? PRGHOOTESEN be

made, pr Orde(rjﬁf'tﬂlélu Aar %tlg;%%g] A lt%fébégd ﬁs}efle'scrba pLef elhed sthat

t he probe and'targe In alternative enbodi nents, there

is an intercahadidngengent RBvapeobéy bmundaleot Hee ppalyelled .WO FLO58526

PCT/lBOl/OOO7geq&éhces having any length from 8 to 20 bases are
preferred since this is the range within which the
smallest wunique DNA sequences of prokaryotes and

15 eukaryotes are found. Probes of 12 to 18 bases are
particularly preferred since this is the length of the
smallest wunique sequences in the human genome. In
embodiments, probes of 6 to 30 bases are most preferred.
However, a plurality of shorter probes can be used to

20 detect a nucleotide sequence having a plurality of
non-unique target sequences therein, which combine to
uniquely identify the nucleotide sequence. The length of
the probe can be selected to match the length of the
target.

25 The invention does not require the use of radioactive
probes, which are hazardous, tedious and time-consuming to
use, and need to be constantly regenerated. Probes of the
invention are preferably safe to use and stable for years.
Accordingly, probes can be made or ordered in large

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



such enbodi nents, the intercalating agent is preferably bound to the probe
at either end. In other enbodinents, the intercal ating agent is not

coval ent Iwobosasee t o t he probe, although it can insert 5 pCr@f/ob&rween the
probe and target during the assay, in a sense bonding to the probe in a
non-coval ent fashion. Preferred intercalating agents for use in the

i nvention include, e.g., YOYO 1, TOIGO | , 1%t hi di um broni de, et hidi um

honodi mer-1, ethidium hom)dl mer-2 and acridine. 10 In geperal, the
i ntercal ati nFEgen™ped %F“%F%tyt{’lﬁatlr%t§rc§l%la€1ﬂ“6 a8 c at St Erﬁgﬁ’v@@%y

strands of ak%iﬁ-l £ ANHOH b rdtpleeﬁ%ﬁg{cléﬂ§ acid conplex. In preferred
e

enbodi nent s, i ntercal atl ng agent (or a conponent thereof) is
essentially non- fllmrcetémtemhmdlhrem:tssem ohtnurclaélad:lng ageds asmsdnot

fl uoresces when intercal tedadexmted i.atian an approprjate
wavel engt h, éi&\vad'ﬁl}t}%@/a ?88d 1§ d-by PEO @0 f “?ﬁ%én& et ? sBrt

fl uosescence mhen £ igdEfL aﬂe@d[ywé% Naxdd Lt &&c Odutihy! eXe NHEESC 8Ki d

conplex. 20 In alternative enbo nts, the intercalating agent may

exhi bit a shig tsensd |Rprdigteiio v‘m&élrerr@ctaw gpoh DAY Rl &t ore D -
excitation by radlzﬂlt%%rkrogd aglerbtgé;lgé %]%;eges\t@%%@ggtg rThSS(gxa?ltl the

fluorescent wavel e ure of the nucleic acid
that is 25 i rntref&edzairedncfl@rdeexan*gl e, Y@M\— 1/,3 TAIA 1 derhexiive bromi geex,
etc. The excitation wavelength is selected (by routine_ experi m,ant ation
and/ or converREHHIEILK RRTRUTES 1 SRILEPBAMICTII RS~ 2P aR FERCHRR T mum

for jtshe fluorgphare 30, being Hﬁeercgmgtaﬁ?pagfeﬁeamsv 20101000 0m o

Intercal ating agents are preferably selectfed to have an em'ssion
wavel engt h ofaldit® tw L00Sremiate lpelafesn edt randodd freat Supaaxaagdnoroa | aser

I's used to Irradlfgéiﬁgh gy%(§é1§5gghpf7/1Boféoggggerred embodiments,

the intercalating agent (or a component thereof) is
egsentially non-fluorescent in the absence of nucleic

15 acids and fluoresces when intercalated and excited by
radiation of an appropriate wavelength, exhibiting a 100-
fold to 10,000-fold enhancement of fluorescence when
intercalated within a duplex or triplex nucleic acid
complex.

20 In alternative embodiments, the intercalating agent
may exhibit a shift in fluorescent wavelength upon
intercalation and excitation by radiation of an
appropriate wavelength. The exact 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 i1s selected (by routine
experimentation and/or  conventional knowledge) to
correspond to this excitation maximum for the fluorophore

30 being wused, and i1s 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



fl uorophore with |ight having a wavelength in a range of 400 to 540 nm
and fluorescent emssion is detected in a range of 500 to 750 nm The
assay of wdel/f3seenti on can be perforned over a 5 wi de varPCBRIBO10H077
tenperatures, such as, e.g., from5 to 85C Certain prior art assays
require elevated tenperatures, adding cost and delay to the assay. On the
ot her hand, the invention can be conductbd at room tenperature or bel ow
(e.g., at a tenperature bel ow 25C). 10 The inventive assay is extrenely
sensitive, tHeEEPPIEHAE MitHy I hdeaV iy o LI nph i i €3R¥BnOBf t he
target. For iyl sdf gh |£a3r 106 dbuateserilsdit poshlbyccabedi gegts, it
is possible to assay a test ~sanple having a vol une of about

m croliters, narigsh df5 Dottad MBS @bowt 10 fent onol es of target and about 10
fent onol es of pr obei@oErrbodi rrefts of ,the invention_are sensi téve enough to
assay targets at & XorETRY aPt ohl6f 1BVERT{GRY MRS RSt AR soVer a
concentrat i oR;iQfe n@armﬁf ban enpetrak@rk@ Mg arbogls meat g of drg ifivesti on
are sensitive 20 enough to enploy probes at a concentration of 5 X 10-9M
preferably at8%CGconcenfertadn obrhaor noié tlREPI X 1PAViNe cbadacedvity
measur enent s .can di stingui sh, sanpl es i ittlhe a ut pmple of
probe and 1 ptrrennfpeeroafséu]f%érj’geafdflnr{%d:e On%tg%\éldlng ee?%}) EDCF ggs?ﬁ%g%} he 8s)Ialrrp 8
volume 25 wadikpemhsrid,t heheseinfepyeon snedh elbanednidiicafedPpr abe andm
target. It should go without saying that the foregoing values are not

i ntended to SRRRSPHTHAR FPhLHIhoE GannGt GetERPCIRIGHEr PESRWerRPr Gt i ons.

30 Agw de range Ofmegtfﬁ& 2o goncent aéi@féméwn%%gﬁ%@@%eﬁe%% "

concentration of probe and target tested. For exa en X 10-
probe and 5 XhO-at0indy thegekeedr &hybeidiieedPCRherpdtifisla tdomc enf r heon of
the VO 01/53%%3355?7180%&%90é§am% e, 1in at least the £fluorescent
intensgity embodiments, it is possible to assay a test
sample having a volume of about 20 microliters, which
15 contains about 10 femtomoles of target and about 10
femtomoles of probe. Embodiments of the invention are
sensitive enough to assay targets at a concentration of 5
X 107° M, preferably at a concentration of not more than 5
x 107 M. Embodiments 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 10™*° M probe and 5 X 107*°

M target are hybridized, the optimal concentration of the



intercalator YOYO- 1 ranges from25 nMto 2.5 nM At a5 X 10-6 M
concentration of both probe and target, the preferred YOYO- 1 concentration
range i swWO0053k to 100 nM The assay is sufficiently senBCT/ARE/0D&7

di stinguish a 5 one base-pair m snmatched probe-target conplex froma two
base-pair m smatched probe-target conplex, and preferably a two base-pair
m smat ched probe-target conplex from a }ﬁqwee base-pair m snmat ched
probe-target conpl ex. course, the assay is sufficiently sensitive to

of
di stingui sh BOREHFEFRQT y R chetPRFTh- TR &t Ron? ek- ¥ rdh andt ot Bhe
above m smat %&‘e?geﬂonﬂ?' RtftentIS MY | ng%d@r{‘ g?@b%méﬁrﬁ‘ he e

. th
conventional nedium known to be suitable for eservi ng nucleoti des(.e See,
e.g., Sanbrogkefterated YOMS-cabace@toningn Pahgd 15 INHnualy '‘tovab0 8M( 1989) .

For exanple, the || id nedi.um n Go i se nucl eotides, ,water, ,buffer
and standard salt THorEY 48 GHE L HAIBIEAY 2 SERG CBEEwEEn LB B E ATy
bases ocCUr'S oAdRise i e VashBiohal ©Rsmh 11 ORFethavbigl ¥ar abhoaSthE 20

tenperature, salt concentration, electrostatic strength, and buffer
conposi ti on. Beanais ol apdshasbpdiobieotarasd crepheds #8F BEPLsraglyhem

For mod at o Cenpdoatre BFAbonte rc 1o abetrozstr ooy SHBRR e 1o

about 5 ni nutesred ohgeie-padat | Ahshhtesedr epmsihe egeed, cdutl dxncubadton for
several hours will not adversely affect the hybridization _conplexes. It is

possi bl e (al tHIUGIE uriScessaryls i fkientyy S Rert SCEBFLAFRI ng an

i ntgpcal ating, 3gentd-dl, whdidd |piase hyhyd di Zakd Dk | A-SR! 44, 09 bynysi ng
certain reagents. Preferred exanpl es of these reagents include single
stranded bi ndibayeprmotsniatslrdcearplRessA protein, T4 gene 32 protein, E

coli single strandgd bipdl 09,060t ehn 0. Q1 23226, ECTABOLLA0AE s odda
medium known to be suitable for preserving nucleotides.
See, e.g., Sambrook et al., "Molecular Cloning: A Lab
15 Manual,” Vol. 2 (1989). For example, the liquid medium
can comprise nucleotides, water, buffers and standard salt
concentrations.
Hybridization between complementary bases occurs
under a wide variety of conditions having wvariations in
20 temperature, salt concentration, electrostatic strength,
and buffer composition. Examples of these conditions and
methods for applying them are known in the art.
It 1is preferred that hybridization complexes be
formed at a temperature of about 15°C to about 25°C for
25 about 1 minute to about 5 minutes. Longer reaction times
are not required, but incubation for several hours will
not adversely affect the hybridization complexes.
It is possible (although unnecessary, particularly
for embodiments containing an intercalating agent) to
30 facilitate hybridization in solution by using certain
reagents. Preferred examples of these reagents include
single stranded binding proteins such as Rec A protein, T4

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



maj or or mnor nucleic acid groove binding proteins, divalent ions,

pol yval ent ions, viologen and intercal ating substances such as ethidium
brom de, ve@vi/mseg/ci n D, psoral en, and angelicin. Such faepCT/iBmEtoperg
reagents nmay 5 prove useful in extrene operating conditions, for exanple,
under abnormal pH levels or extrenely higi\ tenperatures. The inventive
assay can be used to, e.g., identify accessible regions in fol ded

nucl eoti de sequences, to, determine the nunber of m smatched base pairs in
a 10 hybri dimegtdronC&onpiext anled hapCyendFEROve nLdmsGaoheRr et ahBFei n
fluorescent i AV d [ n . j.ng gf%_q,_! [} Lnrensity
i ncreases V\,idphtvgllq%glrteég?lﬁg ﬁ%’%gf’ﬁgegﬁf?‘%ﬁy —vlblg)tl%r en tg l(ai %?ggggé%%w{l rget.
I n enmbodi nentssibshteireias f lauateseent ethtiddsimt ybrsmlBedet ectédomgctig ab,

non-intercal ating _fl uorophore, jntensit decreases as binding affinity
| nor eases beRRSER AR (FEbEPTHA T et SUHRGER T LLca oF " AhBERGTRE Rehay
fluosophore g bR c@lal8S:iareROtend Mpd Mty JRINed Hees raet ckgapiee the

measur enent of the polarization of fluorescence, 20 unl’i ke fl uorescent
ani sot ropy netissds abfrniay ait i levedid lohextnapalyathdgh Femrerataizgsd. wit h

reference to the fQllow.ng EX | b it _should . be nders t the
present invention’i § not" e%lrr‘e?%p?%é%% H%Pmbteeélstehdgrte ’o.élzg' EX;%I%%E%Q%
Exanpl e 1 Senseepyiliy | geasendO-ikr fo3BNA taligbéoisEdeentienddss,i ved from
exon 10 of the human cystic fibrosis gene (Nature 380, 207 (1996)) were

synt hesi zed SetEINARS0 tpnt REBP2Er PEXJRtFTRCGWRD, WiSeMlFE Biosydt ens)
andqgpurifi eqla@ﬁlzﬁlzgtiﬁgyim reﬂn%ﬁg qid)fm rggrgﬁ?é’g.ary ol i gonucl eot i des
wer e denatured at 95C for 10 n an al l owed to anneal gradually as the
t enper at ure cool edrt o WD ONESBE26 ROErEBRL/ 6000Zest8nt 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
decreasesg 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 ggDNA target sequences,
derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were synthesized on a DNA

30 synthesizer (Expedite 8909, PerSeptive Biosystems) and
purified by HPLC. Equimolar amounts of complementary
oligonucleotides were denatured at 95°C for 10 min and

allowed to anneal gradually as the temperature cooled to



21C over 1.5 hours. Double stranded DNA (dsDNA) ol i gonucl eoti des were

di ssolved in ddH20O at a concentration of 1 pnole/,al. Sequence for the
sense st veddy/af52¢ he wi |l d-type target 5 DNA (SEQ I D NO 1pCT/BHH014003G CAC CAT
TAA AGA AAA TAT CAT CIT TGG TGT TTC CTA TGA TGA ATA TA-3'. Sequence for
the antisense strand of the wld-type target DNA (SEQ ID NGO 1): 5'-TAT ATT
CAT CAT AGG AAA CAC CAA AGA TGA TAT TTTLETT TAA TGG TGC CA-3'. 10 The
predicted nelting tenperature (Tm of dsDNA_(SEQ | D NG 1}3 is 65.2C. SEQID
NO 2 was a 502-11“?(,{? At dSDNARVEEget sEqubhee Styerfrdal P wilfaPi§pe

target DNA ( 1 pt a paisr, mutgft en (4dpder Li ned)
at am no aci ?El%édg‘os‘i\ﬁ%%%f%%% at %ﬁch dt)lhrégsﬁl -typl(-'}-f1 secﬁ?eﬁce C%\T Waé
changed to CGlon&Geguenciord avf theomehsgilstirand of SEQ ID NGO 2: 5 -TGG CAC
CAT TAA AGA AAA TAT CGT CTT. TGG, TGI TTC CTA ATA .TA-3' . 20 Sequence
for the antisense Sseﬁ‘é‘?fbc%ff%EéhleDsRﬁfeft%ang%ig%’l“éﬂft@fR? }E\@ﬁﬁA CAC

CAA AGA CCA T Tideg GID NAAL TG TCEGEA- 3ac ThaTor egixct Al AARg TAT
tenperature (Tm) of dsDNA (SEQ ID NO 2) is 66.0C. 25 SEQ ID NO 3 was a
50- mer nut antCAISDN'T arfféd sEGUentkC i@eht iTEH t6Ai ATA ypBAtarget DNA (SEQ

| D NO 1) except f S t] ; paj.r. I O u | ) at
am no acid posi t%en%@%ﬁ%QaﬁgPSnga%%?%%Ete hg’ltvﬁalq}(# %fpeggéqﬁggéek T was
changed to AGRraé: SmpemED fIy Ndwe )sersse 9t andof CBEQ ICRATNOARG 5AARGG
CAC CAT TAA AGA AAA TAT ACT CIT TGG TGI TTC CTA TGA TGA ATA TA-31. WO

01/ 53526 PCT/FBO1/GFo77CA9 Bayuelfee fort t HetantT¥ensE &t rirfd dfASEQ I D NO.

3 39 - The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:1) is 65.2°C.
SEQ ID NO:2 was a 50-mer mutant dgDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for
a one base pair mutation (underlined) at amino acid
15 position 507 at which the wild-type sequence CAT was
changed to CGT.
Sequence for the sense strand of SEQ ID NO:2: 5'-TGG
CAC CAT TAA AGA AAA TAT CGET CTT TGG TGT TTC CTA
TGA TGA ATA TA-3'.
20 Sequence for the antisense strand of SEQ ID NO:2: 5'-
TAT ATT CAT CAT AGG AAA CAC CAA AGA CGA TAT TIT
CTT TAA TGE TGC CA-3'.
The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:2) is 66.0°C.
25 SEQ ID NO:3 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for
a 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'.



TAT ATT CAT CAT AGG AAA CAC CAA AGA GTA TAT TTT CIT TAA TGG TGC CA-31. The
predicted nelting tenperature (Tm of dsDNA (SEQ 5 ID NG 3) is 65.2C The
PNA probeeoosss$2é n t he Exanpl es were synt hesi zed, HPLC peet/iBirdoemd
confirmed by mass spectroscopy by Comonweal t h Bi ot echnol ogi es, Inc.
(R chmond, VA, USA). PNA probes were first dissolved in 0.1% TFA 10
(trifluoroacetic acid) to a concentratiof? of 10 ng/nml, and then diluted to

1 mg/m by the addition of ddH2O Final PNA stock sol utions were g{éepared
in ddH20 at a cortHIeRAT diPTofthe pRELEFNSE. SPraRe No.SER idsNY: 35- Aer

antiparall el BNA ectAhJIS ¢asi gped t gf&gﬂgl%ﬁél WGOMRIBNERL AN Yok a éﬁlA

nucl eoti de segnent of e sense stran mer w Fd-type target
(SEQ I D NO 1)GTDverdmppicy dargdo @iz positions 505 to 510 (Nature 380,

207 (1996 . The probe had the fallow strycture EQ_I 1 8), .. .20
51 CAC AR AGA TEE TR o HS A e oh, PEaBEPOR HF&Rur e
(80, 21) contaimeg.dhe;dodd omdg: 2 pnoles of target dsDNA, 2 pnoles of PNA

probe, 0.5X TBE and 250 nM of the DNA intercalator YOYO-1 (Ml ecular
Probes, Eugene, ORheJSAA pSgipsiseysqadr &n piha dkarpliont wexe3syrrhagateedeuvette

and were subj.ected 1 .ory 5 ol ctrification._faor sgconds.
The anperone rlég éjélg%]/flceéinsngéedég?%ﬁé&mﬁl#foﬁar%é o%bgl%r%ﬁ:g%f:o%gom ﬁg t he
vol t age was h®imgpapigd Bootbehsoldgien, Anct enfrerdinsorel prabe vas) pl aced
in each solution to neasure 30 tenperature at the tinme of anperonetric

assessment. ANA  RILSH cUiFht P twas BESEYEG dutfng Phéfir A2
ot of o sl o e o e desnen el i lon, )
vol ts gave ritdeert cdtimrent sot hangf/whabpetdheebdtiivébp of ddH,0. Final
PNA stock solutions were prepared in ddH,0 at a
concentration of 1 pmole/ul.

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

15 designed to be completely complementary to a 15 nucleotide
segment of the sense strand of the 50-mer wild-type target
DNA (SEQ ID NO:1), overlapping amino acid positions 505 to
510 (Nature 380, 207 (1996)). The probe had the following
structure (SEQ ID NO:8):

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

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

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

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

over the following 13 seconds. Experiments applying 5



stable over the entire electrification period (15 seconds). A series of
experinments were carried out where the 5 conductance val ues were observed
when no DNAODS3SBNA was present (control), or when w | d-tpORISEQID NO 1,
mutant SEQ ID NGO 2 or nutant SEQ ID NO 3 were reacted with antiparall el
PNA Probe No. 1. Figures | A and 1B plot the data obtained for conductance
in the individual 10 experinents. Fi gurezq A displays the results of the
application of 1V electrification and Figure 1B the application, of_ 5V.
Doubl e st randéttSNAIPNE hybFRd £ r FPFERE Scoridd st Ggadtisser F@%@Fﬂrvely

conpl ement aryséagﬂt@”cﬁer(sﬁge' Pelfditer %1%%%iéa)tdi%ﬂo e 1B 1 MYy

intercalation 15 of YOYO 1, yielding the highest conductance val ues
(depi ct ed on gdmorfdgur es as negative current values) throughout the entire

15 ds of 1V applicati The r lized peak ¢ t f h
i plex hybri di zat} OFELBY5 (NG GAPPAVGTTEl BNE SPOS SN (4 TBES nFSftat ched

dsDNA 20 ( SEQdANR 2nce FrabgeNowedd aBHevir bl then2 P owzs &t chigdl wedsDNA
(SEQ ID NO 3 + Probe No. 1) were respectively 790 and 960 | ower than that

observed wi t PX¢reHer feettyol hatehedh e DNAL PNAYEe | BE@xTRYNPi 8. (SELRRD NO 1
+ Probe No. —ddo dypi ngnthe b rrﬁﬁtér%ogggffﬁo&qto%%e %89&'%?%&5%%/ Fh8en2d

1A). Simlar peorcent ecreases in con ance between pe
conpl enent ar yaritigd exEse BeNA rPipdlex aso cont aF hyuges baseapdi LBnpsoat ches were

obt ai ned when_the condugtance _values aover the entire 15 seconds,of voltage

application e aPbFage§d | nf% g. CPRIVFERLCEp abid 2 BIF ni SRELEREER30

dsDhy: PNA hyhobds-fesitd ed pipaver age ‘a%%'i%%ﬂ%nc%h\éa' wegu1khat ower ep85% and
91% | ower, respectively, than those for the perfectly matched dsDNA: PNA
hybrid. Al egeEricanen ofpraé¥sedléentFifjucationwernrd cdiidune odB atheoom WO

01153526 PCTI1B0Y 00077, 23t euper ap 1623 Qe - Andd'® 80156 OF nfb1A o
triplexes consisting of perfectly complementary sequences
(SEQ ID NO:1 + Probe No. 1) allowed maximum intercalation
15 of YOYO-1, vyielding the highest conductance values
(depicted on the figures as negative current wvalues)
throughout the entire 15 seconds of 1V application. The
normalized peak conductance fbr the triplex hybridization
of the antiparallel PNA probe with a 1 bp mismatched dsDNA
20 (SEQ ID NO:2 + Probe No. 1) and with the 2 bp mismatched
dsDNA (SEQ ID NO:3 + Probe No. 1) were respectively 79%
and 96% lower than that observed with the perfectly
matched dsDNA:PNA triplex hybrid (SEQ ID NO:1 + Probe No.
1) during the first second of voltage application (Fig.
25 1a). Similar percent decreases in conductance between
perfectly complementary triplexes and triplexes containing
base pair mismatches were obtained when the conductance
values over the entire 15 seconds of voltage application
were averaged. In Fig. 1A the 1 bp and 2 bp mismatched
30 dsDNA:PNA hybrids resulted in average conductance values
that were 65% and 91% lower, respectively, than those for
the perfectly matched dsDNA:PNA hybrid. All experiments

expressed in Figure 1A were carried out at room



probe and the double stranded target increased , the |evel of

intercal ation by YOYO- 1 di mnished and the | evel of conductance decreased.
These relved oosashé ps were al so 5 observed when the experi nerar/smsh@rred to
above were repeated and a higher voltage (5V) was applied. During the 5V
application the normalized average conductance values for the 1 bp

m smat ched dsDNA: PNA triplex (SEQ ID NZP + Probe No. 1) and the 2 bp

m smat ched dsDNA: PNA 10 trlpl ex (SEQID NO 3 + Probe No. 1

respectively U\?z“lﬂeraﬁfﬁl%ei%a%\ﬁér t RSNt RRACFRR (fe diEgRtde élwﬁé"élt Epe
”HtCh?d dSEEEf [HHE(dSE%Qé %t@gh%ea.%rgg%tNan¥£a%%HQ tﬁg)level
Experi ment s presse in Figure 1B were per room 'temnperature
(230). 15 V\hemfthletexpaiiamannsb@aerﬁé)YQ}pleacﬂHdlms;hedhendt ariper idoek of

d to 50 65C, I t | b d. At
50C. ‘tho  apdTEHTGHGT $9F6POE cooahTea o ChoC pERFBLDFy "RRnBA=

dsDNA: PNA t 1 i gY esekeREQuin@nNCE e + iahei ot ol) rREedwead 88 ZhANer daee
current of -0.25 /2Anp as conpared to _values of - 0.15 /2An§|(a 40%

reduction) arkEreRDEl  apdpa(8igber wedkegicon)>Worvaheanp snRvEhad

e T | WAoo B0 4 0o oA Ll Pyﬁ?ﬁ?g?iﬁ?%dlq .

At 65C, sim laaluhsefoat tlonsl viep enbhohetdcnbenddMAt PNa e&ﬁpﬂekt ysm@s 1Bppl i ed
for 15 seconds. Perfectly matched nucl ei ¢ acid hyprids produced an average

current of -G\T%- HuRRP o ed! Wit -16R9 62 RERp RS BFo5RedueePERY FiAd
-0.Qh /2Am @ e T t]!lﬁ)'ﬁo f§r+ bR AR . 21@pw%%ﬁ%%%9%@t§9eﬁyfbébds

respectively (Flg 1C). The application of 5 "volts at hrgh tenpératures
produced analayb§s dswiletrs thawhi hat exipeei vreh t o 1p ditfeo pead eatt 15002 gehedat ed

average curr af -0.27 np, .=0. I a.52% r duc o
01/ 53526 PCT/‘%@%S%\S‘??”%?@}&. b%“?mf%% I?@gog/oa"?ﬁ Sn)!l 3%15 EEX\Ol y
mat ched Experiments expressed in Figure 1B were performed at room

temperature (23°C).

15 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 upAmp (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
UAmp 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



hybrids, 1 bp m smatched hybrids, and 2 bp m smatched hybrids,
respectively, experinents performed at 65C resulted in average current

val ues ofwe01/8526mMnp, -0.14 5 mAnp (a 55% reduction), andPeDIHG/NXTP (a 68%
reduction) for the sanme three respective groups (Fig. 1D). For all of the
foregoi ng experinments, dsDNA was not denatured prior to triplex

hybri di zation with the antiparallel PNA 2Probe No. 1. 10 Sinilar

experinents were done at varying tenperatures after the hybridizatign
m xes had beer? Hét &My 65C 4Ad ?%‘é‘a‘i%‘?@y AIonWeEHS . magehpd

cooling tor eratur e ¢ phy} V f 1 o]

perfectly matc erdffé;})rrpFe %SE%Q%%QNCO?%B+%P%%§NO.%§ %5 o@g%g%egﬁggverage
current of - hyil8ri@ANTp. r&ypeomiparlison.expeadimesitef per@euhidénpata 639
reduction) and -0.05 RAp (a 72%reduc5;i on) for the Olﬁ -srratchegl

dsDNA: PNA trilb?%lklt%‘éfb%Fda%’%E&ﬁ?DCHér?n FPobENST 1)V a ! ‘%‘sz pp-

m smat ched  dsd\: PNAs 41 pL@xcbydh) d 45Q b DI dGnBmp ProbesNeeghrrivgye 20
respectively observed (data not shown). Wen the sanples were cooled from
65C to 50C, siow |Ere opaee vEironsraepect Hoe edrobien 1¥idaslBubsefaenely

applied for S n er : che ( I + .Probe
No. 1) prodﬁ%fed%gl% gf/%$%%£f% rFeﬁt%E(l’)L%eHgTSZS %@nﬁﬂzggﬁsaﬁgoc?” WBﬁ;ﬁ'%ér_e& 11

gAp (a 52% reciust i o) tandleR. b Adpz4ai 86%itedunti ankiphselived PNRA the 1
bp and 2 bp mi smatched _sanpl es, respectively (data not shown) When 5V was
appl i ed afterPEfStiNg: th- 23C or 50C, the average current generated in the

perfigctly matched gijp ex i REQER38cNO d ¢ 4 5akgy MNempdrarhibesl bp
m smat ched triplex hybrid SEQ ID NO 2 + Probe No. I), "and Fhe 2 bp

m smat ched tafipdextiey Byl {BEQ Y DIN@IiZkes Prechéddin hbptwst ¢o0 66° C5andAnp,
-0.09 manp (a. 40%re

PCT/ 1B01/ oooﬂm%;?g%ﬁtélt ?83%30?&&&801:;&7%0& WB %&‘%’3%0 \égr?g]i/n%?’g %mﬁﬁ?m-o. 09
temperature (23°C), applying 1V for 15 seconds to the
perfectly matched sample (SEQ ID NO:1 + Probe No. 1)

15 produced an average current of -0.18 uAmp. 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 uAmp (a 52% reduction) and -0.01 uBAmp (a 96%
reduction) observed for the 1 bp and 2 bp mismatched
gsamples, 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%



mAnp (a 61% reduction), and -0.09 mAnp (a 61%reduction), respectively at
50C (data not shown). Pretreatnent of hybridization mxes at 65C (the Tm 5
of the 5Woer/s3#3ONA sequences) foll owed by cooling did nopCTasimddircant | y
affect the difference in conductance observed between perfectly

conpl ementary dsDNA: PNA triplexes and those containing 1 or 2 bp

m smat ches when neasured directly at 238 or 50C (w t hout preheating at 10
65C) when an antiparallel PNA probe was used. Clearly, the antiparallel

PNA probe in ¥$@rEthcerefPeRblTREY RAt @3C4atdid YOG WasP abre-£8 form

triplex st ruciAr.es -tah ; t arget.s,. hicatiopnef s of
electricity (su g% IV or §6§ Eppdwgﬁgﬁhz'ggfpg%@I;blglna%% §%£§§ A: PNA
triplex sequarssssdtoibelyiast i QU shixka fratm slhwee) containing 1 bp or 2 bp

nmut ati ons, w t hout rior._denaturation, of sequences. EX le 2 Figure 2
denonstrates that T t%%@?%r#ét# 2h¥|§§§h 16$t9§16 ‘E‘F\%eF’nQEgt%i‘r’gﬁ é&:ﬁl%;IT@o

di scrg i nat e betawren cpaidreakba gBGGEAEe 95 DL PG d b plc@o 1Ry kds apd those
containing 1 bp or 2 bp m smatches when the PNA probe used is in a

paral | el ori estgniforcanthy r espbectt othie tHrifEara® stguenedduptabecNo. 2
was a 15-nmer BENA probe identical in uence t.0_Pr : u S
obseJ{)\é(? e el eli)eréfe?%i?]f}g co?n&letnﬁnoi?agry;gtd R{DNXYa

synt hesi zed to 1a the ~parall tion e , Instead

of the conventighate@ndnd petiese etontienind i onor PRobp MNosmatbhds when
foll owi ng structure é{SEQ ID NG9 o' - H-TATOAGT AGA AAC CAC Lgs-CO\IHZ-B'
30 Experi ment®eaiiredsabieeohdi 3 ond° ¢ deht PRAF (¥itheuk ryeleribed fh

AR S 3, e corugh ol M el eyl £ senges skl cogelosyf e
for a 1 WO 01/3526tPCaLaBO&L0GNA7 pRdbdpim s chedsdsOhACENA e | pPNax ( SEQ
'DNO2 + Prqgffggéalator 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



2), and a consecutive 2 bp m smatched dsDNA:PNA triplex (SEQ ID NO 3 +
Probe No. 2), were respectively 25% and 32% |ower at 23C, respectively 30%
and 23% Ivoower/533e6 50C, and 5 respectively 28% and 53% | owePCEABIBH®7Whan t hat
observed wth the perfectly matched dsDNA: PNA triplex (SEQ ID NO1 +
Probe No. 2) at matching tenperatures (Fig. 2A). Simlar results were

obt ai ned when 5V (instead of 1V) was a ied for 15 seconds. Perfectly

mat ched dsDNA: PNA 10 hybrids at 23C, 50C and 65C generated average
currents of 1P IE SHRREied PR A iDlery RER, TP Pett T vRF§PS (FPg. 2B).
| nconpl etely g0 t I,pkexe i ' di-a.

m smat ch pro uc’ggi Iga\z%ag[éﬁ%%%g%% ét \#zﬁ mm%%atz%#neggsﬁ%?ﬁ@llt%%)ggand
53% | ess (- 0. EEQMITPNO,: 315 Pespeciovelly, ater23CespEWtissd y( 26518ndABR¥ and

46%less (-Q.13 mAnp), respectivel t C _a unchanged -0..17mAnp) and
18%1 oss (-0 TCHGHNAD 237 6apSEEPOEry VELY B5E “Ehai Hatrake MregldCoy “EHe
perfectly mat dvird 1, SRR GBI dowéB) at2@sthechasuthsti bbysttaged in
Figures 2A and Z2B indicated that when the parallel PNA Probe No. 2 was

used, the diwiter diePanfatiduaribahed elsPARANENRLErIEdR*pdFERCTPyNOmat ched

dsDNA: PNA tri pl.exes d thos qﬁn; bp..m s ches were |ess
dramatic than*ptlﬁfzﬁ ea(é:mcf 'ev%)d a\?mct %ﬁ%gce;nré)%paguaﬁ%el PFF};@A r’Fi?ﬁﬂtgj)b'e No. 1 (Fig.
1) . However, expergimeiitsr inealltsngepar abt einldolieeNEV 2 iraneachef 1V)
application of 5V after_the sanpl es have been heft ed to ch and
i medi ately af30@RPHFTOoPT dh 3PS anpBrbigtr1¥ HRESBFeEntfitYAnRleh
demynst r at ed nged, 30 s gnalgong i kerengesbgtweenvherbectly-aptghed
dsDNA: PNA tri'plexes and the 1 bp or 2 bp msnmatched dsDNATPNA tri pl exes
(Fig. 2C). Thet peffebt mamgat ctied hybhinpls aRSEQO .[1J NG\p + Pesbechiovey, the
aoszylzggth ;gﬁ%gﬁh?§n§§5§%5> 1ﬁg§§%%@E%EE%%%%@O%%§%1e%%slQigg:% il Pr obe
bp mismatch and a 2 bp mismatch produced average currents

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

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

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

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

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

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

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



(SEQ ID NO 3 + Probe No. 2) yielded average conductance values of -0.19
mAnps, -0.08 mAnps and -0.06 mAnps, respectively at 23C, -0.17 mAnps,

-0. 09 mAwa oass26 0. 07 5 mAnps, respectively at 50C, and -BCPBBOrAnS, -0.13
mAnps and -0. 08 mAnps, respectively at 65C. This translated to reductions
in conductivity of 58% and 68% at 230C, 47% and 59% at 50C, and 43% and
65% at 65C for the 1 bp and 2 bp ni smat ¢hed sanpl es, respectively, when
conpared to the 10 val ues achieved by the perfectly conpl enent ar% sanpl es
(Fig. 20). TH& i®r2, *b&ERPEntiPard I%Tldaﬁg‘epér A7 P PREE phebelYPradEhe

anperonetric %}9%0??%%@8% ‘ifos.cri)mﬁféj[&‘&d Q@{an‘é‘&ngé BSE&%‘EEEMce

conpl enentary targets and 15 1 nconpletely conmp ntary dsDNA targets
contai ning 1pluaw »fbp-oulat indhges Exafplo8 3mPmpbe dod 3 0wd$ amdABpeer

ssSDNA probe identical i sequence and orientatio the 15-ner

antiparal | el We%‘ﬁ]&bea‘?\lgé% 18( SE%Jr% rﬁ%.“%sff I‘D{}o{ﬂg P8 fid fRe®7

fol l Gwing  Styagldl GedheAG AR AGAFEA TAE 30.PhersRes fiol iy Ahnble
anperonetric assay was further |nve$t|8at ed by reacting ssDNA Probe No. 3
with the 50-mdd -25 0§ Mdrdgpe rafRerbt Rt Yd3DNES Y Gr gdthisefrencdatied the

absence of prjor. den ration. cepditions,ye I-denti,cal o that
described in %‘%un%le&ﬁg %ﬁ%n%ggyﬁgﬁm%&%gfn ]!éér?céa? ‘ét%tre %?O% j’.ﬁ anli
dsDNA: ssDNA 9% pltexes aerad asgednbietseeat 39 antb65Ge Upap andobt bp30
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Therefore, both antiparallel and parallel PNA probes
in the amperometric assay are capable of discriminating
between perfectly complementary dsDNA targets and

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

The specificity of the amperometric assay was further

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

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

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

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

complementary probe and target combinations generating a



consecutive 2 bp msmatch (SEQ ID NO. 3 + Probe No. 3), resulted in average
conduct ance val ues that were 14% and 64% | ower at 23C, 30% and 70% | ower
at 50C, amadops®and 5 72% | ower at 65C, respectively, tharCTmg/oowygerved
with the perfectly conplenentary sequences at matching tenperatures (Fig.
3A). The application of a higher voltage (5V) to these sanples resulted in
greater anperometric differences obser v&® bet ween perfectly 10 matched and

m smat ched sanples, than that obtained at 1V, garti cularly at | ower
t enper at ur es. L AfRer méSS@ttCPeat(ﬁ%Qt B orNOl§ sécordsPet M avetlage 286 r @nt s

for the 1 bp caismiched DNA! bisphex and dhe 2 DRoMsTatshsd LR, L) pl ex

were 54% and resp cti v 68% and 70% 15 T ower,
respectively msmdarnd Sﬁ%agd deﬁ’dtotmmce vespest thetyware65€3 thdn t hat

observed with th erfect| cned trlpl ex a tchin t per at.ur es
(Fig. 3B). IrmP%T ﬁl‘? ré’ftec?t%/ @i t tlgwthé‘tc ggr I%dl ?g'fi 5 989 xes
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i medi ately allowed to cool to 50C or 23C prior to application of 1V or

5V. A 1V trediment pﬁ@sﬁecj;BYsedmr@sl%eI@Wmer PeatPRChet cidd DNACERipPex

sequences P 3) p t; i.ghe 5 tance
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m smat ch (SEQJdIrdNg: 2 ¢5VProbe Nohedg OBaﬁp?e@p masmatedi (SEQ Hbehited +

Probe No. 3) were |ess, conductive by 21% and 63% respectiv 23C, by
18% and 74% FERPLREEHely afl56Erearaspy oPEmARE 3@%@’6%%&’6%@?%&% at
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mismatched DNA triplex and the 2 bp mismatched DNA triplex
were 54% and 78% lower, respectively at 23°C, 68% and 70%
15 lower, respectively at 50°C, and 33% and 61% Ilower,
respectively at 65°C, than that observed with the
perfectly matched DNA triplex at matching temperatures
(Fig. 3B).
In similar electricity experiments, the hybridization
20 mixes were heated to 65°C and were either maintained at
this temperature or immediately allowed to cool to 50°C or
23°C prior to application of 1V or 5V. A 1V treatment for
15 seconds to the perfectly matched DNA triplex seguences
(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 Dbp mismatched DNA triplexes were



44% respectively at 50C, and by 38% and 102% respectively at 65C, when
conpared to the average conductance val ues generated by the perfectly

mat ched ©NA01/53526 | pl exes (Fig. 3B). The observation that pawiRmtpEaral | el
PNA probe (Fig. 1) and ssDNA probe (Fig. 3) behaved in a simlar fashion
in the anperonetric assay, suggested that the backbone of the nucleic acid
entity used as the probe was not 10 part?'7cul arly inportant. The presence of
YOYO- 1 all owed the dsDNA targets and the ssDNA_probe to forma triple

hel i x conf or fEGSEE dPpaRie endgdRédrat FRFPECELEREHt 2tePd88Eri BYI 42ha?@s

dependi ng on jghe Iﬁglgépgétiggﬁgc% cggpkementari E% b%tg/geennargclﬁe {@sget and

t he probe in 15 ‘sol ufion. egree of m snat bet wee e probe and
t he target i ncrgasead vdalhe lagvel656fC,comtient ancapdeedeased, ther cavagaghe

reliability of the anperonetric assa en_a_. natural rob ed in
t he absenc)é é?or’ﬁgr%ic&awcc?eﬁ’é’t igt?ﬁl.e%ﬁ\g%xg%pf:g%p?ﬁ%?ﬁ%ngﬁﬁﬁﬁﬁ%g:tssalys
illustrated i&i@g@gg@qgﬂli%t xp),. the DNA intercal ator YOYO-1 was added to

the solution containing the hybridization mxes. Intercalation by YOYO 1
facilitated the fdmobseroRtiles 2BatsOMA:PNA R lede PNANBT@EBNAF 53 DNA

triplexes. T 0ssi pi it uptl i zi ' rcal at | et ently
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801/ 00077 * 28

01/ 53526 PCT ornmation: stabilization of m smatched

tripl exes by the dsDNA targets and the ssDNA probe to form a triple
helix conformation capable of generating different
electrical charges depending on the level of sequence
complementarity between the target and the probe in
15 solution. As the degree of mismatch between the probe and
the target increased, the level of conductance decreased,
proving the reliability of the amperometric assay when a
natural DNA probe was used in the absence of prior
denaturation.
20 Example 4
In the amperometric assays illustrated in Examples 1
to 3, the DNA intercalator YOYO-1 was added to the
solution containing the hybridization mixes.
Intercalation by YOYO-1 facilitated the formation of the
25 dsDNA:PNA triplexes and dsDNA:ssDNA triplexes. The
possibility of utilizing an intercalator moiety covalently
tethered to a gsDNA probe in the amperometric assay was
evaluated in Example 4.
Acridine is an alternative dsDNA intercalator, that
30 also possesses the ability to intercalate into triplex
nucleic acid structures, thereby stabilizing the triple
helix formation. See, e.g., Kukreti et al., "Extension of

the range of DNA sequences available for triple helix



acridi ne-containing oligonucleotides.” 25 Nucleic Acids Research 4264-4270
(1997). A ssDNA probe containing an acridine nolecule (den Research,
Sterlingw®m/5s338A) 5 covalently attached at the 31 end waBCEyBItIe®7zed on a
DNA synt hesi zer (Expedite 8909, PerSeptive Biosystens) and purified by

HPLC. Probe No. 4 was a 15-nmer ssDNA pro identical in sequence and
orientation to the 15-ner Probe No 3 ( 10 thus also identical in
sequence and orientation to_the rer ant par al SEQ I D
N08)) but WG AE d: { POADOF BAELER, i e THAMBPHAL « fo LB1eBgs: (Pon

The probe ha%ctﬂ@lfr@chsmmrﬁtﬂ@%yigonéciéég&‘é@ AGA TG JATr@achkdige- 3'
15 The hybridi zation reaction m xture (80 /21) contained the following: 2

prol es of tar&ﬁﬂead—”ﬂbl\lAQ:Z@‘lp‘#%T%s 5997 5sDNA Prsehid -oke apenioa 5 TBEan
Sanpl es vverearg d n%%le%u 8;%tzrﬁ e"a%lél*? ag@e\/%rl%ubﬁct eg 5V DC
S at t an

el ectrification 11 secon curr'en t enper a u e were
noni sored as cd:e&cirarbﬂq/ iart txxargd atlthés3 Shawh wae fyvothesitdwe] ssDNADRRObe
No. 4 was able to hybridize with the 50-nmer perfectly natched dsDNA_t arget
(SEQ | D NO 1)°YA-hesiasy t (BRPRA&CSt A% i NFEFSaP 5LV En BHOSHHEDY aPBitt | y
tethered acrigine @y ¢y gfenerati ng an 25 average current of -0.53 mAnmp.
By conparison, the Iess stable DNA triplexes containing a 1 bp m smatch
(SEQ ID NGO 2 + PrRolygeNoNo4) 4omwas 22 bpS risnat s ANASE@AR ch@mlcapl obe No

4) produced aver age curr nts. th t, were,_ 52 6%I [y pec
thah that - acHeEHERas THE S5:baFFELEF ) Rat bRed SRR Pk N Ehon obHal | zed

agaifpst the AN BAlsd PEebeiNal 4nWsédhediicéd airgﬁtoral‘é%)ta(’dicgl t4) theTherefore,
the acridine attached to a ssDNA probe was equal I(}/ as efficient as

unt et her ed YORYS B e krt vwfbl%é@eﬂcpcﬁ/ 16879 0B 7O : 8D) t Pipl Wibia
heli ces thatﬂﬁgm%éﬁfﬁhghfgﬁr@@'5%5%& ﬂéE%01ety at the 3' position.

The probe had the following structure:
5'-CAC CAA AGA TGA TAT-acridine-3'

15 The hybridization reaction mixture (80 pl) 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 quartz 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 ssDNA Probe No. 4 was able to
hybridize with the 50-mer perfectly matched dsDNA target
(SEQ ID NO:1) as a result of the stable intercalation of
the covalently tethered acridine moiety, generating an

25 average current of -0.53 mAmp. By comparison, the less
stable DNA triplexes containing a 1 bp mismatch (SEQ ID
NO:2 + Probe No. 4) or a 2 bp mismatch (SEQ ID NO:3 +
Probe No. 4) produced average currents that were 52% and
66% lower, vrespectively, 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



currents depending on the |evel of sequence conplenentarity between the
target and the probe in the anperonetric assay. 5 Exanple 5 Sense and

anti sensavQbt/mse6 SSDNA t arget sequences, derived from expar/Ih10H607he hurman
cystic fibrosis gene, were synthesized, purified and anneal ed as descri bed
in Exanple 1. DsDNA oligonucl eotides were dissolved in ddH20 10 at a
concentration of 1 pnole/,ul. SEQ ID NO % was a 15- mer dsDNA t ar get
sequence derived from SEQ ID NO 1, designed to be conpl etel ,

conpl enent ar y- il OEQANélelllce.@eq‘Eﬂé?ﬂ‘ée9?8F3r?ﬁ§dsé?ﬂs%f%lf¢%%deiFCFﬁécal

w | d-type tarcﬁﬁttrerﬂss DNAﬁé gIQi_lLQ%NO 4): StrATA TAJCT 16 GTees uenc%

Sequence for e antisense str of the wld-type target DNA (

NO 4): 51- CA@c@@Gleﬁma'mﬂ'yATbetweeﬂ'h’ehpr edirgeéd amel thilrey pnew&p@ramutbe( ™
of dsDNA ( SE NO4% is 40.0C. 20 SEQID NO5 was a 15-nmer nutant dsDNA
target seque e‘?%t[ tQaI%¥H i | d-type target DNA (SEQ | D NO 4) except for

a oneg base pqﬁ}gaﬂsﬁgt@tg on (underlined), at which the sequence TTT was
changed to T equence for the sense strand of the nutant target 25 DNA

(SEQ I D NO . 5): 5'Sexige Tand TENLATENERGLY-meSe fiiiFe FardehesaftPEense

30 The pr edi K R T Ha L BBa ACUPE (119 SIS ERAE T SEQ P RT Sy TS 40, 0C.

SEQ I D NO 6 wasrea éﬁnﬁﬁésﬂuéant pUsDEdctiangel Segidner at déasteabefioin
wi | d-type tarErge DNA (SEQ I D NO_4) except faor WO 01/53526 PCT/,‘LBO% 00077
30 a consecutiXAR® bas&SHHPr O%EQFPSHG?EHG@?IW‘%E%) 1ggolved in ddH,0

10 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

15 DNA (SEQ ID NO:4): 5'-ATA TCA TCT TTG GTG-3'.

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

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

20 SEQ ID NO:5 was a 15-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:4) except for
a one base pair mutation (underlined), at which the
sequence TTT was changed to TAT.

Sequence for the sense strand of the mutant target

25 DNA (SEQ ID NO:5):
5'-ATA TCA TCT ATG GTG-3'.
Sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:5):
5'-CAC CAT AGA TGA TAT-3'.
30 The predicted melting temperature (T,) of dsDNA (SEQ
ID NO:5) is 40.0°C.
SEQ ID NO:6 was a 15-mer mutant dsDNA target sequence

identical to wild-type target DNA (SEQ ID NO:4) except for



whi ch the sequence ATC was changed to GGEC. Sequence for the sense strand of
the mutant target DNA (SEQ ID NO6): 5 5 -ATA TCG GCT TTG GIG 3'. Sequence
for the amoosssee strand of the nutant target DNA (SEQ | BCHNB01/06)77: 5' - CAC
CAA AGC CGA TAT-3'. The predicted nelting tenperature (Tn) of dsDNA ( SEQ

10 IDNO6) is 44.0C. SEQID NO7 was a 15-nmer nutant dsDNA target sequence
identical to wild-type target DNA ( SEQ I@NQ4) except for a separated
three base pair mutation (underlined), wherein three 1 bp nutations were
separ ated by B BaBECFHtiYeedef? P5SThedequehEasiarc, (UrEeHHderic wake

changed to ACG; ESREGHd Y &lan &S or the sense strand
of the mut anﬁﬁ%la%glﬁh@%ﬁ%tcé 'D Nqo“t’éf\j/ eé 5 ATAU%‘S:;@T% TTA GTG 3' .

Sequence for the Haqesense Strahbeobenbe mitramd 2 tEngehuDMAC ( SEQED

NO 7): 5' - CAC_TAA TGG TAT-3'. The predicted nelting tenperature (Tm
of dsDNA (SE Nﬁ‘d%@?@i 03%). OC. The hybridization reaction mixture (80

,ul) scontained the followsngar? poetesgef targetgasDNA, 2 pnoles of 25
paral |l el PNA Probe No. 2, 0.5X TBE and 250 nM of the DNA intercal ator

YOYO 1. The react isswencer dorekbei maubdase astygsedf opf 5 thelomytadEes to

al | ow denat ur,at | 191% &ﬁ? ihtai ned at 65C until assayed. Sanpl es were
pl aced intotga]} éz;crtz cuE/e eI,ﬁT?I\IrI@a@i ated with an argon ion |aser 30 beam

havi ng a wavel engt h of 488snatcA0d omni taeed ¢ern TADerescent em ssion at

65C. Concurrent tenperature neasurements were achi evegl %}F/ 3@&@% éﬁﬁﬁ
i 0 | e.

sof t war e- cont r ol | elbe (RAEHEH SR e NPt ioR pieReF it et (I
The 1\§O 01/ 5356 WRETALBOL/ 0O0yd- 31 maxi mum fl uorescent intensity occurred
at a wavel ength of

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 wpl) contained
the following: 2 pmoles of target dsDNA, 2 pmoles of
25 parallel PNA Probe No. 2, 0.5X TBE and 250 nM of the DNA
intercalator YOYO-1. The reaction mixtures were incubated
at 95°C for 5 - 10 minutes to allow denaturation, and then
maintained at 65°C until assayed. Samples were placed
into a quartz cuvette, irradiated with an argon ion laser
30 beam having a wavelength of 488 nm and monitored for
fluorescent emigsion at 65°C. Concurrent temperature
measurements were achieved by a software-controlled

temperature probe placed directly into each sample. The



536 nm indicative of intercalation of YOYO1 in the PNA:DNA hybrids. As a
second assay, following the initial |aser irradiation of each sanple, the
sanme sanwes1/seee 5 subjected to 1V DC el ectrification foPCHWIBRBOOTIS.
During the final second of electrification the sanples were irradiated a
second time with the argon ion laser and,, nonitored for fluorescent

eni ssion at 65C. Fluorescent intensities! were plotted as a function of

wavel ength for 10 eaétl sanpl e anal yzed. SsDNA: PN%Ph brids consi %‘i ng of
por fect ly  cOVBFERERt P et e SR YD ORGF ZFPring KBYSFR0hM Bhed
mexi num i nt er£ad ahlhon PhaYY S de Wrel thidrédear Nbghest fbverescent the

intensities (Fig. 5A). The 15 fluorescent intensities for a 1 bp m snatched
sSDNA: PNA  hyENA (PNAEYRIH MO st aPissisenNo asppy  afedAswdng tae2ipptial

m smat ched s : Fid. (SEQ:| 1 §,_+ Rrob . S rated 3
bp m smat cheé%s%%ﬁmgﬁégﬁg% ?EE%’"P@ %IQB.p‘}e% (I?frﬂc}gesﬁé p, l(?sé gg?el ower
t han gt hat obseiypsted htQ0 1 Ine pddceatilfy camtiched oss BNAecBNAshybpudiay 650C

(Fig. 5 and data not .shown). As the_degree of m smatch between the probe
and the targei’$ n&idddedseefed] &fel SdECFRLELERFAPPONTRBY SAROSE dVRFRi shed

and hence th -]]lleaf&la@édfgugre%qﬁ“tm@t gasht yedecr £358d.4 ! ¥a hackgngund
| evel s of 25 uorescence were observed when no DNA"or PNA was present
(YOYO 1 al onaejor(FigredAforWienotrhecpetf eotilsy Livat chieds SSONAFPNAraigbeinds wer e
subjected to 1V of electricity %or 4. seconds _at. 65C, %he fhuor 5C nt
Untensi Ly rerdt Tl e | VRS RETSTSAaS 90 HBRYERaT ng by BRISS00(EPG. 5A) .
In qentrast, &M isahpnn awdiddedo the inconpletely conplenentary dupl exes
containing a 1 bp msmatch (Fig. 5B), a 2 bp msmtch (Fig. 5C) and a 3 bp
m smat ch' (dat a notSSPHWBNDr od ByeFife 01/ 53596 POTE 1B0F0007Perect ly

fluorescent ié%ﬁﬂf%&éﬁ%5£§“ﬂsé&ﬁa%c%§9b(§§863ﬂ9 %%%%JomerProbe 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
fluorescent intensity vremained 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



respectively, than that achieved with the sanme sanples irradiated in the
absence of electricity. Treatnent with |ow levels of electricity (such as
1V) furt veo odsaseéi shed 5 the stability of the ssDNA: PNA hpor/irig/oeemt ai ni ng
bp msmatches. As the degree of sequence conplenentarity between the
probe and the target decreased, the level of fluorescent intensity

di m ni shed dramatically in the presence3?0f electricity, providing a highly
reliable and 10 accurate second assay to differentiate between perfectly
mat ched sequenc®&¥r e hodE FHHttEISH gat BiETS2 18508 %3 BRY Mifat PYRE!

Exanpl & 6 Th%@%&ﬂ%@%ﬁéﬁaxm& Exalwed WRBnPeHLOrsme langfiter
denaturation o e ds target sequences and neasured ssDNA: P hybrid
formati on at iarteshipered ue tdlowebsdante él eilegtpdicitt y(- TniFref tmhatdwbDiA
targets. Exanple 6 i 11 denmonstr.at.e the reliabiljty of the fluorescent

Dt onsi 1y Aol I IPITRS S GBS i e BHED GF AUbl H8a 56 oPdBTRIETE] 1o

di fferenti at e-thet weaniparkechs malihessand . phasenpii-1d91 yBitehiesing t hgut the
requi rement for prior denaturation. The hybridization reaction mxture (80
,al) cont ai nedlsndHeches | owifry: the pAepEseofoft a7 YRCHSONACTR LBRBREZTREY 25
anti parall el 0 0 e [ calcat or
YOYO 1. Samlg:é&”m{%rgb%?%ﬁ%t%é% e-ll(%ar ggégvgtg%ggféaéd%egg{vﬁgghégn
argon ion | asErudessaentaviing: enstgwel enigtim icfhetB8 damnfaari 30 ysednandhe
nmonitored for fluorescent_ enissipn at 23C, Concuuéen%1 tengir,a re 38
measur enent s REFEERHI @V et YT AL SHFY naP ER O TS| F el SREMpE gepPB e

pl aged directd Yol eacho5@mpL €ay The aiBxbpuALibyar sseqBEn ?E%Fﬂébﬂ
occurred at a wavelength of 536 nm indicative of intercalation of ¥0Y01
in the WO 01/m:3526PCRIBIICEDCET BB RNAMDNG G ds bras 2abpecsnd apsay,

folloning the inidial,
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 wul) contained

the following: 4 pmoles of target dsDNA, 4 pmoles of

25 antiparallel PNA Probe No. 1, 0.5X TBE and 250 nM of the

DNA intercalator YOYO-1. Samples were placed into a

quartz cuvette, irradiated with an argon ion laser beam

having a wavelength of 488 nm for 80 msec and monitored

for fluorescent emission at 23°C. Concurrent temperature

30 measurements were achieved by a software-controlled

temperature probe placed directly into each sample. The

maximum fluorescent intensity occurred at a wavelength of

536 nm, indicative of intercalation of YOYO-1 in the



| aser irradiation of each sanple, the sane sanples were subjected to 20V
DC electrification for 4 seconds. Immediately after 3 seconds of

el ectri fiw@bi/ms2¢ he sanples 5 were irradi ated a second ti PETAB®IIN0GTIEe ar gon
ion |aser for 80 nsec and nonitored for fluorescent em ssion at 23C

Fl uorescent intensities were plotted as a function of wavel ength for each
sanpl e anal yzed. Enhanced by the mtercaﬁ%tor YOYO- |, dsDNA: PNA 10
triplexes were formed at 23C. The highest fl uor escent intensity was

achi eved wherP¥hPNg | RR G sRer SO atscﬁaé’et foddeariee (CQEQlFlBtN@ll) was
hybr'd'ZEd‘Mi%Fé$ 1}§adH§E18thEar%]%Pl%ﬂ?ﬂ ?gﬁ%hgamé Qg leg)we§¥

conpari son | uorescent 1 ntensities m smat c d 15 dsDNA: PNA
triplex (SEQdubNx®2ed Rrobe M. aichca;rlo?omm vEoz bpg nissoendsed

dsDNA: PNA t | SE 3 . 60% 91% |
rZspecti vel ;ll If”ﬁ% : T‘F%a’[ %%Its%é'?\?eﬁeﬁﬁoflgr t%g ep]e%(? %&Eﬁﬁ 8 mﬁ%ﬁA

triplex at 23G4 Ridradlathen s’é@o@HAtQhePMtMﬁﬁh@r%ﬂ idh tik@e20 Foact i on
m xture contai ning YOYO-1, only background |evels of fluorescence were

observed. TheS@ifferennd meniltesiess et ﬁmwwr&s optashed By 2BRE-
perfectly Corﬂ&&‘%‘éé‘%l o nh‘%'e%’é%l%%d N g tﬁ%'td”:ié;%l eveﬁ&’%&{l@n bR

m smat ches were si gni reater ween
perfectly rratv@dn@@l].@h@ttlexﬁcsra@ﬂchl mmbéeémyyz@cﬂrpl enment ary dupl exes

(conpare Figs. 5 and 6). _d earlé the fluorescent intensity %tgsa of
triplex formtiorEMeRReededo¥nhaReed RFSEFRARRFor YORBI it y BN%dgf\T@ct

basgoom rom rg es Qe M e8¥REG Gtenfdd t hefpdi ﬁ?%h@b@agf'lQBrQ%E\é%%n
type and fated sequences was possible wth the secondary

application oinedmeitycivey. axipEvad ealbeenthiorwid ddoarals50twetr hdspaiaf ect |y
meichod doDVE PO {ILglsee, Raduio g N0, O 59028 SOT U009 LT, 9
mer antiparallel PNA Probe No. 1 (Fig. 6). By comparison,
the fluorescent intensities 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 fluorescent 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



achi eved by the sane sanple not subjected to electricity (Fig. 6).
However, application of 20V for 3 seconds to the inconpletely

conpl emew@pnys35eé pl exes containing a 1 bp 5 m snatch and BCPI®p/0ne73mat ch
produced fluorescent intensities that were 23% and 71% | ower,
respectively, than that obtained with the sanme sanples irradiated in the
absence of electricity (Fig. 6) . The 20%treat ment of el ectricity did not

affect the stability of the perfectly 10 conplenentary_tripl exes, but
weakened t he %%%?%"E‘?F‘bf”’ctﬁéﬁsmgpmuﬁVbFE%%%leﬂ%ﬁ‘ﬁgl s ERBEi r

m smat ches at, &, ; df¥8! plepedenhe 08ahBe dREE €68} eé‘éQH?EBGeE@HE]E:%EE&a” ty

bet ween the probe and the target. Therefore, the” application o
electricity ttFide 6] uor Eswemeri neppdiitcpti®nasgay @f ofiddedl ancends hore

highly reliable assay t.o i_stingyish between.w | d-type seqguences _anpd those
Contal i ng 1 B OB SRS COHE Lo BPLBLe AR Erer P Ere &t 1 Bb
sequences. Wi @ndden i nveat i gn @asb?eeﬁliQiﬂé@fzhbegrbauééaal F1888eséBnwi th
reference to specific exanples thereof, it will be apparent to one skilled
in the art thbtteRgibles chan§edetmd? wpdrPfcatli*tonsovdh: beepraetENel#in

Wi t hout departi i i.t.apd.s o
b 38017 obor LR B R Wi kraBlleo6aRe ) .1‘3835 sl§%§%§§ég Fie
hybri di zat i orgbsaick nef hed ccanyikiisiyng(Figr.ové di ng Thet axrajet tceapnést ngfat

e, d or nucl Sl HEREL Ghdl g RO St R oCAd i 66 BRIDEATCE MV get to
a hyly i di zati @i TEfABE P dFQde 1Re! wearBhea t11d AP MING & thst
stinulus to saldptest sanple to provide a first stinulated téest sanple;
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
i5 agssay provided an even more highly reliable assay to
distinguish Dbetween wild-type sequences and those
containing 1 bp or 2 bp mutations, without prior
denaturation of sequences.
While the invention has been described in detail and
20 with reference to specific examples thereof, it will be
apparent to one skilled in the art that wvarious changes

and modifications can be made therein without departing

from the spirit and scope thereof.



detecting a first signal fromsaid first stinmulated test sanple, wherein
said first signal is correlated with a binding affinity between said 15
probe anWwe@ai/s8se@rget; calibrating said first signal agai PET/IRO10GITEr ence
signal exhibited by a reference sanple conprising at |east one reference
probe conbined wth said target, wherein relative to said 20 target, each
of said probe and said at |east one refd?ence probe is a different nenber
selected fromthe group consisting of a perfect match, a one-base

m smatch, a two-base mismatch, a thregb m smat ch, a one-base del eti on,
a two- 25 base deletion and a three-base deletion; determning fromsaid
calibrating a first determ nation of an extent of matching between said
probe and said taryet; Applnpetigod setond sisiseyling t ossgudntierspestiifiul at ed

30 test sanple to. provide a second stipulated, test sanple; WO 01/ 53526
PCT/ 1B01/ 000 7 PRt ettt ngat erﬁ%?llﬁogrﬁ?f‘é\?rﬁjo?ﬁ‘sai d second stinul at ed

test sanple, Wﬂe"%f@§ﬁﬁﬂﬂ%980%@r§eﬁn@oﬂpﬁ:is‘i@fgQitatfcdag\ﬁ:tBnéah@cﬁie_fi@i ng
affinity between 'said probe and said target; determning fromsaid
detedding of said secondckfigpatiuerceecond determ nation of said extent of
mat chi ng bet ween saj

determ nati on and %%(?%Pégrggn?dd%t%go%n‘it %éﬁ?%ﬁs§§§ gg%é%%g&%# (r:?é:i m1,
further conprising quamiciyiagasaddabaneldy nge@lidnawiy. 3. The nmet hod of
claim1, wherein said nmethod is a honpgeneous assa)é con%uctﬁgiivzvi t hOlIJlt
prior denat ur at i orP@#ing said probe and said target to a hyb atio
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 1is
correlated with a binding affinity between said
15 probe and said target;
calibrating said first signal against a reference
signal exhibited by a reference sample
comprising at least one reference probe combined
with said target, wherein relative to said
20 target, each of said probe and said at least one
reference probe is a different member selected
from the group consisting of a perfect match, a
one-base mismatch, a two-base mismatch, a
three-base mismatch, a one-base deletion, a two-
25 base deletion and a three-base deletion;
determining from said calibrating a first
determination of an extent of matching between
said probe and said target; .
applying a second stimulus to said first stimulated

30 test sample to provide a second stimulated test

sample;



said target. 15 4. The nmethod of claim11l, wherein said nethod is a
honogeneous assay conducted w thout PCR anplification of said target. 5.
The net hodo of/53sk@i m 1, wherein said test sanple further pPOVBG19eE7an
intercalating agent, said target is 20 dsDNA and said probe hybridi zes
specifically with said target to forma triplex. 6. The nethod of claim1,
wherein said probe is ssDNA or RNA. 7. ¥he method of claim 1, wherein said
probe has a 25 partially charged backbone. 8. The nethod of claim1,

wher ei n sai d probed®BRCRANT 1t EREGEH SBIERBoREOM B2 I & SR & Tafudipie 8,

wherein said probe conpégges ﬁﬁ%RNAw%%&%ﬁ%pesa§8 é%?%%gg t of; cl aim

1, wherein said probe is S prepared by anti par synt eS|s.lf1. The
met hod of claim1l, wherebnrsaade@raticharshidsarihdargetfiniol bedenteieral

| engt h. WD 01/ 53526 PCT/ 1BQ1/ 00077 7 12. The nmethod of claim1, wherein
said probe is 6 to 30 PatfeBFPRRs*PAngE1d 3t 5%et fret hod of claim 1,

condugted in a sol ytiOfmiMi Al firdin WRlilg aetabrangl SpesiPa i fagRal1d 14.
The method of claim1, conduCcted on a biochip. "15. The nmethod of claim1,
further conprising vargi ngeaoedndperenmdnasapd f PEst saiidnulesteatt estt

sanple prior to said a I i i S i sai
varying is sufficient t@gé¥%gg?f%§§ﬁ§%%l§%§§2§r§éerﬁ%§ri%%@ﬁ§§%#§ﬁm %ﬁg%tary
hybri di zati on bet weemipsaidgpeabe fdndtsalatdmrigeitiond andubbidi ericdna
significantly affect perfectly conplenentary hybridization between said
probe and said target. determifiation.

10 2. The method of c¢laim 1, further comprising
quantifying said binding affinity.

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

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

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

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

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

ssDNA or RNA.

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

uncharged backbone.
9. The method of c¢laim 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

said target are of identical length.



16. The method of claim 15, wherein said varying 15 conprises applying an
electrical voltage to said first stimulated test sanple, and said binding
af finitywa@ousiseectly correlated with a di fference betweerCwaBw/0bd77St
signal and said second signal. 17. The nethod of claim 16, wherein said

el ectrical 20 voltage is about 1 volt to about 20 volts. 18. The nethod of
claim 16, wherein said electrical voltaé% is either a direct current or an
alternating current. 19. The nmethod of claim 1, wherein sald first S|gnal
25 or said second %?gnaTh?sm%Eh%@eEFr?%%%mc%ndﬂé?éﬁéﬁ s2d PRELReLR0d o
claim 19, whereidy saiheh &heshtlcabngconduct ance indicates an extent of

mat chi ng between said probe and sald target. 21. The method of claim 20,
wherein said el ectt3 cal Th@Omebhddcofncéais tonpanddctedainekesednsion

el ectri cal qgaitance 1 sai d hgbrldlzatl nedlu rior to addition of
sai d probe aﬁﬁL ™ ?aW% N B1783528° PLST 38 22. The nethod

of clzim 20, whereis, a MRXi fdiPhod Nbt i &l aBRPES a@@@%&@&e@nlé weaswigd. 23.
The nethod of claim 22, wherein a rate of decline of anperage fromsaid

maxi mum i nitial pebk- STARPEREeods Measlhtdd 24. THEUREThoGOBPTEBARS 20,
wh |
erein a”pervaag&%{ a agoﬂ%]cggn %fsgé?daF@rEEagt? B9k 2l ‘éeége%@hgg -

voltage is erern sai
10 sufficientﬁwumensotsmédt@pﬁkymmgynﬁﬂsaumneehané paimuloksmavheredn

probe-target conplex froma tw base-pair 'snatched rob target. conpl ex.
56, The mothGtRof CTAFWIDS, WRor SRRELELE et FAd PLIDSGAFABELH: | $LEER% (i ve

to digtingui sfipdePeLEELy|dbmplementary 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 gaid first
stimulated test sample, and said binding affinity 1is
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 sgaid electrical
voltage 1is either a direct current or an alternating
current.

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

25 or saild 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 1s compared to a reference electrical
conductance of said hybridization medium prior to addition

of said probe and said target.



15 conpl enentary probe-target conplex froma one base-pair m smatched
probe-target conplex and froma two base-pair m smatched probe-target
conpl ex. W@ 01/33%e6 met hod of claim 20, wherein said test sap@i/@oifooe77her
conprises an intercal ating agent, said target is 20 dsDNA and sai d probe
hybridi zes specifically with said targej,to forma triplex. 28. The nethod
of claim 20, wherein said probe is ss > 29. The nethod of claim 20,
wherein said probe is 5 PNA., .30, The nethod of claim1l, further,
conprising: provitfing ﬁh‘?l FSor 8Qi n“sary t%i’t AP afid MB&E B at i ng

sai d second signal 5 RORHPSEade SEENKed efLhecRsdgnal , 30 wherein: (a) said
first stimulus is electrical voltage, said first signal is electrical
conduct ance, sai d 2Xecotkk stighilags PE esddtm ng2radivherehnaml $&ite se€ond

signal is fluprescent jntensity. or b} saidfi : 01453
PCT/ 1B01/ 00077 3961 il (e R0 (05 el @%?‘l}sﬁg‘“d inipga Pt s
fluomescent idiipnsidey,isahehsecand stinmulus is electrical voltage and said

second signal is electrical canduct anﬁe. 31. The nethod of clai m 30,

wherei n sai d fl uordphorere gghb W0 200 abREFeLs SRPETRPEbRVEHCR t hat

sai d fluorophor&,fags é\&idié}égif@é@wnb@fvg@ﬂdagiéeeﬂicgﬁseélta%@di§ai d
intensity decreases as said extent of matching between said probe and said

target increassssudi. The nethod of claim 30, wherein said fluorophore 10
ext ont of -mat chi nbet it Ba I brobe G 441 drerget. “35 TREHe: RBd. of
cl aimm 30, whesief fi Stk Ty UekaRheiee |So adiisttieiedlsat | 80 Agenbasevphent |y
bound to sai d probe. _
mismatched probe-target complex from a two base-pair
mismatched probe-target complex.
26. The method of claim 20, wherein said 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 is 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



15 34. The nethod of claim 30, wherein said fluorophore is an intercal ating
agent added to said hybridization nediumin a formfree of said probe and
free of swddi/sisas get. 35. The method of claim 30, whereinP€RIBDI0GET sanpl e
20 further conprises an intercalating agent, said target is dsDNA and said
probe hybridi zes specifically with said arget to forma triplex. 36. The
nmet hod of claim 15, further conprising oviding a fluorophore in said

test sanple, wherein said 25 varying conprises applyLng an el ectrical
voltage to saitdHHat 4f nraiBINY et QR SSPE&'$%$SEt|W% ahd said

second stimulas, res exel HANGEIAALAL iQRg %@@d‘h@' difiif3ts Sbgpakcapdcgai d
second signal are fluorescent intensity. 37. The nmethod of claim 36,

further conprisitage 3hdadist aaqmglds@ll@ngéc@ﬁdeéeghahca@apﬁgtﬂugéﬁﬂcfil rst

signal to determpe an.exte hi n e en sa| d r n
target. WD 01/53526 PCT, he %?%aﬁgaggga#h % ?g}lron% gho er ein
sai d f | uor ophos e cdvai1e@akentkyaahtaches e isal gr@bebes@mh gthat saiid

fl uorophore does not intercal ate between ad{:acent bases, . and said
intensity decFlerehersAoeexaeht IBECheR A AgOCEVBER1e8HaSaNE PREBE  and

said target | eases. 1§gen£2§¥2i%%|&9@agfesda@ M wheLsl nogandcbhygpophore

is an interc i’ g agent an intensity increases along wt
ext ent of mtméuw&m%anmd mcﬂammhctazsgetd imrgesed0 40. The net hod

of Chaim 36, wherelp seLd Thyaroptore, L an srcal oL ing agent covalent |y
is anintercaat bAg j3get-Addethd oagahd ByAr ichizat | @Pen P UAhcReaskar m
free of said probe and free of sai 15 target.
along with said extent of matchlng between said probe and
said target.
33. The method of claim 30, wherein said fluorophore
is an intercalating agent covalently bound to said probe.
15 34. The method of claim 30, wherein said fluorophore
is an intercalating agent added to saild hybridization
medium in a form free of said probe and free of said
target.
35. The method of claim 30, wherein said test sample
20 further comprises an intercalating agent, said target is
dsDNA and said probe hybridizes specifically with said
target to form a triplex.
36. The method of claim 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.



42. The nethod of claim 36, wherein said fluorophore 1is an intercalating
agent selected fromthe group consisting of YOYO- 1, TOTO 1, ethidium
brom de, veohi/siseen honodi ner-1, et hidi um honodi mer-2 and BCT/iRh1me07720 43.
The net hod of claim 36, wherein said test sanple further conprises an
intercalating agent, said target is dsDNA and said probe hybridizes
specifically with said target to forn1a49riplex 44. The nmethod of claim

36, wherein said nethod is 25 a honogeneous assay conducted w t hout
provi ding a S|gnal38quéﬁ%%ﬂﬁﬁﬂ5§%ﬁﬁ SRasE 40t arRe Bt S dilyopreberess.

The method of; ¢l 36 SkR 5 3akLE et’_‘eg' g Ladiat g%chs gt ted sty om an

argon ion Iaser at a wav ength rom about 200" nmto out 1000 nm 30 46.
The net hod offbharapﬂ@rec@odﬂcned attereapetrat beewennt hidjagenangpeses,5 t o

85C. 47. Th hod duct ed at t bel ow, 25C. WO
01/ 53526 PC'eI'/Ei 1%66 7%&%"11?& Y ﬁicﬁ%@ﬁg‘%ﬁ%d% %?Ja‘i?pn?%%egé\ﬁéFefe‘lﬁ \évhln

reliapility obetwadsl é@mogmﬁelﬂd@p@@ﬂ@n&a@@e@rm@r@aségrget base
sequence and independent of probe or target guanine and cytosine content.

5 49. The nethod o39¢l aTlhe 3G thgteQd ﬁ1§émd36es"ih%3é@ﬁg}1l eaith laoyFepheE cof
about 20 mcroli Eglr Slr%}[%e ne %é’é n‘Zie'Haol'H" fﬁt&ﬂsigyg%c%gs%@“t 10

f ent onol es of probe mn11 wherern said test sa

has a vol une @focmdpowt t 4 0sam ¢ resttidrer saﬁ:(mitamm:rgg teiowtteril sali@l porolbe ahdt ar get
and about 1 pnole of probe. 51. The nethod of claim 36, wherein a
concentratlonsab@ E%?ﬂe?arget in said sanple is not nore than 5 x 10-10 M

the nethod of ghai mpd nddiRSLidE éla%C%t il A0 9fs SR @1B6Qléf>h'o%esa' d
sanp eis not norethan 5 x 10"7-0 M 53. The nethod of claim3
wherein said i$u@mo@¢kﬂmpalat1ng agent covalently bound to said probe

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

15 target.

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

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

44 . The method of c¢laim 36, wherein said method is

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

45. The method of claim 36, wherein said exciting
radiation 1is emitted from an argon ion laser at a
wavelength from about 200 nm to about 1000 nm.

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

47. The method of claim 36, conducted at

temperatures below 25°C.



is an intercal ati ng agent and a wavel ength at which said intercalating
agent fluoresces shifts to a second wavel ength upon intercalation, a

di ff erenoeObesiseen said wavel ength and said second wavel pamaBniiop@izcat i ng
whet her 20 a conpl ex between said probe and said target is a duplex or a
triplex and whether said target is DNA or RNA. 54. A nethod for assaying
hybri di zation, said nmethod conprising: 6Foviding a target conprising at

| east one nucleic 25 acid sequence; Rroviding a probe conprising a nucleic
acid or nucleic atfd éﬁ%@dﬁﬂggﬁ%éﬁ%€,aéﬁhﬁﬁg BeHeHE Gheé SAidRdditd Yt &fget to

a hybridization 5 mediymd o ¥ ovhderankest S8RP!SroBd MpasYIRRa bhkst
signal of a first condition of said test sanple to provide a prinmary
det er m nat i onseqegredi agdhybdegerndenbn ofetpasdre seif dtprobe gndnisai dntdar get
wherein said first,signal,is WO 01/53526 PCT/1B01/00077 42 correlated with
hybri di zat i on“PerSten S@FteProbe and said target; neasuring a second

signal of a secondzgondihé Aetod S ¢1best 36AMPhers On PEOM dest saepndary 5
determ nation regardi ng hybridi zati on between said probe and said target,

wher ei n sai d Begondvosigaapti sbegkr dPaméaraliheNgbrraraarios BEPWECRO sai d
probe and sai Qerﬁé‘ciugc?ies% ;’}(%PQ%EQ ad Sut SBH de &1£8&1?f88db£'§901§é‘¢ sai d

second condi tTon are a us rs applred to sard test sanple
after neasuring sasd. fiTké¢ seignad @hd1died dre wieasin ngishitdssecamglsi gnal ,

wherein sai stinuluigsignifi antly affects erfect] conplggggt%ry

d j \
hybr i di zat | orPbRt ReERISERd G GES S AhdhSer ol t ey Hat CanER U889 nd

significantlypnole of target and about 1 pmole of probe.
51. The method of claim 36, wherein a concentration
of said target in said sample is not more than 5 x 107*° M.
52. The method of claim 51, wherein a concentration
of said probe in said sample is not more than 5 x 107*° M.
15 53. The method of claim 36, wherein said fluorophore
is an intercalating agent and a wavelength at which said
intercalating agent fluoresces shifts to a second
wavelength upon intercalation, a difference between said
wavelength and said second wavelength indicating whether
20 a complex between said probe and said target is a duplex
or a triplex and whether said target is DNA or RNA.
54. A method for assaying hybridization, said method
comprising:
providing a target comprising at least one nucleic
25 acid sequence;
providing a probe comprising a nucleic acid or
nucleic acid analog sequence;
adding said probe and said target to a hybridization
medium to provide a test sample;
30 measuring a first signal of a first condition of said
test sample to provide a primary determination
regarding hybridization between said probe and

said target, wherein said first signal 1is



affect perfectly conplenentary hybridization between said probe and said
target; and conparing said primary determ nation and said secondary

det er m na¥® on53506 eval uat e whet her any 20 i nconsi stency tpheT/aaioneen
warrants retesting. 55. The nethod of claimb54, wherein said first signal
is a fluorescent em ssion and said second signal is an electrical

conduct ance. 56. The nethod of claim 54, #urther conprising 25 applying
voltage to said test sanple before or during,said measuring of said first
signal. 57. The nethod @PrEPHReSA1tyPYRELCEEAER PRI PREVERR &StichETSREd t est
sanpl e when said prinargngeigigiggiég@; differs fromsaid secondary
determ nation. 30 58. A nethod for assaying hybridization, said nethod
conpri sing: provi diggsarieg get seoppdi silggadt dfeastsemenduchbedttiani df

nucl oi o acid of nucl el & Hai dCARAl 0§ BBdGoncd I Eaif pPOBE RATsl ¢
targe to a hybridizati@8terfBghtmos 0 RERAVIRLR K}%ﬁi&ﬁ@iﬂgn Spaeasehi ng a
pre-electrification fluorescent intensity of said test sanple to provide a
primary determnination PRbAreiFeRe st ithiZhtiagiv et Whexeigaisgipr 666°aAd sai d
(aroet, wieren vald pheslecil Lsiand waesoam dgans el |
a voltage to said test sahplerobeasndi ngid pasgeel eprovidedt thatf whenescent
ntensi Uy of said test sample, during,or,altera 32,5°00. 40kt aggat0Rly o
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 saild 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.4said first
signal is a fluorescent emission and said second signal is
an electrical conductance.

56. The method of claim 54, further comprising

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

57. The method of c¢laim 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;



determ nation regardi ng hybridi zati on between said probe and said target,
wherein said post-electrification fluorescent intensity is correlated
wi t h hybwabzsaseon bet ween said probe 20 and sai d target PCHmb1®oITpar i ng
said primary determ nation and said secondary determ nation to eval uate
whet her any inconsistency therebetween rrants retesting. 59. The net hod
of claim58, wherein said voltage 25 ap%fied to said test sanple is varied

such that said pre- electrification intensité,and sai d osx-eIeQE{ification
intensity are rel RFVEIFIRINS aRE WWFenCPBPF &ELTY %orﬂh‘@r@rﬁ ayFie ©or

probe-target conpl exes arg assayedds anth SQisbqRostsel ectrification

intensity differs fromsaid 30 pre-electrification intensity when

i mperfectly conplatdinarsaipt qgoesharagst seopltexagstate asbapeddigadisn

di fference between said pre-electrification intensity and WO 01/53526

PCT/ 1B01/ 00077 44 sardmgig?@e?%d?¥?Y} %I?cﬁ?%#ﬂ%ﬁ%ﬁ%é”indicates an extent

of g smatching behaeensah & prebelandrsaidat asgetludibsddte: Hatkodiel, claim
1, further conprising detecting whether said target contai ns honozygous or
5 heterozygous all el es.o%1.5 GrethRif f FrRuRey ity PEGYERCe- SpebLlmeTy

hybri di zati on, said net@ggefgfgéé§%%gfe agg?%gngl 1 85081+ £ONPH$I Rt

| east one nucleic acid sequence; provi robe conprising a nucleic
acid or nucleic acid asaldg segoencendaddand sahdgptobgwaadesaidsaadget to

o nybridizalon e um Lo prguide . Leet, Sl e a0ply' ng.an, oot
durijng or after said applyingr&f il ngbeehn ek onobé@g€en 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
secondary determination to evaluate whether any
inconsistency therebetween warrants retesting.
59. The method of claim 58, wherein said voltage
25 applied to said test sample is varied such that said pre-
electrification intensity and said post-electrification
intensity are relatively constant when perfectly
complementary probe-target complexes are assayed, and said
post-electrification intensity differs from said
30 pre-electrification intensity when imperfectly
complementary probe-target complexes are assayed, and a

difference between said pre-electrification intensity and



wherein said signal is correlated with a binding affinity between said
probe and said target; calibrating said signal against a reference signa

20 exhi biwedi/msp2@ ref erence sanple conprising at |east orPeTAmfi@p@nce probe
conbined with said target, wherein relative to said target, each of said

probe and sai d at
fromthe group 25
t wo- base m snat ch,

| east one reference probe is a different nenber sel ected
consisting of a perfecﬁ4natch a one-base msmatch, a
a three-base mi smatch, a ,one-base deletion, a two-base

del etion and %2 t%RASTRlE el el GH: 1 ghd nIereiFyni RY1 FRERP 3R XA HPAL i ng
an extent of 30, MRLEhLHIDELUEEN: $8h doPE0DE, 2R ds S8k A L AL GRT -

60. The method of claim 1, further comprising

detecting whether said target contains homozygous or

5 hetefozygous alleles.

61. A method for assaying sequence-sgpecific

hybridization, said method comprising:

10

15

20

25

30

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 gignal is correlated with a binding
affinity between said probe and said target;

calibrating saild signal against a reference signal
exhibited by a referencé sample compriging 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.



